Relawavity and a novel introduction to relativistic mechanics I.
(Unit 8 12.06.16)

Learning about sin! and cos and... Trigonometric road maps
Hyper-Trigonometric algebra and phasors in space-time
1CW wavefunctions and phasors
Per-space-per-time vs Space-time
Wave velocity formulas
Introducing Doppler shifting
Why c 1s constant?!
Introducing Doppler Arithmetic and rapidity p
Optical interference “baseball-diamond™ displays phase and group velocity
Details of 2CW wavefunctions in rest frame
Pulse waves (PW) versus Continuous Waves (CW)
Doppler shifted “baseball-diamond” displays Lorentz frame transformation
Analyzing wave velocity by per-space-per-time and space-time graphs
16 coefficients of relativistic 2CW interference
Two “famous-name” coefficients and the Lorentz transformation
Thales geometry of Lorentz transformation

Rapidity p related to stellar aberration angle o and L. C. Epstein’s approach to relativity
Longitudinal hyperbolic p-geometry connects to transverse circular o-geometry

“Occams Sword” and geometry of 16 parameter functions of p and o
Application to TE-Waveguide modes
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Learning about SIN and the COSin and TANgent
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Learning about SIN and the COSin and TANgent and COTangent
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Details of 2CW wavefunctions in rest frame
Pulse waves (PW) versus Continuous Waves (CW)
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Analyzing wave velocity by per-space-per-time and space-time graphs
16 coefticients of relativistic 2CW interference
Two “famous-name” coefficients and the Lorentz transformation
Thales geometry of Lorentz transformation

Rapidity p related to stellar aberration angle o and L. C. Epstein’s approach to relativity
Longitudinal hyperbolic p-geometry connects to transverse circular o-geometry
“Occams Sword” and geometry of 16 parameter functions of p and o
Application to TE-Waveguide modes
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Trigonometric road maps

( a) sin()=0.6000=3/5

(b)

Btan(o)
cos(0)=0.8000=4/5 \ A
<7 &
. e’]@ QO(O)
&
© =
: 4 -
~ q
% M 3 O[@
Qo n
Circule sector are R g
B?6=0.6435B
angle /0=36.87° sin(cr): v sin(o))
Besc(a) -

Thursday, December 8, 2016

RelaWavity Web Simulation
Trigonometric functions

12


http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=0%7C7&taLinesInd=1&ctLinesInd=2&refSquareInd=-1&fontScale=2&showInstructions=0
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=0%7C7&taLinesInd=1&ctLinesInd=2&refSquareInd=-1&fontScale=2&showInstructions=0
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=0%7C7&taLinesInd=1&ctLinesInd=2&refSquareInd=-1&fontScale=2&showInstructions=0
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=0%7C7&taLinesInd=1&ctLinesInd=2&refSquareInd=-1&fontScale=2&showInstructions=0

Hyper-Trigonometric road maps

sin(0Y=0.6000=tanh(p)=3/5

n(o )=0.7500=sinh(p)=3/4 angle,, . 7
sec(0)=1.250Q0=cosh(p)=5/4 . ﬂ
cos(a )=0.8000=sech(p)=4/5 Bsinh(p
cot(o )=1.3333 =cseh(p)=4/3 @&,
sc(0)=16667 =coth(py=5/3 / o
0 B <, g
1D oo
Y2 2
2 2N £
S P S FS CSe =
- 2|2 %,
O
Hyperbolaunit-Bsector tanh(& Y
arc-area p = 0.6931 Beoth(p) |
angle Zp % v = 30.96° >

RelaWavity Web Simulation
Hypergeometric functions

Thursday, December 8, 2016 13


http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=0%7C7&taLinesInd=1&ctLinesInd=2&refSquareInd=-1&fontScale=2&showInstructions=0
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=0%7C7&taLinesInd=1&ctLinesInd=2&refSquareInd=-1&fontScale=2&showInstructions=0
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=0%7C7&taLinesInd=1&ctLinesInd=2&refSquareInd=-1&fontScale=2&showInstructions=0
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=0%7C7&taLinesInd=1&ctLinesInd=2&refSquareInd=-1&fontScale=2&showInstructions=0

Hyper-Trigonometric road maps

yd

_____ . ~BP\O Sh(p)‘|‘B Slnh(p):B e+p P \fb&\

\\1\2\\ I Ms\o g
qd ]e > g/ez.:"// OX\ ¢
—_ - QJ//
\\\\\ N 9
J/i@g B anh(R)_::\ ol 3
2 o \ S Y
3 L, g B N
l’j( , /x \\\ > N
12D //5_3 = N M
Y = = \
8/_\ ) \\\\
! aafe) QL A NN G Y
' S | Gy N
B Bsifih(p)tBe? | 2 & ©)
cosh(p (p) /Be z 72 “
[p tan?h(p “.
< Besch(p)* coth(fh) >
$in(0')=0.6000=tanh(p)=3/5 /
) tan(o )=0.7500=sinh(p)=3/4,
sec(o)=1 .25002003h£))=5 /4
cos(0)=0.8000=sech(p)=4/5
cot(o)=1.3333 =csch(p)=4/3
csc(0)=1.6667 =coth(p)=5/3
I

