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Relawavity: Spectroscopy, transitions, and acceleration
(Unit 3 p.45-61 - 4.26.16)

Relativity relates charge, current, and magnetic fields
Geometric derivation of magnetic constant i from electric ¢

Lorentz-Poincare symmetry and energy-momentum spectral conservation rules
Review of 2M-quantization “photon” number N and 15-quantization wavenumber x=m
Sketches of atomic and molecular spectroscopy

Relativistic optical transitions and Compton recoil formulae
Feynman diagram geometry
Recoils shifts
Compton recoil related to rocket velocity formula
Geometric transition coordinate grids

Relawavity 1n accelerated frames
Laser up-tuning by Alice and down-tuning by Carla makes g-acceleration grid
Analysis of constant-g grid compared to zero-g Minkowsi frame
Animation of mechanics and metrology of constant-g grid

Xtra stuff: Some numerology: Which is bigger...H-atom or an electron? What’spin?
Space-Space waves gone mad
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Relativistic effects on charge, current, and Maxwell Fields

Observer velocity
1s zero relative to
(+) line of charge

wire appears
neutral

(+) Charge fixed (-) Charge moving to right (Negative current density)
(+) Charge density 1s Equal to the (-) Charge density
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Relativistic effects on charge, current, and Maxwell Fields

Observer velocity
1s zero relative to
(+) line of charge

wire appears
neutral

(+) Charge fixed (-) Charge moving to right (Negative current density j(x.t))
(+) Charge density 1s Equal to the (-) Charge density (Zero p(x,t)=0)
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Relativistic effects on charge, current, and Maxwell Fields

Current density changes by Lorentz

Asynchrony dueio off-diagonal (sinh p) (a 1¥-order effect)

( coshp (sinhp ) { 1 (vic ]
in Lorentztranform :| ~
sinhp  coshp %

/c 1

asynchrony
in PAST observer has

q[+]
“test-charge”

asynchrony
; i FUTYRE Observer velocit
+) is +v relative to

| (+)\ine of charge

(+) Charge fixed (-) Charge moving to right (Negative current densi¥ j(x.t))
(+) Charge density i1s Greater than (-) Charge density (Positive p(x,t)>0)
wire appears
postive (+)
(repulsive to
observer gp+))
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Relativistic effects on charge, current, and Maxwell Fields
Current density changes by Lorentz
Asynchrony dueto off-diagonal (a 1™-order effect)

cosh 1 (vic
in Lorentztranform : ~
cosh vic 1

observer has

qi+]

asynchrony “test-charge”

" | R _ ODbserver velocit

Lo e asynchrony . relative to

"""" i FUTURE S i

(+) Charge fixed (-) Charge moving to right (Regarive énprent denXh SRS

(+) Charge density is Greater than (-) Chargedensity * (Positive} p(x,t)> 7

yire appear
pOstive (+)
(repulsive to
observer gp+))
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Relativistic effects on charge, current, and Maxwell Fields

Current density changes by Lorentz observer has
Asynchrony dueto off-diagonal (a 1™-order effect) ql+]
“test-charge”
cosh 1 (vic
in Lorentz tranform : ~

1

cosh v/c Observer velocity

1s -v relativeg to

asynchrony (+) line offcharge
in PAST =

2308,

asynchrony

in|FUTURE . _ - _4 wire appears

(attractive to
observer g[+])

(+) Charge fixed (-) Charge moving to right (Negative current density j(x.t))
(+) Charge density is Less than (-) Charge density (Negative p(x,1)<0)
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Relativistic effects on charge, current, and Maxwell Fields

Current density changes by Lorentz observer has
Asynchrony dueto off-diagonal (a 1™-order effect) ql+]
“test-charge”
cosh 1 (vic
in Lorentz tranform : ~

vic 1

cosh Observer velocity
| is -v relativg to

(+) line offcharge

asynchrony
in PAST

asynchrony wire appears
in|FUTURE | , negative (-)

| T (attractive to
. observer g[+])
(+) Charge fixed (-) Charge n) Wit (Negative current density j(x,t))
(+) Charge density is Less thag{-) Charge density (Negative p(x,1)<0)
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Magnetic B-field is relativistic sinhp [ order-effect

p(=) _ (+) charge separation _ x(+)+x(-)

p(+) - (—) charge separation x(—)

(+) charge
separation

L T _
(-) ch |X(+)—y u/c | = ~ + 1= +
sep(;r:tri%)?l I =X(-) UV/CZI p(+)  x(=) c?
- |
vie p(=)|_ _uv
P =p()=p(1)| 1-5 === o)

Unit square: (u/c) /1 = x(+)/y
(v/c) /1 =y/x(-)
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p(—)  (+) charge separation  x(+)+ x(—)

p(+) (-) charge separation  x(-)

(+) charge
separation

(-) charge
separation

—v/ v/
y=X()|v/c

> >

Unit square: (u/c) /1 = x(+)/y
(v/ic) /1 = y/x(-)

| x(+)=y u/c | P _ x(+)+l—% 1
i=x<-) uv/c2j{ p(+)  x(=) ¢
v/c

Using 4-vectors to EL Transform (charge-current)=(cp, J)
( cp’ ) ( coshp sinhp Y cp \

J sinhp coshp J

Jy Jy
N AN
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Magnetic B-field is relativistic sinhp 15! order-effect

The electric force field E of a charged line varies inversely with radius. The Gauss formula for force in mks units :

2
F:qE:qu1 2/3} ,  Where: : =9><109]zm
"o 7 "o ou 1/4meg=9-10°
I 1 2—=0.7()16
FegE=g L 2 w (+) 2qvp(Hu o7 ta o C 9102
47[80 r C 47‘[8002 7 r ]/(47-‘-500 ):]0-7
' Ip<0 AF
% ‘ - - __)_ - - - - _
‘ +H+++++++
Right moving ship 4 = I see excess (+)
holding (+)-charge F (repels " charge up there. Yu_k/_[ :m_ r?p_el_le_d.
ot
<€ (Suppose (+) carriers)
' Ip<0 F
< A
[ see excess (-) mtp—g A (20 ..
% Léﬁ:j + 4+ + + + F+ +
charge up there. Yum! I'm attracted. | R (attracts) <«—— (Suppose (+) carriers)
Left moving ship

holding (+)-charge
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Lorentz-Poincare symmetry and (E,cP) spectral conservation rules

Evenson axiom has symmetry based on 1sotropy of space-time and invariance to translation

operation T(g ,7) having plane wave eigenfunctions <x,t

— _ .k.g_ ' . k + -~ . —q k.g_ T) ] -b
T(597:)‘l//k,w>_ el( o l//k,CO> (f;§§ZOnet) <l//k,a)‘T (5’7:)_ <l//k,a)‘e ! v (’Ciﬁjzonm)

l//k’w> and roots-of-unity eigenvalues.
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Lorentz-Poincare symmetry and (E,cP) spectral conservation rules

Evenson axiom has symmetry based on 1sotropy of space-time and invariance to translation
operation T(0,7) having plane wave eigenfunctions <x,t

T(S,T)‘ Wk,w> _ ei(k-S—w-r)

l//k’w> and roots-of-unity eigenvalues.

eigen-ket RN _ —i (k-g—w-r ) eigen-bra
l//k,co> (relation ) <l//k,a) ‘ T (5 ’T) T <l//k,a) ‘ € (relation )

This also applies to N-particle product states Yy =y, , ¥, , -V, , Where exponents

add (k,w)-values of each constituent in K=K +K,+... and Q=@+ ®,+... sO T(5,7)-eigenvalues
have the form '™ 7
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Lorentz-Poincare symmetry and (E,cP) spectral conservation rules

Evenson axiom has symmetry based on 1sotropy of space-time and invariance to translation

operation T(g ,7) having plane wave eigenfunctions <x,t l//k’w> and roots-of-unity eigenvalues.

N _i(ked-0-T) oen-k e . —i(keb—--T) seigen-b
TS, 7)Yy ,) =™y, ) (ke (Wi T (S8.,7)=(p,, |07 (Cisentmy

This also applies to N-particle product states Yy =y, , ¥, , -V, , Where exponents
add (k,w)-values of each constituent in K=k +k,+... and Q=w+®,+... so T(0,7)-eigenvalues

have the form ¢ ¥?797 .

Matrix <‘P;§Q ‘ U‘ ‘PK,Q> of T-symmetric evolution operator U (Hamiltonian H or U=e™") is

tested by assuming symmetry T(5,7)UT(8,7)=U or commutivity UT =TU for all S and T.
(P o|U[Peq) = (Pio| TG OUTE.0)| Py o)
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Lorentz-Poincare symmetry and (E,cP) spectral conservation rules

Evenson axiom has symmetry based on 1sotropy of space-time and invariance to translation

l//k’w> and roots-of-unity eigenvalues.

eigen-ket RN _ —i (k-g—w-f ) eigen-bra
l//k,co> (relation ) <l//k,a) ‘ T (5 ’T) T <l//k,a) ‘ € (relation )

operation T(g ,7) having plane wave eigenfunctions <x,t

T(S,T)‘ Wk,w> _ ei(k-S—w-r)

This also applies to N-particle product states Yy =y, , ¥, , -V, , Where exponents
add (k,w)-values of each constituent in K=k +k,+... and Q=w+®,+... so T(0,7)-eigenvalues

have the form ¢ ¥?797 .

