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Relawavity: Relativistic wave mechanics V. Velocity geometry
(Unit 3 p.28-42 - 4.21.16)

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

Relating velocity parameters 5=u/c to rapidity p to k-angle o 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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A neo-liberal trigonometry lesson (sine, tangent, and secant)

S e y ( sino, tano, and  seco)
m& (o) = 0.4805
Length(o) = 0.4805 — —t—
Area(0) = 0.4805 —

sin(o) = 0.4622
tan(o) =05212
sec(0) = 1.1277
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For unit circle OA=1

Ifnilg 0 1:904§ (S’: adians RelaWavity Web Simulation
re o L=v. cm Unit Circle

Total Area ABOA'B’
12 =0.48 cm?
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Circular Functions )F
mi(o)= 1.0020
Length(o) = 1.0020
Area(o) = 1.0020

sin(o) = 0.8425

tan(o) = 1.5642
sec(0) = 1.8566

A neo-liberal trigonometry lesson (sine, tangent, and secant)

( sino, tanoc, and  seco)

e B A One-Radian angle o has

arc-length equal to radius
oc=10A=AB=0B

ian(o)

For unit circle OA=1

Angle o =1.00 radians
ArcAB o-1=1.00 cm

Total Area ABOA'B’
ao-12 =1.00 cm?

A

A One-Radian angle o also
has a diameter-swept area

equal to its radius squared
o=1(0A)?=(AB)?’=(0B)?

RelaWavity Web Simulation
Unit Circle
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A neo-liberal trigonometry lesson (sine, tangent, and secant)

Circular Functions )'_

m4(o) = 1.1958

Length(c) = 1.1958 T

Area(o) = 1.1958

sin(o) = 0.9305
tan(o) =2.5408 .
sec(0) = 2.7305 yd

'y,

( sino, tano, and  seco)

tan{o)

sec(0) — :

B/

For unit circle OA=1

Angle o =1.19 radians
ArcAB o-1=1.19 cm

Total Area ABOA'B’
o-12 =1.19 cm?

RelaWavity Web Simulation
Unit Circle
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A neo-liberal fl/'l.gOI’lOWIQZLI’:)/ lesson (sine, tangent, and secant)

ot Fonctone y ( sino, tanoc, and  seco)
m4(0) = 2.6006
Length(o) = 2.6006

Area(o) = 2.6006

sin(o) = 05150
tan(o) = -0.6008
sec(0) = -1.1666

B

tan(o)" sin(o)

gﬁ V. sec(0) =

_——

/

For unit circle OA=1

Ifnilg v 123262 (; adians RelaWavity Web Simulation
re o2 0U cm Unit Circle

Total Area ABOA'B’
.12 =2.60 cm?
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A neo-liberal triganametry lesson (sine, tangent, and secant)
: ( sino, tanoc, and  seco)

Circular Functions
mi(o)=3.1388
Length(o) = 3.1388
Area(o) = 3.1388

sin(o) = 0.0028
tan(o) = -0.0028
sec(0) = -1.0000

— i) =

For unit circle OA=1

Angle o =3.14 radians . | |
ArcAB o-1=3.14 cm RelaWavity Web Simulation

Unit Circl
Total Area ABOA’B’ nit Circle
o-1? =3.14 cm?
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A neo-liberal trigonometry lesson (sine, tangent, and secant) functions of angular sector area o
= Complimentary functions (... cosine,and cotangent, cosecant)
Hyper-trigonometry of ( tanhp, sinhp, and coshp, sechp, and cschp, cothp)
Functions of hyper-angular sector area p related to functions of o
Each circular trig function has a hyperbolic “country-cousin” function
...and big-party fun was had by all!
Pattern recognition aids and “Occam-sword” geometry

Relating velocity parameters G=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

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, wy, wy,w:) =(w,cky,cky,ck;) transformation
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A neo-liberal trigOnOmetry (sine, tangent, and secant, cosine)

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

sin(o) =0.7540
tan(o) = 1.1477
sec(0) = 1.5223

cos(o) =0.6569

y (sino, tano, and seco,cosc)

