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Relawavity: Quantizing wave variables of phase and amplitude
(Unit 3 p.45-64 )

.)Review of wave parameters used to develop relativistic quantum theory
Bohr-Schrodinger (BS) approximation throws out Mc? (Is frequency really relative?)
Effect on group velocity (None) and phase velocity (Absurd)

15t Quantization: Quantizing phase variables k&, and w(kn)
Understanding how quantum dynamics and transitions involve “mixed” states
Square well example of mixing unequal frequencies
Circle well or ring example of mixing equal or unequal frequencies

Mixing unequal amplitudes makes “Galloping” wave: Analogy of (SWR, SWQ) to (Veroup, Vphase)
Analogy with optical polarization geometry and Kepler orbits
Super-luminal speed and Feynman-Wheeler pair-creation switchbacks

27d Quantization: Quantizing wave amplitudes Ay and invariance of photon number
Analogy 1: Many CW (Continuous Waves) add up to make PW (Pulse Waves)
Analogy 2: Many Photon-Number-Modes add up to make Coherent-Laser-Modes
Heisenberg Av-At~1~Ak-Ax analogous to AN-Aphase~1 uncertainty relations

Electromagnetic wave mode energy: Maxwell vs. Planck-Einstein
15t quantization for wave phase variables and classical energy of E, B , and A fields
2d quantization for wave and Planck quantum energy of E, B , and A fields
Scaling E-waves to mime quantum W-waves and y-waves
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Using (some) wave parameters to develop relativistic quantum theory

LeCt. 30 Max Planck  Louis DeBroglie
p. 31029 1858-1947  1892-1987
Energy density, photon number N, ( WThvphase: hBcosh p = Mc2 cosh 0
and normalization discussed p.74-81 it AN to match Planck (1900)
€.7m. energy density Y Total B Mc2
E°E ~hNUpi otal Energy: E
This motivates the Einstein (1905 )—T \/ l-u’ /e’
‘particle” normalization B B
[ U ay-N  ¥==F NeK ppase=nBsinh p =Mc”* smhp

Cp = \/1_

Momentum: /K =P =
DeBroglie (1921) \/l—u fc”
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Using (some) wave parameters to develop relat1v1st1c
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Bohr-Schrodinger (BS) approximation throws out Mc?  (Is frequency really relative?)
4 pp
| cp=hck MOMENTUM

Mcu

| .
E=hw ENERGY given:

MC2 2 =
= Mc” cosh p \/l_uz/cz

B 2, 2
\/ l—u”/c | |
RelaWavity Web Simulation
Relativistic Terms - Einstein-Plank Dispersion

= Mc”? sinh P

Some details concerning
Lect. 30 - slide 31

Using (some) wave coordinates for relativistic quantum theory
(a)\Exact Einstein-Planck Dispersion

matter wave:

RelaWavity Web Simulation
stic Terms - E

Relativistic Terms - Einstein-Plank Dispersion 2
positive rest energy Mc* /.,
E2-2p2 =M2)2 J
. Energy \
N N E=h0) ¢ achyon:
- D\ o m— 7 ’ imaginary
N« \\ § / photon:
o . L’ zerop
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Muass (resting AN A NN
Mass (resting) ......; Bohr-Schrodinger Approximai
hB = hv, =E‘45/IC = hek y =l 0}, =4%0 ]
Energy
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dw(k) equals AA—?; (Usually not so unless limit Ak — O exists.)

do(k
Standard formula for classical group velocity is ngup:—czl(c )

But this may fail if @(k) is quantized and thus discrete @w(k, ).

A k)-w(k
Then we need to use an exact quantum form: V= A(: :a)( llc) Z)( 2)
1772

(D Here the exact discrete value is:
Ao w(k)—w(k,)

V = —
o Ak k -k,
F _____ Mk )0)1: e+p ~ e+p _ e—p

e’ —(=Be")

Here is a rare but important case where

+ — .
http://www.uark.edu/ua/modphys/markup/RelaVWavityWeb.html Xt . e P _ e p _ Slnh p
" — =
e’ +Be” coshp

=tanh p

This time 1t matches calculus value:
_dw(k) d(coshp)
“ov gk d(sinhp)
_ sinhp

= tanh
cosh p P

Review per-space-time
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Review of wave parameters used to develop relativistic quantum theory
Bohr-Schrodinger (BS) approximation throws out Mc? (Is frequency really relative?)
Effect on group velocity (None) and phase velocity (4bsurd)

» 15t Quantization: Quantizing phase variables k., and w(k»)
Understanding how quantum dynamics and transitions involve “mixed” states
Square well example of mixing unequal frequencies
Circle well or ring example of mixing equal or unequal frequencies

Mixing unequal amplitudes makes “Galloping” wave: Analogy of ( , SWO) to ( V phase)
Analogy with optical polarization geometry and Kepler orbits
Super-luminal speed and Feynman-Wheeler pair-creation switchbacks

2nd Quantization: Quantizing wave amplitudes Ay and invariance of photon number
Analogy 1: Many CW (Continuous Waves) add up to make PW (Pulse Waves)
Analogy 2: Many Photon-Number-Modes add up to make Coherent-Laser-Modes
Heisenberg AvA~1~ArAx analogous to ANAphase~1 uncertainty relations

Electromagnetic wave mode energy: Maxwell vs. Planck-Einstein
15t quantization for wave phase variables and classical energy of E, B , and A fields
2d quantization for wave and Planck quantum energy of E, B , and A fields
Scaling E-waves to mime quantum W-waves and 1-waves

Relativistic effects on charge, current, and Maxwell Fields
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http://www.uark.edu/ua/pirelli/html/quantized 0.html

Quantlzed ® and & Counting wave kink numbers

If everything 1s made of waves then we expect quantization of everything because
waves only thrive if infegral numbers n of their “kinks™ fit into whatever structure
(box, ring, etc.) they’re supposed to live. The numbers » are called quantum numbers.

OK box quantum numbers: n=1 n=2 n=3 n=4
(+ integers only) o I\ I half-wave N 2 half-waves |/ 3 half-waves [\ /\ |4 he
Some — NV V.V
NOT OK numbers: n=0.67 n=4
too fat! -
/l\.\ / ~
e ...not tolerated !

NOTE: We’re using “false-color” here.

This doesn t mean a system s energy can t vary continuously between “OK” values E;, E>, E3, Eq4, ...

Tuesday, May 3, 2016 19



http://www.uark.edu/ua/pirelli/html/quantized 0.html

Quantized ® and & Counting wave kink numbers

If everything 1s made of waves then we expect quantization of everything because
waves only thrive if integral numbers n of their “kinks” fit into whatever structure
(box, ring, etc.) they’re supposed to live. The numbers » are called quantum numbers.

OK box quantum numbers: n=1 n=2 n=3 n=4
(+ integers only) /I'\ I half-wave N 2 half-waves |/ 3 half-waves [\ N\
Some ~ =\ v V.V
NOT OK numbers: n=0.67 n=4
too fat! -
/l\.\ / ~
] ...not tolerated !

NOTE: We’re using “false-color” here.

This doesn t mean a system s energy can t vary continuously between “OK” values E;, E>, E3, Eq4, ...

In fact its state can be a linear combination of any of the “OK” waves |E;>, |E>>,

Es>, |Es>, ...

Tuesday, May 3, 2016
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Review of wave parameters used to develop relativistic quantum theory
Bohr-Schrodinger (BS) approximation throws out Mc? (Is frequency really relative?)
Effect on group velocity (None) and phase velocity (4bsurd)

15t Quantization: Quantizing phase variables k., and w(k»)
Understanding how quantum dynamics and transitions involve “mixed” states
Square well example of mixing unequal frequencies
Circle well or ring example of mixing equal or unequal frequencies

Mixing unequal amplitudes makes “Galloping” wave: Analogy of ( , SWO) to ( V phase)
Analogy with optical polarization geometry and Kepler orbits
Super-luminal speed and Feynman-Wheeler pair-creation switchbacks

2nd Quantization: Quantizing wave amplitudes Ay and invariance of photon number
Analogy 1: Many CW (Continuous Waves) add up to make PW (Pulse Waves)
Analogy 2: Many Photon-Number-Modes add up to make Coherent-Laser-Modes
Heisenberg AvA~1~ArAx analogous to ANAphase~1 uncertainty relations

Electromagnetic wave mode energy: Maxwell vs. Planck-Einstein
15t quantization for wave phase variables and classical energy of E, B , and A fields
2d quantization for wave and Planck quantum energy of E, B , and A fields
Scaling E-waves to mime quantum W-waves and 1-waves

Relativistic effects on charge, current, and Maxwell Fields
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Quantlzed ® and & Counting wave kink numbers

If everything 1s made of waves then we expect quantization of everything because
waves only thrive if integral numbers n of their “kinks” fit into whatever structure
(box, ring, etc.) they’re supposed to live. The numbers » are called quantum numbers.

OK box quantum numbers: n=1 n=2 n=3 n=4
(+ integers only) o I\ I half-wave N 2 half-waves |/ 3 half-waves [\ /\ |4 he
Some =\ v V.
NOT OK numbers: n=0.67 n=1.7 n=4
too fat! too thin! B
PR RN / ~
tan = ...not tolerated !

NOTE: We’re using “false-color” here.

This doesn t mean a system s energy can t vary continuously between “OK” values E;, E>, E3, Eq4, ...
In fact its state can be a linear combination of any of the “OK” waves |E1>, |E>>, |E3>, |Es>, ...

