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Relawavity: Relativistic wave mechanics IV. Coordinate geometry
(Unit3 4.12.16)

2 Review of geometric construction , per-space-time (w,ck) dispersion hyperbola w = Bcoshp...
A quick flip to space-time (ct,x) construction: Minkowski coordinate grid

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

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

Phase invariance...derives Lorentz transformations...and vice-versa
Another view of phasor-invariance
Geometry of invariant hyperbolas
Algebra of invariant hyperbolas

Proper time 79 and proper frequency wy
A politically incorrect analogy of rotation to Lorentz transformation

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

Relating rapidity p to stellar aberration angle o and circular or hyperbolic arc-area
Each circular trig function has a hyperbolic “country-cousin” function
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[Lorentz transformations of coordinates

Space-time position vectorX. in Bob’s coordinates
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Same vector X in Alice’s coordinates

xl
ct’

Time ct
(units of
kA=]/2].Lm)

X=xP + ctG =(

X=x"P" + ct’G’=(

Thursday, April 14, 2016

7 pH.;PQ P

Spac%x

(SOéf

F1/20m)
ZAN/ARREY

4 Lorentz transform )

matrix for u/c=3/5

(coshpsinhp ) _ (
J

EN (VN9
Al Bw

sinh p coshp
-

16



[Lorentz transformations of coordinates

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

Space-time position vectorX. in Bob’s coordinates
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Two Famous-Name Coefficients
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Heighway Paradoxes: A relativistic “He said-She-said’ argument

(a) Heighway
paradox-1

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

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

(a) Heighway
paradox-1

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

SOURCE

(b) Paradox-2

~

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

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

(a) Heighway
paradox-1

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

: JARTEY
& "LA‘\A“

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

They've really lost it!”

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

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

(a) Heighway
paradox-1

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

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

~

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

Well, neither 1s Paradox-1!
Both are just what waves do!
(Doppler blue-shifts
to 0.25um for Alice)

Thursday, April 14, 2016
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Review of geometric construction , per-space-time (w,ck) dispersion hyperbola w = Bcoshp...
A quick flip to space-time (ct,x) construction: Minkowski coordinate grid

Lorentz transformations of Phase vector P/ and In per-space-time
Lorentz matrix transformation of (x,ct) space-time coordinates
Two Famous-Name Coefficients: and Einsein time dilation

Heighway Paradoxes: A relativistic “He said-She-said...” argument

= Phase invariance...derives Lorentz transformations...and vice-versa
Another view of phasor-invariance
Geometry of invariant hyperbolas
Algebra of invariant hyperbolas

Proper time 79 and proper frequency wy
A politically incorrect analogy of rotation to Lorentz transformation

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

Relating to and circular or hyperbolic arc-area
Each trig function has a “country-cousin’ function

Ship vs Lighthouse sagas and the Bureau of Inter-Gualactic Alids to Navigation at Night ~ (Our 15t Relativit animations).
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Phase invariance...

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

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

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

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

Bohrlt Web Simulation

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

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

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

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

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

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

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

~

groupx o a)group I= ¢gmup )

...der1ves Lorentz transformations...

Thursday, April 14, 2016

hase b Doppler C K phase T phase v phase A’ phase Vphase b Doppler
p RED BLUE
phase ¢
1 Vgroup vgroup A’ group K group T group c 1
g roup bDoppler c V bDoppler
BLUE group RED
rep e” | tanhp sinhp | sechp coshp | cschp cothp | €™
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Phase invariance...

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

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

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

~

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

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

groupx o a)group [ = ¢gmup )

...der1ves Lorentz transformations...

Thursday, April 14, 2016

g Angular 2-factors )
k,=2mic
W, =270,
kp hase :2 ﬂK P hase h ase b Doppler C K phase T phase v phase A’ phase Vphase b Doppler
W, =270 PREE | P . : 5 2 | bwd
phase T phase phase A A A A
group ! STONp %ﬂ __8group group M C 1
Doppler Doppler
bBL EPE ¢ v A A’ A K A T A Vgro up bREgp
p ;di’y e’ tanhp sinhp | sechp coshp | cschp  cothp e P
1\ _J




Phase invariance...

