la

Relawavity: Relativistic wave mechanics 1I. 2"-order effects
(Unit 3 4.05.16)
= Review of Doppler-shift and Rapidity p.4s calculation:Galileo s Revenge Part I Lect. 23 p.64-75

Relating rapidity p4z and relativity velocity parameter 34s=u.s/c

Review of /2-sum-'4-difference Phase and Group factors giving relativistic space-axes and time-axes
Colliding-CW space-time (x,ct)-graph vs Colliding PW space-time (%, )-baseball diamond

Review of 2-sum-"4-difference of phasor angular velocity:Galileo’s Revenge Part 11 (Pirelli site)
Elementary models: 2-comb Moire’ patterns and cosine-law constructions

Bob, Alice, and Carla combine Doppler shifted /2-sum-'4-difference Phase and Group factors
Doppler shifted Phase vector P/ and Group vector G’ in per-space-time

Minkowski coordinate grid in space-time
Animations that compare Doppler shifted colliding CW with colliding PW

The 16 parameters of Doppler-shifted 2-CW Minkowski geometry
Doppler shifted Phase parameters
Doppler shifted Group parameters
Lorentz transformation matrix and Two Famous-Name Coefficients

Thales Mean Geometry (7Thales of Miletus 624-543 BCE) and 1ts role in Relawavity
Detailed geometric construction of relawavity plot for 1-octave Doppler (54z=u.1z/c=3/5)

Stellar aberration and the Epstein approach to SR
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ALICE’S

Alice: Hey, Bob and Carla! Read off your Doppler
f‘ shift ratios (B|A) and (C|A) to my 600THz beam.

7 " Also, rapidity Psa and Pca relative to me.
¥ \\“’; it/

Review Doppler—shift and Rapidity calculation(i g

Bob: | see Doppler
Blue shift to 1200THz

(C|B)=(C|A)(A|B)=(2/3)(1/2)=1/3,
and Pcs = Pea+Pas =-1.10
We're in Splitsville!

Carla: | see Doppler
.. ANWmed shitt to 400THz

P ———lgot (B]A)=2, 55 I got(C|A)=2/3
‘1;; ,:’jkw\ and Psa=In(2) —— -, Vj\ and Pca =In(2/3)

¥ v,~600THz

Doppler ratio:
(R|S) = UrecEIvER

USOURCE
g rapidity:
Prs = log, <R| S>
or:

(R|S)=

Definition of Rapidity,

~N

PRS

=+0.69 A ‘iw - =-0.41

V;=1200THz

Bob-Alice Doppler ratio:
< B| >_ Uy _ 1200
v, 600

Bob-Alice rapidity:

pBA — loge <B| A> = loge T
(so:p,,=—0.69)

Pz =0.69

Carla-Bob Doppler ratio:

ePCB —_ ePCAepAB

2
1

2

<B| A>:—B Happynow Galileo? D DD
T | (ClB)=2e =2 (| a)(a] B)
1S time-reversed D L.
1y . i B A YB
(aB)="4 4 -
U, S Carla-Bob rapidity:

implies:

DC—4OOTHZ

Carla-Alice Doppler ratio:
< C| >: Ve _ 400 %
v, 600 3

Carla-Alice rapidity: 7
pCA — loge <C| A> = loge g

Py =-041

 Galileo’s Revenge (part 1) )
Rapidity adds just like
Galilean velocity

Pep = Pea T Pas

=—-041-0.69

. =-1.10
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Review of Doppler-shift and Rapidity p.s calculation:Galileo s Revenge Part I Lect. 23 p.64-75
2 Relating rapidity p.s and relativity velocity parameter 34z=u.s/c <

Review of /2-sum- Phase and factors giving relativistic space-axes and
Colliding-CW space- (x,ct)-graph vs Colliding PW space-time (%, /)-baseball diamond

Review of Y2-sum-"4-difference of phasor angular velocity:Galileo'’s Revenge Part I (Pirell1 site)
Elementary models: 2-comb Moire’ patterns and cosine-law constructions

Bob, Alice, and Carla combine Doppler shifted '2-sum- Phase and factors
Doppler shifted Phase vector P/ and In per-space-time

Minkowski coordinate grid in space-time
Animations that compare Doppler shifted colliding CW with colliding PW

The 16 parameters of Doppler-shifted 2-CW Minkowski geometry
Doppler shifted Phase parameters
Doppler shifted parameters
Lorentz transformation matrix and Two Famous-Name Coefficients

Thales Mean Geometry (7Thales of Miletus 624-543 BCE) and its role in Relawavity
Detailed geometric construction of relawavity plot for 1-octave Doppler (545=u4z/c=3/3)

Stellar aberration and the Epstein approach to SR

More at Pirelli Challenge page: 'Un Grande Affare’- Light Meets Light
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http://www.uark.edu/ua/pirelli/html/half_sum_1.html
http://www.uark.edu/ua/pirelli/html/half_sum_1.html

Relating rapidity p.z and relativity velocity parameter 345=u.s/c

Imagine Bob sees a pair of counter-propagating laser beams with wavevectors kz=+wr/c and ki=-wi/c
wr=w4 goling left-to-right (from Alice'scoom.laser) and wr=wc going right-to-left (from Carla'ssoor.laser).
nght-dlrected ICW eilh-040) Leﬁ-dzrected ICW el kx-0,0)

k +4 ® ~4c

éﬁc %"“” \ ,

7 CW green- laseg///b : ‘;* | %M/CW green- lase - / 7
Vo 600 THz Doppler blue shifted | | | OPPZQV red shifted 600 THz \\‘ Z 2
to 1200THz e to 300THz Y

Bob: fhat UV DUt
Rey_,

e ?“‘n
Carla gomg UCB=-UAB
relative to Bob

Ahce gomg UAB
relative to Bob
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Relating rapidity p.4s and relativity velocity parameter 34s=u.4s/c

Imagine Bob sees a pair of counter-propagating laser beams with wavevectors kz=+wr/c and ki=-wi/c

wr=w4 goling left-to-right (from Alice'scoom.laser) and wr=wc going right-to-left (from Carla'ssoor.laser).
nght-dlrected 1CW eilkx-o,8) 7Leﬁ-dzrected Ji C /4 el kx-0,8)

ey .
k=14 o =4c 3
- CW green- lasej///b FY* //ﬁw green- lase NI
7% | 600 THz Doppler blue shifted g; N Oppler red shifted 600 THz ﬂ:&:/@
/ to 1200THz ik ‘:j_. to 300THz j“ﬁ ‘;f‘
Bob: fhat UV bur, &/

g/
»y‘é-

Rey

Alice going UAB

Carla gomg UCB=-UAB
relative to Bob

relative to Bob

We ask two questions:
(1.) To what velocity ur must Bob accelerate so he sees beams with equal frequency wr ?
(2.) What 1s that frequency we ?
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Relating rapidity p.4s and relativity velocity parameter 34s=u.4s/c

Imagine Bob sees a pair of counter-propagating laser beams with wavevectors kz=+wr/c and ki=-wi/c

wr=w4 goling left-to-right (from Alice'scoom.laser) and wr=wc going right-to-left (from Carla'ssoor.laser).

nght-dlrected ICW el(hx-0.9 Leﬁ-dzrected ICW el kx-0,0)
k=+4 o F4c 4 '

~ CW green- lasej///b | f‘ %%W green- lase AW
J& | 600 THz Doppler blue shifted P 7 LG oppler red shifted 600 THz 2 _}\\(f/_éf
Vi to 1200THz T ) to 300THz — A
’ Bob-That UV bumns! S w7
Rey, — R,

Alice going 1.5
relative to Bob

Carla gomg UCE=-UAB
relative to Bob
We ask two questions:

(1.) To what velocity ur must Bob accelerate so he sees beams with equal frequency wr ?
(2.) What 1s that frequency we ?

