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Alice’s laser

Three scenarios that look the same to Bob

Carla’s laser

moving right Bob moving right
at u=3¢/5 stationary at u=3c/5
tuned to W‘”’t‘x@ tuned to
v,=600THz /S i ) v, =600THz—,
i £ —
Alice’s laser Bob Carla’s laser
stationary moving left at u=-3¢/5 stationary
tuned to tuned to
v,=600THz v,=600THz

Alice’s laser Bob Carla’s laser R
E =1 stationary stationary stationary 4@ L)
E AP tuned up to . tuned downto
v, =1200THz v, =300TH:z
1200THz N 300THz B
SCOUXCE SOURCE

Much cheaper to do this one!$!
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Doppler Jeopardy am. . - . T T

Wp=27 Uy~ %,~600THz 77 1§ -
\&;J)g v,=300THz— () =2 g0
EEEEEEREEREE =2,

(1.) To what velocity ug must Bob accelerate so he sees beams with equal frequency vg?
(2.) What 1s that frequency vg ?
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Doppler Jeopardy e l 2 R R B B P P

—277,’1) 0,=600THz ,.,x,ﬂ v,=300THz w, 2751}

EEEEEEEEREE

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

4

(% U, -V U, -V
u, =V —_grow "R UL _ TR L

group
Kgroup KR_KL UR+UL
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DopplerJeopardy e e

— I’ “A
=27V, = %,=600THz & v,=300THz ¢y =27 v,

5‘

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

(% U, -V U, -V
u, =V —_grow "R UL _ TR L

group
Kgroup KR_KL UR+UL

Query (2.) similarly: What vg 1s blue-shift bvr of vz and red-shift vr/b of vr?

v=bv,=v./b = b=Jv. /v, = vU=JU,U,

Sunday, January 29, 2017 20



Doppler Jeopardy - e

,f “A
W,=27TV, ~ v,=600THz & v,=300THz ¢y =27 v,

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

(% U, -V U, -V
u, =V —_grow "R UL _ TR L

group
Kgroup KR_KL UR+UL

Query (2.) similarly: What vg 1s blue-shift bvr of vz and red-shift vr/b of vr?

v=bv,=v./b = b=Jv. /v, = vU=JU,U,

A

Geometric mean
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Doppler Jeopardy

W=2TT Uy ~— %, =600THzZ

5 ,'_'M:-"‘.
‘f \qv\ !

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

I/lE=V =Ugroup=UR—UL=CUR—UL v =Ca)R_a)L= 600 =300

1
=—cC
group group
Koo Kp—K,  UptUg w,+w,  600+300 3

DL 300THz a) 2.7TU

Query (2.) similarly: What vg 1s blue-shift bvr of vz and red-shift vr/b of vr?

v=bv,=v./b = b=Jv. /v, = vU=JU,U,

A

Geometric mean
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Doppler Jeopardy I " T T 1 T 7T

W,=27TV, ~ v,=600THz v,=300THz ¢y =27 v,

Frerm,
l l l l l l l l l l l : V\“ = !

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

I/lE=V =Ugroup=UR—UL=CUR—UL v =Ca)R_a)L= 600 =300

1
=—cC
group group
Koo Kp—K,  UptUg w,+w,  600+300 3

Query (2.) similarly: What vg 1s blue-shift bvr of vz and red-shift vr/b of vr?

UE=b’UL= UR/b = b=\/ Ug /UL = YT Uli.vL i :\ZRSQ(})LOOO
=424

Geometric mean
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Doppler Jeopardy I ** I T 1 T2 7T

W,=27TV, ~ v,=600THz v,=300THz ¢ =27 v,

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

ME=V =Ugroup=UR—UL=CUR—UL v =Ca)R_a)L= 600 =300

1
=—C
group group
Koo Kp—K,  UptUg w,+w,  600+300 3

Query (2.) similarly: What vg 1s blue-shift bvr of vz and red-shift vr/b of vr?

_bu. = _ _ [0 U, =V,
v=bv,=vU, /b = b=u, /v, = vU=JUU, E RUL

= /180000
=424
V.,,ouy/C is ratio of difference mean v,,,,="5* to arithmetic mean v, =" . Frequency vg=B

is the geometric mean jv,v, of left and right-moving frequencies defining the geometry
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Review: Relawavity p functions ~ Two famous ones Extremes and plot vs. p
Doppler jeopardy % Geometric mean and Relativistic hyperbolas
Animation of e’=2 spacetime and per-spacetime plots

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

“Occams Sword” and summary of 16 parameter functions of p and o
Applications to optical waveguide, spherical waves, and accelerator radiation
Learning about SIN and COS and...
Derivation of relativistic quantum mechanics
What’s the matter with mass? Shining some light on the Elephant in the room
Relativistic action and Lagrangian-Hamiltonian relations
Poincare’ and Hamilton-Jacobi equations

Relativistic optical transitions and Compton recoil formulae
Feynman diagram geometry
Compton recoil related to rocket velocity formula

Comparing 2"-quantization “photon” number N and 15-quantization wavenumber x

Relawavity in 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 grid
Animation of mechanics and metrology of constant-g grid
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Thales Mean Geometry (600BCE)

helps “Relawavity”

Thales of y
Miletus \ " . Rl
024-543 BCE Pep-[Time T Iansforme Per-Time
w - axis W’/ axis
| Slope—to vertical 41
F'1 ecgz(z)enc ;mt. 3 ngu c= 3/5 = e

IS s
Arithmetic Mean
3coshp = (1+4)/2
=5/2
‘ence Mean
mhp (4-1)/2
=3/2 Per-Space
- - - CK- axis
2 éBI" =Be»—lc Bb 2Be #4
Red shift = Blue shift =
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Thales Mean Geometry (600BCE)

helps “Relawavity” Thales showed a circle diameter subtends a right angle with any ciygele point P

O

Thales of y
Miletus Rl
624-543 BCE  Per-[lime Transformed/Per-Time

w'/~ axis
Slope-tg vertzcal

w -| axis

Frequency‘unit:
3001HZ > £

Thiz~eads to a convenient
constructrs of geametric means

d relativistixiyperbolas.

b
etic Mhan RelaWavity Web Simulation
cos p (]+4)ﬁ2 Detailed Thales Geometry
= 5/2 ., \
mhp (4-1)/2
= 3/2 <2, | Per-Space
, L% CK- axis
’ 372 Be—)(— Bb 2Be

R¢ dts;hlff*J Blue shzft
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http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=3%7C6
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=3%7C6
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=3%7C6
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=3%7C6

_ Thales of
Miletus—

624-543 BCE _ -
_Per-Time
W - axis

|
N

L
[S—

—Br
Red shift
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Nithmeti

/

G!

* Mean
(1+4)/2

RelaWavity Web Simulation
Detailed Thales Geometry
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(a) Laser lab view

750THz or 400nm

600THz or 500nm

Per-Spacetime
(1)' versus CK '

(b) Atom view

3 4
Atom per-space
ck'
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(a) Laser lab view

750THz or 400nm

600THz or 500nm

Atom

Per-Spacetime
(1)' versus CK '

3 4
Atom per-space

ck'

Sunday, January 29, 2017

Time /// % ///
Al . Dilation v ////
om Time 1,0 // %
i At/t=
1/ % // e
L e
NV AN [%’
— =54 H— .
Length
/ / Contraction
§ | /. AL'/L'=
| vV I-v2/c2
A AL'/L=4/5

Atom Space

1.0 :

' - axis

30




(a) Laser lab view

750THz or 400nm

600THz or 500nm

Atom

Per-Spacetime
(1)' versus CK '

-
P OULZ

4
Atom per-space

ck'

Sunday, January 29, 2017

OK! But...
What about “Time Contraction”?
or
“Length dilation”?

. W
Lime Vi 7
Atom T Dilation y
om Time 10 "
i At/t=
1/ % // e
L e
Ul il S
Af/E N o L2
— =5/4 :
Length
/ / Contraction
S /. AL'/L'=
| vV T-v2/c2
A AL'/L=4/5 Atom Space
1.0 X' - axis
yd
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Review: Relawavity p functions ~ Two famous ones Extremes and plot vs. p
Doppler jeopardy Geometric mean and Relativistic hyperbolas
% Animation of e’=2 spacetime and per-spacetime plots

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

“Occams Sword” and summary of 16 parameter functions of p and o
Applications to optical waveguide, spherical waves, and accelerator radiation
Learning about SIN and COS and...
Derivation of relativistic quantum mechanics
What’s the matter with mass? Shining some light on the Elephant in the room
Relativistic action and Lagrangian-Hamiltonian relations
Poincare’ and Hamilton-Jacobi equations

Relativistic optical transitions and Compton recoil formulae
Feynman diagram geometry
Compton recoil related to rocket velocity formula

Comparing 2"-quantization “photon” number N and 15-quantization wavenumber x

Relawavity in 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 grid
Animation of mechanics and metrology of constant-g grid
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(Controls) CResume) CResetT=0) (Erase Paths)

AlUINaUOI opecd

O 5 g

Lo L
Lighthouse time t =0.863

Sh1p v/c(Rel.to Obs.)=-0 600
Lthse v. v/c(Rel.to Obs.)=0 000

X
Ship v/c (Rel.to Lthse.)=-0 60&

Ref time t = 0.86 sec.
v/c = -0.60 litesec/sec.

{at} ’
~ NN ~
Lighthouse Graph \\\\\\
\\

=
[l N

ent 1 vent 1 | N \
‘V;ntZ vent2. /)7/ /i ‘g “}e“\‘\
? - NN
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Q’lam nghtho se / :
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Sth v/c(Rel to Obs )=0 000 Ref time t = 0.03 sec. )
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http://www.uark.edu/ua/modphys/markup/RelativItWeb.html?scenario=22
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http://www.uark.edu/ua/modphys/markup/RelativItWeb.html?scenario=22
http://www.uark.edu/ua/modphys/markup/RelativItWeb.html?scenario=22
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http://www.uark.edu/ua/modphys/markup/RelativItWeb.html?scenario=24
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¥ Rapidity p related to stellar aberration angle o and L. C. Epstein’s approach to relativity
Longitudinal hyperbolic p-geometry connects to transverse circular o-geometry

“Occams Sword” and summary of 16 parameter functions of p and o
Applications to optical waveguide, spherical waves, and accelerator radiation

Sunday, January 29, 2017
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Comparing Longitudinal relativity parameter:Rapidity 0 = loge(Doppler Shift)
toa [Transverse®relativity parameter: Stellar aberration angle O

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

We used notion O

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

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

/

c tanhp=u=csinc

y

k()

@ Bookstores.com

Purchase at:
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http://www.allbookstores.com/book/compare/9780935218053
http://www.allbookstores.com/book/compare/9780935218053
http://www.allbookstores.com/book/compare/9780935218053
http://www.allbookstores.com/book/compare/9780935218053
http://www.allbookstores.com/book/compare/9780935218053
http://www.allbookstores.com/book/compare/9780935218053
http://www.allbookstores.com/book/compare/9780935218053
http://www.allbookstores.com/book/compare/9780935218053
http://www.allbookstores.com/book/compare/9780935218053
http://www.allbookstores.com/book/compare/9780935218053
http://www.allbookstores.com/book/compare/9780935218053
http://www.amazon.com/gp/offer-listing/093521805X/ref=sr_1_1_twi_pap_1_olp?s=books&ie=UTF8&qid=1450032326&sr=1-1&keywords=Relativity+Visualized
http://www.amazon.com/gp/offer-listing/093521805X/ref=sr_1_1_twi_pap_1_olp?s=books&ie=UTF8&qid=1450032326&sr=1-1&keywords=Relativity+Visualized
http://www.amazon.com/gp/offer-listing/093521805X/ref=sr_1_1_twi_pap_1_olp?s=books&ie=UTF8&qid=1450032326&sr=1-1&keywords=Relativity+Visualized
http://www.amazon.com/gp/offer-listing/093521805X/ref=sr_1_1_twi_pap_1_olp?s=books&ie=UTF8&qid=1450032326&sr=1-1&keywords=Relativity+Visualized
http://www.amazon.com/gp/offer-listing/093521805X/ref=sr_1_1_twi_pap_1_olp?s=books&ie=UTF8&qid=1450032326&sr=1-1&keywords=Relativity+Visualized
http://www.amazon.com/gp/offer-listing/093521805X/ref=sr_1_1_twi_pap_1_olp?s=books&ie=UTF8&qid=1450032326&sr=1-1&keywords=Relativity+Visualized

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

“Occams Sword” and summary of 16 parameter functions of p and o
Applications to optical waveguide, spherical waves, and accelerator radiation

Sunday, January 29, 2017
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Comparing Longitudinal relativity parameter:Rapidity 0 = loge(Doppler Shift)

toa Transverse*relativity parameter: Stellar aberration angle

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

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

cT=N(ct - (x')?

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

Lorentz length contraction.

L’= L sechp = Lcoso = L-\/I u’/c?

Contracted L’

L'=IN1-12/c2
\
L

Proper Time asimultaneity.

¢ AT= L’ sinhp = L cosc sinhp
= L cosO tan |
=Lsmoc =1L /\/CZ/UZ-I ~ L u/c
Epstein’s trick 1s to

turn a hyperbolic form ¢t = \/(ct’)z —(x’)* into a circular form: \/ (cT)’ +(x)" =(ct")

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

toa Transverse*relativity parameter: Stellar aberration angle

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

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

ct=N(ct )*-(x’)?

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

Lorentz length contraction.

L’= L sechp = Lcoso = L-\/I u’/c?

Contracted L’

L/=IN1-u2/c?
\
L

Proper Time asimultaneity.