That s the only way you get any light in or out of the system to “see’ it.
Es>

E3>

frequency wzs= (Es-E3)/h o W\/\/\
frequency wor = (Eo-E)/h .3
L/

Tuesday, May 3, 2016 22
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Quantized ® and & Counting wave kink numbers

If everything 1s made of waves then we expect quantization of everything because
waves only thrive if integral numbers n of their “kinks” fit into whatever structure
(box, ring, etc.) they’re supposed to live. The numbers » are called quantum numbers.

OK box quantum numbers: n=1 n=2 n=3 n=4
(+ integers only) o I\ I half-wave N 2 half-waves |/ 3 half-waves [\ /\ |4 he
Some =\ v V.
NOT OK numbers: n=0.67 n=1.7 n=4
too fat! too thin! B
PR RN / ~
tan = ...not tolerated !

NOTE: We’re using “false-color” here.

This doesn t mean a system s energy can t vary continuously between “OK” values E;, E>, E3, Eq4, ...
In fact its state can be a linear combination of any of the “OK” waves |E1>, |E>>, |E3>, |Es>, ...
That s the only way you get any light in or out of the system to “see’ it.

|E4> . .
These eigenstates are just the ways
£ >A the wavy system can “play dead” ...
frequency wso= (EsE)/h B> W\/\/\
frequency wo; = (E>E1)/h 75
]> W\
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Review of wave parameters used to develop relativistic quantum theory
Bohr-Schrodinger (BS) approximation throws out Mc? (Is frequency really relative?)
Effect on group velocity (None) and phase velocity (4bsurd)

15t Quantization: Quantizing phase variables k., and w(k»)
i Understanding how quantum dynamics and transitions involve “mixed” states

Square well example of mixing unequal frequencies
Circle well or ring example of mixing equal or unequal frequencies

Mixing unequal amplitudes makes “Galloping” wave: Analogy of ( , SWO) to ( V phase)

Analogy with optical polarization geometry and Kepler orbits

Super-luminal speed and Feynman-Wheeler pair-creation switchbacks

2nd Quantization: Quantizing wave amplitudes Ay and invariance of photon number
Analogy 1: Many CW (Continuous Waves) add up to make PW (Pulse Waves)
Analogy 2: Many Photon-Number-Modes add up to make Coherent-Laser-Modes
Heisenberg AvA~1~ArAx analogous to ANAphase~1 uncertainty relations

Electromagnetic wave mode energy: Maxwell vs. Planck-Einstein
15t quantization for wave phase variables and classical energy of E, B , and A fields
2d quantization for wave and Planck quantum energy of E, B , and A fields
Scaling E-waves to mime quantum W-waves and 1-waves

Relativistic effects on charge, current, and Maxwell Fields
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Consider two lowest E-states by themselves
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Consider two lowest E-states by themselves in time
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Consider two lowest E-states by themselves in time Now combine (add) them
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Consider two lowest E-states by themselv
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Now combine (add) them and let time roll!
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Conszder two lowest E-states by themselves m time
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Now combine (add) them and let time roll!
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Conszder two lowest E-states by themselves m time
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Now combine (add) them and let time roll!
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Review of wave parameters used to develop relativistic quantum theory
Bohr-Schrodinger (BS) approximation throws out Mc? (Is frequency really relative?)
Effect on group velocity (None) and phase velocity (4bsurd)

15t Quantization: Quantizing phase variables k., and w(k»)
Understanding how quantum dynamics and transitions involve “mixed” states
Square well example of mixing unequal frequencies
’ Circle well or ring example of mixing equal or unequal frequencies

Mixing unequal amplitudes makes “Galloping” wave: Analogy of ( , SWO) to ( V phase)
Analogy with optical polarization geometry and Kepler orbits
Super-luminal speed and Feynman-Wheeler pair-creation switchbacks

2nd Quantization: Quantizing wave amplitudes Ay and invariance of photon number
Analogy 1: Many CW (Continuous Waves) add up to make PW (Pulse Waves)
Analogy 2: Many Photon-Number-Modes add up to make Coherent-Laser-Modes
Heisenberg AvA~1~ArAx analogous to ANAphase~1 uncertainty relations

Electromagnetic wave mode energy: Maxwell vs. Planck-Einstein
15t quantization for wave phase variables and classical energy of E, B , and A fields
2d quantization for wave and Planck quantum energy of E, B , and A fields
Scaling E-waves to mime quantum W-waves and 1-waves

Relativistic effects on charge, current, and Maxwell Fields
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www.uark.edu/ua/pirelli/html/quantized 0.html

Quantlzed ® and & Counting wave kink numbers

If everything 1s made of waves then we expect quantization of everything because
waves only thrive if infegral numbers n of their “kinks™ fit into whatever structure
(box, ring, etc.) they’re supposed to live. The numbers » are called quantum numbers.

OK box quantum numbers: n=1 n=2 n=3 n=4
(+ integers only) o I\ I half-wave N 2 half-waves |\ /3 half-waves [\ /\ |4 ha
Some ~ — NV V.V
NOT OK numbers: n=0.67 n=4
too fat! -
/I\.\ / ~
] ...not tolerated !

NOTE: We’re using “false-color” here.
Rings tolerate a zero (kinkless) quantum wave but require *integral wave number.

OK ring quantum numbers: m=0 —— i)
(+ integral number \
of wavelengths) S

0 waves 7~ 1 waves 3 waves

O @ &

Bohr’s models of atomic spectra (1913-1923) are beginnings of quan_t;tm wave mechanics
built on Planck-Einstein (1900-1905) relation E=hv. DeBroglie relation p=h/A comes around /923.
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Consider two lowest E-states by themselves
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Consider two lowest E-states by themselves Now combine (add) them and let time roll!

(| Ep) +e | Esp)) /ve

Oth Fourie
1st Foune:

]

L/

k< I>>
Oth Fourie
1st Fourne
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Consider two lowest E-states by themselves Now combine (add) them and let time roll!

(| Ep) +e | Esp)) /ve

Oth Fourie
1st Foune:

Oth Fourie -
1st Fourne
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Consider two degenerate E-states by themselves
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Consider two degenerate E-states by themselves

Now combine (add) them and let time roll!
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]f w-]<UJ+] then ngup<0

]Jf w-1>C<J+1 then Vgroup>0

A1
/

5>
Oth Fourie
1st Foune:

Nothing CAN go faster than light
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Review of wave parameters used to develop relativistic quantum theory
Bohr-Schrodinger (BS) approximation throws out Mc? (Is frequency really relative?)
Effect on group velocity (None) and phase velocity (4bsurd)

15t Quantization: Quantizing phase variables &, and w(kn)
Understanding how quantum dynamics and transitions involve “mixed” states
Square well example of mixing unequal frequencies
Circle well or ring example of mixing equal or unequal frequencies

* Mixing unequal amplitudes makes “Galloping” wave: Analogy of (SWR, SWQO) to (Veroup,Vphase)
Analogy with optical polarization geometry and Kepler orbits
Super-luminal speed and Feynman-Wheeler pair-creation switchbacks

2nd Quantization: Quantizing wave amplitudes Ay and invariance of photon number
Analogy 1: Many CW (Continuous Waves) add up to make PW (Pulse Waves)
Analogy 2: Many Photon-Number-Modes add up to make Coherent-Laser-Modes
Heisenberg AvAr~1~ArAx analogous to ANAphase~1 uncertainty relations

Electromagnetic wave mode energy: Maxwell vs. Planck-Einstein
15t quantization for wave phase variables and classical energy of E, B , and A fields
2d quantization for wave and Planck quantum energy of E, B , and A fields
Scaling E-waves to mime quantum W-waves and 1-waves

Relativistic effects on charge, current, and Maxwell Fields
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Galloping waves due to unmatched 2-CW amplitudes

2-CW dynamics has two 1-CW amplitudes A_,and A, that may be unmatched. (A_,#A_ )

Aﬁei(kﬁx—a)ﬁt) +Aeei(k*x_w*t) _ ei(kzx—a)zt)[A%ei(kAx—a)At) +Ae€_i(kAx_wAt)]

Waves have half-sum mean-phase rates (ks ,y) and half-difference group rates (k,,@,) .
ks = (k_,+ k_)/2 ky= (key— k. )/2
s =(@W_,+wo_)/2 Op=(0_,—w,_)/2

Tuesday, May 3, 2016
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Galloping waves due to unmatched 2-CW amplitudes

2-CW dynamics has two 1-CW amplitudes A_jand A_ that may be unmatched. (A_,#A_)

A_)gi(k_gc—a)%t) +Aeei(k“x_w“t) _ ei(kzx—wzt)[A%ei(kAx—a)At) +Aee_i(kAx_wAt)]

Waves have half-sum mean-phase rates (ky,@y) and half-difference group rates (k,,w, ) .
ky = (k_,+ k_)/2 kpy= (ky— k_)/2
s =(@W_,+wo_)/2 op=(0_,—w,_)/2
Now consider amplitude mean Ay = (A_, + A_)/2 and amplitude half-difference A, = (A_, —

Tuesday, May 3, 2016
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Galloping waves due to unmatched 2-CW amplitudes

2-CW dynamics has two 1-CW amplitudes A_,and A, that may be unmatched. (A_,#A, )

A%el(kﬁx—a)ﬁt) +Aeez(k<_x—a)<_t) _ el(kzx—a)zt)[A%el(kAx—a)At) +Ae€_l(kAx_wAt)]

Waves have half-sum mean-phase rates (ks ,@y) and half-difference group rates (k,,m,) .
ks = (ki + k_)/2 ky= (key— k. )/2
s =(0_,+w,)/2 Op=(_,—w,_)/2

Now consider amplitude mean Ay = (A, + A_)/2 and amplitude half-difference A, = (A, — A_)/2.

