2-Wave Interference.: Phase and Group Dynamics
(Ch. 0-1 of Unit 8 CMwBang! and p. 1-20 Relativity&QuantumTheory by Rule&Compass )
1. Review of basic formulas for waves in space-time (x,t) or per-space-time (.,k)
[-Plane-wave phase velocity
2-Plane-wave phase velocity and group velocity (1/2-sum &1/2-diff.)
2-Plane-wave real zero grid in (x,t) or (w,k)
Geometric analysis of Bohr-Schrodinger "matter-wave”
Algebraic analysis of Bohr-Schrodinger “matter-wave”

2. Geometric construction of wave-zero grids
Continuous Wave (CW) grid based on Kpnase=(Ka+Kp)/2 and Keroup=(Ka-Kp)/2 vectors
Pulse Wave (PW) grid based on primitive Ko=Kphase T Kgroup and Ko=Kphase-Kgroup vectors
When this doesn 't work (when you don't need itl)
3. Beginning wave relativity
Dueling lasers make lab frame space-time grid
Einstein PW Axioms versus Evenson CW Axioms (Occam at Work)
Only CW light clearly shows Doppler shift
Dueling lasers make lab frame space-time grid
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Anatomy of single 1D right-moving plane Continuous Wave (CW)
W(x,t) —gei(Fx-w) =4 ( cos(kx-wt)+i sin(kx-wt) )

.300 THz laser i A ZaSef’-phaSOV‘S Wix,1)
(Infrared) ||
Real y=Rey eV Irlnw :
Imaginary,

27/w=1/v
0.33-10715)

Fig.4
Relativity & Quantum Theory
by Ruler & Compass

Fig. 1.1c
Unit 8 Classical Mechanics
with a BANG!

Space x
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i(lx-000) (b) Left-moving wave e
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Wavelength \=2n/k=1/k
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[ Period T =2m/w =1/v
T=1.67f5=0.167-10""s
Space x

Fig.S (a-b) Relativity & Quantum Th. by Ruler & Compass
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(a) Right-moving wave e'(*x- (b) Left-moving wave ("

k=42 =2C k=-2 W= 2C
CW Dye-laser CW Dye-laser
600 THz 600 THz
(c) Standing CW Ix-wt -kx-ot
S N y

b

x)=e" + e

Period ™ =2m/w =1/v
T=1.67fs=0.167-10"°s

Fig.S (a-c) Relativity & Quantum Th. by Ruler & Compass

Tuesday, January 14, 2014 4



(a) Right-moving wave e

CW Dye-laser
600 THz

Fig.S (a-c) Relativity & Quantum Th. by Ruler & Compass

Period ™ =2m/w =1/v
T=1.67fs=0.167-10"°s

i(ox-000) (b) Left-moving wave e!("/*-®0)

k=+2 w=2¢C k=-2 W= 2C

(c) Standing CW

CW Dye-laser-

,t)=e" + ¢
.a+b .a-b .a-b
:el D (el 2_|_e-l )

600 THz
kx-wt -k?c-a)l‘

b
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(a) Right-moving wave e'("*-®1) (b) Left-moving wave ("

k=42  @=2c k= - 0= 2c
C\Aéo[?)y;;}aser CW Dye-laser
, 600 THz
(c) Standing CW e“* 2coskx Ix-wt -kx-ot
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phase glroup

. . . . factor factor
=
W(x,t)=€" Ll peos)x

Period ™ =2m/w =1/v
T=1.67fs=0.167-10"°s

Fig.S (a-c) Relativity & Quantum Th. by Ruler & Compass
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» Geometric analysis of Bohr-Schrodinger "matter-wave”

Algebraic analysis of Bohr-Schrodinger "matter-wave”
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Geometric Analysis of Bohr-Schrodinger “matter-wave” - Fig.6(top) Rel&Quant.Th. by R&

(/\’/x-(o//t) (/(gx-a);l‘)

Yoy = ¢4 + el =peW+i
:ei(61+b)/2 (el(a'b)/2—|—e'l(a'b)/2)
— AN -

Phase faItor: Group facm 2cos (a-b)
2

ei(a+b)/2 /
B

o N\

= +b
cos(az )

+isinfathb
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Geometric Analysis of Bohr-Schrodinger “matter-wave” - Fig.6(top) Rel&Quant.Th. by R&C B_Q mow

( kx-w t) (&, X-0 1) parameters:
(w1,k1)=
Yoy = ed + et =pe¥+imV (4.5.3.0)
:el(a+b)/2 (el(a-b)/Z_l_e-l(a-b)/Z) (w27k2):
— (0.5,-1.0)
1 ’
Phase factor:  Group factor: 2COS( a- b)
el(a‘l‘b)/Z
J
- N
=cos(a+b)
2
+ix‘m(a+ b ) /’/
I/ |
/
K, (‘w, k;)=(4.5, 3.0) K_,z(a)_,,k_,)z(().i-].;)
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Geometric Analysis of Bohr-Schrodinger “matter-wave” - Fig.6(top) Rel&Quant.Th. by R&C B_Q mow

(/( X- t) (k X- t)

Wiy = e + e =peWHiim'V
:ei(a+b)/2 (ei(a-b)/2_|_e-i(a-b)/2)
N -+ — /
Phase factor Group factor: ZCOS( a- b)
el(a‘|‘b)/2
Be
o N
=cos(a+b)
2
+isinfath ) /
2 /
K =(0,k)=(4.5, 3.0 K,=( k) =(0.5, 15)

W ) KK,
K, =1 "2=25,10) Kooy~ 5 —( 2.0, 2.0 )

- (Cl) phase’ k phase) - ((Ugr()up’ k gmzz/))

parameters:
(w 1, ki ) —
(4.5, 3.0)

(wg, k2) —
(0.5, -1.0)

(wphase, kphase) —
(2.5, 1.0)

(Weroup, kgroup) =

(2.0, 2.0)
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Geometric Analysis of Bohr-Schrodinger “matter-wave” - Fig.6(top) Rel&Quant.Th. by R&C
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K,=(w,k,)=(0.5,-1.0)
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Y 1
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K +K, K,-K,
Kphase: T =( 2.5 , 10) Kgr()up: 2 :( 2.0 20)
- wphase ’ kphase) :(wgroup’ kgr()z.lp)

'l

group
zero

] 'Yl
group group
zero zer

B-S m-w
parameters:
(CU1, kl) -
(4.5, 3.0)

(wg, k2) —
(0.5, -1.0)

(thase, kphase) —
(2.5, 1.0)
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Geometric Analysis of Bohr-Schrodinger "matter-wave” - Fig7(a ) Rel&Quant.Th. by R&C

Angular
(a) Frequency K,=(®,k,)=(4.5, 3.0)
Standard )
dispersion K,=(w,,k,)=(0.5, -1.0
w(k) plot
w=k2/2

Wavevector

2 k
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Geometric Analysis of Bohr-Schrodinger "matter-wave” - Fig7(a ) Rel&Quant.Th. by R&C