Thursday, December 8, 2016

RelaWavity Web Simulation

Relations between

Hypergeometric and

Hypergeometric functions

14


http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=0%7C9&taLinesInd=2&ctLinesInd=2&refSquareInd=-1&fontScale=2&showInstructions=0&labelingInd=3
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=0%7C9&taLinesInd=2&ctLinesInd=2&refSquareInd=-1&fontScale=2&showInstructions=0&labelingInd=3
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=0%7C9&taLinesInd=2&ctLinesInd=2&refSquareInd=-1&fontScale=2&showInstructions=0&labelingInd=3
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=0%7C9&taLinesInd=2&ctLinesInd=2&refSquareInd=-1&fontScale=2&showInstructions=0&labelingInd=3
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=0%7C9&taLinesInd=2&ctLinesInd=2&refSquareInd=-1&fontScale=2&showInstructions=0&labelingInd=3
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=0%7C9&taLinesInd=2&ctLinesInd=2&refSquareInd=-1&fontScale=2&showInstructions=0&labelingInd=3
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=0%7C9&taLinesInd=2&ctLinesInd=2&refSquareInd=-1&fontScale=2&showInstructions=0&labelingInd=3
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=0%7C9&taLinesInd=2&ctLinesInd=2&refSquareInd=-1&fontScale=2&showInstructions=0&labelingInd=3

Learning about sin! and cos and... Trigonometric road maps
Hyper-Trigonometghe algebra and phasors in space-time
1CW wavefunctions and phasors
Per-space-per-time vs Space-time
Wave velocity formulas
Introducing Doppler shifting
Why c 1s constant?!
Introducing Doppler Arithmetic and rapidity p
Optical interference “baseball-diamond™ displays phase and velocity
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Pulse waves (PW) versus Continuous Waves (CW)
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“Occams Sword” and geometry of 16 parameter functions of p and o
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Hyper-Trigonometric algebra

The calculus of Fig. 3 geometry uses an infinite compounding limit of the interest rate-» formula.
= 147 ®
n
Infinite limit of binomial expansion is an exponential power series with //n/ coefficients.
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Sum and difference gives equation (1) and (2) consistent with figures 2 and 3. Replacing rate » with
imaginary rate ir where i=+/-1 gives powers i’=1, i'=i, 2=-1, i*=-i, i*=1, i’=i, i=-1, i"=-i,... that repeat

sequence-(1,i,-1,-i) every 4-power. Then hyper-sine-cosine becomes the circular-sine-cosine.
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Sum and dlﬁ'erence of this pair gives the Euler-_[_);c_ly_lgl_yrp formulae.
e = cos(o)+isin(0), ¢ = cos(o)—isin(0). (7)
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Learning about sin! and cos and... Trigonometric road maps
Hyper-Trigonometric algebra and phasors in space-time
% 1 CW wavefunctions and phasors
Per-space-per-time vs Space-time
Wave velocity formulas
Introducing Doppler shifting
Why c 1s constant?!
Introducing Doppler Arithmetic and rapidity p
Optical interference “baseball-diamond™ displays phase and velocity
Details of 2CW wavefunctions in rest frame
Pulse waves (PW) versus Continuous Waves (CW)
Doppler shifted “baseball-diamond” displays Lorentz frame transformation
Analyzing wave velocity by and graphs
16 coefficients of relativistic 2CW interference
Two “famous-name” coefficients and the Lorentz transformation
Thales geometry of Lorentz transformation

Rapidity p related to stellar aberration angle o and L. C. Epstein’s approach to relativity
Longitudinal hyperbolic p-geometry connects to transverse circular o-geometry
“Occams Sword” and geometry of 16 parameter functions of p and o
Application to TE-Waveguide modes
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[CW Laser-phasor wave function
W= A-e’(kxfa”) = A-cos(kx — 1)+ iAsin(kx — or)
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Fig. 4(a) Single-phasor plot of wave-function at (x,cf). (b) Array of phasors at many (x,ct)-points.
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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
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k=1+1 w=lIc | = | & x,1) .
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p R < YR .
(Infrared) e Ly L L A& X AV ek vetocry =
Real w=Rey /‘V requency 300TH:
S ' Xwo extremes gi
1 AN Al » give
Imaginary %“!{:ﬁv / 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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Learning about sin! and cos and... Trigonometric road maps
Hyper-Trigonometric algebra and phasors in space-time
1CW wavefunctions and phasors

3 Per-space-per-time vs Space-time
Wave velocity formulas

Introducing Doppler shifting

Why c 1s constant?!

Introducing Doppler Arithmetic and rapidity p

Optical interference “baseball-diamond™ displays phase and velocity
Details of 2CW wavefunctions 1n rest frame
Pulse waves (PW) versus Continuous Waves (CW)
Doppler shifted “baseball-diamond” displays Lorentz frame transformation
Analyzing wave velocity by and graphs
16 coefficients of relativistic 2CW interference
Two “famous-name” coefficients and the Lorentz transformation
Thales geometry of Lorentz transformation

Rapidity p related to stellar aberration angle o and L. C. Epstein’s approach to relativity
Longitudinal hyperbolic p-geometry connects to transverse circular o-geometry

“Occams Sword” and geometry of 16 parameter functions of p and o
Application to TE-Waveguide modes
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Analyzmg wave velocity by per-space- per-time and space-time graphs
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frequency v
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/
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(r,0)-graph

)

Press a key to get a wave
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B i 0, 1 i 2
|\\_%\I\\_é\‘i\4\\|\\%\\l\\\\J\\\\l\\\\
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-\ Kk=3/2 (waves per meter)

period T
(sec. per wave)

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
i per-SPACETIME i SPACETIME
frequency v ( )\, T) -7 Clph
(waves per sec.) )

(r,0)-graph period T

(sec. per wave)

)

