Group Theory in Quantum Mechanics
Lecture 12.5 22517

Dynamics of Group vs. Phase Waves and space-time lattices

(Special Relativity and Quantum Theory by Ruler and Compass )
(Quantum Theory for the Computer Age - Unit 2)
(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: Newton's “corpuscle” tracks vs.wave-zero paths
Slow L-wave el-=¢ik(L)x-w(L)Y)
Fast R-wave eR=¢i(kR)x-w(R))
Phase velocity for wave pair e +eR=S§-D: Half-sum factor S=e'@- R
Group velocity for wave pair e +eR=S-D: Half-difference factor D= TR+ 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,t)

urce L I L=; V,,K,)=(5/4, 3/2
ohr-Schrodinger. (V%) =( )
matter-wave *

source
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Per-spacetime (®,k)=21(0,K)

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

e

0 I 2 3 y 5

Frequency v=0/21t Hz (Hertz)

Angular-Frequency =210



Wave coordinates in spacetime and per-spacetime for Bohr-Schrodinger Dispersion

Spacetime (x,t)

Phase velocity for simple wave e'(o-+Y
is V=w/k=v/k where:

v —waves per second

and
K =waves per meter

or.

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

—
vurce L | l L:;. V,,%,)=(5/4, 3/2

ohr-Schrodinger. (V%) =( )
matter-wave

source
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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 ®m=21V



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 +e®=S8-D.: Half-sum factor S=e!R)/?
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 ell=gik(L)x-w(L)Y)

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

Time
Wavenumber K=k/2T

Wavevector k=21K

e

3 4 5

Frequency v=0/21t Hz (Hertz)

a Space x
s I\ L=; v, K, )=(5/4, 3/2
ohr-Schrodinger- (L L) ( )
matter-wave *

source

Angular-Frequency =210
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Slow L-wave ell=gik(L)x-w(L)Y)

Spacetime (X, t)V

Time

1S slc%o—vertical

urce L I L=; V,,K,)=(5/4, 3/2
ohr-Schrodinger. (V%) =( )
matter-wave *

source
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elocity v of waves
or “corpuscles’) in
Minkowski (#(x))

vy
L=
Ky,

Per-spacetime (®,k)=21(0,K)

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

5/4
3/2

I

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

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

5
Space x b=y
Web Simulation
1 (BW) Bohr Wave ¢t vs x Plot
(ck=1.0 (App)=1.5)

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

Angular-Frequency =210
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Slow L-wave ell=¢ik(L)x-w(L)Y)

Ay U _2

29

Spacetime (x, t)V

K, 4

elocity v of waves

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

BohrItWeb (2.1)

or “corpuscles”) in

Resonance

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

( \ ( 5/4 W NOTE:
T — Lz Conventional dispersion
k K, } k 3/2 } space is (v (k)) or (w(k))

where velocit
will

Velocity v of waves
(or “corpuscles™) in
Minkowski (K

(v) is

y v of waves
be

slope-to-horizontal

J

slope-to-vet

Ax v,

tical

A

At _KL B

L
________ — /

L=, x;)=(5/4, 3/2
mz) (5/4,3/2)
matter-wave

source
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0=5k%/9

Space x
Web Simulation

5
UL:Z

1 (BW) Bohr Wave ¢t vs x Plot

(ck=1.0(App)= 1.

5)

7 2

3 4 5

Frequency v=0/21t Hz (Hertz)
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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=gi(kL)x-w(L)Y)
» Fast R-wave eR=¢i(k(R)x-w(R)1)
Phase velocity for wave pair e +e®=S8-D.: Half-sum factor S=e!R)/?
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

SR S S b

2 3 4 5

Space x

Bohr-Schrodinger Frequency v=w/21t Hz (Hertz)

R matter-wave Bohrlt Web Simulation y ] F O=2TTV
y — _ ’/_ I/' —
o R R=(Vp Kp)=(5.0, 3.0 LB k= 2.0 (App) = 3.0 ngutar-trequency W=sn
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Fast R-wave eR=¢l(k(R)x-w(R)1)

BohrItWeb (2.1)

Spacetime (x,t)

Bohr-Schrodinger

Resonance

e

Per-spacetime (®,k)=21(0,K)

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

e

2 3 4 5

Frequency v=0/21t Hz (Hertz)

Bohrlt Web Simulation

[ (BW) ck=2.0 (App) = 3.0)

Angular-Frequency =210

R matter-wave/v S
source ‘ R:(UR’KR):(‘S‘O’ 3.0)
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Newton's “corpuscle” tracks of overlapped Slow L-wave e=ekL)xwL)) & Fast R-wave eR=g!(KR)x-w(R)Y