J
Sag s

o RelaWavity Web Simulation

I Unit Circle
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Circular Functions
mi(o) = 08541
Length(o) = 0.8541
Area(o) =0.8541

sin(0) =0.7540
tan(o) = 1.1477
sec(o) = 1.5223

cos(o) =0.6569
cot(o)=0.8713

y (sino, tano, and

A neo-liberal trigOnOmetry (sine, tangent, and secant,cosine,and cotangent)

seco,coso, and coto)

NI

RelaWavity Web Simulation
6 Fundamental Trigonometric Functions
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A neo-liberal tr iganameﬂy (sine, tangent, and secant,cosine,and cotangent, cosecant)

Circular Functions Y (sino, tano, and  seco,coso, and coto, ¢sco)

mi(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
cse(o) = 1.3271

—

T RelaWavity Web Simulation
] 6 Fundamental Trigonometric Functions
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A neo-liberal trigonometry lesson (sine, tangent, and secant) functions of angular sector area o
Complimentary functions (... cosine,and cotangent, cosecant)
%  Hyper-trigonometry of ( fanhp, sinhp, and coshp, sechp, and cschp, cothp)
Functions of hyper-angular sector area p related to functions of o
Each circular trig function has a hyperbolic “country-cousin” function
...and big-party fun was had by all!
Pattern recognition aids and “Occam-sword” geometry

Relating velocity parameters G=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

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, wy, wy,w:) =(w,cky,cky,ck;) transformation
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A Hyper -tri ganometrjy Hyper-(sine, tangent, and secant,cosine,and cotangent, cosecant)
(sino, tanoc, and  seco,coso, and coto, csco)

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

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

sin(l0)=07%3s NG
tan(o) = 1.1461 s -~
sec(0) = 15210 cot(o) =csch(p)

cos(0) =0.6575
cot(o) = 0.8725 i
csc(o) = 1.3271

<]— cos(0) = sech(p)
csc(o) =kooth(g)
i tan(0) = sinh(Q)

-0 5

sin(0) = tanh(Q)

—

DS
L

sec(0) = cosh(p)

RelaWavity Web Simulation
Transition to Hyperbolic Functions
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A Hyper -tri ganometry Hyper-(sine, tangent, and secant,cosine,and cotangent, cosecant)

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
o =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

(sino, tano, and

cot(o) =csch(p)

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

b 1) 5

0s

ke sec(0) = cosh(p)

seco,coso, and coto, ¢sco)

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

tan(o) = sinh(Q)

-

RelaWavity Web Simulation
Transition to Hyperbolic Functions

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

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

K =
-
L -
-
-
p
.
-
-
P
”
-~
p
’
" ’
'
4
'

Circular Functions

mi (o) = 0.8534 e =0.9810

Length(o) = 0.8534

Area(o) =0.8534 Area(p) =
in(o) =0.7535 tanh(p) =0.753

o)= 1.1461 sinh(p) = 1.1461
cosh(p)= 15210

sech(p) = 0.6575 — i,
8725 csch(p) = 0.8725 ~\
coth(p) =1.3271

pot(u) =csch(p)

1

<l— cos(0) = sech(p)
csc(0) = coth(p)

sin(0) =tanh(p)  tan(o) = sinh(Q)

Sl S

b sec(0) = cosh(p) —

RelaWavity Web Simulation

Dual parameterization - p and O
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A neo-liberal trigonometry lesson (sine, tangent, and secant) functions of angular sector area o
Complimentary functions (... cosine,and cotangent, cosecant)
Hyper-trigonometry of ( tanhp, sinhp, and coshp, sechp, and cschp, cothp)
2 Functions of hyper-angular sector area p related to functions of &
Each circular trig function has a hyperbolic “country-cousin” function
...and big-party fun was had by all!
Pattern recognition aids and “Occam-sword” geometry

Relating velocity parameters G=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

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, wy, wy,w:) =(w,cky,cky,ck;) transformation
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The straight scoop on “hyper-angle” and “rapidity” (They’re area!)

y/x%xtanh 0 =y/c

-1.0

Area
2

1 .
@ = —base Taltztude — area under curve =

Area

2—

-0
W

<

y=sinh p

————x=cosh P

1
—xy—|vdx
S [y

The “Area’” being calculated is the
total Gray Area between hyperbola
pairs, X axis, and sloping u-line

Thursday, April 21, 2016
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The straight scoop on “hyper-angle” and “rapidity” (They’re area!)

