Group Theory in Quantum Mechanics
Lecture 12.5 22415
Symmetry and Dynamics of Cycyclic systems(contd.)

(Geometry of U(2) characters - Ch. 6-9 of Unit 3 )
(Principles of Symmetry, Dynamics, and Spectroscopy - Sec. 3-7 of Ch. 2 )

Wave coordinates in spacetime and per-spacetime for Bohr-Schrodinger Dispersion
Phase velocity for simple wave e®9: Newtons “corpuscle” tracks vs.wave-zero paths

Slow L-wave e't=¢!(K(L)x-w(L) )
Fast R-wave eR=¢!(k(R)x-w(R)1)
Phase velocity for wave pair e™ +e®=S-D: Half-sum factor S=e'1-+R®)?
Group velocity for wave pair e +e®=S§-D: Half-difference factor D= "R/ +¢i(L-R)/2

Introduction to wave coordinates by Left-moving and Right-moving laser beams
L-laser 600THz and R-laser 600THZ (Laser lab frame)
Phase P-vector and group G-vector span Cartesian spacetime coordinates

L’-laser 300THz and R’-laser 1200THZ (Doppler shifted in moving frame)
Doppler shifted L'-vector and R’-vector in (L, R)-per-spacetime
Vectors of phase P'=(R'+L/)/2 and group G'=(R’-L/)/2

Einstein-Lorentz-Minkowski “Relawavity” spacetime coordinates

Brief tour of and relativistic mechanics by geometry
Summary of optical wave parameters for relativity and QM
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Wave coordinates in spacetime and per-spacetime for Bohr-Schrodinger Dispersion
Spacetime (x,1) Per-spacetime (®,k)=21(v,K)

Wavenumber K=k/2T
Wavevector k=21K
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Wave coordinates in spacetime and per-spacetime for Bohr-Schrodinger Dispersion

Spacetime (x,t)

Phase velocity for simple wave ¢/~
is V=w/k=v/Kk where:

v —waves per second

and
K =waves per meter

or.

w =2mv =radians per second
and
k = 2mk =radians per meter

\
source L | l L:;. V,,%,)=(5/4, 3/2
ohr-Schrodinger. (V%) =(. )
L matter-wave

source

et

Per-spacetime (®,k)=21(0,K)

Wavenumber K=k/2T
Wavevector k=21K

e

0 I 2 3 4 5

Frequency v=0/21t Hz (Hertz)

Angular-Frequency =210
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Wave coordinates in spacetime and per-spacetime for Bohr-Schrodinger Dispersion
Phase velocity for simple wave e®-: Newtons “corpuscle” tracks vs.wave-zero paths

* Slow L-wave el=e!(kL)x-w(L)1)
Fast R-wave eR=¢i(k(R)x-w(R))
Phase velocity for wave pair e +eR=S8-D: Half-sum factor S=eT+tR)/2
Group velocity for wave pair e +eR=S-D: Half-difference factor D= TR+ i(L-R)2
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Slow L-wave el=gik(L)x-w(L)1)

Spacetime (x,1) Per-spacetime (®,k)=21(v,K)

T
ime Wavenumber K=k/2m

Wavevector k=21K

e

3 4

N Space x
ﬂ%(w( )=(5/4, 3/2) P Frequency v=w/21t Hz (Hertz)
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Slow L-wave el=ei(kL)x- (L)Y
Spacetime (x,t
P (x.0) Velocity v of waves
or “corpuscles’) in
Minkowski ((x))

1S slc%o—vertical

Time

Space x

AN
usce L I L=; V,,%;,)=(5/4, 3/2
ohr-Schrodinger. (V%) =( )
. matter-wave ©

source

U ve!

Per-spacetime (®,k)=21(0,K)

Wavenumber K=k/2T
Wavevector k=21K

mevies

3/2
Velocity v of waves
(or “corpuscles™) in
Minkowski (k (v)) is

Ky,

slope-to-vertical o=5k%/9
Ax v A
At _K'L _TL Ay K, T,
Ax v, A

3 4 5
Frequency v=0/21t Hz (Hertz)

Angular-Frequency =210
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Slow L-wave ell=ei(k(L)x-w(L) Y
Spacetime (x,t
P | ( ) Velocity v of waves
A 2 or “corpuscles”) in

. J 4/ Minkowski (i

Per-spacetime (0,k)=21(v,K)

BohrltWeb
(2.1)Resonance

Wavenumber K=k/2T
Wavevector k=21K
5/4 NOTE:
yl | P Lo Conventional dispersion
K, } k 3/2 } space is (v(k)) or (w(k))
where velocity v of waves
will be
slope-to-horizontal
| v
"""""""""" Z elocity v of waves
' r “corpuscles”) in
[inkowski (k (v)) 18 K
slope-to-vertical o=35k%/9
Ax _‘()L . A’L /
At K, ’L'I/
I//
RE
LTE
1 2 3 4 5

