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Relawavity: Relativistic wave mechanics VI. Space-time geometry
(Unit 3 p.28-42 - 4.26.16)

= Review of hyper-trigonometry ( fanhp, sinhp, and coshp, sechp, and cschp, cothp)
and co-trigonometry (  sino, tano, and  seco, coso, and coto, csco )

Review of “Occam-sword” geometry and wave parameters for phase and group motion
Wave parameter symmetry points

Yet another view: Epstein’s space-proper-time approach to SR and stellar aberration k-angle o

Review of proper time relations and basis of Epstein’s cosmic speedometer
Epstein vs Einstein-Minkowski geometry of relativity
Einstein time dilation
Lorentz space contraction
Time-simultaneity-breaking
Velocity addition
Twin-paradox resolution in space-proper-time

Spectral details of per-spacetime 4-vector (wo,wy,wy,w:) =(w,ckxy,cky,ck;) transformation
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> Review of hyper-trigonometry ( tanhp, sinhp, and coshp, sechp, and cschp, cothp)
and co-trigonometry (  sino, tano, and seco, coso, and coto, csco )

Review of “Occam-sword” geometry and wave parameters for phase and group motion
Wave parameter symmetry points

Yet another view: Epstein’s space-proper-time approach to SR and

Review of proper time relations and basis of Epstein’s cosmic speedometer
Epstein vs Einstein-Minkowski geometry of relativity
Einstein time dilation
Lorentz space contraction
Time-simultaneity-breaking
Velocity addition
Twin-paradox resolution 1n space-proper-time

Spectral details of per-spacetime 4-vector (wo,wy, wy, w:) =(w,cky,cky,ck;) transformation

Saturday, April 30, 2016



A Hyper -tri ganometry Hyper-(sine, tangent, and secant,cosine,and cotangent, cosecant)
(sino, tanoc, and  seco,coso, and coto, csco)

Circular Functions
m (o) = 0.8534
Length(o) = 0.8534
Area(o) =0.8534

sin(0) =0.7535
tan(o) = 1.1461
sec(o) = 1.5210

cos(o) =0.6575
cot(o) = 0.8725
csc(o) = 13271

Hyperbolic Functions

0 =09810

Area(p) =0.9810

tanh(p) =0.7535
sinh(p) = 1.1461
cosh(p)= 15210

sech(p) = 0.6575
csch(p) = 0.8725 -
coth(p) =1.3271

b 1) 5

-<}— cos(o) = sech(p)
cse(0) = coth(p)

cot(o) =csch(p)

0s
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ke sec(0) = cosh(p)

Y (tanhp, sinhp, and coshp, sechp, and cschp, cothp)

tan(o) = sinh(Q)

-

RelaWavity Web Simulation
Transition to Hyperbolic Functions

Same Link


http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=0%7C8
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=0%7C8
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=0%7C8
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=0%7C8

A Hyper -1r1 g onome tfj/ Hyper-(sine, tangent, and secant,cosine,and cotangent, cosecant)

Circular Functions
mi (o) = 0.8534
Length(o) = 0.8534
Area(o) =0.8534

tanh(p) =0.753
sinh(p) = 1.1461
cosh(p)= 15210

sech(p) = 0.6575
csch(p) = 0.8725

perbolic Functions

coth(p) = 1.3271

((sino, fanc, and

Seco,Ccos80,

and colo, ¢sco) )

y C(tanhp Sznhp and coshp, Sech,o, and cschp, cothp))

cot(u) csch(p)

-<}— cos(0) = sech(p)
cse(0) = coth(p)

™ 1
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0) = sinh(Q)

(Circular 0 )
versus

(Hyperbolic ,0)

-

RelaWavity Web Simulation

Dual parameterization - p and O



http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=0%7C9&labelingInd=3
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=0%7C9&labelingInd=3
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=0%7C9&labelingInd=3
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=0%7C9&labelingInd=3

A Hyper -1r iganometry Hyper-(sine, tangent, and secant,cosine,and cotangent, cosecant)

Circular Functions
mi(o) = 08541
Length(o) = 0.8541
Area(o) =0.8541

perbolic Functions Y
o=09821

Area(p) =

tanh(p) =0.7540
sinh(p) = 1.1477
cosh(p)= 15223

sech(p) = 0.6569
csch(p)=0.8713
coth(p) = 1.3263

((sino, lanoc, and  seco,coso, and  cofo, ¢sca) )
~(tanhp, sinhp, and coshg] sechp, and cschp, cothp)

(Circular 0 )
versus
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RelaWavity Web Simulation

o Relations
\



http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=0%7C9&labelingInd=1
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=0%7C9&labelingInd=1
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=0%7C9&labelingInd=1
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=0%7C9&labelingInd=1

A Hyper -tri ganometry Hyper-(sine, tangent, and secant,cosine,and cotangent, cosecant)
(sino, tano, and  seco,coso, and coto, ¢sco)

Circular Functions perbolic Functions Y ((tanhp, Sinh,O, and CO/Sﬁ/)O,/SQCh,O, and CS;]’I,O, COﬂ’l,O) )
mZ (o) = 0.8541 0 i
Length(o) = 0.8541
Area(o) =0.8541 Area(p)

=0.7540 tanh(p) =0.7540
o)= 1.1477 sinh(p) = 1.1477
cosh(p)= 15223

sech(p) = 0.6569
csch(p)=0.8713 -
coth(p) = 1.3263

RelaWavity Web Simulation

P Relations
\
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http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=0%7C9&labelingInd=2
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=0%7C9&labelingInd=2
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=0%7C9&labelingInd=2
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=0%7C9&labelingInd=2

A Hyper -tri gonametry Hyper-(sine, tangent, and secant,cosine,and cotangent, cosecant)

Circular Functions
mi(o) = 08541
Length(o) = 0.8541
Area(o) =0.8541

perbolic Functions

e=0.9821

Area(p) =

tanh(p) =0.7540
sinh(p) = 1.1477
cosh(p)= 15223

sech(p) = 0.6569
csch(p)=0.8713

coth(e) = 13263

(sino, tanoc, and  seco,coso, and coto, csco)

 (tanhp, sinhp, and coshp; sechp, and cschp, cothp)

sinh(p)
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RelaWavity Web Simulation
Occam s Swords

X


http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=0%7C9&labelingInd=2&swordLineWidth=4
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=0%7C9&labelingInd=2&swordLineWidth=4
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=0%7C9&labelingInd=2&swordLineWidth=4
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=0%7C9&labelingInd=2&swordLineWidth=4

Review of hyper-trigonometry ( fanhp, sinhp, and coshp, sechp, and cschp, cothp)
and co-trigonometry (  sino, tano, and seco, coso, and coto, csco )

P> Review of “Occam-sword” geometry and wave parameters for phase and group motion
Wave parameter symmetry points

Yet another view: Epstein’s space-proper-time approach to SR and

Review of proper time relations and basis of Epstein’s cosmic speedometer
Epstein vs Einstein-Minkowski geometry of relativity
Einstein time dilation
Lorentz space contraction
Time-simultaneity-breaking
Velocity addition
Twin-paradox resolution 1n space-proper-time