The “Area’” being calculated is the

W\N@ total Gray Area between hyperbola
y/x*xtanh 0 =wy/c | pairs, X axis, and sloping u-line
Area
1.0 N : X
Area .
2 y=sinh p
———=Xx=cosh P Useful hyperbolic identities
2
p_,P -
@ = lbase {altitude — area under curve = lxy —[ydx sinh? p= € ¢ =l(ezp te 2P - 2) = cosh2p—1
2 — 2 2 4 2
Area =lsinhpcoshp—jsinhp d(coshp) P —ePVNePte ) 14, oy 1
2 sinh p cosh p= :—(e P—e p):—sinh 2p
d(cosh p)=sinh pdp 2 2 4 2

Thursday, April 21, 2016 18



The straight scoop on “hyper-angle” and “rapidity” (They’re area!)

The “Area’” being calculated is the

W\W\@ total Gray Area between hyperbola
y/x*xtanh 0 =wy/c | pairs, X axis, and sloping u-line
Area
-1.0 2 X
Area .
2 y=sinh p
———-X=cosh 0 Useful hyperbolic identities
1 | 1 P Y 1 h2p—-1
€A ~ baseYaltitude — area under curve = —xy—Jydx sinh? p= i :_(62p+e—2p_2): coshop—
2 — 2 2 4 2
Area 1
= —sinh pcosh p — | sinh p d(cosh 6_,-0
2 P p-] P ( p) sinh@ cosh@ =| &—° _20)=l sinh26
d(cosh p)=sinh pdp 2 2
1

Area 1 .

[coshap dp =—sinhap
a

— —sinh pcosh p — [sinh?
5 = sinhpcoshp J

pdp= isin(p— | cosh2p

2

Thursday, April 21, 2016
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The straight scoop on “hyper-angle” and “rapidity” (They’re area!)

The “Area’” being calculated is the

W\N@ total Gray Area between hyperbola
y/x*xtanh 0 =wy/c | pairs, X axis, and sloping u-line
Area
1.0 N : X
Area .
2 y=sinh p
———=Xx=cosh P Useful hyperbolic identities
1 1 p_ep Y 1 h2p—1
€A ~ baseSaltitude — area under curve = — xy — [ y dx sinh? p={ =——° =—(e2p +e 2P —2)= e
2 — 2 2 4 2
Area _ lsinh pcosh p—[sinh p d(cosh p) oP _o~P S
2 sinh p cosh p= e?P— P J=—sinh2p
d(cosh p)=sinh pdp 2
Area 1 .

1 .
= sinh peoshp — | Sinthdpisin{w“shiwaw

= lsinh2p—isinh2p+j% dp

Amazing result: Area = p is rapidity

Thursday, April 21, 2016 20



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

Relating velocity parameters G=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

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, wy, wy,w:) =(w,cky,cky,ck;) transformation
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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,

colo, cSco) )

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

cot(u) csch(p)

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

™ 1

0) = sinh(Q)

(Circular 0 )
versus

(Hyperbolic ,0)

-

RelaWavity Web Simulation

Dual parameterization - p and O

N\
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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

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

perbolic Functions

((sino, fanc, and seco,coso,

and  cofo, ¢sco) )

Y (tanhp, sinhp, and cos

T sechp, and cschp, cothp)

(Circular 0 )
versus

RelaWavity Web Simulation

o Relations

AN
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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

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

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

 (tanhp, sinhp, and cos

T sechp, and cschp, cothp)

sinh(p)