¢ AT= L’ sinhp = L cosc sinhp
= L cosO tan |
=Lsmoc =1L /\/CZ/UZ-I ~ L u/c
Epstein’s trick 1s to

turn a hyperbolic form ¢t = \/(Ct’)z —(x’)* into a circular form: \/ (cT)’ +(x)" =(ct")
Then everything (and everybody) always goes speed ¢ through (x’,c7) space!

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

> “Occams Sword” and summary of 16 parameter functions of p and o
Applications to optical waveguide, spherical waves, and accelerator radiation

Sunday, January 29, 2017
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This map has circle sector arc-area o = 0.6435 Also it 1s set to hyperbola sector arc-area p = 0.6931
set to angle £o = 36.87°=0.6435radian angle Zp=v =30.96°
. -
in(o)=0.6000 = tanh(p) =35 Beosh(p)+Bsinh(p)=Be "
tan(0)=0.7500 = sinh(p) =3/4 A \
sec(0)=1.2500 = cosh(p) =5/4 PRV
cos(0)=0.8000 = sech(p) =4/5 o
cot(0)=1.3333 = csch(p) =4/3 L0
csc(o0)=1.6667 = coth(p) =35/3 5 on S
— 0 S
(pytsinh(p)=3+2=20=¢" = /
—sinh(p)=3-3=12=¢" & N
A 3
L4’ Half-Sum Bsinh(p) 3
h( o) = _Sum-
cosh(p) 2 Half-Eifference X QQJ
. ¢’ —e P Trig-Formulae for : O
sinh(p) = > exponentials e*” Sz |
\/{?/)
®
e
g )
2 G :
= =
3 0 D 7 =2
ad e Scs
= (0)
. - N
Bcosh(p)-Bsinh(p)+Be™ aa
Btanﬁt(p)
Thales (ircle BCOthgjp) >
(links e "to e™")
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Summary of optical wave parameters for relativity and QM
...and their geometry

v'= W Yo
axis An aid to
(Units of 300THz) o / pattern recognition:
L/ 4 / A
R & g
<, A
% Y Q S %C) O |
e OR ¢ ccam
C
; P Sword
o
& W (we=315)
C’ PRI ' sﬁoﬂ“e Tt C’ Bsinh p :
circle gl / P

N p . )

Beosh p

Beoshp 'O

Bsech p

P 9\ v
WO B B
—— 2 A —2 B '&O«“ Be *p —/\ - k
CWC\'Q ~ N Doppler N
v Btanhp ) G' blue-shift anhp sechpb S
. stellar X /_,_t-{_f/' stellar
| 1 angle o S| pd angle o
(@ /"-./’7 m
S /é n - A
8 ~ | Be™P
BeP P | Doppler
Doppler pd - red-shift
red-shift e

-1 0, A " ; O A C
< Besch p > 1\ I%a p %; axts
—Br—(—I Bb— -
Red shift Blue shift

RelaWavity Web Simulation
{perSpace - perTime All}
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Expanded Table of Relativistic Relations

Table of 12 wave parameters
(includes inverses) for relativity

...and values for u/c=3/5
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Rapidity p related to stellar aberration angle o and L. C. Epstein’s approach to relativity
Longitudinal hyperbolic p-geometry connects to transverse circular o-geometry

“Occams Sword” and summary of 16 parameter functions of p and o
3 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 Vgoup=c/2 and Vynase=2c . (Low dispersion.) to (x,ct) space-time

Sunday, January 29, 2017
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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
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Optical wave guide relativistic geometry aided by Occam’s Sword
geometry applies to (x,)) space-space

Relativistic mode with near-c Vgoup=c/2 and Vynase=2c . (Low dispersion.)
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(a) Spherical wave pair
In Alice-Carla frame

Sunday, January 29, 2017

Spherical wave relativistic geometry
Also, aided by Occam’s Sword
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(a) Spherical wave pair | stellar angle o = sin"'(u/c)
In Alice-Carla frame

— Main Lighthouse’s Frame
\ g ’

, T 7
Sunday, January 29, 2017
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U

velocity angle v = tan'! (u/c)

Su

.

1.875/')0 ll/ (7f B ~— \\

velocity e T==4_
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— -
~{

—7 tracks each

_—pxpanding /t==

-

—circle-top i
~ B —

emitted at time t
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b) Spherical wave pair
In Bob's frame: u /c =-3/5 Occam

Sword
geometry

| in (x,)

space-
space

L 1 4 /’ ,.’T
or10,-9,28,-7,-6,-

=

;\-—_
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If 7 ,/ j,’/
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http://www.uark.edu/ua/modphys/markup/RelativItWeb.html?scenario=206

Spherical wave [ S~ R

° ° ° v , & \S
V) ~ A oy
rexativistic geometry” e Y S s
'Jé"c ¥ '\\\\e qa&‘c&o\"’
/ %, — 3 & 5/ AT o ctu
. . . 7 . == A S
RelaWavity Web Simulation % ch1-ule S
Wavefronts in Space-Space '
| | Occam
| TI /
77777 \ o cdilates to Sword
c|dilates to | - ~ | ccoshp | geometry
¢ coshp ) ) 1n (x’ y)
\\"_ ¢’ —u’| Space-
. I\ =csech o space
5 . TR ilates to
S N s (ST
: <
P
c-U /

c+u—»A)

Doppler
red shifted

wavelength

Doppler Red A=c+u ellipse focal length FO= u =ctanhp Doppler Blue A=c—u
= ce dilates to: ncoshp =csinhp

: fc— u .
* dilates to: (c—u)coshp=c¢,[—— =ce ”
c—u ct+u

Applications of e
Base height FTk=vVc¢™ —u”

dilates to: V¢ —u coshp=c

(equal to ellipse minor radius b)

: c+u -
dilates to: (c+u)coshp=¢ !

ellipse latus radius FT=c(l-u’/c*)

ellipse major radius a=OFa=c Einstein dilation factor:

dilates to: ¢(I-u /" )cosh p

e

dilates to: ccosh p=ch/l-u’/c> ||y = coshp = 1//1-1’/c?

= ('\{'I—H:/('2 = ¢ sechp
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http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=6%7C1

D

Spherical wave

relativistic geometry
u/c = 1/3
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Web Simulation
Spectral Ellipse
{PerSpace-PerSpace}

{f=u/c=1/3}
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http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=6%7C3&protractorInd=0&protractorVectorCnt=720&velocity=0.3333&gCircleInd=1&asympInd=2&insetInfoInd=1&ssCurvedElementsInd=0&vertBranchInd=1&swordTypeInd=1&swordLineWidth=2
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=6%7C3&protractorInd=0&protractorVectorCnt=720&velocity=0.3333&gCircleInd=1&asympInd=2&insetInfoInd=1&ssCurvedElementsInd=0&vertBranchInd=1&swordTypeInd=1&swordLineWidth=2
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=6%7C3&protractorInd=0&protractorVectorCnt=720&velocity=0.3333&gCircleInd=1&asympInd=2&insetInfoInd=1&ssCurvedElementsInd=0&vertBranchInd=1&swordTypeInd=1&swordLineWidth=2
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=6%7C3&protractorInd=0&protractorVectorCnt=720&velocity=0.3333&gCircleInd=1&asympInd=2&insetInfoInd=1&ssCurvedElementsInd=0&vertBranchInd=1&swordTypeInd=1&swordLineWidth=2
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=6%7C3&protractorInd=0&protractorVectorCnt=720&velocity=0.3333&gCircleInd=1&asympInd=2&insetInfoInd=1&ssCurvedElementsInd=0&vertBranchInd=1&swordTypeInd=1&swordLineWidth=2
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Spherical wave |

relativistic geometry / \

u/c = 3/4 \

Web Simulation
Spectral Ellipse

{f =u/c =3/4]
/
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http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=6%7C3&protractorInd=0&protractorVectorCnt=720&velocity=0.75&gCircleInd=1&asympInd=2&insetInfoInd=1&ssCurvedElementsInd=0&vertBranchInd=1&swordTypeInd=1&swordLineWidth=3
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=6%7C3&protractorInd=0&protractorVectorCnt=720&velocity=0.75&gCircleInd=1&asympInd=2&insetInfoInd=1&ssCurvedElementsInd=0&vertBranchInd=1&swordTypeInd=1&swordLineWidth=3

3 Derivation of relativistic quantum mechanics
What’s the matter with mass? Shining some light on the Elephant in the room
Relativistic action and Lagrangian-Hamiltonian relations
Poincare’ and Hamilton-Jacobi equations
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Using (some) wave parameters to develop relativistic quantum theory
A(Uphase = Bcosh @z B +% sz(for UKC)

— < Al coshpz1+%p2 b= Uy
(CKphase = Bsinh ,0) =~bp (for u<c) _ B=v, =ck,
sinh p=p
At low speeds:--
Doppler Vgroup vgroup 2’ group Kg oup Tgroup Vphase Doppler
group | by, T 1 byue
C UV, A Kl A T, I
h 1 ¢ g phase Tphase vphase Z’phase C 1
pnase bD(IPpler 1% o l V bDoppler
BLUE phase \ KA TA UA A group RED
rapidi - . R
L ) ¢’ tanhpsinhp | sechp coshp | “cschp — cothp e’ RelaWavity Web Simulation - Relativistic Terms
SZZZ 71 1/e™ | sino tano COSO seco coto csco | 1/e™” (Expanded Table)
_u| =B | B ! - 1 |11 | 1B
¢ | V148 1 B2—1 1 1-B 1 B 1-B
1 3 3 4 5 4
gl | ==05 | ==06 ==0.75 | —=0.80 ==125| —=133 S_167 | 2220
2 5 4 5 4 3 3 1
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http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=8%7C7
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=8%7C7

Using (some) wave parameters to develop relativistic quantum theory
4@phase = Bcosh @z B +% sz(for UKC)

................................ . coshp= 1+2p ~1+2 > B=v,4
—Qphase = Bsinhp)=Bp (for u<c) B=v, = ck,
7 . sinh P~P~
— = tanhp = (for u<c)
6 :
~ At low speeds:--
—
Vv K T V
group b}?ggpler Lg:up " gjoup. i;;oup pZase b BDLoglger
A
1 C Z/ ase C 1
phaSe bD()ppler V ;fl V bD()ppler
BLUE phase A group RED
S @Hh P cschp  cothp | €'’
e o | e | sino coto csco | l/e”
v =B B L IRV N W B I
c 1+ 1 B>-1 1 1-p3° 1 B 1-B
1 3
i | ==05 | ==06 3075 | 2080 =105 | 2ai33 2=167| 2220
2 5 4 5 3 1

Sunday, January 29, 2017

54



Using (some) wave parameters to develop relativistic quantum theory
A@Mase = Bcosh @z B +% sz(for UKC)

e . coshp= 1+2p ~1+2 > E=v,
CK phase = Bsinh p) bp (for u<c) B=0,=ck,
u . sinh p~p~
Y~ tanhp = pj - (for u<c)
C
- T At low speeds:--
Uphase = B+ 5—2u & for (u<c)
C
—
v 14
group b}?ggpler L g:up "“group : Tifoup pZase bgf,’}’;l"
A
1 c A c 1
hase phase
PO b | Ve L V. | o

rapidity -p +p
; e @nh o, cschp  cothp e

sellar ¥ | 17,00 | sing coto cSCOo /e ”

v =B B p7—1 1 | [14B
e | V148 1 B2—1 1 1-B 1 B 1-B

1 3
valuefor | —=0.5 | ==0.6 E=0.75 i=o.80 2:1.25 i=1.33 5:1.67 3:2.0
B=3/5

2 5 4 5 4 3 3 1
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Using (some) wave parameters to develop relativistic quantum theory

A@Mase = Bcosh @z B +% B;:)Z(for UKC)

u
coshpz1+% pzz 1+%—2

CK phase = Bsinh p) Bp (for u<c)
7 sinh pzp~
Y~ tanhp = pj  (for u<c)
c T e N
- I At low speeds:
C
-
% v T T |4
time b Doppler group group phase phase group phase b Doppler
RED L c j UA TA ( TA c BLUE
1 C rou rou, A‘ ase C 1
space bD()ppler v % g - Zh bD()ppler
BLUE phase A KA A Vgroup RED
e @nh P sech p @osh p)| cschp cothp | €
e 5 | e | sino COSO  seco coto  csco | l/e”
_u| B B I - 1 -1 1 | 4B
e | V148 1 B2—1 1 1-B 1 B 1-B
" Lo0s5| 2206 2075|2080 2=125| 22133 2-167| 2220
2 5 4 5 3 3 1
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Using (some) wave parameters to develop relativistic quantum theory

1
Resembles: const.+ EMu2

1 52
%vphase = Bcosh @z B+5 B;:) (for u<c) coshp=1+L p2= 412 B=vy
_gphase_ Bsmhp) Bp i (foru<c) y c? B=v,4=cK4
= sinh pzp~—
— = tanhp = Pj ___________(_fQ_f__b_tSﬁQ_) ................................
¢ e At low speeds: B
Vphase = B+ Ec_zu <for (U<ke)=  Kppgee = C—zu Uphase and Kophase resemble

formulae for Newton’s
kinetic energy and momentum

Resembles: Mu

—
|4 T %4
group b?gg]’ler L g:“ﬁ f Z,g;oup pZase b gfglger
A
1 ¢ Z’ hase C 1
phaSe bD()ppler V Z V bD()ppler
BLUE phase A group RED
rapidi - i
A I @th cschp  cothp | e’
SZZ‘Z 71 1/e™ | sino coto csco | 1/e”
_u | (1B B -1 1 1+
c 1+ 1 B>-1 1 1-p3° 1 B 1-B
1 3 3 4 5 4
gl | ==05 | ==06 ==0.75 | —=0.80 ==125| —=133 2167 2220
2 5 4 3 3
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Using (some) wave parameters to develop relativistic quantum theory

——(Vppase = Beosh p)= B+3 B/:oz(for u<c)

(for u<c)

. (for u<c)

_gphase = Bsinh p) Bp
U
— = tanhp = pj
. C
1 B
phase =B+ Ec_zu

1
Resembles: const.+ EMu2

At low speeds:
& for (u<c)=

coshp= 1+2p ~1+2 2

sinh p~p~

Resembles: Mu

B:UA
B=1)A=CK'A

Uphase aIld thase resemble

formulae for Newton’s
kinetic energy and momentum

So attach scale factor /
to match units.

group | by bourmter
hase ! 1
! bl?l(jgger b I?Eogpler
rapidi - 4
Pp ty e P e p
e o | Ve /e
_u | 1P 1+
e [ V1B B2-1 1-B
1 3 2
paa | ==0.5 =075 | ==080 >=125| —=133 220
2 4 3 1
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Using (some) wave parameters to develop relativistic quantum theory

4@phase = Bcosh @~ B +% sz(for UKC)

Rescale vphase by 7

1
Resembles: const.+ EMu2

_gphase = Bsinh p) Bp (for u<c)
= tanh p = pj (for u<c)
= 1 B At low speeds:
Uphase = B+ __2u2 & for (u<c) =
2 hB

0. M=—+
C

K

coshp= 1+2p ~1+2 2

sinh p~p~

Resembles: Mu

phase

-
v T 1%
l’ime bgggp ler L group group phase b BDZJ{;];[”
C T, C
space I ¢ Aphase c 1
P b]?l(,)(];]l??ler Vphase AA Vgroup blgggpler
rapidi - +
o e’ @nhp cschp cothp | €
S;ff;‘l‘e’ 71 1e | sino coto csco | 1/e”
_u | BB p7-t 1 | [14B
e | V148 1 B2—1 1 1-B 1 B 1-B
1 3 3 4 5 4 5 2
pad | ==05| ==06 ==075| -=080 =—=125| —=133 ==167| ==20
2 5 4 1
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B:UA
B=1)A=CK'A

B
=—1U Uphase aNd Kiphase resemble

2
formulae for Newton’s kinetic

energy EMMZ and momentum Mu.