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

TRKR35/

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

SR S S b

phase

Bl
3

I P 3 4 5

Space x

. N L=(v,,k,)=(5/4, 3/2) P Frequency v=w/21t Hz (Hertz)

ohr-Schrodinger,
R matter-wave A

source

Angular-Frequency =210

R=p,Kp)=(5.0, 3.0)
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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=ei(kL)x-w(L)Y)
Fast R-wave eR=¢i(k(R)x-w(R))
* Phase velocity for wave pair e +e®=S8-D.: Half-sum factor S=e!R)/?
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 e +eR=§-D: Half-sum factor S=¢'@ R’
Spacetime (x,1) bo Vo 4 /8 Per-spacetime (0,k)=21(0,K)
Tp Kp 9/ 25
25
Tlme t VPhase zg /
L Wavenumber K=k/21
Wavevector k=21K

T P e |l 5/4 po| V| (
Ky 3/2 Ky
Vo +,

P:R+L:( KptK,,
2 2

5 4 >
v, =—
N L=(v,,%;,)=(5/4, 3/2) 4 Frequency V=0/2T Hz (HGITZ)
R matter-wave * A l F _2
, hase factor ngular-Frequency =210
SRR R=p,Kp)=(5.0, 3.0) f Bohrlt Web Simulation - 2 Colinear BW with ck = 1.5, 3.0 =1, 2 (App)
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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't=e!(K(L)x-w(L) Y
Fast R-wave eR=¢i(kR)x-w®R) 1)
Phase velocity for wave pair e +e®=S8-D.: Half-sum factor S=e!R)/?
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)

R matter-wave A
source

R=p,Kp)=(5.0, 3.0)
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Ae Vg _4

T, Ko 3

5
V. ==

Grop_2

Space x .+~

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

1 5/
Wavenumber K=k/21

Wayevec{or k=2mK
( 1)

T

T | K J:Z(3]

Frequency v=w/21t Hz (Hertz)

hase factoranw Group factorA”g”la’” -Frequency @=2m0
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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
5 BohrltWeb (2.1)

Time t V(;mup — > Resonance
Wavenumber x=k/2T

Wavevector k=21
\l (5,4 \l

oI TT

42|

3 4 5

Frequency v=w/21t Hz (Hertz)
(Fvrnin fﬂﬂanAngular'FrequenCy 0)22751)

R=(vp,Kp)=(5.0, 3.0) Bohrlt Web Simulation - 2 Colinear BW with ck = 1.5, 3.0 =1, 2 (App)
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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
%\wb @.1)
Resonance

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

T U, N 5/4 rL (8 il
Ky 3/2 Ky
V0,
o Rl Ktk ( 25/8 ]

2

5

T U=
Space x . “ 8 Frequency v=w/21t Hz (Hertz)

R=(0,, k) =(5.0, 3.0) hase factoranw Group factorA”g“la’” -Frequency w=2mv
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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

5 BohrltWeb (2.1)
VGm p A Resonance
Wavenumber x=k/21
Wavevector k=21K

T U, N 5/4 rL (8 il
Ky 3/2 Ky
V0,
o Rl Ktk ( 25/8 ]

2

0=5k%/9

.............

3 4 5

8 Frequency v=0/21t Hz (Hertz)
R=(0,, k) =(5.0, 3.0) hase factoranw Group factorA”g“la’” -Frequency w=2mv
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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_4 /8

T K¢

3/ 15

N L=(v,,k,)=(5/4, 3/2)

ohr-Schrodinger|
R matter-wave
source

R=p,Kp)=(5.0, 3.0)
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Per-spacetime (®,k)=21(0,K)

BohrltWeb (2.1)
Resonance

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

e

3/2
[ D+,
p_ R+L:

2

Ky,

KptK,

2
vR'vL

KR_KL

-

G=(R-L)/2

2

3 4 5

Frequency v=w/21t Hz (Hertz)

hase factoranI! Group factorA”g“la’” -Frequency w=2mv
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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)

AN

\

T, Ko 3/ 15

5 BohrltWeb (2.1)
% = Resonance
Groyp

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

V 5/4 ()
L= Lo R
K 3/2 K

-

_(R-L)2

R matter-wave A
source

R=p,Kp)=(5.0, 3.0)
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Frequency v=w/21t Hz (Hertz)

hase factoranw Group factorA”g“la’” -Frequency w=2mv
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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_4 /8
3/ 15

BohrItWeb (2.1)
Resonance

T K¢

R matter-wave A
source

R=p,Kp)=(5.0, 3.0)
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Per-spacetime (®,k)=21(0,K)

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

U, 5/4
L= = R =
Ky 3/2 K
VU,
p R+L KptKy, ( 25/8 ]

2

2

-

G=(R-L)/2

2 3 4 5

Frequency v=w/21t Hz (Hertz)

hase factoranI! Group factorA”g“la’” -Frequency w=2mv
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Introduction to wave coordinates by Left-moving and Right-moving laser beams

u=0 space-time coordinates Wave coordinates with Linear Dispersion
(a) Laser “Baseball Diamond” (c) Laser Coherent Wave (CW) paths
600Thz o001 (Space-time Cartesian grid)
e i
h‘? per-time (?ka _ ) .
W=2rv L . d Continuous Wave (CW) coordinates

discussed in following pages...