Angular
(a) Frequency K,=(wk;)=(4.5 3.0)
Standard
dispersion K,=(w,,k,)=(0.5, -1.0
w(k) plot
w=k*/2 Kphase:(K] +K2)/2

~(Pphase’ kphas‘
Z(w] +tw,, k] +)

=25 , 1.0

Wavevector

k
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Geometric Analysis of Bohr-Schrodinger “"matter-wave” -

Angular
( Cl) Frequency
Standard
dispersion
w(k) plot
w=k*/2

Wavevector

K,=(w .k ;)=(4.5, 3.0)
K, =(,,k,)=(0.5, -1.0

Kphase:(K] +K2) /2

:(wphase ’ kphasl
=(a)] tw,, k] +/

= 2.5 , 1.0

Kgroup:(KJ _KZ) /2

:(a)gl"Ol/lp ’ kgmup

=(w;-w,, k;-ky
=( 20 , 2.0)

k

Fig.7(a )

Rel&Quant.Th. by R&C
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Geometric Analysis of Bohr-Schrodinger “"matter-wave” -

Angular
(a) Frequency K,=(wk;)=(4.5 3.0)
Standard
dispersion K,=(w,,k,)=(0.5, -1.0
w(k) plot
w=k*/2 Kphase:(K] +K2)/2

“(Ophase kphasl

=(a)]+a)2,k]+}
=( 2.5 , 1.0

Kgroup:(KJ _KZ) /2

:(a)gl"Ol/lp ’ kgmup

=(w;-w,, k;-ky
=( 20 , 2.0)

Wavevector

k

(b) Wavevector
Complimentary k
dispersion

k(w) plot
k=+v/(2w)

Frequency
0

Fig.7(a )

Rel&Quant.Th. by R&C
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Geometric Analysis of Bohr-Schrodinger “"matter-wave” -

(a)
Standard
dispersion
w(k) plot

w=k?/2

(b)
Complimentary
dispersion
k(w) plot
k=4v/(2w)

Angular
Frequency

K,=(w .k ;)=(4.5, 3.0)
K,=(,,k,)=(0.5, -1.0)

Kphase:(K] +K2) /2
:(wphase ’ kphase)
=(w; *w,, k; +k,)/2
(25 , 1.0)

Kgroup - (KJ _KZ) /2

:(a)gl"OI/lp ’ kgVOT/lp)
=(w;-0,, k;-ky)/2

=(20 , 2.0)

Wavevector

k

Wavevector

k

Frequency
0

Fig.7(a )

Rel&Quant.Th. by R&C

(c)
Minkowski
Space-time (t,x)
path lattices

CW zero-paths._ .+’
¢ /

CW+PW paths
superimposed
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Fundamental wave dynamics based on Euler Expo-cosine ldentity
(eia 4 eib)/z —
Balanced (50-50) plane wave combination.

ky=(k |+ k)/2

Overall or
Mean phase

\

\1150]-502()6’0 = (]/2)\”/(]()5’0 + (]/Z)sz(x’t)

(1/2)ei(kx-010) + (172)el(kx-031) = pi(kp-0pt) o

Velocity:
meters 15t plane 2nd plane Phase or
second phase phase Carrier
or velocity velocity velocity
per-seconds o o
per-meter Vi = ! D= ?2 Vp —Wp 07+ @)
ki 2 ky kp+ ko
Define K-vectors in per-spacetime
Kj =01 k) Ky=(3k) K, =(0, ky
=Kp +Kg =Kp -Kg =(K; +K»)/2

W, =(0;+ 0p)/2

i@ +h)/24i(a-b)/2 4 -i(a-b)/2)sy — Gi(@b)/2 + cos(ab)2

W =(0 - W))/2
kg=(k 71-k»)/2
Relative or
Group phase

\

cos(kgx-a)gt)

Group or
Envelope
velocity
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Geometric analysis of Bohr-Schrodinger "matter-wave”
» Algebraic analysis of Bohr-Schrodinger "matter-wave”
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However, CW-paths require wave interference to make group and phase zeros. Space-time

Algebraic  lattice points are real-zeros for both phase-factor and group-factor in Fig.5 (top half).

Analysis of k,
. +k, 0+, o) T |
CW pair Re phase factor =cos(——= x — > 1)=0=k X — @, f = phaseg (6)
Rel&Quant. -
Th. by R&C _ K> ,—  ar T -
.20 Re group factor =cos( X— > t) 0=k, x—0,, = ngmupa (7)
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Algebraic
Analysis of
CW pair
Rel&Quant.

Th. by R&C
p.20

However, CW-paths require wave interference to make group and phase zeros. Space-time

lattice points are real-zeros for both phase-factor and group-factor in Fig.5 (top half).

k+k, 0,+® N

Re phase factor =cos(——=x — ) ——=n= 0=k et — @ i f = ;hcfslz—
k—k, - T

_ . _(odd)?*

Re group factor =cos( X > t) 0=k, X—0, =1, 5

This is a matrix equation equating each phase (kxr — wt) to odd integers times 7/2.

( I P ) ( J,(0dd) A
phase phase X phase T
Ky —O i) | pe |2

\ group group ) \ group )

(6)
(7)
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Algebraic
Analysis of
CW pair
Rel&Quant.

Th. by R&C
p.20

However, CW-paths require wave interference to make group and phase zeros. Space-time

(top half).

lattice points are real-zeros for both phase-factor and group-factor in Fig.5

k+k, 0,+® N

Re phase factor =cos(——=x — ) ——=n= 0=k et — @ i f = ;h‘j;fg—
k—k, - T

_ . _(odd)?*

Re group factor =cos( X > t) 0=k, X—0, =1, 5

This is a matrix equation equating each phase (kxr — wt) to odd integers times 7/2.

( I P A [ (odad) )
phase phase X phase T
_ B (odd)
\ kgroup a)group ) 4 K ngroup ) 2
Matrix inverse gives (x, 1) loci of the group-phase CW zero-path intersection lattice.
[ o \( (oday
X group @ phase n phase T
| (0dd)
4 \ kgroup k phase ) \ group ) 2D
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Algebraic
Analysis of
CW pair
Rel&Quant.

Th. by R&C
p.20

However, CW-paths require wave interference to make group and phase zeros. Space-time

(top half).

lattice points are real-zeros for both phase-factor and group-factor in Fig.5

ktk, o+, T
_ pylodd) )
Re phase factor =cos(——= x — ) =0=k , X— @, = phasea (6)
k—k, - T =
— . __ _(odd) {
Re group factor =cos( X t) 0=k, X—0,, t=n grow -y (7)

This is a matrix equation equating each phase (kxr — wt) to odd integers times 7/2.

/ k — \ ( (odd) \
phase phase X phase U ( 2 )
— N (0dd) |
\ kgroup a)group ) ! K ngroup ) 2
Matrix inverse gives (x, 1) loci of the group-phase CW zero-path intersection lattice.
( N oda) )
X _wgroup @ phase n phase /8 |
B >h (9)
— (odd) .
4 \ kgroup k phase ) \ group ) 2D

So group-phase lattice vectors are odd-integer multiples of K a5 or Koy and /D .