Reply to Query (1.) has a Jeopardy-style answer-by-question:
What is the beam group velocity?
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Relating rapidity p.4s and relativity velocity parameter 34s=u.4s/c

Imagine Bob sees a pair of counter-propagating laser beams with wavevectors kz=+wr/c and ki=-wi/c

wr=w4 goling left-to-right (from Alice'scoom.laser) and wr=wc going right-to-left (from Carla'ssoor.laser).

nght-dlrected ICW el(hx-0.9 Leﬁ-dzrected ICW el kx-0,0)
k=+4 o F4c 4 '

~ CW green- lasej///b | f‘ %%W green- lase AW
J& | 600 THz Doppler blue shifted P 7 LG oppler red shifted 600 THz 2 _}\\(f/_éf
Vi to 1200THz T ) to 300THz — A
’ Bob-That UV bumns! S w7
Rey, — R,

Alice going 1.5
relative to Bob

Carla gomg UCE=-UAB
relative to Bob
We ask two questions:

(1.) To what velocity ur must Bob accelerate so he sees beams with equal frequency wr ?
(2.) What 1s that frequency we ?

Reply to Query (1.) has a Jeopardy-style answer-by-question: W —w

k
What is the beam group velocity? Given : w =1 Lond:k =L
group 9 group 9
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Relating rapidity p.4s and relativity velocity parameter 34s=u.4s/c

Imagine Bob sees a pair of counter-propagating laser beams with wavevectors kz=+wr/c and ki=-wi/c

wr=w4 goling left-to-right (from Alice'scoom.laser) and wr=wc going right-to-left (from Carla'ssoor.laser).

nght-dlrected ICW el(hx-0.9 Leﬁ-dzrected ICW el kx-0,0)
k=+4 o F4c 4 '

~ CW green- lasej///b | f‘ %%W green- lase AW
J& | 600 THz Doppler blue shifted P 7 LG oppler red shifted 600 THz 2 _}\\(f/_éf
Vi to 1200THz T ) to 300THz — A
’ Bob-That UV bumns! S w7
Rey, — R,

Alice going 1.5
relative to Bob

Carla gomg UCE=-UAB
relative to Bob
We ask two questions:

(1.) To what velocity ur must Bob accelerate so he sees beams with equal frequency wr ?
(2.) What 1s that frequency we ?

Reply to Query (1.) has a Jeopardy-style answer-by-question: W —w

k
What is the beam group velocity? Given : w =1 Lond:k =L
group 9 group 9

), _
. ——growp PRV

E group L E —F
group
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Relating rapidity p.4s and relativity velocity parameter 34s=u.4s/c

Imagine Bob sees a pair of counter-propagating laser beams with wavevectors kz=+wr/c and ki=-wi/c

wr=w4 goling left-to-right (from Alice'scoom.laser) and wr=wc going right-to-left (from Carla'ssoor.laser).

nght-dlrected ICW el(hx-0.9 Leﬁ-dzrected ICW el kx-0,0)
k=+4 o F4c 4 '

CW green- lasej///b '__‘%-"g"if %%W green- lase BN, 72
— & | 600 THz Doppler blue shifted Oppler red shifted 600 THz 2 _}f 25
to 1200THz = ol to 300THz — ﬁ My
Bob: 7Lhat UVburns/ I .\v
Rey._, ——— ;&

Alice going 1.5
relative to Bob

Carla gomg UCE=-UAB
relative to Bob
We ask two questions:

(1.) To what velocity ur must Bob accelerate so he sees beams with equal frequency wr ?
(2.) What 1s that frequency we ?

Reply to Query (1.) has a Jeopardy-style answer-by-question: L _k

: - - “rR™Yp R ML
What is the beam group velocity? Given : w = and :k =
group 9 group 9
W w,—w :
w.=y =—drow "k "L with kr=t+wr/c and k;=-wi/c
E group [ E

group
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Relating rapidity p.4s and relativity velocity parameter 34s=u.4s/c

Imagine Bob sees a pair of counter-propagating laser beams with wavevectors kz=+wr/c and ki=-wi/c

wr=w4 goling left-to-right (from Alice'scoom.laser) and wr=wc going right-to-left (from Carla'ssoor.laser).

nght-dlrected ICW el(hx-0.9 Leﬁ-dzrected ICW el kx-0,0)
k=+4 o F4c 4 '

CW green- lasej///b '__‘%-"g"if %%W green- lase BN, 72
— & | 600 THz Doppler blue shifted Oppler red shifted 600 THz 2 _}f 25
to 1200THz = ol to 300THz — ﬁ My
Bob: 7Lhat UVburns/ I .\v
Rey._, ——— ;&

Alice going 1.5
relative to Bob

Carla gomg UCE=-UAB
relative to Bob
We ask two questions:

(1.) To what velocity ur must Bob accelerate so he sees beams with equal frequency wr ?
(2.) What 1s that frequency we ?

Reply to Query (1.) has a Jeopardy-style answer-by-question: L _k

W
What is the beam group velocity? Given : w =1 Loand:k =L L
group 9 group 9
W W,—W Wp,—W ,
U :V e group p— R L =C R L Wlth kR:+WR/C and kL:'WL/C
b groun g ko—k,  w,tw
group R L

Thursday, April 7, 2016 10



Relating rapidity p.4s and relativity velocity parameter 34s=u.4s/c

Imagine Bob sees a pair of counter-propagating laser beams with wavevectors kz=+wr/c and ki=-wi/c

wr=w4 goling left-to-right (from Alice'scoom.laser) and wr=wc going right-to-left (from Carla'ssoor.laser).

nght-dlrected ICW el(hx-0.9 Leﬁ-dzrected ICW el kx-0,0)
k=+4 o F4c 4 '

CW green- lasej///b '__‘%-"g"if %%W green- lase BN, 72
— & | 600 THz Doppler blue shifted Oppler red shifted 600 THz 2 _}f 25
to 1200THz = ol to 300THz — ﬁ My
Bob: 7Lhat UVburns/ I .\v
Rey._, ——— ;&

Alice going 1.5
relative to Bob

Carla gomg UCE=-UAB
relative to Bob
We ask two questions:

(1.) To what velocity ur must Bob accelerate so he sees beams with equal frequency wr ?
(2.) What 1s that frequency we ?

Reply to Query (1.) has a Jeopardy-style answer-by-question: L _k

- - o _YrRTYL . _ "R
What is the beam group velocity? Given : W > and : kgmup_ >
W — — _
U E:ngup: group _CURTYp _ c YRT¥L —c 1200 — 300 — §c with kr=+wr/c and ki=-wi/c
kgmup kp—k, wptw, 12004300 5

Thursday, April 7, 2016 11



Relating rapidity p.4s and relativity velocity parameter 34s=u.4s/c
Imagine Bob sees a pair of counter-propagating laser beams with wavevectors kz=+wr/c and ki=-wi/c
wr=w4 goling left-to-right (from Alice'scoom.laser) and wr=wc going right-to-left (from Carla'ssoor.laser).
nght-dlrected ICW el(hx-0.9 Leﬁ-dzrected ICW el kx-0,0)

k=14 o ~4c f | '
ew oreen- lase;///b 5 L %%W green- lase NI
7 | 600 THz Doppler blue shifted oppler red shifted 600 THz 2 %-" f*’

to 1200THz i to 300THz g"
Bob: fhat UV bur Rey. ot

Carla gomg UCB=-UAR
relative to Bob
We ask two questions:

(1.) To what velocity ur must Bob accelerate so he sees beams with equal frequency wr ?
(2.) What 1s that frequency we ?

