la

Relawavity: Relativistic wave mechanics I1I. 2"-order effects
(Unit3 4.12.16)

> Review: rapidity p=p.s, Doppler shifts e**, and SR velocity parameter Ve, oup/c=345=t45/c=tanhp45
Geometric construction steps 1-4 : 1-octave Doppler (e™?=2, e? =" ), (B4s=u4r/c=3/3)
Reviewing wave coefficients we’ll need to know (backwards and forwards)

Comparison of group and phase dynamics: FASTer) (G=u/c=3/5) vs SLOW er (B=u/c=1/5)

Thales Mean Geometry (7hales of Miletus 624-543 BCE) and its role in Relawavity
Geometric construction steps 5,6,...: Per-space-time (w,ck) dispersion hyperbola w = Bcoshp...
A quick flip to space-time (ct,x) construction: Minkowski coordinate grid

Lorentz transformations of Phase vector P’ and Group vector G’ in per-space-time

Lorentz matrix transformation of (x,ct) space-time coordinates
Two Famous-Name Coefficients: Lorentz space contraction and Einsein time dilation
Heighway Paradoxes: A relativistic “He said-She-said” argument

Phase invariance...derives Lorentz transformations
Another view: phasor-invariance and proper time

Yet another view: The Epstein space-proper-time approach to SR

Tuesday, April 12, 2016



Review: rapidity p=p.5, Dopplers e, and velocity 34s=u4p/c=tanhp
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)

; ﬁ@"hﬁ : |
— k=14 o =4c itk
CW green- lasez///b oK //CW = lase o
7 | 600 THz Doppler blue shifted “u.,f; - 0ppler red shifted 600 THz SN/
to 1200THz g %

{f
p‘ :

72 .l'f to 300THz
Bob: 7‘hat UV b

ﬁ._

S
\‘:a"
Rey_, '“;*:

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 ?

Alice going 1.5
relative to Bob

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: rapidity p=p.s, Doppler shifts e**, and SR velocity parameter Ve, oup/c=345=t45/c=tanhp45

2 Geometric construction steps 1-4 : 1-octave Doppler (e™?=2, e?="), (B4s=u4p/c=3/3)
Reviewing wave coefficients we’ll need to know (backwards and forwards)

Comparison of and phase dynamics: FASTeer (G=u/c=3/5) vs SLOW e (B=u/c=1/5)

Thales Mean Geometry ( ) and 1ts role in Relawavity
Geometric construction steps 3,6,...: Per-space-time (w,ck) dispersion hyperbola w = Bcoshp...
A quick flip to space-time (ct,x) construction: Minkowski coordinate grid

Lorentz transformations of Phase vector P/ and In per-space-time

Lorentz matrix transformation of (x,ct) space-time coordinates
Two Famous-Name Coefficients: Lorentz space contraction and Einsein time dilation
Heighway Paradoxes: A relativistic “He said-She-said” argument

Phase invariance...derives Lorentz transformations
Another view: phasor-invariance and proper time

Yet another view: The Epstein space-proper-time approach to SR

Tuesday, April 12, 2016



Class geometric construction example: 1-octave (¢'” =2, e?=Y% ) Doppler (B4s=u1s/c=3/3)

L

2 -1
P=J(R+L)
G=7(R-L)
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Class geometric construction example: 1-octave (¢'” =2, e?=Y% ) Doppler (B4s=u1s/c=3/3)

Blue-shift factor: b=e"= \/a)R/a)L =\/4/1: 2, Red: r=e "=\, /0, = A

+4

+3

L
-2
P=1(R+L)
G=Li(R-L)
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Class geometric construction example: 1-octave (¢'” =2, e?=Y% ) Doppler (B4s=u1s/c=3/3)

Blue-shift factor: b=e"= \/a)R o, =\/4/1: 2,

P =L(R'+L)
G,=%(R,—L,)

L
-2
P=1(R+L)
G=Li(R-L)
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Class geometric construction example: 1-octave (¢'” =2, e?=Y% ) Doppler (B4s=u1s/c=3/3)

Blue-shift factor: b=e"= \/a)R/a)L :\/4/1: 2, Red: r=e =\j0, /0, = A

R/

P =1(R +L)

G,ZE(R,—L,)
L
9 +4
ckp,
=z(R+1L)
G=5;(R-L)
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Class geometric construction example: 1-octave (¢'” =2, e?=Y% ) Doppler (B4s=u1s/c=3/3)
Blue-shift factor: b=e’= \/a)R/a)L =\/4/1: 2, Red: r=e =0, /0w, = y

Frequency in rest-frame of equality: —\/ W, 0, —\/ 4-l=2=w, (Angular 27r-factors\
k. =21k,
W,=27V,
k phase:2 K phase
= % (R' + L') wphasezzﬂ:vphase
G'=3(R"=L")
k group :2 K group
@ group :2 nvgroup
. J
L
2
ckp,
=~ (R+ L)
G=;(R-L)
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Class geometric construction example: 1-octave (¢'” =2, e?=Y% ) Doppler (B4s=u1s/c=3/3)

Blue-shift factor: b=e’= \/a)R lw, =\/4/1= 2,

Red: r=e P=\j0, /0, = A

0,=J0,0, =/41=2=0, 7

/

Frequency in rest-frame of equality:

2-CW Phase frequency @, =+ (0,+®,)=5(4+1)=2.5=wm, coshp

phase
2-CW Group frequency @, =+4(0,—®,)=%(4—-1)=1.5 =w,sinhp

group
/

WR

P =L(R'+L)
Gl:%(Rl 1 Ll)

L
2 +4
ckp,
=~ (R+ L)
G=1(R-L)
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Class geometric construction example: 1-octave (¢'” =2, e?=Y% ) Doppler (B4s=u1s/c=3/3)
Blue-shift factor: b=e’= \/a)R/a)L =\/4/1= pAR Red: r=e?= /a)L o, = A