—iH¢

Matrix <‘P;<Q‘U‘ LI’K,Q> of T-symmetric evolution operator U (Hamiltonian H or U=e ™) 1s

tested by assuming symmetry T(5,7)UT(S,7)=U or commutivity UT =TU for all S and T.
(P o|U[Peq) = (P o TG OUTE . 0)| Py o)

(K6 -Q 1) _i(Ke6—QT) / eigen-ket-bra
= ¢ KT IDIET O (W [ U[ W) (By )

relations
Exponents must cancel for all (6,7)
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Lorentz-Poincare symmetry and (E,cP) spectral conservation rules

Evenson axiom has symmetry based on 1sotropy of space-time and invariance to translation

l//k’w> and roots-of-unity eigenvalues.

eigen-ket RN _ —i (k-g—w-f ) eigen-bra
l//k,co> (relation ) <l//k,a) ‘ T (5 ’T) T <l//k,a) ‘ € (relation )

operation T(g ,7) having plane wave eigenfunctions <x,t

T(S,T)‘ Wk,w> _ ei(k-S—w-r)

This also applies to N-particle product states Yy =y, , ¥, , -V, , Where exponents

add (k,w)-values of each constituent in K=K +K,+... and Q=@+ ®,+... sO T(5,7)-eigenvalues

have the form ¢ ¥?797 .

—iH1

Matrix <\P;<Q‘U‘ \PK,Q> of T-symmetric evolution operator U (Hamiltonian H or U=e ™) 1s

tested by assuming symmetry T(5,7)UT(S,7)=U or commutivity UT =TU for all S and T.
(P o|U[Peq) = (P o TG OUTE 0| Py o)

(K6 -Q 1) _i(Ke6—QT) ’ eigen-ket-bra
= € 4/6—/ <\PK’,Q’ ‘ U‘ \PK,Q> (by relations )
Exponents must cancel for all (6,7)

This requires that <‘P;§Q‘U‘ ‘PK,Q> =0 unless: K=K and: Q"= Q.
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Lorentz-Poincare symmetry and (E,cP) spectral conservation rules

Evenson axiom has symmetry based on 1sotropy of space-time and invariance to translation

l//k’w> and roots-of-unity eigenvalues.

eigen-ket RN _ —i (k-g—w-f ) eigen-bra
l//k,co> (relation ) <l//k,a) ‘ T (5 ’T) T <l//k,a) ‘ € (relation )

operation T(g ,7) having plane wave eigenfunctions <x,t

T(S,T)‘ Wk,w> _ ei(k-S—w-r)

This also applies to N-particle product states Yy =y, , ¥, , -V, , Where exponents
add (k,w)-values of each constituent in K=k +k,+... and Q=w+®,+... so T(0,7)-eigenvalues

have the form ¢ ¥?797 .

—iH1

Matrix <\P;<Q‘U‘ \PK,Q> of T-symmetric evolution operator U (Hamiltonian H or U=e™") 18

tested by assuming symmetry T(5,7)UT(S,7)=U or commutivity UT =TU for all S and T.
(P o|U[Peq) = (P o TG OUTE 0| Py o)
— e—w-&w <\P;{,,Q"U‘ \PK’Q> (by eigen-ket-bra )

relations
Exponents must cancel for all (6,7)

This requires that <‘P;§Q‘U‘ \PK,Q> =0 unless: K"=K and: Q"= Q.

That’s totaAL momentum (P=hK) and energy (E=h{)) conservation!
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27 Quantization: pw implies hNv

http://www.uark.edu/ua/pirelli/html/quantized 2.html

( N, q5e=E=hV gcO8h p) implies (hN U phase=En=NNV 4coshp with guantum numbers)

A 15t Quantization: N=1,2.3,..
c.:;‘ Mode quantum number n of half-waves
_ N
g /h\ hN " " n4 BN
o TONTANY, E=hN,v E=hN =hiN,V,
e r—— Nzo Nt T T s

Energy

qul
AN

\

\z_
\
"
\

&

20d Quantization:
Photon number N oscillator quanta

=hcx | cp Y cp
L/ e | N
\ \ \
| 7N \ / \
i e
/ N 7 \ . .
} ~~/  c-Momentum = hc-Wavenumber Cavity quantum electrodynamics
Boosted wave mode J COED
] J Boosted cavity (CQED)
R f—
=8 / wave = and spectra are analogous to
| / has invariant - . -
| molecular rovibronic dynamics
| 7 mode number n X i~
| ) photon number N Lorentz wit
| / ! / contracted . . .
/ o cavity length rotation-vibration algebra
// //.» L=32 1 d b
/) ) , Proper length replace y
s 1 7 % =40 | Lorentz-Poincare-Dirac algebra
o \
/ \ B \
| | N y and geometry!
/ v | \ ||||_|4|||-|3||||rl|||_|]:||| |||:+.I|| H%..Iﬁ..ﬁlulx \_ ( g ry) J
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204 Quantization:  hy implies hNv

phase=E=NV sc0sh p) implies( hNv

>

2"d-Quantized Amplitude (“photon” number)

red photo?zs

N =1

(hv

S

>

n=1

red photon

N,=0

—

n=1

ckn=1-00

N,=2

"
.

> green photon

N,=1

n=2

green photo

N

|
S

n=2

N =1

— — N
— =

n=4

phase=En=hNV coshp  (N=1,2,.) )

—f

violet phot

15t-Quantized Wavenumber (“kink” or momentum number)
ck =4

ckn=2-0)

ckn=3-(x)

Thursday, May 26, 2016

23



Relativity relates charge, current, and magnetic fields
Geometric derivation of magnetic constant po from electric o

Lorentz-Poincare symmetry and energy-momentum spectral conservation rules
Review of 2"d-quantization “photon” number N and 1%-quantization wavenumber x =m
Sketches of atomic and molecular spectroscopy

Relativistic optical transitions and Compton recoil formulae
Feynman diagram geometry
Recoils shifts
Compton recoil related to rocket velocity formula
Geometric transition coordinate grids

Relawavity 1n accelerated frames
Laser up-tuning by Alice and down-tuning by Carla makes g-acceleration grid
Analysis of constant-g grid compared to zero-g Minkowsi frame
Animation of mechanics and metrology of constant-g grid

Thursday, May 26, 2016

24



A sketch of modern

axy;

molecular spectroscopy

?a}

From Fig.6.5.5.

Principles of Symmetry, Dynamics, and

"ROTATICN ION VIBRATION = ELECTRON MOTION Spectroscopy
W. G. Harter, Wiley Interscience, NY (1993)
€l
E ﬂ/\ Spectral
e NN N N Quantities
The frequency hierarchy L | .
10 cm ™! 102 em™? 103 em=? 104 em—1 rrequency v
Radio-frequency  Microwave to far-infrared Infrared Near-infrared to visible to ultraviolet to X-ray ~ Hertz(sec™)
, . , , i \ , 12¢-1
fine structure rotational spectra vibrational spectra e ic spectra THz 10 o Sl
CFand SF, GHz 107
40 = MHz 106s!
J- tunnelmg 3q-1
%D \ YN AN — Typical kHz 10°s
£ z =12\ — . VISIBLE
= > v=7 12 —% T 12 v=eo0Tr, Wavelength A
= — W E — |2 A2 106 m(l_ngl
% Ammonia NH, g é g e fm 1o 12m
a inversion doublet '43 V=) g - A=0.5um pm 10"“m
Z =6| 5 S S —00nm G 109m
B iy e CO, laser o _5 000A 10-6
—~ = = m m
2 =15 o, $ y=3 | S  [INFRARED = v=248¢F | X
£ S MICROWAVEI \ S | v=30 TH S or mm 10~m
= | S [ Bym=02emt \'___v=218 [ o Hlymano cm  102%m
g Nuclearspin I = : > . 5 ULTRAVIOLET 3
= hyperfine splitting < =>em /i v=I | [ /A=1000cm! o km 10°m
© N =~ L=60MHz = I/ Ey=0.124eV U_z ?(l)) EIZV Wavenumber
—> ;ialzsnm er meter(m’!
___/- et N - cm!t 102m!
— Y A N —~ _/
rovibrational spectra vibronic spectra Energy ehv
electonlolts
162 )
rovibronic spectra
25
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a) CF, vibrational structure

Example of frequency
v,=4350cm™
for 16pm spectra nee2en
of CF4
(Freon-14)

W.G .Harter R
b) v rotational structure
Fig.32.7 oy

hierar Chy ' v, =908.5 cm™!

v3=1283.0 cm™

e e A

Case (2) Case(l)