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

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

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

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

..derives Lorentz transformations...
L»kAx’sinhpAB—a)A t"coshp,,=0-x—w,t <

since: sinhp,,=0 1t p ,,=0

&

Thursday, April 14, 2016

(- 4 )
ngular 2-factors T r Ny
) kphase_k A sinh IO AB @ phase wACOSh IO AB k phase 0 @ phase a)A
k,=2mK
W, =27V,
k p hase :2 ﬂ K p hase Doppler C K phase phase v phase A’ phase Vphase Doppler
) phase|| Dy, - . 3 1 . e
a)phase_ ﬂ:vphase phase A A A A
group 1 Vgroup Ugroup Z’ group Kgroup T group c 1
Doppler Doppler
bBL[l;pE ¢ U‘ i\ A‘ A K‘l A T A Vgroup bREgp
| e? | tanhp sinhp | sechp coshp | cschp cothp | e’
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Phase invariance...

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

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

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

-

~

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

g Angular 2T-factors A

k=21
W,=2T
k

phase
a

:2 K phase

=27TV

phase phase

¢1,9hase = k ;hase’x, _ w;hase t, — kphase’x —W phase I = ¢phase
k¢gmup = kgroupx o a)group U= kgroupx o a)gmup I= ¢gr0up)
..derives Lorentz transformations...

using: ®,/k,=c=0v,/K,

since: sinhp,,=0 1t p ,,=0

\_

Thursday

, April 14, 2016

’ _ . ’ _ _ ‘_ﬁ _
) kphase_k A sinh IO AB @ phase_wACOSh IO AB k phase 0 @ phase_a)A

) r C K a ase v ase A’ a V a 0, er

‘phase\ b,?égple V phase phas phas phase phase bgLZIZ?l

phase ¢
group 1 Vgroup v group A’ group K group T group c 1

Doppler Doppler

bBLZpE ¢ Vgroup bREgp

| e? | tanhp sinhp | sechp coshp | cschp cothp | e’
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Phase invariance...

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

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

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

g Angular 2T-factors )

k=27,
W, =27V,
k

phase
a

:2 K phase

=27TV

phase phase

k =2mK

group group

@ group :2 TV group

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

—> k., x"coshp,,—w, t'sinhp,, =k x—01 <

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

since: sinhp,,=0 1t p ,,=0

& J

Thursday, April 14, 2016

/ . . / . .
—> kphase_kA Slnh IOAB wphase_wACOSh IOAB kphase_ O _a)A
/ . / . . .
> kgroup_k ACOSh IO AB 0 group_wASth IO AB k group k A group
C K ase ase v ase A’ ase V ase 0 er
[phase][ vz Sppe [ Zpe | Do || e Lpe |
phase K/\ T/’\ U/\ A ¢
‘ gr()l/lp\ 1 Vgroup vgroup group Kgroup Tgroup c 1
bgzzlger ¢ v/\ A‘ A K, T/\ Vgroup bl?Engler
i) ¢ ” | tanhp  sinhp | sechp coshp | cschp cothp | e’
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Phase invariance...

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

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

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

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

~

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

using: ®,/k,=c=0v,/K,

Thursday, April 14, 2016

—> k., x"coshp,,—w, t'sinhp,, =k x—01 or:  x=x'coshp,,—ct’sinhp,, <
- N since: sinhp ,,=01f p ,,=0
Angular 2w-factors ’r . ’ _
—> kphase_kASth IOAB wphase_wACOSh IOAB kphase_ 0 _a)A -
K2 k' =kcoshp, ' =osnhp, k. =k
) A:27l' V, > group”~ VA P s group~ "7 A P s group~ VA group
k phasezz ﬂK phase p h ase bDoppler C phase phase vphase A’ phase Vphase bDoppler
_2 TV RED i T D 2 c BLUE
a) D has e_ p hase phase A A A A
1 group Ugroup group Kgl"()l/lp Tgr()up C 1
group p—— EE— EEE— E— p——
k group :2 72/- K group \_I bnglg ¢ v/\ ﬂ’ A K, T/\ Vgroup bl?Egpl
a)gmupzz nvgmup rep e” | tanhp sinhp | sechp coshp | cschp cothp | e’
g J
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Phase invariance...

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

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

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

4 R . )
¢phase = k phase phase t o kphase’x —W phase I = ¢phase
\¢gmup = kgroup group t — kgroupx o a)gmup I= ¢gr0up) ( xt ) — ( _CQSE/P) _Sinﬁg )( x', )4—
..derives Lorentz transformations... (]

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

’ ’ e _ . o ’ e
k,x"coshp,,—w,t'simhp,,=k,x—01 or: x=x"coshp,,—ct'sinhp,,
- ~ since: sinhp ,,=01f p ,,=0
Angular 2w-factors ’r . ’r . —
= —> k phase =k A sinh IO AB @ phase_wACOSh IO AB k phase 0 @ phase a)A
=LTTK
A A _ _ — —
a)Azzn'vA > kgroup kACOSh IOAB a)group w Slnh IOAB kgroup_ kA a)group_
kphasezz ﬂKphase D()ppler C Kphase phase vphase A’phase Vphase D()ppler
) phase|| by, v - . 3 2 . by
a)phase_ ﬂ:vphase -phase A A A A
‘ \ 1% v A K T 1
group Di?pler group group group group group c ppo
kgmup :2 JU Kgroup b BLUE ¢ U, /1,\ K, Ty Vgroup bren
=) rapidiy | 7P | tanh sinh sech cosh csch coth e’
@ group ﬂ:vgroup p P p p P P P
1\ _J
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Phase invariance...