Space x
dwgdz(5/4, 3/2) P Frequency v=w/21t Hz (Hertz)
Johr-Schrodinger
. matter-wave

source Angular-Frequency =21V
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Wave coordinates in spacetime and per-spacetime for Bohr-Schrodinger Dispersion
Phase velocity for simple wave e®-: Newtons “corpuscle” tracks vs.wave-zero paths
Slow L-wave e=¢ik(L)x-w (1))
» Fast R-wave eR=¢i(k(R)x-w(R)1)
Phase velocity for wave pair e +eR=S8-D: Half-sum factor S=eT+tR)/2
Group velocity for wave pair e +eR=S-D: Half-difference factor D= TR+ i(L-R)2
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Fast R-wave eR=gl(k(R)x-w(R))
Spacetime (x,1) Per-spacetime (®,k)=21(v,K)

e

Wavenumber K=k/2T
Wavevector k=21K

B S by
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Fast R-wave eR=el(k(R)x-w(R))
. BohrltWeb )
Spacetime (x,1) (2.1)Resonance Per-spacetime (®,k)=21(v,K)

e

Wavenumber K=k/2T
Wavevector k=21K

B S LN

5
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Newton's “corpuscle” tracks of overlapped Slow L-wave el=ekL)xwl)) & Fast R-wave eR=g/(kR)x-w(®)Y)

: /1
Spacetime (x,1) A Dol / o Per-spacetime (®,k)=21(v,K)

TRKR35/
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Wave coordinates in spacetime and per-spacetime for Bohr-Schrodinger Dispersion
Phase velocity for simple wave e®-: Newtons “corpuscle” tracks vs.wave-zero paths
Slow L-wave e=¢ik(L)x-w (1))
Fast R-wave eR=¢i(k(R)x-w(R)1)
* Phase velocity for wave pair e +eR=S8-D: Half-sum factor S=eT+tR)/2
Group velocity for wave pair e +eR=S-D: Half-difference factor D= TR+ i(L-R)2
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Phase velocity for wave pair ev +eR=S-D: Half-sum factor S=e/+R)/2

Spacetime (x,t)

Time t
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Phase velocity for wave pair ev +eR=S-D: Half-sum factor S=e/+R)/2
Spacetime (x,1) bo Vo 4 /8 Per-spacetime (0,k)=21(0,K)
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Wave coordinates in spacetime and per-spacetime for Bohr-Schrodinger Dispersion
Phase velocity for simple wave e®-: Newtons “corpuscle” tracks vs.wave-zero paths

Slow L-wave el=¢i(k(L)x-w(L)1)
Fast R-wave e®R=¢i(kR)x-w(R)1)
Phase velocity for wave pair e +eR=S8-D: Half-sum factor S=eT+tR)/2
Group velocity for wave pair e +eR=S-D: Half-difference factor D= TR+ i(L-R)2
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Group velocity for wave pair e +eR=S-D: Half-difference factor D= TR+ i(L-R)/2

Spacetime (x,t) *c_Vo_* /8 Per-spacetime (0,k)=21(0,K)
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Group velocity for wave pair e +eR=S-D: Half-difference factor D= TR+ i(L-R)/2

Spacetime (x,t) *c_Vo_* /8 Per-spacetime (0,k)=21(0,K)
T, Ko 3/ 15
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Group velocity for wave pair e +eR=S-D: Half-difference factor D= TR+ i(L-R)/2
Spacetime (x,t) *c_Vo_* /8 Per-spacetime (0,k)=21(0,K)
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Group velocity for wave pair e +eR=S-D: Half-difference factor D= TR+ i(L-R)/2
Spacetime (x,t) *c_Vo_* /8 Per-spacetime (0,k)=21(0,K)
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Group velocity for wave pair e +eR=S-D: Half-difference factor D= TR+ i(L-R)/2
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¥ 7. kK. 3/ 15

BohrltWeb
(2.1)Resonance

Wavenumber x=k/2T
Wavevector k=21K

{3 e

VU,
p R+L KptKy, ( 25/8

2 2
UV,

KR_KL

-

G=(R-L)/2

)i 2 3 4 5

Frequency v=w/21t Hz (Hertz)

. R matter-wave Y
source

Angoular-F: W=2TTV
R omtc)=(5.0, 3.0) ngular-r'requency

Wednesday, February 25, 15 20



http://www.uark.edu/ua/modphys/markup/BohrItWeb.html?scenario=612
http://www.uark.edu/ua/modphys/markup/BohrItWeb.html?scenario=612
http://www.uark.edu/ua/modphys/markup/BohrItWeb.html?scenario=612
http://www.uark.edu/ua/modphys/markup/BohrItWeb.html?scenario=612

ANAN

\

N AN

Group velocity for wave pair e +eR=S-D: Half-difference factor D= TR+ i(L-R)/2
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»]ntmduction to wave coordinates by Left-moving and Right-moving laser beams
L-laser 600THz and R-laser 600THZ (Laser lab frame)
Phase P-vector and group G-vector span Cartesian spacetime coordinates

