
Rapidity ρ related to stellar aberration angle σ and L. C. Epstein’s approach to relativity
Longitudinal hyperbolic ρ-geometry connects to transverse circular σ-geometry

“Occams Sword” and summary of 16 parameter functions of ρ and σ
Applications to optical waveguide, spherical waves, and accelerator radiation

 
Derivation of relativistic quantum mechanics

What’s the matter with mass? Shining some light on the Elephant in the room
Relativistic action and Lagrangian-Hamiltonian relations

Poincare’ and Hamilton-Jacobi equations 

Relativistic optical transitions and Compton recoil formulae 
Feynman diagram geometry

Compton recoil related to rocket velocity formula
Comparing 2nd-quantization “photon” number N and 1st-quantization wavenumber κ 

Relawavity in accelerated frames
Laser up-tuning by Alice and down-tuning by Carla makes g-acceleration grid

Analysis of constant-g grid compared to zero-g Minkowsi grid
Animation of mechanics and metrology of constant-g grid 

Review:        Relawavity ρ functions       Two famous ones          Extremes  and  plot vs. ρ  
   Doppler jeopardy                Geometric mean and Relativistic hyperbolas

Animation of  eρ=2 spacetime and per-spacetime plots

Special Relativity Introduction for General Relativity   2 
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Review:        Relawavity ρ functions       Two famous ones          Extremes  and  plot vs. ρ  
   Doppler jeopardy                Geometric mean and Relativistic hyperbolas

Animation of  eρ=2 spacetime and per-spacetime plots

Learning about sin and cos and...

Rapidity ρ related to stellar aberration angle σ and L. C. Epstein’s approach to relativity
Longitudinal hyperbolic ρ-geometry connects to transverse circular σ-geometry

“Occams Sword” and summary of 16 parameter functions of ρ and σ
Applications to optical waveguide, spherical waves, and accelerator radiation
 

Derivation of relativistic quantum mechanics
What’s the matter with mass? Shining some light on the Elephant in the room
Relativistic action and Lagrangian-Hamiltonian relations

Poincare’ and Hamilton-Jacobi equations 

Relativistic optical transitions and Compton recoil formulae 
Feynman diagram geometry

Compton recoil related to rocket velocity formula
Comparing 2nd-quantization “photon” number N and 1st-quantization wavenumber κ 

Relawavity in accelerated frames
Laser up-tuning by Alice and down-tuning by Carla makes g-acceleration grid

Analysis of constant-g grid compared to zero-g Minkowsi grid
Animation of mechanics and metrology of constant-g grid 

Lecture  31 
Thur. 12.08.2016
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Aei(kx!"t )
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1-CW left-to-RIGHT!

Aei(!kx!"t )
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" LEFT-from-right1-CW

1-CW moving left-to-RIGHT!" LEFT-from-right moving 1-CW

 ! "

c!
units of 
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G = 1
2 (R!L)
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3.0

4.0
Introducing optical 
space-time grids and
per-space-time 
“baseball-diamonds”

BohrIt Web Simulation
2 CW ct vs x Plot

(ck = ±2)
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Aei(kx!"t )
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1-CW left-to-RIGHT!

Aei(!kx!"t )

600THz
" LEFT-from-right1-CW

1-CW moving left-to-RIGHT!" LEFT-from-right moving 1-CW

 ! "

c!
units of 
300THz

SOURCESOURCE SOURCESOURCE

! = Aei(kx"#t ) + Aei("kx"#t )

"
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300THz

P = 1
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Introducing optical 
space-time grids and
per-space-time 
“baseball-diamonds”

eiR+eiL = e
iR+L

2 e
iR−L

2 +e
− i R−L

2
⎛
⎝⎜

⎞
⎠⎟

           =2e
iR+L

2 cos R−L
2  

           =2e− iωtcoskx 
  R=kx-ωt  and: L=-kx-ωt
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SOURCESOURCESOURCESOURCE

Three scenarios that look the same to Bob

SOURCESOURCE SOURCESOURCE

Alice’s laser
stationary
tuned up to
!!=1200THz

Carla’s laser
stationary
tuned down to
!!=300THz

Bob
stationary

Bob
moving left at u= -3c/5

Alice’s laser
stationary
tuned to
!!=600THz

Alice’s laser
moving right
at u=3c/5
tuned to
!!=600THz

Carla’s laser
stationary
tuned to
!!=600THz

Bob
stationary

Carla’s laser
moving right
at u=3c/5
tuned to
!!=600THz

Much cheaper to do this one!$!
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i ′R − ′L
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           =e
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2 2cos ′R − ′L
2   

           = ′ψ phase ′ψ group  
′R =kRx-ω Rt  and: ′L =-kLx-ω Lt

Fig. 10 in text   
Relawavity...