Detailed wave motion depends on standing-wave-ratio SWR or the inverse standing-wave-quotient SWQ.
(A,+A) 1

Envelope—Mm.: SWR = (A, — AL) _

Envelope—Max. A L+ AL)

SWQ =

Tuesday, May 3, 2016



Galloping waves due to unmatched 2-CW amplitudes

2-CW dynamics has two 1-CW amplitudes A_,and A, that may be unmatched. (A_,#A, )

i(k_ x—w .t i(k, x—w, t (ks x—+t i(k,x—wt —i(kx—w .t
A%e(—> —>)+A&e(<— <—):e(2 2)[A%6(A A)+Ae€ (A A)]

Waves have half-sum mean-phase rates (ks ,@y) and half-difference group rates (k,,m,) .
ks = (ki + k_)/2 k= (ky— k_)/2
s =(0_,+w,)/2 Op=(_,—w,_)/2

Now consider amplitude mean Ay = (A, + A_)/2 and amplitude half-difference A, = (A, — A_)/2.

Detailed wave motion depends on standing-wave-ratio SWR or the inverse standing-wave-quotient SWQ.

Envelope—Min.: SR = (A,—-A_) [Envelope Maximu nj SWO = (A,+A) 1

Envelope—Max. (AL, + AL) 2As = (A, + A_) - (A, — AL) ~ SWR

Envelope Minimum
2A0= (A, - AL)
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Galloping waves due to unmatched 2-CW amplitudes

2-CW dynamics has two 1-CW amplitudes A_jand A_ that may be unmatched. (A_,#A_ )

Aﬁei(kﬁx—(oﬁt) +Ae€i(k*x_w*t) _ ei(kzx—a)zt)[A%ei(kAx—a)At) _|_A%e—i(kAx—a)At)]

Waves have half-sum mean-phase rates (ks ,@s) and half-difference group rates (k,.,m,) .
ks = (ko + k. )/2 ky= (ky— k)72
WOy =(0_,+w,_)/2 op=(0_,—w,_)/2
Now consider amplitude mean Ay = (A_, + A_)/2 and amplitude half-difference A, = (A, — A_)/2.

Detailed wave motion depends on standing-wave-ratio SWR or the inverse standing-wave-quotient SWQ.

Envelope=Min._ o\ (A= Al) . 5 AA /\  swoo +Ae) 1
Envelope—Max._ (AL + AL) v \/ \/ \/ (A, e) SWR

They’re analogous to group velocity V,,,, <c frequency ratios and mverse phase velocity V... >C ratios.

_wy (o, —we) (a)_)—a)<_) oy (o,+to.) (w,+o.)
Vg” oup Vphase - - =C
ky o (ky— k) (a)_)+ o, ) ks (ki + k) (0, — o, )
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Galloping waves due to unmatched 2-CW amplitudes

2-CW dynamics has two 1-CW amplitudes A_jand A_ that may be unmatched. (A_,#A_ )

Aﬁei(kﬁx—(oﬁt) +Ae€i(k*x_w*t) _ ei(kzx—a)zt)[A%ei(kAx—a)At) _|_A%e—i(kAx—a)At)]

Waves have half-sum mean-phase rates (ks ,@s) and half-difference group rates (k,.,m,) .
ks = (ko + k. )/2 ky= (ky— k)72
WOy =(0_,+w,_)/2 op=(0_,—w,_)/2
Now consider amplitude mean Ay = (A_, + A_)/2 and amplitude half-difference A, = (A, — A_)/2.

Detailed wave motion depends on standing-wave-ratio SWR or the inverse standing-wave-quotient SWQ.

Envelope=Min._ o\ (A= Al) . 5 AA /\  swoo +Ae) 1
Envelope—Max._ (AL + AL) v \/ \/ \/ (A, e) SWR

They’re analogous to group velocity V,,,, <c frequency ratios and mverse phase velocity V... >C ratios.

Wy _ (o_, —we) (a)_)—a)<_) Oy _(a)ﬁ+w%)_c (o, +w_)

A = 4 ase — _ -
SO ky (kL= k) (0)_> + 0, ) P ks ot ko) (0,- o)
Vgroup _ (OFN _ ((U%— e) _ (0)—>_we) Vphase _ WDy _ (a)ﬁ-l_we) _ (60_)+606) — ¢
C CkA C(kﬁ — e) (60% + 606) C Ckz C(kﬁ‘l‘ ke) (we - we) Vgroup
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Galloping waves due to unmatched 2-CW amplitudes

2-CW dynamics has two 1-CW amplitudes A_jand A_ that may be unmatched. (A_,#A_ )

Aﬁei(kﬁx—(oﬁt) +Ae€i(k*x_w“t) _ ei(kzx—a)zt)[A%ei(kAx—a)At) _|_A%e—i(kAx—a)At)]

Waves have half-sum mean-phase rates (ks ,@s) and half-difference group rates (k,.,m,) .
ks = (ko + k. )/2 ky= (ky— k)72
WOy =(0_,+w,_)/2 op=(0_,—w,_)/2
Now consider amplitude mean Ay = (A_, + A_)/2 and amplitude half-difference A, = (A, — A_)/2.

Detailed wave motion depends on standing-wave-ratio SWR or the inverse standing-wave-quotient SWQ.

Envelope=Min. _ (A= Al) ;o AA /\  gwoo Ao +Ae) 1
Envelope—Max._ (AL + AL) v \/ v \/ (A, e) SWR

They’re analogous to group velocity V,,,, <c frequency ratios and mverse phase velocity V... >C ratios.

Wy _ (o_, —we) (a)_)—a)(_) Oy _(a)ﬁ+w%)_c (o, +w_)

A = 4 ase — _ -
SO ky (kL= k) (0)_>+ o) P ks ot ko) (0,- o)
Vgroup _ (OF _ ((U%— e) _ (0)—>_we) Vphase _ Wy _ (we-l_we) _ (w%_l_we) — ¢
C CkA C(kﬁ — e) (60% + 606) C Ckz C(kﬁ‘l‘ ke) (0)% - we) Vgroup
v r C . 1
S is analogous to: SWR=——
¢ Vphase SWO
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Review of wave parameters used to develop relativistic quantum theory
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Quantized Amplztude Counting “photon’ number (2"'-Ouantization)

Planck’s relation E=Nmv began as a tenative axiom to explain low-T light. Then he
tried to disavow it! Einstein picked it up in his 1905 paper. Since then its use has
grown enormously and continues to amaze, amuse (or bewilder) all who study 1it.

A current view 1s that it represents the quantization of optical field amplitude. We
picture this below as N-photon wave states for each box-mode of m wave kinks.
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Quantized Wavenumber (“kink” or momentum number)
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E N] =2 NNam"| green phOZOﬂ \S}‘ eX NOTE: We're using “false-color” here.
o e
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N ¢
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Quantized Amplztude Counting “photon” number (2"-Ouantization)

Planck’s relation E=Nmv began as a tenative axiom to explain low-T light. Then he
tried to disavow it! Einstein picked it up in his 1905 paper. Since then its use has
grown enormously and continues to amaze, amuse (or bewilder) all who study 1it.

A current view 1s that it represents the quantization of optical field amplitude. We
picture this below as N-photon wave states for each box-mode of m wave kinks.

El Nv=s —N=2 T @@\@ violet photon
= 1 > green photons ] e\,@\S
"g red phofons A o N=1 Hﬁgﬂ\
\\ \
E /~ N\ <5 \(\@m blue photon \ WO\“S
8 V3= ' Pt
| —
8| red photons (i\(\@@ ’3‘\)\“&0 Quantum field definitions have been called
= — N=] [ <>. &@é" oY “2nd quantization” or “wave-waves”
g N 122 | g; een p Tofon \S& @%Cx NOTE: We’re using “‘false-color” here.
o| red photons e
: e
s
S| N,=I N,=0 -
o d photon [s
re y
g ! N, =0 | — oint” or “yacuum leve
z S NIZO —— h fundamental zero-p
S m=1 m=2 m=3 m=4

Quantized Wavenumber (“kink” or momentum number)
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A Quantum numbers N of field or n, m,.. of modes are invariants and not changed by boosting velocity.
> Each mode fundamental frequency v, =nv, and its N-photon multiples belong to invariant hyperbolas.

Q
C
= n=11= n=2 =1 n=3 n=4
g  EshshND, E=hN,v, E=hN,, E=hNy,
1 =
G 1 5 ~ -
9 - 3
c o -
L \ | 3 ~__ ] 2 - —

2nd

Quantization
/
/) /
|

cp=hcx cp | \op cp

Z, c-Momentum or hc-Wavenumber

7 Boosted observers see distorted frequencies and lengths, but
/ will agree on the numbers n and N of mode nodes and photons.

\ / This 1s how light waves can “fake” some of the properties of
: iy / classical “things” such as invariance or object permanence.

\ ST It takes at least TWO CW’s to achieve such invariance. One CW
Vo T A 1s not enough and cannot have non-zero invariant N . Invariance
AN 1s an interference effect that needs at least two-to-tango!