R(30)
Springer Handbook of P(30) g0y | | RGP
: R(50
Atomic, Molecular, & P@0) v PQ0) ' i )R(60)
Optical Physics |
Gordon Drake Editor
(2005) EFR e o
600 610 *-\_\_620 630 M
¢) P(54) fine (centrifugal) =
structure ‘ %; Qe
Faster O ~~) 2-fold \ Faster
4-fold /. tumbling ( 3-fold
rotation N\ rotation
P(54)
d) Superfine (" Tumbhng”) 603 3 603 47603, 57603. 6cm
structure - _ 3
AT [ M| ['2OMHZ (9.9 MHZIG G G
“[20kHz | | [ar FE | P2 |Fi RER|| <> -
..... e AR NG D GRS AR [y
3. 5 ity 9.7mHz 9.4 Hz 110 Hz el i O =% /R B R W _—
EF»A» F2F1 A FE Fy Fy 4 |
e) Hyperfme (nuclear spm) structure
? o i1
1l|ll Ill ................ i1 ) i l lll]“}llll
~350 kHz
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Cubic

32

(a) SF. ¥, Rotational Structure 2)7%% Octahedral FT IR ond Laser Diode Spectra

64 3 K.C. Kim,W. B. Person, D. Seitz, and B.J. K
WGH Phys. Rev. A o|‘sr-; PUQ P(60) symmetry J.Mol. Spectrose. 76, 322 (1979). g

) . . -
24, 192 (1981) o | R0 | " OPrzmary AET species mixing
| 1 - "
MM _ “tucreases Wzth dzstag e from

l L L L l I L 'l L l AL L A i I i i L 1 l A A A i ‘ L 'l A ' l - n &
620cm'  6lScm 60 T v Sepa(atrlx
< 0125 cm = 3.735 GHz —>»

(b) A(88) Fine Structure (Rotational anisotropy effects P (88) :
=
*‘\\\\\\:;rme-fou axis
/’/I";’:’o VY foss ; NaL Q\\;Q\

b Four fold axis /;:,:’; //// moﬁ Fa¥F }nixing \m:o‘,%!é:\ \\\.‘ \\
,/,/"/,//:.4’/ species mixing ,* _/; 7 N = \ y N ,
== / /| K3=.81 82 83 84 g5 86 87 88
(c)Superfine Structure (Rotational axis tunneling) /N 'F ; o : e i
P ,./ ’// 4-fold (100)- clusterSC symmetry / // / |_MHz "17: KHZ 4 | LR
33 87 86 85 34 83 82 81 380 70 78 77 76 75 74 73 72 T.=Kg ') S "ﬁgm ;{:w:m

E %4 -~

: : | 90 Hz E \ |
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AL . ' 8 %
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M Spegles more Kixed pure A] T E' T A Lypeczes | Clumuls
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-

| I

Py | ' ”'j“ CLomi e
\ | )
Y i AL, “ ” .IILI \ I Qﬁ Lot ﬂ Y | I f ll
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Units of frequency (Hz), wavelength (m), and energy (eV)

CLASS
300 EHZ
30 EHZ
3 ERZ
300 PHz
30 PHz
3 PHz
NIR 300 THz
30 THz
MIR
EIR SHllEZ
300 GHz
S 30 GHz
SHF
UHE S GE7Z
VHE 300 MHz
30 MHz
HF
NT= 3 MHz
LF 300 kHz
30 kHz
VB 3 kHz
VF/ULF
300 Hz
SLF
ELF 30 Hz
Sl
From: Electromagnetic Spectrum
Wikepedia Commons (2013)

1pm
10 pm
100 pm
1 nm
10 nm
100 nm
1um
10 um
100 um
1 mm
1cm
1dm

ik {p)

10 m
100 m
1 km
10 km
100 km
1 Mm
10 Mm
100 Mm

FREQUENCY WAVELENGTH ENERGY
1.24 MeV

124 keV

12.4 keV
1.24 keV

124 eV
12.4 eV
1.24 eV

124 meV
12.4 meV
1.24 meV

124 peV

12.4 eV
1.24 eV

124 neV

12.4 neV
1.24 neV

124 peV

12.4 peV
1.24 peV

124 feV
12.4 feV

N
= =S
3 S
3 2
8— g Frequency-Wavelength
Exa: 1018 qu ot A speed of light
Peta: 1015 1019 Gamma-rays ‘ VA=
] — 108
Tera: 1012 A =2.997.245810%m/s
Giga: 10° 1018 0.1nm
] Frequency Wavelength
Mega: 106 X-rays o = o e
kilo: 10° o7 ki 400 nm
milli: 10-3 1016_ .
micro: 10-6 Ultraviolet 500 nm
nano: 10~ 107 .. 548Thy jokey!| 548nm
pico: 10-12 VIS 1000 nm W
’ m , -
femto: 10-15 1014 H 600 nm
atto: 10-18 Infra-red — 10
1013_]
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Relativistic optical transitions |kigh)=|w,) &/ |mid)=|e,) = |low)=|o,)
4

hw =E(cp) Fig. 30
. (modified)
Review of Thales geometry of of Unit 3

relativistic hw(ck) or E(cp)-space
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[
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+
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4 /
g - (Ume ,D: 605
| [ | | |
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Relativistic optical transitions |kigh)=|w,) &/ |mid)=|e,) = |low)=|o,)

4
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Relativistic optical transitions |kigh)=|w,) &/ |mid)=|e,) = |low)=|o,)

Transition K, to K,
photon carrying 4
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Fundamental processes and Feynman diagrams

Fundamental light-matter processes:

Absorption A

[-photon
processes

Emission E AE Together
(Compton Scattering)

2-photon
process

Modified from Mod. Phys. Lect. 33
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Fundamental processes and Feynman diagrams

Fundamental light-matter processes:
Absorption A Emission E AE Together

(Compton Scattering)

[-photon
processes

2-photon
processes

“Exotic” processes: AA Together EFE Together
(Pair-Creation) (Pair-Annhilation)

positron  electron

Modified from Mod. Phys. Lect. 33
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Fundamental processes and Feynman diagrams

Wave geometry of 1-photon transitions and Compton recoil

(4

. " M M
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< \ /i o Grotian 2-level diagrams ML _
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LM ) (:::;!
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emission absorption 2-Level (o,ck) “baseball” diamonds L-to-M M-to-L

absorption emission
WOr,m
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ML’ vector sum
M (energy-
momentum
L'

conservation)

Modified from Mod. Phys. Lect. 33
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Relativistic optical transitions |kigh)=|w,) &/ |mid)=|w,) 2 |low)=|o,)
Transition Ky, to K,

photon carrying 4 )
c-momentum -Cphn hw =FLlcn) _ . —
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Transition K, to K,,

photon carrying
c-momentum  -CPhm
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Relativistic optical transitions |kigh)=|w,) &/ |mid)=|w,) 2 |low)=|o,)

4—
hw =E(cp)
==
f_/ 4 p
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or recoil velocity u
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“'“n}_”__
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Relativistic optical transitions |kigh)=|w,) &/ |mid)=|w,) 2 |low)=|o,)
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Relativistic optical transitions |kigh)=|w,) &/ |mid)=|w,) 2 |low)=|o,)
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Relativistic optical transitions |kigh)=|w,) &/ |mid)=|w,) 2 |low)=|o,)
4

hw =E(cp)

Emission photons
are analogous to
rocket exhaust (not “bullets”)

( Vbwrnour=c exhaustln [Mnitial/ M, final ])

...and this process is reversible
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Key recoil relations:
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C

| R | | ﬁ
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| (p,q)— coordinates e
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Compton recoil related to rocket velocity formula
Geometric transition coordinate grids

Relawavity 1n accelerated frames
Laser up-tuning by Alice and down-tuning by Carla makes g-acceleration grid
Analysis of constant-g grid compared to zero-g Minkowsi1 frame
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Einstein Elevators Made by Chirped 2-CW Light

Varying Acceleration by Chirping

At x > X-Cl
frequency is
.5 =0)) e+p

At x (,_)ﬁx et

frequency is

At x5

frequdncy is

Only green
wy-light

is seen along
Constant acceleratiof/, "M@
) hyperbola

=x-ct=xpe P At v,

frequency is

M=) e P @_, 500 etP W =0y e P
Bd fixed inner cavity ~—
moving 7| fixed inner cavity
outer
cavity ~—| fixed inner cavity %

Wave frames of varying acceleration

www.uark.edu/ua/pirelli/php/einstein_elevator_1.php
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Acceleration by chirping laser pairs Oty ¢ s e b o
Varying acceleration (General case) o

Varying local acceleration p=p(7) Lab time dt vs proper time d7

U= @ = ctanhp(7) dt =dt coshp(7) = ar

dt _ u7
1 .

ct

At x = x-ct Atl W ‘

frequency is frequency.is

e P etP .
Chirping
_ Tunable Laser
Chirping
Tunable Laser

Chirping
Tunable Laser

Chirping
Tunable Laser

Previous examples involved constant velocity

Constant velocity p=p,  “Lorentz-Transformation”

ct = cjcoshpodr X= cfsinhpodf

= cT coshp, = cTsinhp,
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Acceleration by chirping laser pairs Oty ¢ s e b o
Varying acceleration (General case) o e S R AR RO

