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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 (0 ..
% 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

Thursday, May 26, 2016 16



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 UDIET 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,..
? 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)
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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 Th.=Kg ') S "ﬁgm ;{:w:m

E %4 -~

: : | 90 Hz E \ |
790 Hz [T, @ &0 Hz [T, ? aHz (%7, Ij WWE Ly s.zmz ‘Ml‘iernal.i’fald

AL . ' 8 %
«ET @ Mived E'EJ m H {a\‘blelc CM
M Spegles more Kixed pure A] T E' T A Lypeczes | Clumuls

| >e— 15102 -: 072Hz \7 kHz L 2 M N .11 A
B el R A1 2110 Hz 035kHz [T o OA5MHz i d
640 H 5 27 He 62 kHz V1 }~ P

-

| I

Py | ' ”'j“ CLomi e
\ | )
Y i AL, “ ” .IILI \ I Qﬁ Lot ﬂ Y | I f ll
I JU JL | JUL : v T[T \ 3 L A - % 1
1 | ”"ll:l‘ 1 L | .lll. ﬂ i mm) LU 1 m m ' l I
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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
| [ | | |
2 3 _
Doppler RED factor: 3 =e P Doppler BLUE factor: 5 =e'P hek =cp
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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
c-momentum -CPim hw =E(cp) Fig. 30
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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

v

M M M M
M ok ] ' OpM7T, OLy”
ﬂ —ZW Grotian 2-level diagrams ML ~
L L L oy

L M’
Orm ) 5
Feynman (o,ck) diagrams
(1-photon) M
o

M-to-L’ L ’-to-M . o , ’
emission absorption 2-Level (o,ck) “baseball” diamonds L-to-M M-to-L

absorption emission
WOr, M
N (®,ck)
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
:thhm :thSIIlhp
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Kl!

Zero-sum
H-to-P’
triangle

Feynman
diagram
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Relativistic optical transitions |kigh)=|w,) &/ |mid)=|w,) 2 |low)=|o,)

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

4
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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

J

Key recoil relations:
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| (p,q)— coordinates e
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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

59



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 ‘
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Tunable Laser
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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

Varying acceleration (General case)

Varying local acceleration p=p(7)

Lab time dt vs proper time d7
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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
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(a) Constant acceleration &
Rapidity p vs proper time t
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(a) Constant acceleration &
Rapidity p vs proper time t
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(a) Constant acceleration &
Rapidity p vs proper time t
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(a) Constant acceleration &
Rapidity p vs proper time t
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(a) Constant acceleration &
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Rapidity p vs proper time t for: pc = g7 or-p=--
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(a) Constant acceleration &
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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.
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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.
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E 754