BohrIt Web Simulation
 2 CW Minkowski  Plot 

(ck = -1, +4)
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Frequency
υ′

(units of
υA=600THz)

0
Wavevector cκ′

(units of cκA=2·10
6/m)

1500
THz

2.5

+4·106
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RR=KK++44

PP

0.5 1 1.5 2-0.5-1
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λA=1/2µm)

Time ct′
(units of

λA=1/2µm)
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5/4
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′υ phase
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⎜
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⎟
⎟
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⎠
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⎛

⎝
⎜⎜

⎞

⎠
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    Phase frequency                  Phase period τ =1/υ 
υ′phase=υAcoshρ=5/4              τ′phase=τAsechρ=4/5

flips
to

τ′phase
=τAsechρ
=4/5

τ′phase=0.8

    P′=

=1.25 =0.8

e+ρυA=2υA

e−ρυA=
1
2
υA

υ′phase=1.25

The 16 dimensions of 2CW interference Start with the 
DopplersDopplers

...then do the
     phase waves
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Frequency
υ′

(units of
υA=600THz)

0
Wavevector cκ′

(units of cκA=2·10
6/m)

1500
THz

2.5

+4·106

LL=KK--11

RR=KK++44

PP

0.5 1 1.5 2-0.5-1
-106-2·106

Space x′
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λA=1/2µm)

Time ct′
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λA=1/2µm)
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⎟
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υ′phase=υAcoshρ=5/4              τ′phase=τAsechρ=4/5

flips
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=τAsechρ
=4/5

τ′phase=0.8

υ′phase=1.25

    P′=

=1.25 =0.8

e+ρυA=2υA

e−ρυA=
1
2
υA

The 16 dimensions of 2CW interference Start with the 
DopplersDopplers

...then do the
     phase waves
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Frequency
υ′

(units of
υA=600THz)

0
Wavevector cκ′

(units of cκA=2·10
6/m)

1500
THz

2.5

+4·106

LL=KK--11

RR=KK++44

PP

0.5 1 1.5 2-0.5-1
-106-2·106

faster
than
light!

Space x′
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λA=1/2µm)

Time ct′
(units of

λA=1/2µm)
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′υ phase

⎛

⎝
⎜
⎜

⎞

⎠
⎟
⎟
=υA

sinhρ
coshρ

⎛

⎝
⎜⎜

⎞

⎠
⎟⎟
=υA

3/4
5/4

⎛

⎝
⎜⎜

⎞

⎠
⎟⎟

    Phase frequency                  Phase period τ =1/υ 
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flips
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=4/5
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  Phase wavenumber            Phase wavelength λ =1/κ 
κ′phase=κAsinhρ=3/4              λ′phase=λAcschρ=4/3

flips
to

κ′phase
=0.75

    P′=

λ′phase=1.33

P-slope=Vphase/c
=

′υ phase

′κ phase

= coshρ
sinhρ

= 5/4
3/4

= 5
3

′λ pha
se

′τ pha
se

=
4/3

4/5
=
5

3

  =
cothρ

slope=

Vphase/c
=

υ′phase=1.25

λ′phase
=λAcschρ
=4/3

τ′phase=0.8=4/5
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Frequency
υ′

(units of
υA=600THz)

0
Wavevector cκ′

(units of cκA=2·10
6/m)
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THz
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THz
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THz
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THz
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3
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κ′group=κAcoshρ=5/4              λ′group=λAsechρ=4/5

=1.25 =0.8
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=λAsechρ
=4/5
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slowerthanlight!

G-slope=Vgroup/c
=
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= sinhρ
coshρ

= 3/4
5/4

= 3
5

slope=Vgroup/c=′λgroup′τgroup = 4/5
4/3 = 3

5
    = tanhρ
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Frequency
υ′

(units of
υA=600THz)

0
Wavevector cκ′

(units of cκA=2·10
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600
THz
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THz
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value for 1

2
= 0.5 3

5
=0.6 3

4
=0.75 4

5
=0.80 5

4
=1.25 4

3
=1.33 5

3
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1
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    G′
    P′

c ′κ group

′υgroup

⎛

⎝
⎜
⎜

⎞

⎠
⎟
⎟
=υA

coshρ
sinhρ

⎛

⎝
⎜⎜

⎞

⎠
⎟⎟
=υA

5/4
3/4

⎛

⎝
⎜⎜

⎞

⎠
⎟⎟

=υA
1
0

⎛
⎝⎜

⎞
⎠⎟
coshρ+υA

0
1

⎛
⎝⎜

⎞
⎠⎟
sinhρ

    G′=

    P′=

Lorentz transformations...
write G′ and P′ in terms of  G and P using coshρ and sinhρ