Frequency in rest-frame of equality: @ E=\/ @, 0, =\/ 4-1=2=m, (Angular 27r—fact0rS\
2-CW Phase frequency @, = 3(@,+@,)=3(4+1)=2.5=m, cosh p ; / kA=2 i,
— 1 — 1 4T T— 1
2-CW Group frequency @, =7(@,—®,)=5(4-1)=1.5 =w,sinhp 4 0)A=2 TV,
W= 4
k phase:2 K phase
P = % (R, + L,) a)phasezzﬂ:vphase
G'=1(R’ =L 43 kK =D
group K group
@ group:2 n.vgroup
@, coshp N /
L
@,y =7(4=D=15
R csinhp
2 +3 +4
ckp,
=z(R+1L)
G=3(R-L)
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Class geometric construction example: 1-octave (¢'” =2, e?=Y% ) Doppler (B4s=u1s/c=3/3)

Blue-shift factor: h=e’= \Jo, /w, =J4/1=2 ,

Red: r=e =0, /0, = A
a)E:\/(j)R-a)L :\/41 :2Ea)A ////
= 4(@,+0,)=4(4+1)=25 =0, coshp

Frequency in rest-frame of equality:

/

2-CW Phase frequency @

/

phase

/

2-CW Group frequency @, =+4(0,—®,)=%(4—-1)=1.5 =w,sinhp

group
/

WR

P =1(R +L)
Gl:%(RI_LI) +3

{ @, coshp
@,y =7(4=D=15
/ ’
G =m,sinhp
£ 1B +4
CkL Kgroup = 2 2=2.5 CkR
=>(R+1)
G=1(R-L Korow D coshp = ¢l el
=2(R=L1) S P 2
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[Angular 27r—fact0rS\
k,=27K,
W,=27V,

k

phase
f))

:2 K phase

=27TV

phase phase

k =21k

group group
W =27V

group group
\{ J

=coshp=L(e™’+e?)

=sinhp =L(e"-e")
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Class geometric construction example: 1-octave (¢'” =2, e?=Y% ) Doppler (B4s=u1s/c=3/3)

Blue-shift factor: h=e’= \Jo, /w, =J4/1=2 ,

Frequency in rest-frame of equality:

2-CW Phase frequency @

phase

2-CW Group frequency @

group

Red: r=e =0,/ Rzé

0, =00, =41=2=a0, ,
=3 (w,+®,)=5(4+1)=25=w,coshp ‘

= L(w,~w,)=1(4-1)=15 =w,sinhp

7
/
/

W= 4

P =L(R'+L)
Gl:%(Rl | | L/) 13

(O cosh,ﬁ
L i
D= 24 =D =15
=m,sinhp
£ 1B +4
1 R L Kgroup = 22 == 25 CkR
G_—El( R+ L) group __ é. =coshp = e
=2(R=1) Ky 4 PO
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[Angular 27r—fact0rS\
k,=27K,
W,=27V,

k

phase
f))

:2 K phase

=27TV

phase phase

k =21k

group group

@ group :2 n Ugroup

o J

=coshp=L(e™’+e?)

=sinhp =L(e"-e")
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Lorentz contraction
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Review: rapidity p=p.s, Doppler shifts e**, and SR velocity parameter Ve, oup/c=345=t45/c=tanhp45

Geometric construction steps 1-4 : 1-octave Doppler (e™?=2, e?="), (B4s=u4r/c=3/5)
> Reviewing wave coefficients we’ll need to know (backwards and forwards)

Comparison of and phase dynamics: FASTeer (G=u/c=3/5) vs SLOW e (B=u/c=1/5)

Thales Mean Geometry ( ) and 1ts role in Relawavity
Geometric construction steps 3,6,...: Per-space-time (w,ck) dispersion hyperbola w = Bcoshp...
A quick flip to space-time (ct,x) construction: Minkowski coordinate grid

Lorentz transformations of Phase vector P/ and In per-space-time

Lorentz matrix transformation of (x,ct) space-time coordinates
Two Famous-Name Coefficients: Lorentz space contraction and Einsein time dilation
Heighway Paradoxes: A relativistic “He said-She-said” argument

Phase invariance...derives Lorentz transformations
Another view: phasor-invariance and proper time

Yet another view: The Epstein space-proper-time approach to SR

Tuesday, April 12, 2016 13



RelaWavity Web Simulation
Group and Phase Vectors

L/\

(backwards versus forwards)

RelaWavity Web Simulation
Ps and Os w/Minkowski Grid

4 -3
ckL

Caution; u4z (linear velocity of Alice relative to Bob) equals -uzs (minus B relativeto A)

Convention: uz1s positive 1f Alice goes left-to-right according to Bob )
while Bob goes right-to-left (negatively) according to Alice

Rapidity pss requires further discussion...

Tuesday, April 12, 2016
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http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=3%7C4
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=3%7C4
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=3%7C4
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=3%7C4
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=3%7C5
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=3%7C5
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=3%7C5
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=3%7C5

Reviewing wave coefficie

L/\

(backwards and forwards)

RelaWavity Web Simulation
Group and Phase Vectors

RelaWavity Web Simulation
Ps and Os w/Minkowski Grid

Doppler
phase | by,

b Doppler
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group Dl 1 — Doppl
bty v, b
rapidi - :
PP | e” | tanhp sinhp | sechp coshp coth p
value for 1 3 2
wiehr | 05 | 2=06 —=075| ==080 >=125|==133 2=167 | =
2 5 4 3 3 1
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http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=3%7C4
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=3%7C4
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=3%7C4
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=3%7C4
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=3%7C5
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=3%7C5
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=3%7C5
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=3%7C5

| Time ct’ |~
Phase wavenumber tlips Phase wavelength X\ =1/k .. or

K phase=K.18inhp=3/4 10  Npiase=Aacschp=4/3 " i) 9 Nopoco
AN 4 I— =
p’ (HKppase | [ sinhp | [ 3/4) — =
T T
V' ase J coshp 5/4 \ 7_/phm:_o_gzﬁz/5 Z >
Phase frequency  flips Phase period T =1/v \OQ@ C
U,phase:UACOShIO:5/4 to T,phase:TASeChp:4/5 %Q\{\QS b(\’b ///”3
( — \ 1 e//
P-slope=Vphase/c s
V. coshp 5/4 5| <ot o
7 - - =75 | T phase Z '
Frequency ¢ & phase sinhp  3/4 (3 =T148ech ‘ﬁ\\
N i =4/5 WAL
. 1500—5 5 : %
(units of THz [ y l T/phase_0-8 S ) ’
v, =600THz) | 7 pace X
12001 ) R/ / E (yptts of
/ — : _
THZ/_ / // X =1.33 ] A—]/Z].Lm)
K phase 7 / HERER
=875 5 S s
>/ J/ -1 . . T . 2
600 )/
THL = /
£ —1.25
/ — 300 [ 0.5 1 ] /‘/2 hase | b Doppler K phase PINge v phase A’ phase Vplmse b Doppler
= THz: l / , pnase RED / 3 v, )“.1 " BLUE
2105 -1 100 w000 3108 taa0ffl 1 N\ l
T T LT T T T T T T 8TOUP | = o — — }; Do