L’-laser 300THz and R'-laser 1200THZ (Doppler shifted in moving frame)
Doppler shifted L'-vector and R’-vector in (L, R)-per-spacetime
Vectors of phase P'=(R'+L/)/2 and group G'=(R’-L’)/2

Einstein-Lorentz-Minkowski “Relawavity” spacetime coordinates

Brief tour of and relativistic mechanics by geometry
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(a) Laser “Baseball Diamond”

u=0 space-time coordinates

(c) Laser Coherent Wave (CW) paths
Cartesian grid)

Introduction to wave coordinates by Left-moving and Right-moving laser beams

Wave coordinates with Linear Dispersion

space x

Group
G=

(b) Laser group and phase wavevectors
(Per-space-time Cartesian lattice)

600Thz 600Thz (Space_ﬁme
Lefi-to-Right Right-to-Left
Beam t . Beam
— per-time - ]
=l _ =k time ct
w=21V
2m \
2nd basd_] !
3rd base P ® 1st base
LK, R=K ' (7,)
Ea m
.,
per-space

u=0 space-time pulse waves

CM with a BANG! Fig. 8.2.1

(d) Laser Pulse Wave (PW) Paths
(Space-time Diamond grid)

CM with a BANG! Unit 8

Continuous Wave (CW) coordinates
discussed in following pages...

...Starting with standing-wave case
shown here

Pulse Wave (PW) coordinates
(“Packet-Wave” or “particle-like”)
PW dynamics is discussed in the

following Lecture 13
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Introduction to wave coordinates by Left-moving and Right-moving laser beams

u=0 space-fime coordinates Gives u=3c/5 Einstein-Lorentz-Minkowski coordinates

(a) Boosted Laser “Baseball Diamond” (c) (u=3c/5)-Boosted CW paths

(Per-space-time rectangle) (Space-time Minkowski grid)

1200Thz 300Thz ,

time time
Lefi-to-Right Right-to-Left C f, ot
Beam ; eam
per-time )
Ve & o <i,
R w321V

Doppler shifted (CW) coordinates
discussed in following pages...

2m

RI=KI
. . . 1 sp
...Starting with velocity u=3c/5 case
shown here
L’=K’3 per-space C
A ck’=2mc ¥
(b) Boosted group and phase wavevector.
(Per-space-time Minkowski latti
~/" (d) Boosted PW Paths
, 7 (Rectangular grid)
Doppler shifted PW dynamics Group
. : G = ¢
is discussed in the )

following Lecture 13

u=u space-time pulse waves %

u=3c/5 space-time pulse waves

CM with a BANG! Fig. 8.2.1 CM with a BANG! Unit8 — CM with a BANG! Fig. 8.2.2
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Introduction to wave coordinates by Left-moving and Right-moving laser beams

2, S AVAVE-— @M
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\
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WClV@ —y-Wave-node
\\ // \\PW//iathS
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Carteszqn N /2@2\
space-time ~. 7 |>. 7 |Laser Space
interference . . . . N A |xe axis
nodal pattern . . -
wave Atom Time
ef\f:;(l)[;?e
(b) Boosted or ™\ 4\
detuned wave \/ &\ [~ »
Boosted wave A‘ / '
interference nodes 70N
make w - CM with a BANG! Fig. 8.2.3
Lorentz-Minkowski
space-time CM with a BANG! Unit 8
coordinates Atom Space
x'-axis
Z
- /
laser speew .
Moving Moving
Wy = 4.0¢||cw Argon laser CW Argon faser Y
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Introduction to wave coordinates by Left-moving and Right-moving laser beams
L-laser 600THz and R-laser 600THZ (Laser lab frame)
Phase P-vector and group G-vector span Cartesian spacetime coordinates

L’-laser 300THz and R'-laser 1200THZ (Doppler shifted in moving frame)
Doppler shifted L'-vector and R’-vector in (L, R)-per-spacetime
Vectors of phase P'=(R'+L/)/2 and group G'=(R’-L’)/2

Einstein-Lorentz-Minkowski “Relawavity” spacetime coordinates

Brief tour of and relativistic mechanics by geometry
Summary of optical wave parameters for relativity and QM
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L-laser 600THz and R-laser 600THZ (Laser lab frame)

(a) Right-moving CW &'~
l k=+2 ®=2c

-CW Dye-laser
600 THz
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)
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|
\ \
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Wavelength A=2m/k=1/K
(0.5mm=0.5-10"%m)

Period 1=21n/m=1/v
(1.67fs=0.167-10"°s)

Space x

(b) Left-moving CW pl(-hx-wi)

k=-2 = 2ely

T e T
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VLR R AT e
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AT AN AT TNy

