
Lecture 22. 
Relativity of wave-optics and Lorentz-Minkowski coordinates II.

Ch. 3 of Unit 8 CMwBang! and p.1-28 Relativity&QuantumTheory by Rule&Compass
1. Spectral theory of Einstein-Lorentz relativity

Applying Doppler Shifts to per-space-time (ck,ω) graph
CW Minkowski space-time coordinates (x,ct) and PW grids

Relating Doppler Shifts b or r=1/b to velocity u/c or rapidity ρ 
   Connection: Conventional approach to relativity and old-fashioned formulas

Invariant hyperbolas and hyperbolic relations
2. Reciprocal dilation and contraction properties
          The most old-fashioned form(ula) of  all: Thales & Euclid means

Galileo wins one! (...in gauge space) 

AMOP Lecture  3 
Tue 1.28-Thur 1.30.2014
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 A point or two to review

That old Time-Reversal meta-Axiom (that is so-oo-o neglected!) 
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See animation: www.uark.edu/ua/pirelli/php/time_rev_sym.php
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See animation: www.uark.edu/ua/pirelli/php/time_rev_sym.php
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Review Spectral theory of Einstein-Lorentz 
relativity

Applying Doppler Shifts to per-space-time (ck,ω) graph
CW Minkowski space-time coordinates (x,ct) and PW grids

Relating Doppler Shifts b or r=1/b to velocity u/c or rapidity ρ 
   Lorentz transformation  
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recall also:
p. 3-11 of Lect.1
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Review Spectral theory of Einstein-Lorentz relativity
Applying Doppler Shifts to per-space-time (ck,ω) graph
CW Minkowski space-time coordinates (x,ct) and PW grids

Relating Doppler Shifts b or r=1/b to velocity u/c or rapidity ρ 
   Lorentz transformation  
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recall also:
p. 3-11 of Lect.1
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Einstein-Lorentz Transformation (ELT) of spacetime (x,ct) coordinates... 

...is based upon the same ELT of per-spacetime (ck,ω) coordinates... Old-fashioned notation
(discussed below)
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Review Spectral theory of Einstein-Lorentz relativity
Applying Doppler Shifts to per-space-time (ck,ω) graph
CW Minkowski space-time coordinates (x,ct) and PW grids

Relating Doppler Shifts b or r=1/b to velocity u/c or rapidity ρ 
   Lorentz transformation  
           Connection: Conventional approach to relativity and old-fashioned formulas

Invariant hyperbolas and hyperbolic relations
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Connection to conventional approach to relativity and old-fashioned formulas
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Given phase and group wave formulas:
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Calculate phase velocity                 and           group velocity of coordinate waves:
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relativity

parameter 
β=u/c

Connection to conventional approach to relativity and old-fashioned formulas
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Calculate phase velocity                 and           group velocity of coordinate waves:
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Solve          for Doppler-blue factor:b2−1
b2+1

≡β

Connection to conventional approach to relativity and old-fashioned formulas
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Connection to conventional approach to relativity and old-fashioned formulas
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Calculate phase velocity                 and           group velocity of coordinate waves:
Vphase

c
=

′ω phase

c ′kphase
= coshρ
sinhρ

= 5
3
= cothρ

Vgroup
c

=
′ω group

c ′kgroup
= sinhρ
coshρ

= 3
5
= tanhρ

′Vgroup
c

= u
c
=tanhρ = e

ρ − e−ρ

eρ + e−ρ
= b −b

−1

b +b−1 =
b2−1
b2+1

≡β

old-fashioned
relativity

parameter 
β=u/c

Solve          for Doppler-blue factor:b2−1
b2+1

≡β

b2−1=βb2+β
b2−βb2 =1+β

b2 =1+β
1−β

Connection to conventional approach to relativity and old-fashioned formulas

28Tuesday, January 28, 2014



Given phase and group wave formulas:
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Calculate phase velocity                 and           group velocity of coordinate waves:
Vphase