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

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

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

(" /
¢phase = k phase

— 1.7
\¢gmup k group

) , :
— — — x" Y\ _ [ coshp+sinhp [ x
phase t kphase’x a)phase 4 ¢phase > ( ’ ) — ( +sinhp coshp )( ct )

group t — kgroupx B a)group I= ¢group)

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

k,x"coshp,,—w,t'sinhp,, =k x—0t¢

g Angular 2T-factors )

k=27,
W, =27V,
k

phase
a

:2 K phase

=27TV

phase phase

k =2mK

group group

@ group :2 TV group

or: ct=ct’'coshp,,—x’sinhp,,
using: ®,/k,=c=0v,/K,

([ x \—( coshp—sinhp [ x" \e—
5 \d ~ \ —sinhp coshp ct’<—|

or:  x=x'coshp,,—ct’sinhp,,

since: sinhp,,=0 1t p ,,=0

. J
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’ _ . ’ _ _ —
) k phase =k A sinh IO AB @ phase_wACOSh IO AB k phase 0 @ phase a)A
> kgroup _k ACOSh IO AB @ group_w Slnh IO AB k group: k A @ group:
C ase ase v ase A’ ase V ase 0 er
[phase]] iz po (|1 Zpoe | Do || S Zpine | i
phase K A T/\ v A A ¢
‘ gr()l/lp\ 1 Vgroup vgroup A’ group Kgroup Tgroup c 1
bgzszler ¢ vx\ A’ A K, T A Vgroup bl?Engler
| e? | tanhp sinhp | sechp coshp | cschp cothp | e’
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Review of geometric construction , per-space-time (w,ck) dispersion hyperbola w = Bcoshp...
A quick flip to space-time (ct,x) construction: Minkowski coordinate grid

Lorentz transformations of Phase vector P/ and In per-space-time
Lorentz matrix transformation of (x,ct) space-time coordinates
Two Famous-Name Coefficients: and Einsein time dilation

Heighway Paradoxes: A relativistic “He said-She-said...” argument

Phase invariance...derives Lorentz transformations...and vice-versa
=» Another view of phasor-invariance
Geometry of invariant hyperbolas
Algebra of invariant hyperbolas

Proper time 79 and proper frequency wy
A politically incorrect analogy of rotation to Lorentz transformation

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

Relating to and circular or hyperbolic arc-area
Each trig function has a “country-cousin’ function

Ship vs Lighthouse sagas and the Bureau of Inter-Gualactic Alids to Navigation at Night ~ (Our 15t Relativit animations).
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Another view of phasor-invariance 1CW Laser- D hasor wave functio 7
Dimensionless Light wave-velocity c/c=1\ y = A.ei(kxf“” ) = A-cos(kx — mt) + iA-sin(kx — ot)

:f;{ al;/lf/ll;ltl;lr T phase-angle ph&?;_an%le
—1!
(o g 9 Amplitude N N\~
WlﬂkS angular frequency:® =210 A
“kl',;/l ks”’ \angular wave number : k = 21K
k =wavevector Imaginary
axis
too=lc  [gser-phasors vy
300 THz laser g
(Infrared) o AR Y Y Y Y T A AR
‘ N K XN N N N ARIEXR K AEXRD
Real y=Rey /

e

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

/gl YINY
& %
> W

4\\'D =]/
A 15
& — st 3.33-1015)

Bohrlt Web Simulation
1 CW ct vs x Plot

(ck =+1)

Space x

‘A
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http://www.uark.edu/ua/modphys/markup/BohrItWeb.html?scenario=30001&ePhasorFactor=0.5&xPhasorFactor=0.5

Another view of phasor-invariance 1CW Laser- D hasor wave functio 7
Dimensionless Light wave-velocity c/c=1\ y = A.ei(kxfa” ) = A-cos(kx — mt) + iA-sin(kx — ot)