/ “I-CW" means
/ “single Continuous Wave”

(and hold)
Press a key to get a wave (a 1-CW)
A Z

NN “

A\\l\\\\l\\\\l\\\\l\\\

\\\\l\\\\l\\\\l\\\\l\\\
~

1 . perloa
s S o, t=5/4 =1/
) o : o
3 -/ 1 - 72 3 1 i 2 3 1 - /2 1 2
|\\_é\|\\_é\\fi \ﬁ\l\/ﬁ\l\\\\#‘\\\l\\\\ |\\_é\|\\_é\7\\4\\| mlwwuw|\\\\|\\\\

i Y CVaV@numbel’ wavenumber k wavelength \/ wavelength X
- K=3/2 (waves per meter) A=2/3=1/k (meters per wave)
i |

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

Jean-Baptiste
Joseph Fourier
1768-1830

RelaWavity Web Simulation
Keyboard of the Gods
(Dual Plot 2)

How to understand waves
and
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Analyzing wave velocity by per-space-per-time and space-time graphs
i per-SPACETIME i SPACETIME
frequency v ( )\, T) -7 Clph
(waves per sec.) )

(r,0)-graph period T

(sec. per wave)

)

/ “I-CW" means
/ “single Continuous Wave”

(and hold)
Press a key to get a wave (a 1-CW)
A Z

NN “

A\\l\\\\l\\\\l\\\\l\\\

\\\\l\\\\l\\\\l\\\\l\\\
~

: :
AL T 'A 7=5/4 =1/v )y . '
. | N ...That “continues
v=4/5 )| ] | , ! ] , everywhere..
3 -/ 1 B 72 3 | 3 1 B Y5
| | \_é\ | | \_é vl \4\ | | | \A\ | | L1 \J\ [ | [ /\l | \_é\ | | \_éwr | \4\ 1 A\ | |1 \M\ | m |

i v, CVaV@numbel’ wavenumber k \/ wayelength \/ \/ wayelgngth X

- K=3/2 (waves per meter) A=2/3=1/k (meters per wave)

§ |

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

Jean-Baptiste
Joseph Fourier
1768-1830

RelaWavity Web Simulation
Keyboard of the Gods
(Dual Plot 3)
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wave velocity Viave

Thursday, December 8, 2016 29


http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=7%7C2&bcStepInd=3
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=7%7C2&bcStepInd=3
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=7%7C2&bcStepInd=3
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=7%7C2&bcStepInd=3
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=7%7C2&bcStepInd=3
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=7%7C2&bcStepInd=3

per-SPACETIME
(r,0)-graph

frequency v
(waves per sec.)

)

(and hold)

N\

A\\l\\\\l\\\\l\\\\l\\\

2

1
AL = TA
v=4/5 )| |
v %, 1|2

|\\_%\|\\_%\\77 \ﬁ\l\%\\l\\\\#‘\\\l\\\\
|, Cvavenumbel’ wavenumber k
Y =
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period T
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Press a key to get a wave (a 1-CW)
A -2

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

SPACETIME

(A, 7)-graph

“1-CW" means
“single Continuous Wave”

..That “continues’”
-y
]

, everywhere..

Y

/\l\\_%\lwf%\
N4

\/ wyvelgngth X

period T
(sec. per wave)

wayelength
A=2/3=1/x
I

(meters per wave)
...for
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=~

[

Q

7

RelaWavity Web Simulation
Keyboard of the Gods
(Dual Plot 7)

aveleh
A=2/3=1/k

| /
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(meters per wave)
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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
i per-SPACETIME B SPACETIME
(k,v)-graph period 7 (A, 7)-graph

(sec. per wave) y

/
/

frequency v
(waves per sec.)

)

“I-CW’” means
/ “single Continuous Wave”

(and hold)
Press a key to get a wave (a 1-CW)
A -2,

A\\l\\\\l\\\\l\\\\l\\\

\ é MW
: e pse/riol/
Al Q \ . T= =1/v ¢ . 9y
| N ...That “continues
|1 : |1
v=4/5 )|F” | 7 everywhere..
7 A | 2 , o " I 2
| | \-é\ | | \-é \\77 \4\ | | | /ﬂ | | [ \J\ L1 | [ /\l | \_é\ | | \_4\7 | \4\ | | \j/g\-\l L1 \m\ | V\W\/\
i Y CVaV@number wavenumber k \/ wavelength \/ \/ wyyelgngth X
-7 K=3/2 (waves per meter) A=2/3 =1/ (meters per wave)
] |
...for
period T i f
(sec. per wave) | | _ll
S - time...
“Keyboard of the gods” 1s known as “Fourier-space” A
: ...at a speed of:

Jean-Baptiste
Joseph Fourier
1768-1830

time period
A 2/3 8 m.

~~71 5/4 15 s.

How to understand waves
and
wave velocity Viave

wayelength wavelength \
A=2/3 =1/ (meters per wave)

| . .
wave-speed equals slope-to-vertical Mt in (\,7)-graph
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Learning about sin! and cos and... Trigonometric road maps
Hyper-Trigonometric algebra and phasors in space-time
1CW wavefunctions and phasors

Per-space-per-time vs Space-time

% Wave velocity formulas

Introducing Doppler shifting
Why c 1s constant?!