\\\ /// “‘\ www.uark.edu/ua/pirelli/html/quantized 2. html
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Review of wave parameters used to develop relativistic quantum theory
Bohr-Schrodinger (BS) approximation throws out Mc? (Is frequency really relative?)
Effect on group velocity (None) and phase velocity (4bsurd)

15t Quantization: Quantizing phase variables &, and w(kn)
Understanding how quantum dynamics and transitions involve “mixed” states
Square well example of mixing unequal frequencies
Circle well or ring example of mixing equal or unequal frequencies

Mixing unequal amplitudes makes “Galloping” wave: Analogy of ( , SWO) to ( V phase)
Analogy with optical polarization geometry and Kepler orbits
Super-luminal speed and Feynman-Wheeler pair-creation switchbacks

2nd Quantization: Quantizing wave amplitudes Ay and invariance of photon number
* Analogy 1: Many CW (Continuous Waves) add up to make PW (Pulse Waves)
Analogy 2: Many Photon-Number-Modes add up to make Coherent-Laser-Modes
Heisenberg Av-At~1~Ak-Ax analogous to AN-Aphase~1 uncertainty relations

Electromagnetic wave mode energy: Maxwell vs. Planck-Einstein
15t quantization for wave phase variables and classical energy of E, B , and A fields
2d quantization for wave and Planck quantum energy of E, B , and A fields
Scaling E-waves to mime quantum W-waves and 1-waves

Relativistic effects on charge, current, and Maxwell Fields
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www.uark.edu/ua/pirelli/html/coherent_vs_photon_|. html

Coherent States: Oscillator Amplitude Packets analogous to Wave Packets
We saw how adding CW’s (Continuous Waves m=1,2,3...) can make PW (Pulse Wave) or WP (Wave Packet)
that 1s more like a classical “thing” with more localization in space x and time ¢.

m=1)  PLUS PLU m=3) etc. EQUALS [Py ATIME

http://www.uark.edu/ua/pirelli/html/head on_3.html
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Review of wave parameters used to develop relativistic quantum theory
Bohr-Schrodinger (BS) approximation throws out Mc? (Is frequency really relative?)
Effect on group velocity (None) and phase velocity (4bsurd)

15t Quantization: Quantizing phase variables &, and w(kn)
Understanding how quantum dynamics and transitions involve “mixed” states
Square well example of mixing unequal frequencies
Circle well or ring example of mixing equal or unequal frequencies

Mixing unequal amplitudes makes “Galloping” wave: Analogy of ( , SWO) to ( V phase)
Analogy with optical polarization geometry and Kepler orbits
Super-luminal speed and Feynman-Wheeler pair-creation switchbacks

2nd Quantization: Quantizing wave amplitudes Ay and invariance of photon number
Analogy 1: Many CW (Continuous Waves) add up to make PW (Pulse Waves)
Analogy 2: Many Photon-Number-Modes add up to make Coherent-Laser-Modes
Heisenberg Av-At~1~Ak-Ax analogous to AN-Aphase~1 uncertainty relations

Electromagnetic wave mode energy: Maxwell vs. Planck-Einstein
15t quantization for wave phase variables and classical energy of E, B , and A fields
2d quantization for wave and Planck quantum energy of E, B , and A fields
Scaling E-waves to mime quantum W-waves and 1-waves

Relativistic effects on charge, current, and Maxwell Fields
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Coherent States: Oscillator Amplitude Packets analogous to Wave Packets

We saw how adding CW’s (Continuous Waves m=1,2,3...) can make PW (Pulse Wave) or WP (Wave Packet)
that 1s more like a classical “thing” with more localization in space x and time ¢.

m=l)  PLUS o) PLUS  m-3) etc. EQUALS |pmy p fTIMe !

http://www.uark.edu/ua/pirelli/html/head on_3.html

Space X

Analogy:

Adding photons (Quantized amplitude N=0,1,2...) can make a CS (Coherent State) or OAP (Oscillator
Amplitude Packet) that 1s more like a classical wave oscillation with more localization 1n field amplitude.

IN=0) PLUS IN=1) PLUS |N—2> etc. EQUALS |04P) ATime t i

e =2y b
12 TEE 1
B ’ 1R 18-
‘-'%Z 1-poinguncertainty :Eéj %
= T+8- T8-
R 8- 18-
18- f==o 1
B, i _ 4 -
® lﬁjl__ ;%m '.%_
b I : w b
Zero-photon state [-photon state 2—p§0ton state Osczllatmg Amplitude Packet

(Vacuum state) (Fundamental) (1st overtone)

y
Field Amplitude E
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Coherent States: Oscillator Amplitude Packets analogous to Wave Packets
We saw how adding CW’s (Continuous Waves m=1,2,3...) can make PW (Pulse Wave) or WP (Wave Packet)
that 1s more like a classical “thing” with more localization in space x and time .

ATime t

m=1)  PLUS 1= PLUS m=3) etc. EQUALS |PW) n~

http://www.uark.edu/ua/pirelli/html/head on_3.html

Space X

Analogy:
Adding photons (Quantized amplitude N=0,1,2...) can make a CS (Coherent State) or OAP (Oscillator
Amplitude Packet) that 1s more like a classical wave oscillation with more localization 1n field amplitude.

IN=0) PLUS IN=1) PLUS IN=2) etc. EQUALS |04P) ATime t

- ]

'Eg % QM unc!zmty % ] %
;"B}" ! ~£h- -5 - -5 -
TEB- . TEB- . 15 =
% I-poinguncertainty % % %
= -~ :._ -.-. :_— -_. -EE.-; :--_EE._
Zero-poipt uncertainty -%-- % % %
'.._E.-_-. ;‘.-_EE.-; :-gg | :. -
£hk X St g

_ N=0 * w . G g | g
Zero-photon state I-photon state 2—p£0ton state OSCZZZatmg Amplitude Packet
»

(Vacuum state) (Fundamental) (1st overtone) Field Amplitude =

Pure photon'states have localized (certain) Nbut  delocalized (uncertain) amplitude and phase.
OAP states have delocalized (uncertain) N but more localized (certain) amplitude and phase. *

www.uark.edu/ua/pirelli/html/coherent_vs_photon_|. html
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Review of wave parameters used to develop relativistic quantum theory
Bohr-Schrodinger (BS) approximation throws out Mc? (Is frequency really relative?)
Effect on group velocity (None) and phase velocity (4bsurd)

15t Quantization: Quantizing phase variables &, and w(kn)
Understanding how quantum dynamics and transitions involve “mixed” states
Square well example of mixing unequal frequencies
Circle well or ring example of mixing equal or unequal frequencies

Mixing unequal amplitudes makes “Galloping” wave: Analogy of ( , SWO) to ( V phase)
Analogy with optical polarization geometry and Kepler orbits
Super-luminal speed and Feynman-Wheeler pair-creation switchbacks

2nd Quantization: Quantizing wave amplitudes Ay and invariance of photon number
Analogy 1: Many CW (Continuous Waves) add up to make PW (Pulse Waves)
Analogy 2: Many Photon-Number-Modes add up to make Coherent-Laser-Modes
* Heisenberg Av-At~1~Ak-Ax analogous to AN-Aphase~1 uncertainty relations
Electromagnetic wave mode energy: Maxwell vs. Planck-Einstein
15t quantization for wave phase variables and classical energy of E, B , and A fields
2d quantization for wave and Planck quantum energy of E, B , and A fields
Scaling E-waves to mime quantum W-waves and 1-waves

Relativistic effects on charge, current, and Maxwell Fields
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Coherent States(contd.) Spacetime wave grid is impossible without coherent states

Pure photon number N-states would make useless spacetime coordinates
ATime t

Phtn numer N-state

S Total uncertainty of amplitude and phase makes the count pattern a wash.
i : To see grids some N-uncertainty is necessary!

s Space X
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Coherent States(contd.) Spacetime wave grid is impossible without coherent states

Pure photon number N-states would make useless spacetime coordinates
ATime t

Phtn numer N-state

S Total uncertainty of amplitude and phase makes the count pattern a wash.
i : To see grids some N-uncertainty is necessary!

s Space X

Coherent-a-states are defined by continuous amplitude-packet parameter o0 whose square 1s average
photon number N=|a|>. Coherent-states make better spacetime coordinates for larger N=|o/?.

Quantum field coherent O-states Classical limit

N=1010
AN=10 AN=10° AN=1(°
Coherent-state uncertainty in photon number (and mass) varies with amplitude parameter AN~0~VN s0

a coherent state with N=|o*> =10° only has a 1-in-1000 uncertainty AN~0~NN=1000.
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Review of wave parameters used to develop relativistic quantum theory
Bohr-Schrodinger (BS) approximation throws out Mc? (Is frequency really relative?)
Effect on group velocity (None) and phase velocity (4bsurd)

15t Quantization: Quantizing phase variables &, and w(kn)
Understanding how quantum dynamics and transitions involve “mixed” states
Square well example of mixing unequal frequencies
Circle well or ring example of mixing equal or unequal frequencies

Mixing unequal amplitudes makes “Galloping” wave: Analogy of ( , SWO) to ( V phase)
Analogy with optical polarization geometry and Kepler orbits
Super-luminal speed and Feynman-Wheeler pair-creation switchbacks

2nd Quantization: Quantizing wave amplitudes Ay and invariance of photon number
Analogy 1: Many CW (Continuous Waves) add up to make PW (Pulse Waves)
Analogy 2: Many Photon-Number-Modes add up to make Coherent-Laser-Modes
Heisenberg AvA~1~ArAx analogous to ANAphase~1 uncertainty relations

15t quantization for wave phase variables and classical energy of E, B , and A fields
2nd quantization for wave and Planck quantum energy of E, B , and A fields
Scaling E-waves to mime quantum W-waves and y-waves

’ Electromagnetic wave mode energy: Maxwell vs. Planck-Einstein

Relativistic effects on charge, current, and Maxwell Fields
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Electromagnetic wave mode energy: Maxwell vs Planck-Einstein
1t Quantization conditions for wave phase variables (mode-fits-cavity £)

Vector potential of standing wave mode : A= e, 2|d|sin(k-r-wr+9¢)

wavevector : 2AK=k =—=n—,

-

.