T phase-angle : phase-angle
kx—wt
(o g 9 Amplitude N C @ N Lm0 )
WlﬂkS angular frequency:® =210 A
“kl',;/l ks”’ \angular wave number : k = 21K
k =wavevector Imaginary
axis
laser-phasors vy
300 THz laser P i
(Infrared) YYD Y Y R A |
o Sy S\ R O U fClock velocity u=
Real = 4 /‘V requency 300TH.
J . :‘;'é L ; | 0 v:}jé 0 extremes give
maginary 7 N :}‘1@ identical phasor

/)

&) clock (x,ct) array

3 4 V’v‘w '

L4
P NE

v

»

2

i A .
/3 & Clock velocity u~c
O 1@ o B
%}%‘ > K &S frequency~0.0 TH:
A2, N 2TT/®w=1/

~NJ

st 3.33-10°5)

X\
0 A
SLTY
,,:ILV
N
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Another view of phasor-invariance 1CW Laser- D hasor wave functio 7
Dimensionless Light wave-velocity c/c=1\ y = A.ei(kxfa” ) = A-cos(kx — mt) + iA-sin(kx — ot)

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

a; Clock velocity u~c

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

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

Space x

Thursday, April 14, 2016 43



Review of geometric construction , per-space-time (w,ck) dispersion hyperbola w = Bcoshp...
A quick flip to space-time (ct,x) construction: Minkowski coordinate grid

Lorentz transformations of Phase vector P/ and In per-space-time
Lorentz matrix transformation of (x,ct) space-time coordinates
Two Famous-Name Coefficients: and Einsein time dilation

Heighway Paradoxes: A relativistic “He said-She-said...” argument

Phase invariance...derives Lorentz transformations...and vice-versa
Another view of phasor-invariance
2 Geometry of invariant hyperbolas
Algebra of invariant hyperbolas

Proper time 79 and proper frequency wy
A politically incorrect analogy of rotation to Lorentz transformation

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

Relating to and circular or hyperbolic arc-area
Each trig function has a “country-cousin’ function

Ship vs Lighthouse sagas and the Bureau of Inter-Gualactic Alids to Navigation at Night ~ (Our 15t Relativit animations).
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Geometry of invariant hyperbolas
Euclid’s 3-means (300 BC) Thales (580BC) rectangle-in-circle

Geometric “heart” of wave mechanics Relates to wave interference by (Galilean)

phasor angular velocity addition

ceomeltric |0 my
mean. /,’/>
difference
[1- 4] f ‘. > Rey
m/ean \ half—dlfférence=group phase
L [4-11=3/2 4+1
/(/HALF_ frequenc
DIFFERENCE )| 7

/ 3/2

3
4 (units of 300THz)

Pirelli Challenge Site
3 Means
Half Sum & Difference

Linear velocity V,, p/c=u/c

IS (HALF-DIFF./ )=3/5

Comb Analog

Fig. 10a Euclidian mean geometry for counter-moving waves of frequency 1 and 4. (300THz units).

Thursday, April 14, 2016 45


http://www.uark.edu/ua/pirelli/html/means_1.html
http://www.uark.edu/ua/pirelli/html/means_1.html
http://www.uark.edu/ua/pirelli/html/half_sum_2.html
http://www.uark.edu/ua/pirelli/html/half_sum_2.html
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Geometry of invariant hyperbolas

(a) Sum of Wave Phasor Array
Group¢or Beat: Node lg@if 210
\

WK\/\/\WW\
UUUWUUU\M

%m%vu&mk *Galileo s revenge!

Now we use Galilean relativity

(b) Typical Phasor Sum: (c) Phasor-relative views , ,
Red oh . to add angular velocity, that is
cd phasot B A moves relative to B .
Vp=e gt S oy Y A frequency wq and wp, in phase
,,,,,, " TA+B TA YB :

cosP | 7(:\ \S/ or “gauge”space. NO “C'limit”
B

\ ,) evident. (So far at 18-fig. precision.)

PLUS v \ )/
wA:eioc S -7

o AN A BTYA VB
\my ,’// (&—ﬁ) B moves relative to A o .
Green phasor A Sy Pirelli Challenge Site
! //oc—B’),Z,/: AN 3 Means
EQUALS: ¥ vif¥s \l B Half Sum & Difference Rules

a % ’
- B\

Wave phasor addition. (a) Each phasor in a wave array is a sum (b) of two component phasors.
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Geometry of invariant hyperbolas

Half-Sum & Dzjference Rules of Phase Relativity (contd.)