> ¥

e

v
4
\

Alice going u.z
relative to Bob

Reply to Query (1.) has a Jeopardy-style answer-by-question:

- - - “rR™“L kp—Fy
What is the beam group velocity? Given : W > and : kgmup: >
W — — _
U E:ngup: group _CURTYp _ c YRT¥L —c 1200 — 300 — §c with kr=+wr/c and ki=-wi/c
kgmup kp—k, wptw, 12004300 5

Reply to Query (2.) in similar style:
What wr is blue-shift bw; of wr and red-shift wr/b of wr ?

W,=bw,=w,/b

Thursday, April 7, 2016 12



Relating rapidity p.4s and relativity velocity parameter 34s=u.4s/c
Imagine Bob sees a pair of counter-propagating laser beams with wavevectors kz=+wr/c and ki=-wi/c
wr=w4 goling left-to-right (from Alice'scoom.laser) and wr=wc going right-to-left (from Carla'ssoor.laser).

nght-dlrected ICW el(hx-0.9 Leﬁ-dzrected ICW el kx-0,0)

k +4 o ~4c o} '
S 4 T
CW green- lase;///b Ry %&//ﬁ“’ green- lase N
J#& | 600 TH: Doppler blue shifted oppler red shifted 600 THz AN

to 1200THz . = to 300THz ﬁ
Bob: fhat VL Rey. A

Carla gomg UCE=-UAB
relative to Bob
We ask two questions:

(1.) To what velocity ur must Bob accelerate so he sees beams with equal frequency wr ?
(2.) What 1s that frequency we ?

N o

h"( 1” *,{(4»

Alice going 1.5
relative to Bob

Reply to Query (1.) has a Jeopardy-style answer-by-question:

- - - “rR™“L kp—Fy
What is the beam group velocity? Given : W > and : kgmup: >
W — — _
U E:ngup: group _CURTYp _ c YRT¥L —c 1200 — 300 — §c with kr=+wr/c and ki=-wi/c
kgmup kp—k, wptw, 12004300 5

Reply to Query (2.) in similar style:
What wr is blue-shift bw; of wr and red-shift wr/b of wr ?

O.=bw,=0,b = bz\/wR/a)L

Thursday, April 7, 2016 13



Relating rapidity p.4s and relativity velocity parameter 34s=u.4s/c
Imagine Bob sees a pair of counter-propagating laser beams with wavevectors kz=+wr/c and ki=-wi/c
wr=w4 goling left-to-right (from Alice'scoom.laser) and wr=wc going right-to-left (from Carla'ssoor.laser).

nght-dlrected ICW el(hx-0.9 Leﬁ-dzrected ICW el kx-0,0)

k +4 o ~4c o} '
S 4 T
CW green- lase;///b Ry %&//ﬁ“’ green- lase N
J#& | 600 TH: Doppler blue shifted oppler red shifted 600 THz AN

to 1200THz . = to 300THz ﬁ
Bob: fhat VL Rey. A

Carla gomg UCE=-UAB
relative to Bob
We ask two questions:

(1.) To what velocity ur must Bob accelerate so he sees beams with equal frequency wr ?
(2.) What 1s that frequency we ?

N o

h"( 1” *,{(4»

Alice going 1.5
relative to Bob

Reply to Query (1.) has a Jeopardy-style answer-by-question:

- - - “rR™“L kp—Fy
What is the beam group velocity? Given : W > and : kgmup: >
W — — _
U E:ngup: group _CURTYp _ c YRT¥L —c 1200 — 300 — §c with kr=+wr/c and ki=-wi/c
kgmup kp—k, wptw, 12004300 5

Reply to Query (2.) in similar style:
What wr is blue-shift bw; of wr and red-shift wr/b of wr ?

O=bw,=w,b = bz\/a)R/a)L = 0,=/0,0,
(Geometric Mean)

Thursday, April 7, 2016 14



Relating rapidity p.4s and relativity velocity parameter 34s=u.4s/c

Imagine Bob sees a pair of counter-propagating laser beams with wavevectors kz=+wr/c and ki=-wi/c
wr=w4 goling left-to-right (from Alice'scoom.laser) and wr=wc going right-to-left (from Carla'ssoor.laser).
nght-dlrected ICW el(hx-0.9 Leﬁ-dzrected ICW el kx-0,0)

k=14 o ~4c o
~ CW green- laseg///M w34 %%cw green- lase SN 7
g | 600 TH: Doppler blue shifted oppler red shifted 600 THz 25 %" ff
to 1200THz ~ i 1o 300THz ﬁ
Bob: fhat UV bur
Rey_, j,

Carla gomg UCE=-UAB
relative to Bob
We ask two questions:

(1.) To what velocity ur must Bob accelerate so he sees beams with equal frequency wr ?
(2.) What 1s that frequency we ?

e o

h&( "”

Alice going 1.5
relative to Bob

Reply to Query (1.) has a Jeopardy-style answer-by-question:

- - - “rR™“L kp—Fy
What is the beam group velocity? Given : W > and : kgmup: >
W — — _
U E:ngup: group _CURTYp _ c YRT¥L —c 1200 — 300 — §c with kr=+wr/c and ki=-wi/c
kgmup kp—k, wptw, 12004300 5

Reply to Query (2.) in similar style:
What wr is blue-shift bw; of wr and red-shift wr/b of wr ?
O=bw,=w,/b = bz\/a)R/a)L = 0,=/0,0, = \/1200-300 = 600THz

(Geometric Mean)

Thursday, April 7, 2016 15



Relating rapidity p.4s and relativity velocity parameter 34s=u.4s/c

Imagine Bob sees a pair of counter-propagating laser beams with wavevectors kz=+wr/c and ki=-wi/c
wr=w4 goling left-to-right (from Alice'scoom.laser) and wr=wc going right-to-left (from Carla'ssoor.laser).
nght-dlrected ICW el(hx-0.9 Leﬁ-dzrected 1CW -0

ﬁ@ '
k=14 o ~4c s
: CW green- lasej///b “F //tw = lase 15“ !
600 THz Doppler blue shifted 0ppler re)g S%l%@d 600 THz ANV
Wi i to 1200THz P pler rel ) j g
Relll_ 1 ?‘

Carla gomg UCB=-UAR
relative to Bob
We ask two questions:

(1.) To what velocity ur must Bob accelerate so he sees beams with equal frequency wr ?
(2.) What 1s that frequency we ?

h*( 1” &”’fw

Alice going 1.5
relative to Bob

Reply to Query (1.) has a Jeopardy-style answer-by-question:

- - - “rR™“L kp—Fy
What is the beam group velocity? Given : W > and : kgmup: >
W — — _
U E:ngup: group _CURTYp _ c YRT¥L —c 1200 — 300 — §c with kr=+wr/c and ki=-wi/c
kgmup kp—k, wptw, 12004300 5

Using Rapidity:
pBA:10g6<B‘ A>

Reply to Query (2.) in similar style:
What wr 1s blue-shift bw; of wr and red-shift wr/b of wr ? @lue—shift b=e" 5| Red-shift r=b"'=¢”" Aa

O=bw,=w,/b = bz\/a)R/a)L = 0,=/0,0, :\/1200-300:6OOTHZ

(Geometric Mean)

Thursday, April 7, 2016 16



Relating rapidity p.4s and relativity velocity parameter 34s=u.4s/c

Imagine Bob sees a pair of counter-propagating laser beams with wavevectors kz=+wr/c and ki=-wi/c
wr=w4 goling left-to-right (from Alice'scoom.laser) and wr=wc going right-to-left (from Carla'ssoor.laser).
nght-dlrected ICW el(hx-0.9 Leﬁ-dzrected 1CW -0