E,e, =2|awe,

0A A

E=- = (Electric field)

=e,E, cos (k-r—a)t+q))

2 2r
A

Maxwell
equations

J

Tuesday, May 3, 2016

x

2r
frequency: 2mu=mw =ck =cn—

s N
B=V XA (Magnetic field)

= (k><e1)BO COS (k~r—a)t+¢)

B,(kxe,)=e,2|dk
-

2.99792458 m/sec.=

0] 1
—=C=

k Eoly
g, = (8.854)10"

Nm?>
02

~
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Electromagnetic wave mode energy: Maxwell vs Planck-Einstein

1t Quantization conditions for wave phase variables (mode-fits-cavity £)

2 2w 21
wavevector : 2AK=k =—=n—, frequency: 2mv=w =ck =cn—

A

Vector potential of standing wave mode : A= e, 2|d|sin(k-r-wr+9¢)

(. 0A ) ¢ e )
E = —— (Electric field) B=V XA (Magnetic field)
ot Maxwell
= ek, cos (k-r—a)t+q)) equations | = (k><e1)BO COS (k~r—(0t+¢)
goel =2|dwe, . fo(kxel) =e,2|alk

Electromagnetic mean energy density U and total Energy in volume V
2
UW={2EE+ L BB)v=y So\APw+ AL 2 (cos’(kT-wt+9))
2 214y 2 2y
| E-energy=B-energy |
=207 A"V = — A’V given: (cos’ (kT-0r+¢))=—
2 2U, 2
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Review of wave parameters used to develop relativistic quantum theory
Bohr-Schrodinger (BS) approximation throws out Mc? (Is frequency really relative?)
Effect on group velocity (None) and phase velocity (4bsurd)

15t Quantization: Quantizing phase variables &, and w(kn)
Understanding how quantum dynamics and transitions involve “mixed” states
Square well example of mixing unequal frequencies
Circle well or ring example of mixing equal or unequal frequencies

Mixing unequal amplitudes makes “Galloping” wave: Analogy of ( , SWO) to ( V phase)
Analogy with optical polarization geometry and Kepler orbits
Super-luminal speed and Feynman-Wheeler pair-creation switchbacks

2nd Quantization: Quantizing wave amplitudes Ay and invariance of photon number
Analogy 1: Many CW (Continuous Waves) add up to make PW (Pulse Waves)
Analogy 2: Many Photon-Number-Modes add up to make Coherent-Laser-Modes
Heisenberg AvA~1~ArAx analogous to ANAphase~1 uncertainty relations

Electromagnetic wave mode energy: Maxwell vs. Planck-Einstein

15t quantization for wave phase variables and classical energy of E, B , and A fields

2nd quantization for wave and Planck quantum energy of E, B , and A fields
Scaling E-waves to mime quantum W-waves and y-waves

Relativistic effects on charge, current, and Maxwell Fields
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Electromagnetic wave mode energy: Maxwell vs Planck-Einstein

1t Quantization conditions for wave phase variables (mode-fits-cavity £)

2 2w 21
wavevector : 2AK=k =—=n—, frequency: 2mv=w =ck =cn—

A

Vector potential of standing wave mode : A= e, 2|d|sin(k-r-wr+9¢)

4 A ) 4 o )
E = —— (Electric field) B=V XA (Magnetic field)
ot Maxwell
= ek, cos (k-r—a)t+q)) equations | = (k><e1)BO COS (k~r—a)t+¢)
goel =2|dwe, ) \Bo(kxel) = e,2|alk
Electromagnetic mean energy density U and total Energy in volume V' (" Speed of Light:
c 1 c , |A|2 2.99792458 m/sec.=
(U)W=(=ZEE+—BB )V=V| 2|Al'0’+ =k |(cos’*(kT-0t+¢)) o__ 1
2 2, 2 21, ke u
070
. | E-energy=B-energy | . N2
= 20 0?|Al'V = — k2| Al'V given: (cos’ (kT-0r+¢))=— fo = (8834107 =3
2 2‘u 0 2 by = 47T10_7£
2nd Quantization conditions for wave amplitudes (action fits HO phase space) \_ ’ A® Y,

Equating total Energy (U)V to Planck’s Ex(w)=hANw axiom gives mean square field amplitudes

(UMW =hNw = %a)2|A|2V:%|E|2V
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Electromagnetic wave mode energy: Maxwell vs Planck-Einstein

1t Quantization conditions for wave phase variables (mode-fits-cavity £)

2 2w 21
wavevector : 2AK=k =—=n—, frequency: 2mv=w =ck =cn—

A

Vector potential of standing wave mode : A= e, 2|d|sin(k-r-wr+9¢)

4 A ) 4 o )
E = —— (Electric field) B=V XA (Magnetic field)
ot Maxwell
= ek, cos (k-r—a)t+q)) equations | = (k><e1)BO COS (k~r—a)t+¢)
goel =2|dwe, ) \Bo(kxel) = e,2|alk
Electromagnetic mean energy density U and total Energy in volume V' (" Speed of Light:
c 1 c , |A|2 2.99792458 m/sec.=
(U)W=(=ZEE+—B-B)V=V| 2|Al'0’+ =k |(cos’(kr-0r+9)) o_ 1
2 2, 2 21, ke u
070
. | E-energy=B-energy | . N2
= 20 0?|Al'V = — k2| Al'V given: (cos’ (kT-0r+¢))=— fo = (8834107 =3
2 2,[10 2 by = 47T10_7£
2nd Quantization conditions for wave amplitudes (action fits HO phase space) \_ ’ A® Y,
Equating total Energy (U)V to Planck’s Ex(w)=hNw axiom gives mean square field amplitudes
v QUANTITY
: ) .
<U>V= AN = &a)2|A|2V:i|E|2V |A|2= hN ’ (U2|A|2=‘E|2= AN® | | photon counts per sec
2 2 g,V gV QUALITY L
cycles per sec.
2hN 2aN W
Al = . |El=ol|Al=
g,V gV
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Electromagnetic wave mode energy: Maxwell vs Planck-Einstein

1t Quantization conditions for wave phase variables (mode-fits-cavity £)

2 2w 21
wavevector : 2K=k =——=n——, frequency: 2mv=w =ck =cn—

A

Vector potential of standing wave mode : A= e, 2|d|sin(k-r-wr+9¢)

( 0A ) ¢ e ) o
E = —— (Electric field) B=V XA (Magnetic field)
ot Maxwell
= ek, cos (k-r—a)t+q)) equations | = (k><e1)BO COS (k-r—a)t+¢)
goel =2|dwe, ) \Bo(kxel) = e,2|alk
Electromagnetic mean energy density U and total Energy in volume V' (" Speed of Light:
c 1 c , |A|2 2.99792458 m/sec.=
(U)W=(=ZEE+—B-B)V=V| 2|Al'0’+ =k |(cos’(kr-0r+9)) o_ 1
2 2, 2 2, ko €l
| E-energy=B-energy | . N2
=207 A"V = — A’V given: (cos’ (kT-0r+¢))=— fo = (8834107 =3
2 2,[10 2 fy = 471077 N
2nd Quantization conditions for wave amplitudes (action fits HO phase space) \_ A® Y,
Equating total Energy (U)V to Planck’s Ex(w)=hNw axiom gives mean square field amplitudes
v QUANTITY
€ € 2hN 2hN aﬂ .
<U>V — AN = —Oa)2|A|2V:—O|E|2V |A|2: ’ (02|A|2:‘E|2: photon counts per sec
2 2 g,V gV QUALITY L
cycles per sec.
A= 2AN = 0|Al= 2nN N and w are both frequencies for quantum wave so
g0V gV E-field has Doppler e*’-shifts just like N and w

Now we see how Planck’s En(w)=hNw axiom has the classical quadratic w?|A[* oscillator energy
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Review of wave parameters used to develop relativistic quantum theory
Bohr-Schrodinger (BS) approximation throws out Mc? (Is frequency really relative?)
Effect on group velocity (None) and phase velocity (4bsurd)

15t Quantization: Quantizing phase variables &, and w(kn)
Understanding how quantum dynamics and transitions involve “mixed” states
Square well example of mixing unequal frequencies
Circle well or ring example of mixing equal or unequal frequencies

Mixing unequal amplitudes makes “Galloping” wave: Analogy of ( , SWO) to ( V phase)
Analogy with optical polarization geometry and Kepler orbits
Super-luminal speed and Feynman-Wheeler pair-creation switchbacks

2nd Quantization: Quantizing wave amplitudes Ay and invariance of photon number
Analogy 1: Many CW (Continuous Waves) add up to make PW (Pulse Waves)
Analogy 2: Many Photon-Number-Modes add up to make Coherent-Laser-Modes
Heisenberg AvA~1~ArAx analogous to ANAphase~1 uncertainty relations

Electromagnetic wave mode energy: Maxwell vs. Planck-Einstein
15t quantization for wave phase variables and classical energy of E, B , and A fields
2nd quantization for wave and Planck quantum energy of E, B , and A fields
Scaling E-waves to mime quantum W-waves and y-waves

Relativistic effects on charge, current, and Maxwell Fields
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Making electromagnetic E-waves have quantum cavity W-wave and 1)-wave properties

Previous equations for energy U per volume

(U =No = 22 0| AP V=24 B[V Al= [PV g2 ol [PV
: 2 gV gV

_ AN @ _ 5;) 602|A|2=g—20|E|2

W)

<U> N:80w|A|2: 80
ho V. 2h 2h

Ef
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Making electromagnetic E-waves have quantum cavity W-wave and 1)-wave properties

Previous equations for energy U per volume

2hN 2hN
=0/l T2

g,V gV

(U)V = hNw =0’ | A V="2Ef'Y A=

_ AN @ _ 2) 602|A|2=g—20|E|2

)
<U> N & 60|A|2_ &

ho V2% " 2ho

Ef

/ £
Rescale E by s = ﬁ to get  and y component wave function
- ¥ g,

X

Y = =sE =
by 2ho

Yy

K

whose volume integral <ﬁ:ﬁdV Py = gﬁﬁﬁdV (|‘Px
Vv Vv

N
2+\\Py\2) o ﬂidvv =N

2+“Py‘2) =N (It 1s normalized to particle number N.)

is <:J.>dV(|\PX

Vv

Poynting flux § is scaled to get counts per area-second.