Relativity and Quantum

Theory by Ruler and Compass
Fig. 5

VY

Space x
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Introduction to wave coordinates by Left-moving and Right-moving laser beams
L-laser 600THz and R-laser 600THZ (Laser lab frame)
Phase P-vector and group G-vector span Cartesian spacetime coordinates

L’-laser 300THz and R'-laser 1200THZ (Doppler shifted in moving frame)
Doppler shifted L'-vector and R’-vector in (L, R)-per-spacetime
Vectors of phase P'=(R'+L/)/2 and group G'=(R’-L’)/2

Einstein-Lorentz-Minkowski “Relawavity” spacetime coordinates

Brief tour of and relativistic mechanics by geometry
Summary of optical wave parameters for relativity and QM
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L-laser 600THz and R-laser 600THZ (Laser lab frame)
Phase P-vector and group G-vector span Cartesian spacetime coordinates

Relativity and Quantum Theory by Ruler and

Compass
(c) Standing CW in space-time (d) Dispersion plot
V(x,t)= (e zmt) (2coskx)= — pi(kx-0t) 4 pi(-kx-00t) In per-space-time
p ase group |\P|
detOV fClCtOV group
Zem Frequency
D Relativity and Quantum
O () Theory by Ruler and Compass
§ Fig. 5
\/ v Phase vector
1/2-sum 1500 _ s
Re“Pphase-zer THz Group vector
—p= R+L 120 1/2-difference
phase P 4
THz . B R-L,
900] 4 group— >~ 2
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Using (some) wave parameters to develop relativistic quantum theory
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5 4 5 4 3 3 1

value for

1
B=3/5 )
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Using (some) wave parameters to develop relativistic quantum theory
ACUphase = Bcosh @z B +% sz(for UKC)

e . coshp= 1+2p ~1+2 > b= Uy
_gphase—Bsmhp) Bp 5 (for u<c) B=0,=ck,
77 . sinh p~p~
— = tanhp =p . (for u<c)
C
- [ B o At low speeds
U hase = B+Ec_2u & for (u<c)
/v
g rou p b}?ggpler ngjup 2’ group Kg oup Tgroup VpZase b glj)[];%ler
hase 1 C C 1
p bl?l(,)lljlger Vphase Vgroup bl?ggpler
rapn e’ @nh p cothp | €™

N . _
stellar 1/e*? sino csco 1/e7?

_u | =B B ! 1| 1B
o | V148 1 B2—1 B 1-

1 3 3 4 5 4 5 2
el | =05 | 2=06 ~=075 | ==080 >=125| ==133 2=167 | =20
2 5 4 5 4 3 3 1
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Using (some) wave parameters to develop relativistic quantum theory

_ ~ 1pa2
ACUphase = BCf)Sh @~ B+5 Bp~(for u<c) coshpz1+%p2z1+%u—2 B=v,

_@phase=Bsmhp)zBp (for u<c) o ¢ B=v,=cK,

7 sinh p=p=~—

— = tanhp = pj (for u<c) ¢

L 1 B At low speeds: B
Uphase = B + 5_21/12 Do fOI’ (M<<C) — Kphase = —21/t Uphase and K'/phase I'GSGmble
¢ hB formulae for Newton’s kinetic
Rescale Vphase by /1 50: M=— energy EMMZ and momentum Mau.
C

1
Resembles: const.+ EMMZ Resembles: Mu

1
-
|4 () T () T 14
time b Doppler group group phase phase group phase b Doppler
RED L c j TA ( UA TA c BLUE
1 c group K group A’ phase c 1
space b Doppler v T K— l 1% bD()ppler
BLUE phase A A A group RED
e @nh P sech p @osh p)| cschp cothp | €
e 5 | e | sino cosG  seco | cotoc  csco | le”
_u | B B 1 A 1 [JBL 1| 4B
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 5 4 3 3 1
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Using (some) wave parameters to develop relativistic quantum theory

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

coshp= 1+2p ~1+2 2

phase = Bsinh p) B P (fOI‘ ULC )
u sinh p~p~
— = tanhp = pj (for u<c)
C
- 1 B At low speeds:
2
U phase = D+ 5 2l <for (<)== Kypgge =
C
hB
Rescale Uphase by 1 1s0: M=—-
! C
2
hvphase~hB + — u = fOI‘ (M<<C) - thhaseN
C
1
Resembles: const.+ EMu2 Resembles: Mu
/v
— LV T
¢ C

phase ! ¢ ¢ 1
bl?[i)gger Vphase Vgi’oup b[?ggp fer

r“pl’;dity e’ @nh ) coth p e’
SZZZ 71 1/e™ | sino csco | l/e™”
v BB p7—1 1 | [14B
e | V148 1 B2—1 1 1-B 1 B 1-B
Py i %= 0.5 §=0.6 %:0.75 Y080 22125 | 2133 2167 %:2.0

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

u Uphase and K'/phase resemble

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

So attach scale factor /4
to match units.
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Using (some) wave parameters to develop relativistic quantum theory