Varying local acceleration p=p(7) Lab time dt vs proper time d7 of
U= x = ctanhp(7) dt =dt coshp(7) = ar
dt |_u %2 ¥
% = coshp(7) ;b;_ = j;c CCZ = ctanhp(7)coshp(7) Jife; ueijz;fis %%e;;c; |
irpin P :
ct = cjcoshp(’c ydr X = cJ sinhp(7)dr T L / ﬂ

Previous examples involved constant velocity

Constant velocity p=p,  “Lorentz-Transformation”

ct=c _[ coshp,dr X= cfsinhpodf

= cT coshp, = cTsinhp,
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Acceleration by chirping laser pairs

Varying acceleration (General case)

Varying local acceleration p=p(7)

Lab time dt vs proper time d7

U= @ = ctanhp(7) dt =dt coshp(7) = ar
dt 1_u7
C2
dt dx dx dt
R ho(t = = ctanhp(7 hp(t
_—=coshp(7) =~ =ctanhp(7)coshp(7)

ct = cjcoshp(f)df

X = cjsinhp(f)df

. T : .
Constant local acceleration p=g— ”Einstein-Elevator”
c
ct = cJ cosh®— dT X = Jsmh dr
c c
2 2
T T
£ sinh®" x =" cosh®~
g ¢ 8 ¢

Previous examples involved constant velocity

Constant velocity p=p,

ct=c _[ coshp,dr

= ct coshp,

"Lorentz-Transformation”

X = cfsinhpod’c

= cTsinhp,

ct

Only green-light is seen by observers
on the greg accelerated trajectory

Atx = x-ct
frequency is

e P

Chirping
Tunable Laser

Chirping
Tunable Laser

N

X =wket
frequency is

etP .
Chirping
_ Tunable Laser
Chirping
Tunable Laser
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Acceleration by chirping laser pairs

Varying acceleration (General case)

Varying local acceleration p=p(7)

Lab time dt vs proper time d7

Only green-light is seen by observers
on the greg accelerated trajectory

dx
= —=ctanhp(7
u=" "= ctanhp(7)

dt

A coshp(r) dx dx dt
drt

dr dt dr
x= cjsinhp(r)dr

ct = choshp(T)dT
. g7

Constant local acceleration p==—
C

ct = cjcoshg—f dr X = cjsinhﬁ dr

c c
2 2
. T T
_c smhg— X == < coshg—
8 C 8 C

dt =dt coshp(7) =

= ctanhp(7)coshp(7)

”Einstein-Elevator”

Previous examples involved constant velocity

Constant velocity p=p,  “Lorentz-Transformation”

ct=c _[ coshp,dr X= cfsinhpodf

= cT coshp, = cTsinhp,

ct
drt

1—u%2

Atl X+ct ’

frequency is

etP .
Chirping
_ Tunable Laser

3

Atx = x-ct
frequency is
e P

Chirping
Tunable Laser

Chirping

Tunable Laser Chirping

Tunable Laser

Only green-light is seen by observers
on the green constant-g hyberbola

)/2=x = x() cosh(p)
)/2= ct = x() sinh(p)

(x5t

X

// N )A
//0 e_p \\\ At

4@ = + :
Jrequency Oy =006 RN frequency is 0, =W e P

v
—
Blue-chirping ||
Tunable Laser || Red-chirping m
Tunable Laser

At x_y=x-cf = x) &P

—— | o=
time Red-chirping .|

A Tunable Laser “

————

Blue-chirping |$|

Tunable Laser ||
——— ]
Blue—chirpi — 0
Tunable Laser || Red-chirping I
— Tunable Laser

—|

Blue-chirping ||

Tunable Laser || Red-chirping I
Tunable Laser

Fig. 8.1 Optical wave frames by red-and-blue-chirped lasers (a)Varying acceleration (b)Constant g
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Relativity relates charge, current, and magnetic fields
Geometric derivation of magnetic constant po from electric o

Lorentz-Poincare symmetry and energy-momentum spectral conservation rules
Review of 2M-quantization “photon” number N and 1%-quantization wavenumber xk=m
Sketches of atomic and molecular spectroscopy

Relativistic optical transitions and Compton recoil formulae
Feynman diagram geometry
Recoils shifts
Compton recoil related to rocket velocity formula
Geometric transition coordinate grids

Relawavity 1n accelerated frames
Laser up-tuning by Alice and down-tuning by Carla makes g-acceleration grid
* Analysis of constant-g grid compared to zero-g Minkowsi1 frame
Animation of mechanics and metrology of constant-g grid
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Alice}
time

(b) Constant acceleration

X

:‘
Blue-fixed=w,e P ||

Red-fixed=w eP
Carla

Blue-chirp=w e"?
Blue-chirp=we"P

future
Blue-chirp=m, e P

_larget:initial
ct)=(x,,0)
(x,ct) (‘() ) Red—chil’p:(ﬂ()e_p

Alice’s -chirp=0, @

Ll chirpZ0,_

Observers on the green

: 7, constant-g hyberbola
AlicetCarla S, cT) l e
time| Cl B y see only green o, light
. X0= 70, At position
At position =
X—=x-ct| | .~ = x) etP
A d;requency is
frequency is (- =wye P X
W =g eP 2 "5 Tight |

years

Red-chirp=w eP

Red-chirp=w e

Carla’s
chirps

-chirp=o,, H H
-chirp=0),, ” H

Bob’s CT-time path .

/Constant-g W -hyberbola |’

Red-chirp=w P

chirps ’%\ 0 ChirD — target

P / (x_s+x. )2=x = x) cosh(p) . ”—”Zﬂ};i = _—(”fp- (Tgo_)

— = . Blue-chirp=wm ¢ ~0°
X_y—x. )/2=ct = x() sinh —
past Red-chirp=w e A ( = ) 0 (p) Blue-chirp=w e™P
(Ct<0) . — o — ™0
(x>x0) timelct \lue chirp=w e
N
N
Red-chirp=w P A\
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(a) Constant acceleration &

e L8
Rapidity p vs proper time t for: pc = g7 or-p=--
2
= T . T .
P gT/C ct = cjcosh(g—)df = C—smh(g—) = asinhp
ap=cT C 8 c
. (8T c gt
Cl X = cjsmh(—jd’c = —cosh(—) =acoshp
c g c
x =a coshp”
Q.
=
k=
N
" ~Area N
o h=a?
S a=a 0/2 5
< >

N
\
\
S
N
A L]
\
N
\
N
S
\
S
\
N
\
N
S
\
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(a) Constant acceleration &
Rapidity p vs proper time t
p=87/c
ap=cTt
Ct

X =da coshp“"

a sinhp

~ ~Area
a=a’p/2

Cl—=

X

B, >
. a=c‘/g
~_Radius

for: pc =gt or: p = 41
C
2
ct = cjcosh(ﬁjdr - C—sinh(g—f) = asinhp
C g C
2
X= cjsinh(ﬁjd’c = C—cosh(g—f) = acoshp
C g C
tw mimzarc
o (Area) = %Ct — :1 ct-dx = %Ct — Op1 ct-j—xdp
P
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(a) Constant acceleration &
Rapidity p vs proper time t
p=87/c
ap=cTt
Ct

X =a coshp””

a sinhp

~ ~Area
a=a’p/2

ct

X

2 >
. a=c‘/g
~_Radius

for: pc =gt or: p = 41
C
2
ct = cjcosh(g—fjdf - C—sinh(g—f) = asinhp
¢ 8

C
2
X = cjsinh(ﬁjd’c = C—cosh( 8t

¢ 8
tw

minus arc

o (Area) = A ct-dx = et _n ct-@dp
2 0 2 o dp
_ ,coshp;sinhp, — peoo 2 _a_2 _a_zg_’t'1
Of(pl)—a 5 jo (asmhp) dp = 5 p, = > o
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(a) Constant acceleration &
Rapidity p vs proper time t
p=87/c
ap=cTt
Ct

X =da coshpf”’

a sinhp

~ ~Area
a=a’p/2

ct

X

B, >
. a=c‘/g
~_Radius

for: pc =gt or: p = 41
C
2
ct = cjcosh(g—fjdf - C—sinh(g—f) = asinhp
¢ 8

C
2
X = cjsinh(ﬁjd’c = C—cosh( 8t

¢ 8
tw

X-ct X

minus arc

x-ct o dx

OC(AI’@CZ):T— . Ct.dx:7_ . ct %dp
cosh p, -sinh o . a2 a2 T
O‘(Pl):az P12 P1_J’0 (asmhp)zdp:?plzg%

ap, = ¢t

Thursday, May 26, 2016

69



(a) Constant acceleration &
Rapidity p vs proper time t
p=87/c
ap=cTt
Ct

X =a coshp””

a sinhp

" Area
a=a’p/2

Cl—

>

a:CZ/g)

for: pc =gt or: p = 41
C
2
ct = cjcosh(g—fjdf - C—sinh(g—f) = asinhp
C g C
2
X= cjsinh(ﬁ)d’c = C—cosh(g—fj = acoshp
C g C
tw mimzarc
o (Area) = A ct-dx = et _n ct-@dp
2 0 2 o dp
coshp,-sinhp, ¢r, . 2 a’ a’ gt
o(p,)=a’ 12 l—jo (asinh p) dp:7pl:771