So attach scale factor /
to match units.
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Using (some) wave parameters to develop relativistic quantum theory
4@phase = Bcosh @~ B +% sz(for UKC)

coshp= 1+2p ~1+2 2 B=vy
CK phase = Bsinh p) Bp (for u<c) B=v, =ck,
7 sinh p~p~
“ _ tanhp =~ pj (for u<<c)
C
~ 15, At low speeds: B
Uphase B + E_zu <: fOI’ (l/t <<C) :> Kphase = —21/t Uphase and K'/phase I'CSGmble
¢ hB ¢ formulale for Newton’s kinetic
Rescale vphase by 1 500 M=—%- energy EMMZ and momentum Mu.
C
So attach scale factor /
to match units.
1
Resembles: const.+ EMu2 Resembles: Mu
Doppl f‘/rou T rou, V hase Doppl
g”'OI/lp bRggp er L group £ group p bBZZ%er
C T, c
phase ! ¢ ;L” hase ¢ 1
bl?l(,){yllger Vphase A’A Vgroup bl?ggpler

rapidity -p +p
; e @nh o, cschp  cothp e

SZZ‘Z 71 1/e™ | sino coto csco | 1/e”
v =B B p7—1 1 | [14B
¢ | V148 1 B2—1 1 1-B 1 B 1-B

Py i 1052206 22075 | 22080 22125 22133 22167 | 2220
2 5 4 5 4 3 3 1
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Using (some) wave parameters to develop relativistic quantum theory

1
Resembles: const.+ EMu2

4@phase = Bcosh @~ B +% sz(for UKC)

B=v
coshp= 1+2 p ~1+2 A
_gphase—Bsmhp) Bp (for u<c) c? B=0v, =cK,
sinh p~p~
7
Y~ tanhp = pj (for u<c)
- 1 B At low speeds: B
U phase = D+ 5—2u2 & for (u<c) = K phase = 75U Uphase and Rphase resemble
¢ hB formulae for Newton’s kinetic
Rescale Uphase by 1 1s0: M=—%" energy EMMZ and momentum Mau.
C
1 2 So attach scale factor 7
MU ,pase=hB + 2. u- &tor(uke)= K pue= o match units.

Resembles: Mu

—
|4 T %4
gr ou p b}?ggpler L g:up £ Z,g;oup pZase b l[g);g,ger
A
1 C Z’ hase Cc 1
phase bDUPPIW V Z V bDoppler
BLUE phase A group RED
rapidi - T
e e’ @nhp cschp  cothp | €
SZZ‘Z Z 1/e™” | sino coto cSCOo 1/e’”
v | BB Bt 1| 1B
c 1+ 1 B>-1 1 1-p3° 1 B 1-B
1 3 3 4 5 4
valiefor | —=05| ==06 ==0.75| —=0.80 —=125| —=1.33 5_1.67 3:2.0
=351 5 4 1
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Using (some) wave parameters to develop relativistic quantum theory

4@phase = Bcosh @~ B +% sz(for UKC)

1
Resembles: const.+ EMu2

B=v
coshp= 1+2 p ~1+2 A
_gphase—Bsmhp) Bp (for u<c) c? B=0v, =cK,
7 sinh p~p~
Y~ tanhp = pj (for u<c)
- 1 B At low speeds: B
U phase = D+ 5—2u2 & for (u<c) = K phase = 75U Uphase and Rphase resemble
¢ hB , formulae for Newton’s kinetic
2 (The famous/Mc
Rescale Uppase by 1 s0: M=—%" or: hB=Mc”™ owsuphbrel) —CNEIZY EMMZ and momentum Mu.
C
1 2 So attach scale factor 7
MU ,pase=hB + 2. u- &tor(uke)= K pue= o match units.

Resembles: Mu

—
Vv T V
group b?gg]’ler L g:“ﬁ Z,g;oup pZase b gfglger
A
1 ¢ Z’ hase C 1
phaSe bD()ppler V Z V bD()ppler
BLUE phase A group RED
rapidi — i
A @th cschp  cothp | €'’
SZZ‘Z 71 1/e™ | sino coto csco | 1/e”
_u | (1B B -1 1 1+
c 1+ 1 B>-1 1 1-p3° 1 B 1-B
1 3 3 4 5 4
wielr | 05 | 2=06 ==075 | ==080 >=125| ==133 2167 2220
2 5 4 5 3
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Using (some) wave parameters to develop relativistic quantum theory

4@phase = Bcosh @~ B +% sz(for UKC)

_gphase = Bsinh p) Bp (for u<c)
7 sinh P~P~
— = tanhp =p (for u<c)
C
~ 1 B At low speeds: B
2
phase = B+§c_2u & for (u<c) = K phase = C—zu
hB P
. = ] _ 2 (The famous Mc
Rescale vppase by 1 s0: M= or: hB=Mc™ s up here!)
1 hB 5 hB
MU ppase=hB + 5—2u &for(u<e)= K ppee=—>
C C
r» 1
MU ppase= Mc™+ > —Mu* <for (u<c)= Ik phase™= Mu
/v
1% 1%
group b?gg]’ler L group Tgroup phase bggg%ler
C T, c
1 c A c 1
phase —— phase —
bgLf]Ig Vphase A’A Vgroup bI?Egpl
S @Hh P, cschp  cothp | €'’
SZZ‘Z 71 1/e™ | sino coto csco | 1/e”
_u | (1B B 1 p—1 1 45
e [ NHB |1 ! B | \1-B
Py 1052206 2=075 4133 22167 2220
2 5 4 3
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coshp= 1+2p ~1+2 2

B:UA
B=1)A=CK'A

Uphase and K'/phase resemble

formulae for Newton’s kinetic
energy EMMZ and momentum Mu.

So attach scale factor /
to match units.
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Using (some) wave parameters to develop relativistic quantum theory

4@phase = Bcosh @~ B +% sz(for UKC)

coshp= 1+2p ~1+2 2 B=vy
CK phase = Bsinh p)= Bp (for u<c) B=v,=cK,
sinh
7] P~P~
— = tanhp =p (for u<c)
C
- 1B , At low speeds: B
Uphase B + E_zu <: fOI’ (l/t <<C) :> Kphase = —21/t Uphase and K'/phase I'CSGmble
¢ ¢ formulae for Newton’s kinetic
B 2 (The famous Mc?
Rescale vphase by I s0: M=—%" orhB=Mc™ owsupherel) CNEIZY EMu2 and momentum Mu.
1 hB hB So attach scale factor /
hv ~hB+——unu- <«<for(ukec)= hx ~— .
phase 2 2 ( ) phase o2 to match units.
) 1 ''''''''''''''''''''' L ucky coincidences?? * Cheap trick??
MU ppase= Mc™+ > Mu &flor (u<c)= K 5.~ Mu
Doppler f‘/group Tgroup Vphase Doppler
group bRED L bBLUE
C T, c
phase | ¢ ;Lp hase ¢ |
bl?l(,){yllger Vphase A’A Vgroup bl?ggpler
e @nh P cschp  cothp | e
e o | e | sino cotc  csco | 1/e”
_u| =8| B 1 p7-1 1 48
e | V148 1 B2—1 1 B 1-B
o 05| 3206 2=075 4133 22167 | 2220
2 5 4 3 3 1
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Using (some) wave parameters to develop relativistic quantum theory

4@phase = Bcosh @z B +% sz(for UKC)

coshp= 1+2p ~1+2 2 B=vy
CK phase = Bsinh p) Bp (for u<c) B=v,=cKk,
7 sinh p~p~
Y~ tanhp = pj (for u<c)
C
- 1 B At low speeds: B
U phase = D+ 5—2u2 & for (u<c) = K phase = 75U Uphase and Rphase resemble
¢ hB ¢ , formulae for Newton’s kinetic
Caq ) 2 (The famous Mc )
Rescale vphase by 1 s0: M=—5" or:hB = Mc shows up here!) ~ €NETZY EMM and momentum Mu.
1 hB 5 hB So attach scale factor /
hv =hB+——u"~ <&for(u<c)= hIx ~— .
phase 2 2 ( ) phase e to match units.
) 1 ''''''''''''''''''''' L ucky coincidences?? * Cheap trick??
hv Mc™+ Mu &for (ukec)=  hx =~ Mu
phase™ 9) ( ) phase .. Iry exact Uphase ...
—
% 1%
g rou p b}?ggpler L group Tgroup phase bglj)(];%ler
C T, c
1 c A c 1
phase — pase oppler
bl?Lf]I;?l Vphase A’A Vgroup bI?Egpl
A @nhp cschp  cothp | " RelaWavity Web Simulation - Relativistic Terms
e o | e | sino coto csco | l/e” (Expanded Table)
| =B B ! Bt 1| 4B
e | V148 1 B2—1 1 B 1-B
Pl 105|206 2=075 1133 2o167] 2220
2 5 4 3 1
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Using (some) wave parameters to develop relativistic quantum theory

%vphase = Bcosh @~ B +% sz(for UKC)

coshp= 1+2p ~1+2 2 B=vy
_gphase—Bsmhp) Bp (for u<c) B=v,=cKk,
sinh p~p~
7]
— = tanhp =p (for u<c)
C
- 1 B At low speeds: B
2
Uphase = B+ 5—2u & for (u<c) = K phase = 75U Uphase and Rphase resemble
¢ hB ¢ , formulae for Newton’s kinetic
Caq ) 2 (The famous Mc )
Rescale vphase by i s0: M=—- orhB=Mc™ owsupherel) CNEIZY > Mu? and momentum Mu.
1 hB > hB So attach scale factor /
hv =hB+——u"- &for(ukc)= hx ~— .
phase 2 2 ( ) phase o2 to match units.
) 1 B L ucky coincidences?? * Cheap trick??
hv Mc+ Mu &for (u<kc)=> K =~ Mu
phase™ 9) ( ) phase .. Iry exact Uphase ...
_ _ 2
NV qse=NB cosh p =Mc” coshp
—
g rou p b}?ggpler ngroup 2’ group & joup Tgroup Vphase b gfglger
c A, T, c
1 C T hase Z’ hase C 1
phase (¢ er - . 0 er
bl?Lf]I;?l Vphase TA A’A Vgroup bI?Egpl
e @nhp sech p cschp  cothp L
e o | e | sino coso seccf cotw 1/e™”
_u| 1B B 1 1-p° vt yB-1 1 4B | (old-fashioned
_C 1+ﬁ 1 B—2_1 1 l—ﬂz 1 ﬂ l—ﬁ notation)
o Lo0s5] 3206 2207522080 2=125| 22133 2-167| 2220
2 5 4 5 4 3 3 1
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Using (some) wave parameters to develop relativistic quantum theory

_ B 1 2
vp,wse Bcosh p= B +3 Bp~ (for u<c) coshi- 1+2p U . B=v,
CK phase = B sinh p) Bp (for u<c) B=v,=ck,
7 sinh p~p~
Y~ tanhp = pj (for u<<c)
C
- 1 B At low speeds: B
2
Uphase B + E_zu <: fOI’ (M<<C) :> Kphase = —21/t Uphase and K'/phase I'CSGmble
¢ hB The £ ¢ 1.2 formulae for Newton’s kinetic
Rescale Uphase by 1 s0: M=—5" or:hB = Mc? (1he Tamous Me ~ M2 and tum M
CSCalC Uphase OY : (32 - shows up here!) ~ €NEIgY > Mu and momentum Mu.
1 hB 5 hB So attach scale factor /
=hB+—— for (u< K ~— .
O ppgse=h ) 2 us =tor (u<e)= MK ppage 2 “ _to match units.
) S L ucky coincidences?? * Cheap trick??
hv =~ Mc™+ — Mu &for (u<kc)=> K =~ Mu
phase 2 ( ) phase TI/:)/ exaCt Uphase
th phase="1B cosh p =Mc” cosh p
Pl 1
Agroup Kg oup Tgroup Vphase Doppler aan ( 900) MC2
group TA —= . - byrue = Total
T e Aoase c 1 instein (1 905 )—T \/ l-u’/c?
phase . ) Vv , Doppler
A A sroup RED _— (old-fashloned
rapidity sech p cschp  cothp 2 | : Max Planck notation)
’ < - B 1858-1947
e 7 COSO cotw 1/e™” “‘ V.

u| B B 1 Jl—ﬁ NAYB-L 1| [iB
e | V148 1 B2—1 -2 ) 1 B 1-B

=0.5 é=O.6 E=0.75 i—O 80 ——125 i=1.33 é=1.67 %=2.0
5 4 5 4 3 3 1

value for

1
B=3/5 )
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Using (some) wave parameters to develop relat1v1st1c quantum theory

Max Planck
1858-1947

u Uphase and K'/phase resemble

formulae for Newton’s kinetic
energy EMMZ and momentum Mu.