c
=

′ω phase

c ′kphase
= coshρ
sinhρ

= 5
3
= cothρ

Vgroup
c

=
′ω group

c ′kgroup
= sinhρ
coshρ

= 3
5
= tanhρ

′Vgroup
c

= u
c
=tanhρ = e

ρ − e−ρ

eρ + e−ρ
= b −b

−1

b +b−1 =
b2−1
b2+1

≡β

old-fashioned
relativity

parameter 
β=u/c

Solve          for Doppler-blue factor:b2−1
b2+1

≡β b = 1+ β
1− β

= 1+ u / c
1− u / c

= 1+ u / c
1− u2 / c2

≡ 1+ β
λ

old-fashioned
Lorentz x-contraction

parameter 
λ = 1− u2 / c2

b2−1=βb2+β
b2−βb2 =1+β

b2 =1+β
1−β

Connection to conventional approach to relativity and old-fashioned formulas
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Given phase and group wave formulas:
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Calculate phase velocity                 and           group velocity of coordinate waves:
Vphase

c
=

′ω phase

c ′kphase
= coshρ
sinhρ

= 5
3
= cothρ

Vgroup
c

=
′ω group

c ′kgroup
= sinhρ
coshρ

= 3
5
= tanhρ

′Vgroup
c

= u
c
=tanhρ = e

ρ − e−ρ

eρ + e−ρ
= b −b

−1

b +b−1 =
b2−1
b2+1

≡β

old-fashioned
relativity

parameter 
β=u/c

Solve          for Doppler-blue factor:b2−1
b2+1

≡β b = 1+ β
1− β

= 1+ u / c
1− u / c

= 1+ u / c
1− u2 / c2

≡ 1+ β
λ

old-fashioned
Lorentz x-contraction

parameter 
λ = 1− u2 / c2

Convert Lorentz parameter to hyper-function:

b2 =1+β
1−β

λ ≡ 1− u2 / c2

  = 1− tanh2 ρ = sechρ = 1
coshρ

≡ 1
γ

Connection to conventional approach to relativity and old-fashioned formulas
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Given phase and group wave formulas:
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Calculate phase velocity                 and           group velocity of coordinate waves:
Vphase

c
=

′ω phase

c ′kphase
= coshρ
sinhρ

= 5
3
= cothρ

Vgroup
c

=
′ω group

c ′kgroup
= sinhρ
coshρ

= 3
5
= tanhρ

′Vgroup
c

= u
c
=tanhρ = e

ρ − e−ρ

eρ + e−ρ
= b −b

−1

b +b−1 =
b2−1
b2+1

≡β

old-fashioned
relativity

parameter 
β=u/c

Solve          for Doppler-blue factor:b2−1
b2+1

≡β b = 1+ β
1− β

= 1+ u / c
1− u / c

= 1+ u / c
1− u2 / c2

≡ 1+ β
λ

old-fashioned
Lorentz x-contraction

parameter 
λ = 1− u2 / c2

Convert Lorentz parameter to hyper-function:

old-fashioned
Einstein t-dilation

parameter 
γ = 1

1− u2 / c2

b2 =1+β
1−β

λ ≡ 1− u2 / c2

  = 1− tanh2 ρ = sechρ = 1
coshρ

≡ 1
γ

Connection to conventional approach to relativity and old-fashioned formulas
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Given phase and group wave formulas:
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Calculate phase velocity                 and           group velocity of coordinate waves:
Vphase

c
=

′ω phase

c ′kphase
= coshρ
sinhρ

= 5
3
= cothρ

Vgroup
c

=
′ω group

c ′kgroup
= sinhρ
coshρ

= 3
5
= tanhρ

′Vgroup
c

= u
c
=tanhρ = e

ρ − e−ρ

eρ + e−ρ
= b −b

−1

b +b−1 =
b2−1
b2+1

≡β

old-fashioned
relativity

parameter 

Solve          for Doppler-blue factor:b2−1
b2+1

≡β b = 1+ β
1− β

= 1+ u / c
1− u / c

= 1+ u / c
1− u2 / c2

≡ 1+ β
λ

old-fashioned
Lorentz x-contraction

parameter 
Convert Lorentz parameter to hyper-function:

old-fashioned
Einstein t-dilation

parameter 

b2 =1+β
1−β

λ = 1− u2 / c2 = sechρ
λ ≡ 1− u2 / c2

  = 1− tanh2 ρ = sechρ = 1
coshρ

≡ 1
γ

1
λ
=γ = 1

1− u2 / c2
= coshρ

β = u / c = tanhρ

Connection to conventional approach to relativity and old-fashioned formulas
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Given phase and group wave formulas:

′ω phase

c ′kphase
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Calculate phase velocity                 and           group velocity of coordinate waves:
Vphase

c
=

′ω phase

c ′kphase
= coshρ
sinhρ

= 5
3
= cothρ

Vgroup
c

=
′ω group

c ′kgroup
= sinhρ
coshρ

= 3
5
= tanhρ

′Vgroup
c

= u
c
=tanhρ = e

ρ − e−ρ

eρ + e−ρ
= b −b

−1

b +b−1 =
b2−1
b2+1

≡β

old-fashioned
relativity

parameter 

Solve          for Doppler-blue factor:b2−1
b2+1

≡β b = 1+ β
1− β

= 1+ u / c
1− u / c

= 1+ u / c
1− u2 / c2

≡ 1+ β
λ

old-fashioned
Lorentz x-contraction

parameter 
Convert Lorentz parameter to hyper-function:

old-fashioned
Einstein t-dilation

parameter 

b2 =1+β
1−β

b = eρ = coshρ + sinhρ = 1+u/c
1−u2/c2

≡ 1+ β
λ

Doppler-blue (again) 
λ = 1− u2 / c2 = sechρ

λ ≡ 1− u2 / c2

  = 1− tanh2 ρ = sechρ = 1
coshρ

≡ 1
γ

1
λ
=γ = 1

1− u2 / c2
= coshρ

β = u / c = tanhρ

Connection to conventional approach to relativity and old-fashioned formulas
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Given phase and group wave formulas:
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c ′kphase
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Calculate phase velocity                 and           group velocity of coordinate waves:
Vphase

c
=

′ω phase

c ′kphase
= coshρ
sinhρ

= 5
3
= cothρ

Vgroup
c

=
′ω group

c ′kgroup
= sinhρ
coshρ

= 3
5
= tanhρ

′Vgroup
c

= u
c
=tanhρ = e

ρ − e−ρ

eρ + e−ρ
= b −b

−1

b +b−1 =
b2−1
b2+1

≡β

old-fashioned
relativity

parameter 

Solve          for Doppler-blue factor:b2−1
b2+1

≡β b = 1+ β
1− β

= 1+ u / c
1− u / c

= 1+ u / c
1− u2 / c2

≡ 1+ β
λ

old-fashioned
Lorentz x-contraction

parameter 
λ = 1− u2 / c2 = sechρ

λ ≡ 1− u2 / c2

  = 1− tanh2 ρ = sechρ = 1
coshρ

≡ 1
γ

Convert Lorentz parameter to hyper-function:

old-fashioned
Einstein t-dilation

parameter 
1
λ
=γ = 1

1− u2 / c2
= coshρ

β = u / c = tanhρ
b2 =1+β

1−β

b = eρ = coshρ + sinhρ = 1+u/c
1−u2/c2

≡ 1+ β
λ

          =    1
λ

    +  β
λ

    = 1
1−u2/c2

+ u/c
1−u2/c2

  

Doppler-blue (again) 

Connection to conventional approach to relativity and old-fashioned formulas
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Connection to conventional approach to relativity and old-fashioned formulas

Given phase and group wave formulas:

′ω phase

c ′kphase
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Calculate phase velocity                 and           group velocity of coordinate waves:
Vphase

c
=

′ω phase

c ′kphase
= coshρ
sinhρ

= 5
3
= cothρ

Vgroup
c

=
′ω group

c ′kgroup
= sinhρ
coshρ

= 3
5
= tanhρ

′Vgroup
c

= u
c
=tanhρ = e

ρ − e−ρ

eρ + e−ρ
= b −b

−1

b +b−1 =
b2−1
b2+1

≡β

old-fashioned
relativity

parameter 

Solve          for Doppler-blue factor:b2−1
b2+1

≡β b = 1+ β
1− β

= 1+ u / c
1− u / c

= 1+ u / c
1− u2 / c2

≡ 1+ β
λ

old-fashioned
Lorentz x-contraction

parameter 
λ = 1− u2 / c2 = sechρ

λ ≡ 1− u2 / c2

  = 1− tanh2 ρ = sechρ = 1
coshρ

≡ 1
γ

Convert Lorentz parameter to hyper-function:

old-fashioned
Einstein t-dilation

parameter 
1
λ
=γ = 1

1− u2 / c2
= coshρ

β = u / c = tanhρ
b2 =1+β

1−β

b = eρ = coshρ + sinhρ = 1+u/c
1−u2/c2

≡ 1+ β
λ

          =    1
λ

    +  β
λ

    = 1
1−u2/c2

+ u/c
1−u2/c2

  

Doppler-blue (again) 

old-fashioned asimultaneity coeff. 
u/c
1−u2/c2

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

Related material at
“per space-per-time”

setting of:

Connection to conventional approach to relativity and old-fashioned formulas
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Invariant hyperbolas and hyperbolic relations
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33−

BB==22

433221100--11

EEuucclliiddiiaann wwaavvee ggeeoommeettrryy wwiitthh ttiimmee--rreevveerrssaall ssyymmmmeettrryy iimmppllyy
ddiissppeerrssiioonn hhyyppeerrbboollaass:: ω ==nnBccoosshh ρ

4

BB ccoosshh ρ

BB ssiinnhh ρ
BB ee--ρ

ee--ρBB

ρ = ( ρ+ ρ)/2ρ = ( ρ− ρ)/2

ee++ρ

Lab
frame
area...

equals

Atom frame area...

by time-reversal axiom: r =1/b

r·b= 1
BB=bBB

=rBB

r
b

r

b

...that implies
hyperbolic invariants

′

per-space
ck′

per-time
ω′

Doppler
blue-shift

Doppler
red-shift

BBee++ρ

BBee--ρ
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GGrroouupp vveelloocciittyy u aanndd pphhaassee vveelloocciittyy c2/u
aarree hhyyppeerrbboolliicc ttaannggeenntt ssllooppeess

Newtonian speed u~cρ
Relativistic
group wave
speed u=c tanh ρ

LLooww ssppeeeedd aapppprrooxxiimmaattiioonn

33−

== BB==22ϖ

433221100--11

4

--22

BB ccoosshh ρ

BB ssiinnhh ρ
BB ee--ρ ck

ω

== 22BB==442ϖ

Δω

c Δk

PP
GG

BB ee++ρ

G
hyperbolas

P hyperbolas
c line

cc

ω
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2. Reciprocal dilation and contraction properties 

46Tuesday, January 28, 2014



Lase
r Spa

ce

x- ax
is

Laser
Time

ct - ax
is

1.0

1.0

1.0

1.0

invariant
hyperbolas

Time
Dilation
Δt′/t′=

1/√1-v2/c2

Δt′/t′
=5/4

Length
Contraction
ΔL′/L′=
√1-v2/c2

ΔL′/L′=4/5

Atom Time
ct′ - axis

Atom Space
x′ - axis

2. Reciprocal dilation and contraction properties 

47Tuesday, January 28, 2014



P=Kphase

G=Kgroup

Time
ct′

sinhρ

coshρ

sinhρP=Kphase

G=Kgroup

Space x

Time
ct

sechρ

sinhρ

=tanhρ
c

=cothρ

Vphase
slope:

c

slope:
= 0Vgroupc

slope:

sinh2ρ
coshρ

cτ1
2

= ∞

Vphase
slope:

c

cτ1
2

cτ1
2cτ1

2 cτ1
2

cτ1
2

λ1
2

sechρλ1
2 coshρλ1

2

(a) Alice’s standing CW (x,ct) frame (b) Bob’s (x′,ct′) view of Alice’s wave

Space x′λ = µm1
2

1
4

τ = fs1
2

5
6

λ =1
2

τ-dilation
and contraction

λ-contraction
and dilation sechρλ1

2

2. Reciprocal dilation and contraction properties 

Fig. 10 SR&QMbyR&C

48Tuesday, January 28, 2014



1.0

0.5

1.5

2.0

-2.0 -2.0 +0.5 +1.0 +1.5 +2.0

1.0

0.5

1.5

2.0

-2.0 -2.0 +0.5 +1.0 +1.5 +2.0

49Tuesday, January 28, 2014



P′

G′
κg=υAcoshρ

=5/4

κp=υAsinhρ

=3/4 υp
=υAcoshρ

=5/4

υg
=υAsinhρ

=3/4

frequency

υ (Hz)

wave number

κ (per meter)

1.0

0.5

1.5

2.0

-2.0 -2.0

0

+0.5 +1.0 +1.5 +2.0

P′

G′

Time t

t (sec.)

1.0

0.5

1.5

2.0

-1.0 -0.5

0

+0.5 +1.0 +1.5 +2.0

τp
=τAsechρ

=4/5

τg
=τAcschρ

=4/3

λg=τAsechρ

=4/5
λp=τAcschρ

=4/3

Space

x ( meter)

(a) Space-time (t,x) geometry of CW zero-paths (b) Per-space-time ( ) geometry of CW point vectorsυ,κ

2. Reciprocal dilation and contraction properties 

50Tuesday, January 28, 2014



P′

G′
κg=υAcoshρ

=5/4

κp=υAsinhρ

=3/4 υp
=υAcoshρ

=5/4

υg
=υAsinhρ

=3/4

frequency

υ (Hz)

wave number

κ (per meter)

1.0

0.5

1.5

2.0

-2.0 -2.0

0

+0.5 +1.0 +1.5 +2.0

P′

G′

Time t

t (sec.)

1.0

0.5

1.5

2.0

-1.0 -0.5

0

+0.5 +1.0 +1.5 +2.0

τp
=τAsechρ

=4/5

τg
=τAcschρ

=4/3

λg=τAsechρ

=4/5
λp=τAcschρ

=4/3

Space

x ( meter)

κp=1/λp

m
ap
s
to
/fr
om

m
ap
s
to
/fr
om
λp=1/κp

(a) Space-time (t,x) geometry of CW zero-paths (b) Per-space-time ( ) geometry of CW point vectorsυ,κ

2. Reciprocal dilation and contraction properties 

Fig. 11 SR&QMbyR&C

51Tuesday, January 28, 2014



P′

G′
κg=υAcoshρ

=5/4

κp=υAsinhρ

=3/4 υp
=υAcoshρ

=5/4

υg
=υAsinhρ

=3/4

frequency

υ (Hz)

wave number

κ (per meter)

1.0

0.5

1.5

2.0

-2.0 -2.0

0

+0.5 +1.0 +1.5 +2.0

P′

G′

Time t

t (sec.)

1.0

0.5

1.5

2.0

-1.0 -0.5

0

+0.5 +1.0 +1.5 +2.0

τp
=τAsechρ

=4/5

τg
=τAcschρ

=4/3

λg=τAsechρ

=4/5
λp=τAcschρ

=4/3

Space

x ( meter)

κp=1/λp

m
ap
s
to
/fr
om κg=1/λg

m
ap
s
to
/fr
om
λp=1/κp

λg=1/κg

(a) Space-time (t,x) geometry of CW zero-paths (b) Per-space-time ( ) geometry of CW point vectorsυ,κ

2. Reciprocal dilation and contraction properties 

Fig. 11 SR&QMbyR&C

52Tuesday, January 28, 2014



P′

G′
κg=υAcoshρ

=5/4

κp=υAsinhρ

=3/4 υp
=υAcoshρ

=5/4

υg
=υAsinhρ

=3/4

frequency

υ (Hz)

wave number

κ (per meter)

1.0

0.5

1.5

2.0

-2.0 -2.0

0

+0.5 +1.0 +1.5 +2.0

P′

G′

Time t

t (sec.)