BLUE \ RED

Wavevector cK’ |
(units of cK =2-10/m) .

value for
B=3/5

e’ sinhp | sechp coshp &h{ cothp | ¢

~05 3_075 | 2080 2=125| 2=133[ 2=167]| 2=20
4 5 4 3 1
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G b G length \ =1/ Time/ct n
roup wavenumoer roup wavelieng —=1/K -
/ilgrouszJACOShp=5/4 )\/groupz)\AseCh,O=4/5 }L(un]/;:f;) __2 )\, roup
=125 =0.8 : :iASGChIO
(Ko | | coshp | [ 5/4) =4/5

/ ) =7 , =D /B 4 -~/
G Vogroup J Ak sinhp J Ak 3/4 /// ;/ /%¢

7
Group frequency  flips Group period T =1/v f
U/group:UASIthp:3/4 t(I)) T/group:TACSChp:4/3 /

=0.75 =1.33

g )
-slope=Vgroup/c|
v, inhp 3/4 3 | oW
Frequency [ Zerow _ SIMP _ /% _ 3 | =7 cschp
’ I ’ E—
Vs Klecgmup coshp 5/4 5 )=4/3
(units of THz [ y
v ,=600THz) [= //
1200 (— 7 Y / (units of
TH S / R= kA=1/2um)
B /
s S S BARRRRN
B P/ ’ // 1.5 2
B f ,
K grou /
600 /4
T ‘ 252 /
C 44 . ‘ : A Vv
/ L 300 0.5 / ; h ase bDopp o m / M vphase phase _ phase bDoppler
- e THZ: / /U/:groupzo- 73 ! " " Ka Ty U, A4 ¢ e
/ :
_2.106 _106 +106 /4{2106¢+3106 NO6 group 1 rVgroup Ugr D )“group Kgroup Tgroup 1
l-‘1| | ] |-0.5| R OI || |0|.5| N hl |1 IIISI [T ] ‘2,| bgzzzger c / ;LA K, T, b}?ggpler
Wavevector ck | e? | tanhp /sinhp | sechp coshp | cschp cothp | e’
(units OfCKA=2'106/m) " = B 1 5 1 . 5
zil’;‘j;‘” —=05| —=06| —=0.75 | —=0.80 —=125| —=133 —=1.67 | —=2.0
2 5 4 5 4 3 3 1
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Review: rapidity p=p.s, Doppler shifts e**, and SR velocity parameter Vyo.,/c=015=t15/c=tanhp.z
Geometric construction steps 1-4 : 1-octave Doppler (e™?=2, e?="), (B1s=u4p/c=3/5)
Reviewing wave coefficients we’ll need to know (backwards and forwards)

2 Comparison of group and phase dynamics: FASTer (5=u/c=3/5) vs SLOWen (B=u/c=1/5)

Thales Mean Geometry (7Thales of Miletus 624-543 BCE) and its role in Relawavity
Geometric construction steps 5,6,...: Per-space-time (w,ck) dispersion hyperbola w = Bcoshp...
A quick flip to space-time (ct,x) construction: Minkowski coordinate grid

Lorentz transformations of Phase vector P’ and Group vector G’ in per-space-time

Lorentz matrix transformation of (x,ct) space-time coordinates
Two Famous-Name Coefficients: Lorentz space contraction and Einsein time dilation
Heighway Paradoxes: A relativistic “He said-She-said” argument

Phase invariance...derives Lorentz transformations
Another view: phasor-invariance and proper time

Yet another view: The Epstein space-proper-time approach to SR
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Comparison of group and phase dynamics: ~ SLOW e (0=u/c=1/5)

 Scale=1 K2 1 Nphasor Scale=0.30 ]

L
Time|

,,,/'/ R '

4 5

| I
Wavevector ck
Bohrlt Web Simulation - 2 CW ct vs x Plot (ck = -2, 3) Multi-panel with Zero Tracers
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http://www.uark.edu/ua/modphys/markup/BohrItWeb.html?scenario=-330023
http://www.uark.edu/ua/modphys/markup/BohrItWeb.html?scenario=-330023

Comparison of group and phase dynamics:  SLOW e (G=u/c=1/5)

y Scale=1 K2 | X-phasor Scale=0 ) ]

Time

Phase
zero 1

Group Group Group Group Group
zero 1 zero 2 zero 3 zero 4 zZero 5

Space
IV NN A T T A TS AT N A L2 A\H K\6 7 R OAT0.41.1213/14) 1516717 18 I A N S T T AN A TS AT Y

, Frequency el I
I

Doppler blue:
ez \w Jw,=3/2=1.225
p=In,/3/2=0.203
ulc=02=V _ Jc

group

®,,,.,=5(0,+0,) =5(2+3)=2.5

Rest frequency @ E::\/ O, O, :\/ 23=245

) wGroupz%(wR o a)L )=%(3 _ 2) = 05

Doppler red: VGmup_ (a)R _ a)L)_ (3 _ 2) B l
e "=\w,/m,=/2/3=0816 ¢ (@,+wm,) 3+2) 5
-5 -4 -3 4 5
| l : iVaveveclorlck

Bohrlt Web Simulation - 2 CW ct vs x Plot (ck = -2, 3) Multi-panel with Zero Tracers
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Comparison of group and phase dynamics:  FASTer (6=u/c=3/5)

L ¥ Scalc=1 82 | Xphasor S cale=0 20 ]

WAWAWAWA

-5 -4 -3 4 5
ﬁhvewnxa;ck
Bohrlt Web Simulation - 2 CW ct vs x Plot (ck = -1, 4) Multi-panel with Zero Tracers
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http://www.uark.edu/ua/modphys/markup/BohrItWeb.html?scenario=-330014
http://www.uark.edu/ua/modphys/markup/BohrItWeb.html?scenario=-330014