Introducing Doppler Arithmetic and rapidity p

Optical interference “baseball-diamond™ displays phase and velocity
Details of 2CW wavefunctions 1n rest frame
Pulse waves (PW) versus Continuous Waves (CW)
Doppler shifted “baseball-diamond” displays Lorentz frame transformation
Analyzing wave velocity by and graphs
16 coefficients of relativistic 2CW interference
Two “famous-name” coefficients and the Lorentz transformation
Thales geometry of Lorentz transformation

Rapidity p related to stellar aberration angle o and L. C. Epstein’s approach to relativity
Longitudinal hyperbolic p-geometry connects to transverse circular o-geometry

“Occams Sword” and geometry of 16 parameter functions of p and o
Application to TE-Waveguide modes

Thursday, December 8, 2016
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per-SPACETIME
(r,0)-graph

frequency v
(waves per sec.)

period T
(sec. per wave)

)

(and hold)
Press a key to get a wave (a 1-CW)
A -2,

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

SPACETIME

(A, 7)-graph

/
/
/

“1-CW" means
“single Continuous Wave”

2, y
1 \ erioa
- 7=5/4 =1 ‘e , '
“ vy =Y ...That “continues
|1 [ wave
v=4/5 )|F” | K everywhere..
3 -/ 1 - 72 3 1 : 2 3 1 /2 1 2
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B wavenumber k \/ \/ wryelgngth
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Vi _
K=3/2 (waves per meter)
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A=2/3=1/x

(meters per wave)

wave-speed equals slope-to-horizontal v/k in (k,v)-graph
period T
(sec. per wave)
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1768-1830

How to understand waves

I
r
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[

N

and
wave velocity Viave

wave-speed
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wavelength wavelength X
A=2/3 =%/K (meters per wave) v &
| . .
equals slope-to-vertical Mt in (\,7)-graph
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per-SPACETIME
(r,0)-graph
or “Keyboard of the gods”

frequency v
(waves per sec.)

)

(and hold)

2

N\

1
AL ‘ 1y
v=4/5 )| | K
S | e A
|\\_\4\|\\_\4Ni \4\\|\\4\\|\\\\J\\\\|\\\\
:_1/ C\/avenumbel’ wavenumber k
-\ Kk=3/2 (waves per meter)

period T
(sec. per wave)

Press a key to get a wave (a 1-CW)
A -2

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

SPACETIME

(A, 7)-graph

“1-CW" means
“single Continuous Wave”

...That “continues”
everywhere..

wave-speed equals slope-to-horizontal v/k in (k,v)-graph

(" wave-velocity formulas
distance wavelength  frequency
time period wavenumber
v A _M v 1t
T 1N K 1/A
_2/3 415
54 302

How to understand waves
and
“Ist quantization”
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3 1 B 1/2 ] 2
/\l‘\_éwlwféwr mlmﬂm
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I
...for
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3 - ...at a speed of:
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time period
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Learning about sin! and cos and... Trigonometric road maps
Hyper-Trigonometric algebra and phasors in space-time
1CW wavefunctions and phasors

Per-space-per-time vs Space-time
Wave velocity formulas

% Introducing Doppler shifting
Why c 1s constant?!

Introducing Doppler Arithmetic and rapidity p

P U § <Y
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Introducing Doppler shifting

frequency v
(units: 600THz)

_ UA 1800THz

N}

1200THz
900THz|—

600THz

per-SPACETIME
(ck,v)-graph

c-time period cT
(units: 72 pm)

cT, =/,

n hlt n

Atom traveling against wave
sees more wave “hits” /sec.
(that is: Doppler blue-shift)

Christian
Doppler
+ 1803-1853

\/

"hit" 545

n" hl't. "

/

v=300THz
] 3-10%/m 4-10%/m
1
‘ % e -V |
\\\\l\\\\ \\\l\\\\\\\\
D c-wavenumber ck
- (units: 600THA)
AV o
C=—= = ~
T K k Move fast enough this way then the
“oreen” wave gets redder and redder
rescaled by c to: until it dies
requency AND Amplitugl .
1 — l — v — 2 decrease exponentighly "hit"
cT K ck
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(\cT)-graph

&
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Atom traveling along wave
sees fewer wave “hits” /sec.
(that is: Doppler red-shift)

\\T\l\\\\‘

n hl‘z. "
/

until YOU die

Frequency AND Amplitude
increase exponentially

" hit n

n7T . n

<=
Move fast enough this way then the
“oreen” wave gets bluer and bluer
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Introducing Doppler shifting

frequency v
(units: 600THz)

_ UA 1800THz

N}

1200THz
900THz|—

600THz

per-SPACETIME
(ck,v)-graph

c-time period cT
(units: 72 pm)

cT, =/,

n hlt n

Atom traveling against wave
sees more wave “hits” /sec.
(that is: Doppler blue-shift)

Christian
Doppler
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\/
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/
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1
‘ % e -V |
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- (units: 600THA)
AV o
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rescaled by c to: until it dies
requency AND Amplitugl .
1 — l — v — 2 decrease exponentighly "hit"
cT K ck
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arrd

SPACETIME
(\cT)-graph

&
N

Atom traveling along wave
sees fewer wave “hits” /sec.
(that is: Doppler red-shift)

\\T\l\\\\‘

n hl‘z. "
/

until YOU die

Frequency AND Amplitude
increase exponentially

" hit n

n7T . n

<=
Move fast enough this way then the
“oreen” wave gets bluer and bluer
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Learning about sin! and cos and... Trigonometric road maps
Hyper-Trigonometric algebra and phasors in space-time
1CW wavefunctions and phasors

Per-space-per-time vs Space-time
Wave velocity formulas

Introducing Doppler shifting

% Why c is constant?!