The detalled trigonometry of halt-sum & difterence angles is shm\ n belo“

The wave is factored into a product of group and phase waves. -
’
[m e d
: cosf3
|___COSQL___ .
o
A (0H3)/2
+
3
3
..
cosf

H[cos(o+[3)/2] 3
Main Result: Factoring algebraic sums helps to locate wave zeros.
cosa+cosp = 2cos(a—)/2 . [cos(o+[3)/2]

sinok+sinB = 2cos(o—)/2 . [sin (o+3)/2]

Sum m: m ui)tip/ ied \/V\ /\ / phase
V

Sum is zeroed by either factor. Each factor’s zero line is a spacetime coordinate line.

f“\ v

<Home> <Back> <Next>
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Geometry of invariant hyperbolas
Euclidian wave geometry with time-reversal symmetry imply

dispersion hyperbolas: w=nBcosh p Lab
T frame
area...
per-time
w’ < equals
e PB=rB-_
4 Doppler | Afom frame area...

/ red-shift
b

by time-reversal axiom: r =1/b
\’ \\\ Doppler
iluLh'ft' ...that implies
. ) e"P B=bB hyperbolic invariants
/ rb= ]

."‘ / Be-p .I‘l"_.
':' B e-p . \\\\ N | e—
| 3 sinh p. l per-space 2
-2 -1 2 1 Bze-l-p 3 )4 ckl

Bsinhp=(BeP-BeP)2 B coshp = (B e P+B e P)/2

Time r=1/b symmetry shows geometry of 2-CW grid transformation that leaves hyperbolas invariant.

http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.htmI?plotType=315&minkGridPosCells=2
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Geometry of invariant hyperbolas

R TN EED 42—

LASER LAB FRAME ATOM FRAME view of LASER WAVE,

atg speed -u

LaserPer-Spacetime AtomPer-Spacetime
M) versus Ck (D, versus Ck,

1'24@'@GFHZ \-}Q’@'@THZ

N

750THz or 400nm

600THz or 500nm

S500THz or 600nm
400THz or 750nm
e
N
\&" Laser per-space
ck
2 1 0 1 2

Atom per-space

ck’

7
Fig. 10b Laser (Alice-Carla) and Atom frame (Bob) views of 2-CW grid shows hyperbola invariance.

http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.htm|?plotType=315&minkGridPosCells=2
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Review of geometric construction , per-space-time (w,ck) dispersion hyperbola w = Bcoshp...
A quick flip to space-time (ct,x) construction: Minkowski coordinate grid

Lorentz transformations of Phase vector P/ and In per-space-time
Lorentz matrix transformation of (x,ct) space-time coordinates
Two Famous-Name Coefficients: and Einsein time dilation

Heighway Paradoxes: A relativistic “He said-She-said...” argument

Phase invariance...derives Lorentz transformations...and vice-versa
Another view of phasor-invariance
Geometry of invariant hyperbolas
Algebra of invariant hyperbolas

= Proper time 7 and proper frequency wy
A politically incorrect analogy of rotation to Lorentz transformation

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

Relating to and circular or hyperbolic arc-area
Each trig function has a “country-cousin’ function

Ship vs Lighthouse sagas and the Bureau of Inter-Gualactic Alids to Navigation at Night ~ (Our 15t Relativit animations).
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Algebra of invariant hyperbolas: 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”:

Thursday, April 14, 2016 51



Algebra of invariant hyperbolas: 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’:
\wo:w\/l_ k 2:a),\/l— k, 2 \TO:t - xzzt, . x/2
(cw) (cw’) V (ct) \/ (ct”)

2 72 2 72
. u o u _ u o u
=, [l-— =@\ |1-— _t\/l——z—t‘/l— :
C C C (6
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Algebra of invariant hyperbolas: 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’:
\%:le_ kzzw,Jl_ 7 \/—1 —
(cw) (cw’) (ct) (ct”)

2 ’2 2
u u u

=0 1——2:60' == =t\/1__2_
C C

The “grand-daddy-of ‘em all” invariant

Phase invariance:

O, =kx—wt=k"x"—w"t

) u/2
\/ o
Proof: ?
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Algebra of invariant hyperbolas: 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’:
\ a)ozw\/l_ k 2 :a),\/l_ k, 2 \ T =t |1—
(cw) (cw’) (ct)’ (ct )

2 72
= 1—”‘—2=a)' 1—”2 _t\/l——

The “grand-daddy-of ‘em all” invariant

Phase invariance:

F

D, =kx-01=k" -0t
Proof: ck’ + x — o -’
x-cosh ct-sinh / MOsh
Cck-cosh | ckoccosh?  ckcrcoshssinh | ckesinh | ckecsinh?  checr-sinh-cosh
w-sinh | w-x-sinh-cosh  @-ct-sinh” w-cosh | w-x-cosh-sinh  w-ct-cosh’
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Algebra of invariant hyperbolas: 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’:
\a)():a)\/l— £ 2=a)’\/1_ K : \Tozt 1- x2=l" 1- X,z
(cw) (ca’) N\ (o) " ()