So attach scale factor /2 (or hN)
to match units.

S Lucky coincidences??

* Cheap trick??
TI/:)/ exact Uphase

NV, qse=1B cosh p =Mc* cosh p
Planck (1900)

M 2
= Total Energy: E d

RN

Einstein (1905)

U phase = Beosh pj= B+3 L Bp? (for u<c
phase 4 2P ( ) coshp= 1+2 p ~1+2 2
phase = Bsinh p) B P (fOI‘ ULC )
u sinh p~p~
— = tanhp = pj (for u<c)
C
- 1B, At low speeds: B
Vphase = B+ PPk =for (UKO)=  Kpopuse = =
hB ,
N A ) 2 (The famous Mc
Rescale Uphase by hso: M= or:hB = Mc shows up here!)
1 hB hB
MU ppase=hB + v for (u<c)= K pue~—5
¢ C
1 .
MU ppase= Mc™+ > Mu &flor (u<c)= K 5.~ Mu
" Need to reglage__\:t
/T with AN to match
group bDoppl 7 f‘/group Vphas e.m. energy denSl‘ty
RED %k
L ¢ ¢ \EOE.E :hNUphag
phase ! ¢ ¢ 1
bl?Lf]Ige Vphase Vgroup b}?Egple
rap ;;dity e’ @nh ) coth p e’
SZZ‘Z 71 1/e™ | sino csco | l/e”
| =B B 1| 48
¢ | V148 1 B 1-B
Py 105|206 22075 22080 2=125| 22133 22167 2220
2 5 4 5 4 3 3 1
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Using (some) wave parameters to develop relat1v1st1c quantum theory

() = Bcosh p)= B+ Bp*(for u<c —
Dide @ 20P ( ) coshp= 1+2 o ~1+§—2 / B=v,
CK phase = B sinh p) Bp (for u<c) | B=v, =ck,
7 sinh pzpz—
Y~ tanhp = pj (for u<<c) c 47
C ax anc
- 1 B At low speeds: B 16581947
2
Uphase B + 5_214 <: fOI’ (l/l <<C) :> Kphase = —21/t Uphase and K'Jphase I'CSGmble
¢ hB 5 (The famoug Vo2 formulae for Newton’s kinetic
Rescale Uphase by 1 s0: M :c_2 or:hB = Mc shows up here!) ~ €NErgy EMMZ and momentum Mu.
1 hB 5 hB So attach scale factor /2 (or hN)
hv =~hB+——u" <&for(u<c hx ~——1U .
phase 2 2 ( )= phase c? to match units.
T S T S Lucky coincidences?? rp,,, trick??
hv M+ = Mu? «for (uxc)= Ik, ..~ Mu v
phase ( ) phase TI’:)/ exact Uphase
" Need to rememﬂ:thv phase="1B cosh p =Mc* cosh P
— I with AN to match Planck (1900) )
g"OI/lp bDoppler Vgroup Tgroup Vphas e.n. ener, g:y denS lty M C
RED L y — = e | EE =h Nty |7 = Total Energy: E _T
A 1 c This motivates the Einstein (1905) \/ l-u’/c”
prase boorvter V e ‘particle” normalization
rap;')dity o P @nh D f Y \If dv=N Y= hv
welar ¥ 1/e* | sing cote osco e’ For more visit the Pirelli Challenge Site
: p R 5 Quantized amplitude
U e =1 I+p
e | N1+8 | 1 g1 | 1 -5 ) 1 B 1-B
o 105 |2206 2207522080 2-125| 22133 22167 | 2220
2 5 4 5 4 3 3 1
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Using (some) wave parameters to develop relat1v1st1c quantum theory

() = Bcosh p)= B +1 Bp* (for u<c —
phase __ @ 2 7P ( ) coshp= 1+2 P ~1+§—2 “ 5=0y4
phase = Bsinh ,0) Bp (for u<c) , u B Vy = CK Yy
7 sinh p=p=—
— = tanhp =p (for u<c) ¢
L C Max Planck
1B , At low speeds: B 16581947
Uphase B + 5_214 <: fOI’ (l/l <<C) :> Kphase = —21/t Uphase and K'Jphase I’GSGmble
¢ hB The £ ¢ 1.2 formulae for Newton’s kinetic
Rescale v by 7 so: M=— or:hBB = Mc? \ e Jamops ¢ —Mu? and tum M
phase DY : : shows up here!) ~ €nergy —Mu and momentum Mu.
1 hB 5 hB So attach scale factor /2 (or hN)
~hB+—— for (ux K ~— .
O ppgse=h ) 2 us =tor (U<Ke)= K ppage 2 to match units.
2) S L ucky coincidences?? * Cheap trick??
hv Mc+ Mu &for (u<kc)=> K =~ Mu
phase 2 ( ) phase T”:)/ exact Uphase
" Need to rep_lwlzthv phase="1B cosh p =Mc* cosh P
V_ = H with AN z‘(;’mat.ch Planck (1900) )
S v | (A T o as e.m.*energy ensity ¥ Total E Mc
¢ ¢ TA c \€&E 'E :hN Upha@ - Ota nergy J \/
1 c This motivates the Einstein (1905) l-u’/c”
phase ‘
boorvter V e particle” normalization .
apidiny | b @nh P U qy=N ¥= hv Big worry: I.S I}Ot
’ illator energy quadratic in frequency v?
el 7\ 1/e*? | sino cotc  csco | 1/e” N P
g HO energy=—A"v
| B B - Bt 1| 1B :
e | V148 1 B2—1 1 -2 ) 1 B 1-B
o Lo05| 2206 22075 | 2080 2-125| 22133 2-167| 2220
2 5 4 5 4 3 3 1
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Using (some) wave parameters to develop relat1v1st1c quantum theory

() = Bcosh p)= B+ Bp*(for u<c —
phase __ @ 2 7P ( ) coshp= 1+2 P ~1+§—2 “ 5=0y4
CK phase = B sinh p) Bp (for u<c) | y B=v,=ck,
sinh p=p=—
" = tanh f c
L ; = lan p - p ( o1 l/t<<C) Max Planck
15, At low speeds: B 16081947
Uphase B + 5_214 <: fOI’ (l/l <<C) :> Kphase = —21/t Uphase and K'Jphase I’GSGmble
¢ hB The £ ¢ 1.2 formulae for Newton’s kinetic
Rescale vppase by i s0: M=—%" or:hB = Mc? (1he Tamous Me —Mu? and tum M.
phase DY : : shows up here!) ~ €nergy —Mu and momentum Mu.
1 hB hB So attach scale factor / (or hN)
=hB+—— for (u< K ~— .
M0 ppgse™=h ) 2 u” &for(w<e)= K ppgq 2 to match units.
o 1, Lucky coincidences?? cpeqp rick??
hv Mc™+ Mu &for (u<kc)=> K ~ Mu
phase 2 ( ) phase T”:)/ exact Uphase
" Need to rep_lwlzthv phase="1B cosh p =Mc* cosh P
— = h with AN z‘(;,mat.ch Planck (1900) )
roup | b ,’3;,’;”’ - eroup T eroup ohas| €-M. energy aensity T ¢ 1 E MC
§ c TA c \€0E:X<E :hN Upha@ i ota nergy J \/
, 1 ¢ This motivates the Einstein (1905) l-u’/c”
phase boerter V e ‘particle” normalization .
apidiy | p @nh > J U ay=N ¥= hv Big worry: I_S I}Ot
’ illator energy quadratic in frequency v?
el 7\ 1/e*? | sino cotc  csco | l/e” B 5 5
i HO energy=—A"v
-2 .
_u T_ﬁ ? : I : ﬁl -1 1 1+_/3 Resolution mddiy seeret: E, N, and Uy are all
¢ | VP p -l 5 P 7’ frequencies!
i/ i %= 05 gzo_é %:0.75 %:o.so %:1.25 %:1.33 %:1.67 200 | SoaE-E =hNvu is quadratic in frequency
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Using (some) wave parameters to develop relat1v1st1c quantum theory

Sunday, January 29, 2017

(V) = Bcosh p)= B ++ Bp* (for u<c —
phase @ 2P ( ) coshp= 1+2p ~1+2 7| L=y
CK phase = D sinh plfv Bp (for u<c) B=v, =ck,
7 sinh p~p~
— = tanhp =p (for u<c)
< C Max Planck
1 B At low speeds: B 18361947
2
Uphase B + E_zu <: fOI’ (M<<C) :> Kphase = —21/t Uphase and K'/phase I'CSGmble
¢ hB The £ ¢ 1.2 formulae for Newton’s kinetic
Rescale v by i so: M=—= or:hB = Mc? (The famous Me — Mu? and tum M,
phase DY ; : shows up here!) ~ €nergy— Mu* and momentum Mu.
1 hB 5 hB So attach scale factor /2 (or hN)
=hB+—— for (u< K ~— .
O ppgse=h ) 2 us =tor (U<Ke)= K ppage ; to match units.
) 1 2 ''''''''''''''''''''' L ucky coincidences?? * Cheap trick??
hv =~Mc"+—Mu~- <for(u<kc)= hIx =~ Mu
phase 2 ( ) phase Try exact Uphase and K:phase...
" Need to reti&e—\—:thv phase="1B cosh p =Mc*coshp
— /i with AN to mat‘ch Planck (1900) )
rou bDoppl 7 Vgroup vgroup Agroup Vphas e.n. ener, g:y denS lty M C
group | Orep L c v, A, c \€0E:X<E :hNUpha”) — TOtal Enel‘gy J \/
phase | — c ’ric,,hﬂ T e c 1 Einstein (1905) l-u’/c?
bl?Lf]I;?le V hase \ KA TA V rou, bI?Egple *
d — hck = hBsinh p =Mc’sinh
e @nh@ @ sech p cothp | € L___phase P P
e o | e | sinc  tano COSO csco | 1l/e”
B O [ T B S O (T O s S Y
e | V148 1 B2—1 1 1-p*) 1 B 1-B
o L05| 2206 22075 | 2080 2-125| 22133 2-167| 2220
2 5 4 5 4 3 3 1
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Using (some) wave parameters to develop relativistic quantum theory
U ,hase = B cosh @z B +% sz(for UKC) |

. coshp=l+5p°=~ 1+%u_2= ‘ E=v,
CK phase = D sinh plz Bp (for u<c) | y c B=v, =ck,

77 sinh p=p=—
= = tanhp = pj (for 1<) c 4+
C ax rianc

- 1 B At low speeds: B 1o58-1947

U phase = D+ Ec—zuz & for (u<c) = K phase = C—zu Uphase and Rophase resemble
3 hB 5 (The famous Mc? formulale for Newton’s kinetic
Rescale vpase by i s0: M=—%" or:hB = Mc

shows up here!) ~ E€NETZY EMMZ and momentum Mu.

1 hB 5 hB So attach scale factor /i (or hN)
Mphase=hB+ 5 0? for (=e) = K e~y (o e

prenee Lucky coincidences?? cpeqp trick??
Mu
Try exact Uphase and K:phase...

" Need to replace T} 11V ., =hB cosh p =Mc*coshp

2, 150
h 5= Mc +5Mu Slor(u<c) = K ppa50=

_ /i with /N to mat‘ch Planck (1900) )
bDoppler Vgroup vgroup £ Vphas e€.m. ener, gy denS lty M C
rou —— A4 . —
group | by L ; v, ¢ | EE =/ Nopa) |~ Total Energy: E_f —
| ] c v c 1 Einstein (1905) \/ l—u”/c
p bl?l(,){yllger Vphase \ KA Vgroup bl?ggpler h K h B * h M 2 * h
— C — S1N =vic Sin
e @nh@ (sinh p) cothp | e | phase p p
; u
stetlar Z 1/e™” | sinoc tano ! CSCO 1/e” 1 _ Mcu
il e e R ——— R———| R — = < - (old-fashloned Cp =
| =B B (1 L[ EB | e NI
c | \N1+B8 | 1 521 B 1-B
o 1 o05] 2206 22075 | 22080 22125 22133 22167 2220
2 5 4 5 4 3 3 1
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Using (some) wave parameters to develop relat1v1st1c quantum theory

= Bcosh p)= B +5 Bp* (for u<c)
CK phase = D sinh pl Bp

= tanhp = pj

B+l£u2
2

Rescale vppase by i s0: M=—5-

coshp= 1+2 p ~1+§—2: :

(for u<c)
sinh pzpz—

(for u<c) ¢ | |

Max Planck  Louis DeBroglie
At low speedS° 1858-1947  1892-1987
' B
&for (Ukc)=  Kppgse =5 U Uphase and Rphase resemble
(The famoug v formulae for Newton’s kinetic

2
orhB=Mc™ owsupherel) CNEIZY > Mu? and momentum Mu.