Introducing Doppler Arithmetic and rapidity p

P U § <Y
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Introducing Doppler shifting and why c 1s constant

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

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

Ny

\} e 3

L300THz laser

Z/ !

A really fast Alice shines her

(b) Jrequency v Fig. 7 Alice’s 300THz laser approaches Bob.
(Inverse period v=1/1) (a) Bob sees v=600THz.

g(O)g (b) What \=1/x does Bob measure?

700
THz 600
500 .
400 | &
300 §

600THz line

|
|

Y| :

| |
| |
|

: . cwavenumber c-x=ck/21

| .
A= 1.00wm 0.50pm 0.33um (inverse wavelength x=1/\)
K= 1-10%m 2-10%m 3-10%m
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Introducing Doppler shifting and why c 1s constant

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

e
/’.,;\r}
/

A really fast Alice shines herv=300THz laser

(b frequency V=/2T
(Inverse period v=1/1)
900
800

700
THz 600

500

Fig. 7 Alice’s 300THz laser approaches Bob.
(a) Bob sees v=600THz.

(b) What A=1/k does Bob measure?

600THz line

300 | &
S

| cwavenumber c-x=c-k/21

A= 1.00wm 0.50pm 0.33um (inverse wavelength x=1/\)
K= 1-10%m 2-10%m 3-10%m

Years of spectroscopy rule out ‘phony’ 600THz blue-green that do not have wavelength A\=0.5micron.

The only choice 1s C.
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Introducing Doppler shifting and why c 1s constant

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

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

Fig. 7 Alice’s 300THz laser approaches Bob.
(a) Bob sees v=600THz.

(b) What A=1/k does Bob measure?

(b frequency V=/2T
(Inverse period v=1/1)
900
800

700
THz 600

s00( 72

600THz line

N

|

|

: |

300 | &/ @ |
|

|

|

|

| cwavenumber c-x=c-k/21

A= 1.00wm 0.50pm 0.33um (inverse wavelength x=1/\)
K= 1-10%m 2-10%m 3-10%m

Years of spectroscopy rule out ‘phony’ 600THz blue-green that do not have wavelength A\=0.5micron.

The only choiceis C.  Also the only possible 600THz light speed is C=%=%=3 10°m-s™
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Introducing Doppler shifting and why c 1s constant

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

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

Fig. 7 Alice’s 300THz laser approaches Bob.
(a) Bob sees v=600THz.

(b) What A=1/k does Bob measure?

(b frequency V=/2T
(Inverse period v=1/1)
900
800

700
THz 600

s00( 72

600THz line

N

|

|

: |

300 | &/ @ |
|

|

|

|

| cwavenumber c-x=c-k/21

A= 1.00wm 0.50pm 0.33um (inverse wavelength x=1/\)
K= 1-10%m 2-10%m 3-10%m

Years of spectroscopy rule out ‘phony’ 600THz blue-green that do not have wavelength A\=0.5micron.

The only choiceis C.  Also the only possible 600THz light speed is C=%=%=3 10°m-s™

Actually: 2.99792458-10°m-s-1
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Introducing Doppler shifting and why c 1s constant

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

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

(b frequency V=/2T
(Inverse period v=1/1)

Fig. 7 Alice’s 300THz laser approaches Bob.
(a) Bob sees v=600THz.

g gg (b) What A\=1/k does Bob measure?
700
THz 600 ~ { 600THz line
500 r\s 4 7 f
3 q . .

i IV ...and Dispersion-Free!

N 0N |

N/ l

| |  cwavenumber c-k=c-k/2T

A= 1.00wm 0.50pm 0.33um (inverse wavelength x=1/\)
k= 1-10m 2-10%m 3-10%m

Years of spectroscopy rule out ‘phony’ 600THz blue-green that do not have wavelength A\=0.5micron.

The only choiceis C.  Also the only possible 600THz light speed is C=%=%=3 10°m-s™

Actually: 2.99792458-10°m-s-1
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Learning about sin! and cos and... Trigonometric road maps
Hyper-Trigonometric algebra and phasors in space-time
1CW wavefunctions and phasors

Per-space-per-time vs Space-time
Wave velocity formulas

Introducing Doppler shifting
Why c 1s constant?!

3 Introducing Doppler Arithmetic and rapidity p

P U § <Y
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Galileo Galilei

1564-1642

Galileo’s Revenge (part 1)
Rapidity adds just like
Galilean velocity
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Bob: | see Doppler Carla: | see Doppler
_ Alice: Hey, Bob and Carla! Report your ( ) ( ) _
/= Doppler shift ratios (B|A) and (C|A) b Blue shift to va=600THz(green) Blue shift to vc=400THz (red)

" relative to my va=300THz (infra-red) beam. (BIA)=2 and Pua=In(2)=+0.6931  (C|A)=4/ 3 and Pca=In(4/3)=0.2876

,;: Also, rapidity Psa and Pca relative to me, ; ;z
s and Carla’s rapidity Pcs relative to Bob. [y 4 éu”
A really fast Al/ce shlnes herv=300THz laser &= »E;—*,,é T

P v, ~600THz &

SCOERCE

v, =300TH:z } : t\‘L‘GElVL:l\
DB—12OOTHZ O =400TH:z
" Doppler ratio: )
(R|S) = (D — Bob-Alice Dop]%ler raélé)o ) Carla-Alice Dopplezl 1(‘)21610 A
- B|A)=-L — _ Ve a
Psoucr (B14) v, 300 I (Cl4)= v, 300 3
Prs = ln<R | 5 > Bob-Alice rapidity: ) Carla-Alice rapidity: 4
or: p,.=In(B|A)=In==0.6931 Pea=In(C|A)=1In—=0.2876
<R|S> — epRS — e_pSR 1 3
Definition of Rapidity B 1 B
\ Drs ) p,,=In(A| B)=In 5——0.6931 =-Pus