( ) (
(odd) (odd)
| 2 Lerow e _ Pphase® Drou n odd R e (10)
- D k D k - D( group Phase phase group) .
5 \ phase y, \ group

Matrix determinate D equals area spanned by CW lattice vectors K, ;... and K. .
i phase group

D=K,k . xK 1=k =(w,k, —w,k,)/2

phase group groupw phase o phase group (11)
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2. Geometric construction of wave-zero grids
Continuous Wave (CW) grid based on Kpnase=(Ka+Kp)/2 and Kgroup=(Ka-Kp)/2 vectors

Pulse Wave (PW) grid based on primitive Ko=Kpnaset+Keroup and Ko=Kphase-Kgroup vectors
When this doesn t work (When you don t need it!)
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2-Wave Source: Unifying Trajectory-Space-time (x,t) and Fourier-Per-space-time (w,k)

.a+b .a—b .a—b .a+b
ia ib ! 5 ! 5 ' 5 a—>b a+b .. a+b a—>b
y,=e +e =e e +e =2e CoS = 2(cos + isin )cos
Spacetime (x,t) Per-spacetime (o,k)
Suppose we are
given two Time t Wavevector
“mystery’ sources”
K,
K,
fSchrodinger matter waves Distance x Frequency ®
a+b
i a—b a+b a-b (k +k o+, \ (k—k 0 -, )
0=Rey, =Ree 2 cos = COS Ccos =cos| ——Lx——+—"L¢ |cos| ——Lx————"L7
2 2 ) U 2 2 )
\
= COS kphase'x _ a)phaseZL COS kgroupx _ a)groupt
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2-Wave Source: Unifying Trajectory-Space-time (x,t) and Fourier-Per-space-time (w,k)

a—=>b

i
e 2

a+b

Suppose we are

given two Time|t
“mystery’ sources”
Jo=(w,,ky)
N =(1,2)
3 K,=(0,ky)
=(4, 4)
" Schrodinger matter waves
g
a+b
i a—b
0=Rey, =Ree * cos = COS

Space-time Re-zeros determined by:

k., x—w, t=m(mw/2)

t=n(m/2)

phase phase

X—w

group group

a—=>b
—1I
+ e

m==+1,%3,..

n==1,%3,..

a+b

Spacetime (x,t)

a—>b a+b . a+b a—>b
2 |=2e 2 cos = 2(cos +isin )cos
Per-spacetime (o,k)
Wavevector K
Kgmup
=(K,K»)/2
KZ Kphase
=(K,+K,)/2
Distance x Frequency
a+b a-b (k+k, —o+w, \ (k-k,  ©-w,
COS = COS X———1 [COS X——1
2 2 ) 2 2 )
)
= COS kphase'x o a)phaseZL COS kgroup'x o a)groupt
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2-Wave Source: Unifying Trajectory-Space-time (x,t) and Fourier-Per-space-time (w,k)

ia+b l_a—b __a—b a+b

Yy, =e'+e’=e 2 |e 2 +e 2 |=2e 2 cos

a—>b a+b .. a+b a—>b
= 2(cos + isin )cos

Spacetime (x,t) Per-spacetime (o,k)

Suppose we are
given two lime|t Wavevector k

“mystery’ sources”

K
K.=(® ,k group
L2 (02k) =(K,K,)/2
N =(1, 2)
KZ Kphase
/‘K4=((D4,k4) =(K,+K,)/2
=(4,4)
fSchrodinger matter waves Distance x Frequency ®
a+b
i a—b a+b a-b (k +k o+o, \ (k—k O -, )
0=Rey, =Ree 2 cos = COS Ccos =cos| ——Lx——+—"L¢ |cos| ——Lx————"L7
2 2 ) 2 2 )
\
= COS kphase'x o a)phaseZL COS kgroupx o a)groupt
Space-time Re—zeros determined by: Matrix equation:
kpeX— @ t=m(r/2)  m==x1,13,.. [ K e —wphase](xj ) (mj T
gr()up'x o wgroupt — n(ﬂ’- / 2) n= il’i3’ kgroup _a)gmup ! n 2
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2-Wave Source: Unifying Trajectory-Space-time (x,t) and Fourier-Per-space-time (w,k)

.a+b .a—>b .a—>b .a+b
ia ib ! 2 l 2 —i 7 7 Cl—b a+b .. Cl+b a—b
y,=e +e =e e +e =2e CoS = 2(cos + isin )cos
Spacetime (x,t Per-spacetime (o, k
Suppose we are P (%) P (0.K)
given two Timet Wavevector k
“mystery’ sources”
K
K.=(® ,k group
L2 (02k) =(K,K,)/2
N =(1, 2)
KZ Kphase
/AK4=((D4,k4) =(K,+K,)/2
=(4, 4)
fSchrodinger matter waves Distance x Frequency ®
a+b
i a-b a+b a-b (k +k ow+w, \ [(k-k ® -,
0=Rey, =Ree 2 cos = COS Ccos =cos| ——Lx——+—"L¢ |cos| ——Lx————"L7
2 2 ), 2 2 ),
\
= COS kphase'x _ a)phaseZL COS kgroupx _ a)groupt
Space-time Rey—zeros X, determined by: Matrix equation: Inverse matrix equation:
k — / 2 — _|_1 _|_3 wgmup _a)phase
phase'x o wphaset - m(ﬂ' ) m==xl,T5,... kphase _wphase X _ m\r X k —k m)\ 1
gmupx B wgroupt =N (77: / 2) n= il’i3’ kgroup — Yegroup 4 ) n)2 [f m,nj i} . - [ ja
m,n |a)gr0upkphase _ a)phasekgroup n

xm,n
tm,n

] = Xm,n = [ngroup _ nKphase:'Sgp
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2-Wave Source: Unifying Trajectory-Space-time (x,t) and Fourier-Per-space-time (w,k)
.a+b .a—b _.a-b .a+b

. . l l
ia 4 otb 2 le 2 4+ 2 |=2e 2 cos

a—>b a+b .. a+b a—>b
= 2(cos + isin )cos

Suppose we are Spacetime (x,t) Per-spacetime (o,k)

given two lime t Wavevector k
“mystery’ sources”

K
K.=(® ,k group
L2 (02k) =(K,K,)/2
N =(1, 2)
KZ Kphase
/AK4=((D4,k4) =(K,+K,)/2
=(4,4)
fSchrodinger matter waves Distance x Frequency ®
a+b
i a—b a+b a-b (k +k o+o, \ (k—k O -, )
0=Rey, =Ree 2 cos = COS Ccos =cos| ——Lx——+—"L¢ |cos| ——Lx————"L7
2 2 ) 2 2 )
\
= COS kphase'x o a)phaseZL COS kgroupx o a)groupt
Space-time Rey—zeros X, determined by: Matrix equation: Inverse matrix equation:
k _ /2 _ _|_1 +3 wgmup _a)phase
phase'x o wphaset - m(ﬂ' ) m==xl,T5,... kphase _wphase X m\rm k —k
— — ‘xm,n group phase m\mw
Koy X = @, 8 =1(T [ 2) n==1,%3,.. vy =@ J\ 1 n 2 [ ] = [ ja
m,n |a)gr0upkphase _ a)phasekgroup n
T
...and space-time scale factor: § = Ximn | B B
’ 2 ‘Kgroup X Kphase (t a Xm’n h [ngroup nKphase :| Sgp
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2-Wave Source: Unifying Trajectory-Space-time (x,t) and Fourier-Per-space-time (w,k)