[ electron moving
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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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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
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"Bohr
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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.
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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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Special relativity and quantum mechanics * How do we measure space and time with light waves? Relawavity - Using light’s own wave-like . inverges) for relativity
@ Maki £ lioht are very much a story of Use ICW laser-phasors for a phase-based theory nature to better understand special relativity = when b B
aking sense of light-wave : . i i ith 1i B i / ]
g g ooks worricd? the geometry of light-wave motion * How do we make spacetime coordinate graph with light waves? and quantum mechanics / Anaidto
i ttern recognition:
= Use 2CW laser-phasors and wave interference geometry / pafiern recognition:
in Pulse Wave (PW) Axiom: PW speed seen by all observers is ¢
4 e ) ) ) i A Occam
b foine| 138 show-stopper” @ Clarify Evenson’s CW Axiom (All colors go ¢) by Doppler effects @ 2 CWs Interfering in Space-Time . & Sword
- Alice trics to fool Bob that she’s shining a 600THz laser. (Bob’s unaware she’s moving really fast...) 7 @ Thales Mean Geometry (600BCE) helps “Relawavity” 3 (ule=315)
- Bob: “ Alice! My frequency meter reads v=600THz for your laser beam. 7 i"’g”""wm& g 'A“"(”) . Left-moving CHZ Thales showed a circle diameter subtends a right angle with any circle point P el K ankp
) gy ) \ W E B ) Thes of g X /"
Pulse wave (PH) train S Alice: “Well, what is its wavelength 7, Bobl" | T v oy oy Easy! ., Miletus -
. g A pcow 044 008 208+ A con Jow-+A gcos do i o e Z T b - 24 Ty o L 2 You get zeros of any wave-sum ¢ +¢'" 624-543 BCE Ptank p
7 Using . " A really fast Alice shines her v=300THz laser by factoring it into phase and roup parts. T 9
AN O ccam s~ Tt peaks preciseylcate places where wave s =121 K ~Romember your agebra? Expononts of rod- \ e
- ot € O3y e precisly locate places where e s . E et add, \ : /
S azor ath a-b
o s S simpr W cohrerce So hattsum 5" pus hatat 3 gives a,
Jean-Bapi oy e frequency v and i sum %" minus haiait =" gves b
doseph P Evenson Continuous Wave (CW) axiom: CW speed for all colors is ¢~ cmeente, . (nverse period v=1/) QI: Can Bob tell it’s a “phony” 600THz z z Calli
and productive 900 o=e by measuring his received wavelength? Prostol [
(1CW is affected by, 800 N N You factor e +el into 32 42 po S r—
e hooser o0 ) QiIf o, what “phony” X does Bob see’ e 6T ve C
ifis b =¢** THz 600 g Hzline  Answer o0 Q2 is C, the one with slope v/r=uv\= fw) s B
;“‘; hifts.r —er? i If he sees Green 600THz then he measures A=0.5,m. \S4 g i
W o Ifhe sees Red 300THz then he measures \=1.0pum. oot om0 i"fjﬂ_‘ s e
4| and wavenumber . i Answer o Qlis NO! You guys e o | 50y Vi |
J R alfowed ot o vmber % CW Light carries no birth-certificate! a;’;ﬁ e == .and values for we=3/5
How does space-time andior per-space-per-time carry light-waves? ¢ 7= 00 050w 033 (imverse wavelength k=1/4) araph outof
e K= L10m 210%m 310%m real zeros. i
et bt owd it Geometry applies to (x,y) space-space
"""""" Vacuum only makes one X for each v.* Also cauld be labele fowart
(wavelength A~ period 7) andor  (wavenumber r - frequency v) “All colors g0 ¢ = Av = v/k ® Linear-(non)-dispersion go that to (kx,ky) per-space-per-space
( A=ls  and r=lv) ( k=) and w AL S 2 4&&5“ 2 to (x,c) space-time
(A= meters per wave and 7 = seconds per wave) (s = waves per me Then LVENSON § AXIOM holds: axiom: v =chk Pt g
reek “t” reel m *for each beam and polarization orientation . . . . . L. . N
for time K ofwaves per second ! Geomely ofihe Minkowski-Lorentz Grid Optical wave guide relativistic geometry aided by Occam’s Sword
: ) . L . in terms of P*, G’ Relativistic mode with near-c Vemy=c/2 and /...=2c . (Low dispersi
. . N @ Easy Doppler-shift and Rapidity calculation  (orm=o elativistic mode with near-c Vyrup=c/2 and Vyiuw=2c . (Low dispersion.) ) ,
The “Keyboard of the gods and = o \ \ ) S Nl : Dispersion
. ) ALICE'S . Alle: ey, Bob and Caral Read offyour Doppler We'e in Spitsvile! ‘ ) function ,
5 Or per-space-per-time graphs vs. space-time graphs LASER ) tratos (B1a) and (CIA)to my S0OTHzboam. o\ oy poppiar v vmex=eoshy 7
porSPACETIME oncee CAUNTLfL Akt o . lvmtome. s i e
e prod - 7 7  (01A)=2, appy now? ,
e f (kv-graph [ r)-graph whats your apy . rlate o 5o ot o e
£ E:
E o onanow “1-CIV” means Galileo's Revenge part 2) © :
Press a key to get a wave (a I-CW) “single Continuous Wave” R Phasor angwlar velociy e
s s, io: - . . . els jus dike o I Nt svavenumber
Doppler ratio: Bob-Alice Doppler ratio: Carla-Alice Doppler rati adds jus TF RIS T o] .
& 3 - T — — o
’ iR|S)= =2 = = e .
everywhere... Vsounce. 600 1 v, 600 3 O = O+ 0, | *ﬁﬁé’_’féﬂ”v‘f‘m o
e e e Y Bob-Alice rapidity: R Carla-Alice rapidity: N wle AT L . m— -ccothy
3 (vaves per ) pervave) o =log, (B]A)=log, = L =log, {C|A)=log, =~ w,, =——2= - 4 S —cexco
wave-speed efuals slope-io-horizontal in (i, v)-graph or m = l0g e 3 ¥ 2
-veloci l = i
e loc s, e fo P06 (o, =-08) PR , - —
time ~period  wavenumber ) _ i L . | [ o
M v _v 2 Carla-Bob Doppler ratio: @ 2 Doppler shifted CWs Interfering in Space-Time i v \
W Tx at a speed of: Rapidity adds just like ight-directed 1CW el ofi-directed ICW el i) i e o -
Galilean velocity = =t o e ky=-1 — @ Comparing Longitudinal relativity parameter: Rapidity ) = log{(Doppler Shift) Example of near-cut-off mode with low Vern=c/4 and high /
=& i D ; Doppler redshified o0 1z -
- 2 e {1 divance Carla-Bob rapidity: 600 1tz Doppler blue shifted PP ! - toa Transverse*relativity parameter: Stellar aberration angle 0
o V"’é””"y,” fwm;:xrm ; Sy N P = PP gt PontPos to ].fwmf ‘ to RZOTHZ e . Per-space Per-space Geometry sy,
792 J : =0.41-0.69=-1.10 AR A - o \ X o~
Tocity /o= A A Observer fixed below star sees it directly overhead.
Y = (s wae) x @ 1 CW Laser-phasor Wave Function R/ N Observer going u sees star at angle(7 in u direction.
rave-spe stope-to-vertical in (\7)-graph . @ / / *S’
Dimensionless Light wave-velocity c/e=1") y = A5 = Acos(kx — )+ iAsin(kx - or) y Stellar aberration angled- O 7 We used notion O
K X i o ~a’ for stellar-ab-angle,
F . N phase-angle Sz /phase-angl P A A a “flipped-out™ )
@ Doppler Shift in per-space-per-time b g - c tanhp u=c,sino (E”‘Pﬁil"‘l’l":f,“?;‘ﬂg‘)c‘d
- _ Amplitude i g = I ekt ol I :
frequency per-SPACETIME ctime period c7| SPACETIME “winks” (" angular frequenc; P avelengh A=2mk=1/X 4 in 0 analysis or in
(units: 600THz) (cr,v)-graph (units: opm) (\e7)-graph “kinks ™ \angular wavenumbe (GHN=025 I O (e o —elation of 0" and .
=00 ct,=1,  [Atom traveling along wave c I *
o sees less wave “hits” /see \ NP 4 N 1-u’/e =c/cosh[)
fs Atom trayeling againshwave | (hatis: Poppler red-shift) D al / =c sechf)=c cos
sees more wave “hits\see. /" 2CW Minkowski-Spacetime Grid ~--—
(thatis: Doppler blue-sft)/” Frequency 2CW Minkowski-spatetime grid
o i wh Jrequency 300TH v , y
NTivo extremes give (units of 3
I cx=lex, \ o / \ identical phasor ,=6007H) RLK. k( \L) 7
o B ok ey Kt e aine
n g s ) et Waverseroe eplcate T
" the same pattern. ) .
- : frequency~0.0 TH: Epstein’s trick is to
/ ) e ‘7 oty (Except P'-phase and / tumn a hyperbolic form ¢t =+f(et’)’ —(x')* [
T AR it 3.33-10°15 G'~group indicators into a circular form: :
i i A N R B W ISy 3 OIiirDa e versons get switched againy) / - i
N cwavemumber cx, p e Let's measure these | G 7 (eT) +(x ') %
in careful detaill -
Ay must match this phasor in careful detail Th oth d everybody) K
clock-(x.ct)-array, 100. hen everything (and everybody) |