Spectral details of per-spacetime 4-vector (wo,wy, wy, w:) =(w,cky,cky,ck;) transformation
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Pattern recognition:Occam'’s Sword for we=3/5 E .
Cosmic speedometer of Epstein is based upon geometry of 4 VIAU
Doppler shifts of colliding CW k_, into k', =¢’/ k_, ) U
and k. into k', =e" k. Y |\</
Phase angle I/ A
gie U . O
~ —=tanhp=sino = tan V
C
l=c
III \ u .
! ; : —=tanhp=sinc
. ' C
|¢
<e°’=sinh p+cosh p [=c
e / sinh p =tano
k' =e”k
- - [=c

k,_> :e_p k_>
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=g

Red-shift exponential e”’=coshp-sinhp

Blue-shift exponential e*"=coshp+sinhp




Pattern recognition: Occam s Sword for u/c=% and 45/53

(C) Basic construction given /= 45/53 (d) u/c=3/5
el HY53/28
//
/
/
/
/
/
/
/
1) £45/53
)/ u/c =1 e
/ /
/ O -L=4/5
/ //
// /
-L+28/45 /
/ //
/ /
/ /
[ /
I /
| |
e P=2/7 / cp=45/28 l’ e'le/z
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Relaﬁng Longifudinal -r'é_l_a“tivity parameter:Rapidity O = log{(Doppler Shift)

to Transverse relativity parameter: Stellar aberration angle %

. : . )
Circular Functions Hyperbolic Functions

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

sinh p =tanco

tanh p=sinoc =—=tgn v
C

Total
hyperbolic

sectors

area=p /
— (

0,

Total
circular
sectors
area=o

RelaWavity Web Simulation
Geometry of Rapidity Relations

T T ——— —— -
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http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=0%7C8&taLinesInd=3&refSquareInd=2&labelingInd=2
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=0%7C8&taLinesInd=3&refSquareInd=2&labelingInd=2
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=0%7C8&taLinesInd=3&refSquareInd=2&labelingInd=2
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=0%7C8&taLinesInd=3&refSquareInd=2&labelingInd=2

Relaﬁng Longitﬁdinal 'r'é_l_a”tivity parameter:Rapidity O = log{(Doppler Shift)

to Transverse relativity parameter: Stellar aberration angle

. : , )
Circular Functions Hyperbolic Functions

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

sinh p =tano

tanh p = sin

tanh(p)-=0.6000
| smh(p) = 0.7500
cosh(p) = 1.2500

u
=—=0p=tan vV
) B

Total
hyperbolic
sectors
area=p

inby0) sinh(0)
fhio)
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-

Total
circular
sectors
area=o

/
/
I
/
I
of
|
|
|
\
\
\

coshfo) : : ;
l’ .\
\
\
\
\
\ J
\
\ X
\ &N
3
\ N/
\\ Y,
. Link??

RelaWavity Web Simulation
Geometry of Rapidity Relations

—

-~ -
-~ - —
‘——————_
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http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=0%7C8&taLinesInd=3&refSquareInd=2&labelingInd=2
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=0%7C8&taLinesInd=3&refSquareInd=2&labelingInd=2
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=0%7C8&taLinesInd=3&refSquareInd=2&labelingInd=2
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=0%7C8&taLinesInd=3&refSquareInd=2&labelingInd=2
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=0%7C8&taLinesInd=3&refSquareInd=2&labelingInd=2
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=0%7C8&taLinesInd=3&refSquareInd=2&labelingInd=2

Review of hyper-trigonometry ( fanhp, sinhp, and coshp, sechp, and cschp, cothp)
and co-trigonometry (  sino, tano, and seco, coso, and coto, csco )

P> Review of “Occam-sword” geometry and wave parameters for phase and group motion «
Wave parameter symmetry points

Yet another view: Epstein’s space-proper-time approach to SR and

Review of proper time relations and basis of Epstein’s cosmic speedometer
Epstein vs Einstein-Minkowski geometry of relativity
Einstein time dilation
Lorentz space contraction
Time-simultaneity-breaking
Velocity addition
Twin-paradox resolution 1n space-proper-time

Spectral details of per-spacetime 4-vector (wo,wy, wy, w:) =(w,cky,cky,ck;) transformation

Saturday, April 30, 2016
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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'
. Sword
d?@v (u/c=3/5)
, Bsinh p ! | Om\e ’ W C’ Bsinh p !
\ ¢ p,c'wcw 4\ AN / .
. _
P A _
¢ AN oppler y
‘O, X SO0 blue-shift | 4 anhp sechp3 o
‘ stellar bV, Ny stellar J %
1 angle o § angle o =
A ol ™
! ;
e S
Be® P Doppler q
Doppler )y red-shift
red-shift ~ i
,/ /
- CR #
y
g -1 o, : o, A C
= Besch p > axis
<I—Br——J C
/ Red shift
RelaWavity Web Simulation
{perSpace - perTime All}
Link??
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http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=3%7C6&minkGridPosCells=0
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=3%7C6&minkGridPosCells=0
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=3%7C6&minkGridPosCells=0
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=3%7C6&minkGridPosCells=0

v/= W o
axis An aid to
(Units of 300THz) ..
R pattern recognition:
L 4 i
S
S Occam'
. Sword
0C
3 S (u/c=3/5)
/ sinh p P ;0‘(““@& Sk C’ sinh p !
C’ i Y,C‘Le 5t OX\SS o P: — Al
P : $\er Q o <
— K &O«“\(\ e P P = 24 k
T\ Doppler
tanh p G blue-shift | 4| Btanhp sechp 2]
AL s~/ o S 3
I angle o/ < / /// § angle o
B < - S X o
el ~
P e'p T §
ne-p . ) | 5, Dopplgr
- red-shift
Vv () K T c
rou b Doppler group group group group group b Doppler / i
| &7ouP | Drep p v, 2, i T, Vo BLUE CR™ 4 \4
1 r t axis 0 e
p hase 1 c K phase T phase v phase )‘ phase Vphase 1
bl?l?[l;%ler Vphase K A TA UA /IA ¢ b lle)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 8 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 4 3 3 1 Relativistic 7Terms (Dual plot w/expanded table)
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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 of hyper-trigonometry ( fanhp, sinhp, and coshp, sechp, and cschp, cothp)
and co-trigonometry (  sino, tano, and seco, coso, and coto, csco )

Review of “Occam-sword” geometry and wave parameters for phase and group motion «
> Wave parameter symmetry points

Yet another view: Epstein’s space-proper-time approach to SR and

Review of proper time relations and basis of Epstein’s cosmic speedometer
Epstein vs Einstein-Minkowski geometry of relativity
Einstein time dilation
Lorentz space contraction
Time-simultaneity-breaking
Velocity addition
Twin-paradox resolution 1n space-proper-time

Spectral details of per-spacetime 4-vector (wo,wy, wy, w:) =(w,cky,cky,ck;) transformation

Saturday, April 30, 2016
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Doppler blue-shift e™ = 2

Phase velocity cothp =5/3

e?

Tg"cup'—Xpt“ase—' CSChf) =4/3
Kghup=Vphase= coshp. =5/4

Adfoup=Tphase= SECNP” =4/5

Group velocity tanhp =3/5
Doppler red-shift e =1/2

RelaWavity Web Simulation

2
19

18

1.7

LU

lllll]lll]

nH

Hyper- |
function .
values Y

1.6
15

14

13

1.2

1.1
1

03
0.2

0.1

wc=3/5=0.600
Golden ratio G_=(

rv‘

Relativistic Terms (Dual plot w/expanded table)

Saturday, April 30, 2016
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g1 02 03 04 0.5 08

sinhp

07 08 09

| |
> T T P
\5-1)/2=0.618.: T VG.=0.7862.. S

L N2/2=0.707...

If E:tanhp =0.618...(Golden-Mean G _)
C

two parameters become exactly equal :

/ A T
ﬁzsinhpz YO — PR —sechp
cT, A, T,
=0.786..=/G_ =0.786..
and
. =coshp = = hase _ gron =cschp
);l’/i ';1’f1 /2714
=1272..=1/G_ =1.272..
Solve :
e SeChp=sinhp
or:
sinhpcoshp=1
or:
sinh2p =2
1
Group p=3 sinh™2 =0.7218...
velocity 5-1
we=sin(g) ~ @p=0018..=77
1= tanh(p) S