S=cU=ce,|E" =hnw where: n=Ne/V(per m’per sec.)
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Review of wave parameters used to develop relativistic quantum theory
Bohr-Schrodinger (BS) approximation throws out Mc? (Is frequency really relative?)
Effect on group velocity (None) and phase velocity (Absurd)

15t Quantization: Quantizing phase variables &, and w(km)
Understanding how quantum dynamics and transitions involve “mixed” states
Square well example of mixing unequal frequencies
Circle well or ring example of mixing equal or unequal frequencies

Mixing unequal amplitudes makes “Galloping” wave: Analogy of (SWR, SWQ) to (Veroup, Vphase)
Analogy with optical polarization geometry and Kepler orbits
Super-luminal speed and Feynman-Wheeler pair-creation switchbacks

2nd Quantization: Quantizing wave amplitudes Ay and invariance of photon number
Analogy 1: Many CW (Continuous Waves) add up to make PW (Pulse Waves)
Analogy 2: Many Photon-Number-Modes add up to make Coherent-Laser-Modes
Heisenberg AvAr~1~ArAx analogous to ANAphase~1 uncertainty relations

Electromagnetic wave mode energy: Maxwell vs. Planck-Einstein
15t quantization for wave phase variables and classical energy of E, B , and A fields
2d quantization for wave and Planck quantum energy of E, B , and A fields
Scaling E-waves to mime quantum W-waves and 1-waves

* Relativistic effects on charge, current, and Maxwell Fields
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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
'. ig| FUTURE Observer velocit
N is +v relative to

N (+)\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 i Dbserver velocit

Lo e asynchrony . relative to

NEUTURE B ine of charge

(+) 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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@
&

Black sees same number of red and blue

\

Simple 15t-order relativistic geometry of magnetism

\

\

\

\

\
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\
\
\

A

\
\
\

AN

o

If Black is moving to Left
Before red starts moving to right

After red starts moving to right
Black sees more red than blue
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If Black is moving to Right
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After red starts moving to right
Black sees more blue than red
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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(—)

(+) charge
separation

(-) charge
separation

—v/ v/
y=X()|v/c

> >

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

Tuesday, May 3, 2016

p(+) (-) charge separation  x(-)
| X(+)=y u/c { A, = 2) +1= % !
i =X(-) uv/czj{ pi+) x(=) ¢
v/c

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

J sinhp coshp J

Jy Jy
L 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:q|:41 2pi| , Where: 41 :9X109]Z'm[
ot "o out 1470 =9-10°
1 2( wuv 2 qv p(+)u - ]q Ip c2=9-1(0-16
F=gF=qg| ———| — = —_2%10
! QLMO ’”( c? p(+)ﬂ dme c” v g r 1/(4mepc?)=10"7
' [H<O 4F
S L
| >0 b+
+ g > [ see excess (+)
F (repels) " charge up there. Yuk!
' [5<0 &F
. < = Fh A+t +
<

[ see excess (-) < :
charge up there. Yum! F (attracts)
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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} , Wwhere: 41 :9X109]Z’ml
TCSO r TESO Oul. ]/47'('80 —0.70°
I 1 2=0.7()16
FegE=g 12 —ﬂp(ﬂ _ 2qvp(H)u o7 ta o c-=9-10
4me, r c? 47t8002 s r 1/(4mepc?)=10"7
' Ip<0 AF
% ‘ - - __)_ - - - - _
‘ >0 +++++++++
+ g > [ see excess (1)
F (repels) " charge up there. Yuk!
T,
<€ (Suppose (+) carriers)
' Ip<0 F
. < A+
; O it [¢<0
see excess (- S W« ey
.*/‘ + 4 F 4
Charge up there. Yum. F (attracts) <€<— (Suppose (1) carriers)
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2005 Pirelli treatments

=P Relating photons to Maxwell energy density and Poynting flux
Relativistic variation and invariance of frequency (w,k) and amplitudes
How probability \»-waves and flux 1)-waves evolved
Properties of amplitude ) *\-squares
More on unmatched amplitudes AND unmatched frequencies AND unmatched quanta
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Light Energy and Flux 2-CW vs 1-CW-light
What 1f head-on CW’s v ,-1200712: and U p=300rmzz pair-up in a 2-CW-light beam?

Group veloczty

=y, e NO® +IEEEERER]

(Ultraviolet 1200THz) 4 Green 600THz=1 _\/( v,V ) B (Near Infrared 300THz)

They form a rest frame going u=cy'x/=3c/5 W1th 2 ‘mean or base color v =V 4V p)

(v,=B=600TH= 18 green here. Neither has this singly.)
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Light Energy and Flux 2-CW vs 1-CW-light
What 1f head-on CW’s v ,-1200712: and 0 p=30070 palr-up in a 2-CW-light beam?

Group veloczty
vITETRREN

TNy, 55 DO
(Ultraviolet ]200THZ) Green 600THz— 1‘) —\/(D 0 )ﬁ (Nearlnfmred 300THz)

They form a rest frame going u=cy'x/=3c/5 Wlth a mean or base color v =V(v ; v )

(v,=B=600TH= 18 green here. Neither has this singly.) 4// observers agree on v since
all shift-products »v , v, equal (v))> due to Doppler-time-symmetry (p=1/-). Single
CW’s get_ invariant properties 1f they pair-up. The v ,-v, pairing above makes_ a
number N of invariant mass quanta M =hv /c°=4.42-10°%g where the number /V is
invariant, too. /V is Planck’s photon number for the cavity rest energy £=Nhv,.
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Light Energy and Flux 2-CW vs 1-CW-light
What 1f head-on CW’s v ,-12007: and v B—300THZ palr-up in a 2-CW-light beam?

Gr oup,} veloczty
gy, =3 08 I TTRTRENR]
(Ultraviolet ]200THZ) Green 600THz= 1") —\/(D 0 )5' (Nearlnfmrea’ 300THz)

They form a rest frame going u=cy'x/=3c/5 Wlth a mean or base color v =V(v ; v )
(v,=B=600TH= 18 green here. Neither has this singly.) 4// observers agree on v since
all shift-products »v , v, equal (v))> due to Doppler-time-symmetry (p=1/-). Single
CW’s get invariant properties 1f they pair-up. The v -v, pairing above makes a
number VNV of invariant mass quanta 1 ,=hv /c>=4.42-10%¢ where the number /V is

invariant, too. /V is Planck’s photon number for the cavity rest energy £=Nhv,.

Relating Planck’s E to Maxwell's Density U=E/V

Maxwell field energy E, a product of mean-square electric field (E*), volume of
cavity V, and constant e =8.854-102C?/N-m?, approximates Planck’s energy Vav, .

L= <E2> Ve, = ]Vhl)o Maxwell-Planck Energy U= <E2>8 0= ]Vhl)o/ V' Maxwell-Planck Density

Field Energy =|El|’cyp  1/4mey=9-10"
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Light Energy and Flux 2-CW vs 1-CW-light
What 1f head-on CW’s v ,-12007: and v B—300THZ pair-up 1n a 2-CW-light beam?

Gr oup,} veloczty
JHHTTHTTTTTTL e WA e A vITETRREN

(Ultraviolet 1200THZ) A Green 600THz= ; —\/(1) 0 )5' (Near Infrared 300THz)

They form a rest frame going u=cy'x/=3c/5 Wlth a mean or base color v =V(v ; v )
(v,=B=600TH= 18 green here. Neither has this singly.) 4// observers agree on v since
all shift-products »v , v, equal (v))> due to Doppler-time-symmetry (p=1/-). Single
CW’s get invariant properties 1f they pair-up. The v -v, pairing above makes a
number V of invariant mass quanta M ,=hv /c*=4.42-10%g where the number V is
invariant, too. /V is Planck’s photon number for the cavity rest energy £=Nhv,.

Relating Planck’s E to Maxwell's Density U=E/V

Maxwell field energy E, a product of mean-square electric field (E*), volume of
cavity V, and constant e =8.854-102C?/N-m?, approximates Planck’s energy Vav, .

L= <E2> Ve, = ]Vhl)o Maxwell-Planck Energy U= <E2>8 0= ]Vhl)o/ V' Maxwell-Planck Density

Example: Let a é um-cube cavity (Half-wave at 600Thz) have N=1 1 photons in volume V=(§] 0%m)3.
Energy per photon: sv,=4-101°J=2.5 eV Energy of V photons: Ny =4-10"J=25GeV

E-field per photon: E; =\/(h1)0/ Ve )=7.610°V/m E-field of NV photons: E\=7.6:1013V/m
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Energy and Flux (contd) 2-CW-vs I-CW-light

www.uark.edu/ua/pirelli/html/amplitude_probability 5. htm

Planck E=nnv relation allows us to interpret our N-quantized 2-CIW mode as
a box or cavity of Nuoeoresshphotons where N is invariant to speed u of box.