.a+b .a—>b .a—>b .a+b
ia ib ! 2 l 2 —i 7 7 Cl—b a+b .. a+b a—b
y,=e +e =e e +e =2e CoS = 2(cos + isin )cos
Spacetime (x,t Per-spacetime (o, k
Suppose we are P (%) P (0.K)
given two lime t Wavevector k
“mystery’ sources”
K
K,=(o,k group
\‘\2 _(122)ﬂ =(K,K,)/2
KZ Kphase
/AK4=((D4,k4) =(K,+K,)/2
=(4, 4)
fSchrodinger matter waves Distance x Frequency ®
a+b
i a—b a+b a-b (k +k o+o, \ (k—k O -, )
0=Rey, =Ree 2 cos = COS Ccos =cos| ——Lx——+—"L¢ |cos| ——Lx————"L7
2 2 ) 2 2 )
\
= COS kphase'x o a)phaseZL COS kgroupx o a)groupt

Space-time Re—zeros X, determined by:

k

kgroupx — a)group

x—w , t=m(w/2) m==xl,£3,...

t=n(mw/2) n ==x1,13,...

phase phase

T

k phase
k group

Matrix equation:
_wphase (xj
a)gl"()Ltp t

T

n)?2 p

...and space-time scale factor: S .=

2\1{ x K

group phase

— —E xm n
2|1.5'3.0—2.5°l.0| 4 y

Inverse matrix equation:

@ group — phase
j . kgmup o kphase [ m] T
W1 |a) group k phase -0 k 1 2

phase"" group
= — m
Xm,n [ngroup nKphase :| Sgp
n

H+ I+
—_

+ I+
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2-Wave Source: Unifying Trajectory-Space-time (x,t) and Fourier-Per-space-time (w,k)

ia+b l_a—b __a—b a+b

e 2 +e 2 |=2e 2 cos

a—>b a+b .. a+b a—>b
= 2(cos + isin )cos

Spacetime (x,t) Per-spacetime (o,k)

Suppose we are
given two lime|t Wavevector k

“mystery’ sources”

K
K.=(® ,k group
N (0K =(K,K,)/2
N =(1, 2)
KZ Kphase
/‘K4=((D4,k4) =(K,+K,)/2
=4, 4)
fSchrodinger matter waves Distance x Frequency ®
a+b
i a—b a+b a-b (k +k o+o, \ (k—k O -, )
0=Rey, =Ree 2 cos = COS Ccos =cos| ——Lx——+—"L¢ |cos| ——Lx————"L7
2 2 ) 2 2 )
\
= COS kphase'x o a)phaseZL COS kgroupx o a)groupt
Space-time Rey—zeros X, determined by: Matrix equation: Inverse matrix equation:
k — /2 — +1 _|_3 wgmup _a)phase
phasex_wphaset - WZ(ﬂ: ) m==xl,T5,... k hase - hase X m\r .
g g — — ‘xm,n kgmup kphase m\mw
Koy =@, f=n(m/2) n =x1,13,... v =@ g )\ 1 n 2 t = 5
m,n |a)gr0up phase _ a)phasekgroup n
: T T /4 X
...and space-time scale factor: § = = Sad mon 4
é’P 2153.0-2510 4 =X, =|mK _  —1K .. |s, m=t5..
Z‘Kgmup XKphase | | m,n [ o o :| v n ==+1,43,...
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2-Wave Source: Unifying Trajectory-Space-time (x,t) and Fourier-Per-space-time (w,k)

.a+b .a—>b .a—>b .a+b
ia ib ! 2 l 2 —i 7 7 Cl—b a+b .. Cl+b a—b
y,=e +e =e e +e =2e CoS = 2(cos + isin )cos
Spacetime (x,t Per-spacetime (o, k
Suppose we are P (%) x P (0.K)
given two Timet /| Wavevector k
“mystery’ sources” /
K
K.=(® ,k group
L2 (02k) =(K,K,)/2
N =(1, 2)
KZ Kphase
/AK4=((D4,k4) =(K,+K,)/2
=4, 4)
fSchrodinger matter waves Distance x Frequency ®
a+b :
i a—b a+b a-b (k +k o+o, \ (k—k O -, )
0=Rey, =Ree 2 cos = COS Ccos =cos| ——Lx——+—"L¢ |cos| ——Lx————"L7
2 2 ) 2 2 )
\
= COS kphase'x o a)phaseZL COS kgroupx o a)groupt
Space-time Rey—zeros X, determined by: Matrix equation: Inverse matrix equation:
k — /2 — +1 _|_3 wgmup _a)phase
phasex_ wphaset - WZ(ﬂ: ) m==xl,T5,... kphase _wphase X m\r k —k
k X— 4 l’l(TL' /2) n +1.,13 k - 5 [xm’”j group phase [m] T
- - =I1,7)5,... —) t n = —_
group group group group
tmﬂ |a)gr0upkphase _ a)phasekgroup n 2
: T T T
...and space-time scale factor: § = = == K | _ _ _
p f 8p Z‘Kg ., X Kph 2|1530—251 0| 4 (t ] - Xm,n - [ngroup _ nKphase:'Sgp =
rou ase m,n n =

H+ I+
—_

+ I+

w

w
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2-Source Case: Unifying Trajectory-Spacetime (x,t) and Fourier-Per-spacetime (w,k)

Spacetime (x,t) Per-spacetime (w,k)
Suppose we are Wavephsezerapils , 4 4 4 |gMEePhaseectns
given two s oo 7 | Wavevector x
“myS tel’:)/f Sources 9 Time t 7 %\/e group vedtors
' K
= group
Jo=(0k) ~(K K>/

Kphase

=(K +K,)/2

4=(04ky)
~(4, 4)

fShrodinger matter waves

Ve
.
.

Wave(“coherent”)Lattice(Bases. —

and Kphase)

The wave-interference-zero paths given by
K-vectors (wg,kg) and ((Dp,kp) :
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2. Geometric construction of wave-zero grids
Continuous Wave (CW) grid based on Kpnase=(Ka+Kp)/2 and Kgroup=(Ka-Kp)/2 vectors
Pulse Wave (PW) grid based on primitive Ko=Kpnaset+Keroup and Ko=Kphase-Kgroup vectors

When this doesn t work (When you don t need it!)

