2-Wave Interference: Phase and Group Velocity

(Ch. 0-1 of Unit 2)

1. Review of basic formulas for waves in space-time (x,t) or per-space-time (w,k)
I-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)

2. Geometric construction of wave-zero grids

Continuous Wave (CW) grid based on Kpnase=(KutKp)/2 and Kegroup=(Ka-Ki)/2 vectors
Pulse Wave (PW) grid based on primitive Ko=Kphase T Kgroup and Ko=Kpnase-Kgroup vectors
When this doesn t work (When you don t need it!)

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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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

g
kg kj-ky
Kg =(0g, kg)
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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!)

Thursday, March 15, 2012



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

+e

m==+1,%3,..

n==1,%3,..

Spacetime (x,t)

.a—>b a+b
) 5 a—>b a+b . a+b a—>b
=2e 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

Thursday, March 15, 2012



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
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+, \ (k—k 0 -, )
0=Rey, =Ree 2 cos = COS Ccos =cos| ——Lx——+—"L¢ |cos| ——Lx————"L7
2 2 ) U 2 2 y,
\
= 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
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 /4 /3
...and space-time scale factor: § = = == K | _ _ _
p f 8p Z‘Kg ., X Kph 2|1530— 251 0| 4 ( ] - Xm,n - [ngroup _ nKphase:'Sgp =
rou ase m,n n =
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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
phasex_ wphaset - WZ(ﬂ: ) m==xl,T5,... kphase _wphase X m\r .
k 0] 4 (r/2) +1.,13 k - ‘~ [xm’”j kgmblp kphase [m] T
X— =n n == g —Jgeee —a) l‘ n 2 = J—
group group group group
tmﬂ |a)gr0upkphase _ a)phasekgroup n 2
: T T /4 X
...and space-time scale factor: § = = Sad mon 4
é’P 21530-2510 4 =X, =|mK _  —1K .. |s, m=t5..
Z‘Kgmup X Kphase | | m.n [ o g ] 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
/‘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
phase'x - wphaset - WZ(ﬂ: ) m==xl,T5,... kphase _wphase X m\r k —k
k . /2 _ +1 +3 — — ‘xm,n . group phase m\mw
groupx _ a)groupt - n(n’ ) n =xI,T5,... kgr()up _a)group l n 2 t B |a) — k n 5
m,n group”~ phase phase"" group
: 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+
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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!

Thursday, March 15, 2012 13



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

Spacetime (x,t)
Wave phase zero-paths
Wave group zero-paths L/

Suppose we are Y

/
/

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

patooey!

7

Wave(“coherent”)Latt ice(Baseg:/K

group and Kphase )

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

7
patooey!

K group
=(K,K))/2
Kphase /// //
=(K 4;I-»K )/2|, /,’
Il 2 il z /
’ ’ /
7 . i , /
/ 2, s, 1 _Jl //
A7 R il K
Frequency ®- K v
7/ 4 7/ 7 /
% /s 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 gmup, phas ) lattice _Pj’;/w (K s K) lattice b | /
/ at 7 Nl hase 7. i // A1
szé T :/ (57 4L sze t P R R

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!

Thursday, March 15, 2012 18



(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

Thursday, March 15, 2012
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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

Thursday, March 15, 2012 21



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

E. F.Taylor and J. A Whesler Spacetime Physics (Freeman San Francisco 1966)

1% 1. Thy Guumwiny ol Specelive

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

New-fashioned laser clocks & meter sticks
Complex Phasor Clocks : Tesla's AC “phasor”™

Amplitude or
Magnitude
A=Y |~

Imy ¥ (The “Gonna’be”)
Im ¥

Cluanim
Phasor Clock

¥ = Aeifkr—0i) Phase

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

Re WiThe “[s7)
——TRe ¥

Phasor clocks
furn
clockwise
in time for
posifive @

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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- Time [~
cl -

CW Laser
600 THz

ﬁ,ﬁ?

(a) CW squares .

[ femtosecond
1.0 fs=10-1s

I micron

1.0 um=10"meter

(b) PW diamonds

.

CW Laser
600 THz

E
+
-
&
e

;,’ Pl[ﬂ]n r..'rL}l

Period Wi
1O fs Pert (ct vs x)
1Tl - P
- = Spﬂcﬂ
{ € vs I'_I'I;.
.h\.-.., .-"'-;! RP\-. I::Llr " .!l::l
Time R .
R N

PW laser

“patooey!.”

PW laser

Space

X
I
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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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Afbert Finstein

I879-1955

Witfiam of Ockham

1285-1349

Kenneth Fvernson

J0Ze 2002
=299 702 J58 m's

Using
Occam'’s
Razor

fand Evenson s lasers)

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

It's going -c. 7 |Wsgoingc. A “road-runner” axiom
It's going . '4.- Usgoing C.| e o “show-stopper”
(Of course) I/ (Of course) oppe
[« 7
f T
— E
It's going -c. It's going c.
Pulse wave (PW) train
A jeos @it Aycos 2ot A zeos 3ot A geos ot Cﬂmpﬁcated
&
‘ 3 ) peaks precisely locate places where wave is.
Continuous wave (CW) train CW zeros precisely locate places where wave is not.

Acos af Simpler

Evenson Continuous Wave (CW) axiom.: CW speed for all colors is ¢

t's going -c. . It's going c. .y .
It looks red! It's going . it looks bluel It's going c. More self-evident
It looks green. ' It looks green. “must-be” axiom
60 TH=z
(green) —:mm..

i B ¥ aw & F LT
T e i, W00 0 W — -'-*1-*-
'm Laser Deppler red shiifi

It's going . SONFCE
It looks blue!

It's going c.
It looks red!
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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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'‘Baseball Digcond "

‘r’u,r Laser '

(Per-space-time Cartesian lattice)

= per-time k=,
=2V
_‘.-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)

J20aThz FOOTIe
& TALLT e
Leffoe-Rygi Rghi-i-Lefi
Heam F{”ﬂ. ”IJHE Heaom
H ‘# :
kg @=2rv K
|"
Hl"
|
Fa Ea
I.J _h -

per-space

-

. g
ch _'}I'L'J'g.,'.ff

L
(Per-space-time Minkowski latticeff

-~ '

J
P

iy

fc) fu=3c¢ 3)-Boosted CW paths
(Space-time Minkowski grid)

f”? (e} Boosted PW Paths
" fRec ngular grid)

fme

atom speed -u—-

[ aser lab views

@ =—— Atom VIEWS (sees lab going ~u
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(H—4 BBz

LASER LAB FRAME

T—— r-‘/‘\)-" ,.7' ’
uluén speed -u — atom speed () 5@(‘) / Z / /

LaserPer-Spacetime AtomPer-Spa(;etime
@ versus Ck (l), versus CK ’

T50THz ov 4000mm

OO0THz or 50hm

SOO0THz or 75 hun

= o
<, o
g fcé A
2 \& Laser per-space
3

,_'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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