= coshρ+ sinh ρ
    G     P    G′=

c ′κ phase

′υ phase

⎛

⎝
⎜
⎜

⎞

⎠
⎟
⎟
=υA

sinhρ
coshρ

⎛

⎝
⎜⎜

⎞

⎠
⎟⎟
=υA

3/4
5/4

⎛

⎝
⎜⎜

⎞

⎠
⎟⎟

=υA
1
0

⎛
⎝⎜

⎞
⎠⎟
sinhρ+υA

0
1

⎛
⎝⎜

⎞
⎠⎟
coshρ

= sinhρ + coshρ
    G     P    P′=

    G

    P

coshρ sinhρ
sinhρ coshρ

⎛

⎝
⎜⎜

⎞

⎠
⎟⎟

Lorentz transform
matrix

RelaWavity Web Simulation - 16 Relativity Dimensions
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Review:        Relawavity ρ functions       Two famous ones          Extremes  and  plot vs. ρ  
   Doppler jeopardy                Geometric mean and Relativistic hyperbolas

Animation of  eρ=2 spacetime and per-spacetime plots

Learning about sin and cos and...

Rapidity ρ related to stellar aberration angle σ and L. C. Epstein’s approach to relativity
Longitudinal hyperbolic ρ-geometry connects to transverse circular σ-geometry

“Occams Sword” and summary of 16 parameter functions of ρ and σ
Applications to optical waveguide, spherical waves, and accelerator radiation
 

Derivation of relativistic quantum mechanics
What’s the matter with mass? Shining some light on the Elephant in the room
Relativistic action and Lagrangian-Hamiltonian relations

Poincare’ and Hamilton-Jacobi equations 

Relativistic optical transitions and Compton recoil formulae 
Feynman diagram geometry

Compton recoil related to rocket velocity formula
Comparing 2nd-quantization “photon” number N and 1st-quantization wavenumber κ 

Relawavity in accelerated frames
Laser up-tuning by Alice and down-tuning by Carla makes g-acceleration grid

Analysis of constant-g grid compared to zero-g Minkowsi grid
Animation of mechanics and metrology of constant-g grid 

Lecture  31 
Thur. 12.08.2016
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Space x′
(units of

λA=1/2µm)

Time ct′
(units of

λA=1/2µm)

0 0.5 1 1.5 2-0.5-1
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1

1.5

2

phase bRED
Doppler c

Vphase

κ phase

κ A

τ phase

τ A
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λphase
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Vphase
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bBLUE
Doppler

group 1
bBLUE
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c

υgroup
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κ A
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c
Vgroup

1
bRED
Doppler

     ρ
rapidity e−ρ tanhρ sinhρ sechρ coshρ cschρ cothρ e+ρ

β≡u
c

1−β
1+β

β
1

1
β−2−1

1−β 2

1
1

1−β 2

β−2−1
1

1
β

1+β
1−β

β=3/5
value for 1

2
= 0.5 3

5
=0.6 3

4
=0.75 4

5
=0.80 5

4
=1.25 4

3
=1.33 5

3
=1.67 2

1
=2.0

λ′group=0.8This number 
is called a:Lorentz

length-contraction

This number 
is called an:Einstein

time-dilation

Two Famous-Name Coefficients

Old-Fashioned Notation

(contracted by 20% here)

(dilated by 25% here)

Hendrik A. 
Lorentz
1853-1928

Herman
Minkowski
1864-1909

Albert
Einstein
1859-1955

υ′phase=1.25

Review of Lect. 30 p.106

RelaWavity Web Simulation - Relativistic Terms 
(Expanded Table)
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1.0

0.5

1.5

2.0
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0

+0.5 +1.0 +1.5 +2.0

cτphase
=cτAsechρ

cτgroup
=cτAcschρ

λgroup=cτAsechρ

λphase=cτAcschρ

(x′,ct′)G=

cτA(sinhρ, coshρ)

(x′,ct′)P=

cτA(coshρ, sinhρ)

c·Time-Period c·τ′=λ′
(units: λA= cτA= micron)

1
2

Space-Wavelength x′
(units : λA= micron)1

2

cτ′,x′(b)

1.0

0.5

1.5

2.0

-1.0 -0.5

0

+2.0

Per-space-time ( ) geometry of 2-CW vectorsυ′,cκ′

Frequency: υ′=2π ·ω′
(units : υA=600THz)

c·Wave Number c·κ′=c·k′/2π
(units : υA=c·κA=600THz)

P′+G′=R′

P′-G′=L′

P′=(R′+L′)/2

“waves per meter”

“waves per second”