“Waves are illusory!”
Corpuscles rule!
Pa-tooey!
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2-Source Case: Unifying Trajectory-Spacetime (x,t) and Fourier-Per-spacetime (v,k)

Suppose we are

Wave group zero-paths L

Spacetime (x,t)

Wave phase zero-paths

« <1 1 4

/
4 /

given two

€€ 7L » Timet
mystery’ sources

K, =(0,k))
N =(1, 2)

/1K4:( Wy ky)
=(4, 4)

fShrodinger matter waves

Per-spacetime (o,k)
Wave phase vectors

A
Wavevector K

%\/e group vectors

7

Wave(“coherent”)Lattice(Bases:  —

The wave-interference-zero paths given by
K-vectors (O)g,kg) and (a)p,kp) :

and Kphase)

patooey!

7
patooey!

K group
=(K 4-K 2)/2
Kphase /// //
=(K 4;I-»K 2)/2 , //
> / L /
7/ Ve /
7 /
/ 2, s, 1 ‘ _Jl, //
L R 7' //
7/ i 7 ’ /
F requency @ K y
7/ 7 /
, i K “Waves are illusory!”
/
)/ Corpuscles rule!

r Pa-tooey!

/
/

///P ulse(“particle”)Lattice(Bases: K, and K ),

The paths of packets or Newtonian “corpuscles”

! “spat* at speeds V, and V , and rates », and ®,

patooey! patooey!
patooey!

patooey!

patooey! patooey!
patooey!
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2-Wave Source: Unifying Trajectory-Space-time (x,t) and Fourier-Per-space-time (w,k)

ia+b l_a—b a—=>b a+b

Yy, =e'+e’=e 2 |e 2 +e ?

Suppose we are Spacetime (x,1)

given two
“mystery’ sources”’

Time t

<Ké:ﬂnzkﬂ

fSchrodinger matter wdves" Distance x

a+b
i a—>b a+b a-b
0=Rey, =Ree * cos = COS COS

= 2(cos

Wavevector K

at+b .. a+b — D

+ 1SIn

a

)cos

Per-spacetime fo,k)

Frequency ®

w+o, \ (k-k W -, )
——« by lcos x——+ by
2 ) 2 2 )
\
a)phaset COS kgroup'x _ a)groupt

“Waves are illusor
Corpuscles rule!
Pa-tooey!
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2-Wave Source: Unifying Trajectory-Space-time (x,t) and Fourier-Per-space-time (w,k)

a=b

a—b
i —i

e 2 +e 2

a+b
ia |, ib_ o

Suppose we are Spacetime (x,1)

given two
“mystery’ sources”

\Kzz( W5,k

/1K4:( Wy ky)
~(4, 4)

a+b
i

a+b a—>b

+ isin )cos

Per-spacetime fo,k)

Wavevector K

fSchrodinger matter wdves Distance x Frequency ®
a+b
j AdAb a+b a-b o+o, \ (k—k O -, )
0=Rey, =Ree % cosf = COS Ccos = COS x————2Lr¢ |cos| —Lx——+—L7¢
2 2 ) 2 2 )
\
— COS( kphase'x a)phaseZL COS \ kgroup'x o wgroupt

“Waves are illusor
Corpuscles rule!
Pa-tooey!
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(b) Spacetime (x,1) (d)Spacetime (x,1)

ase /2
(K roup phas ) lattice _Pj’;/w (K s K) lattice b | /
// T at 7 Nl hase 7. i // A1
széf // A\ s szet A

5 n/4

( K // 2)//2
n/z o e 37t/4 At

M/ Space X WA, 2=k " Space x

n/3:7\‘phase/2 =1k phase TU— =\ /2=1t/k /2= 7\9/2 TC/kZ

group group

Qfl/'OHD d
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2. Geometric construction of wave-zero grids
Continuous Wave (CW) grid based on Kpnase=(Ka+Kp)/2 and Kgroup=(Ka-Kp)/2 vectors
Pulse Wave (PW) grid based on primitive Ko=Kpnaset+Keroup and Ko=Kphase-Kgroup vectors
+ When this doesn 't work when you don't need it!)

“Waves are illusory!”
Corpuscles rule!
Pa-tooey!
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(a) Spacetime (x,ct)

Wave zero-paths all the same speed c

(b) Per-spacetime (o,ck)

/4 /4 /4 /4 /4//4
R 7 /// fi 2
/ f Kgroup K
. =(K,K,)/2 4
S
s S K P Kphase
5 8 =(KAK)/72
™~ 3
S
=
Frequency @
Space x . ,Kf (@5 k)

Source.2.])
wsourced)

Replaced by:

Infrared laser

K= (w,ky

Krypton laser _ (46‘, 4 )

...But, if you collide the beams Head-Ohm...

What happens when the
g”'ld area Kgmup X Kphase
is ZERO:

. - T
P 2K  xK

group

= o

phase
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3. Beginning wave relativity
+ Dueling lasers make lab frame space-time grid (CW or PW)
Einstein PW Axioms versus Evenson CW Axioms (Occam at Work)
Only CW light clearly shows Doppler shift
Dueling lasers make lab frame space-time grid
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Zeros of head-on CW sum gives (x,ct)-grid

“Ist Base” laser “3rd Base” laser

Right-moving wave el(kx-ot) Left-moving wave el(-kx-o1) Cw Spacetime
GO0THz laser — ST — O00THz laser Sltﬂﬂdfﬂg X versus Cl
(green) Re reen) Wave CW square grid

Rest Frame Coherent Wave paths
(Cartesian grid)

fime of

Tuesday, January 14, 2014 41



Zeros of head-on CW sum gives (x,ct)-grid

“Ist Base” laser “3rd Base” laser

Right-moving wave el(kx-ot) Left-moving wave el(-kx-o1) Cw Spacetime
GO0THz laser — ST — O00THz laser Sltﬂﬂdfﬂg X versus Cl
(green) Re reen) Wave CW square grid

Rest Frame Coherent Wave paths
(Cartesian grid)

fime of

Per-Spacetime

(D) versus C k
“Baseball” Diqmond

Find zeros by factoring sum: Laser 47 1200THz

( kx-o1) -kx-ot)

. . ) o \"'3rd Basg st Base”” !
—pi(a+b)/2 (el(a-b)/Z + e-z(a-b)/Z )
\— -+ I / K .
Phase factor: Group factor:
n | PHASE vector GROUP vector
expl(a b):e—l(!)l 200S (a;b) =2 cos (I\'X) P:(K_}-{-K ‘_)2 (;=(K_)-K (_)2
2 2 | Laser

per-space
ck-axis
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e Opftical wave coordinate manifolds and frames
Shining some light on light using complex phasor analysis

Old-fashioned meter-stick-clock frames New-fashioned laser clocks & meter sticks

E. F.Taylor and J. A, Wheseler Spacetime Physics (Freeman San Francisco 15966) " 1 T i "
o comg | Complex Phasor Clocks : Tesla’s AC “phasor

1% 1. Thy Guumwiny ol Specelive

Amplitude or
Magnitude
A=Y |~

Imy ¥ (The “Gonna’be”)
Im ¥

Cluanim
Phasor Clock

g — Aeilfx—g)

Phase
= Acosfkx—m1) | @=(kx—wi]
+ Asin{ke—wi )

Re WiThe “[s7)
——TRe ¥

Phasor clocks
furn
clockwise
in time for
posifive @

Fla. 9. Lausooweark of mrder succs arad docke Fig, 10, Labmaratory midl pocken fraies Tlee teg Boiesedrks e disked § seanid agn

300THz Laser plane wave {x,t |k,®) = Ae/"™ WV
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New-fashioned laser clocks & meter sticks (cona)
Dual views:

( ] ) Spacetime ( 2) Per-Spacetime

X versus CI

() versus C k

/'!aser phasors”

4 1200THz

é_ FPE{}HEHE}? FFE{}'HEHC}?
® 34 900THz V=0W1m

Y 'm=1/0 !