Radius ap, =ct,
Dimensions for g 9.8m/sec’ in unit of 1 lite yr=c(3.15107 sec) = 9.4410" m
2 308
3107 2
a="= (316, 22 29.1710" m = 0.97lite yr

m,
g 9.8 o
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(a) Constant acceleration &

e — 48T
Rapidity p vs proper time t for: pc = g7 or-p=--
2
= : T :
p gT/C ct = cjcosh(ﬁjdf = C—smh(g—) = asinhp
ap=cTt ¢ 5 ¢
Ct X = cjsinh(ﬁ)d’c = C—cosh(g—fj = acoshp
C g C
X =q C OSh :0 tw mimZ arc
Q
-Cl X -Cl 1 d
’ 'é o (Area) = 2 [Merdx=22 " ct-—xdp
g 2 0 2 0 dp
" Area X ) )
2 cosh p,-sinh p P, 2 a a gt
a=acp/2 S a(p,)=a’ . L—| (asinhp)dp=—p,=—=>1
( _ Q (pl) I jo ( P) P ) P ¢
a=c’/g X
~. Radius ap, = ¢t
Dimensions for g 9.8m/sec’ in unit of 1 lite yr=c(3.15107 sec) = 9.4410" m
2 308
3107 2
a="= (316, 22 29.1710" m = 0.97lite yr
g 9.8 s

ct,  310°(3.15107)
9.17-10%

Rapidity for c7,=1yr=3:1510"sec is p, = 1.03

Then x =acoshp, = 0.97(06\Sh\1 03 =1.53liteyr
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(a) Constant acceleration &

e — C,_ 87
Rapidity p vs proper time t for: pc= gt or-p=-—
2
= T . T .
P gT/C ct = CJCOSh(g—)dT = C—smh(g—) =asinhp
ap=cT C 8 c
: gT C g7
ct X = cjsmh(—)d’c = —cosh(—j =acoshp
C g C
X =ac OSh :0 tw mimZ arc
Q
-Ct X -Ct I d
g @ o (Area) = R § g ct-—xdp
g 2 0 2 o dp
" Area X : :
N =2 cosh p,-sinh p P 2 a a gt
a=acp/2 S a(p,)=a’ . L—| (asinhp)dp=—p,=—=-
( _ \® (pl) I jo ( P) P ) P .
a=c’/g X
~. Radius ap, = c¢t,
Dimenéxi\or\lxs for g=9.8m/sec’ in units of 1 lite yr=c(3.15:10" sec)=9.44-10" m
2 308
3107 2
a="= (319, xeZ29.1710" m = 0.97lite yr
§ 98

ct,  310°(3.15107)

Rapidity for c7,=1yr=3:1510"sec is p, = oo =103
Then x =acoshp, = 0.97(00\S“h\1 03 =1.53liteyr |

.. N ct, 310°(6.6210%)
Rapidity for ¢7,=21yr=6.62-10"sec 1s p, = = 91710" =21.63

' 9. A long way to go to get a beer!
Then x =acoshp, =0.97(cosh21.63)=1.201-10" liteyr
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(a) Constant acceleration & | (b) Traveler paths of accelerationg, .-~ , .~ .~ /.-
r ' 7 - y

Rapidity p vs proper time © |- g =g, Bob:g,=c’/a, Carl:g, =g
\ g

p=gT/C | Inertial frame coordinates . "
ap=cT (xq,p ’ th,p ) = Q@ A .
Cl a,e’ (cosh pp,, sinh pp, ) é@@ o
e Geometric scale : 7 o
_ q
x =a coshp .
Q. e = . E
<= . ,
= & :
o y— X .
2 xs\ 'o'
. _~Area S
,,,/' — 2 ::»a
a=a p/2 5 N
(\ > ""/ . .
. a=c’/ g X p .

. Radius
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Relativity relates charge, current, and magnetic fields
Geometric derivation of magnetic constant po from electric o

Lorentz-Poincare symmetry and energy-momentum spectral conservation rules
Review of 2M-quantization “photon” number N and 1%-quantization wavenumber xk=m
Sketches of atomic and molecular spectroscopy

Relativistic optical transitions and Compton recoil formulae
Feynman diagram geometry
Recoils shifts
Compton recoil related to rocket velocity formula
Geometric transition coordinate grids

Relawavity 1n accelerated frames
Laser up-tuning by Alice and down-tuning by Carla makes g-acceleration grid
Analysis of constant-g grid compared to zero-g Minkowsi1 frame
’ Animation of mechanics and metrology of constant-g grid
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Relativity relates charge, current, and magnetic fields
Geometric derivation of magnetic constant po from electric o

Lorentz-Poincare symmetry and energy-momentum spectral conservation rules
Review of 2M-quantization “photon” number N and 1%-quantization wavenumber xk=m
Sketches of atomic and molecular spectroscopy

Relativistic optical transitions and Compton recoil formulae
Feynman diagram geometry
Recoils shifts
Compton recoil related to rocket velocity formula
Geometric transition coordinate grids

Relawavity 1n accelerated frames
Laser up-tuning by Alice and down-tuning by Carla makes g-acceleration grid
Analysis of constant-g grid compared to zero-g Minkowsi1 frame
Animation of mechanics and metrology of constant-g grid

*Xtra stuff: Some numerology: Which is bigger...H-atom or an electron? What’spin?
Space-Space waves gone mad
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Bohr Radius
ap=0.5E-10 m

El():OC_1 i

Fig.84.2 Various electron radii and their relative sizes related by fine-structure constant o. = 1/137.

Bohr model has electron orbiting at radius » so centrifugal force balances Coulomb attraction to the opposite charged proton.

mev2 &2 m ev2r2 &2 4rceym evzrz 4rey(m evr)2 4%8062
= or: = or: r= = =
47r80r2 r 4ne,, e’ m ee2 m eez
Bohr hypothesis: orbital momentum ¢ is a multiple N of 7 or
{=mevr=Nh (N=1,2,..).
This gives the atomic Bohr radius ay) =0.05nm
2
. Arenh _ ..
r=—0_N? (: Faop. = 5281071 m. =0.528 A for N=1
m e
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Bohr Radius
ap=0.5E-10 m

El():OC_1 i

Fig.84.2 Various electron radii and their relative sizes related by fine-structure constant o. = 1/137.

Bohr model has electron orbiting at radius » so centrifugal force balances Coulomb attraction to the opposite charged proton.

2 2 2.2 2 2.2 2 2
my~ e or my-r e or r:47t80mev r :47r80(mevr) :47r80£

2 r N 4re 2 2 2
477:80r 0 e m e m,e

Bohr hypothesis: orbital momentum ¢ is a multiple N of 7 or
{=mevr=Nh (N=1,2,..).
This gives the atomic Bohr radius ay) =0.05nm
dme i, T ) B
r=—0C-N (: Fpon = 52810711 m. =0.528 4 for N—l)
mee

It also implies rear-relativistic electron orbit speed v that is fraction I/N of 0.073c.

vt Nk Nh me 1 &

= — = [—7.29@0'3—L forN—1]
¢ mgc  mlp,p, ¢ ML Age h* N N 4meqhc 137.

The dimensionless ratio a.=e2/(4me,hc)=1/137.036 is called the fine-structure constant o.

Thursday, May 26, 2016

80



Dirac Radius
dp=19E-13m

o lr.=R=0ua

Bohr Radius
ap=0.5 E-10 m

El()=O(_1 K
Compton wavelength &

x=2dy=39 E-13 m

Fig.84.2 Various electron radii and their relative sizes related by fine-structure constant o. = 1/137.

>

Bohr model has electron orbiting at radius 7 so centrifugal force balances Coulomb attraction to the opposite charged proton.

2 2 2.2 2 2.2 2 2
my~ e or my-r e or r:47r80mev r :47r80(mevr) :47r80£

47r80r2 r 4rme, 2 m ee2 m e

E 754

[ electron moving
at speed u

Bohr hypothesis: orbital momentum /¢ is a multiple N of 7 or )
¢{=mevr=Nh (N=1,2,..). g
This gives the atomic Bohr radius ay) =0.05nm

. 471'80712 2 -11 . SIUO/ES " [ P
r=—>3VU" N (= Paope = 3-28107" 1 m. =0.528 4 forN=1) ’ /

2—
z hwzif[erbewegzmg LS I'OM

mee . /

electron

It also implies rear-relativistic electron orbit speed v that is fraction I/N of 0.073c.