17


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

Pammeter—space symmetry poznts

(. A K T c

group b I?I; ID pler group f;oz \p ;ioup ;c:oup Z()Ltp V b I?Ii [pj[Ehr
Doppler blug-shift ™ 2 E— Ferl ‘ ! ! —
E - 1 c K phase T phase v phase ‘phase phase 1
19 ;_ Hyper phase bgli?]l;le phase KA TA UA A‘A ¢ bRDl'(?gp[er
‘8 Ef I‘lCthI‘l o i | ¢ |tanhp sinhp | sechp coshp | cschp cothp | €7
' E Values % e | /e | sinc  tano | cosc  seco | coto  csco | 1/e”
_ 1.7 E w| 18| B 1 1-p2 1 B2-1 1 144
Phase velocity cothp =5/3 . 5_ W | T a1 G| 3 ]
15 % ColoeselR - tnoesinhp vl %= 0.5 §=0.6 3_075 %:0.80 %:1.25 %:1.33 %:1.67 %:2.0
e-[) . é_ e+p v —coth
14 E ® phase_cot P
= I
T] uf =/ p} CSCh[) _4 3 1 3 E_ > : vphase:Kgmup:COShp
E @ I Q w2
Kq Upzl,phasez coshp. =5/4 D 5 N T o =h pu=cschp cross at== V =cothp
L E I | .
; / : : U phase:K gmup:COShp K phase=vgmup281nhp
11 E cec h Y cothp - \/_—
= o=C0SNp Y Cross at“=-"-" cross ati=. /!
— = S : 0) ) group Z’phase:CSChp ¢ N
" cosor=sechp | K phase=Vsrp=SINNP
0.9 nh
N\ : ang Cross at%z% 4 —esch
) rOUp_ l p}']’lge_ SeCh[) —4 5 0-8 _______________ . phase A{gr()[,{pzseChp group phase p
Ugroup=Fphase= SiNp =3/4 P DR NS W ’. "] K prase=Vgronp=SINNP Verapy=tanhp
: | -
' E N | cross att="""! cross att=./"
Group velocity tanhp =3/50.6 > =) =sechp
® | | p ase group
. -0 ,
Doppler red-shift e =1/2-05 > P! V..., =tanhp
/ 0.4 : : \ Cross at%=%
/ | | \
/ I \
03 | Group
I -
/ L velocity
r 0.2 | | .
o \u/c =sin(o)
| |
OTE 41 02 03 04 05 04 oy s o9 | = tanh(p)
o :
w/'c=3/5=0.600 > ﬁ
Golden ratio G.=(V5-1)/2=0.618.: VG.=0.7862..
RelaWavity Web Simulation \2/2-0.707...
Relativistic Terms (Dual plot w/expanded table)
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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

A neo-liberal trigonometry lesson (sine, , and ) functions of angular sector area
Complimentary functions (... cosine cotangent, cosecant)
Hyper-trigonometry of ( P 0 coshp p cschp, cothp)
Functions of hyper-angular sector area p related to functions of
Each trig function has a “country-cousin” function
...and big-party fun was had by all!
Pattern recognition aids and “Occam-sword” geometry

Relating velocity parameters S=u/c to to to u/c-angle v

Relating wave dimensional parameters of phase wave and group wave
Parameter-space symmetry points

= Yet another view: The Epstein space-proper-time approach to SR uses stellar aberration k-angle o

Review of proper time relations and basis of Epstein’s cosmic speedometer
Epstein geometry for relativistic parameters

Spectral details of per-spacetime 4-vector (wo, wx,wy,w:) =(w,cky,cky,ck;) transformation
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Review of hyper-trigonometry ( fanhp, sinhp, and coshp, sechp, and cschp, cothp)
and co-trigonometry (  sino, tano, and seco, coso, and coto, csco )

Review of “Occam-sword” geometry and wave parameters for phase and group motion
Wave parameter symmetry points

= Yet another view: Epstein’s space-proper-time approach to SR and <

Review of proper time relations and basis of Epstein’s cosmic speedometer
Epstein vs Einstein-Minkowski geometry of relativity
Einstein time dilation
Lorentz space contraction
Time-simultaneity-breaking
Velocity addition

Saturday, April 30, 2016 20



Comparing Longitudinal relativity parameter:Rapidity 0 = loge(Doppler Shift)
toa Transverse relativity parameter: Stellar aberration angle 0™

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

We use the notion O for
stellar-aberration-angle

(a “flipped-over” O).

@ Bookstores.com

Purchase at: W

Saturday, April 30, 2016 21
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We use the notion O for
stellar-aberration-angle

(a “flipped-over” O).

Observer fixed below star sees it directly overhead.

i

@y

k()

@ Bookstores.com

Purchase at: W

Saturday, April 30, 2016 22

Epstein seemed resistant to 0 analysis or relations between O and Q.


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

Comparing Longitudinal relativity parameter:Rapidity 0 = loge(Doppler Shift)
toa Transverse relativity parameter: Stellar aberration angle 0™

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

., 7. We use the notion O for
Observer fixed below star sees it directly overhead. stellar-aberration-angle

Observer going u sees star at angle( in u direction. (a “flipped-over” ().

5 S
Stellar aberration angleO: S\‘ /,'/‘ S
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Comparing Longitudinal relativity parameter:Rapidity 0 = loge(Doppler Shift)

toa Transverse relativity parameter: Stellar aberration angle 0™

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

Observer fixed below star sees it directly overhead.

We use the notion O for
stellar-aberration-angle

Observer going u sees star at angle in u direcz‘ion (a “flipped-over” ().

Y

k()

i% Stellar aberration angleO: %S O S

SN

changes
but not 1ts
speed

(J

— — — — — — — — — — — — — — — — — — —

Epstein seemed resistant to 0 analysis or relations between O and Q.

Saturday, April 30, 2016

@ Bookstores.com

Purchase at: m

24


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

Comparing Longitudinal relativity parameter:Rapidity 0 = loge(Doppler Shift)
toa Transverse relativity parameter: Stellar aberration angle 0™

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

., 7. We use the notion O for
Observer fixed below star sees it directly overhead. stellar-aberration-angle

Observer going u sees star at angle in u direction (a “flipped-over” ().

i% Stellar aberration angleO: %S O S
y &S \/

C \/ P * changes
\ c\N1-u /C‘ —C/COS/’I,O C but not its
/ Y =c sechf)=c cosOy "  speed
[ 4 __ ¥ =|r
Recall that: —C

k()

1 ,
C()Shp=\/]—142/02 /// | k/(\L)
X

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

toa Transverse relativity parameter: Stellar aberration angle 0™

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

., 7. We use the notion O for
Observer fixed below star sees it directly overhead. stellar-aberration-angle

Observer going u sees star at angle(’ in u direction. (2 ippec-over= ),
y i% Stellar aberration angle (7..7,/\[@9\0-‘/ S

c tanhpFu=csinc

Velocity of |8«
,» changes [

\ c\/l u’/cc=c/cosh P Ay C butnotits
/ Y =c sech)=c cosOw '/, P : }
R P S =|r
Recall that: o ¢
op 7 y

k()

c:osh/o=\/]_uz/c2 K k/(\L)
X

R O

@ Bookstores.com

Purchase at: W

Saturday, April 30, 2016 26

Epstein seemed resistant to 0 analysis or relations between O and Q.


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

Review of hyper-trigonometry ( fanhp, sinhp, and coshp, sechp, and cschp, cothp)
and co-trigonometry (  sino, tano, and seco, coso, and coto, csco )

Review of “Occam-sword” geometry and wave parameters for phase and group motion
Wave parameter symmetry points

Yet another view: Epstein’s space-proper-time approach to SR and

2 Review of proper time relations and basis of Epstein’s cosmic speedometer <
Epstein vs Einstein-Minkowski geometry of relativity
Einstein time dilation
Lorentz space contraction
Time-simultaneity-breaking
Velocity addition
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Review of Proper time 79 and proper frequency wy

ck | | coshp sinhp ok )
w | | sinhp coshp @ )

|

x | | coshp sinhp X
¢t ) | sinhp coshp ct’

Hyperbolic invariants to Lorentz transformation

Per-space-time invariant.