ﬁ@ '
k=14 o ~4c s
: CW green- lasej///b “F //tw = lase 15“ !
600 THz Doppler blue shifted 0ppler re)g S%l%@d 600 THz ANV
Wi i to 1200THz P pler rel ) j g
Relll_ 1 ?‘

Carla gomg UCB=-UAR
relative to Bob
We ask two questions:

(1.) To what velocity ur must Bob accelerate so he sees beams with equal frequency wr ?
(2.) What 1s that frequency we ?

h*( 1” &”’fw

Alice going 1.5
relative to Bob

Reply to Query (1.) has a Jeopardy-style answer-by-question:

: - - WY kp—k,
What is the beam group velocity? Given : w = and :k =
group 9 group 9
W W ,—W W ,—W — :
uE:ngup: grouwp. _ "R "L _ "R TL_. 1200 — 300 — §c with kr=+wr/c and k;=-wi/c
kgmup kR—kL wptw, 1200+ 300 5
. . P
Using Rapidity: Given: wp=e Fwy,
'OABZIOge<A‘B> and: wL—epCBw600 _pABwé,OO

Reply to Query (2.) in similar style:
What wr 1s blue-shift bw; of wr and red-shift wr/b of wr ? @lue—shift b=e" 5| Red-shift r=b"'=¢”" Aa

O=bw,=w,/b = bz\/a)R/a)L = 0,=/0,0, :\/1200-300:6OOTHZ

(Geometric Mean)
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Relating rapidity p.4s and relativity velocity parameter 34s=u.4s/c

Imagine Bob sees a pair of counter-propagating laser beams with wavevectors kz=+wr/c and ki=-wi/c

wr=w4 goling left-to-right (from Alice'scoom.laser) and wr=wc going right-to-left (from Carla'ssoor.laser).
nght-dlrected 1CW eilkx-o,8) Leﬁ-dzrected 1CW el kx-0,1)

- k=+4 o ~4 -*r
CW green- lasej///b ). %&//ﬁ“’ green- lase Y~
7 | 600 THz Doppler blue shifted P 7 LG oppler red shifted 600 THz )\(f/e_
 dadi to 1200THz e 3 to 300THz ; Y )
Bob-Fhat UV burns! I
Rey_, —A

Alice going 1.5
relative to Bob

Carla gomg UCE=-UAB
relative to Bob
We ask two questions:

(1.) To what velocity ur must Bob accelerate so he sees beams with equal frequency wr ?
(2.) What 1s that frequency we ?

Reply to Query (1.) has a Jeopardy-style answer-by-question:

W, —W k,—k
What is the beam group velocity? Given : w =Lt _Lond:k =L L
group 9 group 9
W W ,—W W ,—W _ .
E:V — group e R L =C R L =C 1200 300 — §C Wlth kR:+WR/C and kL:'WL/C
group kgmup k,—k, wptw,  1200+300 5
. . — P
Uy  Uyp 18 _o Pas sinh Pun - 3 |Using Rapidity: Given: Wp=~¢ ABW@()O
p— p— — —1Tal 10 = L —
c ¢ glanye Paz coshp AB 5 pap=108, (4| B)|  and: w =€y =e "y

Reply to Query (2.) in similar style:
What we 1s blue-shift bw; of wr and red-shift wr/b of wr ? @lue—shift b=e"15] Red-shift r=b"T=¢" Aa
O=bw,=w,/b = bz\/a)R/a)L = 0,=/0,0, = \/1200-300 = 600THz

(Geometric Mean)
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Review of Doppler-shift and Rapidity p.s calculation: Galileo s Revenge Part I Lect. 23 p.64-75
Relating rapidity p.z and relativity velocity parameter 545=u.z/c

P Review of Ys-sum-4-difference Phase and Group factors giving relativistic space-axes and time-axes
Colliding-CW space-time (x,cr)-graph vs Colliding PW space-time (7,/)-baseball diamond <«

Review of Y2-sum-2-difference of phasor angular velocity:Galileo s Revenge Part II (Pirelli site)
Elementary models: 2-comb Moire’ patterns and cosine-law constructions

Bob, Alice, and Carla combine Doppler shifted '2-sum- Phase and factors
Doppler shifted Phase vector P/ and In per-space-time

Minkowski coordinate grid in space-time
Animations that compare Doppler shifted colliding CW with colliding PW

The 16 parameters of Doppler-shifted 2-CW Minkowski geometry
Doppler shifted Phase parameters
Doppler shifted parameters
Lorentz transformation matrix and Two Famous-Name Coefficients

Thales Mean Geometry ( ) and 1ts role in Relawavity
Detailed geometric construction of relawavity plot for 1-octave Doppler (545=u4z/c=3/3)

Stellar aberration and the Epstein approach to SR

More at Pirelli Challenge page: 'Un Grande Affare’ - Light Meets Light
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/5 Alice: OK, Bob. Colliding 2CW laser beams

47 We're gonna’ hit
7 Sl you from both
\, A& sides, now! iy Bob:Yikes!

nghiQmovzng wave e\ (x-0Y

Leﬁ-movmg waye el( or “Y)

CW Dye-laser

500 TH: WA lice s laser " Rep Carlaslase 600 THz
» .a k((((((«(((k((((((ﬂ

Wavelength 7\. =2m/k=1/K

(1/2um=0.5-10"%m)

Period t=21/0=1/v
(5/3ﬁ9=1.67°10'15s)
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zght—movmg CW ei(kx-o1)

//‘/'/f/fng%//f////// e

Lefi-moving CW e/(Fx-00

k=+2  ©=2c k=-2_ 0=2C
CW Dye-laser
Ay | 600 TH:

/}/Y//fi/f//‘
\\\\\\\ ,

CW Dye- laser A7)
600 T. HZ ‘

,,»\\‘\\\ \\ x\ \\*

N MBIUA VT \&\ ACAAN \*\“\*/Imw V

-
Wavelength 7\.=27t/ k=1/K
(1/2um=0.5-10"m)

"’\\

made me =
a space-time
graph out of

real zeros.

Howd it
do that?

Easy!

' You get zeros of any wave-sum e'@+¢i’
by factoring it into phase and group parts.

Bohrlt Web Simulation
1 CW ctvs x Plot (ck = +1)
Single panel with Zero Tracers

Bohrlt Web Simulation
2 CW ct vs x Plot (ck = £2)
Multi-panel with Zero Tracers
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zght—movmg CW ei(kx-o1)

-
Wavelength 7»=27t/ k=1/K
(1/2um=0.5-10"m)

A / e k=+2 w=2c k=-2 w=2c
2y el . 5 CW Dye-laser
/ R 600 THZ
a f M VV_VVYT d

Time ct

Left-moving CW (/-0

CW Dye- — /4
600 T. HZ ‘

/‘/}//////?//‘ y} Y /A% f/ \_ o
\\\\\\\ ~NpL '

Easy!
You get zeros of any wave-sum e'¢+e'?

r’ \ l k by factoring it into phase and group parts.
J Remember your algebra? Exponents of

\\,,\\\\ AN x\ \

products add.
a+b a-—>b
So, half-sum 7  plus half-diff 5 gives a,
and half-sum %minus half-diff “—° gives b.
2
Presto! b (e ath
You factor e“+e'b intoe * | e > +e 2
Space x Alice 1CW phase: a = kx— wt

made me =

a space-time

graph out of
real zeros.

Howd it
do that?

-----------------------
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i il zght—movmg CW ei(kx-o1)

I { ‘
\ .