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

coshp= 1+2p ~1+2 2

CK phase = D sinh p) Bp (for u<c)
u sinh p~p~
— = tanhp = pj (for u<c)
C
~ 1 B At low speeds:
2
U hase = B+—-—u & for (u<c) = K phase
2 hB
A ] 2 (The famous
Rescale Uppase by 1 150: M= ) or: hB=Mc* .- u
1 2
MU ppgse=hB +— ) us for(u<kce)= Ik 40~
1
Resembles: const.+ EMu2 Resembles: Mu
/v
group bgggplﬂ ngroup Tgroup Vphase bgfg%ler
C C

hase ! ¢ ¢ 1
p bl?l?{?]lger Vphase Vgroup bl?ggpler
r“pl’;dity e’ @nh ) coth p e’
SZZZ Z 1/e"” | sino cSCo 1/e”

v BB p7—1 1 | [14B

¢ | V148 1 B2—1 1 1-B 1 B 1-B
Py 1 o05] 2206 32075 | 22080 2=125| 22133 22167 2220

2 5 4 5 4 3 3 1

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 /4
to match units.
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Using (some) wave parameters to develop relativistic quantum theory

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

coshp= 1+2p ~1+2 2
_;phase = Bsinh p) Bp (for u<c)
77 sinh p~p~
— = tanhp =p (for u<c)
C
~ 1 B At low speeds: B
2
Uphase = B+ Ec_zu & for (u<c) = K phase = C—zu
hB 2
g ] 2 (The famous Mc
Rescale vphase by 1 s0: M= ) or:hB =Mc”™ s up herel)
1 hB hB
U pase=hB + 22 u® &for (ukc)= hx phasezc_z u
I S S S
h s~ Mc™+ > Mu &flor (u<c)= K 5.~ Mu
hv
v
group bggg’ fer Tgroup phase b gfglger
T, c
1 A c 1
h phase
p e bl?l(,){yllger 2“A Vgroup bl?ggpler
e cschp  cothp -
SZ[Z; o | Ve cotw 1/e”
_u| 1| B 1 1-p° It yB-1 1 4B |(old-fashioned
_C l+ﬁ 1 B—2_1 1 l—ﬂz 1 ﬂ l—ﬁ notation)
o 1 o05] 2206 32075 | 22080 2=125| 22133 22167 2220
2 5 4 5 4 3 3 1

S Lucky coincidences??

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 /4

match unaits.
* Cheap trick?:
TI/:)/ exact Uphase ces

phase™ hBcosh p = Mc’ cosh P
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Using (some) wave parameters to develop relativistic quantum theory

_ B 1 pi2
vp,mse Bcosh py= B +3 Bp~ (for u<c) cosh- 1+2p U . B=v,
CK phase = Bsinh p)= Bp (for u<c) B=v4=cK
A A
7 sinh p~p~
Y~ tanhp = pj (for u<<c)
C
- 1 B At low speeds: B
Uphase B + 5_2142 <: fOI’ (M<<C) :> Kphase = —21/t Uphase and K'/phase I'CSGmble
¢ hB ¢ formulae for Newton’s kinetic
. 2 (The famous Mc¢?
Rescale vphase by 1 s0: M —C—2 orhB=Mc™ owsupherel) CNEIZY > Mu? and momentum Mu.
1 hB 5 hB So attach scale factor /
h =hB+——u for (u<c hK =——1U .
Uphase 2 2 —for ( )= phase o2 to match units.
) 1 B L ucky coincidences?? * Cheap trick?:
hv Mc™+ Mu & for (ukc)= hx =~ Mu
phase ( ) phase TI/:)/ exact Uphase
thphase: hBcosh p =Mc* cosh p
a = = - = Planck (1 900) M2
Doppler group group gfoup group phase Doppler
group | by, L c TA B T, . byur = Total J
pce | c T o ase 2shase c 1 instein (1 905 ) \/ l-u’/c?
p bl?[i)gger Vphase TA 2“A Vgroup bl?ggpler - (oltdj[fas};mned
.. notation
rapn e’ @nh p sech p cschp  cothp . .‘ ]]‘{9 C?(:g P] ZSZ;k
e o | e | sino COSO cotw 1/e” ; N | _