2m \
2nd basd_] !
3rd base ® 1st base
= m
' 2 !

...Starting with standing-wave case

L=K, R=K, shown here

space x '
r

per-space
oT ck=2TC Bohrlt Web Simulation
b - - 2 CW ct vs x Plot
(b) Laser group and phase wavevectors (d) Laser Pulse Wave (PW) Paths (ck = +2)
(Per-space-time Cartesian lattice) (Space-time Diamond grid)
Group
G=
l(g =(1 Jw \time ct .
L0 :
® Pulse Wave (PW) coordinates
g (“Packet-Wave” or “particle-like”)
4 PW dynamics is discussed in the
. S| VK » ( following Lecture 13
K 1
Phase P N
P=K, = (1) ® ck Bohrlt Web Simulation
P —~ 2 PW ct vs x Plot
(k mod 2 = 0)

u=0 space-time pulse waves

CM with a BANG! Fig. 8.2.1 CM with a BANG! Unit 8
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Introduction to wave coordinates by Left-moving and Right-moving laser beams
Gives u=3c/5 Einstein-Lorentz-Minkowski coordinates

u=0 space-time coordinates

(a) Boosted Laser “Baseball Diamond” (c) (u=3c/5)-Boosted CW paths
IZ(OIJTehr-space-time rectangle) . (Space-time Minkowski grid)

time

Lefi-to-Right Right-to-Left
Beam per—time iﬁeizm

—

k'y W'=27TV

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

...Starting with velocity u=3c/5 case

shown here
L’=K’3 per-space D c‘
VAl 7 ’
ck'=2mc X /-~ Bohtlt Web Simulation
(b) Boosted group and phase wavevector. 2/CW Minkowski Plot
(Per-space-time Minkowski lattice / (ck =-1.+4)
~/ (d) Boosted PW Paths
, 7 (Rectangular grid)
®
Doppler shifted PW dynamics Gé v (3
. . . = %o
is discussed in the o, ) |3 y
following Lecture 13 20

- Bohrlt Web Simulation

~71 Phase,),.\ (3
u=u Space—nme pulse waves P’ ={wf’J = {:]w
4 2 PW ct vs x Plot
(k = -n, 4n, n natural)

u=23c/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
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) Relativity and Quantum Theory by Ruler and

. _ Compass
(a) Right-moving CW el (kx-w) (b) Left-moving CW pl(-kx-0t)
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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 ||

detOV fClCtOV group

Z€I"O F’/

3 cquency Relativity and Quantum
O () Theory by Ruler and Compass
§ Fig. 5

\/ \/ Phase vector

1/2-sum 150

Re'Y phase-zero: thz| Group vector
—p= R+L 120 1/2-difference
phase P 4
THz R_L
900| , Keroupy=06= 75
—w < 60U - BohrlIt Web Simulation
L_K'2 2 CW ct vs x Plot

(ck=+2)
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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

» 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
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L’-laser 300THz and R'-laser 1200THZ (Doppler shifted in moving frame)

(a) Right-moving CW e!(*x-©.1) (b) Left-moving CW e'( k@Y

k,=-1 o_~=Ic

CW IR-laser
300 THz

CW UV-laser
1200 THz
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Imy

Time ct’

Wavelength A=2n/k=1/K
(0.25um=0.25-10‘6m)

Wavelength A=2n/k=1/
(1um=10"m)

/ /
Space x Space x
Relativity and Quantum
- Theory by Ruler and Compass
Bohrlt Web Simulation .
2 CW Minkowski Plot F 1g. b)
(ck=-1,+4) Relativity and Quantum Theory by Ruler and
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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

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

Minkowski CW-grid I‘Pl, Dispersion plot
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(1um=10"m)

Carla: My
UV 300THz L/

» 3rd baseline
is a lot nicer!
(and half as long.)