0, =0 —(ck)’ =" —(ck")
-

wo is called “proper frequency’” or rate of “aging”

\ 2712 271.72
ck c°k
a)o == a) 1 - ) = ! 1 - ,2
0)] (0)]
C2 C2
=0, [1-——= " 1= 72
Vphase Vphase
W = wO a)/ — a)O
k2 k/2
1- 2 1- N2
(cw) (cw")
= wo = a)o
C2 C2
1- V2 1- ’2
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Review of Proper time 79 and proper frequency wy
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w | | sinhp coshp @ )

|

x | | coshp sinhp X
¢t ) | sinhp coshp ct’

Hyperbolic invariants to Lorentz transformation

Per-space-time invariant.
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Review of hyper-trigonometry ( fanhp, sinhp, and coshp, sechp, and cschp, cothp)
and co-trigonometry (  sino, tano, and seco, coso, and coto, csco )

Review of “Occam-sword” geometry and wave parameters for phase and group motion
Wave parameter symmetry points

Yet another view: Epstein’s space-proper-time approach to SR and

Review of proper time relations and basis of Epstein’s cosmic speedometer
= Epstein vs Einstein-Minkowski geometry of relativity <
Einstein time dilation
Lorentz space contraction
Time-simultaneity-breaking
Velocity addition
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Comparing Longitudinal relativity parameter:Rapidity 0 = loge(Doppler Shift)

toa Transverse relativity parameter: Stellar aberration angle 0™

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

We use the notion O for
stellar-aberration-angle

(a “flipped-over” O).

Observer fixed below star sees it directly overhead.
Observer going u sees star at angle in u direction.

Y

/

c tanhpFu=csinc
——-

» changes

\
/ Y =c sech)=c cos( Speed
L2 ___ Y c —|C
Recall that: / - ¢

k()

Epstein’s trick 1s to .
turn a hyperbolic form ¢t = \/ (ct’)’ —(x’)*  (for Proper time)
into a circular form: [(¢1)’ + (x')? = (ct’)

/

1
c:osh/O=\/]_uz/C2 /// k/(\L)
X
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Comparing Longitudinal relativity parameter:Rapidity 0 = loge(Doppler Shift)
toa Transverse relativity parameter: Stellar aberration angle 0™

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

., 7. We use the notion O for
Observer fixed below star sees it directly overhead. stellar-aberration-angle

Observer going u sees star at angle( in u direction. (a “flipped-over” ().

N, /
i% Stellar aberration (I/?(Q/U(T.'*S o n \)
y L A
c tanhpFu=csinc
—

Velocity of |8«
,» changes [
(C but not its

\
/ Y =c sechf)=c cos opeed : :
(o4 ¥ C=IC
4 "

, Recall that: /

1
c:osh/o=\/]_uz/c2 //, k/(\L)
X

k()

/

R O

Epstein’s trick 1s to
turn a hyperbolic form ¢7 = \/ (ct’)* —(x)*  (for Proper time)

into a circular form: [(¢1)’ + (x')? = (ct’)

Then he imagines everything (and everybody) always goes speed ¢ through (x/,c7) space!
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Review of hyper-trigonometry ( fanhp, sinhp, and coshp, sechp, and cschp, cothp)
and co-trigonometry (  sino, tano, and seco, coso, and coto, csco )

Review of “Occam-sword” geometry and wave parameters for phase and group motion
Wave parameter symmetry points

Yet another view: Epstein’s space-proper-time approach to SR and

Review of proper time relations and basis of Epstein’s cosmic speedometer
Epstein vs Einstein-Minkowski geometry of relativity <
3 Einstein time dilation
Lorentz space contraction
Time-simultaneity-breaking
Velocity addition
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Epstein’s space-proper-time (x,ct) plots

( “c-tau’’ plo Y ) Time contraction-dilation revisited

(Age) Coom’inate

Particle going u in (x,ct)
AL Ct ( is going speed c in (x, cT)

—7

’\ / Coordinate time
CT= \/(CtZ 22 f / b) +X2
X

/

> (Distance)

Fig. 12 (I’-part) Space-proper-time plot makes all objects move at speed c along their cosmic speedometer.
Epstein (x,cT) plot
(for u/c=¥5)

Dual View Space-Space and Space-properTime
Link: http://www.uark.edu/ua/modphys/markup/RelativitWeb.html?scenario=600
Link: http://www.uark .edu/ua/modphys/markup/RelativitWeb.html?scenario=601
Link: http://www.uark.edu/ua/modphys/markup/RelativitWeb.html?scenario=602
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Epstein’s space-proper-time (x,ct) plots  Ct —~ CT
( “c-tau’’ plOtS ) Time contraction-dilation revisited

Coordinate /
Particle going u in (x,ct)4

X= c ctl(

is going speed c in (x, cT)

3

(Distance)

Fig. 12 (I’-part) Space-proper-time plot makes all objects move at speed c along their cosmic speedometer.
Compare Epstein (x,ct) plot to Einstein-Minkowsky (x,ct) on (x',ct’)

(for u/c=¥s)

Dual View Space-Space and Space-properTime
Link: http://www.uark.edu/ua/modphys/markup/RelativitWeb.html?scenario=600
Link: http://www.uark .edu/ua/modphys/markup/RelativitWeb.html?scenario=601
Link: http://www.uark.edu/ua/modphys/markup/RelativitWeb.html?scenario=602
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Epstein’s space-proper-time (x,ct) plots Cl =
( “c-tau’’ plOtS ) Time contraction-dilation revisited

Coordinate

X= c ctl(

Particle going u in (x,ct)4 A
is going speed c in (x, cT)

3

(Distance) 791 5 1 74

Fig. 12 (I’-part) Space-proper-time plot makes all objects move at speed c along their cosmic speedometer.
Compare Epstein (x,ct) plot to Einstein-Minkowsky (x,ct) on (x',ct’)

(for u/c=¥s)

Dual View Space-Space and Space-properTime

Link: http://www.uark.edu/ua/modphys/markup/RelativitWeb.html?scenario=600
Link: http://www.uark .edu/ua/modphys/markup/RelativitWeb.html?scenario=601
Link: http://www.uark.edu/ua/modphys/markup/RelativitWeb.html?scenario=602
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Review of hyper-trigonometry ( fanhp, sinhp, and coshp, sechp, and cschp, cothp)
and co-trigonometry (  sino, tano, and seco, coso, and coto, csco )

Review of “Occam-sword” geometry and wave parameters for phase and group motion
Wave parameter symmetry points

Yet another view: Epstein’s space-proper-time approach to SR and

Review of proper time relations and basis of Epstein’s cosmic speedometer
Epstein vs Einstein-Minkowski geometry of relativity
Einstein time dilation
2 [ orentz space contraction
Time-simultaneity-breaking <
Velocity addition
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At ct=0 Lighthouse will
log the Ship's tail (x'=0)
passing Main Light (x=0)
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At ct=0 Lighthouse will
log the Ship's tail (x'=0)
passing Main Light (x=0)
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At ct=0 Lighthouse will
log the Ship's tail (x'=0)
passing Main Light (x=0)
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x/

5
71 At ct=0 Lighthouse will
log the Ship's tail (x'=0)
\ / passing Main Light (x=0)
% | | o A . | | Lighthouse recorded
-l | A/ ey | P x length is (x=0) to (x=4)
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x/

At ct=0 Lighthouse will
log the Ship's tail (x'=0)
passing Main Light (x=0)

Lighthouse recorded
x length is (x=0) to (x=4)

Ship says “No way, Jose!...
My lengthis 5...!”

\ Tl ‘\ N\
/ TR
h n
\
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Saturday, April 30, 2016

At ct=0 Lighthouse will
log the Ship's tail (x'=0)
passing Main Light (x=0)

Lighthouse recorded
length is (x=0) to (x=4)

Ship says “No way, Jose!...
My lengthis §...!”
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Ship says Lighthouse did
sloppy measurement.
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J//

Tail (x'=|))at (ct'=-

is back at LH x=-2 3 /

\
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V/ |
WAl _

Ship says Lighthouse did
sloppy measurement.

It first recorded x=4 for
our nose (x'=5)at (ct'=-3)

Then we moved forward.
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\
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/
/
Tail (/2

is back at LH x=-2 3 /

-
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V/ |
WAl _

/

Ship says Lighthouse did
sloppy measurement.

X

It first recorded x=4 for
our nose (x'=5)at (ct'=-3)

Then we moved forward.
_X %
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x/

Ship says Lighthouse did
sloppy measurement.