Comparison of group and phase dynamics:  FASTer (G=u/c=3/5)

[ v Scale=1 82

Iime
Phase
zero 1

/\ /\ /\ /\| ~
s T

Xohasor Scale=) SO J
Phase
zero 3

Phase
zero 2

VARV IR VRV
Group Group Group Group Group
zero 1 zero 2 zero 3 zero 4 zero 5
o Spc
/ /
Frequency / / )/
/ ./ /
7 / -

. _-Doppler blue: -
TR el \/w/glé@f;x/‘”l =2
= In\/4/1=0.693
T ule=06=V,

Rest frequency @ E:\/ W, W, :\/ 1-4=2 \
: 1 1
g 05, =2(0p =0 )=72(4=1)=1.5

VGroup (a)R _a)L)_(4_1) _ g

6oPhasezf(a)L_Fa)R ) 27(1+4 ):2 'SszCOShp

Doppler red:

e P=\Jw, I,=1/4=0.5 ¢ (W, +w,) (4+1) 5
.5 -4 -3 ] 5
/ Wavevector ck

Bohrlt Web Simulation - 2 CW ct vs x Plot (ck = -1, 4) Multi-panel with Zero Tracers
22
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http://www.uark.edu/ua/modphys/markup/BohrItWeb.html?scenario=-330014
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Review: rapidity p=p.s, Doppler shifts e**, and SR velocity parameter Ve, ouy/c=(345=u45/c=tanhp

Geometric construction steps 1-4 : 1-octave Doppler (e™?=2, e?="), (B4s=u4r/c=3/5)
Reviewing wave coefficients we’ll need to know (backwards and forwards)

Comparison of and phase dynamics: FASTeer (G=u/c=3/5) vs SLOW e (B=u/c=1/5)

= Thales Mean Geometry (7hales of Miletus 624-543 BCE) and its role in Relawavity
Geometric construction steps 3,6,...: Per-space-time (w,ck) dispersion hyperbola w = Bcoshp...
A quick flip to space-time (ct,x) construction: Minkowski coordinate grid

Lorentz transformations of Phase vector P/ and In per-space-time

Lorentz matrix transformation of (x,ct) space-time coordinates
Two Famous-Name Coefficients: Lorentz space contraction and Einsein time dilation
Heighway Paradoxes: A relativistic “He said-She-said” argument

Phase invariance...derives Lorentz transformations
Another view: phasor-invariance and proper time
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Thales Mean Geometry (600BCE)

helps “Relawavity”
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Thales Mean Geometry (600BCE)

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

helps “Relawavity” Thales showed a circle diameter subtends a right angle with any ciyele point P
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Thales Mean Geometry (600BCE)

helps “Relawavity” Thales showed a circle diameter subtends a right angle with any ciyele point P
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Thales Mean Geometry (600BCE)

helps “Relawavity” Thales showed a circle diameter subtends a right angle with any ciyele point P
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Review: rapidity p=p.s, Doppler shifts e**, and SR velocity parameter Ve, ouy/c=(345=u45/c=tanhp

Geometric construction steps 1-4 : 1-octave Doppler (e™?=2, e?="), (B4s=u4r/c=3/5)
Reviewing wave coefficients we’ll need to know (backwards and forwards)

Comparison of and phase dynamics: FASTeer (G=u/c=3/5) vs SLOW e (B=u/c=1/5)

Thales Mean Geometry (7hales of Miletus 624-543 BCE) and its role in Relawavity
2  Geometric construction steps 3,6,...: Per-space-time (w,ck) dispersion hyperbola w = Bcoshp...
A quick flip to space-time (ct,x) construction: Minkowski coordinate grid

Lorentz transformations of Phase vector P/ and In per-space-time

Lorentz matrix transformation of (x,ct) space-time coordinates
Two Famous-Name Coefficients: Lorentz space contraction and Einsein time dilation
Heighway Paradoxes: A relativistic “He said-She-said” argument

Phase invariance...derives Lorentz transformations
Another view: phasor-invariance and proper time

Yet another view: The Epstein space-proper-time approach to SR
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Review: rapidity p=p.s, Doppler shifts e*?, and SR velocity parameter Vy,o.,/c=(3415=t.15/c=tanhp
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Comparison of and phase dynamics: FASTeer (G=u/c=3/5) vs SLOW e (B=u/c=1/5)
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Geometric construction steps 3,6,...: Per-space-time (w,ck) dispersion hyperbola w = Bcoshp...
A quick flip to space-time (ct,x) construction: Minkowski coordinate grid

= | orentz transformations of Phase vector P’ and Group vector G’ in per-space-time

Lorentz matrix transformation of (x,c?) space-time coordinates
Two Famous-Name Coefficients: Lorentz space contraction and Einsein time dilation
Heighway Paradoxes: A relativistic “He said-She-said” argument

Phase invariance...derives Lorentz transformations
Another view: phasor-invariance and proper time

Yet another view: The Epstein space-proper-time approach to SR
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Review: rapidity p=p.s, Doppler shifts e*?, and SR velocity parameter Vy,o.,/c=(3415=t.15/c=tanhp
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A quick flip to space-time (ct,x) construction: Minkowski coordinate grid
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[Lorentz transformations of coordinates

Space-time position vectorX. in Bob’s coordinates

e

Same vector X in Alice’s coordinates

xl
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Time ct
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X=xP + ctG =(
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[Lorentz transformations of coordinates

Space-time position vectorX. in Bob’s coordinates

X | 1.9
ct 2.5
Same vector X in Alice’s coordinates
_ D/ -] X
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Find Alice’s coordinates from Bob’s
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(units of
kA=]/2].Lm)

X=xP + ctG =(
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[Lorentz transformations of coordinates
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[Lorentz transformations of coordinates

Space-time position vectorX in Bob’s coOrdinates oo
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[Lorentz transformations of coordinates

Space-time position vectorX in Bob’s coOrdinates oo
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ct
A =1/20um) —")

Same vector X in Alice’s coordinates

Cl
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Find Alice’s coordinates from Bob’s
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Rearrange:

X=(x'coshp+ct'sinhp)P y | Spacd
+ (x'sinhp+ct'coshp / / o
=XP ¢ this in ' ‘ T |j(419
+c1(5 matrix form: ) i ’5 b '
1.9 = * = coshp sinhp X (" Lorentz transform )
2.5 ct sinh p cosh p ct’ matrix for u/c=3/5
(coshpsinhp ) — (% %)
sinh p coshp % %
\_ /

Tuesday, April 12, 2016 48



[Lorentz transformations of coordinates

Space-time position vectorX in Bob’s coOrdinates oo
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[Lorentz transformations of coordinates

Space-time position vectorX. in Bob’s coordinates
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Two Famous-Name Coefficients

If you can’t explain it simply, you

don't understand 1t well enough.
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http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=8%7C5
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=8%7C5
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=8%7C5
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=8%7C5

Review: rapidity p=p.s, Doppler shifts e*?, and SR velocity parameter Vy,o.,/c=(3415=t.15/c=tanhp

Geometric construction steps 1-4 : 1-octave Doppler (e™?=2, e?="), (B4s=u4r/c=3/5)
Reviewing wave coefficients we’ll need to know (backwards and forwards)

Comparison of and phase dynamics: FASTeer (G=u/c=3/5) vs SLOW e (B=u/c=1/5)

Thales Mean Geometry ( ) and 1ts role in Relawavity
Geometric construction steps 3,6,...: Per-space-time (w,ck) dispersion hyperbola w = Bcoshp...
A quick flip to space-time (ct,x) construction: Minkowski coordinate grid

Lorentz transformations of Phase vector P’ and Group vector G’ in per-space-time

Lorentz matrix transformation of (x,c?) space-time coordinates
Two Famous-Name Coefficients: Lorentz space contraction and Einsein time dilation
2  Heighway Paradoxes: A relativistic “He said-She-said” argument

Phase invariance...derives Lorentz transformations
Another view: phasor-invariance and proper time

Yet another view: The Epstein space-proper-time approach to SR
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Heighway Paradoxes: A relativistic “He said-She-said’ argument

(a) Heighway
paradox-1

' Alice: “No Bob, you're
~_'the one with short

SOURCE
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Heighway Paradoxes: A relativistic “He said-She-said’ argument

(a) Heighway
paradox-1

lice: “No Bob, you’re
2 one with short

SOURCE

(b) Paradox-2

~

Carla: “I don 't care.
They've really lost it!”

(Doppler blue-shifts
to 0.25um for Alice)
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Heighway Paradoxes: A relativistic “He said-She-said”’ argument

(a) Heighway
paradox-1

(b) Paradox-2
Most would agree
Paradox-2 is not
really paradoxical!

: JARTEY
& "LA‘\A“

e with short laser-). | ” Ay M
Carla: “I don'’t care.

They've really lost it!”

, __ [Py
b=2 A'=0.25um jf"ér‘“ f Bob: “ Alice! Your laser-. is short! ”
=R

(Doppler blue-shifts
to 0.25um for Alice)
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Heighway Paradoxes: A relativistic “He said-She-said”’ argument

(a) Heighway
paradox-1

' Alice: “No Bob, you're
" "the one with short

(b) Paradox-2
Most would agree
Paradox-2 is not
really paradoxical.

~

Carla: “I don 't care.
They've really lost it!”

Well, neither 1s Paradox-1!
Both are just what waves do!
(Doppler blue-shifts
to 0.25um for Alice)
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Review: rapidity p=p.s, Doppler shifts e**, and SR velocity parameter Ve, ou/c=(45=t15/c=tanhp
Geometric construction steps 1-4 : 1-octave Doppler (e™?=2, e?="), (B1s=u4p/c=3/5)
Reviewing wave coefficients we’ll need to know (backwards and forwards)

Comparison of and phase dynamics: FASTer (G=u/c=3/5) vs SLOW e (B=u/c=1/5)

Thales Mean Geometry (7hales of Miletus 624-543 BCE) and its role in Relawavity
Geometric construction steps 5,6,...: Per-space-time (w,ck) dispersion hyperbola w = Bcoshp...
A quick flip to space-time (ct,x) construction: Minkowski coordinate grid

Lorentz transformations of Phase vector P’ and Group vector G’ in per-space-time

Lorentz matrix transformation of (x,ct) space-time coordinates
Two Famous-Name Coefficients: Lorentz space contraction and Einsein time dilation
Heighway Paradoxes: A relativistic “He said-She-said” argument

Phase invariance...derives Lorentz transformations
> Another view: phasor-invariance and proper time

Yet another view: The Epstein space-proper-time approach to SR
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Phase invariance...

Each laser phasor sketched in Fig. 4 should be taken seriously as a gauge of time (clock)
and of space (metric ruler) by giving time (wave period 7 ) and distance (wavelength ).

A reading of a phase ¢ by Alice at a space-time point must equal reading ¢’ by Bob

in spite of unequal readings (x,#) and (x',#')for that point and unequal readings (w,ck) and (w’,ck’)
for either a laser group-wave or its phase-wave.

_ A i(kx—ot)
(L — 1,7 ’ ’ ’ __ . ) V= Aé'
¢phase = k phase’x — phase U= k phase'x —w phase I = ¢phase = ACOS(kX—(Dt )+ lAsm(kx—(ut )
/ — 4 / . 4 ’ __ _ — h _ I
\¢gmup _ k groupx wgroup U= k groupx a)group I = ¢gr0up ) P (c-;;ge-_-cczpig ‘
——— laser-phasors vy
Ny A AR D LA AN
/I/Iﬁw
]maginary/E
y=Im
2 /0=1N Fio 4
st 3.33-101% 18
/ Unit 3

Bohrlt Web Simulation

Space X 1 CW ct vs x Plot
(ck=+1)
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Phase invariance...

Each laser phasor sketched in Fig. 4 should be taken seriously as a gauge of time (clock)

and of space (metric ruler) by giving time (wave period 7 ) and distance (wavelength ).

A reading of a phase ¢ by Alice at a space-time point must equal reading ¢’ by Bob

in spite of unequal readings (x,#) and (x',#")for that point and unequal readings (w,ck) and (w’,ck’)
for either a laser group-wave or its phase-wave.

v ’ ’ ’ ’
¢phase = k phase’x - phase U= kphase’x - phase I = ¢phase

’ 1.7 ’ ’ ’ _
k¢gmup = kgroupx o a)group t'=k

~

groupx o a)group I= ¢gmup )

...der1ves Lorentz transformations...
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Phase invariance...