2 2
vo bt N NRome L e 59008 =—L forn=1 |
c mgc myip.,.Cc m_C 471;80;-12]\/2 N 4neyhe 137. s
A anti-glectron (hole)
anfi-electron (hole) atrest
The dimensionless ratio a.=e2/(4me,hc)=1/137.036 is called the fine-structure constant o. aspeed

Now, some numerology of Dirac’s electron radius involving zwirerbewegung Where Wi pencome = 2mc2/h=1.56-10"! (radian) Hz

Weierbeoweaung T =C OF  Fpipge = ClW.iprbereaung =HI2me = 1.93-10°"7 m relates to the Compton wavelength R=h/mc=3.8616-10""7 m

C
T(S()me crazy “thing” Reduced Compton wavelength: 2 R=h/mc=2.4263-10-1°

going ¢ around a or Compton “‘circumference”

circle!)

2.4263102175+33%10-12m
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o /2=137/2
magnificatioy’ /
(e
. . /
Classical e- Radius // Dirac Radius Bohr Radius
rc=28E-15m , dp=19E-13m ap=0.5E-10 m
rC=OL 7L // a_er:K:(XaO ao:(x_l 7L
»
_ Compton wavelength & -—

x=2dy=39 E-13 m

Fig.84.2 Various electron radii and their relative sizes related by fine-structure constant o. = 1/137.

The classical radius of the electron defined by setting its electrostatic PE to m.c” :

2 2 2 2 i
e /(Amey Vogssica) = MeC~ OF  Vojpssical = € /(4mey mec”) = 2.8-10-° m.,

Another fine-structure ratio to rg,,.

2

Classical —

"Bohr

47r80h2 / m eez 4me hic

As a final numerological exercise, find angular momentum /¢ = mevr

of fictitious "zitterbeweoung" orbit inside the electron.
With v=c and r = rp,,,. the following is obtained.

U = MeC Tpjrge = MeCh/(2mec)

=h/2

e/ 471'80771602 B &2 _ 1 2 Oo%
137.

2—
h wzirterlwwegzmg 2mc= l.OM

-

O
A

moving
at speed u

electron

at rest*.

anfi-electron (hole)

E

[ electron moving
at speed u

E/

anti-glectron (hole)

at rest

Now, some numerology of Dirac’s electron radius involving zwirterbewegung Where w. . peveoins = 2mec2/h=1.56-10"!(radian)Hz

or

Wzitterbewe SUNG r=c

C

(Some crazy “thing”
going ¢ around a
circle!)

FDirac = ClW-iierpereoine =0 2me = 1.93-10-9 m relates to the Compton wavelength R=h/mc=3.8616-10""7 m
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2015 DAMOP

ty and Quantum Mechanics by Ruler and Compass 1.

Galilei Gaileo

looks worried?

A *road-runner” axiom
s a *show-stopper”

Pulsc wave (PW) i

mum o otian Acos o 20t Ao S+ o dox

USlng though comforting to the.
o “BIW peaks precisely locate places where wave i,
Occam's "ottt e
O seras preciel locai places where wave 1
. AXAZOF b oo Simpler] W conerence
Jean-Bapisie o e ey v it
Josesh Frer Evenson Continuous Wave (CW) axiom: CW speed for all colors is c - e,
Kenncih Evenson ‘and productive
(TCW is affected by|
sorder Doppler
iR b zer
and
Red shifts r=e?
. /of frequency v
s ‘ s
)

How does space-time andor per space-per-time carry llght waves? ¢

,,,,,,,,,,, Hetareich

(wavelength \ - period 7) andor  (wavenumber r: - frequency v)

( A=Ur and 7=1/v) ( k=1/A  and
(A= meters per wave and 7 = seconds per wave) (i = waves per me
reek “t” N m
for time 2 of waves per second

or Hertz (Hz)

The “Keyboard of the gods”
3 Or per-space-per-time graphs vs. space-time graphs

0 ©)-graph

seaceniee
p— pero7 (\7)-graph
R L e

“1-CW" means
“single Continuous Wave”

(and hold)
[ Pressa key\la getayave (11 1cw)

...That “continues”

everywhere...
. per i)
wave-speed el uals Sope-io-horizontal in (v,1)-graph or
wave-velocity formula PGS, all
distance _wavelengih__frequency time.
dime period  wavenumber
2
at a speed of:
e A1 {disance
(574 =) jduance
Sime
j wl/a
g LA

M

@ Doppler Shift in per-space-per-time

per-SPACETIME
(crv)-graph

sthpe-to-vertical in (hr)-4 graph

frequency
(units: 600TH7)

SPACETIME
(\er)-graph

etine period er
)

=0, o ct,=,  FAtom traveling along wave
- sees lesswave “hits” fsec.
(that is: Poppler red-shift)
-2 gains) il
sees more wave “hits"\see.

Atom traveling agams\\{ave

(that is: Doppler blue-shf)
"hit"

cr=lex /
N ! " Christian ki

i

Doppler A
| | & o 1803-1853 hit!
0
il v 2
1 v, 1 2
o i B4 % 5 % | |
T T T TR NS N
" cwavenumber e,

Move fast enough this way then the
“green” wave gets bluer and bluer
until YOU die

Move fast enough (his way then the
“green” wave gets redder and redder
until it dies

wm"

decrease exponenialy

P
(Muvmg against a 600 TH= 1CW could Doppler blue shlﬁ itto 1200 TH) \

/

Th : 7 < 1 122,
The-stmptest  motecute ™

Special relativity and quantum mechanics
are very much a story of
the geometry of light-wave motion

@ Clarify Evenson’s CW Axiom (All colors go ¢) 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.
Vol \
*J'W\ —— Alice: “Well, what is its wavelength 4, Bob!"
A really fast Alice shmes her MOOTHI laser

frequency v

(Tnverse period v=11%) QI: Can Bob tell it's a “phony” 600THz
900 (v=cx] by measuring his received wavelength?
‘:/’/’/’ Q2:If s0, what “phony” X does Bob see?
THz 600 9, Hzline  Answer o Q2 is C, the one with slope v/k=uv\=
500 If he sces Green 600THz then he measures X=0.5m.
o Ifhe sees Red 300THz then he measures \=1.0pum.
Answer to Qlis NO!
alowed s e CW Light carrics no birth-certificate!
= 100n 030wm 033w (inverse wavelength k=1/0)

K= V10%m 2109 310°m

tiso could be labeled
Linear-(non)-dispersion
axiom: v =ck

Vacuum only makes one X for cach v.*
“All colors goc= v =v/k”
Then Evenson s axiom nolds:

*for cach beam and polarization orientation

@ Easy Doppler-shift and Rapidity calculation

Alce: Hey, Bob and Cerl! Read of your Doppler
¥ Shitratos (51) and (1) o my 6007z
o R 1 otos P18 an C13) o my G00TH boAM. oo ey
GAUNTLE] 4 Al apidy s and pis rolaivo ome.  Bluo s to 1200z
> e - got (5]3}=2,
0 P =i

ALICE'S

what's your rapidiy . reltive to 50b?

min

Doppler ratio: Bob-Alice Doppler ratio: Carla-Alice Dopplcr rati

”nt_rﬂu:n _Up_1200_2 AV 400 _
iR|S)= {B|A}= = {c|a) -
v, 600 1 00 3

Bob-Alice rapidity:
Pus =log, {B]4)=

Puy =0.69

Carla-Alice rapidity: N
L =log {C|A)= log,%

o

log,f
(s0:p,,=—0.69) Pen

=041

Carla-Bob Doppler ratio:

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

Carla-Bob rapidity:

ePr = gPrgPs

implies:

PeatPus
=-041-0.69=-1.10

@ 1 CW Laser-phasor Wave Function @
v = A F5 = Acos(ke— ﬂ)!)+lASIn(kt ﬂ)l)

phase-angle

Dimensionless Light wave-velocity c/e=1

Amplitude
mlxk_v 1.’1

kmk:

“angular frequency

ingular wavenumbe

dentical phasor
clock (s.ct) array

Clock velocity 1<

frequency~0.0 TH:

must match this phasor
clock-(x.ct)-array, too.
That's gauge invariance!
rx-vt = KXV

Space x

@ 2 Doppler shifted CWs Interfering in Space-Time

* How do we measure space and time with light waves?
Use /CW laser-phasors for a phase-based theory

* How do we make spacetime coordinate graph with light waves?

Use 2CW laser-phasors and wave interference geometry

Relawavity - Using light’s own wave-like
nature to better understand special relativity
and quantum mechanics

@ 2 CWs lnterfen'ng in Space-Time

Leﬂ moving cwerm )

@ Thales Mean Geometry (600BCE) helps “Relawavity”

Thales showed a circle diameter subtends a right angle with any circle point P

Thales of
Miletus
624-543 BCE

Easy!
You get zeros of any wave-sum ¢ +¢'"
by factoring it into phase and group parts.
Remember your algebra? Exponents of prod-
uets add,

Time ct

ath
So, half-sum

and half-sum

avelength 721
0 510%m) plus haititt 5

minus half-if
2 2

aib (o

 gves a,
gives b.

Prestol

You factor ¢+ into

oy
& > Spacex
AL 2op.
Cooll
You guys
made me
a space-time
graph out of
real zeros.
Howd it
do that?