LH first recorded x=4 for
our nose (x'=5)at (ct'=-3)

v/
////2

Tail (x'=|))at (ct'=-

is back at LH x=-2 3 /
- L
% |
-5 -1

Then we moved forward.
_X %

Not until 3 sec. later (ct’=0)

did LH record our tail (x'=0)
at their x=()

\
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1 /

/

Ship says Lighthouse did
sloppy measurement.

LH first recorded x=4 for
our nose (x'=5)at (ct'=-3)

Then we moved forward.
_X %

V77
7

Tail (x'=|))at (ct'=-

is back at LH x=-2 3 /

\

Not until 3 sec. later (ct’=0)

did LH record our tail (x'=0)
at their x=()

By then our nose (x'=5) is
out past LH (x=6) mark.
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1 /

x,

Ship says Lighthouse did
sloppy measurement.

LH first recorded x=4 for
our nose (x'=5)at (ct'=-3)

Then we moved forward.
_X %

V77
7

Tail (x'=|))at (ct'=-

is back at LH x=-2 3 /

\

Not until 3 sec. later (ct’=0)

did LH record our tail (x'=0)
at their x=()

By then our nose (x'=5) is
out past LH (x=6) mark.

Saturday, April 30, 2016

}//’ |
_5. -1

It looks like our ship is not
shorter than yours but quite
a bit longer!
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x/

Lighthouse has an L=5 ship
that sits with its tail at the
Lighthouse (x=0).
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x/

Lighthouse has an L=5 ship
that sits with its tail at the
Lighthouse (x=0).

As time goes on its ship does
not move relative to LH

=X
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x/

Lighthouse has an L=5 ship
that sits with its tail at the
Lighthouse (x=0).

As time goes on its ship does
not move relative to LH

=X

\
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x/

Lighthouse has an L=5 ship
that sits with its tail at the
Lighthouse (x=0).

As time goes on its ship does
not move relative to LH

=X
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x/

Lighthouse has an L=5 ship
that sits with its tail at the
Lighthouse (x=0).

As time goes on its ship does
not move relative to LH
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Now the story graphed by Ship C t
s ST

Ship sees the Lighthouse
and its LHShip moving at -¥sc.

(Right-to-Left)
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Now the story graphed by Ship C t
s ST

Saturday, April 30, 2016

At ct=-5
LHS nose (x=5) passes x'=7
LHS tail (x=0) passes x'=3

Ship sees the Lighthouse
and its LHShip moving at -¥sc.

(Right-to-Left)
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Now the story graphed by Ship C t
s ST

Saturday, April 30, 2016

At ct=-5
LHS nose (x=5) passes x'=7
LHS tail (x=0) passes x'=3

Ship sees the Lighthouse
and its LHShip moving at -¥sc.
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Now the story graphed by Ship Ct C t 4

B S

=X

At ct'=-3
LHS nose (x=5) passes x'=6
LHS tail (x=0) passes x'=2

At ct'=-5
LHS nose (x=5) passes x'=7
LHS tail (x=0) passes x'=3

Saturday, April 30, 2016

Ship sees the Lighthouse

and its LHShip moving at -¥sc.
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Now the story graphed by Ship C t

B S

At ct'=-1

LHS tail (x=0) passes x'=0.5

=X

At ct'=-3
LHS nose (x=5) passes x'=6
LHS tail (x=0) passes x'=2

At ct'=-5
LHS nose (x=5) passes x'=7
LHS tail (x=0) passes x'=3

Saturday, April 30, 2016

Ship sees the Lighthouse

LHS nose (x=5) passes x'=4.5

and its LHShip moving at -¥sc.
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Now the story graphed by Ship Ct C t 4
—% 5 = /

/

Atet'=0
S nose (x=5) passes x' =4
LHS tail (x=0) passes x'=()

At ct'=-1
LHS nose (x=5) passes x'=4.5
LHS tail (x=0) passes x'=0.5

=X

At ct'=-3
LHS nose (x=5) passes x'=6
LHS tail (x=0) passes x'=2

o~

\

At ct'=-5
LHS nose (x=5) passes x'=7/
LHS tail (x=0) passes x'=3

Ship sees the Lighthouse
and its LHShip moving at -¥sc.
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Now the story graphed by Ship C t

—e 5

L

From the Ship s graph it appears that
the LHS length is only 4 and not 5

x/

5 Atct'=0
LHS nose (x=5) passes x'=4
LHS tail (x=0) passes x'=()

At ct'=-1
LHS nose (x=5) passes x'=4.5
LHS tail (x=0) passes x'=0.5

T

\

=X

At ct'=-3
LHS nose (x=5) passes x'=6
LHS tail (x=0) passes x'=2

At ct'=-5
LHS nose (x=5) passes x'=7/
LHS tail (x=0) passes x'=3

Saturday, April 30, 2016

Ship sees the Lighthouse
and its LHShip moving at -¥sc.
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Review of hyper-trigonometry ( fanhp, sinhp, and coshp, sechp, and cschp, cothp)
and co-trigonometry (  sino, tano, and seco, coso, and coto, csco )

Review of “Occam-sword” geometry and wave parameters for phase and group motion
Wave parameter symmetry points

Yet another view: Epstein’s space-proper-time approach to SR and

Review of proper time relations and basis of Epstein’s cosmic speedometer
Epstein vs Einstein-Minkowski geometry of relativity
Einstein time dilation
2 [ orentz space contraction
Time-simultaneity-breaking <
Velocity addition
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Epstein's space-proper-time (x,ct) plots (“c-tau” plots)

Length contraction-dilation revisited

A cute Epstein feature is that Lorentz-Fitzgerald contraction of a proper length L to L’ =L\ 1-u%/c?

1s simply rotational projection onto the x-axis of a length L rotated by o.

CT

Coordinate
Particle P going u in (x,ct)

C Ct/ Is going Speed cin (x, cT)

L Comoving particle P’

V'

P

ontracted length
L =IN1-u?/c?

Proper length L

Fig. 12 (2"-part) Space-proper-time plot makes all objects move at speed ¢ along their cosmic speedometer.

Dual View Space-Space and Space-properTime

Link: http://www.uark.edu/ua/modphys/markup/RelativitWeb.html?scenario=600
Link: http://www.uark .edu/ua/modphys/markup/RelativitWeb.html?scenario=601
Link: http://www.uark .edu/ua/modphys/markup/RelativitWeb.html?scenario=602
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Relating Longitudinal relativity parameter:Rapidity p = log{(Doppler Shift)

to 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
Epstein’s trick 1s to = L sin =L tanhp =L ulc
turn a hyperbolic form ¢t = \/ (ct’)’ —(x’)*  (for Proper time)
into a circular form: [(¢1)’ + (x')? = (ct’)
Then everything (and everybody) always goes speed ¢ through (x’,c7) space!

Proper length
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Dual View Space-Space and Space-properTime

Link: http://www.uark .edu/ua/modphys/markup/RelativitWeb.html?scenario=600
Link: http://www.uark .edu/ua/modphys/markup/RelativitWeb.html?scenario=601
Link: http://www.uark .edu/ua/modphys/markup/RelativitWeb.html?scenario=602
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Review of hyper-trigonometry ( fanhp, sinhp, and coshp, sechp, and cschp, cothp)
and co-trigonometry (  sino, tano, and seco, coso, and coto, csco )

Review of “Occam-sword” geometry and wave parameters for phase and group motion
Wave parameter symmetry points

Yet another view: Epstein’s space-proper-time approach to SR and

Review of proper time relations and basis of Epstein’s cosmic speedometer
Epstein vs Einstein-Minkowski geometry of relativity
Einstein time dilation
Lorentz space contraction
Time-simultaneity-breaking

¥ Velocity addition (Galileo’s Revenge) <
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Relativistic Velocity addition: Galileo s Revenge
Recall rapidity (logarithm of Doppler factor : p, . =1In(AlB)). [ adds like Galilean velocity.

Also, recall that hyper-tangent of rapidity 1s (group u or classical u) velocity: % =tanhp =3
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Relativistic Velocity addition: Galileo s Revenge
Recall rapidity (logarithm of Doppler factor : p, . =1In(AlB)). [ adds like Galilean velocity.