(a)

cκgroup=υAcoshρ 4/5

5/4

3/4 5/4

4/3

4/3

4/5

3/4

Fig. 11 in text   Relawavity...
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β≡u
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1
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1−β 2

1
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1

1
β
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β=3/5
value for 1

2
= 0.5 3

5
=0.6 3

4
=0.75 4

5
=0.80 5

4
=1.25 4

3
=1.33 5

3
=1.67 2

1
=2.0
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Solve :
sechρ = sinhρ   
or:  
sinhρ coshρ = 1
or:
sinh2ρ = 2

ρ=1
2

sinh−12 = 0.7218...

tanhρ =0.618...= 5−1
2

If u
c
=tanhρ =0.618...(Golden-MeanG− )

two parametersbecomeexactlyequal :
c ′tP
cτ A

=sinhρ=
λgroup

λA

=
τ phase

τ A

=sechρ  

 = 0.786..= G−        = 0.786..    
and
′xP
λA

=coshρ =
λphase

λA

=
τ group
τ A

=cschρ

      = 1.272..= 1/ G−       = 1.272..

Fig. 17 in text   Relawavity...
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(1.) To what velocity uE must Bob accelerate so he sees beams with equal frequency υE? 
(2.) What is that frequency υE ?

υR=600THz υL=300THz

Doppler Jeopardy 
!R=2" #R !L=2" #L
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(1.) To what velocity uE must Bob accelerate so he sees beams with equal frequency υE? 
(2.) What is that frequency υE ?
Query (1.) has a Jeopardy-style answer-by-question: What is beam group velocity?

uE =Vgroup =
!group

" group

=
!R !!L

"R !" L

= c!R !!L

!R +!L

υR=600THz υL=300THz

Doppler Jeopardy 
!R=2" #R !L=2" #L
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(1.) To what velocity uE must Bob accelerate so he sees beams with equal frequency υE? 
(2.) What is that frequency υE ?
Query (1.) has a Jeopardy-style answer-by-question: What is beam group velocity?

uE =Vgroup =
!group

" group

=
!R !!L

"R !" L

= c!R !!L

!R +!L

Query (2.) similarly: What υE is blue-shift bυL of υL and red-shift υR /b of  υR ?

!E=b!L=!R/b   !     b= !R /!L !    !E= !R"!L

υR=600THz υL=300THz

Doppler Jeopardy 
!R=2" #R !L=2" #L
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(1.) To what velocity uE must Bob accelerate so he sees beams with equal frequency υE? 
(2.) What is that frequency υE ?
Query (1.) has a Jeopardy-style answer-by-question: What is beam group velocity?

uE =Vgroup =
!group

" group

=
!R !!L

"R !" L

= c!R !!L

!R +!L

Query (2.) similarly: What υE is blue-shift bυL of υL and red-shift υR /b of  υR ?

!E=b!L=!R/b   !     b= !R /!L !    !E= !R"!L

υR=600THz υL=300THz

Geometric mean

Doppler Jeopardy 
!R=2" #R !L=2" #L
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(1.) To what velocity uE must Bob accelerate so he sees beams with equal frequency υE? 
(2.) What is that frequency υE ?
Query (1.) has a Jeopardy-style answer-by-question: What is beam group velocity?

uE =Vgroup =
!group

" group

=
!R !!L

"R !" L

= c!R !!L

!R +!L

Query (2.) similarly: What υE is blue-shift bυL of υL and red-shift υR /b of  υR ?

!E=b!L=!R/b   !     b= !R /!L !    !E= !R"!L

υR=600THz υL=300THz

Vgroup = c
!R !!L

!R +!L

= c 600! 300
600+ 300

=
1
3
c

Geometric mean

Doppler Jeopardy 
!R=2" #R !L=2" #L
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(1.) To what velocity uE must Bob accelerate so he sees beams with equal frequency υE? 
(2.) What is that frequency υE ?
Query (1.) has a Jeopardy-style answer-by-question: What is beam group velocity?

uE =Vgroup =
!group

" group

=
!R !!L

"R !" L

= c!R !!L

!R +!L

Query (2.) similarly: What υE is blue-shift bυL of υL and red-shift υR /b of  υR ?

!E=b!L=!R/b   !     b= !R /!L !    !E= !R"!L

υR=600THz υL=300THz

Vgroup = c
!R !!L

!R +!L

= c 600! 300
600+ 300

=
1
3
c

!E = !R!!L

     = 180000
     = 424

Geometric mean

Doppler Jeopardy 
!R=2" #R !L=2" #L

23Sunday, January 29, 2017



(1.) To what velocity uE must Bob accelerate so he sees beams with equal frequency υE? 
(2.) What is that frequency υE ?
Query (1.) has a Jeopardy-style answer-by-question: What is beam group velocity?

uE =Vgroup =
!group

" group

=
!R !!L

"R !" L

= c!R !!L

!R +!L

Query (2.) similarly: What υE is blue-shift bυL of υL and red-shift υR /b of  υR ?