exX

Frequency — 2CW per-Spacetime Plot Bob: Sunglasses help.
v 1500 [, New: Wow! Your 1¢t baseline R/
(units of THz [ . 1st base 7§"-Qoppler blued up by e+92
v, =600THz) - (- - ' [ New “Pitch P
1200 ~CRATE A0 T ACRA R_ . But, Carla’s 39 baseline L/ is. | New "Bitcher-mound” 1" (Phase pt.
K|'4 Doppler red shifted by.e= 1/2 is 1/2-sum (R"+L./)/2: \
------------------------------------ o P—pP
+ ' ’ S —
UA =€ va E CKphase _ UA P UA _e—P ~D 2
=20, V ase 21 e 2\ +e* | oetrre
/ = IZOOTHz/E L RAL sinh p : 2 J
L=K d Kéhase_P_ 3 = h New “Grandstand” G (Group pt.)
- ' coshp is 1/2-difference (R -L)s: \
- ' P ro
: +e
2 .. +109 /2-106 +3-100  +4410° ' ’ —_—
(T T T T T ETTTT] |||\|||/|+||||\||||||||\ CK group ’U(e“’ v, —e” 2
Tk g5 AT ITTTLTTTT, - _ Y4 _ V4 —0
D i wavevecior'ek'|| v, | 2\ e® | 2| +e? | Y ev—e”
e 2.
/ ( cosh p 5/4 | \ 2 J
v.=e "v,=—v, =300THz Groupvector G ¢ LGt RL = Dyl . =V,
¢ 1/2-diff vector STt 2 L sinh p 3/4
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RelaVVavity VWebApp

[ PerSpace-PerTime

) —

| | Group & Phase Vectors +

Per-Time (w)

Laser frequency =B =2 = 600THz
Doppler blue shift factor =b = 1.488
Doppler red shift factor = r = 0.672

p =0397

CW Light Amoms

All colors goc: w/k = ¢ or L&R on diagonals

Time Reversal (r < b): r = 1/b

G' = Geosh(p) + Psinh(p)
P'= Gsinh(p) + Pcosh(p)
G = G'cosh(p) - P'sinh(p)
P = -G'sinh(p) + P'cosh(p)
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(Controls) (Contextual) (Set ISM) (User's Guide)

Per-Space (ck)
-2 -1 0 1 2 3 4
<}—BeP—=<7 BetP —
Red shift Blue shift

40


http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html

(e) Space-time(ct’,x”
¢ Time-Period ¢ t=1"
(units: A = c7,= 0.51m)

e 2.0
15
¢ T}yﬂll}/)
A/"”ic'r cschp 1.0
=1,4/3 -
¢ phasé -~

=c7, sé’"é'hp 0.5
’ ""—c T 4/5

L=GP

-0.5

”_'.\'l‘u,'(,n

= A sechp

’§éometry of 2-CW ¢-p§_ths’"/

cTy~1.0pm e >|
£2¢7, =445 C >
: /1,,,,‘,“ =A ,cschp
=A,4/3
A=1.0pum |
=2

Relativity and Quantum
Theory by Ruler and Compass

SR&OM by Ruler and Compass

Frequency: v=2mw’
| |(units : v, =600THz)

| (f) Per-space-time [ v’,cx) geometry of 2-CW

Fig. 7-8

oint vectors

P+G'=R’

7 A
1.5
K v, sinh S
= < ct) = = c_”lﬂ‘_’iin_p 1200TH:=
e h vphu\'e 2 =0 1P
| ¢ (sinhp, coshp) 10 | U4
: =V ,cosh
| =et,(314.54)) | : ASOSHP
| 7~ 7, v =V,9
xiet)p= Koo PP | > =R’-L’
I CTA(COShp’ Slnhp) - P,-G,=L, 0.5 ‘U\qu//' g
: €Ty (5/4,3/4) / v ],.--'3: v, ‘ :— v sinhp
- | =300TH: =v,3/4
+20 -ll,o =v eP -05 | +1.5 +2[0
| | | I O | | l I | I | |

Space-Wavelength x”]

(units : A,=0.5um) |/

>
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Relativity and Quantum Theory by Ruler and
Compass

¢-Wave Number ¢ x"=ck/2n
(units : v =c K, =600THz)

e — 19D T]=—"
c Kp /-//()///_—_l).' >
'_U]("})
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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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The 16 dimensions of 2CW interference Time ct’ [~
(units of
kA=]/2um)

UAF Colloguium Nov. 14 2014

Start with the
Dopplers

Frequency [—
) —
Vo as00 [
(units of THz [~ y g P
v, =600THz) |- / pace x
1200 |- / / oy (units of
2 =
TH S / R K|_4 kA=1/2um)
| /
| / /
=y , ' TTITTT]
Z|_ / /
B B ev,=20, 1.5 9)
iy : /
' /
600 E ,
/ 300: --------- P 4 ¢
[ ( : /o Doppler
= - 1 / .
g
2105 106 +10° & 40100 43100 oSl o0, 1
N |_l|) AR Ol EEFRRRARNRNRNRRRN 2,| pRomer
e UAZEUA Wavevector cX' ([ rapidin
. p
nits of cx =2-10%m)
value for

Tuesday, February 28, 2017



http://www.uark.edu/ua/modphys/pdfs/Talk_Pdfs/UAF_Coloquium_11.14.14.pdf
http://www.uark.edu/ua/modphys/pdfs/Talk_Pdfs/UAF_Coloquium_11.14.14.pdf

The 16 dimensions of 2CW interference Time ct’ [~ <tart with th
sy E e 2125 umits of | art with the
= 2 4 h=1/2um) |2 Dopplers