Tuesday, May 3, 2016

E=hNv

Nowwons 7/

(still N photons
/up here)

N/

/

T depends on how

we set the mode’s
coherent state.

cp

N photons

(still N photons..
...but angrier
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www.uark.edu/ua/pirelli/html/amplitude_probability 5.html

Energy and Flux (contd) 2-CW-vs I-CW-light

Planck E=nnv relation allows us to interpret our N-quantized 2-CIW mode as
a box or cavity of Nuoeoreshphotons where N is invariant to speed u of box.

E=hNv (still N photons |
+— (still N photons..
p here)
N photons /u N photons ...but angrier
/ 050 Y =
N/ T depends on how Q-0 —
we set the mode’s o~ o —
- coherent state. o \:/\}:3/'\) —
X y N4 \7//u

If we open the box our 2-CW mode “divorces™ into two separate /-CW beams of
N/2woreortessphotons. Each beam has nNO rest frame and NO numbers invariant to u.

o - Fixed photon counters -9 - L -
O ™ e sirFr)miIar count rates @ Departing counter sees o J\é\é Approaching counter sees
(o RO - Q fewer and “softer” counts o 0 more and “harder” counts
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www.uark.edu/ua/pirelli/html/light_energy flux_2. html

Energy and Flux (contd) 2-CW-vs I-CW-light

Planck E=nnv relation allows us to interpret our N-quantized 2-CIW mode as
a box or cavity of Nuoeoresshphotons where N is invariant to speed u of box.

E=hNv (stlll N photons (still N ph
here st1 photons..
Nhotons/ /up ) N photons ..but angrier
™. / O 69 —=/p°
N/ T depends on how ) ) —/
—- we set the mode’s —
coherent state. Ry —
Ccp —

If we open the box our 2-CW mode “divorces™ into two separate /-CW beams of
N/2woreoriessphotons. Each beam has NO rest frame and NO numbers invariant to w.

D

IHI 11 1 IHI

__ Fixed photon counters - Departing counter sees
~_ Ssee similar count rates _-_@ fewer and “softer” counts O% %6

Relating Poynting’s Intensity S=cU to Planck’s Flux
Poynting intensity S 1s a product of ¢=2.99792458m/s and density U. It approximates
Planck’s energy E=nrv times ¢ and divided by cavity volume V.
S=cU=(Ne/V)hv =nhv  Poynting-Planck Flux (Watts per square meter)
The photon-count rate 1S n=Nc/V (per square meter per second) and hv 1S €nergy (per count).

Miiiile=

Approaching counter sees
more and “harder” counts
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Relating photons to Maxwell energy density and Poynting flux
* Relativistic variation and invariance of frequency (w,k) and amplitudes

How probability \»-waves and flux 1)-waves evolved
Properties of amplitude ) *\-squares
More on unmatched amplitudes AND unmatched frequencies AND unmatched quanta
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www.uark.edu/ua/pirelli/html/light_energy flux_3. html

Frequency and Amplitude Variance 2-CW-light vs 1-CW-light
2-CW modes have invariance

Maxwell-Planck energy E 1s photon number N(m) times 2-CW-frequency .

Invariant to p Each is p-invariant

Y Y ) Y Y Y Y Ly =NY,
E=U) V=80<E ) V=80<E2_CW*E2_CW>° VZh]\fl)1 ZhDN

Photon number N and rest-frame frequencies v, ... are invariant Y3

to rapidity p and occupy (®,ck)-hyperbolas in per-spacetime.
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www.uark.edu/ua/pirelli/html/light_energy flux_3. html

Frequency and Amplitude Variance 2-CW-light vs 1-CW-light
2-CW modes have invariance

Maxwell-Planck energy E 1s photon number N(m) times 2-CW-frequency .

Invariant to p Each is p-invariant

Y ) Y Y Y Y V=N,
E=U) V=80<E ) V=80<E2_CW*E2_CW>° VZh]VD1 ZhDN

Photon number N and rest-frame frequencies v, ... are invariant V3]
V
2

to rapidity p and occupy (®,ck)-hyperbolas in per-spacetime.

Y,

[-CW beams lack invariance (have “variance” ala’ Doppler)
Planck-Poynting flux § 1s count rate n=Nc/v(m?s”) times 1-CW-frequency v _or v _.

Count rate n and frequency v Doppler shift Mo o
by b=e™P factors and occupy (w==ck)-baselines. - B
Shifts by b=et2p anch b#ue shifts byvb=$+P
3V
S_>:C U92080<E2>:CEO<Eﬁcw*E?—CW>:hneue j:)): 21): V=P
Se:CUe:C?’O(Ez):CSO<E$'CW*ETCW>:h’Zek)e N v_ U%m_/_?
Shifts by r=e—2p Each red shifts by r=e—P v _=e D}

Note: Etcw\/ (ce O/h)=\/(nHUH) 1s geometric mean of amplitude frequency n_ and phase frequency v .

Tuesday, May 3, 2016 104



Important result below:

Amplitudes of 1-CW “exponentiate” just like frequency,

and intensity does at twice the rate
(A double-double whammy!)

[-CW beams lack invariance (have “variance” ala’ Doppler)
Planck-Poynting flux § 1s count rate n=Nc/v(m?s”) times 1-CW-frequency v _or v _.

Count rate n and frequency L Doppler shift

by b=e™P factors and occupy ( 0)=ick)—baselin2s\.
Each blue shifts by b=e™tP

Y Y v

Shifts by b=et2p
— 2 v—) *C _h
S —cUﬁzce()(E >=ce0<E1_CW E o) = n_v_

Sezc U;=080<E2>=c€0<|;:T_CVV*ETCV\DZl’erlelA)e

Shifts by r=e—2p Each red shifts by r=e—P

N
S

v’ =e‘p§&
— —

NV

e

74

NV
.
31)%
’r_ +
20 V., P,
v,
ck

Note: Etcw\/ (ce O/h)=\/(nHDH) 1s geometric mean of amplitude frequency n_ and phase frequency v .

Tuesday, May 3, 2016
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Relating photons to Maxwell energy density and Poynting flux
Relativistic variation and invariance of frequency (w,k) and amplitudes
How probability \»-waves and flux 1)-waves evolved

Properties of amplitude ) *\-squares

More on unmatched amplitudes AND unmatched frequencies AND unmatched quanta
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How Probability Amplitudes ¥ or y Come About (4n optical view)
Maxwell-Planck-Poynting flux S=cU=ce |E[*=ce E*E=nhv_has count rate n=Nc/V(ms")

If each E-field amplitude factor is scaled by a factor ::)O Z?{ the result 1s a
flux probability amplitude \y=E 0 whose square equals flux count rate nm=2s).

hv
\|I*\|I =n (m3s)
A fixed probability amplitude w=E E—Ohas square equal to NV (particles per volume).
p ty amplitude \y= Ex| - has square eq

VY =NV (w3
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www.uark.edu/ua/pirelli/html/amplitude probability |.html

How Probability Amplitudes ¥ or y Come About (4n optical view)
Maxwell-Planck-Poynting flux S=cU=ce |E[*=ce E*E=nhv_has count rate n=Nc/V(ms")

If each E-field amplitude factor is scaled by a factor ;:)O Z?{ the resultis a
flux probability amplitude \y=E 0 whose square equals flux count rate nm=2s).

hv
\|I*\|I =n (m3s)
A fixed probability amplitude w=E 0 has square equal to NV (particles per volume).
p ty amplitude = Ex[

vvy=NV (m)
Here's how to answer Planck's worry about photons
Q: How can classical oscillator energy (Amplitude)? (frequency)? jive with linear Planck law S=nhv?

. / £
A: Let amplitude " or 1) contain inverse square root of frequency: ¥ = E inj the “quantum amplitude”
oA

Energy ~| Al 0* where vector potential A defines electric field: EzE = iwA = 2TivA
2
Energyf~1|A|21)2 =‘Ax/5‘21)= ix/gzvz £ 2U~ E ) = nhv
2o 27V hv
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www.uark.edu/ua/pirelli/php/amplitude_probability |.php

How Probability Amplitudes ¥ or y Come About (4n optical view)
Maxwell-Planck-Poynting flux S=cU=ce |E[*=ce E*E=nhv_has count rate n=Nc/V(ms")

If each E-field amplitude factor is scaled by a factor ;:)O Z?{ the result 1s a
flux probability amplitude \y=E 0 whose square equals flux count rate nm=2s).

hv
\|I*\|I =n (m?s)
. : €0
A fixed probability amplitude \y= EA| — has square equal to N/V (particles per volume).
p b4 o
vy=NV w3

Probability Waves \Y(x,t) (More optical views)
Optical E-field amplitudes like E(x,?) =E,e***Y vary with space x and time ¢. So

do scaled y¢,» ampliudes whose sum-x (integral-J) over cells AV (or 47) must be
particle number N. For 1-particle systems (N=1) this 1s the unit norm rule.

Z (X, 1) W(x AV =N or: wee ) v, )ar=N
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How Probability Amplitudes ¥ or y Come About (4n optical view)
Maxwell-Planck-Poynting flux S=cU=ce |E[*=ce E*E=nhv_has count rate n=Nc/V(ms")

If each E-field amplitude factor is scaled by a factor ;:)O Z?{ the result 1s a
ux probability amplitude EA |2 whose square equals flux count rate nm=2s).
Ly Y=

hv
\|I*\|I =n (m?s)
. : €0
A fixed probability amplitude \y= EA| — has square equal to N/V (particles per volume).
hd hv
vy=NV w3

Probability Waves \Y(x,t) (More optical views)
Optical E-field amplitudes like E(x,?) =E,e***Y vary with space x and time ¢. So

do scaled y¢,» ampliudes whose sum-x (integral-J) over cells AV (or 47) must be
particle number N. For 1-particle systems (N=1) this 1s the unit norm rule.