1;/‘ / //y‘/' /

\ \‘\ \’\‘\\
\

-
Wavelength 7»=27t/ k=1/K
(1/2um=0.5-10"m)

Leﬁ-movmg CW ei(lx-0p

CW Dye- laser A )
600 T. HZ ‘

NPT L S

\-"‘ /;, “__ A ,{M k +2 W= 2C - -2 0= 2C
b R CW Dye-laser
7\y N 600 THz
A '_"“-77' <

PEANNANANAN \ \\ \

a space-time
graph out of
real zeros.

Howd it
do that?

Space x

a+b

o

J Remember your algebra? Exponents of

----------------

Easy!

' You get zeros of any wave-sum e'@+¢i’
by factoring it into phase and group parts.

Wave
Group wave: e omtkx =) cosjy

products add.
ﬂ a—b
So, half-sum 7  plus half-diff 5 gives a,
and half-sum % minus half-diff ¢ ; b gives b.
Presto! oo (azb o atb
You factor e“+e'b intoe * | e > +e 2
Space x Alice 1CW phase: a= kx— wt
-0t -Jox-wt Carla 1CW phase: b = —kx — wt
— em elb Bob’s 2CW Group-phase: +k=——

Thursday, April 7, 2016

23



zght—moving CW el Left-moving CW e!("/x-00

/BN k=+2 ©=2c =-2  w=2c i )
7, o Wirs 8 S \
/A CW Dye-laser Re CW Dye-laser | "% / Carla:
PNy N 600 THz 600 THz | """ ™
Y naa NN A e WA

A Easy!
a2 You get zeros of any wave-sum e'¢+ e’
by factoring it into phase and group parts.

Remember your algebra? Exponents of
products add.

a+b a-—>b

_—
Wavelength A=2m/k=1/K - ey ——— .
So, half-sum 7  plus half-diff 5 gives a,

(1/2um=0.5-10"m)

and half-sum %minus half-diff “—° gives b.
2
Presto! b (o ah -%

You factor e4+e? intoe * | e * +e

Space x Space x Alice 1TCW phase: a = kx— mt

Bob: Let’s plot this in per-spacetime?! Ix-of -ft-ot Carla 1CW phase: b = —kx — t

Cooll” _pld ib Bob’s 2CW Group-phase: +k—@
You guys sé (x"t_)_ _e+e ....... Wavcl,O P ' B 2
made me = a-b .a-b’

] : - rikx o ik
a space-time _'el > ({lel 2+e” iy )i Group waver 7+ € =Dcosky

graphoutof | e W eee- is standing wave (does not vary with time /) b
a-—+
real zeros. . . . ‘ =g iot szx +e J Bob’s 2CW Phase-phase: —(0=———
How'd it phase glroup Wave : 2
do that? . . factor factor Phase wave real part: Re(€“!)=cos(Wwr)
ﬁ) 1s “instanton” wave (does not vary in space X)
Wi, )= cos)x

Space x
Thursday, April 7, 2016 24




e -
Wavelength A=21/k=1/K ;’ Period 1=21t/0=1/0 It looks like &
(0.5um=0.5-10"m) § (1.67fs=01.67-10""°s) baseball diamond
B~ with
_ . P at Pitcher’s mound
: : - and
G at the Grandstand”.
‘{’(x, 0 = (e'iwt) (Zcoskx) :ei(kx'(ot) —|—ei('kx'0)0 I'm on 1st base! (R)
s *Thanks,

Standing 2CW in per-space-time ™
Frequency 4

W=2TV 1500
THz

Standing 2CW in space-time  woody!
phase  group |y
factor factor group

aaa

Phase vector

Time ct

T 1/2-sum:
—p— R+L Bob: / ‘
900 phase 2 The P and G ReWphase-zer: g
THz vectors are B )
scale models . @ ¢
=Ko R=K,, Iof.zero-grid | RS g %
attice vectors roup =
L=P-G R=P+G  (butP andG g

switch places)

+4
Wavevector

Group vector 0 R-L
1/2-difference K /gG=_ ck=2mxKc

0o SI
[8o1119A-0)-2dO]S g
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Review of Doppler-shift and Rapidity p.s calculation: Galileo s Revenge Part I Lect. 23 p.64-75
Relating rapidity p.z and relativity velocity parameter 545=u.z/c

Review of Y2-sum-'4-difference Phase and Group factors giving relativistic space-axes and time-axes
2 Colliding-CW space-time (x,cf)-graph vs Colliding PW space-time (7,L)-baseball diamond <«

Review of Y2-sum-2-difference of phasor angular velocity:Galileo s Revenge Part II (Pirelli site)
Elementary models: 2-comb Moire’ patterns and cosine-law constructions

Bob, Alice, and Carla combine Doppler shifted '2-sum- Phase and factors
Doppler shifted Phase vector P/ and In per-space-time

Minkowski coordinate grid in space-time
Animations that compare Doppler shifted colliding CW with colliding PW

The 16 parameters of Doppler-shifted 2-CW Minkowski geometry
Doppler shifted Phase parameters
Doppler shifted parameters
Lorentz transformation matrix and Two Famous-Name Coefficients

Thales Mean Geometry ( ) and 1ts role in Relawavity
Detailed geometric construction of relawavity plot for 1-octave Doppler (545=u4z/c=3/3)

Stellar aberration and the Epstein approach to SR
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T 4

Wavelength A=2m/k=1/K
(0.5um=0.5-10"m)

.

Period

. (1.67f5=
h

Time ct

No, Carla
you’re on 3,
I'm on 1st. My

laser points Right
Yours points Left!

Standing 2CW in per-space-time

Frequency
W=2TTV 150 5
(" The ) THz S
ond
(v;K) 1200kase Phase vector Y
“Baseball . 1/2-sum: E
\ Diamond” ) =P=' R+L Bob:
900 p, The P and G
3d base THz 1st base vectors are
(Carla) 600 (Alice) scale models
=Ko N R=K,, of zero-grid
lattice vectors
L=P-G R=P+G (but P and G
switch places)

+4
Wavevector

ck=2T1Kc

T=21/0=1/V
01.67-10‘15s)

Ay

W (x,t) = (&) (2coskx) = (-0 + gi(-hx-01)

It looks like a
baseball diamond
with
P at Pitcher’s mound
and
G at the Grandstand®.
Ok,I’'m on 3@ base L.

. ) . *Thanks,
Standing 2CW in space-time  woody!
phase  group |y
factor factor group
0
3
.o
¢
3
S
=,
9

0o SI
[8o1119A-0)-2dO]S g
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Continuous Waves (CW) trace “Cartesian squares’ 1n space-time

4 Time N N
M _ ) ' /"’- /
CW Laser ﬁ \ /
600 THz 1 IV
(a) CW squares. T
! foms d 1.0 f Period Wavelen
emilosecon ) - _5 _ 7\‘
1.0 fs=10"3s T .“
I micron : l 0.5 um
1.0 um=10"5meter | | -
Pulse Waves (PW) trace “basebalk ¢
v Time AN
\\\Cf _
(b) PW diamonds
PW laser

5' '

\ /

7N\

]Oktm

/

CW Laser
600 THz

/
/

/ P((D Vs Ck)
G(Ct Vs X) R‘ g

/

pace
X

N /

7N

G((o vs ck)

,1amonds’7 1n space -time \P (ct 15 3)

\
N
AN
AN
AN

| PW laser
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Bohrlt Web Simulation
2 CW ct vs x Plot

(ck ==£2)

Frequency w

—

T 2

Wavevector ck

RelaWavity Site
Phase and Group Vectors in per-Time vs per-Space
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http://www.uark.edu/ua/modphys/markup/BohrItWeb.html?scenario=-30022&ePhasorFactor=0.5&xPhasorFactor=0.5