1 hB 5 hB So attach scale factor /2 (or hN)
=hB+——=- for (u< K ~— .
h i =10 (u<c)y= h phase c? “ | to match units.
5 1 2 _____________________ T rarwave conspirac Expez;zszvlf??
~Mc™+—Mu~ <for(u<c)= Ik~ Mu + Crremp fric
9) p Ty exact Uphase and Rphase. ..
" Need to remwl:thv phase="1B cosh p =Mc* cosh P
= = N with th‘(;’mat.ch Planck (1900) 5
roup - sl €. energy density Y Total B Mc
§ ¢ ¢ \EOETE :hN Uphas& _ ota nergy J \/
phase c (K j ¢ 1 Einstein (1905) l-u’ /e’
V hase V rou, bI?Egpler .

— : — hex =hBsinh p =Mc?sinh
o @nh@ (sinh p) cothp | ¢ |_p hase p p
P sinc ’ coto o esco | e’ N 1 . oldtustioned | ¢ uc

— - (0] asnione —

= | e | P

K 1 -1 B | V1B :
sl o S_06 22075 | 22080 2=125| 2133 o167 2220 Momentum: /K 456~ D)

5 4 5 4 3 3 ! DeBroglie (1921) l=u”lc
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Using (some) wave parameters to develop relativistic quantum theory

phase

CK phase = D sinh plz Bp

= tanhp zpj

phase

1 B
~ B+ ——u’

2 o2

Rescale Uphase by 1 80: M=—

1 hB

~hB+——u

2 ¢

|
~ Mc*+ EMMZ &for (ukec)=  hx

= Beosh p)= B+, Bp (for u<c)
(for u<c)

(for u<c)

At low speeds:
& for (u<c)= K

or:hB = M62

Stor (ukc)= K ,p46=

u Y
coshpz1+% pzz 1+%C—2 |

: U
sinh p=p=—
C

phase =

(The famous Mc?
shows up here!)

Max Planck  Louis DeBroglie
1858-1947  1892-1987

Uphase and K'/phase resemble

formulae for Newton’s kinetic
energy EMMZ and momentum Mu.

hB
—u

So attach scale factor /2 (or hN)
to match units.

phase”™

hv

" Need to replace )

group

T

Vv

group phas

/i with /AN to match
e.m. energy density

Ty ¢ \80E:X<E :hNUpha@

phase

)
=)
= |s
¢/

Vv

phase \

‘particle” normalization

This motivates the

ral wave conspirac

phase
Planck (1900)

= Total Energy:

Lxpensive

+ Chreap trick??

Try exact Uphase and K:phase...

=hBcoshp =Mc*cosh P

P Mc2

p 2,02
Einstein (1905)—T \/l—u /c

hck

phase

| =

c (old-fashioned

2 .
_ U notation)

=hBsinh p =Mc?*sinh p

* —
rapli)dity @nhé @ f \Ij \Ij d V:N Y=
o sinc tano _coto . csco | YeP |
= - Bt 1| [itB
¢ 1 B 1 B 1-8
alue Jor §=0.6 é=0.75 —=0.80 ==125 i=1.33 é=1.67 3=20
p=3s3 5 4 5 4 3 1
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Momentum: /K

op = Muc
\/ 1—u?/c?
Mu

phase— P —
Debroghie (1921) y1-u/c?
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Using (some) wave coordinates for relativistic quantum theory
(aNExact Einstein- Planck Dispersion

matter wave:

Energy (E) positive rest energy Mc?
] e o X E2 - ¢2p2 =(Mc2 )z
& Ny, Frerey N
| \ \\ E—h()) , , tachyon:
A | ‘ | r— ~ ’ imaginary |
. . 3 \ cr , .
H(p) = Boosh(o) S \\\\ .’ photon.
\ . , ’ ero ““
Rcsl)f En:lzjrgy N [ L7 E =+ cp
| . \\ Momentum
! | | Per-Space (¢p, | . . \ . X . . : .Cp.=h.c 1(_,_
Mass (resting) N AN N
ali% : 62 ing M ) | Bohr- Schrodmger Approximaio
U C — CK . "\';‘.
Energy ' ‘
MU yase= E = th Coshp 14 A& 36| | B =plem
1885-1962 \\
25
Momentum .
h =h h h h 16
CKphase Cp = CKA Sln p UA Sln p 9
Lnergy versus Momentum 9
2 2\ 2 % . "
E p— (MC ) COSh p Statee’:lgerg)

6443210123456\,
2\? . 1.2 2\? 2 2\2 2 2 p_2 6\
:(Mc ) (1+smh p)z(Mc ) +(cp) :>E=i\/(Mc ) +(cp) ~ Mc +2M
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Using (some) wave coordinates for relativistic quantum theory

(aNExact Einstein- Planck Dispersion
matter wave:
Energy (E) positive rest energy Mc?
AN ) E2 - 2p2 =(Mc2 )2

N
N
N
e \
s ) .
A
N L\ AN
~ e \ EIlGI'
. Ve N
e /
4
- /
, /7
/

I - : . \\\\\ E—hﬂ) tachyon.
[\ | \ erlframe | imaginary |
Jamikouian \\\\ ) photon.:
R zero |
Rest Ery E=tcp
O Momentum
| e ISR ep=ick
Mass (r eS””g) """"" Bohr- Schroa’mger Approxzmalo
Energy ' \ | | n SR |
hU pase= E = th coshp ‘ | 36 B = pdm | \\\Q\
| | | | | : | | | \
- 25 VAR I\
Momentum | | N
heK ppase=CD =heK 4 sinh p= th sinhp /| \ ]96 /74?>Bm|2
Lnergy versus Momentum / 4 / |
E2=(Mc2)2cosh2p e = — o
e -6-4-4-3-2-1 01 2 3 24 5 /e
2 2 2 2, P 1 d
2 - 1.2 2 2 2 2 - N ow\spee
=(Mc ) (1+s1nh p)z(Mc ) +(cp) :>E=i\/(Mc ) +(cp) Mc +2M approximation
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Relawavity variable tables

Jrou, v orou orou Jrou, T rou, ase oppler
group b ]?ggpler group group group group group ph b gL {] %l
c v, A, K, T, c
hase 1 C K phase T phase v phase A‘ phase c 1
p b Doppler V /’L V b Doppler
BLUE phase KA TA UA A group RED
rapidity -p ; +p
) e tanh p sinh p sech p cosh p cschp coth p e
e o | 1/e" | sino tan o cOSO seco coto csco | 1/e”
Bt 1-8 B 1 J1-p2 1 B7-1 1 1+
c 1+ 1 B2—1 1 1-B2 1 B 1-B
vatwe for |1 3 3 4 5 4 5 2
ﬁj;jsf —=05| —=0.6 —=0.75 —=0.80 —=1.25 —=1.33 —=1.67 | —=2.0
2 5 4 5 4 3 3 1
_ i . (Einstein) )
effects yDoppler Verou g L?S,;Zl etzt/tre x-contraction™""® z)dlla_Z?l’zl fion inverse v Jy Dovper
RED o ﬁ‘)-iliagonal ry T phase™ contraction (0’11’}2‘1;2 nal asymmetry phase BLUE
Lorentz-transform) Lorentz-transform)
Relativistic quantum mechanics variable tables
group b lle)ggpler __group M % M __group M b I?Log%ler
c v, 4 K, T, c
h 1 c K phase T phase v phase )“phase c 1
p ase b Doppler V i T D A’ V bDOPPZEr
BLUE phase A A A A group RED
rapidity -p . +p
) e tanh p sinh p sech p cosh p cschp coth p e
o 1/e” | sino tan o COSO seco coto csco | 1/e™”
2 2
ﬁ=z 1-8 B B J1-B 1 NISS) 1 1+
¢ 1+f 1 -3 1 1-82 B 5 1-f
1 3 3 4 5 4 5 2
;“:l'gf;” —=05| —=0.6 —=0.75 —=0.80 —=1.25 —=1.33 —=1.67 | —=2.0
2 5 4 5 4 3 3 1
: V = momentum -Lagrangian Hamiltonian | DeBroglie 'V, ., =
functlons group 7 . ) ) phase
ctanhp cp=Mc’sinhp | L=-Mc’sechp H=Mc’coshp | A=occschp ccothp

Sunday, January 29, 2017

78



Derivation of relativistic quantum mechanics
%  What’s the matter with mass? Shining some light on the Elephant in the room
Relativistic action and Lagrangian-Hamiltonian relations
Poincare’ and Hamilton-Jacobi equations
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Definition(s) of mass for relativity/quantum ~ Given: Energy: E=Mc?coshp

= hv
phase
Rest Mass Myes: (Einsteiéa 5 mass) Defines invariant hyperbola(s) momentum: cp =Mc” sinhp
— — = 2
hB hUA Mc hCKA E = i\/(Mcz) +(Cp)2 — hCKphase
dv

VQIOCl.l‘y.' U :Ctanhp — d_
K

e What's the matter with Mass?

Shining some light on the elephant in the spacetime room
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Definition(s) of mass for relativity/quantum

Rest Mass Mes: (Einsteig 5 mass) Defines invariant hyperbola(s)
p— — — 2
hB =hv, = Mc” = hek - \/( M) +(cp)
nu phase M Rest
-2 — T rest Mass

Sunday, January 29, 2017

Given: Energy: E =Mc? cosh P

= hvphase
momentum. cp =Mc* sinh P
= hCKphase
velocity: u=ctanhp = dv
dK
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Given: Energy: E =Mc? cosh P

Definition(s) of mass for relativity/quantum

= hvphase
Rest Mass Myes: (Einsteig 5 mass) Defines invariant hyperbola(s) momentum: cp =Mc” sinhp
= = = 2 il bbbl
hB =hv, = Mc™ = heky E = i\/(Mcz) +(cp)2 ................................ =K ppase
NV ppase Rest . d
P=M - locity: u=ctanhp ==
2 et Mass g verocliy. - u =ctanhp = -
stic momentum to;group velocity.

Momentum Mass Muom (Galileo's mass) Defined by ratio p/u of relativi

_P_ M., csinhp
u CLANN D e

Mmom
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Given: Energy: E =Mc? cosh P

Definition(s) of mass for relativity/quantum

= hv
phase

Rest Mass Mes (Einsteig 5 mass) Defines invariant hyperbola(s) momentum; cp =Mc? sinh 0

= = = 2 el

hB=hv, = Mc™ = hek E = i\/(Mcz) +(cp)2 ________________________________ =K ppase

N ppase Rest . d
P=M - locity: u=ctanhp ==
-2 —rest Mass § vetoclly.  u=ctanhp = dic

Momentum Mass Myom (Galileo's mass) Defined by ratio p/u of relativjstic momentum toi group velocity.

p_ M, ,csinhp
u

M =—=
mom 1 0 0
M Moment
- M hp= rest omentum
[ rest COSILP \/1—u2 /2 Mass
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Definition(s) of mass for relativity/quantum ~ Given: Energy: E=Mc?coshp
= hv

phase
Rest Mc;jg M,»;:t (Ein;;eiéa ) n}flzass) Defines invariant hygerbola(s) momentum: cp=Mc> sinh 0
— Op = MC = KA E= i\/(Mcz) +(cp)2 = NeK ppase
hvphase Rest . dv
7 Mgt Mass velocity: u=ctanhp = dx
c Mass
Momentum Mass Muom (Galileo's mass) Defined by ratio p/u of relativistic momentum to group velocity.
_p M, csinhp SO : . p
M, = ; _ f:i; ahp Limiting cases: M mom 2 M,, e’ ]2
M > M
M mom UL C rest
— Mrest COShp _ rest Momentum
\/1 202 Mass
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Definition(s) of mass for relativity/quantum  Given: Energy: E=Mc”coshp

= hv
phase
Rest Mass Myes: (Einsteig 5 mass) Defines invariant hyperbola(s) momentum: cp =Mc” sinhp
— — — 2
hB hUA Mc hCKA E = i\/(Mcz) +(Cp)2 — hCKphase
hvphase Yy Rest o dv
7 M Mass velocity: u=ctanhp = e

Momentum Mass Muom (Galileo's mass) Defined by ratio p/u of relativistic momentum to group velocity.

M,,csinh o | \
M, = P _ M rest P Limiting cases: M, —— M., P2
u ctanh p . ;
= M h — Mf’eSf Momentum mom ULKc rest
= Mg COSNP = 5 -
\/ 1-u”/c Mass

Effective Mass M.; (Newton s mass) Defined by ratio F/a=dp/du of relativistic force to acceleration.
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Definition(s) of mass for relativity/quantum  Given: Energy: E=Mc”coshp

= hv
phase
Rest Mc;jg M,»;:t (Ein;;eiéa ) n}zass) Defines invariant hygerbola(s) momentum: cp=Mc> sinh P
— Up = Me = ek E= i\/(Mcz) +(cp)2 = NeK ppase
hvphase Rest . dv
7 Mgt Mass velocity: u=ctanhp = dx
c Mass
Momentum Mass Muom (Galileo's mass) Defined by ratio p/u of relativistic momentum to group velocity.
_p M., ..csinh p it . . P
M, = ; _ f:i; ahp Limiting cases: M mom 2 M,, e’ ]2
M > M
M mom UL C rest
=M,,, cosh p = rest MOj\Izentum
\/1 202 ass

Effective Mass M.; (Newton s mass) Defined by ratio F/a=dp/du of relativistic force to acceleration.

That is ratio of change dp=Mc coshp dp in momentum to change du=c sech?p dp in velocity
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Definition(s) of mass for relativity/quantum  Given: Energy: E=Mc”coshp

= hv
phase
Rest Mc;jg M,Zst (Em;;ezn S n}flzass) Defines invariant hygerbola(s) momentum: cp =Mc?sinhp
Uy C =NCK 4 E= J_r\/(Mcz) +(Cp)2 _ hCKphase
hv phase _ v Rest - Jv
2 T rest Mass VQZOley. U :Ctanhp — d_K-
C e
Momentum Mass Muom (Galileo's mass) Defined by ratio p/u of relativistic momentum to group velocity.
M., ..csinh L .
M, = S = ’:i; ahp p Limiting cases: M, . ——> Mreste /2
M > M
=M,,,coshp= M o5 Momentum MmO u<c rest
Ji—u?/c?  Mass

Effective Mass M. (Newton s mass) Defined by ratio F/a=dp/du of relativistic force to acceleration.