1.0

0.5

1.5

2.0

-1.0 -0.5

0

+0.5 +1.0 +1.5 +2.0

τp
=τAsechρ

=4/5

τg
=τAcschρ

=4/3

λg=τAsechρ

=4/5
λp=τAcschρ

=4/3

Space

x ( meter)

κp=1/λp

m
ap
s
to
/fr
om κg=1/λg

m
ap
s
to
/fr
om
λp=1/κp

λg=1/κg

maps to/from

υp=1/τpτp=1/υp

(a) Space-time (t,x) geometry of CW zero-paths (b) Per-space-time ( ) geometry of CW point vectorsυ,κ

2. Reciprocal dilation and contraction properties 

Fig. 11 SR&QMbyR&C

53Tuesday, January 28, 2014



P′

G′
κg=υAcoshρ
=5/4

κp=υAsinhρ
=3/4 υp

=υAcoshρ
=5/4

υg
=υAsinhρ
=3/4

frequency

υ (Hz)

wave number

κ (per meter)

1.0

0.5

1.5

2.0

-2.0 -2.0

0

+0.5 +1.0 +1.5 +2.0

P′

G′

Time t

t (sec.)

1.0

0.5

1.5

2.0

-1.0 -0.5

0

+0.5 +1.0 +1.5 +2.0

τp
=τAsechρ
=4/5

τg
=τAcschρ
=4/3

λg=τAsechρ
=4/5

λp=τAcschρ
=4/3

Space

x ( meter)

κp=1/λp

m
ap
s
to
/fr
om κg=1/λg

m
ap
s
to
/fr
om
λp=1/κp

λg=1/κg

maps to/from
maps to/from

υp=1/τp

υg=1/τg

τp=1/υp

τg=1/υg

(a) Space-time (t,x) geometry of CW zero-paths (b) Per-space-time ( ) geometry of CW point vectorsυ,κ

2. Reciprocal dilation and contraction properties 

Fig. 11 SR&QMbyR&C

54Tuesday, January 28, 2014



P′

G′
κg=υAcoshρ
=5/4

κp=υAsinhρ
=3/4 υp

=υAcoshρ
=5/4

υg
=υAsinhρ
=3/4

frequency

υ (Hz)

wave number

κ (per meter)

1.0

0.5

1.5

2.0

-2.0 -2.0

0

+0.5 +1.0 +1.5 +2.0

P′

G′

Time t

t (sec.)

1.0

0.5

1.5

2.0

-1.0 -0.5

0

+0.5 +1.0 +1.5 +2.0

τp
=τAsechρ
=4/5

τg
=τAcschρ
=4/3

λg=τAsechρ
=4/5

λp=τAcschρ
=4/3

Space

x ( meter)

κp=1/λp

m
ap
s
to
/fr
om κg=1/λg

m
ap
s
to
/fr
om
λp=1/κp

λg=1/κg

maps to/from
maps to/from

υp=1/τp

υg=1/τg

τp=1/υp

τg=1/υg

(a) Space-time (t,x) geometry of CW zero-paths (b) Per-space-time ( ) geometry of CW point vectorsυ,κ

2. Reciprocal dilation and contraction properties 

Fig. 11 SR&QMbyR&C

55Tuesday, January 28, 2014



P′

G′
κg=υAcoshρ
=5/4

κp=υAsinhρ
=3/4 υp

=υAcoshρ
=5/4

υg
=υAsinhρ
=3/4

frequency

υ (Hz)

wave number

κ (per meter)

1.0

0.5

1.5

2.0

-2.0 -2.0

0

+0.5 +1.0 +1.5 +2.0

P′

G′

Time t

t (sec.)