!E=b!L=!R/b   !     b= !R /!L !    !E= !R"!L

          is ratio of difference mean                       to arithmetic mean                       . Frequency υE =B  
is the geometric mean              of left and right-moving frequencies defining the geometry

Vgroup/c !group=
!R!!L
2 !phase=

!R+!L
2

!R!!L

υR=600THz υL=300THz

Vgroup = c
!R !!L

!R +!L

= c 600! 300
600+ 300

=
1
3
c

!E = !R!!L

     = 180000
     = 424

Doppler Jeopardy 
!R=2" #R !L=2" #L
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Thales Mean Geometry (600BCE) 
helps “Relawavity” 

= 4 −1
4 +1

Thales of
Miletus
624-543 BCE
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Thales Mean Geometry (600BCE) 
helps “Relawavity” Thales showed a circle diameter subtends a right angle with any circle point P

This leads to a convenient
construction of geometric means
and relativistic hyperbolas.

equ
ila

ter
al 

hyp
erb

ola
 

r·b
=2

= 4 −1
4 +1

Thales of
Miletus
624-543 BCE

RelaWavity Web Simulation 
Detailed Thales Geometry
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Thales Mean Geometry (600BCE) 
helps “Relawavity” 

equilater
al hyperb

ola 

r·b
=2

due to
 Doppler

 T-sy
mmetr

y

Thales of
Miletus
624-543 BCE

RelaWavity Web Simulation 
Detailed Thales Geometry
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-

-

4 -

Laser per-space
ck

!1!3
750THz or 400nm

600THz or 500nm

500THz or 600nm

400THz or 750nm

Laser
Per-Spacetime
! versus ck

-

Atom
Per-Spacetime
!' versus ck'

Atom per-space
ck'

4 -

4

(a) Laser lab view

(b) Atom view
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-

-

4 -

Laser per-space
ck

!1!3
750THz or 400nm

600THz or 500nm

500THz or 600nm

400THz or 750nm

Laser
Per-Spacetime
! versus ck

-

Atom
Per-Spacetime
!' versus ck'

Atom per-space
ck'

4 -

4

(a) Laser lab view

(b) Atom view

Time
Dilation
!t'/t'=

1/!1-v2/c2

Length
Contraction
!L'/L'=
! 1-v2/c2

Atom Time
ct' - axis

Atom Space
x' - axis

!t'/t'
=5/4

!L'/L'=4/5
1.0

1.0

invariant
hyperbolas
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-

-

4 -

Laser per-space
ck

!1!3
750THz or 400nm

600THz or 500nm

500THz or 600nm

400THz or 750nm

Laser
Per-Spacetime
! versus ck

-

Atom
Per-Spacetime
!' versus ck'

Atom per-space
ck'

4 -

4

(a) Laser lab view

(b) Atom view

Time
Dilation
!t'/t'=

1/!1-v2/c2

Length
Contraction
!L'/L'=
! 1-v2/c2

Atom Time
ct' - axis

Atom Space
x' - axis

!t'/t'
=5/4

!L'/L'=4/5
1.0

1.0

invariant
hyperbolas

OK!  But…
What about “Time Contraction”?

or
“Length dilation”?

31Sunday, January 29, 2017



Review:        Relawavity ρ functions       Two famous ones          Extremes  and  plot vs. ρ  
   Doppler jeopardy                Geometric mean and Relativistic hyperbolas

Animation of  eρ=2 spacetime and per-spacetime plots

Learning about sin and cos and...

Rapidity ρ related to stellar aberration angle σ and L. C. Epstein’s approach to relativity
Longitudinal hyperbolic ρ-geometry connects to transverse circular σ-geometry

“Occams Sword” and summary of 16 parameter functions of ρ and σ
Applications to optical waveguide, spherical waves, and accelerator radiation
 

Derivation of relativistic quantum mechanics
What’s the matter with mass? Shining some light on the Elephant in the room
Relativistic action and Lagrangian-Hamiltonian relations

Poincare’ and Hamilton-Jacobi equations 

Relativistic optical transitions and Compton recoil formulae 
Feynman diagram geometry

Compton recoil related to rocket velocity formula
Comparing 2nd-quantization “photon” number N and 1st-quantization wavenumber κ 

Relawavity in accelerated frames
Laser up-tuning by Alice and down-tuning by Carla makes g-acceleration grid