Also, recall that hyper-tangent of rapidity 1s (group u or classical u) velocity: % =tanhp =3
Suppose someone going with rapidity p,=2 toward you. (That 1s u./c=tanh(2)=0.964...)
Suppose they throw something at you with rapidity p»=3. (That 1s us/c=tanh(3)=0.995...)

Then you will see 1t approach you with rapidity p.+s=2+3 =5. (That 1s us+s/c=tanh(5)=0.99909.)
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Relativistic Velocity addition: Galileo s Revenge
Recall rapidity (logarithm of Doppler factor : p, . =1In(AlB)). [ adds like Galilean velocity.

Also, recall that hyper-tangent of rapidity 1s (group u or classical u) velocity: % =tanhp =3
Suppose someone going with rapidity p,=2 toward you. (That 1s u./c=tanh(2)=0.964...)
Suppose they throw something at you with rapidity p»=3. (That 1s us/c=tanh(3)=0.995...)

Then you will see 1t approach you with rapidity p.+s=2+3 =5. (That 1s us+s/c=tanh(5)=0.99909.)

Lower speed example:

Suppose someone going with rapidity p,=.02 toward you. (That 1s u./c=tanh(.02)=0.0199973.)
Suppose they throw something at you with rapidity p»=.03. (That 1s us/c=tanh(.03)=0.0299910.)
Then you will see 1t approach you with rapidity ps+»=.02+.03 =.05. (us+s/c=tanh(.05)=0.049958375.)

Note: us/c+up/c=0.049988337
Too High)
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Relativistic Velocity addition: Galileo s Revenge
Recall rapidity (logarithm of Doppler factor : p, . =1In(AlB)). [ adds like Galilean velocity.

Also, recall that hyper-tangent of rapidity 1s (group u or classical u) velocity: % =tanhp =3
Suppose someone going with rapidity p,=2 toward you. (That 1s u./c=tanh(2)=0.964...)
Suppose they throw something at you with rapidity p»=3. (That 1s us/c=tanh(3)=0.995...)

Then you will see 1t approach you with rapidity p.+s=2+3 =5. (That 1s us+s/c=tanh(5)=0.99909.)

Lower speed example:

Suppose someone going with rapidity p,=.02 toward you. (That 1s u./c=tanh(.02)=0.0199973.)
Suppose they throw something at you with rapidity p»=.03. (That 1s us/c=tanh(.03)=0.0299910.)
Then you will see 1t approach you with rapidity ps+»=.02+.03 =.05. (us+s/c=tanh(.05)=0.049958375.)

Note: us/c+up/c=0.049988337
Too High)

. . . . . . _ ﬁa + ﬁb
So velocity in units of light-speed ¢ is added as follows:  B,., = 1488
al”b

Velocity Addition involves 2et2 =8 — tanh(p +p, )= tanhp, +tanhp,
ab p a p b
C I+tanhp tanhp,
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Relativistic Velocity addition: Galileo s Revenge
Recall rapidity (logarithm of Doppler factor : p, . =1In(AlB)). [ adds like Galilean velocity.

Also, recall that hyper-tangent of rapidity 1s (group u or classical u) velocity: % =tanhp =3
Suppose someone going with rapidity p,=2 toward you. (That 1s u./c=tanh(2)=0.964...)
Suppose they throw something at you with rapidity p»=3. (That 1s us/c=tanh(3)=0.995...)

Then you will see 1t approach you with rapidity p.+s=2+3 =5. (That 1s us+s/c=tanh(5)=0.99909.)

Lower speed example:

Suppose someone going with rapidity p,=.02 toward you. (That 1s u./c=tanh(.02)=0.0199973.)
Suppose they throw something at you with rapidity p»=.03. (That 1s us/c=tanh(.03)=0.0299910.)
Then you will see 1t approach you with rapidity ps+»=.02+.03 =.05. (us+s/c=tanh(.05)=0.049958375.)

Note: us/c+up/c=0.049988337
Too High)

Velocity Addition involves ”—C+b =B = tanh(p +p,) = tanhp +tanhp,

I+tanhp tanhp,
. . . . . . _ ﬁa + ﬁb
So velocity in units of light-speed ¢ is added as follows:  B,., = 1488
al”b
btk 1 4

No longer 1s 2 plus 'z equal to 1. Instead it 1s:

Peork =T %
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Relativistic Velocity addition: Galileo s Revenge
Recall rapidity (logarithm of Doppler factor : p, . =1In(AlB)). [ adds like Galilean velocity.

Also, recall that hyper-tangent of rapidity 1s (group u or classical u) velocity: % =tanhp =3
Suppose someone going with rapidity p,=2 toward you. (That 1s u./c=tanh(2)=0.964...)
Suppose they throw something at you with rapidity p»=3. (That 1s us/c=tanh(3)=0.995...)

Then you will see 1t approach you with rapidity p.+s=2+3 =5. (That 1s us+s/c=tanh(5)=0.99909.)

Lower speed example:

Suppose someone going with rapidity p,=.02 toward you. (That 1s u./c=tanh(.02)=0.0199973.)
Suppose they throw something at you with rapidity p»=.03. (That 1s us/c=tanh(.03)=0.0299910.)
Then you will see 1t approach you with rapidity ps+»=.02+.03 =.05. (us+s/c=tanh(.05)=0.049958375.)

Note: us/c+up/c=0.049988337
Too High)

Velocity Addition involves 2et2 =8 — tanh(p +p, )= tanhp, +tanhp,
ab p a p b
C I+tanhp tanhp,

. . . . . . _ ﬁa + ﬁb
So velocity in units of light-speed ¢ is added as follows:  B,., = 1488
al”b

g o th _1_4
SR E VS A

No longer 1s 2 plus 'z equal to 1. Instead it 1s:

Try out this sum-rule using Minkowski1 graph paper.
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Epstein’s space-proper-time (x,ct) plots (“c-tau” plots)
Velocity §ddition revisitd

CT-axis Geometry of relativistic velocity addition

tanh(p,+p,)= tanhp,+tanhp, where:tanhp=sinG
I +tanhp tanhp,

€« u/c=1/2=tanhp =sinG, —— |

<« u/c=1/2=tanhp =sinc,

(€ v/c=2/3=tanhp =sinG,
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Epstein’s space-proper-time (x,ct) plots (“c-tau” plots)

d

Velocity dddition revisité

CT-axis Geometry of relativistic velocity addition
tanh(p,,+p,)= tanhp,,+tanhp, where:tanhp=s

I+tanhp tanhp,

inc

In ships’ frame:
Bullet going u= ¢
from ship1 passes ship2

t ship2-timet=1 and
1me ‘EZ\/ZS/2=se:chpu

Saturday, April 30, 2016

ship2
shipl shipl
2A5=sinhp =tanc;
3/\/5=c0shp‘,=seccv
(T\[/\B:sinhpuztancu
o Gu 2/\/3=c0shpu=secc5“ GV Shlp2
& we=12=anhp =sinc, L
1 |
|
|
|
\/§ u/c=1/2=tanhp =sinG, ‘ \

2 A |
|
/ |
|
v/e=2/3=tanhp =sinG, > \
|
unit |
circle |
V3/2=sechp =1/coshp,, |
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

0 \4 A4 X-AaxLs

In frame where ships go v=2¢/3:
Bullet going Vueyv= ??

from ship1 passes ship2

at ship2-time t=1 and

at bullet-time TZ\/3/2=sechpu
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Epstein’s space-proper-time (x,ct) plots (“c-tau” plots)

Saturday, April 30, 2016

Velocity ¢

1ddition revisite

CcT-axis

d

Geometry of relativistic velocity addition
tanh(p,+p,,)= tanhp ttanhp

2/N5=sinhp =tanc,

anhp tanhp,,

3/\d=coshp =seco,

where:tanhp=sinG

tanhp, sinhp,, tanhp,,
L =sinc
@« IN3=sinhp ~tano, _ /=singtanc, NN e
— Ou Ouy
1 f€&—— we=1/2=tanhp =sinG, —— P tanhp, coshp,
1 \ =sing,seco,,
I
|
|
u/c=1/2=tanhp =sinc \
2 ‘ pu u |
|
/ |
|
v/c=2/3=tanhp =sinG, > [
I
unit }
circle |
sechp =1/coshp, |
I
V/e=7/8=tanh(p,, )=sinG,, }
=tanh(p,+p,) |
|
|
|
|
I
|
I
|
|
I
|
Y 1 X-axis