1+ 1 B>-1 1 1_ﬁ2j 1 B 1-8

1B | B L | 1P [1 X671 1| 4B )\

value for
B=3/5

=0.5 é=O.6 E=0.75 i=O.80 §=1.25 i=1.33 é=1.67 %=2.0
5 4 5 4 3 3 1

1
2

Wednesday, February 25, 15 55



Using (some) wave parameters to develop relat1v1st1c quantum theory

() = Bcosh p)= B+ Bp*(for u<c —
phase @ 2 7P ( ) coshp= 1+2p ~1+2 2 5=0y4
CK phase = Bsinh p) Bp (for u<c) B=v,=ck,
sinh p~p~
" = tanh f
\; = lan p - p ( o1 l/t<<C) Max Planck
1B , At low speeds: B 16581947
Uphase B + E_zu <: fOI’ (l/t <<C) :> Kphase = —21/t Uphase and K'/phase I'CSGmble
¢ hB The £ ¢ 1.2 formulae for Newton’s kinetic
Rescale Uphase 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 5 hB So attach scale factor 2 (or hN)
MU ,pase=hB + 22 u- «ftor(ukc)= Ik phasezc_z Utk units,
I S S Lucky coincidences?? cpoqp iricio
hv Mc+ Mu &for (u<kc)=> K =~ Mu
phase 2 ( ) phase TI/:)/ exact Uphase
-~ . _ 2
Need to remw):thv phase=1Bcosh p=Mc~coshp
— J with /AN to ma{ch Planck (1900) )
W T Vo T o V s e.m.*energy density ¥ Total E Mc
8 RED c T, cle E-E =) vaha& = 101la neI‘gy J \/
A 1 ¢ This motivates the Einstein (1905) l-u”/c”
phase porer |y ‘particle” normalization
— = _ i Bi rry: Is not
rap;)dlty e P @nhp f \Ij \Ij dV= N V= hv g WO y .S .O
illator energy quadratic in frequency v?
el 7\ 1/e*? | sino cotc  csco | 1/e” I S
¢ HO energy—EA v
1- -1 1 1 :
| BB - P — 1+p Resolution andiry seeret: £, N, and Upnase are all
c 1+ 1 B>-1 1 1_ﬁ2j 1 B 1-B .
1 ; 3 7 s ; : : frequencies!
pad’ | ==05| ==06 ==075| -=080 ==125| —=133 ==167| —=20
2 5 4 5 4 3 3 1
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Using (some) wave parameters to develop relativistic quantum theory

1 2
v = Bcosh p)= B +; Bp* (for u<c u?|
phase . P 2P ( ) coshpzl+%p2z 1+%—2 '.
CK phase = D sinh plz Bp (for u<c) | y c
77 sinh p=p=—
B~ tanhp = pj (for u<c) c I
Max Planck  Louis DeBroglie
\_C At low speeds: 1858-1947  1892-1987
1B , ' B
Uphase = B + 5_214 <: fOI’ (M<<C) :> Kphase = —21/t Uphase and K'/phase I'CSGmble
¢ hB o f ¢ , formulae for Newton’s kinetic
Rescale v by h so: M=—3 or:hB = M62 (The famous Me — Mu? and tum M
phase OY ; 62 : = shows up here!) ~ €Nergy 5 u- and momentum Mu.
1 hB 5 hB So attach scale factor % (or AN)
hv phaseth +—-—u" = for (u<c)= hx phase= U (ot s
, 1C 2 ....................................................... C _________________________ wral wave conspirac ExpenS!Vlg?
., =~Mc+—Mu~ <for(u<ec)= hk.,. ~Mu + Clreap trick?
phase 2 ( ) phase Try exact Uphase and szhase...
" Need to remgelzthv phase="1B cosh p =Mc*coshp
— /i with /N to mat.ch Planck (]900) 5
g rou p bDoppler Vgroup vgroup Vphas e.m.*ener gy denS lty A\ T 1 E . E _ M C
RED L . v, ¢ | BE ~hNUpase) |~ otal £nergy: _f \/ -
phase | — ¢ (K e c 1 Einstein (1905) l-u”/c
bl?l(,){yllger V hase \ KA V rou bl?ggpler ° 2 °
— : - hck =hBsinh p =Mc” sinh
rapn e’ @nh@ (sinh p) cothp | ¢ |_up hase p p
e o | 1€ | sinc  tano': _coto__csco | 1e” | 1 . . Muc
. — = - (old-fashloned Cp =
u T i [ 1 1 145 \/ﬁ -1 \/1_u2 notation) \/1—l/t2/C2
=— — — — — c
1+ 1 2_ 1—
c 5 B2-1 B B v A — M
e for 105 |2206 22075 22080 2-125| 22133 22167 | 2220 omentum. 7k phase™ 7 ™ 7, 9
2 5 4 5 4 3 DeBroglie (1921) /l=u”lc
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U ,hase = B cosh @z B +% sz(for UKC)

Using (some) wave parameters to develop relativistic 1uantum theory

2 .
u 1 -
: coshp=1+3 p= 1+%—2 B = B=v,

CKphase:BSthplz Bp (for u<c) ih ppt c ‘i ¥ AB=v,=ck,
inh p=p=— - .
7 5

Z = tanhp = pj (for u<c) c AL
ax anc ouis veproglie
\_C - At low speeds: 5 1858-1947  1892-1987
2
Uphase = B + 5_214 <: fOI’ (M<<C) :> Kphase = —21/t Uphase and K'/phase I'CSGmble
¢ hB ¢ , formulae for Newton’s kinetic

R 1 by / M= B = M. 2 (The famous Mc 1 )

escale Uphase Y 1 S0 M= 2 Or:nb = MC™  owsuphere!) — ENETZY EMM and momentum Mu.