Introducing Doppler Arithmetic and rapidity p
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Bob: | see Doppler Carla: | see Doppler
_ Alice: Hey, Bob and Carla! Report your ( ) ( )
/ Doppler shift ratios (B|A) and (C|A) b Blue shift to va=600THz(green) Blue shift to vc=400THz (red)

; ;}’% . relative to my va=300THz (infra-red) beam. (B|A)=2 and Psa =In(2)=+0.6931 C‘A> =4/ 3 and Pca =In(4/3)=0.2876
= Also, rapidity Psa and Pca relative to me, > :
i and Carla’s rapidity Pcs relative to Bob.

A really fast Al/ce shlnes herv=300THz laser

SEEREE

v, =300THz

s /ER RECEINVER
v,=1200THz v~400THz
" Doppler ratio: Bob-Alice Doon] y
0 ice Doppler ratio:
(R|S) = O rrcever p]% 600 2 Carla-Alice Doppler ratio:
> (B|A) =2 = cl Ay = Ve _ 400 4
SOURCE v, 300 1 cla)= v, 300 3
Prs = ln<R | 5 > Bob-Alice rapidity: ) Carla-Alice rapidity: 4
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right-moving CW laser Colliding 2CW laser beams left-moving CW laser
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5 -4 3 3 4 5 Bohrlt Web Simulation
' : : : ﬁ’avevec{or'ck 2 CW ct vs x Plot
L (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.

Thursday, December 8, 2016


http://www.uark.edu/ua/modphys/markup/BohrItWeb.html?scenario=-130022
http://www.uark.edu/ua/modphys/markup/BohrItWeb.html?scenario=-130022
http://www.uark.edu/ua/modphys/markup/BohrItWeb.html?scenario=-130022
http://www.uark.edu/ua/modphys/markup/BohrItWeb.html?scenario=-130022
http://www.uark.edu/ua/modphys/markup/BohrItWeb.html?scenario=-130022
http://www.uark.edu/ua/modphys/markup/BohrItWeb.html?scenario=-130022

right-moving CW laser

- y p=elli=ei (=)

IR iL
sym YrTY =€ te left-moving CW laser
Wave-sum Rl RL S RL f g
factored: =¢ 2 (¢ 2 +e 2) _iL_ i(k,x—w,1)
Cct :\PPhase.\_PGroup Cl Yy =e =¢

q
Phase
Re 'Y = zero
— -
x = 2 : A ) — W B — x x
ﬁaﬁ’r—ﬁ’ kK ' pﬁmﬁﬁ? el 511(157 18 T_E:»,,gg 13 f?{ﬁ4aﬂjag3 AN [ 2 Ballalls Re s
S8 avanscaaatarvangutviEanvaNSREAEARS alaaas
- . Frequency @ > .
right-moving wave BE= 27-‘-2) left-moving wave
pacetime (x,ct pacetime (x,ct
- J -4 [200THz |
____________________________ 3 900THz _..em""" 0 eemme™ T
, left-moving wave S right-moving wave
Per-Spacetime
ek w) (ckr,wr) (ckr,wr)
CK,W
: L=(-2¢,2) R=(+2c¢,2)
-5 -4 -3 3 4 5 Bohrlt Web Simulation
| | 1 1 | |
1 Wavevector ck 2 CW ct vs x Plot
/2(R-L) (ck =+£2)
Click the 'Controls & Scenarios' button to set vars and run preset scenarios k —2
SeltLthe right & left-ward k vz;lues with clicks near the dispgrsion curve (;r ck axis. C — 7TC Il{

Thursday, December 8, 2016

54


http://www.uark.edu/ua/modphys/markup/BohrItWeb.html?scenario=-130022
http://www.uark.edu/ua/modphys/markup/BohrItWeb.html?scenario=-130022
http://www.uark.edu/ua/modphys/markup/BohrItWeb.html?scenario=-130022
http://www.uark.edu/ua/modphys/markup/BohrItWeb.html?scenario=-130022
http://www.uark.edu/ua/modphys/markup/BohrItWeb.html?scenario=-130022
http://www.uark.edu/ua/modphys/markup/BohrItWeb.html?scenario=-130022

Thursday, December 8, 2016

Galileo Galilei

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

Learning about sin! and cos and... Trigonometric road maps
Hyper-Trigonometric algebra and phasors in space-time
1CW wavefunctions and phasors

Per-space-per-time vs Space-time
Wave velocity formulas

Introducing Doppler shifting Phavar ansslar salecis
Why ¢ is constant?! adds just like

Introducing Doppler Arithmetic and rapidity p Galilean velocity

Optical interference “baseball-diamond™ displays phase and group velocity
Details of 2CW wavefunctions in rest frame
% Pulse waves (PW) versus Continuous Waves (CW)

Galileo’s Revené (par)

P U § <Y

55



Continuous Waves (CW) trace “Cartesian squares’ 1n space-time
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Two Famous-Name Coefficients

If you can’t explain 1t

don't understand 1t well enough.
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Thales Mean Geometry (600BCE)
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(1.) To what velocity ur must Bob accelerate so he sees beams with equal frequency we?
(2.) What 1s that frequency wg ?
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(1.) To what velocity ur must Bob accelerate so he sees beams with equal frequency we?
(2.) What 1s that frequency wg ?
Query (1.) has a Jeopardy-style answer-by-question: What 1s beam group velocity?