2 72 2 72
u u u u
=0,|1-— =0, [1-— ST
C C C C

The “grand-daddy-of ‘em all” invariant

Phase invariance:

’ / /
(I)O =kX-—0t=k"x"— a\) t\ ck-x-cosh®— ck-x-sinh® = ck-x
Proof: ck’ - x’ — w’ - ct @ ct-sinh®— @ -ct-cosh” = —@ ct
x-cosh ct-sihh / Mmm

ck-cosh | ck-x-cosh’ ckw ck-sinh |  ck-x-sinh’® CMII
@-sinh | w-x&iskecosh - ct-sinh” @-cosh Mh @ -ct-cosh”
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Review of geometric construction , per-space-time (w,ck) dispersion hyperbola w = Bcoshp...
A quick flip to space-time (ct,x) construction: Minkowski coordinate grid

Lorentz transformations of Phase vector P/ and In per-space-time
Lorentz matrix transformation of (x,ct) space-time coordinates
Two Famous-Name Coefficients: and Einsein time dilation

Heighway Paradoxes: A relativistic “He said-She-said...” argument

Phase invariance...derives Lorentz transformations...and vice-versa
Another view of phasor-invariance
Geometry of invariant hyperbolas
Algebra of invariant hyperbolas

Proper time 79 and proper frequency wy
=2 A politically incorrect analogy of rotation to Lorentz transformation

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

Relating to and circular or hyperbolic arc-area
Each trig function has a “country-cousin’ function

Ship vs Lighthouse sagas and the Bureau of Inter-Gualactic Alids to Navigation at Night ~ (Our 15t Relativit animations).
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A politically incorrect analogy of rotation to Lorentz transformation

Fig. 2.B.1 Town map according to a "tipsy" surveyor. Fig. 2.B.2 Diagram and formulas for reconciliation of the two surveyor's data.

— >
Y' X i Kr, Coag:"__ }’: SiI11 g - 4ty sin 6—4—x' cos O
Object 2 Object 1 FETARET IR
ope (Saloon)
c
\I
b
, _
cos O = 1 b; .
I+ =
sin =0/ Cb2
1 + 3
—|\b/c
Object O: Object 1: Object 2: x"=xcosO— ysinf = a =+ ( )2)/
Town Square. Saloon. Gun Shoppe. 1+ b_ 14 b_
(US surveyor)  x=10 x= 05 x= 0 ¢’ ¢’
(2nd surveyor)  x'=10 xX'= 0 x'=-0.45 y' =xsin@+ ycos6 = —~+ 4 -
y'=0 y'= 11 y'= 0.89 1+b_2 /1+b_2
c c
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A politically incorrect analogy of rotation to Lorentz transformation

Fig. 2.B.1 Town map according to a "tipsy" surveyor. Fig. 2.B.2 Diagram and formulas for reconciliation of the two surveyor's data.

Object 2

Object 1
(Saloon)

X=XcosO+y'sin® -~
y=-x'sin® +y' cos 0

‘ Reminder: Component-based derivation is clumsy!

cos 0 = 1 =
I+ =
sin § = —2/ Cb2
I+ o=
Object O: Object 1: Object 2:
Town Square. Saloon. Gun Shoppe.
(US surveyor)  x=10 x= 0.5 x= 0
y =10 y= 1.0 y= 1.0
(2nd surveyor) x'=10 x'= xX'= -0.45
V' =0 y'= 1.1 y'=0.89

Thursday, April 14, 2016
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A politically incorrect analogy of rotation to Lorentz transformation

Fig. 2.B.1 Town map according to a "tipsy" surveyor. Fig. 2.B.2 Diagram and formulas for reconciliation of the two surveyor's data.

‘ Reminder: Component-based derivation is clumsy!
# —

\'4 X=X cos0+y'sin0 -

, =-x'sin® +y'cos O
OSbJIeCt 1 Y Y ‘. Forget this!!'Its too clumsy to
(Saloon)

Object 2

generalize to 3D, 4D,...