Z (X, 1) W(x AV =N or: wee ) v, )ar=N
Born interpreted w0 “w(x.1) as probable expectation of particle count. Schrodinger

objected to the probability wave interpretation that 1s now accepted and called the
Schrodinger theory. A relativistic wave view lends merit to his objections.

Tuesday, May 3, 2016 110



Doppler Transformation of 2-CW Modes
Doppler shift of oppos ite-k [-CW beams. As derived before phases are invariant: (k'x"-0’t' =kx-wt)

E-wave:E=E el(k-X-00+F eilkx-0.1) Y-wave: Y=y ek *x'w—)t)‘hp eitkx-00.
— - — —
blue shift red shift (scaled blue S]’ll'fl‘\ (scaled red shift A
’7 ’ B & r r
E" =bE_ | |E_=rE | w=£/= |v_=Vby_||v =Vry_
= = N /AN <
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Doppler Transformation of 2-CW Modes
Doppler shift of oppos ite-k [-CW beams. As derived before phases are invariant: (k'x"-0’t' =kx-wt)

E-wave:E=E el(k-X-00+F eilkx-0.1) Y-wave: Y=y ek ﬁx'w—)t)‘hp eitkx-00.
— - — —
blue shift red shift (scaled blue S]’ll'fl‘\ (scaled red shift A
’7 ’ B & r r
E" =bE_ | |E_=rE | w=£/= |v_=Vby_||v =Vry_
= < N /N <

Parameters related to relative velocity u:

e P—e=P b2 -1 H2= 1_—|-B _ 1+tanhp

_ _ _sinh p — _
B—H/C—tanh p_(szgéh 0 o etP4eP o b2_|_1 1—[3 l—tanh P
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Doppler Transformation of 2-CW Modes
Doppler shift of oppos ite-k [-CW beams. As derived before phases are invariant: (k'x"-0’t' =kx-wt)

E-wave:E= E%ei (kx-00.0) 4 Eee"(k X0 Y) Y-wave: ‘P=\pﬁei(k *x'w—)t)*‘\peei(k*x_m*t)

blue shift red shift (scaled blue S]’ll'fl‘\ (scaled red shift A
’r ’r B & _ _
E" =bE_ | |E_=rE | w=£/= |v_=Vby_||v =Vry_
= = - /2N <
Parameters related to relative velocity u:
y h osinh eP—eP p?-1 12— 1+ _ l4tanhp
B =u/c=tan P= cosh p e+p_|_e p b2_|_1 1—[3 l—tanh P
Transformation of SWR (or SWQ) and u_,,,» (O Uy, , o ) 1S @ non-linear transformation

e B E__E E__(1+BE_~(1-P)E__(E_ -E WBE_+E ) _SWR*P
E" +E’ b2E%+Ee (1+B)E_+(1-B)E_ (E_+E )+B(E_-E ) “1+B-SWR
SWR (or SWQ) Transformation Ucpoup (OF Upr o ) Transformation
SWR,: SWR—I_B —SWR—I_M/C uGROUP/C_I_B (MGROUP+U)/C

[+SWR-B I+SWR-u/c
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GROUP

1 +u u/c?

GROUP
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Doppler Transformation of 2-CW Modes
Doppler shift of oppos ite-k [-CW beams. As derived before phases are invariant: (k'x"-0’t' =kx-wt)

E-wave:E= E%ei (kx-00.0) 4 Eee"(k X0 Y) Y-wave: ‘P=\pﬁei(k *x'w—)t)*‘\peei(k*x_m*t)

blue shift red shift (scaled blue S]’ll'fl‘\ (scaled red shift A
’r ’r B & ’r ’r
E" =bE_ | |E_=rE | w=£/= |v_=Vby_||v =Vry_
= A N /AN <
Parameters related to relative velocity u:
y h osinh eP—eP  b%- 12— 1+ _ l4tanhp
B =u/c=tan P= cosh p e+p_|_e P b2_|_1 1—[3 l—tanh P
Transformation of SWR (or SWQ) and u_,,,» (O Uy, , o ) 1S @ non-linear transformation

SWR =

Er —

El

_bE -E__(1+P)E_-1-P)E__(E_—E )+B(E_+E ) _SWR[

E,%—I_E,%

szjEe

SWR (or SWQ) Transformation

SWR’=

SWR+]

- SWR+tu/c

[+SWR-B I+SWR-u/c

Both are restatements of hyperbolic trig identity: tanh(a+b)=

(1+B)E_+(1-B)E_

E_

Usroup

(or u

+E_)+B(E_-E, ) I+B-SWR

piase ) Transformation

z/l,GROU//C —

MGROUP/C—I_B (MGROUP—I_M)/C
I+u,,.-Blc 1+u,,, -u/c

GROUP

tanh(a)+tanh(b)

]+tanh(a)'tanh(b) last term is ignorable if
both a and b are small

Velocity addition is non-linear but rapidity addition is always linear: p, ., =p, 1P,
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2015 DAMOP

Galilei Gaileo

looks worried?

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

Pulsc wave (PW) i

mu.m of Gckham USlng Ajcos arAcos 204 cos Jon+A cos dox though comforting to the
o “PW peaks precisely locate places where wave is
Occam’s —orvccnin oy e crond.
% ¢ Zerosprecsely ocateplaces where wave s o
. AXAZOF b oo Simpler] W conerence
Jean-Bapisie o e ey g e
Josesh Frer Evenson Continuous Wave (CW) axiom: CW speed for all colors is c - e,
Kenneth Evenson ‘and productive
(TCW s affected by
sorder Doppler
s b —et?
and
Red shifts r=e?
. / of frequency v
st : = wavenumber k.
)

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,
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

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

frequency v per-SPACETIME etine period er SPACETIME
(units: 600THz) (cr.0)-graph Vo) (\er)-graph
=0, o ct,=,  FAtom traveling along wave
- sees less wave “hits” fec.
(that is: Poppler red-shift)
2 sees more wave “hits'\see. "1"

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) \
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Special relativity and quantum mechanics

are very much a story of
the geometry of light-wave motion

* 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

@ 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

@ 2 CWs lnterfen'ng in Space-Time

Leﬂ moving cwerm )

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

Tvelengih =271
2

510%m) plus haititt 5 2 gves a,

and half-sum®* minus half-diff " gives b.
(Inverse period v=11%) Ql: Can Bob tell it’s a “phony” 600THz B 3
900 (v=cx] by measuring his received wavelength? Prostol
":’/’/’ Q2:1f s0, what “phony ™" X does Bob see? Youtactor¢tteinto - [e' E
7l § vy
THz 600 S Hzline  Answer o0 Q2 is C, the one with slope v/r=uv\= ) s
500 If he sees Green 600THz then he measures \=0.5m \sl_ .0,
300 If he sees Red 300THz then he measures \=1.0m. Cooll
Towed Answer to Qlis NO! VDL;guys
llowed (ONEharsors) : . " — made me
wavenimberx— CW Light carries no birth-certificate! Piowisdiod
7= 1000 050mm 033 (inverse wavelength k=1/L) graph out of
= L0 210 310 real zeros.
Vacuum only makes one X for cach v.* o could be labeled Howa
do that?

Linear-(non)-dispersion
axiom: v =ck

“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

Bob-Alice Doppler ratio: Carla-Alice Doppler i

”nt_rﬂu:n (814’ _Up_1200_2 <(.‘A>_ 400 2
600 1 00 3

Bob-Alice rapidity: Carla-Alice rapidity: N

Pun=log, (B]A)= 1 =log,{C|A)=log, =

Puy =0.69

Doppler ratio:
iR|S)=

v,

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

Geometry of the
Haltsum

o H

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

,

phase =

-0,
0, =—>—"
2

@ 2 Doppler shifted CWs Interfering in Space-Time
ight-directed 1CW i) ﬁ -directed 1CH &)
= =-1

-

Dopplﬁr SeTShted en it
10 300THz

Rey,

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

2CW Minkowski-Spacetime Grid
Frequency 2CW Minkowski-sp
v
(it of
v, ~6007Hz)

)
R-K,
Bob: The spacetime

wave-zeros replicate [
the same pattern.

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

I
Wa u\ ('\ ec //)r o’
(it of o, =2-10%m)

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

ty and Quantum Mechanics by Ruler and Compass 1.

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

atime grid

@ 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

Bb ZBe*P

2 :1‘8 "
R leu?r,l

Blue vhr//
Minkowski-Lorentz Grid
in terms of P’, G’

Per-Space (ck)

Br Bb,
Red shift Blue shift

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

“Lewis Carmoll Epste Birkn

Observer fixed below star sees it directly overhead.
Observer going u sees star at angle(’ in u direction
anglecr WS a 7S

4\ N -’/ =cleosh 1% |
/ =c sech)=c cos

Epstein’s trick is to

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

into a circular form:

ct’)

(cT) +(x

Then everything (and everybody)
always goes speed ¢ through (x',¢7) space!

We used notion 0"
for stellar-ab-angle,
(a “flipped-out” ).
Epstein not interested
in 0 analysis or in
Lation of 0" and /).

% sinhp—>

Harter-Soft Educational Tools
Heyoka Technical Consulting

/ 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
iy

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=Beoshp.

Vohase
=ccothp

=cosca

crest” trough

upard downward

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

@ Per-space Per-space Geometry

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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@ 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
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