5 4

I 1

Frequency w

Bohrlt Multi-Panel Simulation

2 PW ct vs x Plot
(B =u/c =0)

Wavevector ck

Bohrlt Simulation
2 PW ct vs x Plot
(B =u/c =0)
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Review of Doppler-shift and Rapidity p.s calculation: Galileo s Revenge Part I Lect. 23 p.64-75
Relating rapidity p.z and relativity velocity parameter 545=u.z/c

Review of Y2-sum-'4-difference Phase and Group factors giving relativistic space-axes and time-axes
Colliding-CW space-time (x,cf)-graph vs Colliding PW space-time (72,.)-baseball diamond

P Review of V4-sum-Ys-difference of phasor angular velocity:Galileo s Revenge Part 11 (Pirell1 site)
Elementary models: 2-comb Moire’ patterns and cosine-law constructions <

Bob, Alice, and Carla combine Doppler shifted '2-sum- Phase and factors
Doppler shifted Phase vector P/ and In per-space-time

Minkowski coordinate grid in space-time
Animations that compare Doppler shifted colliding CW with colliding PW

The 16 parameters of Doppler-shifted 2-CW Minkowski geometry
Doppler shifted Phase parameters
Doppler shifted parameters
Lorentz transformation matrix and Two Famous-Name Coefficients

Thales Mean Geometry ( ) and 1ts role in Relawavity
Detailed geometric construction of relawavity plot for 1-octave Doppler (545=u4z/c=3/3)

Stellar aberration and the Epstein approach to SR

More at Pirelli Challenge page: 'Un Grande Affare’ - Light Meets Light
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/ zght—movmg Cw e’(kx -01) Leﬁ-mgvmg CW ei(-hx-0t)

=-2 0=2c J
CW Dye- laser L
600 THz _|__ '

o CW Dye-laser

6()() THz _
/ e }/ v i / A A A )/ y s / EaS_yl
*ﬁ */y e i “‘ X1 . \Y - b
MV | Lo NU SR You get zeros of any wave-sum e'¢+¢
rl \ l k by factoring it into phase and group parts.
8 J Remember your algebra? Exponents of
S products add.
&~ y =
Wavelength A=2m/k=1/K atb a-b

So, half-sum 7  plus half-diff 5 gives a,

and half-sum % minus half-diff =% gives b.
2

(1/2um=0.5-10"m)

_— l—

Presto! PN B o A (o
You factor e¢+e'® /ntoe 2le ? +e ?

“;.i(? iiiiiiiiiiiiiiiiiiiiiiii Spacex  Red PhaSOT?/WeiB
ik 3 B _
e \ Bob: kx-ot -kx-ot osP )
Cooll = i ib KJ Typical
You guys ( x;f)_ :e o + e ______ i PLUS /‘\ Phasor Sum:
made me = lCHb L -b j a-b Ui\
a Space'time e 2 (e 2 —|_e 2 ): cf))éocsm ‘ ///'\\\\
graphoutof | SR . SR G  CCTrTtToTnTnomoeoeseses &\/ S (P
real zeros. Green phasor '(a_B o
Howd it . / |
do that? EQUALS: ¥, 57V, Vg

/ (0c+[?\)/2

\ /

More at Pirelli Challenge page: 'Un Grande Affare’- Light Meets Light
\
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(a) Sum of Wave Phasor Array

Group|or Beat:

Node k@ﬁ’ 210

\

\_/
CNCNCSITNENCNC

£ -
VA A G ATANT A VANV G ATAT A AN A A AT

(b) Typical Phasor Sum.

Red phasor?/ 5
Yp=e® \ -
\B) p*

o lsm ]
\/ / (@-B) B moves relative to A
Green phasor A Jo=By2

EQUALS: Y. z7v tvg L7

[/

More at Pirelli Challenge page: 'Un Grande Affare’- Light Meets Light

(c) Phasor-relative views

A moves relative to B

PLUS

Geometry of the

Half-sum
Phase/'
and

Half-difference
Group\

Happy now?

Galileo’s Revenge (part 2)
Phasor angular velocity
adds just like
Galilean velocity

Thursday, April 7, 2016
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Review of Doppler-shift and Rapidity p.s calculation: Galileo s Revenge Part I Lect. 23 p.64-75
Relating rapidity p.z and relativity velocity parameter 545=u.z/c

Review of /2-sum- Phase and factors giving relativistic space-axes and ;
Colliding-CW space- (x,ct)-graph vs Colliding PW space-time (%, /)-baseball diamond

Review of Y2-sum-"4-difference of phasor angular velocity:Galileo'’s Revenge Part I (Pirell1 site)
Elementary models: 2-comb Moire’ patterns and cosine-law constructions

% Bob, Alice, and Carla combine Doppler shifted %4-sum-'4-difference Phase and Group factors <
Doppler shifted Phase vector P’ and Group vector G’ in per-space-time

Minkowski coordinate grid in space-time
Animations that compare Doppler shifted colliding CW with colliding PW

The 16 parameters of Doppler-shifted 2-CW Minkowski geometry
Doppler shifted Phase parameters
Doppler shifted parameters
Lorentz transformation matrix and Two Famous-Name Coefficients

Thales Mean Geometry ( ) and 1ts role in Relawavity
Detailed geometric construction of relawavity plot for 1-octave Doppler (545=u4z/c=3/3)

Stellar aberration and the Epstein approach to SR

More at Pirelli Challenge page: 'Un Grande Affare’ - Light Meets Light
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-~ Right-directed 1CW e'"*/!

k=+4 o =4c

—— /CW green-lasel// :
—— | 600 THz Doppler blue shifted

to 1200THz

LEF \/ 4

Alice: § /
Now our 600THz lasers
move left-to-right. My ,
600THz laser is going Wavelength A=2m/k=1/K
so fast its beam blasts

you with UV 1200THz. »
Carla’s 600THz laser is /
going away So you get

— Left-directed 1ICW &' 5*%!

k,=-1
! //CW green—lase7
Doppler red shifted 600 THz

to 300THz

< N\
h
Wavelength \=2m/k=1/K
(1um=10"%m)
\ ex

ce infrared 300THz.
a nice infrare z @:IZOOTHZ or \=1/4 1

Bohrlt Web Simulation
1 CW ct vs x Plot

(ck =+4)

m) (0=300THZ or =1 um )
M \Bob:That UV burns!

Bohrlt Web Simulation
1 CW ct vs x Plot

(ck=-1)
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Time

Alice-OK. Wavelength A=2T/k=1/x Wavelength A=2m/k=1/x

My UV 1200THz R’ (1/4um=0.25-10"m) (1um=10"m)
vector is fierce!

You’ll need glasses

to see P! and G’ X

lines or coordinates.