\I
b
d
cos 0 = 1 b;
I + = { _
Y= cosB|x)—sinf
sin B = b/c ,> . |> |>
| L B )= sin6|x)+cosH|y)
) ; ;
or the inverse relation:
e =|x)= cosB|x)+sinb|y’)

| Instead, use Dirac unit vectors |x),

yyand|x')|y") e, =|y)=—sin6|x")+cos6|y’)

Object O: Object 1: Object 2:
Town Square. Saloon. Gun Shoppe.
(US surveyor)  x=10 x= 0.5 x= 0
y =10 y= 1.0 y= 1.0
(2nd surveyor) x'=10 x'= xX'= -0.45
V' =0 y'= 1.1 y'=0.89
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A politically incorrect analogy of rotation to Lorentz transformation

Fig. 2.B.1 Town map according to a "tipsy" surveyor. Fig. 2.B.2 Diagram and formulas for reconciliation of the two surveyor's data.

Reminder: Component-based derivation is clumsy!
‘ ——

Y X=Xxcos0O+y'sin0 -
: , =-x'sin O + y' cos 6
Object 7 : Object 1 Y Y ~. Forget this!! It too clumsy to

(Saloon)

generalize to 3D, 4D,...

\I
b
d
2242 ;
= cos 0 = 1
I+ %
C : —
ri=x’+y’=1.0¢ Y= cos6|x)—sin6|y)
sin@=_Db/c , .
| L B )= sin6|x)+cosH|y)
) ; ;
or the inverse relation:
e =|x)= cosB|x)+sinb|y’)
) -

| Instead, use Dirac unit vectors |x)|y)and|x’) e, =|y)=—sin0|x")+cosH|y")
Yy

Object O: Object 1: Object 2: You may apply (Jacobian) transform matrix:
Town Square. _ Saloon. _ Gun Shopp_e. Gy () cosO  sind
(US surveyor)  x =10 x= 0.5 x= 0 , A T :
y=0 y= 1.0 y= 10 Ol o) —sinf  cosf
(2nd surveyor) x'=10 xX'= 0 x'= -0.45 or the inverse (Kajobian) transformation:
y'=0

(v]x) ]y sin@ cosO
to any vector V=|V) = |x)(x|V)+ [y)(3|V)
=[N VY+ WY V)

V= LI V= 0.89 [ (%) (x]) }z( cos —sind ]
Circular invariants r*=x’+y?
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(a) Rotation Transformation y'
and Invariants

b/ c
x"=xcosf— ysinf =
’ , bZ
Beonboomndh A< 3 1 + Y
= 165 : (b/c)
,-: 085 2 ‘1 Yy =xsinf+ ycosf = - -
Yot pl = 343 : | /1+b_ /1+b_
x'= 1.00 :
4,./= -/ 50 . ) - )
- ra 2:::':?;&«11(}—:(:““* ] 3_— (()).52. 5
XY= yE = 543 élu:xk'-kcl-(); 05774 " @40= 0.5236
(b) Lorentz Transformatign )
and Invariants \:
. . | v
- B —ct
x' = + = = xcosh p+ ysinh p
i) 1- ﬁ 1- ﬁ
9 l A 2 o2
x =/34573 ‘ ;
cr=0.9819 ' N ~ xsinh p+ ycosh p

Wo-fetf = 142
x'=235/2

‘\t'
ct'=2.0260
9 9 viic X'Relag¥@io X = -05 0= -{.5493
L _sopt)E — 2 vic X Relative to O =0 0= 0
: /(/) / 4- viie X'Relativeto O =-05 0+0'= -0.5493
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Review of geometric construction , per-space-time (w,ck) dispersion hyperbola w = Bcoshp...
A quick flip to space-time (ct,x) construction: Minkowski coordinate grid

Lorentz transformations of Phase vector P/ and In per-space-time
Lorentz matrix transformation of (x,ct) space-time coordinates
Two Famous-Name Coefficients: and Einsein time dilation

Heighway Paradoxes: A relativistic “He said-She-said...” argument

Phase invariance...derives Lorentz transformations...and vice-versa
Another view of phasor-invariance
Geometry of invariant hyperbolas
Algebra of invariant hyperbolas

Proper time 79 and proper frequency wy
A politically incorrect analogy of rotation to Lorentz transformation

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

Relating rapidity p to stellar aberration angle o and circular or hyperbolic arc-area
Each circular trig function has a hyperbolic “country-cousin” function

Shlp VS Lighthouse Sagas and the Burcau of Inter-Gatactic Auids to Navigation at Night (Our 15 Relativit animations).
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Rolafpaphohergdinding] achatty i naanenee (Raps Rigidity= log.(BegPlepSikifBhift)
to al raliransversetathatiy ihyparame! Slistelteratortioglangle

*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
V __\_u .
c tanhp=u=csinc

k()

@ Bookstores.com

Purchase at: m
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Epstein seemed uninterested in 0 analysis or in relation of O and P.
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Relating Longitudinal relativity parameter:Rapidity p =loge{(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)
Proper time CT

cT=N(ct - (x')?