1.0

0.5

1.5

2.0

-1.0 -0.5

0

+0.5 +1.0 +1.5 +2.0

τp
=τAsechρ
=4/5

τg
=τAcschρ
=4/3

λg=τAsechρ
=4/5

λp=τAcschρ
=4/3

Space

x ( meter)

κp=1/λp

m
ap
s
to
/fr
om κg=1/λg

m
ap
s
to
/fr
om
λp=1/κp

λg=1/κg

maps to/from
maps to/from

υp=1/τp

υg=1/τg

τp=1/υp

τg=1/υg

(a) Space-time (t,x) geometry of CW zero-paths (b) Per-space-time ( ) geometry of CW point vectorsυ,κ

2. Reciprocal dilation and contraction properties 

Fig. 11 SR&QMbyR&C

56Tuesday, January 28, 2014



P′

G′
κg=υAcoshρ
=5/4

κp=υAsinhρ
=3/4 υp

=υAcoshρ
=5/4

υg
=υAsinhρ
=3/4

frequency

υ (Hz)

wave number

κ (per meter)

1.0

0.5

1.5

2.0

-2.0 -2.0

0

+0.5 +1.0 +1.5 +2.0

P′

G′

Time t

t (sec.)

1.0

0.5

1.5

2.0

-1.0 -0.5

0

+0.5 +1.0 +1.5 +2.0

τp
=τAsechρ
=4/5

τg
=τAcschρ
=4/3

λg=τAsechρ
=4/5

λp=τAcschρ
=4/3

Space

x ( meter)

κp=1/λp

m
ap
s
to
/fr
om κg=1/λg

m
ap
s
to
/fr
om
λp=1/κp

λg=1/κg

maps to/from
maps to/from

υp=1/τp

υg=1/τg

τp=1/υp

τg=1/υg

(a) Space-time (t,x) geometry of CW zero-paths (b) Per-space-time ( ) geometry of CW point vectorsυ,κ

2. Reciprocal dilation and contraction properties 

Fig. 11 SR&QMbyR&C

57Tuesday, January 28, 2014



More connection to conventional approach to relativity and old-fashioned formulas
The most old-fashioned form(ula) of  all: Thales & Euclid means
Galileo wins one! (...in gauge space)
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Connection to conventional approach to relativity and old-fashioned formulas
The most old-fashioned form(ula) of  all: Thales & Euclid means

half-sum=overall phase

half-difference=group phase
Re ψ

Im ψ

22−

433221100--11

geometric

mean:

1

2

1

2

difference

mean:

Relates to wave interference by (Galilean)

phasor angular velocity addition

ck

ω

arithmetric

mean:

[4+1]=5/2=5/2

(HALF-SUM )(HALF-

DIFFERENCE )

1/2

41

[4-1]=3/2

[1· 4] =2

3/2

Euclid’s 3-means (300 BC)

Geometric“heart” of wave mechanics

Linear velocity V
group

/c=u/c

is (HALF-DIFF./HALF-SUM)=3/5

(units of 300THz)

Thales (580BC) rectangle-in-circle

http://www.uark.edu/ua/pirelli/html/default.htmlhttp://www.uark.edu/ua/pirelli/php/phasors_2_3_zoom_anim.php
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Fig. 8.3.1 CMwBang!
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http://www.uark.edu/ua/pirelli/php/half_sum_5.php

Connection to conventional approach to relativity and old-fashioned formulas
The most old-fashioned form(ula) of  all: Thales & Euclid means
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http://www.uark.edu/ua/pirelli/php/half_sum_5.php

Connection to conventional approach to relativity and old-fashioned formulas
The most old-fashioned form(ula) of  all: Thales & Euclid means

http://www.uark.edu/ua/pirelli/php/phasors_2_3_anim.php
62Tuesday, January 28, 2014

http://www.uark.edu/ua/pirelli/php/half_sum_5.php
http://www.uark.edu/ua/pirelli/php/half_sum_5.php
http://www.uark.edu/ua/pirelli/php/phasors_2_3_anim.php
http://www.uark.edu/ua/pirelli/php/phasors_2_3_anim.php


63Tuesday, January 28, 2014



1.0

0.5

1.5

2.0

-2.0 -2.0 +0.5 +1.0 +1.5 +2.0

64Tuesday, January 28, 2014