Analysis of constant-g grid compared to zero-g Minkowsi grid
Animation of mechanics and metrology of constant-g grid 

Lecture  31 
Thur. 12.08.2016

32Sunday, January 29, 2017



RelativIt Web Simulation - Relativistic Events in 
Main Lighthouse’s Space-Time Frame

RelativIt Web Simulation - Relativistic Events in 
Ship’s Space-Time Frame
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Review:        Relawavity ρ functions       Two famous ones          Extremes  and  plot vs. ρ  
   Doppler jeopardy                Geometric mean and Relativistic hyperbolas

Animation of  eρ=2 spacetime and per-spacetime plots

34Sunday, January 29, 2017



Comparing Longitudinal relativity parameter:Rapidity ρ = loge(Doppler Shift)

           to a    Transverse*relativity parameter: Stellar aberration angle σ
*Lewis Carroll Epstein, Relativitätstheorie, Birkhäuser, (2004) Earlier English version (1985)-

Comparing Longitudinal relativity parameter:Rapidity ρ = loge(Doppler Shift)

           to a    Transverse*relativity parameter: Stellar aberration angle σ
*Lewis Carroll Epstein, Relativitätstheorie, Birkhäuser, (2004) Earlier English version (1985)-

   We used notion σ 
for stellar-ab-angle,
(a “flipped-out” ρ ).
Epstein not interested 
in ρ analysis or in
relation of σ and ρ.

Purchase at:

35Sunday, January 29, 2017

http://www.allbookstores.com/book/compare/9780935218053
http://www.allbookstores.com/book/compare/9780935218053
http://www.allbookstores.com/book/compare/9780935218053
http://www.allbookstores.com/book/compare/9780935218053
http://www.allbookstores.com/book/compare/9780935218053
http://www.allbookstores.com/book/compare/9780935218053
http://www.allbookstores.com/book/compare/9780935218053
http://www.allbookstores.com/book/compare/9780935218053
http://www.allbookstores.com/book/compare/9780935218053
http://www.allbookstores.com/book/compare/9780935218053
http://www.allbookstores.com/book/compare/9780935218053
http://www.allbookstores.com/book/compare/9780935218053
http://www.allbookstores.com/book/compare/9780935218053
http://www.allbookstores.com/book/compare/9780935218053
http://www.amazon.com/gp/offer-listing/093521805X/ref=sr_1_1_twi_pap_1_olp?s=books&ie=UTF8&qid=1450032326&sr=1-1&keywords=Relativity+Visualized
http://www.amazon.com/gp/offer-listing/093521805X/ref=sr_1_1_twi_pap_1_olp?s=books&ie=UTF8&qid=1450032326&sr=1-1&keywords=Relativity+Visualized
http://www.amazon.com/gp/offer-listing/093521805X/ref=sr_1_1_twi_pap_1_olp?s=books&ie=UTF8&qid=1450032326&sr=1-1&keywords=Relativity+Visualized
http://www.amazon.com/gp/offer-listing/093521805X/ref=sr_1_1_twi_pap_1_olp?s=books&ie=UTF8&qid=1450032326&sr=1-1&keywords=Relativity+Visualized
http://www.amazon.com/gp/offer-listing/093521805X/ref=sr_1_1_twi_pap_1_olp?s=books&ie=UTF8&qid=1450032326&sr=1-1&keywords=Relativity+Visualized
http://www.amazon.com/gp/offer-listing/093521805X/ref=sr_1_1_twi_pap_1_olp?s=books&ie=UTF8&qid=1450032326&sr=1-1&keywords=Relativity+Visualized


Rapidity ρ related to stellar aberration angle σ and L. C. Epstein’s approach to relativity
Longitudinal hyperbolic ρ-geometry connects to transverse circular σ-geometry

“Occams Sword” and summary of 16 parameter functions of ρ and σ
Applications to optical waveguide, spherical waves, and accelerator radiation
 

Derivation of relativistic quantum mechanics
What’s the matter with mass? Shining some light on the Elephant in the room
Relativistic action and Lagrangian-Hamiltonian relations

Poincare’ and Hamilton-Jacobi equations 

Relativistic optical transitions and Compton recoil formulae 
Feynman diagram geometry

Compton recoil related to rocket velocity formula
Comparing 2nd-quantization “photon” number N and 1st-quantization wavenumber κ 

Relawavity in accelerated frames
Laser up-tuning by Alice and down-tuning by Carla makes g-acceleration grid

Analysis of constant-g grid compared to zero-g Minkowsi grid
Animation of mechanics and metrology of constant-g grid 

Lecture  31 
Thur. 12.10.2015

Review of 16 relawavity functions of ρ and related geometric approach to relativity
Animation of  eρ=2 spacetime and per-spacetime plots
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cτ=√(ct′)2-(x′)2
Coordinate