Each laser phasor sketched in Fig. 4 should be taken seriously as a gauge of time (clock)
and of space (metric ruler) by giving time (wave period 7 ) and distance (wavelength ).
A reading of a phase ¢ by Alice at a space-time point must equal reading ¢’ by Bob

in spite of unequal readings (x,#) and (x',#")for that point and unequal readings (w,ck) and (w’,ck’)

for either a laser group-wave or its phase-wave.
("

~

’ — 1.7 ’ ’ ’7 __ . —
¢phase — k phase’x @ phase U= kphase’x @ phaset — ¢phase

’ 1.7 ’ ’ ’ _
\¢gmup = kgroupx o a)group t'=k

groupx o a)group [ = ¢gmup )

...der1ves Lorentz transformations...
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Phase invariance...

Each laser phasor sketched in Fig. 4 should be taken seriously as a gauge of time (clock)
and of space (metric ruler) by giving time (wave period 7 ) and distance (wavelength ).

A reading of a phase ¢ by Alice at a space-time point must equal reading ¢’ by Bob

in spite of unequal readings (x,#) and (x',#")for that point and unequal readings (w,ck) and (w’,ck’)
for either a laser group-wave or its phase-wave.

Y 1.’ ’ ’ ’
¢phase =k phase’x - phase t'=k
’ 1.7 ’ ’ ’ _
k¢gmup = kgroupx o a)group t'=k

phase’x - phase I = ¢phase

groupx o a)group [ = ¢gmup )

~

..derives Lorentz transformations...
L> k,x’sinhp,,—w, t'coshp,,=0-x—w,t

&

g Angular 2-factors

k,=2mK
W, =27V,
k

phase
a

:2 K phase

=27TV

phase phase

~

’

— k

phase
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Phase invariance...

Each laser phasor sketched in Fig. 4 should be taken seriously as a gauge of time (clock)
and of space (metric ruler) by giving time (wave period 7 ) and distance (wavelength ).

A reading of a phase ¢ by Alice at a space-time point must equal reading ¢’ by Bob

in spite of unequal readings (x,#) and (x',#")for that point and unequal readings (w,ck) and (w’,ck’)
for either a laser group-wave or its phase-wave.

L> k . x’sinh —m, t'cosh =0-x—w,t or. ct=ct’ cosh — x’sinh <
A pAB A pAB A pAB pAB

Y 1.’ ’ ’ ’
¢phase =k phase’x - phase t'=k
’ 1.7 ’ ’ ’ _
k¢gmup = kgroupx o a)group t'=k

phase’x - phase I = ¢phase

groupx o a)group [ = ¢gmup )

~

..derives Lorentz transformations...

&

g Angular 2w-factors

k,=2mK
W, =27V,
k

phase
a

:2 K phase

=27TV

phase phase

~

’

— k

phase

using: ®,/k,=c=0v,/K,

’
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Phase invariance...

Each laser phasor sketched in Fig. 4 should be taken seriously as a gauge of time (clock)
and of space (metric ruler) by giving time (wave period 7 ) and distance (wavelength ).

A reading of a phase ¢ by Alice at a space-time point must equal reading ¢’ by Bob

in spite of unequal readings (x,#) and (x',#")for that point and unequal readings (w,ck) and (w’,ck’)

for either a laser group-wave or its phase-wave.

~

Y ’ ’ ’ ’
¢phase = k phase’x - phase U= kphase’x - phase I = ¢phase
Y 1.7 ’ 4 ’/ __ _ —
\¢gmup = k groupx a)group I = k groupx a)group I= ¢gmup )

k=27,
W, =27V,
k

phase
a

=2TK

phase :2 v

k =2mK

group

@, =27V

\_

g Angular 2w-factors

phase

phase

group

group

~

—> k., x"coshp,,—w, t'sinhp,, =k x—01

..derives Lorentz transformations...
L> k,x’sinhp,,—w, t'coshp,,=0-x—w,t or: ct=ct’'coshp,,—x’sinhp,, <
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Phase invariance...

Each laser phasor sketched in Fig. 4 should be taken seriously as a gauge of time (clock)
and of space (metric ruler) by giving time (wave period 7 ) and distance (wavelength ).

A reading of a phase ¢ by Alice at a space-time point must equal reading ¢’ by Bob

in spite of unequal readings (x,#) and (x',#")for that point and unequal readings (w,ck) and (w’,ck’)
for either a laser group-wave or its phase-wave.

Y — 1.7 ’ ’ ’ _ N
¢phase = k phase’x - phase U= kphase’x —W phase I = ¢phase
\¢gmup = kgroupx o a)group U= kgroupx o a)group I = ¢gr0up)
..derives Lorentz transformations...

L> k . x’sinh —m, t'cosh =0-x—w,t or. ct=ct’ cosh — x’sinh <
A pAB A pAB A pAB pAB

using: ®,/k,=c=0v,/K,
’ ’ e _ . o’ P
—> k,x"coshp,,—w, t"sinhp,, =k x—0t or:  x=x"coshp,,—ct'sinhp, , <
g Angular 2T-factors ) ¥ =k sinh ’r h A -0 .
—> phase ASln IO AB @ phase_wACOS IO AB phase @ phase_a)A -
Ko K =kcoshp, o, =osinhp, k. =k o, =
a)A:2 Ty ) > group™ VA IO AB group~ "7 A IO AB group~ VA group”
kphase :2 ﬂKp hase ‘phase\ b l? ggp ler C K phase phase (v phase Afphase Vphase b gli)g;;ler
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Phase invariance...

Each laser phasor sketched in Fig. 4 should be taken seriously as a gauge of time (clock)
and of space (metric ruler) by giving time (wave period 7 ) and distance (wavelength ).