..then dothe
/ / L pHrase waves
Phase frequency /’ A |
Uphase 'UACOShp 5/4
=125
Frequency [
V00 B
(units of THz [ y ,
v, =600THz) |~ / Space x
1200 |- ) i R/_ (units of
TH N // = kA=1/2um)
900 [ / / BEEREE ‘
THa P'C/ /ip i ‘
L / e V=20, 9
600 /
THZ |— / //
/ e =1.25 T v
L= *13"10{02 - // : phase | b g o o —phase phase Zphase T phase | g, ;)&;;,;/er
= N /o T, U
/ ' ~~
-2-10% 109 106 W f2:100 | +3-108 +4-10° }mp 1 1
! |_/|)1|) —|Ll)| O' AAFRERENRNRNRERE 2,| b T - poom
> Wavevector cK [ uam o sechp coshp oy
(units of ¢k ,=2-10%m) -
vatue for | 1 + 5 2
UAF Colloquium Nov. 14 2014 ﬂ=I3/sf 5= 0.5 §=0-80 T=2'0
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Time ct’ =

The 16 dimensions of 2CW interference - :
coshp Ll e 225 e i MO tart with the
P= 2 2 4 2 2 4 S12um) —2 Dopplers
B ...then do-the
i,' W_ waym_ _ / / /
K' phase=K4sinhp=3/4=0.75 : / .- pHlse waves
Phase frequency Y v
Uphase ’UACOShp 5/4
=1.25
Frequency [—
V500 I
(units of THz [ / q ’
v, =600THz) [ 7 ](mce ;c
1200 |- / / units o
TH N 2 J/ R=K|_4 kA=1/2um)
| /
o |- Ky / 4 TTITTT]
- Pay
—— / //e V=20, 9
600
hr v/ /
= igie=1.23
/ 300 [~ ' oppler T phase U pjase oppler
L=K_ 1N i _0'5 /// phase | by ;’_& :’)' —  — | ba
/ ' Py
22108 -108 106 W £2:106 1 43108 +4-10° })up I I
i |_/|)| _Iil g T T T T 2,| b o
Uy EU Wavevector cK' \[“ruim = wechp  coshp Yy
(units of ¢k ,=2-10%m) - ' y : 5
value for l_ — — ~| —_
UAF Colloguium Nov. 14 2014 ﬂ=l3fsf 2 0.5 5‘0'80 T‘Z‘O
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The 16 dimensions of 2 f Time ct’ [~ . :
e 2+1/2 5 hg\}e/ gelt?_r ergnce wmitsof | tart with the
COSIP =5 2 2 4 =12um —2 Dopplers
e - _.then do-the

CK ase ( smhp \ ( 3/4 J H

P’ (Vs - L coshp J AL 5/4) // / _ L pHase waves

Phase frequency  flips Phase period ™ =1/v 7 /’ A
’Uphase_/UACOShIO 5/4 t(I)) Tphase_TAseChp 4/5 /

=1.25 =0.8

- T phase
Frequency [ =T748ech
o - =4/5
1500 {— 25
(units of THz [— / q ’
v, =600THz) |- 7 pace x
1200 |- / / (units of
2 RK
TH / = A =1/2
/ Lm)
[ / 4
L / /
oo - / ARRARRN
LIS Sy s
=y , A4 Y4 2
/
600 y
THL |- / /
= oo 1.29
I:_ 30005 " - hase | b Doppler rphase vphase / Doppler
A THz|— / : phase | Oppp . ) ? BLUE
- ' A ,
// E s \
2100 -10° 1100 W£2-100 143106 400 | P 1 1
sronp by

i |_/|)| T T LTI i poor
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. , e
(units of ¢k ,=2-10%m) - £ £
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Time ct’ [~
Phase wavenumber flips Phase wavelength \ =1/k .
K phase=K.4sinhp=3/4 36 N phase=Aacschp=4/3 x(in]lg:i )
N A
(HKppwe | [ sinhp | [ 3/4)

P/

Phase frequency

U,phase:UACOShp:5/4 to

=D =D
V' ase J Ak costh AL 5/4

flips Phase period T =1/v /
T’phase:TASCChp:4/5

(- )
P-slope=Vhase/c
Ve _coshp 5/4 5|
| - - =5 | T phase
Frequency  IQ Konse  SIODP  3/4 (3 ) =7 sechs
V' 50 =4/5
(units of THz _—2'5 /
v, =600THz) = %
1200 |- y /
2 R=
BN // K.+4 ] 3133 ~ 4 ]/2].Lm)
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900 ﬁ“@? e BEEER
THz| —U. 75 /4/ // / / 1 ‘5
S T seeeer 4 // _1 N\ T . 2
600 /
THZ |— //
— e=125 .
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I_‘ll | ] |-0.5| [ 1] OI | |0|.5| 1] hl | ] lllsl [ 2,| groujp bgli,g,gt-r \ bRDZg;fe,.
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- , sin sec COS c%he co
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G b G length \ =1/ Timeyct 1=
roup wavenumoer roup waveleng —=1/K - B
/ilgrouszJACOShp=5/4 )\/groupz)\AseCh,O=4/5 x(un]/; Of;) __2 )\, roup
=125 =0.8 : H :iASGChIO
(Ko | | coshp | [ 5/4) =4/5