RelaWavity Web Simulation
Occam's Swords

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

Circular Functions
mi(o) = 10012
Length(o) = 1.0012
Area(o) =1.0012

(sino, tanc, and  seco,coso, and
perbolic Functions Y (tanhp, sinhp, and coshp, sechp, and

tanh(p) =0.8421
sinh(p) = 1.5615
cosh(p)= 18543

sech(p) = 0.5393
csch(p) = 0.6404
coth(g) =1.1875

tan(o) = sinh(Q)

coto, ¢sco)
cschp, cothp)

tan(o) = sinh(Q)

i sec(o) =cosh(p)

(Circular o )

Versus
CHyperbolic p)
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A Hyper -tri ganometrjy Hyper-(sine, tangent, and secant,cosine,and cotangent; cosecant)
(sino, tano, and  seco,coso, and coto, csco)

perbolic Functions Y (tanhp, sinhp, and coshp, sechp, and cgChp, cothp)

Circular Functions
md (o) = 1.2089
Length(c) = 1.2089
Area(o) = 1.2089

sinh(o) = 2.6418
= 2.8247 cosh(Q) = 2.8247

sech(p) = 0.3540
csch(p) = 0.3785 -
coth(p) = 1.0692

tan(o) = sinh(p)

—

L sec(0) = coéf;(g)

(Circular o )
versus

CHyperbolic p)

SameL¥k
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A Hyper -tri ganometry Hyper-(sine, tangent, and secant,cosine,and cotgfigent, cosecant)

(sino, tanc, and  seco,coso, a coto, ¢sco)

Circular Functions perbolic Functions } (tanhp, Sln]’l,O, and COSh,O, S€Ch,0, d CSChp, COﬂ’l,O)
mZ(0) = 1.5568 0 =4.9624 I
Length(c) = 1.5568 K

Area(o) = 1.5568 Area(p) 24
in(c) = 0.9999 tanh(p) = 0.9999 :
)= 71 4639 sinh(p) = 71.4639 L
) = 71.4709 cosh(p) = 71.4709 ol -

sech(g) = 0.0140 _— ot .
csch(p) = 0.0140 -
coth(p) =1.0001

u/c=tanhp=0.999901
- for p=4.96

” (Circular o )

Versus
CHyperbolic p)

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

Relating velocity parameters G=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

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, wy, wy,w:) =(w,cky,cky,ck;) transformation
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Circular Functioris Hyperbolic Functions
mi(o)=0.5435 } 0=06%931

Atea(g) =0.6931

A Hyper—triganametry Hyper-(sine, tan

(Sinoy

(tanhp,

gent, and secant,cosine,and cotangent, cosecant)
fowo, and  seco,cos apd-. | coto, csco)

siNgp, and coshp, sechyAnd éf’sghp, cothp) .

'l N
g s ” N “ 3 “\0'\
sin(0) =0.6000 %\ ,* tamh(Q)=06000 _ >N~ — _ | N o N-d-eo__ '
tan(0) =0.7500 3\ sinh(g)=0.7500_ - \ ¢
sec(0) = 1.2500 .° % )= L&S(X) cot(0) =csch() N\ LN T ~.
cos(c) = 0.8000 00 @@
cot(0) = 13333 S N
cse(0) = 1.6667 QMY
l' / \\
I’ / \‘
I’ / \\
L/ !
I" / \I\
“l / \“
'/ \
i \
! i
. 2
? L 1 1 1 1 T
| i
]
: i
\ )
'|\ ] 'l
l‘\ ')
'\ '
\\\ \ ":
l\‘ \ "l
\\ \ 'l
\‘ \ ;. ’I
\\‘ \ 'll
\ _f':. N / e
RelaWavity Web Simulation ST
Detailed dual relations -~ _ -~ [/ N C O N~b-__ oo .- 1
/ / 0 ese(0) = coth() ——— T
i " ~ \ ’ ’ : \
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A neo-liberal trigonometry lesson (sine, , and ) functions of angular sector area
Complimentary functions (... cosine cotangent, cosecant)
Hyper-trigonometry of ( 0 0 coshp 0 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 rapidity p to k-angle o 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

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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Pattern recognition: “Occam s Sword” _

Fig. 5.10 CW cosmic speedometer.