A reading of a phase ¢ by Alice at a space-time point must equal reading ¢’ by Bob
in spite of unequal readings (x,#) and (x',#")for that point and unequal readings (w,ck) and (w’,ck’)

for either a laser group-wave or its phase-wave.

v ’ ’ ’ ’
¢phase = k phase’x - phase U= kphase’x - phase I = ¢phase
Y 1.7 ’ 4 ’/ __ _ —
\¢gr0up = k groupx a)group I = k groupx a)group I= ¢gmup )

~

cosh p —sinh p

(2)=(

...der1ves Lorentz transformations...
k,x’sinhp,,—w, t'coshp,,=0-x—w,

—sinhp coshp J\ ct’

I

‘1

t or: ct=ct'coshp,,—x’sinhp,,
using: ®,/k,=c=0v,/K,

x’ )(—

k.x'coshp,,—w, t’sinhp,,=k,x—01¢ or: x=x"coshp,,—ct’'sinh
A AB A AB A AB AB
g Angular 2T-factors ) ¥ =k sinh ’r h A -0 .

—> phase VA Sin IO AB @ phase wA COS IO AB phase @ phase a)A
k=2, k¥ =k.coshp,, @ =osinh k. =k, ®, =0
a)A:2 Ty ) > group~ VA IO AB group” "7 A IO AB group” VA group

k p hase :2 ﬂK p hase Doppler C phase phase v phase A’ phase Vphase Doppler
) phase]| by, - . 3 2 . borve
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Phase invariance...

Each laser phasor sketched in Fig. 4 should be taken seriously as a gauge of time (clock)
and of space (metric ruler) by giving time (wave period 7 ) and distance (wavelength ).

A reading of a phase ¢ by Alice at a space-time point must equal reading ¢’ by Bob

in spite of unequal readings (x,#) and (x',#")for that point and unequal readings (w,ck) and (w’,ck’)
for either a laser group-wave or its phase-wave.

v 7.7 ’ ’ ’ _ ) ’ ho +sinh
¢phase = kphasex o a)phase U= kphase’x o a)phase I = ¢phase > ( Z‘Ct’ ) — ( +Cs(i)rslhg Cs(irslhg )( it )
’ 7.7 ’ ’ ’ _ —
\¢gmup = kgroupx o a)group I = kgroupx B a)gmup I= ¢gr0up) | ( X ) — ( coshp —sinh p )( x’ )(—
> ct —sinhp coshp J\ ct’
..der1ves Lorentz transformations... - (]
k,x’sinhp,,—w, t'coshp,,=0-x—w,t or: 1= ct’coshp,, —x’sinhp,,
using: ®,/k,=c=v,/K,
k,x"coshp,,—w,t’sinhp,, =k, x—0t¢ or:  x=x"coshp,,—ct’sinh
A AB A AB A AB AB
(Angular 2m-factors ) K =k sinh r h k —0 _
—> phase ASln IO AB @ phase_wACOS IO AB phase @ phase_a)A
K\=2TK s =k ,cosh @’ =, sinh k =0
) A:27Z' V, VA P g YA Y group group”
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Q) :2 TV ‘ \ RED K, v, BLUE
phase
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Review: rapidity p=p.s, Doppler shifts e**, and SR velocity parameter Ve, ou/c=(45=t15/c=tanhp
Geometric construction steps 1-4 : 1-octave Doppler (e™?=2, e?="), (B1s=u4p/c=3/5)
Reviewing wave coefficients we’ll need to know (backwards and forwards)

Comparison of and phase dynamics: FASTer (G=u/c=3/5) vs SLOW e (B=u/c=1/5)

Thales Mean Geometry (7hales of Miletus 624-543 BCE) and its role in Relawavity
Geometric construction steps 5,6,...: Per-space-time (w,ck) dispersion hyperbola w = Bcoshp...
A quick flip to space-time (ct,x) construction: Minkowski coordinate grid

Lorentz transformations of Phase vector P’ and Group vector G’ in per-space-time

Lorentz matrix transformation of (x,ct) space-time coordinates
Two Famous-Name Coefficients: Lorentz space contraction and Einsein time dilation
Heighway Paradoxes: A relativistic “He said-She-said” argument

Phase invariance...derives Lorentz transformations
> Another view: phasor-invariance and proper time

Yet another view: The Epstein space-proper-time approach to SR
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[CW Laser-phasor wave function
Dimensionless Light wave-velocity c/c=1\ y = A.ei(kxf“” ) = Acos(kx — wt) + iAsin(kx — t)

9 angqlar T phase-angle phase-angle
ck units (hx—o1)
(o g 9 Amplitude N N\~
WlﬂkS angular frequency:® =210 A
“kl',;/l kg’ @ngular wave number : k = ZnKj
k =wavevector Imaginary
axis
+1 w=Ic V- 14 x.1)
300 THz laser laser-phasors vix

(Infrared) (o A ’

NN Y Y Y Y Y Y Ry A A
I e Sy S SN A O O

4

Real y=Rey

e

. & /)
NN \ |\ 4
fmaginary " 3° & ¢ .0
. A & ¢ .@
A"A‘ > S A AN

/) Ny
@ %
4

4\\'D =]/
AN -15
& — st 3.33-1015)

Bohrlt Web Simulation
1 CW ct vs x Plot

(ck =+1)

Space x

‘A
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[CW Laser-phasor wave function

Dimensionless Light wave-velocity c/c=1\ vy = A-ei(kxfa” ) = A-cos(kx — i)+ iA-sin(kx — wt)
o angular T

phase-angle

ck units

S— Amplitude — N\O @000 /T~
WlﬂkS angular frequency :@ =21V A
“ki,;/l ks”’ \angular wave number : k = 21K
k =wavevector Imaginary
axits
laser-phasors vy
300 THz laser 7N
(Infrared) AR P AR AR SR A AR S & &R —
R NN NN Y/ Llock velocity u=
Real vy = /‘V requency 300TH.
] : :‘é’é { v:}ﬁ[' 0 extremes give
maginary P ot X ) 4% :}‘1@ identical phasor
& ?AARV é"% :‘:"é clock (x,ct) array
NP g xS .
A /3 N4 &)/ Clock velocity u~c
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A/ / N ) frequency~0.0 TH.
\ W 4 RS /g .
Ol ?A 2T/0=1/
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[CW Laser-phasor wave function
Dimensionless Light wave-velocity c/c=1\ y = A.ei(kxfa” ) = Acos(kx — wt) + iAsin(kx — t)