Bb ZBe*P

2 :1‘8 "
R leu?r,l

Biue shit =

Geometry of the
Haltsum

o H

Galileo's Revenge (part 2)
Phasor angular velocity
adds just like
Galilean velocity
0, 40,

Minkowski-Lorentz Grid
in terms of P’, G’

,

phase =

-0,
0, =—>—"
2

Br Bb,
Red shift Blue shift

ight-directed 1CW &0

ﬁ -directed ICW ¢(bx0)
=-1

Dopplﬁr SeTShted en it
10 300THz
Rey,

“Lewis Camll Birkn

= @ Comparing Longitudinal relativity parameter: Rapidity ) = log{(Doppler Shift)
toa Transverse*relativity parameter: stellar aberration angle 0"

Per-Space (ck)

Observer fixed below star sees it directly overhead.
Observer going u sees star at angle(’ in u direction
a. S

Stella 2¢€ [ Jle:

aw!englh 2RR=1/R)
(1= li}"m}

N -’/ =cleosh 1%
=c sech)=c cos
2CW Minkowski-Spacetime Grid | L& X ____
Frequency 20 Minkowski-spatetime grid

"
(units of
= 600TH:)

)
R-K,
Bob: The spacetime

wave-zeros replicate [
the same pattern.

Epstein’s trick is to

turn a hyperbolic form ¢t =+(er') = ()}

into a circular form:

(Except P'-phase and
G/ ~group indicators
get switched again.)
Let’s measure these
in careful detail! -]

ct’)

(cT) +(x

Then everything (and everybody)

I ,
Wavévector ex always goes speed ¢ through (x',c7) space!

‘We used notion 0

y for stellar-ab-angle,
(a “flipped-out™ ).
Epstein not interested
in ) analysis or in

Lation of 0" and /).

% sinhp—>

Harter-Soft Educational Tool:
Heyoka Technical Consultin

/ Anaid to
. /" patern recognition:
) _
9 Occam’
¢ Sword
3 (ule=3/5)
isinh p Py sink p "
G s
P VR
~_ P
i
Al i
\ j i
9 = s
-

.

L L
T B
Tow s | dum S
v comracron'o  IAOn ! | ey
o e e S e

.and values for we=3/5

Geometry applies to (x,y) space-space
to (kxky) per-space-per-space
to (x,cf) space-time

@ Optical wave guide relativistic geometry aided by Occam’s Sword

Relativistic mode wuh near-c Vep=c/2 and

=2 (Low dlspersion )

Dispersion
fiunction

v=cr=Beosh

crest” trough

upard downward

Vohase
=ccothp

=cosca

Example of near-cut-off mode with low Veyg=¢/d and high 1/,

@ Per-space Per-space Geometry

(it of o, =2-10%m)

Phase vector P/ pL R Group vecor G
1/2-sum vector PR 2 1/2-diff vector

Link to pdf version of Part I online

Note: When printed at their optimal resolution, each poster is 7 feet across!
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sition

@ Relawavity variables plotted versus Group Velocity Veroup=c tanhp @ Feynman diagram of relativistic optical traj
|highyw,; 2| mid=w,,; 4-

DAMOP - 2015
. .. . : Geometry and plots of
Special Relativity and Quantum Mechanics by Ruler and Compass I1. “Relawavity” variables | oomeene -2 2

= e = N
. e . . sinh p=tan o, cosh p=sec o, coth p=csc a, 19 Hyper- 7 (7.q) - coordinates
The simplest “molecule”: Relativistic mechanics by optical coherence geometry {anh pcin o, scch y—cos o cach p-cot o \ - Ffunction Thales geometry of e o rest froquency: | “rapidity:
\ values relativistic hw(ck) or E(cp)-spaé (YELLOW K “photon wi=c| k., [=onsinhp)| ®,=0,6" p,=pp
4 Py= ek, @,

William G. Harter and Tyle C. Reimer "
University of Arkansas - Fayetteville 3

QKIEVEARS]TYOF 3}

@Using wave parameters to quickly derive Planck (1900), Einstein (1905), and DeBroglie (1921) formulation

“\_ Initial stationary =3

LUE K thing wi=Miic? K,

=w,e*(sinh pp, cosh pp) oz~

BT

act Einstein-Planck Dispersion

Feynman
diagram
(scaled down)
P!
emission
process

positive rest energy Me
2 (M2

©, sinhp

All-rational-fraction lattice
defined by discrete sub-group
of Lorentz Poincare Group
(Feynman path in

1/ way point 0
Classical (and spectroscopic)
[Energy-momentum conservatiol

is due to

s defincd

by group transformations)

Momentum
cp=ic

, coshp

2

— o a2 i) o X

Uphase = Beosh p)= B3 Bp? (for usce)  coshp=haip®=iiy Basescale: B =0, for vy .
P.9-RL)

=i = 5 sinhp=p="
(for e Bolr-Schrodinger Approximaion. g a, quantum-phase space-time ;
- Low speed Uphase and Kprase approximations vary with u i =49 | 37 “wiggle-count” transformations :
ggl
! B like Newton’s kinetic M and tum Mi Group iy trbp -35-05 R-L _R+L
Ve = SRor )= Ky 3 ke Newton’s kinetic energy 3 Mu? and momentum Mi \ S e P 1205 \ ‘ S ‘ p=tg- L
: | |
(Famous Melshowsup ere @So attach scale factor  (or £N) to match units Group Doppler RED factor: 2= ¢™ Doppler BLUE factor: > =% hek =ep AL
LhB 5 hB hB ! 3 2 -
"V,,hﬂ.\fh’“EcT“ <« for (uxc)= lephmc=7“ Rescale tptase by /i s0: M=—5 or: hB= Mc? velocity Doppler BLUE factor: 3=
c .= 2
| \lwe =sin(a)
IV ppase™ Mc2+§Muz for (use) = K = Mt @anw Uphase and Kphase o o3 03 |1: tanh(p)
10, ane= s cosh p =Mc?coshp 6-4-4-32-1C i . . o ) - Discrete (fw) versus (fick) plot
) —_— — e 51y2-0 ‘MTOW 6.-0.7862 @ The “Rocket Science 0;" relativistic optical transitions of Compton scattering
sroup St |y < Total Energy: E =——— [ with AN to match Ve | highy Y 2| mi ) r
< I m. energy densi ighy= 0, ) 2| midy= o, ) 2| low)= o, _
p T Finstein (1903) 4 Y -u?le? e \ w=Energy . jm/‘ v geometry of hw =E(cp)
phase = | oEE Nt Relawavity geometr Q
v |V 7t cla Y geometry Coordi I tan(u/ relatISJuw(ck) or E(ep)-space
e | 10 5= B Osh p =2 —coshp of oordinate angle v=atan(u/c) ~ i
v p 2 . Take-away point 1
i o : (hw) versus (hck) plot Emission photons
H K ppase=hEsinh p =Mc?sinh p %, \96 are analogous to
3 3 7 3 . s - Vi \\”/fg, Z5 rocket exhaust (not “bullets™)
= s| g0 37075 e = [ oo™ | Momentum: /i 0= p :7T \ %, 9 / (Vinmour=CeshausIn[Maniia/ Myinal])
nctions V.= momentum | -Lagrangian  Hamilionian | DeBroglie V... = <M eBroglie (1921 T-u”le’ % / and this process is reversible . .
Sunci ciantp_cpuicsihp | Le Mcscehp HMccoshp | Acacsehp ceoihp p= "Z‘ . DeBroglie (192 ’Mr \\ eszr el i @ Discrete time (ct) versus space (x) plot
N ek ppas,= B sinh p ==—sinh p \\/\‘J / of constant acceleration paths
Definition(s) of mass for relativity and quantum theor: { AN i d . .
@ (s) y q y \ N Momentum L / = - Key recoil relations: 0,67=3 =, (a) Constant acceleration g | (b) Traveler paths of acceleration g,
@Rmt Mass M (Finsiein’s mass)  Defines invariant hyperbola(s) Given: Energy: & = Me® cosh p = 0y \ ™ cp = Bsinh(p) : % omeP =op [ ' Rapidity p vs proper time© |Al:g =g.e" Bob: g="- Carl:g, =g,
\ - ~ 1= g =In M/} act recoil ra s " 2 s
hB=hvy = Mc? = hex momentum:  cp=Mc*sinh p=hex 50 \ g-circle~_ . .- =Btan 3 p=1In MMy, \L“‘\‘:i“_"“”“”‘”d'“ /e | Inertial frame coordinates
~ al o Z
§ dv - Bl .- < / y Fop> o) =
Group velocity: u=ctanhp =22 u~cln MyiM, . .
Group velocity: u=ctanhp =2 \\ LOW-thro BpprOXimatibp where: o =2 a,e™(coshpp,, sinh pp, ). <
\ < Geometric scale : /
Phase Velocity 1 R
@ Momentum Mass Moo (Galileo’s mas) Defined by ratio /i ofrelativisc momentum t group velocity Be/u = Beoth(p) » Doppler BLUE fuctor: 2= hek =cp
My = 2 = Mrcucsinhp Limiting cases: My, ———> M ee?/2 =Besc eBroglie Wavelengtt ;
o = = o p M T g
‘mom e Mres \ A B
M, cosp = Moz Momentum e et F\t g Bseco D =B§§§g(p)
Vicu? 2 Mass qs[} nergy
\B = w ;
Effective Mass Moy (Newton s mass) Defined by ratio F/a=dp/du of relativistic force to acceleration. \ -Lagranglan
That is ratio of change dp=Mc coshp dp in momentum to change du=c sech?p dp in velocity \ -L(u) = Bsech(p)=Bcoso \:bﬁo
My = u,,, <P Limiting cases: Mgy ——— Moy e*?/2 | Q// ~
du csech’p| W v \&\
ef e Mrest \ RN
§ . sing oroun velocity: uzy, d@_dv c z =T oot N
More common derivation using group Velocity: s V== 2 : /Group Veloci \ \ 4Q hw=Energy Realtivity angle U
_dp __hdk h LM - 3 -circle =B Stellar aberffion| &
M= Wy~ T 0 0 =M, cosh’p bchele P Bu/c = Btanh(p| '50’ 4
dk dk | 7 ° I\ hck=Momentum
| o accompany V=g Hamiltonian Legendre transforms to Lagrangian 1! oglie Wavelengtt A Tnertial§
(@ Hamiltonian \H(g.p) | (b) Lagrangian |L(q.q) ¢ = Besch(p) =Bcoto Bo/u <
@ Defining{phase ®, action S=/i®,|Hamiltonian, and Lagrangian slope is - )7 L edis = M2 locity u=§ .
group velocityu:  |H / \ sinhp
Ul _ ’ \
@ Define Lagrangian L in terms of phase ®=kx-wt=k's"-'t" for k=kpjue and w=wphase. 37-‘7 H P 7 ]
=u / o " 7
ds do dx h P ’ L 7 2 %
PR LT L i z = L=-Mc?sechp =/ Mc?+ Mu?/2+ 70
adar prs ‘ o L v =-Mc"sechp ="- uw/2t ... fanhy . )
X ) < | Lﬁé ~ AN Cartsobjor hitsl & /{//V/{e’
@ Use DeBroglie-momentum p=/ik relation and Planck-energy £=/iw relation < W T Y ) NN Cons object i 13« ///////
ds_ do_ dv dx . TN A i siope i / N S ////
=208 _po=p® _E=pi—E=[p i D 1 Light cone u=I=c o momentum p. B E E Bops object s AL s 4
dr— dt dt dt K, has infinite |1 9L,/) ! [ \ 0.97 11 &4‘
P = [ = cotho_ —10.97 1. year
@ Use relawavity relations: Group veloci[y:u*dX*clanhp, Rest energy:hw =Mc*=hck, 3 nd zeto L 9 1 € ! 6
dr Momentum p _H” 1 ’ 3 _
. L \ hek=Momentum
Momentum: p= ek, =cp=ho, sinhp Comparing \ \
Hamiltonian: H=ho,,, = F =1 h do u’ . . . Doppler geomet B
amittoniar = £ =104 COSP L=7:7=—Mc1,,17—Z =-Mc*sechp=—Mc’cosc | Lagrangian  L(velocity u)| 4= Vi, = ctanhp = csino PP ng YA / NN
T C . r' N\
@ L= pu— H = (Mesinh p)(ctanhp) - Mc* coshp 5 with ’ " - \
u 2 . . )) versus (ck) plot
, sinh*p—cosh’p N H=hv,,, =M]\1-— = Mccoshp= Mc’seco  |Hamiltonian H(momentum p)|cp = chx,,,,=Mc*sinh p = Mc’tanc (@) (k) pl §\
= Mc¢’ ————————=—Mc’sechp c - & -
coshp B e 1 =M T+ sinh*p =M\ 1+(cp)’ ®) T ?/