Geometry of Lorentz boost of counter-propagating waves.

———
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!
I
I

\kz

\
\
|
|

|

‘ sinh p & l«— cosh p —>
<— cosh L ——>

<« P=sinh p+coshp __ 5

k(¢ mm—
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B

=ge
Pattern recognition aid: “Occam's Sword

Fig. 5.10 CW cosmic speedometer.

Phase angle UV

Geometry of Lorentz boost of counter-propagating waves

—
”——
-

—_———-—-
t -

vV

O

C
I
I
I

\
\
|
|
|

‘(— —>! sinh p

<— cosh p —>
<—cosh p ——>

< cP=sinh p+cosh p >

k(¢ mm—
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Pattern recognition aid: “Occam's Sword”

Fig. 5.5

Relativistic wave mechanics geometry.

(a) Overview.

—_—
—

(C) Basic construction given u/c= 45/53 (d) u/c=3/5 (b-d) Details of contacting tangents.

\
\

I
n
N
N
Co

/
/
/
/
/
/
% £45/53
// u/c =1 e
/ /
/ O L =4/5
/ /
// /
-L+28/45 )/
/ //
/ /
| [
[ /
[ [
| |
e P=2/7 / cp=45/28 l’ e'le/z
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A neo-liberal trigonometry lesson (sine, , and ) functions of angular sector area
Complimentary functions (... cosine cotangent, cosecant)
Hyper-trigonometry of ( 0 0 coshp 0 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

2 Relating velocity parameters G=u/c to rapidity p to k-angle o 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

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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Relating Longitudinal relativity parameter:Rapidity p = log{(Doppler Shift)

to lransverse relat1v1ty parameter: Stellar aberration angle O

Circular Functions

sin(0) = 0.6000 I
tan(o) =0.7500 :
sec(0) = 1.2500 |

tan(o) 't;‘m( )
‘ “4

sin(o) \tznm)

see(o)

A

Total

circular S/
sectors <N
N/
area=o S/
O/

RelaWavity Web Simulation
Geometry of Stellar Aberation Angle
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Relating Longitudinal relativity parameter:Rapidity p = 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 /
fr— (

0,

Total
circular
sectors
area=o

\. Y

RelaWaVity Web Simulation

Geometry of Rapidity Relations

—

-
\\ ”
“ ——
S — ———— —
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Relating Longitudinal relativity parameter:Rapidity p = log{(Doppler Shift)

to Transverse relativity parameter: Stellar aberration angle

. : , )
Circular Functions Hyperbolic Functions

sin(o) = 0.6000 tanh(p)="0.6000
tan(o) =0.7500 | sifth(p) = 0.7500
sec(0)=1.2500 ) _~ | cosh(p)=1.2500

sinh p =tano

/o U %1
tanh p =sing = —=(F=tan v }
‘ C
: b sinBed)  sinh(o)
Total | ; h(’g) |
hyperbolic
| sectors
| area=p e \

/
/
I
I
* |
& _/' 06 |
: ¢\ — L. - { coshfo) .
0, \ 1
| \
\
\
\

- \
[otal \
circular | \ .
sectors | \ Y/
— \ “ '\‘\. / \\
area=o | 4
=05 N\ Y
\\ O/

RelaWavity Web Simulation
Geometry of Rapidity Relations
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-~ "
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S — —— ——_’

Thursday, April 21, 2016 38


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

A neo-liberal trigonometry lesson (sine, , and ) functions of angular sector area
Complimentary functions (... cosine cotangent, cosecant)
Hyper-trigonometry of ( 0 0 coshp 0 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 rapidity p to k-angle o to u/c-angle v