- angl“.tlar T phase-angle
ck units
S— Amplitude
Wl[flkS angular frequency :@ =21V A
“kl',;/l g’ Qngular wave number : k = ZnKj
k =wavevector Imaginary
axits
k=1+1 w=lIc | = | & x,1) .
— laser-phasors v W
p R < YR .
(Infrared) e Ly L L A& X AV ek vetocry =
Real w=Rey /‘V requency 300TH:
S ' Xwo extremes gi
1 AN Al » give
Imaginary %“!{:ﬁv / 4& L 0 identical phasor
y=Im A ?AA‘ %‘% 3 clock (x,ct) array
W 4 S 2
3

a; Clock velocity u~c

\ > YR
o %]L% 2 p frequency~0.0 TH.
T/MW=1/V
3.33-10 %)
Other Doppler versions

N/ =c=v"/K/
must match this phasor
clock-(x,ct)-array, too.
That's gauge invariance!
kx-vt = k'x'-0't

Space x
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Review: rapidity p=p.s, Doppler shifts e**, and SR velocity parameter Ve, ouy/c=(345=u45/c=tanhp

Geometric construction steps 1-4 : 1-octave Doppler (e™?=2, e?="), (B1s=u4p/c=3/5)
Reviewing wave coefficients we’ll need to know (backwards and forwards)

Comparison of and phase dynamics: FASTer (G=u/c=3/5) vs SLOW e (B=u/c=1/5)

Thales Mean Geometry (7hales of Miletus 624-543 BCE) and its role in Relawavity
Geometric construction steps 5,6,...: Per-space-time (w,ck) dispersion hyperbola w = Bcoshp...
A quick flip to space-time (ct,x) construction: Minkowski coordinate grid

Lorentz transformations of Phase vector P’ and In per-space-time

Lorentz matrix transformation of (x,ct) space-time coordinates
Two Famous-Name Coefficients: Lorentz space contraction and Einsein time dilation
Heighway Paradoxes: A relativistic “He said-She-said” argument

Phase invariance...derives Lorentz transformations
Another view: phasor-invariance and proper time

% Yet another view: The Epstein space-proper-time approach to SR
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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-'%-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 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

I /
g b o in 0 analysis or in
y ' Stellar aberration angleO: *S A \ relglon of 0 and .

/

c tanhp=u=csinc

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”)
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'=IN1-12/c2
\
L

Proper Time asimultaneity.

¢ AT= L’ sinhp = L cosc sinhp
Proper length = [ cOSO tan _
=Lsinc =1L /\/CZ/UZ-I ~ L u/c
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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”) | -
Particles P and P" have speed u in (x',ct’) and speed c in (x, cT) el
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 lransverse relat1v1ty parameter: Stellar aberration angle O
(a) Circular Functions

sin(o) = 0.6000 - T
tan(o) = 0.7500 b
sec(o) = 1.2500 ,/”xﬁ

tan(o) ‘tan(o)
‘ “.
Sin(o) \t;n(u)

see(o)

A

Total |
Y/

circular S
sectors A
area=o S/

o/

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

(b

toa Transverse relativity parameter: Stellar aberration angle 0 s

Circular Functions

sin(o) = 0.6000
tan(o) =0.7500
sec(o)=1.2500

.',-'

/

/
/s

~| cosh(o) = 1.2500

Hyperbolic Functions

tanh(p)="0 6000
_siith(p) = 0.7500

Total
hyperbolic
sectors
area=p
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Total
circular
sectors
area=o

/ inb(0)
sirfh(o0)

Qinh(@)

\ \\
\ \'\
N /
\ \\\,

No

RelaWavity Web Simulation
Geometry of Rapidity Relations
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J) = U.0UUU |
3) = 0.7500 \

o) = 1.2500)

o) = 0.8000)
3) = 1.3333
0) =1.6667

anni p) U.0ULUU
sinh(p) = 0.7500

\ost) = 1.2500)
(s sech(p) 8000
csch(p) =1.3

cot(o)

\coth(p) = 16667)

< —— c0s(0)

=.csch(p)

= sech(p)

sin(o) = t-tan(o) E sinh(p)
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RelaWaV1tV Web Simulation
Relating Rapidity and Stellar Abberation
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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
dge‘( (u/c=3/5)
, Bsinh p ! | Om\e ’ W C’ Bsinh p !
N ¢ p,c'wcw N L / -
e P
\O s
\’)P . B S “\(\ Q 0 P /B B k
_— Z& —~Z_ O Be =
-“*C\j@ ~ N Doppler T~
‘O, X 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 e red-shift
red-shift ////, (TFE/ i ‘
Y : Y  J
Q -1 O . O A/ C
= Besch p > axis
—Br—(—=< >
/ Red shift

RelaWavity Web Simulation
{perSpace - perTime All}
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v/= W o
axis An aid to
(Units of 300THz) ..
R pattern recognition:
L —4 A
S
&
S Occam'
. . Sword
0C
S (u/c=3/5)
/ sinh p P ;0‘(““@& Sk C’ sinh p !
C 1 p’CiY01e (Y«(Ov‘(\ss C\l“ P: /// A
P g\OQe Q - ;
;9 K &0@“ e P P = £ k
Doppler
tanh p G blue-shift | 4| Btanhp sechp 2]
A\ steliar S stellar d %
X = e S| angle o 3
L ang]ef{/)f- ?% - S g
B H- O X %
el ~
P e'p T §
e® . Doppler
= - — red-shift
Vv () K T c
rou b Doppler group group group group group b Doppler / i
group | Opep p v, 2, i T, Vo BLUE - | CR™ v IZ/ ° v
% hase 1 C K phase T phase v phase )‘ phase Vphase 1 a.X:lS
p bl?l?[l;%ler phase K A TA UA /IA ¢ b Ile)ggpler [::}
rapidity -p . +p
e tanhp sinhp | sechp coshp | cschp  cothp e
S I —1 Table of 12 wave parameters
e o | 1/€7 | sinoc tano COSO  seco coto csco | l/e” f 1 o
u| B B | B’ : Bl 1 B (mcludes 1nverses) Or IC at1V1ty
c | V4B 1 B2-1 1 1-B° 1 B 1-p ...and values for u/c=3/5
1 3 3 4 5 4 2 i i i
aeir | Lo | 2206 22075 | 22080 2=125| 22133 2=167| 2=2.0 . RelaWavity Web Simulation
2 5 4 5 3 1 Relativistic 7Terms (Dual plot w/expanded table)
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