/ ) =7 , =D /B 4 -~/
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7
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g )
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Two Famous-Name Coefficients 7€ <l [

. & Herman
R A =12um) —3 N 1564-1909

If you can’t explain it simply, you

don't understand 1t well enough.

Albert
Einstein
1859-1955
This number
is called an.-Emstem
time-dilation Space x’
(dilated by 25% here) (units of
This number K 71/2um)
is called a:-Lorentz ] ‘ T T ]
length-contraction ; 1.5 |
(COntr aCted by 2 0% her e) h bDoppler C K.Phase Tphase vphase phase Vphase bDoppler
— pnase | Dppp BLUE
e 3 Vphase KA TA UA )‘A c
’ ‘,l ' ; endrlkA rou 1 Vgroup vgroup group Kgroup Tgroup c 1
PR o Lorentz 8 P bDoppler c D) /l K T V bDoppler
,, » ] 8 5 3_ ] 9 2 8 BLUE A A A A group RED

. o . . il e ” | tanhp  sinhp |(sechp’)(cosh | cschp  cothp e’
Old-Fashioned NotatzonE | B B B 1 | 1 | e
C

1+ 1 2_1 1 [1—B2 1 1—
RelaWavity Web Simulation - Relativistic 7erms P p p p p
Aapaed lie e | L5 | 2206 22075 @:01@ G:l.zsj 2133 2-167| 2220
2 5 4 5 4 3 3 1
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| Thales Mean Geometry (600BCE) -

/

~_helps “Relawavity” ~

s -‘ . _ Thales of
T8 Miletus— ISy
624-543 BCE .-

_Per-Time
W 4 axis

C'\\‘C'\e
B, /
RelaWavity Web Simulation
L _/ Detailed Thales Geometry
‘ f

J
|
|

|
|

Pen-Space (ck)

sinhp = (4-1)/2
=31

N
'
-
O
W
S

—Br 1= BB —|
Red shift Blue shift ~\

UAF Colloquium Nov. 14 2014
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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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Using (some) wave parameters to develop relativistic quantum theory

1 2
——(V phase = Beosh p= B +5 Bp* (for u<c —
phase : p zp() Coshpzh—%pz B UA
—(CK phase= Bsinhp)=Bp  (foru<c) B=v, =ck,
. sinh p=p
At low speeds: -
D()ppler Vgroup vgroup Agroup K{; oup Tgroup Vphase D()ppler
group | by - I byue
c v, A, o, T, c
7
1 C K ase T ase v ase Z/ ase C 1
phaSe bD()ppler V ;:l j - [ ~ j Zt V bD()ppler
BLUE phase \ A TA UA A group RED
rapidi - . +
e e” |tanhp sinhp | sechp coshp | cschp cothp | e
e o | 1€ | sinc  tano | coso  seco | cotc  csco | 1/e”’

1 3 3 4 5 4 5 2
valefor | —_—05 | ==0.6 ==0.75| —==0.80 ==125| —=133 ==1.67 | ==2.0
p=3is 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 +% sz(for UKC)

e . coshp= 1+2p ~1+2 > b= Uy
CK phase = Bsinh p) bp (for u<c) B=v,=cKy4
77 . sinh p~p~
Y~ tanhp = pj - (for u<c)
C
- [ B o At low speeds
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C
—
V 1%
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A
A
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bBLUE Vphase A’A Vgroup bRED
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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
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sinh p~p~
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-
v T 1%
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B
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formulae for Newton’s kinetic
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Using (some) wave parameters to develop relativistic quantum theory

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

1
Resembles: const.+ EMu2

K

_gphase = Bsinh p) Bp (for u<c)
= tanh p = pj (for u<c)
= 1 B At low speeds:
Uphase = B+ Ec_zuz & for (u<c) =
hB
Rescale vppase by h 150: M=—5-
C
1
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A
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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

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

coshp= 1+2p ~1+2 2

CK phase = B sinh p) Bp (for u<c)
7 sinh P~P~
— = tanhp = pj (for u<c)
C
~ 1 B At low speeds:
2
U hase = B+——u & for (u<c) = K phase
20 hB
A ] 2 (The famous
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1 2
MU ppase=hB + > u” &for (k)= K p40=
1
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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