2 Reclating 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

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

v/= W Vo
axis An aid to
(Units of 300THz) pattern recognition:
I/ 4
Occam'
3 Sword
. (u/c=3/5)
, Bsinh p ! | Om\e ’ W C’ Bsinh p !
\ ¢ p,c'wcw 4\ AN / .
. _
\ P S\O Q o :
OA ; m““ et P = VAN
C-x\ﬂc\@ ’ S\ Doppler
v Btanh p ) blue-shifi | A|Btanhp sechpl a
: stellar " i stellar S §
1 angle o § angle o o
A ol =
<
Be? T §
Be® o Doppler Q
DoppZ?r /_/..-/ red-shift
red-shift //,-/" / i
Y ~ CR™ v v
-1 9, / O A" C
-< Besch p > axts
<I—Br—(— >
Red shift

RelaWavity Web Simulation
{perSpace - perTime All}
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V= W on
ax;go An aid to
Units of TH: ..
(Units of 2 R pattern recognition:
L —4 i
G
& Occam'
. Sword
aC
S (u/c=3/5)
sinh p P' b ﬂ“@d s C’ sinh p !
'Y‘de Ov‘(\S X P: Y Al
pd ] 1T e y
\0 o
K $& Ov“\(\ N e+p P = - — k
Doppler ///
A tanh p / G blue-shift | A|Btanhp sechp, a
\ X
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L S Q
B — IL o O (o}
=X =
N e P T S
; = -
e P 2 » Doppler
— = red-shift
1% v A K T C
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2 | —| Table of 12 wave parameters
oee o | 1e” | sino tan o COSO seco coto csco | 1l/e” f 1 . .
o | | 8 | 3 Bl 1 B (mcludes 1nverses) or relativity
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1 3 3 4 5 4 5 2 RelaWavity Web Simulation
value for ——=05| =06 ==075| —=0.80 ==125 —=1.33 —=167 | —=2.0 .. %%
p=3is 2 5 4 5 4 3 3 1 Relativistic Terms (Dual plot w/expanded table)
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A neo-liberal trigonometry lesson (sine, , and ) functions of angular sector area
Complimentary functions (... cosine cotangent, cosecant)
Hyper-trigonometry of ( 0 0 coshp 0 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 rapidity p to k-angle o to u/c-angle v

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

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

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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Parameter-space symmetry poznts

Doppler blue-shift et =2 2 — > Tv. o | 2. « T c | oo
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Phase velocity CO'[hp =h/3 1.7 E_ 1 SZ’;‘ZZ l/e'? | sinc  tano Coso  secO coto csco | l/e”
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0.9
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07 - T
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/ 0.4
// 0 Group
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0.2 )
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A neo-liberal trigonometry lesson (sine, , and ) functions of angular sector area
Complimentary functions (... cosine cotangent, cosecant)
Hyper-trigonometry of ( 0 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

Thursday, April 21, 2016



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)-

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

We used notion O
for stellar-ab-angle,

(a “tlipped-out” 0 ).

et
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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 used notion O

Observer going u sees star at angle(J in u dzrectzon for stellar-ab-angle,

s (a “tlipped-out” 0 ).
i% Stellar aberration angleO: *S O S
c tanhp—-u—c/sm(f

y

k()

@ Bookstores.com
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Epstein seemed resistent to 0 analysis or relations between O and Q.
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A neo-liberal trigonometry lesson (sine, , and ) functions of angular sector area
Complimentary functions (... cosine cotangent, cosecant)
Hyper-trigonometry of ( 0 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 Proper time 79 and proper frequency wy

ck | _ coshp sinhp ck’ x ) coshp sinhp v
w | | sinhp coshp @’ ¢t ) | sinhp coshp ct’

Hyperbolic invariants to Lorentz transformation

Per-space-time invariant: Space-time invariant:
2 2 2 7N\2 7N\2
w; =" —(ck)’ =" —(ck’)’ (cTy)” =(ct)" —x" =(ct’)” = (X)
wo is called “proper frequency” or rate of “aging” 70 is called “proper time” or “age’:

\ C2k2 Czk,z \ x2 X,z
a)oza) 1— 5 :a), 1— 5 Tozt 1- 2=ZJ 1- )
0, 0 (ct) (ct’)
2 2 2 ’2
= /1— i =’ /1— fz — /1_u_=t' h_u
Vphase Vphase C 2 C 2
0= —20 ® = al

_ _ Coordinate time t dilates to greater than Ty
k2 k/2
1- 1-
\/ (cw)’ \/ (co’)?