TSO0TH= or 400mm >

-"I’J'I’:'Hf .' I’J'I’J'J.u.'.l
Il' .....

-JI‘HHH or Jlﬂi'm.ir

v A

v-A=c

per-sec.

600THz

&
&
st Base”
o+

300THz

K

=
per-space

ck

Space x

Single plane-wave meter-stick-clocks are too fast (..But at least this view is constant )

t catch’ . o
Ccamtess™ Interfering wave pairs needed
to make rest frame coordinates...
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CW Laser
600 THz

[ femtosecond
1.0 fs=10-1s

! micron
1.0 um=10"meter

Speed of 11gh‘g C
c= i 05;015 = 3108
T 5/310

(b) PW diamonds

(a) CW squares. T _

1.0 fs— Period

PW laser

- Time [~
- cl -

CW Laser
600 THz

ﬁ,ﬁ?

—
E
+
-
&
e

;;’ Pl[ﬂ]n r..'rL}l

Wi

¥ (cf vs X)
1T "'3,& - .
il - Spﬂcﬂ
(0 vs k)
. “‘P (ct vs x)
Time L
b ' Y
ool - TN

PW laser

Space

X
I

“patooey!.
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Newton's “Fits " in Optical Interference
Newton complained that light waves have “fits " (what we now know as wave inferference or resonance.)
Examples of interference are head-on collision of two Continuous Waves (2-C'17) or two Pulse Waves (PW)

e Continuous Wave (CW) Addition
. Sharp zeros trace
:'. ice Space square grid
' ' EQUALS (Peaks are diffuse)
o Lelmoung s Right moving Pulse Wave (PW) Addition
R N pulses R -
. Tl Standing R > * 7 d_};: )
pulses eros are diffuse
PLUS EQU ALS Sharp peaks trace
diamond grid
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Newton's “Fits " in Optical Interference
Newton complained that light waves have “fits " (what we now know as wave inferference or resonance.)
Examples of interference are head-on collision of two Continuous Waves (2-C'17) or two Pulse Waves (PW)

|r :".'n'in'.' |r :".'nlin'.'

&l

« Left moving — Right moving

i ses

Pulse Wave (PW) sum compared with

* PIW waves are OFF (0) or ON (1)

* PW sum is Boolean  (0,.0,),(0,,1,),

(11011
« PW time peak-diamond paths are wysiwy®
(What you see is what you expect!)

Continuous Wave (CW) Addition

Sharp zeros trace
square grid
(Peaks are diffuse)

NTY

Pulse Wave (PW) Addition
RN

G

Tl Standing R
p:r.'fsc; ) - k (Zeros are diffuse)
EQUALS Sharp peaks frace
diamond grid

Continuous Wave (CW) sum

« ('[1” waves range continously from -1 to +1

« ('I77sum is more subtle and nuanced interference.

and the

half-difference G-rule
of phase Pand oroup @ zeros.
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3. Beginning wave relativity
Dueling lasers make lab frame space-time grid (CW or PW)
Einstein PW Axioms versus Evenson CW Axioms (Occam at Work)
Only CW light clearly shows Doppler shift
Dueling lasers make lab frame space-time grid
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Einstein PW Axioms versus Evenson CW Axioms (Occam at Work)

Afbert Finstein

Witfiam of Ockham

Einstein Pulse Wave (PW) Axmm PW speed seen by all observers is ¢

It'
It's going -c. .' sgoingc. | A “road-runner” axiom
It's going . L4 t's going c.
(Of course) ¥ (Of course) fs 8 “Show-gtapper™
I..Il; E
—
I879-§935
“:'5 gﬁlng -, |t.5 mlng C.
Pulse wave (PW) train
ﬂ x A A jeos @it Aycos 2ot A zeos 3ot A geos ot Cﬂmpﬁcated
Using '

3 4 4 A PW peaks precisely locate places where wave is.
Occam’s = L PeaT procise) 00 | =
, Continuous wave (CW) train CW zeros precisely locate places where wave is not.
3—1'"’73 349 R Or __ Acos or Simpler
fand Evenson s lasers) ﬂ
Evenson Continuous Wave (CW) axiom.: CW speed for all colors is ¢
Kenneth Evenson It's going -c. —
It locks red! It's going . :: ﬁﬁ:gﬁér It's geing c. More self-evident
It looks green. ' It locks green. “must-be” axiom

J0Ze 2002
=299 702 J58 m's

o) TH=z
rgrfen)

Ll o ~ T W .
"“"""""""’“’-'. -......\'e.:;.s.'a....- B r

N otk Bl
\ It's going .
It looks blue!

FCE K
ke It's going c.