1 hB 5 hB So attach scale factor /4 (or hN)
h ~hB+——u for (u<c hK ~——1 .
v phase ) 02 « for ( )= phase 02 to match units.
2 1 :"'2"""""""'"""'""""""'""'""""""""""'I --------------------- L lralwoaveoc nSpl'I/'aC ExpenS.l.Vke?
h ., = Mc+—Mu® <for(u<ec)= hx ~ Mu + Civeap Irick?.
phase ( ) phase Try exact Uphase and szhase...
UAF Colloquium Nov. 14 2014 - - p)
Need to repl—aﬁ":thvphase: hB cosh P =Mc COShp
— v /1 with AN z‘odmat.ch Planck (]900) Iy )
g”'OI/lp b}?ggpler group vgroup Tgroup phas e'm'*energ:y enSlty A\ T t lEn r . E _ C
C UV, Ty ¢ \€0E°E :hN/UphaSﬁ = 1old ¢ gy. J_\/ 2,2
h 1 c (Kphase This motivates the Einstein ( 1905 ) l—u~/c
pnhase bl?li){?][ger Vphase L K-A ‘partiCIC” normalization

[ W gy=N ¥=|—E NeK ppase=nBsinh p =Mc”sinh p

r“”;;d”y e @nh@ (sinh p) h
T u

e o | 1€ | sinc  tano': coto csco | Vel ... 1 - | Muc
!.\ - ——= - (old-fashloned Cp =

| =B B [ 1 R B R N

C 1+ 1 2_ 1 1—
B B7-1 B B Vo
3 3 4 5 4 5 2 Momentum: hK

DeBroglie (1921)

1 — —

aliefor | _—05 | 2=0.6 ==075 | ==080 >=125| ==133 2=167 | ==2.0 phase

p=3is | 5 5 4 5 4 3 3 1 \/l—l/tz/C2
5
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Using (some) wave coordinates for relativistic quantum theory

UAF Colloquium Nov. 14 2014

Energy (E
8 ) Momentum r~<ov
=] cp = Usinh(p) /‘&

Hamiltonian
H(p) = Bcosh(p)

Rest Energy
B=w

| Per-Space (¢p, |

(a

matter wave:

xact Einstein- Planck Dispersion

Mass ( restin g)

Energy ‘
M0 phase= E !?P_A_ cosh p el
1885-1962

Momentum

hck =cp =hcK 4 sinhp = hv A Sinhp

phase™=F —1*ER ASEEIE TPV A
Lnergy versus Momentum ’
neg
energy

positive rest energy Mc?
X E2 - ¢2p2 =(Mc?2 )2
\\\\ Energy \ ,
\\\ Ezhw , , tachyon:
er{frame imaginary
\\\\\ ) photon:
. e zero |
N 7 E=+cp
-, O Momentum
NN cp=hck
N NN N

Bohr- Schrodmger Approximaio

W, =49 ]

36 H = p2r

25
/6
9
4

m

sStates

E 2=(Mc2 )zc:osh2 P

(e (1ssinnp = me? )

2
+(Cp)2 = E = i\/(Mcz) +(Cp)2 ~ Mcz+ﬁ

-60-4-4-3-2-1 01 2 324 )
P

6< states
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UAF Colloquium Nov. 14 2014

Momentum '

cp = Bsinh(p) 7
N =DBta .-

Phase Velocity 1%
Be/u = Beoth(p) S =7
=Bcs X \\ NN Tarmoqi DeBroglie Wavelength
Phg ey BNCZgesehie)
-Lagrangian S
S A.(u) = Bsech(p)= &>

Group V:'pIocity>V v

p-circle u/c = Btanh(p)=Bsino
b-cfycle
/D Broglie Wavelength Phase Velogcity
Mo =Besch(p)=Bcoto | Be/u = Beoth(p)=Bgesco

L=-Mc? sechp M +MuP/2+...
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Relawavity WebApp

| Physical Terms

SRR

+)

vic = 8 =0.600
Doppler blue shft factor = b = 2.000
Doppler red shift factor = r = 0.500
v = 0.540 = 30.964°
p=0.683
o=0.644 = 36.870"
S 'roulat Functions
(o) 0.6435
gth{c) = 0.6435
l\naa ) = 0.6435
in(o) =86000

o) = 0.7800

sinh(p) =
cosh(p) = 1
sech(p) = 0.8000
cschip) = 1.3333
/coth(p) = 1.6667

]
—

Energy (E)

-
-
-
-

-

(Contextual) (Set ISM) (User’s Guide)

. I
-
~
PR

~
S
’

—_ p-arcie

b-cjrcle

DeBroglie Wavelength

/

e = Desehip)