_ w,

6OO
C2 C2
1 B V2 1 o V/2
phase phase
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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 used notion O

Observer going u sees star at angle(J in u dzrectzon for stellar-ab-angle,

s (a “tlipped-out” 0 ).
i% Stellar aberration angleO: *S O S
c tanhp—-u—c/sm(f

y

k()

@ Bookstores.com

Purchase at: m

Epstein seemed resistent to 0 analysis or relations between O and Q.
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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 used notion O
Observer going u sees star at angle in u direction.  for sicllar-ab-angle,

A, vz (a“tlipped-out” 0 ).
% i% Stellar aberration (Il?(Q/()(T.'*S o n» \)

/

c tanhp=u=csinc
Y —— -

k() / Mk
X

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

Purchase at: W

o e
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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 used notion O
Observer going u sees star at angle in u direction.  for sicllar-ab-angle,

ik * S A, S s (a “tlipped-out” 0 ).
% Stellar aberration angleO: x@;/ 7

/

c tanhp=u=csinc
Y —— -

k() / Mk
X

R O

Epstein’s trick 1s to
turn a hyperbolic form ¢t = \/ (ct’)? —(x’)> (for Proper time) e .
into a circular form: \/(m-f +(x') = (ct) () Bookstores.com
Then everything (and everybody) always goes speed c¢ through (x’,c7) space! Purchase at: W
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A neo-liberal trigonometry lesson (sine, , and ) functions of angular sector area
Complimentary functions (... cosine cotangent, cosecant)
Hyper-trigonometry of ( 0 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
3 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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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 ¢t vs. coordinate space x - (L. C. Epstein’s “Cosmic Speedometer”) | vucmmn
Particles P and P" have speed u in (x',ct’) and speed c in (x, cT)
Proper time CT

cT=N(ct - (x')?

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

Lorentz length contraction.

L’= L sechp = Lcoso = L-\/I u’/c?

Contracted L’

L/=IN1-u2/c?
\
L

Proper Time asimultaneity.

¢ AT= L’ sinhp = L cosc sinhp
= L coso tan |
: 2, 2
Epstein’s trick is to = L sin =L /\/C /u-1 ~ [ u/c
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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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)- 2

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

Proper time C'U
P Coordinate Einstein time dilation. _
__ 7\ 7\ ’__ ’_
cv=N(ct )-(x')* | _xX'=(u/c)ct =ut ct’=cT seco=cT coshp = c’c/\/]-uZ/cZ
A Lorentz length contraction. ——
L’= L sechp = Lcoso = Lo\/]—u /c
CT
2/ [orentz-
Contracted L’ ) 4
L'=INI —uZ& X Proper Time asimultaneity:
2— : :
O ; l ¢ AT= L’ sinhp = L cosc sinhp
Proper length : = [, coSO tan _
. o | : \/ 2 y 2 ]
Epstein’s trick is to ~/_ __ = L sin =L/Nc/u-1 ~[ u/c
’.EU.I’II 4 hy perbolic form ¢7 = \/(Ct,)z _ (x’)2 (fOI’ Proper tlme) Relativlt Epstein Plots
into a circular form: \[(¢1)’ + (&)’ = (ct’) In developement!
Then everything (and everybody) always goes speed ¢ through (x’,c7) space! Litehouse-centic
Ship-centic

Non-co-moving observer
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A neo-liberal trigonometry lesson (sine, , and ) functions of angular sector area
Complimentary functions (... cosine cotangent, cosecant)
Hyper-trigonometry of ( 0 0 coshp 0 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,cks, 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