That 1s ratio of change dp=Mc coshp dp in momentum to change du= = sech?p dp 1in velocity

dp ccoshp -~
Meﬁc ZE =M =M

rest
csech? P
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Given: Energy: E =Mc? cosh P

Definition(s) of mass for relativity/quantum

= hv
phase
Rest Mc;jg M,»;:t (Em;;ezn ) n}flzass) Defines invariant hygerbola(s) momentum: cp=Mc> sinh 0
VA ¢ Theka E= i\/(Mcz) +(cp)2 = NeK ppase
hvphase Yy Rest o dv
7 =M o Mass velocity: u=ctanhp = -
c Mass
Momentum Mass Muom (Galileo's mass) Defined by ratio p/u of relativistic momentum to group velocity.
M., ..csinh S :
M, . = 5 = ’:i; ohp p Limiting cases: M, — >M ,,.e )
M > M
— M}"est COSh p = MreSt Momentum o e o
\/1 202 Mass

Effective Mass M.; (Newton s mass) Defined by ratio F/a=dp/du of relativistic force to acceleration.
That is ratio of change dp=Mc coshp dp in momentum to change du=c sech?p dp in velocity
ccoshp i =M, cosh’p ] Limiting cases: M SM,, e P12

csech? . e
P\ Effective Mass M M,

ukc

dp
Meﬁ‘ =E Mrest

88
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Given: Energy: E =Mc? cosh P

Definition(s) of mass for relativity/quantum

= hv
phase
Rest Mc;jg M,»;:t (Em;;em ) n}flzass) Defines invariant hygerbola(s) momentum: cp=Mc> sinh 0
VA ¢ Theka E= i\/(Mcz) +(cp)2 = NeK ppase
hvphase Yy Rest o dv
7 =M o Mass velocity: u=ctanhp = -
c Mass
Momentum Mass Muom (Galileo's mass) Defined by ratio p/u of relativistic momentum to group velocity.
M ., .csinh B :
M, . = 5 = ’:i; ohp p Limiting cases: M, — >M ,,.e )
M > M
— M}"est COSh p = MI"@St MOWZ@I’UMWZ o e o
\/1 202 Mass

Effective Mass M.; (Newton's mass) Defined by ratio F/a=dp/du of relativistic force to acceleration.

That is ratio of change dp=Mc coshp dp in momentum to change du=c sech?p dp in velocity

dp c cosh 3 L . X 3
Meﬂ — d_ =M,,, P ( =M, cosh”p Limiting cases: M off o M,,.e"/2
“ csech” P\ Effective Mass I, gy
eﬁ UZLC 7 rest
More common derivation using group velocity: u=V,,,,,= ‘j;;{’ j’z
M . = dp hdk R _ B _ M 51
B - - ~ 312

89
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Given: Energy: E =Mc? cosh P

Definition(s) of mass for relativity/quantum

= hv
phase
Rest Mc;jg M,»;:t (Em;;em ) n}flzass) Defines invariant hygerbola(s) momentum: cp=Mc> sinh 0
VA ¢ Theka E= i\/(Mcz) +(cp)2 = NeK ppase
hvphase Rest . dv
=M o5 e Group velocity: u=ctanhp = o
C N K
Momentum Mass Muom (Galileo's mass) Defined by ratio p/u of relativistic momentum to group velocity.
M ., .csinh B :
M, . = 5 — ’:i; ohp p Limiting cases: M, — >M ,,.e )
M > M
M mom UL C rest
— Mrest COShp _ rest Moj\n;enmm
\/1 202 ass

Effective Mass M.; (Newton's mass) Defined by ratio F/a=dp/du of relativistic force to acceleration.

That is ratio of change dp=Mc coshp dp in momentum to change du=c sech?p dp in velocity

dp ccosh p 3 S . . 3p
M = = =M,,, ( =M., cosh”p Limiting cases: M of M,,.e P2
. csech”p Lffective Mass M Y
of  u<c 7 rest
More common derivation using group velocity: u=V,,,,,= ‘f;;{’ Zz
c T P )
dp hdk h . h M 3
M 5 = = d do "5 =M ey cOSITP
dk dk ;g2 Effective Mass
' \_ )

----------------- da)

general wave formulaj - to accompany Vo= g
90
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Definition(s) of mass for relativity/quantum

Rest Mass Mes: (Emstezn 5 mass) E=hw
hB = hUA MC = ]’lCKA Finite-mass M }'QQ;Z./
hv phase M _ hex phase Rest dispersion & 5
= ;= . .
-2 res 2 Mass function hw(c o,
Momentum Mass Myon (Galileos mass) Defined by p/u E() e
M inh 2 é ;
M, =2 = Mrscsinhp | Xy |
U C tanh p radius of curvature E,}Q%c% g& Abo
M,,s  Momentum =
— Mrest COSh p — FZS > MaSS (momentum
\/ I1-u”/c ——— v
Effective Mass M.; (Newton's mass) Detined by F/a=dp/du e %\0\\\9 clocf.
That is ratio of dp=Mc coshp dp to change du=c sech?p dp in velocity ' \\0‘9@&2?\‘\
d ccosh ) cp=hck
Meﬁ‘ = Y = Mrest p (Mrest COSh3p
du csech? p :
Effective Mass
L : : do _dv
More common derivation using group velocity: u=V,,,,,= e
........ - -
M, = dp hdk _ n _ M 51 =M, cosh’ 0 Effective mass 1s
du dngup ddo d'o (1 22 )3/ 2 proportional to the
dk dk g2 L Lffective Mass ) radius of curvature
"""""""""""""""" do of w(k) dispersion.
: general wave formula to accompany ngup=ﬁ
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Definition(s) of mass for relativity/quantum

How much mass does a y-photon have?

Newton complained about
his “corpuscles” of light having

Rest Mass (a)y-restmass: M}, =0,<

Momentum Mass (b)y-momentum mass: M} ,= p_he_ h12) : “fits ” (going crazy).
C C C
N—(ATl s woul i £ i ' '
E[fective e (¢)y-effective mass: M;;yf: oo, p (All this would be evidence of triple Schizophrenia.)
hv _ _
M} o=—>=0(12:10"")kg-s=45-10" kg (for: v=600THz)
c
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Derivation of relativistic quantum mechanics
What’s the matter with mass? Shining some light on the Elephant in the room
3 Relativistic action and Lagrangian-Hamiltonian relations
Poincare’ and Hamilton-Jacobi equations
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Relativistic(action S)and Lagrangian—Hamiltonian relations

-t
-

-
-="
-
-
-
-="
-
-
-
-
-
- -
_____
-
-="
-
-
-
-
-
-="
-
-
-

" hv,=Mc*=heic
h ,q50= E =hv 4 cosh p

\hCK phase
Sunday, January 29, 2017

=cp =hv,sinhp

-
.
-

Prior wave relations (

«—linear Hz
format

angular phasor—

format

L hck

ho =Mc*=Fick ,
ho phase

phase

~N

=FE=hw,coshp

=cp =hw 4 sinhp




Relativistic(action S)and Lagrangian-Hamiltonian relations

Define Lagrangian L using invariant wave phase ®=/x-wt=/'x"-w't" for wave of k=/k,j.5c and w=wpiase.

Use DeBroglie-momentum p=hk relation and Planck-energy E=hw relation

dd dx h
L= h——hk——ha) h=—
dt .- dt 21
p = hk=Mcsinh p E =hw= Mc*cosh p
" v, =Mc*=hex \| Prior wave relations{. e ,=pc?=nck , \
MU pase= E =0y Co.shp «—linear Hz  angular phasor— hmphase E=hw , coshp f= i
\]’lCK' phase=CP =hv 4 sinhp ) format format e kphase cp =hw, sinhp oY s
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Relativistic(action S)and Lagrangian-Hamiltonian relations

Define Lagrangian L using invariant wave phase ®=/x-wt=/'x"-w't" for wave of k=/k,j.5c and w=wpiase.

Use DeBroglie-momentum p=hk relation and Planck-energy E=hw relation

dd dx dx h
L= h——hk——ha) p——E px—FE h=—
dt .- dt .dt 27
p = fik=Mecsinh p E = hw= Mc’cosh p
" v, =Mc*=hex \| Prior wave relations{. e ,=pc?=nck , \
MU pase= E =0y Co.sh p |—linear Hz  angular phasor—; ho phase™ = E =hw, coshp
\hCKphase:Cp =hv , sinhp ) format format thphase cp =hw , sinhp
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Relativistic(action S)and Lagrangian-Hamiltonian relations

Define Lagrangian L using invariant wave phase ®=/x-wt=/'x"-w't" for wave of k=/k,j.5c and w=wpiase.

Use DeBroglie-momentum p=hk relation and Planck-energy E=hw relation to define Hamiltonian H=E

dD dx dx Legendre
L=h—2= hk——ha) p——E px—FE = [DM—HZ L transformation
dt .- dt dt
p = hk=Mcsinh p E =ho= Mc*coshp=H
(" hv=Mc*=hex )| Prior wave relations . e ,=pc?=nck , A
N pase= E =0y Co.shp «—linear Hz  angular phasor—; hwphase E=hw , coshp f= i
\]’lCK' phase=CP =NV 4 sinhp ) format format thphase cp =hw, sinhp oY s
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Relativistic(action S)and Lagrangian-Hamiltonian relations

Define Lagrangian L using invariant wave phase ®=/lx-wr=/I'x'-\'t’ for wave of k=/k, . and w=wyhase.
grang g P P p

Use DeBroglie-momentum p=hk relation and Planck-energy E=hw relation to define Hamiltonian H=FE

dD dx dx . Legendre
L=h—=hk——-hw=p—-—-E=px—FE E[pu—H: L transformation j
dt dt dt s
Use Group velocity :u :E:C tanhp
p = hk=Mcsinh p E =hw= Mc’*coshp=H
" v, =Mc*=hex )| Prior wave relations ( #w ,=Mc2=hck A
MU pase= E =0y Co.shp —linear Hz  angular phasor— h® ., = E =hw 4 coshp f= i
\]’lCK' phase=CP =hv 4 sinhp ) format format ik s =cp =ho , sinhp oY s
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Relativistic[action S)and Lagrangian-Hamiltonian relations

Define Lagrangian L using invariant wave phase ®=/lx-wr=/I'x'-\'t’ for wave of k=/k, . and w=wyhase.
grang g P P p

Use DeBroglie-momentum p=hk relation and Planck-energy E=hw relation to define Hamiltonian H=FE

dD dx dx . Legendre
L=h—=hk——-hw=p—-—-E=px—FE EEDM—HZ L transformation j
dt dt dt Ix
e USC GTOUp velocity su=— =c tanh p
p = hk=Mesinh p  E=ho=Mccoshp=H
L= pu—H =(Mecsinh p)(ctanhp)— Mc’coshp
" v, =Mc*=hex )| Prior wave relations ( #w ,=Mc2=hck A
N pase= E =h0y Co.shp —linear Hz  angular phasor— h® ., = E =hw 4 coshp f= i
\hCK' phase=CP =hv 4 sinhp ) format format ik s =cp =ho , sinhp oY s
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Relativistic(action S)and Lagrangian-Hamiltonian relations

Define Lagrangian L using invariant wave phase ®=/lx-wr=/I'x'-\'t’ for wave of k=/k, . and w=wyhase.
grang g P P p

Use DeBroglie-momentum p=hk relation and Planck-energy E=hw relation to define Hamiltonian H=FE

dD dx dx Legendre
L=h—=hk——-hw = p——E = pr—E EEDM—HZ L transformation ]
dt dt dt s
e USC GTOUp velocity su=— =c tanh p
p = hk=Mesinh p  E=ho=Mccoshp=H
L=pu=H =(Mesinh p)ctanhp)— Mc’coshp
sinh®p— cosh
= Mc’ P P_ _ Mc’sechp
coshp
. —1
L is:Mc’ = — Mc’sechp
coshp
" v, =Mc*=hex )| Prior wave relations ( #w ,=Mc2=hck A
MU ppase= E=hv, coshp |—linear Hz  angular phasor—{ h® = E =hw, coshp f= i
\hCKphase:Cp :hUA sinhp ) format format . thphase:Cp :ha)A Sinhp) 21T
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Relativistic(action S)and Lagrangian-Hamiltonian relations

Define Lagrangian L using invariant wave phase ®=/lx-wr=/I'x'-\'t’ for wave of k=/k, . and w=wyhase.
grang g P P p

Use DeBroglie-momentum p=hk relation and Planck-energy E=hw relation to define Hamiltonian H=FE

dD dx dx . Legendre
L=h—=hk——-hw=p—-—-E=px—FE EEDM—HZ L transformation ]
A dt -
e USC GTOUp velocity su=— =c tanh p
p = hk=Mesinh p  E=ho=Mccoshp=H
L = pu—H =(Mcsinh p)(ctanhp)— Mc*coshp Note: Mcu=Mec" tanhp
sinh’p — Cosh s
= Mc’ P P_ _ Mc’sechp
coshp T
Compare Lagrangian L 2
L=h®d= — Mcz\/l —-—i = —Mc” sechp
C :
" v, =Mc*=hex )| Prior wave relations ( #w ,=Mc2=hck A
N pase= E =h0y C(?Shp —linear Hz  angular phasor— h® ., = E =hw 4 coshp f= i
\hCKphase:Cp :hUA smhp ) format format . thphase:Cp :ha)A Sinhp) 21T
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Relativistic(action S)and Lagrangian-Hamiltonian relations