In ships’ frame:
ullet going u= ¢/2

In frame where ships go

v=2c/3:

Bullet going Vueywv=7c/8
from ship1 passes ship2
at ship2-time t=1 and

at bullet-time ‘c=\/3/2=sechpu
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—— sinh(p,+p,) 4’T

Velocity addition revi

cosh(p,*tp,)

\

CT-axis Geometry of relativistic velocity addition
tanh(p,+p,, )= tanhp ttanhp
e tanhp tanhp,,

— % >qi hp),:tanov—?
\ 3/\9=coshp =seco,

where:tanhp=sinG

tanhp, sinhp,, tanhp,
L i =sinc
(T%Jé/ﬁsinhpuztanq)“ =sinG, tanc, u
T u 2/\/3:coshp“:sec¢“ GMV
T~
\\
< u/c=1/2=tanhp =sinG, —— tanhp, coshp,
I =sinG,seco,,
V3 L tanhp —i
= \ u/c=1/2=tanhp =sinG,
2 4
/

\/

v/c=2/3=tanhp =sinG,

circle
sechp, =1/coshp,,

V/c=7/8=tanh(p,, )=sinG,,,,
:tanh(p“+pv)

124283

1+(1/2)(2/3) =7/8

‘ coshp sinhp +sinhp coshp =sinh(p, +p )=7/ V15

\ vy X-axis

(coshp +tanhp, sinhp)
(coshpv+tanhpusinhpv)coshpu:coshpucoshpV+sinhpvsinhpV:cosh(p”+pv):8/\/15

\J

\J

\In ships’ frame:

In frame where ships go v=2¢/3:

Bu Bullet going Vueywv=7c/8
from shi i from ship1 passes ship2

at ship2-ti and at ship2-time t=1 and

at bullet-time =\ 3/2=sechp at bullet-time T=\/3/2:sechpu
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lcT-axis

\

tanhp =u/c=172=st

tanhp =v/c=2/3=sin¢,

tanhp  =u/c=7/8=sin¢,,

u

=sin! (tanhp)=0.7297=41.8°
0, ~Stl(tanhp, )=1.06543=61.04° Cosh(p,p,

vV

p,=tanh™(1/2)=0.54930

_\ ~tanh(2/3)= 0.80472

P Tank(7/8)= 1.35402=p +p,

0, =sin"! (tanhp )=0.5236=30°

Si nh(pUer L) %

2/ inhp ~tang-
\ =£0s hpv:se co ;
tanhp sinhp, tanhp,
si =sin
/\3=sinhp,=tang,— —— =sing tang,, 3
2/f3=coshp,=secq v ¢MV
«——u/c= p,=sing, ———p| tanhp,coshp, /
1- =smng seco,
V3 ) B / \
< u/c=1/2=tanhp,=sing,,
2 / \
\:/,f < Vv/c=2/3=tanhp =sing /

i}

o

I|,’ 20°

\3/2=sechp =1/coshp,,

Y]

/3

8=tanh(p,, )=sing
=tanh(p,+p,)

~\

s

\J

coshp,sinhp +sinhp coshp, =sinh{p,+p,)= 715
X-dXLS

V4 (coshp ;+tanhp smhp )

In ships’ fram

c:
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ip2-tipe T=1 and
time 1:=\/3/2zsechpu

-

(coshp ;+tanhp,sinhp )coshp,=coshp,coshp ;+sinhp sinhp,=cosh(p,+p,)=815

In frame where ships go v=2¢/3:
Bullet going Vusyv=7c/8

from shipl passes ship2

at ship2-time T=1 and

at bullet-time 1=\3/2=sechp _
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Review of hyper-trigonometry ( fanhp, sinhp, and coshp, sechp, and cschp, cothp)
and co-trigonometry (  sino, tano, and seco, coso, and coto, csco )

Review of “Occam-sword” geometry and wave parameters for phase and group motion
Wave parameter symmetry points

Yet another view: Epstein’s space-proper-time approach to SR and

Review of proper time relations and basis of Epstein’s cosmic speedometer
Epstein vs Einstein-Minkowski geometry of relativity
Einstein time dilation
Lorentz space contraction
Time-simultaneity-breaking
Velocity addition
> Twin-paradox resolution in space-proper-time «ga
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Epstein’s space-proper-time (x,c7) plots (“c-tau” plots)

Twin-paradox

T B

revisited

- {C *******************
way older than

A inbound

A outbound B
Stationary

A outbound

Both A and B end up younger by equal amounts

Xp

Saturday, April 30, 2016

83



Epstein s space-proper-time (x,cT) plots (“c-tau” plots)

Twin-paradox revisited

T B .. T =
way older than way older than
A | AN A
B
stationa
Y inbound
BN
A . Olderthan A\ B
A younger than
A
A outbound B A outhound
stationary
*B *p
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Review of hyper-trigonometry ( fanhp, sinhp, and coshp, sechp, and cschp, cothp)
and co-trigonometry (  sino, tano, and seco, coso, and coto, csco )

Review of “Occam-sword” geometry and wave parameters for phase and group motion
Wave parameter symmetry points

Yet another view: Epstein’s space-proper-time approach to SR and

Review of proper time relations and basis of Epstein’s cosmic speedometer
Epstein vs Einstein-Minkowski geometry of relativity
Einstein time dilation
Lorentz space contraction
Time-simultaneity-breaking
Velocity addition
Twin-paradox resolution in space-proper-time «ga

= Spectral details of per-spacetime 4-vector (wo,ws, wy,w;) =(w,cky,cky,ck:) transformation
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Spectral details of Lorentz boost of North-South-East-West plane—wave 4-vectors (wo,wx,wy,w:)

North kx-axis
R
‘\\\:N\‘_\ A / 7 ”
& %
N %
West :E st
E = k--axis
= Lorentz boostpy =30° glves':“
Lighthous @‘”fr'/ ‘Sth f rame O
view (w,cK) ""f---l"ﬂr s view (W, cK’) u/c = sin Q‘ 1/2 T A
of wave-vectors  South of wave-vectors u/c=tanh p= 2 e South! — I

wotano=wosinhp=1/A/3
South starlight in lighthouse frame is straight down x-axis : (a) 1sCk, ¢>Cky 1-Ck, i) = (a)o ,— 0 ,0,0)

+p_-rapidity ship frame sees starlight Lorentz transformed to :(a)l,ck)’c ¢,ck; 1-ck; i) = (a)o coshp_,-w,,0,—® sinh pz)

o} coshp, - - —sinhp,_ o) coshp, - - —sinhp_ W, g coshp_ ,seco
cky| _ : 1 - : ck,| _ : 1 - . —w, |_ —0, _ =)
ck’| - -1 : ck,| : -1 : 0 0 0
ckl| —sinhp, - - coshp, ck_| —sinhp_ - - coshp, 0 —®sinh p_ —, tano
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Lecture 27 discusses Lorentz boost of North-South-East-West plane-wave 4-vectors (wo,wx, Wy, w:z)

North) ke-axis orth’ kx -a
PR ! I iy, S A
«5 ", sino= (e
\\\\ Ve > 2
£ 2 anhp=wo/2
WesE 2 5
_: ;_faSt SECT _wotano Red e {
= S z-AX1S Blue shift woe™ T Edst
/} : é)b o@ Ak
3 s/ Wo &
& N\
nghthouse; \Shlp fmme 07
/ , \ ; na )
view (w,cK) i e view (W,ck/)  u/c=sIn (}' 1/2 9 o
of wave-vectors  South of wave-vectors u/c=tanh p= 2 e Saut_l_z_’ ______ I ,

>L0rem‘z boost by 5=30° or ¢ =\3

For ship going u=c tanh p along z-axis

wotano=wesinhp=wo/\3

West starlight (00,0,0,- ) is blue shifted by e""=coshp+sinhp and East starlight (w,,0,0,+a,) is red shified by e*=coshp-sinhp

Blue shift factor is e "=coshp+sinhp=seco+tano

Saturday, April 30, 2016

CO, . +p ’ _
kf cosh p.+ sinh P, Wge "2 w_, cosh p,— sinh P, e Pz
C ’
X< —w O — O Ckx% O O
Ck, 0 O O ’ = wO -
Y& - h Cky% 0 0
’ —S1n — COS + .