ο

PP

Particles and have speed u in (x′,ct′) and speed c in (x, cτ)

P′′P′

Proper length

Contracted L′
Lorentz-

L′=L√1-u2/c2

L
ct′

Comoving particles

P and P′

σσ

σσ

cτ

x′

Proper time cτ vs. coordinate space x - (L. C. Epstein’s “Cosmic Speedometer”)

Einstein time dilation:

ct′=cτ secσ=cτ coshρ = cτ /

Proper Time asimultaneity:

Lorentz length contraction:

L′= L sechρ = Lcosσ = L·

c Δτ= L′ sinhρ = L cosσ sinhρ
= L cosσ tanσ
= L sinσ = L / ~ L u/c

√1-u2/c2

√c2/u2-1

√1-u2/c2

x′=(u/c)ct′=ut′

cτ ′

L

PP P′′P′
Proper time

Comparing Longitudinal relativity parameter:Rapidity ρ = loge(Doppler Shift)

           to a    Transverse*relativity parameter: Stellar aberration angle σ
*Lewis Carroll Epstein, Relativitätstheorie, Birkhäuser, (2004) Earlier English version (1985)-

Epstein’s trick is to
turn a hyperbolic form (cτ )2 + ( ′x )2 = (c ′t )cτ = (c ′t )2 − ( ′x )2 into a circular form:
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Comparing Longitudinal relativity parameter:Rapidity ρ = loge(Doppler Shift)

           to a    Transverse*relativity parameter: Stellar aberration angle σ
*Lewis Carroll Epstein, Relativitätstheorie, Birkhäuser, (2004) Earlier English version (1985)-

cτ=√(ct′)2-(x′)2
Coordinate

ο

PP

Particles and have speed u in (x′,ct′) and speed c in (x, cτ)

P′′P′

Proper length

Contracted L′
Lorentz-

L′=L√1-u2/c2

L
ct′

Comoving particles

P and P′

σσ

σσ

cτ

x′

Proper time cτ vs. coordinate space x - (L. C. Epstein’s “Cosmic Speedometer”)

Einstein time dilation:

ct′=cτ secσ=cτ coshρ = cτ /

Proper Time asimultaneity:

Lorentz length contraction:

L′= L sechρ = Lcosσ = L·

c Δτ= L′ sinhρ = L cosσ sinhρ
= L cosσ tanσ
= L sinσ = L / ~ L u/c

√1-u2/c2

√c2/u2-1

√1-u2/c2

x′=(u/c)ct′=ut′

cτ ′

L

PP P′′P′
Proper time

Then everything (and everybody) always goes speed c through (x′,cτ) space!

Epstein’s trick is to
turn a hyperbolic form (cτ )2 + ( ′x )2 = (c ′t )cτ = (c ′t )2 − ( ′x )2 into a circular form:
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tangent slo
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)

Bsinh(")

Bsinh(")

Bcsch(")

B
csch(")

Bcoth(")

B
co

sh
("

)

Bcosh(")-Bsinh(")=Be-"

Bcosh(")+Bsinh(")=Be+"

B

"

=  sech(")
=  csch(")
=  coth(")

  cos(!)=0.8000

=  tanh(")
=  sinh(")
=  cosh(")

  sin(!)=0.6000
  tan(!)=0.7500

  cot(!)=1.3333
  csc(!)=1.6667

  sec(!)=1.2500

= 3/5

= 4/5
= 5/4 
= 3/4 

= 4/3
= 5/3

B
sin
h(
ρ)cosh(ρ)+sinh(ρ) = 5

4+ 3
4 = 2.0 = e

+ρ

cosh(ρ)−sinh(ρ) = 5
4− 3

4 = 1/2 = e
−ρ

cosh(ρ) = e
+ρ + e−ρ

2
sinh(ρ) = e

+ρ − e−ρ

2

Half-Sum-
Half-Difference
Trig-Formulae for 
exponentials  e±ρ

x2 +y
2 =B

2

 Thales Circle 
(links e-ρ to e+ρ )

This map has circle sector arc-area σ = 0.6435 
set to angle ∠σ = 36.87° = 0.6435radian 

Also it is set to hyperbola sector arc-area ρ = 0.6931 
 angle ∠ρ = ν = 30.96° 
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Summary of optical wave parameters for relativity and QM
...and their geometry
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An aid to
pattern recognition:

RelaWavity Web Simulation 
{perSpace - perTime All}
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Table of 12 wave parameters 
(includes inverses) for relativity

group bRED
Doppler Vgroup

c
υgroup

υA

λgroup

λA

κ group

κ A

τ group
τ A

c
Vgroup

bBLUE
Doppler

phase 1
bBLUE
Doppler

c
Vphase

κ phase

κ A

τ phase

τ A

υ phase

υA

λphase

λA

Vphase

c
1

bRED
Doppler

     ρ
rapidity e−ρ tanhρ sinhρ sechρ coshρ cschρ cothρ e+ρ

 angle   σ
stellar   ∀ 1/e+ρ sinσ tanσ cosσ secσ cotσ cscσ 1/e−ρ

β≡u
c

1−β
1+β

β
1

1
β−2−1

1−β 2

1
1

1−β 2

β−2−1
1

1
β

1+β
1−β

β=3/5
value for 1

2
= 0.5 3

5
=0.6 3

4
=0.75 4

5
=0.80 5

4
=1.25 4

3
=1.33 5

3
=1.67 2

1
=2.0

An aid to
pattern recognition:

...and values for u/c=3/5

RelaWavity Web Simulation 
{perSpace - perTime All}

RelaWavity Web Simulation
Expanded Table of Relativistic Relations

42Sunday, January 29, 2017

http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=3%7C6&minkGridPosCells=0
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=3%7C6&minkGridPosCells=0
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=3%7C6&minkGridPosCells=0
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=3%7C6&minkGridPosCells=0
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=8%7C7
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=8%7C7
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=8%7C7
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=8%7C7


Rapidity ρ related to stellar aberration angle σ and L. C. Epstein’s approach to relativity
Longitudinal hyperbolic ρ-geometry connects to transverse circular σ-geometry

“Occams Sword” and summary of 16 parameter functions of ρ and σ
Applications to optical waveguide, spherical waves, and accelerator radiation
 

Derivation of relativistic quantum mechanics
What’s the matter with mass? Shining some light on the Elephant in the room
Relativistic action and Lagrangian-Hamiltonian relations

Poincare’ and Hamilton-Jacobi equations 

Relativistic optical transitions and Compton recoil formulae 
Feynman diagram geometry

Compton recoil related to rocket velocity formula
Comparing 2nd-quantization “photon” number N and 1st-quantization wavenumber κ 

Relawavity in accelerated frames
Laser up-tuning by Alice and down-tuning by Carla makes g-acceleration grid

Analysis of constant-g grid compared to zero-g Minkowsi grid
Animation of mechanics and metrology of constant-g grid 

Lecture  31 
Thur. 12.10.2015

Review:        Relawavity ρ functions       Two famous ones          Extremes  and  plot vs. ρ  
   Doppler jeopardy                Geometric mean and Relativistic hyperbolas

Animation of  eρ=2 spacetime and per-spacetime plots
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Optical wave guide relativistic geometry aided by Occam’s Sword
geometry applies to (x,y) space-space
                    to (kx,ky)per-space-per-space
                             to (x,ct) space-time

Example of near-cut-off mode with low Vgroup=c/2 and high Vphase=2c . (High dispersion.)

Relativistic mode with near-c Vgroup=c/2 and Vphase=2c . (Low dispersion.)
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Optical wave guide relativistic geometry aided by Occam’s Sword
geometry applies to (x,y) space-space
                    to (kx,ky)per-space-per-space
                             to (x,ct) space-time

Example of near-cut-off mode with low Vgroup=c/2 and high Vphase=2c . (High dispersion.)

Relativistic mode with near-c Vgroup=c/2 and Vphase=2c . (Low dispersion.)
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Optical wave guide relativistic geometry aided by Occam’s Sword
geometry applies to (x,y) space-space
                    to (kx,ky)per-space-per-space
                             to (x,ct) space-time

Example of near-cut-off mode with low Vgroup=c/2 and high Vphase=2c . (High dispersion.)

Relativistic mode with near-c Vgroup=c/2 and Vphase=2c . (Low dispersion.)

GuideIt Web Simulation: σ = 30°

GuideIt Web Simulation: σ = 60°
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Spherical wave relativistic geometry
Also, aided by Occam’s Sword

47Sunday, January 29, 2017



Occam 
Sword
geometry
in (x,y)
space-
space

← RelativIt Web Simulation - Space-Time with many blinks →Main Lighthouse’s Frame Ship’s Frame
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Spherical wave 
relativistic geometry

Occam 
Sword
geometry
in (x,y)
space-
space

RelaWavity Web Simulation 
Wavefronts in Space-Space
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Spherical wave 
relativistic geometry

u/c = 1/3

Web Simulation 
Spectral Ellipse 

{PerSpace-PerSpace}
{β = u/c = 1/3}
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Spherical wave 
relativistic geometry

u/c = 3/4

Web Simulation 
Spectral Ellipse 
{β = u/c = 3/4}
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