Define Lagrangian L using invariant wave phase ®=/lx-wr=/I'x'-\'t’ for wave of k=/k, . and w=wyhase.
grang g P P P

Use DeBroglie-momentum p=hk relation and Planck-energy E=hw relation to define Hamiltonian H=FE

dD dx dx . Legendre
L=h—=hk——-hw=p—-—-E=px—FE EEDM—HZ L transformation ]
dt dt dt dx
e USC GTOUp velocity su=— =c tanh p
p =Tik=Mcsinh p  E=ho=Mc’coshp=H
L=pu—H = E(Mc sinh p)(c tanhp)— Mczcoshp ________________ Note: Mcu=Mc’ tanhp
sinh’p— cosh >
= Mc’ P P_ _ Mc’sechp
coshp
(Compare Lagrangian L 2 h
L=h®= —Mcz\/l——2 = —Mc’ sechp
C
with Hamiltonian H=E ;2
H=hw=Mc*/ 1-— = Mc°coshp
C
- J
" hv,=Mc*=hcic, | Prior wave relations ( aw ,=mMc?=tck , h
MU ppase= E=hv, coshp |—linear Hz  angular phasor—{ h® = E =hw, coshp f = i
\hCKP hase=CP =hv 4 sinh p ) format format _ hick . =cp =ho ,sinhp 2T
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Relativistic action § and Lagrangian-Hamiltonian relations

Define Lagrangian L using invariant wave phase ®=/x-w=/,'x'-\'t’ for wave of k=, e and w=wmhase.
grang g P P P

Use DeBroglie-momentum p=hk relation and Planck-energy E=hw relation to define Hamiltonian H=FE

d D dx dx Legendre
L=h—=hk——-hw=p—-—-E=px—FE EEDM—HZ L transformation ]
dt dt dt dx
e USC GTOUp velocity su=— =c tanh p
p = hk=Mecsinh p  E=ho=Mc'coshp=H
L=pu—H = E(Mc sinh p)(c tanhp)— Mczcoshp ________________ - Note: Mcu=Mc” tanhp
sinh®p— cosh
= Mc’ P P_ _ Mc?*sechp .
coshp Also: ep=Mc” sinhp
(Compare Lagrangian L 2 )
L=h®= —Mcz\/l——2 = —Mc’sechp
C
with Hamiltonian H=E ;2
H=hw=Mc/,[l-— = Mc’coshp
C
=M02\/1 + sinh 2,0 =Mcz\/1+(cp)2
- J
: h=h/2w , ..
" v, =Mc*=hcic, | Prior wavetelations ( nw =Mc?=hck , h
MU ppase= E=hv, coshp |—linear Hz  angular phasor—{ h® = E =hw, coshp f = i
\hCKP hase=CP =hv 4 sinh p ) format format _ fick . =cp =hw , sinhp 2T
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Relativistic(action S)and Lagrangian-Hamiltonian relations

Define Lageraneian L using invariant wave phase ®=/kx-wt=/I'x'-J't for wave of k=l .. and w=wyhase.
D D

Use DeBroglie-momentum p=hk relation and Planck-energy E=hw relation to define Hamiltonian H=FE

ds d® dx dx Legendre
—=lEh—=hk——hw = p——E = pr—E EEDM—H =L transformation ]
dt dt dt dt i
e Use GrOup velocity u=— =clanh p
p = hk=Mecsinh p  E=ho=Mc’coshp=H =csino
L=pu—H = E(Mc sinh p)(c tanhp)— Mczcoshp ________________ Note: Mcu=Mc’ tanhp
_ M2 sinh’p —cosh’p _ _ Mcsechp = Mc’sinc
coshp Also: cp=Mc” sinhp
fCOI}lpare Lagm.mgian L 2 \ =fick= Mcttano
(S=L=md}¥ —Mc’\|1-— = —Mc’sechp =—Mc*cosc
C .
with Hamiltonian H=E ” InCIU'dlng
H=hw= Mc? 1-— — = Mc? cosh p = MCZSCC O stellar
c , \/1 " , \/ - angle o
=Mc"\/1+sin =Mc"\/1+(c
(Deﬁne Action S=hé[>> P (cp) y
" hv,=Mc*=hcic, | Prior wave relations ( aw ,=mMc?=tck , A
MU ppase= E =hVy coshp [—linear Hz  angular phasor— 7@ ,,,.,= E =hw 4 coshp f = i
M€K jase=cp =hvsinhp | format format _ hick ;. =cp =hw,sinhp ) 27
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Phase Velocity

Be/u = Beoth(p)
=Bcs

Sunday, January 29, 2017

cle

p-cfrc/e

Broglie Wavelength
Ne = Beseh(p) =Bcoto

—Coc—)}aiﬁ_;ite angle v=atan(u/c)
______ ~~----\\\ .
Stellar aberration angle o=asin(u/c)
Momentum |/
cp = Bsinh(p) \
S =DBta
L~ \
: / Tar DeBroglie Wavelength
29 BAc = Bésch(p)
B Hm o =Bcoto
-Lagrangian 4
-L(u) = Bsech(p)= \%Q
Group V"plocity>v v |
u/c = Btanh(p)=Bsino
Phase Velo ity
Be/u = Beoth(p)=Besco
_ 2 2 2
L=-Mc“sechp |="-Mc“+Mu“/2+...
RelaWavity Web Simulation
{Physical Terms - All Terms|

105


http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=4%7C8
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=4%7C8
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=4%7C8
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=4%7C8

Derivation of relativistic quantum mechanics
What’s the matter with mass? Shining some light on the Elephant in the room
Relativistic action and Lagrangian-Hamiltonian relations
> Poincare’ and Hamilton-Jacobi equations
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Relativistic(action S)and Lagrangian-Hamiltonian relations

Define Lagrangian L using invariant wave phase ®=/lx-wr=/I'x'-\'t’ for wave of k=/k, . and w=wyhase.
grang g P P P

Use DeBroglie-momentum p=hk relation and Planck-energy E=hw relation to define Hamiltonian H=FE

dS (D) Legendre
[ ] hd—— hkd——hw pj——E px L= EDM—HZL transformation ]

dt dt dt

(Compare Lagrangian L > h
: 3 u
(S=L=ndxr - Mcz\/l —— = —Mc’sechp = —Mc’coso
C
with Hamiltonian H=E ;2
H=hw=Mc| [1-— = Mc’coshp = Mc’seco
C
=Mc’\/1+sinh >p =Mc’\J1+(cp)’
(Deﬁne Action SZH@D \/ P \/ (cp) y
" hv,=Mc*=hcic, | Prior wave relations ( aw ,=mMc?=tck , A
hvphase: E=hv, C(?Shp «linear Hz  angular phasor— ha)phasez E=hw,coshp f = i
M€K jase=cp =hvsinhp | format format _ hick ;. =cp =hw,sinhp ) 27
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Relativistic(action S)and Lagrangian-Hamiltonian relations

Define Lagrangian L using invariant wave phase ®=/lx-wr=/I'x'-\'t’ for wave of k=/k, . and w=wyhase.
grang g P P p

Use DeBroglie-momentum p=hk relation and Planck-energy E=hw relation to define Hamiltonian H=FE

dS () Legendre
[ ] hd—— hkd——hw pZI——E px L= EDM—HZL transformation ]

dt dt dt

(@S = [dt = hd@: hkdx —hwdt = pdx— H dt (POincare Invariant action diﬁ‘erentialj

g Y,
(Compare Lagrangian L > h
: . U
(S=L=ndxr - Mcz\/l —~— = —Mc’sechp = —Mc’coso
C
with Hamiltonian H=E ;2
H=hw=Mc*/ 1-— = Mc’coshp = Mc*seco
¢’ 2 2 2 2
=Mc"\/1+sinh“p =Mc"\/1+(c
(Deﬁne Action S=h€[>) \/ P \/ (cp) y
" v, =Mc*=hex )| Prior wave relations ( #w ,=Mc2=hck A
N pase= E =h0y C(?Shp «linear Hz  angular phasor—{ 7® ..~ E =h® 4 coshp f= i
\hCKphase:Cp :hUA smhp ) format format . thphase:Cp :ha)A Sinhp) 21T
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Relativistic(action S)and Lagrangian-Hamiltonian relations

Define Lagrangian L using invariant wave phase ®=/lx-wr=/I'x'-\'t’ for wave of k=/k, . and w=wyhase.
grang g P P p

Use DeBroglie-momentum p=hk relation and Planck-energy E=hw relation to define Hamiltonian H=FE

dS dd dx dx Legendre
[Z ZZJE hz = th— ho = pE— E= pr— E E[Du —H =L transformation j
Use Group velocity :u :%:c tanhp
(@S =1dt=hd (@: hlkdx —hodt = pdx—Hdt (Poincare Invariant action a’iﬁ‘erentialj
a_S — p a_S :_H (Hamilton—Jacabi equatiOnS)
dx o Qi "
s J
(Compare Lagrangian L 2 h
(S=L=ndx - Mcz\/l —— = —Mc’sechp =—Mc*coso
C
with Hamiltonian H=E ”
H=hw= Mc’/ [l-— = Mc’coshp = Mc’seco
C
=Mc”\/1+sinh*p =Mc*[1+(cp)’
(Deﬁne Action S=h€[>) \/ P \/ (cp) y
" hv,=Mc*=hcic, | Prior wave relations ( nw ,=mc?=tck , A
N pase= E =h0y C(?Shp —linear Hz  angular phasor— h® ., = E =hw 4 coshp f= i
th](p hase=CD = hv A sinh P ) format format . thphase:Cp =7 A sinh P 2T
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Derivation of relativistic quantum mechanics
What’s the matter with mass? Shining some light on the Elephant in the room
Relativistic action and Lagrangian-Hamiltonian relations
Poincare’ and Hamilton-Jacobi equations

3 Relativistic optical transitions and Compton recoil formulae
Feynman diagram geometry
Compton recoil related to rocket velocity formula

Comparing 2"-quantization “photon” number N and 15-quantization wavenumber s
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Relativistic optical transitions |high)=|e,) &/ |mid)=|w,) 2 |low)=|o,)
4
hw =E(cp)

Review of Thales geometry of
relativistic hw(ck) or E(cp)-space

9
.
>
S

(0;11 Sinh p p,

———Lcirc/,

-

+
®,,e F= 3 = @y,

4 /
3 . (l)m(,’ F= wﬁ
| | | | |
> 3 _
Doppler RED factor: 5= ¢ Doppler BLUE factor: 5 =€"” hck =cp
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Relativistic optical transitions |kigh)=|w,)
4

hw =E(cp)
Review of Thales geometry of
relativistic hw(ck) or E(cp)-space

e+P: 3 = w,

2 3 _
Doppler RED factor: 3¢ g Doppler BLUE factor: 7= e’ hck =cp
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Relativistic optical transitions |4igh)

4—
hw =E(cp)
Review of Thales geometry of

relativistic hw(ck) or E(cp)-space

a_‘zllv-;' =

=|w),)

Initial stationary
UE K thing wh—Mhlcz

+
a)me P= 3 = wh

hck =cp

o ——
L — @; - =
G 1 y == — Q
> 3 s
. : z
S:
4 / o
5 =W, e F= COK
| | | | |
- 3_
Doppler RED factor: 3 e Doppler BLUE factor: 5 e
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Relativistic optical transitions |kigh)=|w,)
4

hw =E(cp)
Review of Thales geometry of
relativistic hw(ck) or E(cp)-space

wll;- v,

Initial stationary
UE K thing wh—Mhlcz

‘e+P: 3 =w,

4 i -
3=0, =0 0
' R | |
> 3 _
Doppler RED factor: Z=e¢” Doppler BLUE factor: 5 =€"” hck =cp
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Relativistic optical transitions |kigh)=|w,)
4

hw =E(cp)
Review of Thales geometry G
relativistic hw(ck) or E(cp)-spawee

©n =3y

Initial stationary
UE K thing wh—Mhlcz

€+p: 3 — a)h

4 / -
E ®,,€ F= 605
| R | |
2 3 _
Doppler RED factor: 3¢ g Doppler BLUE factor: 7= e’ hck =cp
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Derivation of relativistic quantum mechanics
What’s the matter with mass? Shining some light on the Elephant in the room
Relativistic action and Lagrangian-Hamiltonian relations
Poincare’ and Hamilton-Jacobi equations

Relativistic optical transitions and Compton recoil formulae
%  Feynman diagram geometry
Compton recoil related to rocket velocity formula

Comparing 2"-quantization “photon” number N and 15-quantization wavenumber s
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Relativistic optical transitions |high)=|w,) &/ |mid)=|w,) 2 |low)=|w,)
4

hw

-/ Recoil from emitting an
oppositely c-moving
relativistic hW(Ck) or k& (Cp) -Sp ’1’; XELLOW khm “photon” (Wpm=—C | khm |:meinhp

Initial stationary K -

UE K, thing wy=Maic?