N

Link to pdf version of Part II online
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Realtivity angle V

Stella

A more compact
circle-based geometry

Vv v K T c
rou bDoppler group group ‘group group group b Doppler
group | Opep - v, A, K, T, Vg i BLUE
1 c Ko T U, h " 1
hase phase phase phase phase phase
P b lli’)li)gllzjler phase KA TA vA 2’A ¢ b gggpler
rapidi - . +
"1 e” |tanhp sinhp | sechp coshp | cschp cothp | e
s;ff;‘}: Y1 e | sino tano cosO seco coto csco | 1/e”
p=t -8 B 1 1-p7 1 g1 1 1+B
e | V4B LB 1 J1-B° 1 B 1-B
1 3 3 4 4 2
E”i‘é‘isf"’ —=05| ==06 ==0.75 | —=0.80 §=1.25 —=1.33 §=1.67 ~=20
2 5 4 5 4 3 3 1
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Xtra stuft: Some numerology: Which is bigger...H-atom or an electron? What spin?
Space-Space waves gone mad

> Applications to optical waveguide, spherical waves, and accelerator radiation
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Optical wave guide relativistic geometry aided by Occam’s Sword
geometry applies to (x,y) space-space
to (kx ky)per-space-per-space
Relativistic mode with near-c Veoup=cv3/2 and Vyjase=2/v/3c. (Low dispersion.) to (x,ct) space-time

Ck/ Dispersion P !
Jrequency |\ function /
D \  VTCKT Bcoshp
\
N y
A J
Y
_ \ .
' L q
2 VeurorF S
=B=v, Al o=60)
=c/. ZY/ wavenumben
p cr
B0 3 A’ 2 C
Ay =—— _ENo V., ==
phase \/5 nguf’,)_ > phase \/§C
Vgroup Vp/ms(’
=c tanh p =ccothp
=c sin o =CcCSCO
KEY:
Re E phase k-vectors and rays wave-fronts |
wave zeros upward downward crest trough
s k() N/
@ \/
¢ //// \\\ /"
@ k(') VRN
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Optical wave guide relativistic geometry aided by Occam’s Sword
geometry applies to (x,y) space-space
to (kx ky)per-space-per-space
to (x,ct) space-time

Y
- )'=+E

7o
5 AY BT AR L
1 Q&' A S Sy S o v S Ey i
R AN VAT AV A g 5% 55—
X AAAA AT TR

N AT AT

=

S, -‘:‘y“ 7 — —. ‘bg"’
e ALYy N AT
Ny . (A AT AT 4
R e e — - . 7 7
\J ’ 1‘ _ TV'O1. V24
N ‘VI ~__p p group phase
e - .Y , i ) =c tanh p =ccothp
Aplmse )’=—5 k,( ) e m =C CSC O
B— - A
KEY: 2 /\phase :
Re E phase k-vectors and rays wave-fronts =Bcschp | v A=c/2 Y | .
wave zeros upward downward crest  trough _—=p AUV 1 SR ¥ :
@ \ / coto ' \ :
@ k(+) A 4 ' V I =£ \ "
s //k(-) 4 ‘A phase= B \/3 O i A C V[J}lll.\'(’z 2c
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Optical wave guide relativistic geometry aided by Occam’s Sword

geometry applies to (x,y) space-space

Relativistic mode with near-c Veoup=cv3/2 and Vyjase=2/v/3c. (Low dispersion.)

to (kx, ky)per-space-per-space
to (x,ct) space-time

k, Dispersion P !
Jrequency |\ function )
A R
D \\ v=ck=Bcoshp
N .
) .
S .
__ \ L2
5 T e | g
Guidelt Web Simulation: ¢ = 60 CUTOFF S
1is . o=300  —B=vy AKG=6Y
S AN ATAUA S ——— =c/2Y wavenumber
g'.tn.‘. ay ey A‘;t’v;‘ VQ k) L |
AT AV SV SVRTAY S 5% = = M BN
P T L“hA.AgA'AgA PN < A 1. =B 0 ~N3A y, 2. C
i/ ‘ng‘v%'f‘v‘va"'afi— ‘“ / phase™ \/5 vgmu,{):T phase™ J§
TSI ITT] ST NP - c 7 v,
NS AT A AL ET W= TSP group phase
T e S e S L MRSV L R i A‘ =c tanh p =ccothp
. Aphase N )’=—5 t1-) ‘ =C Sl.n o =C CiC (0]
KEY: 2 Guidelt Web Simulation: 6 = 30° ,\p hase :
Re E phase k-vectors and rays wave-fronts | =Bcschp | v A=C/2 Y
wave zeros upward downward crest trough “=Bcots | | | S--eefiee--ae-
[} \ / =5coto ;
® k('*') \ 7 Vv ¢ . '
o \/ group = | .-
o N : ~ CK
. >\ AR I . s
" e k 4 3 Aplzasez B \/g 0 ! A C vp_hasez 2c
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(a) Spherical wave pair
In Alice-Carla frame

N N\ I prd // - /
Relativit Web Simulation -~ /"
Litehouse’s frame .

Spherical wave relativistic geometry

Also, aided by Occam’s Sword
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(a) Spherical wave pair | stellar angle o = sin"'(u/c) < ——_(b) Spherical wave pair
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