Frequency - 2CW per-Spacetime Plot Bob: Sunglasses help.
v 1500 Wow! Your 1¢t baseline R/
(units of THz [ > y Woppler blued up by e+p=2
| / S R e
DI~ o] = ¢ o =0aRy
T = 7 Ky
Sis /// o
i ) SN Vg = v,
B S :
/ o & =20,
C / & 0
L = 1200THz
- E ./ @Q@“ &
L_I(-l THZ[ / ‘%@
=/ ‘
-2 -1 +100 42100 +3:-10%  +4t10°
T T T T T T T T T T LTI T T 7T

Wavevector cx’
(units OfCKA=2'106/m)

exX

IR 300THz L/

3rd baseline
is a lot nicer!
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Wavelength A=2m/k=1/K

I\
=
M~

Alice:OK. Wavelength \=2m/k=1/K
My UV 1200THz R’ (1/4].Lm=025]0‘6m) (]].Lm=]0‘6m)
vector is fierce!
You’ll need glasses
to see P! and G’ ¥
lines or coordinates. -
Frequency - 2CW per-Spacetime Plot Bob: Sunglasses help.
N 1500 New Wow! Your 1¢t baseline R/
(units of THz _—2'5 / 1st base is*Roppler blued up by e+p—2
— 4 — e Wl
v, =600THz — r_ o LT (Alice)
4 ) 1200 A SN 7./4:..2__0_ _____ R/=K|.4 | But, Carla’s 37 baseline L is._
C / : Doppler red shifted by.e=1/2.
: /. 4 | .. L ST T TTTmmSsssssssssssssssssses -
1.5 / e E
: // ‘5@%%:{\@\’ UA =.e UA :
- / . O‘Q{\ %QJ\\J — EZUA E
/ & SR
L J/ o g =1200THz:
-, & :
05 / 9 q 0 :
-/ 4 5
+100  42-106 +3-100  +4t10°
dlllo[sllll‘lllllllsllll2|||,|| :
"""""""" Wavevectorc=------""
(units OfCKA=2'106/m)
=300THz

Carla: My |,
UV 300THz L/

3rd baseline
is a lot nicer!
(and half as long.)
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Review of Doppler-shift and Rapidity p.s calculation: Galileo s Revenge Part I Lect. 23 p.64-75
Relating rapidity p.z and relativity velocity parameter 545=u.z/c
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Colliding-CW space- (x,ct)-graph vs Colliding PW space-time (%, /)-baseball diamond
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Elementary models: 2-comb Moire’ patterns and cosine-law constructions
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Lorentz transformation matrix and Two Famous-Name Coefficients

Thales Mean Geometry ( ) and 1ts role in Relawavity
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Review of Doppler-shift and Rapidity p.s calculation: Galileo s Revenge Part I Lect. 23 p.64-75
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Review of Doppler-shift and Rapidity p.s calculation: Galileo s Revenge Part I Lect. 23 p.64-75
Relating rapidity p.z and relativity velocity parameter 545=u.z/c

Review of /2-sum- Phase and factors giving relativistic space-axes and ;
Colliding-CW space- (x,ct)-graph vs Colliding PW space-time (%, /)-baseball diamond

Review of Y2-sum-"4-difference of phasor angular velocity:Galileo'’s Revenge Part I (Pirell1 site)
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Minkowski coordinate grid in space-time
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Doppler shifted parameters
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Review of Doppler-shift and Rapidity p.s calculation: Galileo s Revenge Part I Lect. 23 p.64-75
Relating rapidity p4z and relativity velocity parameter (G4s=uz/c

Review of /2-sum- Phase and factors giving relativistic space-axes and ;
Colliding-CW space- (x,ct)-graph vs Colliding PW space-time (%, /)-baseball diamond
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Review of Doppler-shift and Rapidity p.s calculation: Galileo s Revenge Part I Lect. 23 p.64-75
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Elementary models: 2-comb Moire’ patterns and cosine-law constructions

Bob, Alice, and Carla combine Doppler shifted '2-sum- Phase and factors
Doppler shifted Phase vector P’ and In per-space-time

Minkowski coordinate grid in space-time
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Review of Doppler-shift and Rapidity p.s calculation: Galileo s Revenge Part I Lect. 23 p.64-75
Relating rapidity p4z and relativity velocity parameter (G4s=uz/c

Review of /2-sum- Phase and factors giving relativistic space-axes and ;
Colliding-CW space- (x,ct)-graph vs Colliding PW space-time (%, /)-baseball diamond

Review of Y2-sum-"4-difference of phasor angular velocity:Galileo'’s Revenge Part I (Pirell1 site)
Elementary models: 2-comb Moire’ patterns and cosine-law constructions

Bob, Alice, and Carla combine Doppler shifted '2-sum- Phase and factors
Doppler shifted Phase vector P’ and In per-space-time

Minkowski coordinate grid in space-time
Animations that compare Doppler shifted colliding CW with colliding PW

The 16 parameters of Doppler-shifted 2-CW Minkowski geometry
Doppler shifted Phase parameters
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Review of Doppler-shift and Rapidity p.s calculation: Galileo s Revenge Part I Lect. 23 p.64-75
Relating rapidity p4z and relativity velocity parameter (G4s=uz/c

Review of /2-sum- Phase and factors giving relativistic space-axes and ;
Colliding-CW space- (x,ct)-graph vs Colliding PW space-time (%, /)-baseball diamond

Review of Y2-sum-"4-difference of phasor angular velocity:Galileo'’s Revenge Part I (Pirell1 site)
Elementary models: 2-comb Moire’ patterns and cosine-law constructions

Bob, Alice, and Carla combine Doppler shifted '2-sum- Phase and factors
Doppler shifted Phase vector P/ and In per-space-time

Minkowski coordinate grid in space-time
Animations that compare Doppler shifted colliding CW with colliding PW

The 16 parameters of Doppler-shifted 2-CW Minkowski geometry
Doppler shifted Phase parameters
Doppler shifted parameters
Lorentz transformation matrix and Two Famous-Name Coefficients

2 Thales Mean Geometry (Thales of Miletus 624-543 BCE) and its role in Relawavity <«
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Stellar aberration and the Epstein approach to SR
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Relating rapidity p4z and relativity velocity parameter (G4s=uz/c

Review of /2-sum- Phase and factors giving relativistic space-axes and
Colliding-CW space- (x,ct)-graph vs Colliding PW space-time (%, /)-baseball diamond

Review of Y2-sum-"4-difference of phasor angular velocity:Galileo'’s Revenge Part I (Pirell1 site)

Elementary models: 2-comb Moire’ patterns and cosine-law constructions

Bob, Alice, and Carla combine Doppler shifted '2-sum- Phase and factors
Doppler shifted Phase vector P/ and In per-space-time

Minkowski coordinate grid in space-time
Animations that compare Doppler shifted colliding CW with colliding PW

The 16 parameters of Doppler-shifted 2-CW Minkowski geometry
Doppler shifted Phase parameters
Doppler shifted parameters
Lorentz transformation matrix and Two Famous-Name Coefficients

Thales Mean Geometry (7hales of Miletus 624-543 BCE) and its role in Relawavity
% Detailed geometric construction of relawavity plot for 1-octave Doppler (B1s=u.1s/c=3/5) <

Stellar aberration and the Epstein approach to SR

More at Pirelli Challenge page: 'Un Grande Affare’- Light Meets Light
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Review of Doppler-shift and Rapidity p4s calculation:Galileo s Revenge Part I Lect. 23 p.64-75
Relating rapidity p.z and relativity velocity parameter 34z=u.z/c

Review of Y2-sum-'4-difference Phase and Group factors giving relativistic space-axes and time-axes
Colliding-CW space-time (x,cr)-graph vs Colliding PW space-time (%, /)-baseball diamond

Review of Y2-sum-"4-difference of phasor angular velocity:Galileo'’s Revenge Part I (Pirell1 site)
Elementary models: 2-comb Moire’ patterns and cosine-law constructions

Bob, Alice, and Carla combine Doppler shifted /2-sum-'2-difference Phase and Group factors
Doppler shifted Phase vector P’ and Group vector G’ in per-space-time

Minkowski coordinate grid in space-time
Animations that compare Doppler shifted colliding CW with colliding PW

The 16 parameters of Doppler-shifted 2-CW Minkowski geometry
Doppler shifted Phase parameters
Doppler shifted Group parameters
Lorentz transformation matrix and Two Famous-Name Coefficients

Thales Mean Geometry (7hales of Miletus 624-543 BCE) and its role in Relawavity
Detailed geometric construction of relawavity plot for 1-octave Doppler (G4s=u.1z/c=3/5)

=2 Stellar aberration and the Epstein approach to SR <
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Comparing Longitudinal relativity parameter:Rapidity 0 = loge(Doppler Shift)
toa [Transverse®relativity parameter: Stellar aberration angle O

*ewis Carroll Epstein, Relativitatstheorie, Birkhduser, (2004) gatier Engish version (1985)-

We used notion O

Observer fixed below star sees it directly overhead. for stellar-ab-angle,
. . . . 66ﬂ d t’)
Observer going u sees star at angle in u direction. ](fpstelﬁlp §ot?§tere’2t)ed

) /
- ~y in O analysis or in
' Stellar aberration angleO: *S A \ relglon of 0 and .