N \
That's gauge invariance! always goes speed ¢ through (¥',¢7) space!

Move fast enough this way then the

Move fast enough his way then the

Kx-vt = KX
“green” wave gets bluer and bluer “green” wave gets redder and redder Space x Phase vector P/ pL RS Group vecor G
until YOU die until it dies 12-sum vector | Phs Y2 12l vector
witt
ncrease cxponenlly AL | decrease exponenially

(Muving against a 600 TH= 1CW could Doppler blue shift it to 1200 TH:)
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DAMOP - 2015 @ Relawavity variables plotted versus Group Velocity Veroup=c tanhp @ Feynman diagram of relativistic optical tray

Geometry and plots of
|highyw,; 2| mid=w,,; 4-

Special Relativity and Quantum Mechanics by Ruler and Compass I1. “Relawavity” variables R T o= :
. . . . sinh ptan o, cosh p=scc o, coth pcsc o, - Hyper- ¥ i (.~ coordinates
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“\_ Initial stationary =3
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y cothp =
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(Famous Melshowsup ere @So attach scale factor  (or £N) to match units ps Group Doppler RED factor %, - Doppler BLUE factor: > =% hek =ep AL
LhB 5 B hB ! 3 2 -
"Wm.f’f’HECTH < for ()= ’”f,-mm-:?“ Rescale tptase by /i s0: M=—5 or: hB= Mc? ’S velocity Doppler BLUE factor: 2=
c - .= 2
| - \lwe =sin(a)
IV ppase™ Mc2+§Muz for (use) = K = Mt @anw Uphase and Kphase - o o3 03 |1: tanh(p)
0=l cosh p =M coshp o 644321012 BV 1 @ The “Rocket Sci » of relativisti . . Discrete (hw) versus (fick) plot
) S ERATH — o 20 ‘MTOW 6078 e “Rocket Science” of relativistic optical transitions of Compton scattering
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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
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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
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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

In Alice-Carla frame S5u ~InBob's frame: u /c =-3/5 Occam
' Sword
geometry
in (x,y)
space-
Space

A

velocity angle v = tan'! (u/ck
_,‘ > T\ — . -~

Slope u/c of > —
velocity e =4

7 trackls eacl’ ==3<

_A—cir¢le-top -

—————————————

emitted at fime =,

QQQQQQQQ

\\\

Relatlvlt Web Simulation
Ship’s frame S

Relativit Web Simulatlon
Litehouse’s frame
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