Review of Thales geometry G

s : g \ 7 K
K, 3 Kiml, h
0" Feynman

. . diagram

@ sinhp %P | (scaled down)
m " p__ - ~ peciy

o ! ‘-_"*-C.'_lg_..:\ Of

| emission

process

+\/) J
(Ume - 3 :a)h

w | &

| | [ | | |

hck =cp

2, 3 4p
Doppler RED factor: 3 =e Doppler BLUE factor: 5 =e
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Relativistic optical transitions |high)=|w,) &/ |mid)=|w,) 2 |low)=|w,)
4

hw

I Recoil from emitting an
oppositely c-moving
Y ELLOW Kpm “photon” whm=c| k/,, |FwmSinhp

Review of Thales geometry
relativistic hw(ck) or E(cp)-sp

Initial stationary i
UE Ky, thing wi=M hic2 K, khm‘ﬁ% K
\& Feynman
diagram
@®,,sinh p Y/ (scaled down)
GREEN K, thing P of
| \« Tz~ emission
N process
I 4 T ake-away point 0 | ( )
e o || Classical (and spectroscopic) 0, letP=3 = w,
' "8: Energy-momentum conservation|
1 ! is due to
4 S conservation in
3 (0,,,C-’_p =, quantum.—phase space-time
“wiggle-count”
\_ Y,
| R | | |
2_ - 3_ +p hck =cp
Doppler RED factor: —=e¢ Doppler BLUE factor: 5 =€
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Derivation of relativistic quantum mechanics
What’s the matter with mass? Shining some light on the Elephant in the room
Relativistic action and Lagrangian-Hamiltonian relations
Poincare’ and Hamilton-Jacobi equations

Relativistic optical transitions and Compton recoil formulae
Feynman diagram geometry
> Compton recoil related to rocket velocity formula

Comparing 2"-quantization “photon” number N and 15-quantization wavenumber s
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Relativistic optical transitions |kigh)=|w,)

Revie

relativistic

Thales geometry of

4

hw =E(cp)

4 / d p
lake-away point 2

Easy to compute
recoil rapidity p
/\ or recoil velocity u

Key recoil relations: N
w, e =3 =w,

2 “f’fl‘cle
Q
B
) AN
'SE
4 /
E =€ = @,
I | I
2 _
Doppler RED factor: —=e¢ ” Doppler BLUE factor:

Sunday, January 29, 2017

3

0, P =y
p=In My/M,, Exact rebgoil rapidity
o where: —““- = tanh p
C
u~cln My/M,,

__recoil

Low-ttrecoir approximation where: p =
C

|

% — €+i; hck =cp
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Relativistic optical transitions |high)=|w,) &/ |mid)=|w,) 2 |low)=|w,)
4

hw =E(cp)

Revie Thales geometry of

relativistic

lake-away point 3
Emission photons
are analogous to
rocket exhaust (not “bullets”)

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

...and this process is reversible

| . _"— oX /) . k, - J/
L 4 Key recoil relations: o
N / T3 S OpeP =@y |On¢ =3 =0
8 \
1 K p=In My/M,, Exactrecoil rapidity
4 Y or: where:
3= O =0, u~ c In My/IM,,
LOW-trecoir approximation where: p = %0”
| . | | |
2 3 _
Doppler RED factor: 5= ¢ Doppler BLUE factor: 5 =€"” hck =cp
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(p.q)— coo;“dzf(zates

rest frequency : ‘"‘rq‘pidity :

@, = wmeqp P, =P P
Pp,q T (Ckp,q ’ wp,q)

/

=,,e* (sinh pp, cosh pp)

—
- -

— 02—

v
All-rational-fraction lattice /

defined by discrete sub-group | a
of Lorentz Poincare Group [—— @b —

(Feynman path integrals defined
by group transformations)

-

C (p)-RL)
coordinate

transformations :

~ R-L R+L
p=— =",

R=p+q ,L=q-p

RelaWavity Web Simulation -
{Compton Scattering}

Doppler BLUE factor: % — P
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Derivation of relativistic quantum mechanics
What’s the matter with mass? Shining some light on the Elephant in the room
Relativistic action and Lagrangian-Hamiltonian relations
Poincare’ and Hamilton-Jacobi equations

Relativistic optical transitions and Compton recoil formulae
Feynman diagram geometry
Compton recoil related to rocket velocity formula
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>

2nd Quantization:

h - Frequency

|
\

hv is actually hNvV

(10 pas=E=hv sc0sh p) is actually (RN phase=E n=hNV 4coshp with quantum numbers)

1%t Quantization: N=1,2.3,..
Mode quantum number 7 of half~waves
o B B n=4 \/\
" =, ~hN e " E=hN
TAUNTAN,Y, E=hN,v E=hN,0 =hIN,0,
T N4 T T~ s

/

\

/

Energy

(
A

\z_
\
"
\

. V h /
=hck cp Y4
J \ [ \\ /
| / N 7
| 7/ c-Momentum = hc-Wavenumber
Boosted wave mode J/
9 | J Boosted cavity
PN I
=8 | wave —
| / has invariant
| 7 mode number n x
| ) photon number N, Lorentz
| // /./ contracted
cavity length
// /,-’ L=32
/) Proper length
/ X B 1=4.0
/ i L/ | o 4 \
/ \ \ ® / \
- £ L s

LA
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4 -3 2
Lo bbbl il b

[

e

20d Quantization:
Photon number N oscillator quanta

N
lake-away point 4

|Cavity quantum electrodynamics

(CQED)
and spectra are analogous to
molecular rovibronic dynamics
with
rotation-vibration algebra
replaced by
Lorentz-Poincare-Dirac algebra
(and geometry!)

\_ J
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2nd Quantization:

(hv phase=E=NhV 4cosh p) is actually( hNv

>

red photons

\
—

=
—

NJ:] n=1

red photon

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

N1=0 e e

n=1

ckn=1-(0

Sunday, January 29, 2017

N =2

2

> green photon

N,=1

n=2

0
D)

n=2

green photo

N

n=2

hv is actually hNvV

phase™

— — N
— =

%; N4:] n=4

E=hNv,coshp  (N=1,2,..) )

—f

violet phot

zero—Pomt ener’s)

15t-Quantized Wavenumber (“kink” or momentum number)
ck =3 ck =4

ckn=2-0)
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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 grid
Animation of mechanics and metrology of constant-g grid
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Acceleration by chirping laser pairs vodris 2012

From Lect. 35

Varying acceleration (General case)

Varying local acceleration p = p(7)

U= d_x = ctanh(7)
dt

dt

dx dx dt

— =cosh p(t
dt p(T) dt

ct = cjcosh p(T)drt

. T
Constant local acceleration p = gt
C

T
ct = cjcoshg— drt

C
2 2

. T
:C—smhg— ¢
g C g

=—2COS

dt dt

X = cj sinh p(7) dt

"Einstein Elevator"

C

i

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

ct N

X

= ctanh p(t)cosh p(T) = csinh p(T) [ ) x)i N\
frequency is frequency.is

Chirping
Tunable Laser

Chirping
Tunable Laser

X = Cj sinhg—T drt

C

Previous examples involved constant velocity
Constant velocity p = p, = const. "Lorentztransformation"

ct = cj coshp, dt

=cT cosh p,

=cTsinh p,

X = cjsinh p, dT

At x_s=x-ct

—
Blue-chirping ||
Tunable Laser |

—
Blue-chirping —|.
Tunable Laser || /

. . -
Blue-chirping ||
Tunable Laser It

Blue—chlrpl
"'

Blue-chirping ||}
Tunable Laser ||

Sunday, January 29, 2017

frequency i§ O_y =0 etP

Fig. 8.1 Optical wave frames by red-and-

e P

etP .
Chirping
_ Tunable Laser

Chirping
Tunable Laser

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

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

(x5
. )/2= ct = x() sinh(p)

X

>A
At

frequency is . =wg e P

——
Red-chirping ||
Tunable Laser

// X
0 €PN

s
v N

— X0 etp

=—— |
Red-chirping .|
Tunable Laser

blue-chirped lasers (a)Varying acceleration (b)Constant g
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(a) Constant p

AliceiCarla

time|C t

(b) Constant acceleration P

X

Sunday, January 29,

2017

Red-fixed=w eP
Carla

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

future
Blue-chirp=m, e P

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

Alice’s -chirp=0, @

Ll chirpZ0,_

Observers on the green

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

years

Red-chirp=w eP

Red-chirp=w e

Carla’s
chirps

-chirp=o,, H H
-chirp=0),, ” H

Bob’s CT-time path .

/Constant-g W -hyberbola |’

Red-chirp=w P

chirps _ o .
-chirp=0,, @ / (x_s+x. )/2=x = x( cosh(p) ] ll_“l‘&[-f‘_hzw:_wfp_ t(cj_zg(e)—)t
QSRR ~
;)iéjcg time|ct \lb\le-Chirp=(1)0e+P
Red-chirp=w e N\ \
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(a) Constant acceleration g | (b) Traveler paths of acceleration gq . S
Rapidity p vs proper time © | Al: g =g,e'” Bob: gO_C_ Carl: 9+1—90 '
Cl

p=g7/C | Inertial fmme coordinates "
Cl,O =CT ('xq Do q D ) — < x"}(: ‘
Cl a,e’(cosh pp,, sinh pp1 ) 9%‘ - :
o Geometric scale : -
— h q ' . "
x =a coshp oP1 — M%Q\

a sinhp

" ~Area
a=a’p/2

Cl—=

’,
Z
\
S

>

— ;; R4 L4 -
N — R S . s
N R4 £S 04
N *
N R . e © . -
: ' . + .
‘ . ’ = p1 .
N —
N o “ EN
N . ® - 'o 1 -~
AN Sz s - + -
N *
N .
N e D RARRY of R .
N D . . ®
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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 grid
> Animation of mechanics and metrology of constant-g grid
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(Controls ) ( Resume ) ( Reset T=0 ) ( Erase Paths ) Animation Speed e A x107 m——)— 3 8

Relativit Web Simulation NV AP
- {Accelerated proper-time frame} 0y 7
/"/ /. v, & / y - . / , ¢ v
- .\y‘ 7 p /3 ‘s ,» A ”, 4
B N 7 e / e 4 ’ #
— o & /4’ ’ d 7 r 4 g
A ’ z 4 ”, 4 ? / . A %
, 4 ,}/f/ 7 v 4 ”, ; P /,
-d / 7 . / / A ’ A v
N D 7 4 y
\Q, //;;’ ’_.’.’ 4 p A y p .
IR s v e ; 4

- 4 # 4 4'//' ’ z 4 f d

/// y l", ,' . - y, ",
— p & / A 9 A
i ) 7 / Y/
- //7 //

; /
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—
N
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Relativit Web Simulation
{Accelerated proper-time frame

.mmwaz/wul

4]

—0.97 It. year

| B — 7, a )///////

Bob's object hits

frame _
ct .

Inertial |
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Interfering light beams make Minkowski diamondls
A %

e ,/l/ ﬂ//‘ /,ﬂ,/l/ [‘31

Fig. 8.2 Accelerated reference frames and their trajectories painted by chirped coherent light

From Lect. 35
ModPhys (2012)
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Time

c-time
(waveperiod cT)

units:

Vo m=c-% fs

—4
CT ==
rou 3 —
g p group phase rap;dtty s;e;lézlz: Z ;azltgj 5for
bporer e’ %= 0.5
. 3
woup | €V opase | tanhp | sino g—O.6
woup | Kpnase | SIDRP | tano %=0.75
4
woup | Tonase | SEChP | cOSO §=0.80
woup | Upnase | COSHP | seco %=1.25
4
Toop | Apmase | €SChp | coto §=1.33
!V ron | Vorase!€ | cothp | csco %=1.67
| . _ J
o5 | 7V " 154 ]
£ mi”’ 2 11133 x-space(wavelength A)
phase ~_ 3 : (units: )5 um)
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c-time

(waveperiod cT)

units:

hum=c; fs

1.33=

group

|
SIN

1.5

A

phase

——133
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group | phase [ " [t VTt
oppler - 1
bt e’ 5= 0.5
: 3
Veour | €V s | tanhp | sino 520.6
. 3
Vo oase | SN P | tano Z:0.75
4
Ao | Torase | SEChP | cosO §=O.80
5 —
wour | Uphase | COShp | seco 2—1.25
4_
wowr | Monase | CSChp | coto 3—1.33
5
!V ron | Vorase!€ | cothp | csco §=1.67
2
bll%)LOlelgu e+p TZZO
| | | I
x-space(wavelength A)
(units: )5 um)
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C-time

(waveperiod cT)

units:

group | phase | e | ]t
. _ 1
b e’ —=0.5

) 2
: 3
Veour | €V s | tanhp | sino §20.6
. 3
Uy | Kpmase | SINhp | tano Z:0.75
4
Ao | Torase | SEChP | cOSO §=O.80
5
wour | Uphase | COShp | seco Z:LZS
4
wowr | Monase | CSChp | coto §=1.33
5
!V ron | Vorase!€ | cothp | csco §=1.67
. . 2
b e*? =20
— — 2
cothp=1.6/ =3
|

\
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2

x-space(wapelength A)

(units:/ ), um)
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. D [ V, v Tphase Uphase T Vohase
1 c Kphase Agroup Rgroup Aphase c
spa'ce bgz%pgr Vp;m,e K4 AA K4 ’\A ngp
apidity | e=¢ | tanhp sinhp | sechp coshp |cschp cothp.]..
el | 033 | 0.80 1.34 | 0.60 1.67 | 0.75 1.25

group
T

=csch
A =(0.75

v o

RelaWavity Web Simulation

(ct’vs x’) Parameter table for f=0.8
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V4

Space-Wavelength x’
(units: Aa= 0.51um)
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Bob's coordinates

Space-time parameters

. : Y, Z. Per-space-time parameters
for Alice's G-point Cl o) C 1 =1 esch — e sinh
xéZ;LASinh_p (Alice) phase™ 4CSC p CK‘phase_CKASlr1 p
, =;LT (sinhp ™ A prop="48€Chp CK ., =CK ,cOshp
ct,=/,cosh ’
G=/aCOP. - , cT,,...~CT sechp V,,...=V coshp
=ct,coshp Blue-Doppler, b P
\‘ N - > _ _ .
NN =1,e"” CT 400y =CT sCSChP V0, =0,SINNP
Bob's coordinates .
forAlice's P-point ™, ) G X
. . Ali
ctp=/)sinhp e
=c7 ,Sinhp "
, —
xp=/A,coshp P!
=c7 ,coshp
/
“h X (Bob)
| §
g rou p bD()ppler group vgmup )" group Kgmup Tgroup phase bDoppler
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