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

coshp= 1+2p ~1+2 >
CK phase = B sinh p) Bp (for u<c)
sinh p~p~
U
— = 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 >
A — . _ 2 (The famous Mc
Rescale vppase by 1 s0: M= ) or:hB = Mc shows up here!)
1 hB 5 hB
MU ppase=hB + 56—2 u- «<for(uxec)= hx phasezc_z U
ST R S
MU ppase= Mc™+ > Mu &flor (u<c)= K 5.~ Mu
hv
—
group | by ngmup Poow Ko | Towe Ve | o
c A, T, c
1 C T A C 1
h phase phase
pnase b 5;{7]1;167 Vphase (N A“A ngup b}?ggpler
e @nhp sech p cschp  cothp -
e o | e | sino coso seccf cotw 1/e™”
_u | =B B 1 1-B° 1l/’ JB-1 1 4B |(old-fashioned
_c I+ ﬁ 1 B_z_l 1 l—ﬁz 1 ﬂ l—ﬁ notation)
P Lo0s5] 3206 2207522080 2=125| 22133 2-167| 2220
2 5 4 5 4 3 3 1
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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 units.

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

phase™ hBcosh p = Mc’ cosh P
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Using (some) wave parameters to develop relativistic quantum theory
vphase = Bcosh @z B +% sz(for UKC)

coshp= 1+2p ~1+2 2 B=vy
CK phase = Dsinh p) Bp (for u<c) B=v,=ck,
sinh p~p~
U
— = 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
R 1 by / = hB=M 2 (The famous Mc 1 )
€scale Uphase OY 1 SO M= 2 or:nb = Mc shows up here!) ~ €NETLY EMM and momentum Mu.
1 hB 5 hB So attach scale factor /
h =hB+——u for (u<c hK =~——1U .
Uphase o 02 < tor ( )= phase 02 to match unaits.
) 1 Y L ucky coincidences?? * Cheap trick??
hv =~ Mc™+ — Mu & for (ukc)= hx ~ Mu
phase 9) ( ) phase .. Iry exact Uphase ...
_ _ 2
thphase— hBcosh p=Mc~coshp
Planck (1900
Doppler f‘/group 2’ group Kg oup Tgroup Vphase Doppler ( ) M C2
group | by, L c TA N T, p bprue = Total J
pce | c T o ase 2shase c 1 instein (1 905 ) \/ l-u’/c”
P burte” | Vs T, i Ve | b | s (old-fashioned
e @nhp sech p cschp  cothp : | , Max Planck notation
stellar ¥ + . g - " B ' ]858_1947
e o | 1€ | sino COSO cotw 1/e™” ‘“ ,

c | V148 | 1 B2-1 1

1-g2) 1 5 1-f

_u| =8| B 1| 1B [ Y81 1 1+

e o 10513206 32075 | 2080 2125 22133 22167 200 For more visit the Pirelli Challenge Site
2 Quantized amplitude
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Using (some) wave parameters to develop relat1v1st1c quantum theory
vphase = Beosh p)= B+; Bp? (for u<c)

coshp=l+3p ~1+§—2' / B=0,
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 v by 7 so: M=— or:hB = Mc? \ e Jamops ¢ —Mu? and tum M.
phase DY : 2 : shows up here!) ~ €nergy —Mu and momentum Mu.
1 hB hB So attach scale factor /4 (or hN)
=hB+—— for (u< K ~— .
M0 ppgse™=h ) 2 u” <tor (u<c)= K ppaq 2 “ " to match units.
R S A S Lucky coincidences?? cpoqp rick??
hv Mc+ Mu &for (u<kc)=> K =~ Mu
phase 2 ( ) phase T”:)/ exact Uphase
-~ _ _ 2
Need to rep_lwlzthv phase="15 cosh p=Mc*coshp
— = h with AN z‘(;,mat.ch Planck (1900) )
roup | b ,’3;,’;”’ - eroup T eroup phas e.m.*energy ensity T ¢ 1 E MC
8 C T, Cc \8@E'E :hNUphag B otla l'lel'gy J \/
, 1 ¢ This motivates the Einstein (1905) l-u’/c”
phase boerter V e ‘particle” normalization .
apidiy | p @nh > U qy=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—EA v
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Using (some) wave parameters to develop relat1v1st1c quantum theory