/

c tanhp=u=csinc

y

k()
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Comparing Longitudinal relativity parameter:Rapidity 0 = loge(Doppler Shift)

toa Transverse*relativity parameter: Stellar aberration angle

*Lewis Carroll Epstein, Relativitdtstheorie, Birkhaduser, (2004 ) atier Engish version (1985)-

Proper time ct vs. coordinate space x - (L. C. Epstein’s “Cosmic Speedometer”) | oot
Particles P and P" have speed u in (x',ct’) and speed c in (x, cT)
Proper time CT

cT=N(ct - (x')?

Coordinate FEinstein time dilation: _
x'=(u/c)ct’ =ut’ ct’=cT seco=cT coshp = C’C/\/ 102/

Lorentz length contraction.

L’= L sechp = Lcoso = L-\/I u’/c?

Contracted L’

L/=IN1-u2/c?
\
L

Proper Time asimultaneity.

¢ AT= L’ sinhp = L cosc sinhp
Proper length = [ cOSO tan _
=Lsinc =1L /\/CZ/UZ-I ~ L u/c

Thursday, April 7, 2016 83



Comparing Longitudinal relativity parameter:Rapidity 0 = loge(Doppler Shift)

toa Transverse*relativity parameter: Stellar aberration angle

*Lewis Carroll Epstein, Relativitdtstheorie, Birkhaduser, (2004 ) atier Engish version (1985)-

Proper time ¢t vs. coordinate space x - (L. C. Epstein’s “Cosmic Speedometer”) | vucmmn
Particles P and P" have speed u in (x',ct’) and speed c in (x, cT)
Proper time CT

ct=N(ct )*-(x’)?

Coordinate FEinstein time dilation: _
x'=(u/c)ct’ =ut’ ct’=cT seco=cT coshp = C’C/\/ 102/

Lorentz length contraction.

L’= L sechp = Lcoso = L-\/I u’/c?

Contracted L’

L/=IN1-u2/c?
\
L

Proper Time asimultaneity.

¢ AT= L’ sinhp = L cosc sinhp
= L cosO tan |
=Lsinc =1L /\/CZ/UZ-I ~ L u/c

Proper length

Epstein’s trick is to
turn a hyperbolic form ¢t = \/ (ct’)’ —(x')
into a circular form:

\/ (cT)* +(x")* =(ct’)  Then everything (and everybody) always goes speed ¢ through (x',c7) space!
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Comparing Longitudinal relativity parameter:Rapidity 0 = loge(Doppler Shift)

toa Transverse relativity parameter: Stellar aberration angle 0
a) Circular Functions '

sin(o) = 0.6000 — —
tan(o) = 0.7500 b
sec(0) = 1.2500 |

tan(o) 't;‘m( )

Y
sin(o) \tznm)

See(o)r

V
A

Total

circular S/

sectors <N
N/

area=o S/

D,

RelaWavity Web Simulation
Geometry of Stellar Aberation Angle
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Comparing Longitudinal relativity parameter:Rapidity 0 = log«(Doppler Shift)S ,

toa Transverse relativity parameter: Stellar aberration angle 0 s

(b Circular Functions Hyperbolic Functions

sin(o) = 0.6000 tanh(0)=06000 | |
tan(o) = 0.7500 |smh(p) =0.7500
sec(0) =1.2500 -\ cosh(p) =1.2500

/ sinbi(0)  sinh(o)
Total / b |
| ! f tanh(o)  sifh(o)
hyperbolic H
sectors | g
| area=p / 1'
. — of v \/
L . . ‘ ‘ : m(g | Il | ‘l
\ A ' !
‘ |
\ |
\
\
\ ,
Total \Y
circular | \ Y,
sectors | \\\ §/
area=o AN N
08 N\ \\\/
oW

RelaWavity Web Simulation
Geometry of Rapidity Relations

—~— - -
§‘ -

—
— - —
— — —— — —
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= coth(p)

< —— c0s(0) =

05

) = U.DUUU annip ) = U.0UUVU =
0) = 0.7500 sinh(p) = 0.7500

0) = 1.2500 \erp) = 1.2500)

o) = 0.8000) (sech(p) =-0.8000 ! cot(o) =csch(p)
y) = 1.3333 csch(p) = 1.3
0) = 1.6667 coth(p) = 1.6665_,,\ s

sech(p)

05
L sec(0) =

sin(o) = t-tan(o) E sinh(p)

! /
cosh( ‘ \ L

RelaWath Web Simulation
Relating Rapidity and Stellar Abberation

S
i
~
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Summary of optical wave parameters for relativity and QM
...and their geometry

v'= W 7 on
axis An aid to
(Units of 300THz) pattern recognition:

L 4
Occam'
3 Sword
d?@v (u/c=3/5)
, Bsinh p ! | Om\e ’ W C’ Bsinh p !
N ¢ p,c'wcw N L / -
e P
\ P S\O Q - —
= < o |l 2l
CWC\'@ ” N Doppler ~J
‘O, SO0 blue-shift | 4 anhp sechp3 o
' stellar < g stellar S E
1 angle o § angle o =
Q o
<
Be? T S
Be® P Doppler q
Doppler )y red-shift
red-shift ‘__/-/' i
- CK ‘
¥ \ v
-1 O o O A/ C
- Besch p > < axis
—Br—(—=< >
/ Red shift

RelaWavity Web Simulation
{perSpace - perTime All}
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V= W on
ax;go An aid to
Units of TH: ..
(Units of 2 R pattern recognition:
L —4 i
G
& Occam'
. Sword
aC
S (u/c=3/5)
sinh p P' b ﬂ“@d s C’ sinh p !
'Y‘de Ov‘(\S X P: Y Al
pd ] 1T e y
\0 o
K $& Ov“\(\ N e+p P = - — k
Doppler ///
A tanh p / G blue-shift | A|Btanhp sechp, a
\ X
\L Al stellar S S| stellar > §
angleoc [~/ /= 3| angleo
L S Q
B — IL o O (o}
=X =
N e P T S
; = -
e P 2 » Doppler
— = red-shift
1% v A K T C
bDoppler group group group group group b Doppler / i
] group RED C U A A« A K A TA Vgroup o C/{, ¥ '/ '
4 Y taxis O a4 c
h 1 c K phase T phase v phase )‘ phase Vphase 1
PRASE ot K T ) A c b —~
BLUE phase A A A A RED -
i | e7P | tanhp sinhp | sechp coshp | cschp cothp | e’
2 | —| Table of 12 wave parameters
oee o | 1e” | sino tan o COSO seco coto csco | 1l/e” f 1 . .
o | | 8 | 3 Bl 1 B (mcludes 1nverses) or relativity
c [ \V1+B | 1 g2-1| 1 -p*| 1 B 1= ...and values for u/c=3/5
1 3 3 4 5 4 5 2 RelaWavity Web Simulation
value for ——=05| =06 ==075| —=0.80 ==125 —=1.33 —=167 | —=2.0 .. %%
p=3is 2 5 4 5 4 3 3 1 Relativistic Terms (Dual plot w/expanded table)
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