It looks red!
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Credits

Pseudo-Latin names given

Release
E Title Duration For the Road Acme Corporation devices used Books Studied
date Story/writing  Direction For the Coyote
Runner List 1-17 of Roadrunner Episodes
leratii i Chuck Jones-Wikipedia-2012
1 [1949917 |Fastand Fumy-ous  |6:55 |Michael Maltese [ChuckJones |/ cceierat Lo ACME Super Outfit L
incredibus vulgaris
_ Accelerati Carnivorous Asprin, Matches, Rocket-Powered Roller
2 1852:5:24 Beep, Beep 6:45 Michael Maltese Chuck Jones i . .
incredibilus vulgaris Skates
Acceleratti Carnivorous an anvil, a weather balloon, a street
3 1952823 Going! Going! Gosh!  6:25 Michael Maltese | Chuck Jones ’ '
hd 9 incredibilis vulgaris cleaner’s bin, and a fan
o , Velocitus Road-Runnerus Giant Kite Kit, Bomb, Detonator,
4 1953919 Zipping Along 6:55 Michael Maltese |Chuck Jones tremenjus digestus Nitroglycerin
n = Tri ” = .
6 1964814 |Stop/LookiAnd Hastenl|7:00  |Michael Maltese |Chuck Jones | O TOOdCUS | ibus anythingus |70 Soed. Triple Strength Fortified Leg | "How to Bulld a
supersonicus Muscle Vitamins Burmese Tiger Tra
, ) Famishus-
6 1955-4-30 Ready, Set, Zoom! 6:55 Michael Maltese Chuck Jones Speedipus Rex R, Glue
7 1955-12-10 Guided Muscle 6:40 Michael Maltese Chuck Jones Velom?us Ea"bl,’s a ACME Grease
delectiblus anythingus
8 1956-5'5 Gee Whiz-z-z-z-z-z-z 6:35 Michael Maltese Chuck Jones Delicius-delicius Eatius birdius e
B85 Goee WHIiZ-ZeZZZZ= - | I I
Armor Plate, Rubber Band, Jet Bike
: Dig-outius Famishius
9 |1956-11-10 There They Go-Go-Go! 6:35 Michael Maltese Chuck Jones
tid-bittius fantasticus
_ Tastyus . L ACME Dehydrated Boulders, Outboard
10 (1957126 Scrambled Aches 6:50 Michael Maltese Chuck Jones . Eternalii famishiis 3“
supersonicus Stean Roller
11 1957-9-14 | Zoom and Bored 6:15 Michael Maltese Chuck Jones Birdibus zippibus Famishus vulgarus ACME Bumblebees
, Birdius Famishius vulgaris
12 1958:4:12 Whoa, Be-Gone! 6:10 Michael Maltese Chuck Jones . ) : _— Tornado Seeds
high-ballius ingeniusi
. : . . Famishius-
13 1958-10-11 Hook, Line and Stinker 5:55 Michael Maltese Chuck Jones Burnius-roadibus P
o . digoutius- _ )
14 1958126 Hip Hip-Hurry! 6:13 Michael Maltese Chuck Jones ) . eatius-slobbius
unbelieveablii
ishius- -Propelled P tick, Jet-Propel
15 195059 |HotRodandReell  |6:25 |Michael Maltese ChuckJones | oUPer-sonicus- Famishius e e [ Nors!
tastius famishius Unicycle
Hardheadipus Giant Elastic Rubber Band, 5 Miles of
16 1959-10-10 Wild About Hurry 6:45 Michael Maltese |Chuck Jones Batoutahelius . — P Railroad Track, Rocket Sled, Bird Seed, None
P Iron Pellets, Indestructo Steel Ball
) Velocitus Carnivorous
17 1960-1-8 Fastest with the Mostest 7:20 None Chuck Jones : . .
incalcublii slobbius
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vHard-headipus ‘Christmas Packaging Machine,
18 1960-10-8 |Hopalong Cas 6:05 Chuck Jones Chuck Jones speedipus-rex
opaiong ualty 4 poade ravenus Earthquake Pills
. .digoutius- o | List 17-34 of Roadrunner Episodes
19 |1961-1-21 |Zip N Snort 5:50 Chuck Jones Chuck Jones hot-rodis evereadii eatibus Chuck Jones-Wikipedia-2012
‘ h at
20 196163 |Lickety-Splat 620 |Chuckdones | oK ON0s, | Tty ||| PO Roller skis, dart bombs
Abe Levitow giganticus
21 |1961-11-11 |Beep Prepared g0 WonnDum. |ChuckJones,  Tidbitius Hungrii flea-bagius | ACME Iron Bird Seed
oép Fropare ' Chuck Jones Maurice Noble | velocitus ungrii flea-baglus ron Bird ee
John Dunn
Adventu f the Road ' Super-Sonnicus  Desertous-
Film | 1962:6-2 niures ofthe Ho8C 126:00 | Chuck Jones, | Chuck Jones teor ! ous
Runner ) Idioticus operativus |dioticus
Michael Maltese
h e . =
22 |1962:6-30 Zoom at the Top 6:30 Chuck Jones < uc'k Sl - i . _' o overognfudentn Bird seed, instant icicle-maker, boomerang
Maurice Noble quickius vulgaris
23 |1963-12-28 | To Beep or Not to Beep' 6:35 oLl L Sl None None
P P 1o Chuck Jones Maurice Noble
24 196466 | War and Pieces 6:40 | John Dunn Chuck Jones, |Bum-em upus  |Caninus nervous |, ..o Paint
Maurice Noble asphaltus rex
Super-Sonnicus
25 1965-11 Zip Zip Hooray!2 6:15 John Dunn Chuck Jones = None
Idioticus
L3
26 |1965-2'1 Road Runner a Go-Go® |6:05 John Dunn Chuck Jones None None None
_ Friz Freleng,
27 11965-2:27 | The Wild Chase 6:30 None None None
Hawley Pratt
) ) ) Robert
28 |1965-7-31 | Rushing Roulette 6:20 David Detiege : None None
McKimson
Run, Run, Sweet Road ) )
29 |1965-8-21 6:00 Rudy Larriva Rudy Larriva None None
Runner
30 /1965-9-18 | Tired and Feathered 6:20 Rudy Larriva Rudy Larriva None None
i31 | 1965-10-9 ‘Boulder Wham! 6:30 Len Janson ‘Rudy Larriva ‘None None ‘Deluxe Hi-bounce Trampoline Kit
32 1965-10-30 Just Plane Beep 6:45 Don Jurwich Rudy Larriva None None War Surplus Biplane
‘Snow Machine, Magnetic Gun, Practice
33 1965-11-13 |Hained and Hurried 6:45 Nick Bennion Rudy Larriva None None , Su;;er Bo:i’ Kit
34 1965-12-11 Highway Runnery 6:45 Al Bertino Rudy Larriva None None
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35
36
37

38
39
40
41

42

43
44

45
Film
46
47

48

49

1965-12-25
1966-1-8

1966-1-29

1966-2:19
1966-3-12

1966-11-5

1979-11-27

1980-5-21

1994-12-21

2000-12-30

2003-111

2003-11-14

2010-7-30

2010-9-24

20101217

TBA

Chaser on the Rocks
Shot and Bothered

Out and Out Rout

The Solid Tin Coyote
Clippety Clobbered

Sugar and Spies

Freeze Frame

Soup or Sonic

Chariots of Fur®

Little Go Beep

The Whizzard of Ow

Looney Tunes: Back in

Action

Coyote Falls®
Fur of Flying3

Rabid Rider

Untitled Wile E. Coyote

6:45
6:30

6:00

6:15
6:15

6:20

6:05

9:10

7:00

7:55

7:00

91:00

2:59

3:03!""

3:07

and Road Runner Short 5:38

Film

Tom Dagenais

Nick Bennion
Dale Hale
Don Jurwich
Tom Dagenais

Tom Dagenais

John W. Dunn
Chuck Jones

Chuck Jones

Chuck Jones

Kathleen

Helppie-Shipley,

Earl Kress

Chris Kelly

Larry Doyle

Tom
Sheppard!'®

Tom Sheppard

Tom Sheppard

Tom Sheppard

Rudy Larriva
Rudy Larriva

Rudy Larriva

Rudy Larriva
Rudy Larriva

Robert
McKimson

Chuck Jones

Chuck Jones,
Phil Monroe

Chuck Jones

Spike Brandt

Bret Haaland

Joe Dante

Matthew
O'Callaghan

Matthew

O'Callaghan!'"!