\ \

= Lorentz boost

° /7},
Ligh thouse.,;,; 7
view (w,cKk)
of wave-vectors

Ly, JIW

South

Yy 0=30° glvesf‘

C=ue

\Shlp -frame

view (W, cK’)

u/c = sin G 1/2

of wave-vectors u/c=tanh p= 1 12

e

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

wotano=wosinhp=1/A/3

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

] coshp_
k| _

ck; 1 -
ok —sinhp_

—sinhp_

coshp,

o) coshp,
ck.| _

cky l -
ck., —sinhp,

—sinh p_

coshp,_

g coshp_
0

—,sinh p_

W, seco
0
—a)O 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 ky-axis orth’ kx—a
ARy — — T T T T T T T
| \\ 5 ! iy f’.//’ ) NN A
| \\\\\\\. K . f Z‘,/ 0S in o=
\\\\ 7//’5/ >’<»,
N 2 anhp=wo/2 |
WesE 2 E
= i_EaSt Seco thanO' Red Sm'__ [
E E ke-axis Blue shift woe™ $Edst’
: 3 ; i
nghthouse; /! N \Shlp fmme 07
view (w,cK) g oY view (W,ck/)  u/c = sIn Q' 1/2 ’ ) ANt
of wave-vectors  South of wave-vectors u/c=tanh p= 2 e Sout_l_z_’ ______ I ,
>L0rem‘z boost by 0=30° ore™ =3 wotano =wgsinh pzwo/\/ 3
For ship going u=c tanh p along z-axis
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
o’ . +p, ’
k,% coshp_+sinhp_ e ", cosh p_ —sinh p_ a)oe_pz
C ’
X< _ (UO 0 _ 0 Ckx% B 0 B 0
Ck, O O ’ - 0)0 -
ye - . cki,_, 0 0
, — — +p, . B
k!, sinh p_—cosh p_ ~wye P k! —sinhp_+coshp_ —wge Pz
Blue shift factor is e "=coshp+sinhp=seco+tano Red shift factor is e’=coshp-sinhp =seco-tano
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Faster Lorentz boost of 5-60°=1.047 E
North-South-East-West p=1.317
plane-wave 4-vectors (wo,ws,wy,w:) el'=2+3
>L0rentz boost by 6=60° or e*? =2+3 > o P23 _
- wotanos=wysinhp woseco=wycoshp

Z. .
o R~ []
5 1
<. W, !
. []
> . \\‘\\ '
& N 1
7 "
% > ,
& i Y i 1
@ N e '
s DB e — 1
i g ALY 1
. L, T '
-'-'."."||I||, 1E TERTA TN = : 1

Lighthouse Ship-fram

. . / ,
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:) g el’=2+3

> =6()° +p — . e ’=2-3

P Lorentz boost by 6=60° or e’ =243 > wotano=wysinhp woseco=wocoshp
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view (w,ck) view (W, ck’) u/c = sin 6=\3/2
of wave-vectors of wave-vectors w/c=tanh p=v3/2

Thursday, April 21, 2016 60



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 >
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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 - wosecosinb > wotano
plane-wave 4-vectors (wo,ws,wy,w:) ' :

SLorentz boost by 6=60° or ¢? =23 > stanoigsinhy | wiseco=wncoshy
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view (w,cKk) view (W', cK’) Ve = sin =v3/2
of wave-vectors of wave-vectors w/c=tanh p=v3/2

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

o z-aXIs Sees :
W’ : : :
,TO coshp_ - - —sinhp_ (O coshp_+sinh p_sin® seco +tan o sin O
k1o _ : 1 - : @ cos6 —w cos6 —w 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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Faster Lorentz boost of
North-South-East-West
plane-wave 4-vectors (wo,wx, wy,w:)

: 1 wotan :
E ) wosecosinb > >
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The spectral ellipse(oid)

South’

w/c = sin o=V3/2
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 ax1S Sees :
o’ cosh p_ —sinh p_ O coshp_+sinh p_sin® seco +tan o sin O
ke : 1 @ cosb cos6 cos6
CkyTG : -1 0 0 0
o —sinh p_ cosh p_ —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 >
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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
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Thursday, April 21, 2016 65



Light-cone-sections are hyperbol
Main Lighthouse on (x=0,y=0) time lin
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