Doy _ D=0y _ D=,

_ _ gFOI/tp
kR — kL W, +0,

group
kgroup
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(1.) To what velocity ur must Bob accelerate so he sees beams with equal frequency we?
(2.) What 1s that frequency wg ?
Query (1.) has a Jeopardy-style answer-by-question: What 1s beam group velocity?

Doy _ D=0y _ D=,

_ _ gFOI/tp
kR — kL W, +0,

group
kgroup

Query (2.) similarly: What we 1s blue-shift bw;, of wi and red-shift wr/b of wr?

w=bw,=0/hb = b=jo,/0, = 0~/0,0,
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(1.) To what velocity ur must Bob accelerate so he sees beams with equal frequency we?
(2.) What 1s that frequency wg ?

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

vV _wgroup_a)R_wL:CwR_wL

k,—k, W, +0,

Up = group k _

group

Query (2.) similarly: What we 1s blue-shift bw;, of wi and red-shift wr/b of wr?

w=bw,=0/hb = b=jo,/0, = 0~/0,0,

— Wrt0
phase 2

. . . p—Q0 . .
ngup/ ¢ 1s ratio of difference mean @, =5 - to arithmetic mean

is the geometric mean /o, w, of left and right-moving frequencies defining the geometry

. Frequency wr =B
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Thales Mean Geometry (600BCE)
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Thales Mean Geometry (600BCE)
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| PerSpace-PerTime sl an ¢! (Controis ) (Contextual ) (Setism ) (User's Guide )

Per-Time (w)

RelaWavity Web Simulation
Per-space-time with / | : )
geometry and grid

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

Select from the top menus to choose the view type and sub-type. Set parameters with click (& drag) near the ck axis: r\b; 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. \ / [ \/
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Galileo Galilei

—mee

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

Learning about sin! and cos and... Trigonometric road maps 1564-1642
Hyper-Trigonometric algebra and phasors in space-time
1CW wavefunctions and phasors S e
Per-space-per-time vs Space-time <
Wave .VelOC1ty formu.la.S Galileo’s Reveng; (part 2)
Introducing Doppler shifting

: Phasor angular velocity
Why c 1s constant?! adds just like

Introducing Doppler Arithmetic and rapidity p Galilean velocity
Optical interference “baseball-diamond™ displays phase and group velocity
Details of 2CW wavefunctions in rest frame
Pulse waves (PW) versus Continuous Waves (CW)
Doppler shifted “baseball-diamond” displays Lorentz frame transformation
Analyzing wave velocity by per-space-per-time and space-time graphs
16 coefficients of relativistic 2CW interference
Two “famous-name” coefficients and the Lorentz transformation
Thales geometry of Lorentz transformation ...and hyperbolas

- Rapidity p related to stellar aberration angle o and L. C. Epstein’s approach to relativity
3 [ ongitudinal hyperbolic p-geometry connects to transverse circular o-geometry

“Occams Sword” and geometry of 16 parameter functions of p and o
Application to TE-Waveguide modes
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Comparing Longitudinal relativity parameter:Rapidity 0 = loge(Doppler Shift)
toa [Transverse®relativity parameter: Stellar aberration angle O

*ewis Carroll Epstein, Relativitatstheorie, Birkhduser, (2004) gatier Engish version (1985)-

We used notion O

Observer fixed below star sees it directly overhead. for stellar-ab-angle,
. . . . 66ﬂ d t’)
Observer going u sees star at angle in u direction. ](fpstelﬁlp §ot?§tere’2t)ed

) /
- ~y in O analysis or in
' Stellar aberration angleO: *S A \ relglon of 0 and .

/

c tanhp=u=csinc

y

k()
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Comparing Longitudinal relativity parameter:Rapidity 0 = loge(Doppler Shift)

toa Transverse*relativity parameter: Stellar aberration angle

*Lewis Carroll Epstein, Relativitdtstheorie, Birkhaduser, (2004 ) atier Engish version (1985)-

Proper time ct vs. coordinate space x - (L. C. Epstein’s “Cosmic Speedometer”)
Particles P and P" have speed u in (x',ct’) and speed c in (x, cT)
Proper time CT

cT=N(ct - (x')?

Coordinate FEinstein time dilation: _
x'=(u/c)ct’ =ut’ ct’=cT seco=cT coshp = C’C/\/ 102/

Lorentz length contraction.

L’= L sechp = Lcoso = L-\/I u’/c?

Contracted L’

L'=IN1-12/c2
\
L

Proper Time asimultaneity.

¢ AT= L’ sinhp = L cosc sinhp
Proper length = [ cOSO tan _
=Lsinc =1L /\/CZ/UZ-I ~ L u/c
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Comparing Longitudinal relativity parameter:Rapidity 0 = loge(Doppler Shift)

toa Transverse*relativity parameter: Stellar aberration angle

*Lewis Carroll Epstein, Relativitdtstheorie, Birkhaduser, (2004 ) atier Engish version (1985)-

Proper time cT vs. coordinate space x - (L. C. Epstein’s “Cosmic Speedometer”) | -
Particles P and P" have speed u in (x',ct’) and speed c in (x, cT) el
Proper time CT

cT=N(ct - (x')?

Coordinate FEinstein time dilation: _
x'=(u/c)ct’ =ut’ ct’=cT seco=cT coshp = C’C/\/ 102/

Lorentz length contraction.