Red shift factor is e"=coshp-sinhp =seco-tano




Faster Lorentz boost of 5-60°=1.047 E
North-South-East- West 0=1.317
plane-wave 4-vectors (wo,ws,wy,w:) el'=2+3

N — o) +p — i . e'p=2-\/3

>Lorentz boost by 6=60° or e =243 > Lotant=wsinhyp wiseco=wocoshy

. = 1
" 1
- R, '
o = ]
v . \\‘ 1

" o
P - :

v L

7 N 1
s, L —_— [
o RS — 1
"oy AT 1
- Liifry TV '
Ly, : 1

Lighthouse - t?%ip—fmm

. . / ,
view (w,cK) view (W',ck’) e = sin 6=v3/2
of wave-vectors of wave-vectors wc=tanh p=v3/2
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Faster Lorentz boost of 5-60°=1.047 E
North-South-East-West =1.317
plane-wave 4-vectors (wo,wsx, wy,w:) el’=2+3

N —£NO +p — - =23

gLorentz boost by 0=60" ore? =2 3 > wotano=wosinhp woseco=wycoshp

_
>

+ Wosins =wotanhp
¢ A

wrbitrary
?

West Blue shift woe™? =wo(2+V3)

5. g

Lighthouse Ship-fram _____________0 ti:’_ ______________________
. . / /

view (w,cK) view (W, ck’) u/c = sin 6=3/2

of wave-vectors of wave-vectors w/c=tanh p=v3/2
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Faster Lorentz boost of
North-South-East-West
plane-wave 4-vectors (wo,wx, wy,w:)

>L0rentz boost by =60° or e™? —2+4/3 >

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

?

West g

g s

Lighthouse Ship-fram

. . / /
view (w,cKk) view (W', ck’) e = sin 6=3/2
of wave-vectors of wave-vectors w/c=tanh p=v3/2

Let lab starlight ray at polar angle ¢ have kT 0 = wy (1,cos 0,0,-sin /). Then ship going u along z-axis sees :
o’ coshp_ - - —sinhp_ O coshp_+sinh p_sin® seco +tan o sin O
ckire : 1 - : @ cos6 cosf cos6
CkyTG : -1 : 0 0 0
o —sinhp_ - - coshp. —m,sin6 —sinh p_—cosh p_sin6 —tano —seco sin6
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Faster Lorentz boost of ' :
North-South-East-West - wosecosinb > wotano >
plane-wave 4-vectors (wo,wx,wy,w:) 2

AN — £NO° +p — . :
_Lorentz boost by 6=60° or e =2 +43 >; wotant =wysinhp g woseco=wocoshp

; NG N i o
LT IS incy .
wrbitrary i \‘ i
> wocosh : E
West}; ' F

& =~ M"

Lighthouse Ship-fram

. . / /
view (w,cKk) view (W', ck’) e = sin 6=3/2
of wave-vectors of wave-vectors w/c=tanh p=v3/2

Let lab starlight ray at polar angle ¢ have kT 0 = wy (1,cos 0,0,-sin /). Then ship going u along z-axis sees :
o’ coshp_ - - —sinhp_ O coshp_+sinh p_sin® seco +tan o sin O
ckire : 1 - : @ cos6 cosf cos6
CkyTG : -1 : 0 0 0
o —sinhp_ - - coshp. —m,sin6 —sinh p_—cosh p_sin6 —tano —seco sin6
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Faster Lorentz boost of ,

North-South-East-West - wosecosing > wotanoc S
plane-wave 4-vectors (wo,wsx,wy,w:) :

N — £N° +p — . ;

>Lorentz boost by 5=60° or ¢ =243 > wotant=tosinhp i woseco=wocoshp

wrbitrary
?

West}g

§ o

Lighthouse Ship-fram

. . / /
view (w,cKk) view (W', ck’) e = sin 6=3/2
of wave-vectors of wave-vectors w/c=tanh p=v3/2

Let lab starlight ray at polar angle 0 have k| 0 = wy (1,cos 0,0,-sin (/). Then ship going u alc

ng z-axis sees :

W’ : : :
,T9 coshp_ - - —sinhp_ 0 coshp_ +sinh p_sin® seco +tano sinf
k1o _ - 1 - : Wy cost | o cosf — cosf
ck;Te —sinhp_ - - coshp. —m,sin6 —sinh p_—cosh p_sin6 —tano —seco sinf
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Faster Lorentz boost of \
North-South-East-West —0SECT sinf > wotan >

plane-wave 4-vectors (wo,wx, wy,w:) :
>L0rentz boost by =60° or e™? —2+4/3 >

wotans=cpsinhp § woseco=wycoshp

N\
N\

es Loréntz \
f affect vects '

wrbitrary
%

} it
West Blue shift woe™? =wo(2+V3) Red shift WOe'pE

The spectral ellipse(oid)

-

Lighthouse Ship-fram South’

. . / /
view (w,cK) view (w',ck’) u/c = sin 6=\3/2
of wave-vectors of wave-vectors u/c=tanh p=V3/2

Let lab starlight ray at polar angle ¢ have kT 0 = wy (1,cos 0,0,-sin /). Then ship going ax1S Sees :
o’ coshp_ - - —sinhp_ O coshp_+sinh p_sin® seco +tan o sin O
ckire - 1 - : @ cos6 cosf cosf
CkyTG : -1 : 0 0 0
o —sinhp_ - - coshp. —m,sin6 —sinh p_—cosh p_sin6 —tano —seco sin6
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Faster Lorentz boost of
North-South-East-West
plane-wave 4-vectors (wo,wx, wy,w:)

>L0rentz boost by =60° or e™? —2+4/3 >

woseco=wycoshp
----- e - — ‘I
____________________ — \\(\\\T—lmr Y —— .
7y : SO P o W Ay '
es Loréniz ; S, LS
f affect vects &S 95
,:\:1\6()

wrbitrary
%

HIHHI\HH‘ I
i

TN
T i ‘\"F"'
O
-
-

f—
-~
-’
9)

(!

< \\ { \

pe— 65° -165° W \\\\\
S ) N T, AT ettt RS
Li ghthouse Shlp frame South’
/
view (w,cK) view (W', cK’) e = sin 6=3/2
of wave-vectors of wave-vectors w/c=tanh p=v3/2

Let lab starlight ray at polar angle ¢ have k| ¢/ = wy (1,cos 0,0,-sin /). Then ship going

0y : : :
,T9 coshp_ - - —sinhp_ 0 coshp_ +sinh p_sin® seco +tano sinf
k1o _ - 1 - : Wy cost | o cosf . cos6
Ck;/m : -1 : 0 0 0 0 0
ck;Te —sinhp_ - - coshp. —m,sin6 —sinh p_—cosh p_sin6 —tano —seco sinf
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Space-Space I | | Spectral Ellipse {PerSpace-PerSpace} v (Controls) (Comextual) (Set ISM) (User‘s Cuide)

ky

x-Space-y-Space Plot of wavefronts
dropped by CW or PW source
moving atu = 0.80c wrt. observer
Veroup/c = I:J/C =0.80

Vphase/c = c/u\= 1.25

Inc. Pol. 20 =052 Radians

Shifted 20 = 0.93 Radians
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Light-cone-sections are hyperbol
Main Lighthouse on (x=0,y=0) time line
North Lighthouse-1 on (x=0,y=1) time line

Narth Lighthouse

Fig.2.B.5 Space-Space-Time plot of world lifesfor Lig
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ighthouse blinks trace x==xct “V”-lines thru egch tipe ¢
Lighthouse- Nplinks trace x*-(ct)’=1 hyperbblas tifed egt:

SN

ouses. North Lighthouse blink waves trace light cones.
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