*
3 Y

DeBroglie Wavelength

= 5CO3Q p) Nc = B.cscr‘(p‘)
A |an \\ \“
h{p) \ v

= |
f—
-~

Phase Veloci

c/u = Bcoth(p),
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Introduction to wave coordinates by Left-moving and Right-moving laser beams
L-laser 600THz and R-laser 600THZ (Laser lab frame)
Phase P-vector and group G-vector span Cartesian spacetime coordinates

L’-laser 300THz and R'-laser 1200THZ (Doppler shifted in moving frame)
Doppler shifted L'-vector and R’-vector in (L, R)-per-spacetime
Vectors of phase P'=(R'+L/)/2 and group G'=(R’-L’)/2

Einstein-Lorentz-Minkowski “Relawavity” spacetime coordinates

Brief tour of and relativistic mechanics by geometry
» Summary of optical wave parameters for relativity and QM
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Summary of optical wave parameters for relativity and QM
...and their geometry

v/= W Yo
axis
(Units of 300THz)

An aid to
pattern recognition:

L 4
Occam'
Sword
3
d?” (u/c=3/5)
o Bsinh p ! | Om\e W C’ Bsinh p !
; 4 .
\ Cird® , O / -
p : . )
P \0 -
\0 B SW““ Q o 0 p /B B k
\‘(C\e - A ~ Doppler 2
‘O, X anh p ‘\ G, blue-shifi | A|Btanhp sechpl &l
. stellar " bV, g stellar S E
L angle o § angle o QB
\V ' = i ol =
<
0 S Be? T §
Be -~ Doppler Q
. Doppler red-shift
\0Y red-shift i
S V// /
ek Y d v Ch_ y v v
D ¥ -1 Q J! A . O 1 C
- Besch p > < \ axis
< )—Br — A:=-<::l IL\;‘
/ Red shift
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v/= W Vo
axis An aid to
(Units of 300THz) ..
R pattern recognition:
L —4 7y
00\04,
S Occam!'
. Sword
~aC
S (u/c=3/5)
sinh p P' s ﬂ“@d s C’ sinh p !
Cird? S TeN —
P 0 >
\0 -
K $& O«“\(\ ° e P P —— - k
Doppler ///
A tanh p / G blue-shift | A|Btanhp sechp, a
| ) <
\L Al stellar S S| stellar > §
angle o [~/ < Q| angleo
B » 1 AN 3 -
i | % %
-p g/ e'p %
e o Doppler
= - = red-shift
V v K T c
rou b Doppler group group group group group b Doppler / i
] g p RED C U A A« A K A TA Vgroup o C/{, ¥ '/ '
i r t axis 0 e
p hase 1 c K phase T phase v phase )‘ phase Vphase 1
bl?l?[l;%ler phase K A TA UA /’LA ¢ b Ile)ggpler D} ]
rapidi - . +
e e” |tanhp sinhp | sechp coshp | cschp cothp | ¢”
tellar ¥V + . _
* 1/e™” | sinoc tano COSO seco coto csco | 1/e”
e Table of 12 wave parameters
u 1-f i 1 1-3° 1 B7-1 1 1+ . . ..
p=- 8| 1 B 1 e ) B -8 (mcludes 1nverses) for relat1v1ty
1 3 3 4 5 4 5 2
value for T ~ ~ T ~ T ~ ~_
B=3/5 > 0.5 s =0.6 1 =0.75 5 =0.80 1 =1.25 3 =1.33 3—1.67 " =2.0 _and values for w/c=3/5
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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 Vgroup=c/2 and Vpnase=2c . (Low dispersion.) to (x,ct) space-time

k, Dispersion P !
Jrequency |\ function y
A R
), \\ v=ck=Bcoshp
\ .
\ .
Y y
__ \ L 2
. ¥
. L \J
2 UCUTOFF g
A J:\ TAWAWAWA . S w‘ N =c/2Y . wavenumber
RS AL I A F T — k) B | ok
P T L“hA.AgA'AgA PN < A 1. =B 0 ~N3A y, 2. C
3\ ‘Yg"'&v""?ﬁ"”fi— ‘“ / ] phase™ \/5 Vg,.()l,[)zT phase™ J§
LT P - c S A B
' o f‘" 10 . Veron Vphase
™ ‘A‘A¥A=A“Agﬁ% N — - _p _= group phase
—— A?_vgv-_-:‘-,'_g‘v.j"r ) A A" >~ =c tanh P =c coth P
B Aphase h )’=—§ t1-) e m =CCSCO
KEY: 2 )‘phase :
Re E phase k-vectors and rays wave-fronts =Beschp | v =c2Y
wave zeros upward downward crest trough Pl > S I R I ASN Y N
N 2 =5coto -
k(+) \ 7 " ' ¢ .
\N/ ngup‘:; | ™
/'// \‘\\\ A > = i,
/k(-) & : Aphase= B \/g O i A C v/’i/"’"""z 2c
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