Uphase = Beosh p)= B+3 L Bp? (for u<c
e P 20 ( ) coshp= 1+2 p ~1+§—2 /
CK phase = D sinh p) Bp (for u<c) o
7 sin p~p~—
— = tanhp =p (for u<c) ¢ | |
L C Max Planck  Louis DeBroglie
1 B At IOW SpeedS: B 1858-1947 1892-1987
2
Uphase B + 5_214 <: fOI’ (l/l <<C) :> Kphase = —21/t Uphase and K'Jphase I’GSGmble
¢ hB ¢ , formulae for Newton’s kinetic
Caq ) 2 (The famous Mc
Rescale Uphase by 1 s0: M=— orhB=Mc™ owsupherel) CNEIZY EMMZ and momentum Mu.
C
1 hB 5 hB So attach scale factor % (or hN)
h =hB+——u for (u<c hK —u .
Uphase 2 2 < for ( )= phase c? to match units.
2 1 :"'2""""""""""'""""""""""'""""""""""I _____________________ L ral ngeoc nSplraC ExpenSlvlf??
., =Mc+—Mu~ <for(u<c)= hx,, ..~ Mu  Creap tric
phase 9) ( ) phase Ty exact Uphase and Rophase. ..
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__ J with AN to mat.ch Planck (1900) 5
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2 5 4 5 DeBroglie (1921) l=u”lc
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Using (some) wave parameters to develop relativistic quantum theory

U

phase

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

u 1
coshpz1+% /ozz 1+%C—2 |

CK phase = D sinh plz Bp (for u<c) | y
77 sinh p=p=—
— = tanhp =p (for u<c) ¢ , |
L C Max Planck  Louis DeBroglie
1 B At IOW SpeedS: B 1858-1947 1892-1987
2
Uphase = B + 5_214 <: fOI’ (M<<C) :> Kphase = —21/t Uphase and K'Jphase I'CSGmble
¢ hB o f ¢ , formulae for Newton’s kinetic
Rescale Uphase by I 50: M=—5  or:hB = Mc2 (he famous Me S Mu? and tum M
escale Uphase DY : (32 nb = shows up here!) ~ €nergy - Mu* and momentum Mu.
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Using (some) wave coordinates for relativistic quantum theory
UAF Colloquium Nov. 14.2014 (aNExact Einstein- Planck Dispersion

matter wave:

Energy (E) positive rest energy Mc?
o \¥ o ey
& Ny, Frerey N
| . \\ Ezhw , , tachyon:
A | ‘ | r— ~ ’ imaginary |
. . 3 \ cr , .
H(p) = Boosh(o) “. \\\\ .’ photon.
\ . , ’ ero ““
Rcsl)f En:lzjrgy N [ L7 E =+ cp
| . \\ Momentum
! | | Per-Space (¢p, | . . \ . X . . : .Cp.=h.c 1(_,_
Mass (resting) N NN N
ali% : 62 ing M ) | Bohr-S chrodmger Approximaio
U C — C K . "\';‘.
Energy ' ‘
hvphase £ - th COSh p Nﬁs Bohr 36 H = p/2
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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UAF Colloquium Nov. 14 2014

Phase Velocity

Be/u = Beoth(p)
=Bcs
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cle

—Coc—)}aiﬁ_;ite angle v=atan(u/c)
______ ~~----\\\ .
Stellar aberration angle o=asin(u/c)
Momentum |/
cp = Bsinh(p) \
S =DBta
AN : £ DeBroglie Wavelength
) L7 B)/c = Besch(p)
| H“:_ o =Bcoto
p -Lagrangian 4
\\ -L(u) = Bsech(p)= \%Q
._ Group V"plocity>v v |
p-circle u/c = Btanh(p)=Bsino
Broglie Wavelength Phase Velogcity
Ne = Besch(p) =Bceoto Be/u = Beoth(p)=Besco
_ 2 2 2
Z, L=-Mc“sechp =-Mc“+Mu“/2+...
oO}-Q]Z .
OOZQ/Z . . .
Z@ RelaWavity Web Simulation
{Physical Terms - All Terms|
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RelaWavity Web Simulation
{Physical Terms - All Terms}

Phase Velocity 0 2
c/u = Beoth(p) "
o DeBroglie Wavelength
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est Energy .
\B = w/ jian \ \
och(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
axts
(Units of 300THz)

An aid to
pattern recognition:

L 4
Occam!'
3 Sword
&Qe‘f (u/c=3/5)
/ BSf'nh p ! S Om\e ’ S C’ Bsinh p !
\ C 5 Ci e Nl / -
Q/ P
P A oz
\..." B m““ ' Bt | P = TS
e — A :
QY AN Doppler ~
v Btanhp )
‘O, ann p blue-shift | A anhp sechpB -
. stellar b, < stellar J %
L angle o § angle o =
Q Q
] A §
Be™P §
Be? e Doppler q
. Doppler o red-shift
\O red-shift ~
S / /

w Y — 2 Ch’ vy y v vy
2 - B O K axis 0 4" C
< Besch p > < oth p [\

e~ }—Br —: e} Bb =
/ Red shift Blue shift

RelaWavity Web Simulation
{perSpace - perTime All}
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V v K T c
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= w8 | T o 7|1 B -8 (mcludes 1nverses) for relat1v1ty
1 3 3 4 5 4 5 2
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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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Guidelt Web Simulation: ¢ = 30°

wave-fronts |

crest trough
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to (x,ct) space-time
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Re E phase k-vectors and rays
wave zeros upward downward
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