L’= L sechp = Lcoso = L-\/I u’/c?

Contracted L’

L/=IN1-u2/c?
\
L

Proper Time asimultaneity.

¢ AT= L’ sinhp = L cosc sinhp
= L cosO tan |
=Lsinc =1L /\/CZ/UZ-I ~ L u/c

Proper length

Epstein’s trick is to
turn a hyperbolic form ¢t = \/ (ct’)’ —(x')
into a circular form:

\/ (cT)* +(x")* =(ct’)  Then everything (and everybody) always goes speed ¢ through (x',c7) space!
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Galileo Galilei

—mee

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

Learning about sin! and cos and... Trigonometric road maps 1564-1642
Hyper-Trigonometric algebra and phasors in space-time
1CW wavefunctions and phasors S e
Per-space-per-time vs Space-time {
Wave velocity formulas =

. s Galileo’s Reeng (par)
Introducmg Doppler shifting Phasor angular velocity
Why ¢ is constant?! adds just like

Introducing Doppler Arithmetic and rapidity p Galilean velocity
Optical interference “baseball-diamond™ displays phase and group velocity
Details of 2CW wavefunctions in rest frame
Pulse waves (PW) versus Continuous Waves (CW)
Doppler shifted “baseball-diamond” displays Lorentz frame transformation
Analyzing wave velocity by per-space-per-time and space-time graphs
16 coefficients of relativistic 2CW interference
Two “famous-name” coefficients and the Lorentz transformation
Thales geometry of Lorentz transformation ...and hyperbolas

Rapidity p related to stellar aberration angle o and L. C. Epstein’s approach to relativity
Longitudinal hyperbolic p-geometry connects to transverse circular o-geometry

P “Occams Sword” and geometry of 16 parameter functions of p and o
3 Application to TE-Waveguide modes
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Summary of optical wave parameters for relativity and QM
...and their geometry

v'= W 7 on
axis An aid to
(Units of 300THz) pattern recognition:

L 4
Occam'
3 Sword
| d?ev (u/c=3/5)
Bsinh p ! (WS W C’ Bsinh p !
C’ ; SSO p
\ e N L / -
. _
P A _
wa Doppler N
[V Btanh p G!' blue-shift | A|Btanhp sechpB S
‘ stellar < stellar J %
angle o } 2| angleo =
| 3
q ol =
<
BeP T 3
Be® / Doppler q
Doppler pd red-shift
red-shift g i
,./ /
Z CK v
v 4
-1 Q ; O A C
= Besch p > axis
—Br——] >
/ Red shift

RelaWavity Web Simulation
{perSpace - perTime All}
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V= W Vo
axis An aid to
(Units of 300THz) N
R pattern recognition:
L —4 A
QQ\%’,
S Occam'
. Sword
aC
. S (u/c=3/5)
c S{nh P fo‘(‘m@d / Sk C’ sinh p !
P % Q o k
YK W““ e'P P - -
Doppler
tanh p G' blue-shift | A|Btanhp sechp a
A stellar | é’- stellar S %
angle o/~ 7 Q| angleo
L -~ 3
B —+- =
eP T S
e® . Doppler
= - = red-shift
Vl"OLt v rou, rou K rou, C Doppler
e e oy I
group Y 4 . O A/ C
p hase c K phase T phase v phase Vphase 1 aXZS
phase K A TA Y A C bgggp fer [::::.
rapy tanhp sinhp | sechp coshp cothp | e
i R ~o |- | Table of 12 wave parameters
_u B 1 [ 1 | (8 | (includes inverses) for relativity
- -2 2 _
‘ S L I-p P Ip ...and values for u/c=3/5
gl:ll;fsfor §=0.6 ~-0.75 iz().g() 221.25 §=1.67 222_0 RelaWavity Web Simulation
S 4 S 4 3 1 Expanded Relativistic Relations
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Y ’ l/{(+) frequency Jfunction
> , 7 D v=ck=Bcoshp
p t \ /X axis
\\ ?\_\_\_\ _l) k
v \ s 3 2 \‘
(C) 2 Guidelt Web Simulation: ¢ = 60° VcuroFF
(AXES
a _ ANWAWAWAWAN A ‘ A K et I
ey AVAVAVATAY Sy iy
A N‘QA.&%:';_:% A = i, X axis

A T T N ST AT i )
‘:;%%% '%9 v A
S e .
ﬂ‘phase . y :_g
KEY: 2 Guidelt Web Simulation: ¢ = 30° Aphase
Re E phase k-vectors and rays wave-fronts (d) =]l)3(;schp

wave zeros upward downward crest trough

k() N =Bcoto
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Realtivity angle V

Stella

A more compact

circle-based geometry

Vv v K T c
rou b Doppler group group group group group bDoppler
group | Ogpp - v, A, K, T, Voo BLUE
1 c K hase T hase v hase hase hase 1
phase Dol I’; fc‘ ;’) Z Pc Jp Dovpler
BLUE phase A A A A RED
rapidi - . +
"1 e” |tanhp sinhp | sechp coshp | cschp cothp | e
o | 1/¢” | sinc  tano | coso  seco | coto  csco | l/e’
ﬁ_u 1-B B 1 1-5° 1 B 1 1+
o | V148 LB 1 J1-B° 1 B 1-B
3 4 4 5 2
;"__l‘;fsf"’ l= 0.5 E=O.6 —=0.75 | —=0.80 §=1.25 —=133 —=167 | —=2.0
2 5 4 5 4 3 3 1
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