Matthew
O'Callaghan

Matthew
O'Callaghan

None

None
None
None
None

None

Semper
food-ellus

Ultra-sonicus ad

infinitum
Boulevardius-
bumupius

Morselus

babyfatius tastius

Geococcyx
californianus®

None
None
None

None

None

None

None

None

None
None

None

Grotesques
appetitus

Nemesis ridiculii

Dogius ignoramii

Poor schnookius

Canis latrans®

Desertus operatus
idioticus
None

None

None

None

List 35-49 of Roadrunner Episodes
Chuck Jones-Wikipedia-2012

Suction Cups

No ACME labeled devices used.

Do-it-Yourself Kit Remote Control
Missile-Bombs

Book of Magic, Flying Broom, Bomb, Clear "
Paint

Bird Seed, Bungee Cord

Bonnie Bike, Mega-Motor, Football Helmet,
Ceiling Fan

Hyper-Sonic Transport
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Evenson CW Axiom ( “Ail colors go c.”) is only reasonable conclusion:
Linear dispersion:® = ck

Linear dispersion means NO dispersion
Einstein PW is corollary of Evenson CW
frequency v W = ck

&S00

700 600THz line
600
3060 ,
400 vacuum can 't support an

300 / co-number of “other speeds”’

wavenumber ck/2n
(inverse wavelength 1/A)
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Evenson CW Axiom ( “Ail colors go c.”) is only reasonable conclusion:
Linear dispersion:® = ck

Linear dispersion means NO dispersion
Einstein PW is corollary of Evenson CW
frequency v W = ck

&S00

700 600THz line
600
3060 ,
400 vacuum can 't support an

300 / co-number of “other speeds”’

wavenumber ck/2n
(inverse wavelength 1/A)

What if blue were to travel 0.001% slower than red
from a galaxy 9 billion light years away? (.and show up 10° years late)

That would mean Good-Bye Hubble Astronomy!
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3. Beginning wave relativity
Dueling lasers make lab frame space-time grid (CW or PW)
Einstein PW Axioms versus Evenson CW Axioms (Occam at Work)

# Only CW light clearly shows Doppler shift

Dueling lasers make lab frame space-time grid
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Doppler Shifts
in
Spacetime
X versus Ct

Doppler Blueshift

More “hits "per sec. if moving

toward laser source

hit”

Doppler Redshift

Fewer “hits” per sec.if moving

away from laser source

‘hit”

Doppler’s picture needs
revision for light whose
period and wavelength
both shift.

Why?

...50 that
all colors

go the same speed!

v-};:&:(B:c
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3. Beginning wave relativity
Dueling lasers make lab frame space-time grid (CW or PW)
Einstein PW Axioms versus Evenson CW Axioms (Occam at Work)
Only CW light clearly shows Doppler shift

# Dueling lasers make lab frame space-time grid
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(2) Time-Reversal axiom: r=1/b

fopn speed -u —

Feooria)] | | 1S

LASER LAB FRAME
LaserPer-Spacetime

(1) versus Ekﬂ

(3) Half-Sum Phase P=(R+L)/2 and Half-Difference Group G=(R-L)/2

Deriving Spacetime and per-spacetime coordinate geometry by:
(I) Evenson CW axiom “4/l colors go ¢ kﬂ&pﬂ KA and KB on their baselines.

L Y R

EVAE

o D)
=)

1R 4222 H—<4 W JcZzy

ATOM FRAME view of LASER WAVES

AtomPer-Spacetime
ﬂ.)f versus CK g = “MIZGGTHE

3 —

2— 600THz

o
,,:E‘l

- K )
aser per-spdce

750TH= or 400nm

E]Ir}lr}l_ll-fl_ aF 2R
M"'\-\.
1 g .x"
A ‘i-.%

400TH= or 75016 ¢

W'3=1/2+(2)=1

______ 1- SR

1
b2

1
f—

Atom per-space

ok =(-1,1) ck’
8 I > '
{Ha:’ved Doubled 3 j
3rd base distance Ist base distance
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Deriving Spacetime and per-spacetime coordinate geometry by:

( }) Evenson CW axiom “All colors goc” kﬂﬁpﬂ K A and K Bon their baselines. L, P R
(2) Time-Reversal axiom: r=1/b

(3) Half-Sum Phase P=(R+L)/2 and Half-Difference Group G=(R—L)/2 \Z

aiom speed -u need
¥ eoorhzl| | ﬁl | |7 soorkz? MIIHH—NI Im
ATOM FRAME view of L '

LASER LAB FRAME
LaserPer-Spacetime AtomPer-Spacetime
ﬂ.)f versus C k 74 - x]ﬁZ'ﬂﬂTHZ e it —.___T-'i.- _'_-_ /T

(1) versus Ekd

750TH= op 400nm

2 600THz 600TH= or 500mm

Atom per—sg:i:m‘:e
~(-1,1) ck”

1 ) |
Halved 3 4

3rd Fm'e distance

Do u%)!ea’
It base distance
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(Per-space-time Cartesian lattice)

= per-time k=,
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_‘.-kl'fu.'.l.{]_
Fral hame . Ixl e
PA"
O r d
L perypdoe
ks ck=2m Kk

\( b} Laser group and phase wavevectors

fot Laser Coberent Wave (CW) paths
(Space-time Cartesian grid)

furee of

>

(e} Laser Pulse Wave {PW) Paths
fSpace-time Diamond grid)

Soce X

;
(b} Boosted group and phase waveve ctors-

fa) Boosted Laser " Baseball Diamond ™
(Per-space-time rectangle)
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atom speed -u—-

[ aser lab views
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LASER LAB FRAME

ulugn speed -u @ —_—

LaserPer-Spacetime

) versus C k

o

T50THz ov 4000mm

G007

SOO0THz or 75 hun

\& Laser per-space

o S0ihim

7 7
) versus C k

(H—4 BBz

{ () (&-Q_i}
AtomPer-Spacetime

,_'1
Atom per-space

ck”
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Euclidian Geometry for Per-spacetime Relatmty

relative speed~slope

u/c= sinh p /cosh p= tanhp / |C

Key Definition| Alom Per-time 7 Key Results:
mf
OfRapfdfty p J Bel| _0) ) Vs. “ Ck )
Doppler blue shifi: 4 winks” vs. .f;;nks
- w =B cos
Bb =Be™P N T P
Doppler red shift: ck=B sinh P
— locit
Br=Be™P /ﬂ) %ﬂﬂp ve ﬂﬂ; ;ﬂh ;
B = =
| "l ck e
h phase velocity:
' BeP] Amm per-: ]I?HEE ——==conp
/'8 sinh p o ck’ (f) u
-2 -1 0 1 2 3 4
B sinh p = (B e P=B e P)2 B cosh p= (B e P+B e P)/2
i

T

¢, |Key Quantities —r
- _ 2 — 2
S I}"Ih P— /- Ez Loreniz-Einstein factors COSh 'O —\H- Eg
‘](‘ C
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