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

Lorentz length contraction.

L’= L sechp = Lcoso = L-\/I u’/c?

Contracted L’

L'=IN1-12/c2
\
L

Proper Time asimultaneity.

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

@ Bookstores.com

amazon
P —
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“Relativity Visualized” can be purchased at:
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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 |
=Lsinc =1L /\/CZ/UZ-I ~ L u/c

Proper length

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

into a circular form: \/(CT)2 (') = (ct)
Then everything (and everybody) always goes speed ¢ through (x/,¢7) space!
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Review of geometric construction , per-space-time (w,ck) dispersion hyperbola w = Bcoshp...
A quick flip to space-time (ct,x) construction: Minkowski coordinate grid

Lorentz transformations of Phase vector P/ and In per-space-time
Lorentz matrix transformation of (x,ct) space-time coordinates
Two Famous-Name Coefficients: and Einsein time dilation

Heighway Paradoxes: A relativistic “He said-She-said...” argument

Phase invariance...derives Lorentz transformations...and vice-versa
Another view of phasor-invariance
Geometry of invariant hyperbolas
Algebra of invariant hyperbolas

Proper time 79 and proper frequency wy
A politically incorrect analogy of rotation to Lorentz transformation

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

=2 Relating rapidity p to stellar aberration angle o and circular or hyperbolic arc-area
Each circular trig function has a hyperbolic “country-cousin” function

Shlp VS Lighthouse Sagas and the Burcau of Inter-Gatactic Auids to Navigation at Night (Our 15 Relativit animations).
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Relating Longitudinal relativity parameter:Rapidity p = log{(Doppler Shift)

to lransverse relat1v1ty parameter: Stellar aberration angle O
(a) 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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Relafing Longifudinal -r'é_l_a“tivity parameter:Rapidity O = log{(Doppler Shift)

[ ) () S,
to Transverse relat1v1ty parameter: Stellar aberration angle S
D ) Q)

(b Circular Functions Hyperbolic Functions

sin(o) = 0.6000 tanh(p)=06000) | =
tan(o) =0.7500 |.smh(p) = 0.7500 .
sec(0) =1.2500 cosh(o) = 1.2500
///
- / \ )
/ *mr‘:(g,) sinh(0)
Total _ - 4 tanh(o)  sifjh(o) |
hyperbolic !
sectors | 4
| area=p L !
L Pz of v \/
L . . ‘ ‘ : . ] (g | Il | ‘l
‘ A i X
\ |
\ |
\
\ |‘u
\ ,‘
Total \
circular | \ ./
\ S/
sectors | \ Y,
\ /AN
area=o N N/
05 \ S/

RelaWavity Web Simulation
Geometry of Rapidity Relations

-~

-
—— -—‘ ant
N ————— —
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The straight scoop on “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 N : X
Area .
2 y=sinh p
———X=cosh
@ = lbazse faititude — area under curve = Ly [ydx
2— 2 SR
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The straight scoop on “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 N : X
Area .
2 y=sinh P
———'=Xx=cosh P Useful hyperbolic identities
1 1 p_ep Y 1 h2p—1
_ 4 / . _ _ .2 | e —e _ L 2p 2p __COS p—
@ =3 basefaltitude — area under curve 5 xy—|ydx sinh” p —( 5 ] =2 (e +e 2) = 5
Area =lsinhpcoshp—jsinhp d(coshp) P —eP\eP+e ) 1/, ooy 1
2 sinh p cosh p= 5 5 :Z(e P—e p):a sinh2 p
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The straight scoop on “angle” and “rapidity” (They re area!)

The “Area’” being calculated is the

W\W\@ total Gray Area between hyperbola
y/x*tanh 0 =vy/c | pairs, X axis, and sloping u-line
Area
10 0 | X
Area .
2 y=sinh P
———\=x=cosh 0 Useful hyperbolic identities
% = lbase faltitude — area under curve = lxy —[ydx sinh? p= f=e? 2=l(e2p+e_2p—2)= coshzp 1
2 — 2 2 4 2
Area 1
= —sinh pcosh p — [sinh p d(cosh 0_ 0
2 2 sinh pcosh p = [sinh p (COS p) sinh@ coshf = [e < ] 26 )=% sinh260
A 1 1 / h2 [coshap dp 1sinha/o
r : : : COS =—
Zea=Esmhpcoshp—jsmh2pdp:Zsm 20— 2’0 dp a
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The straight scoop on “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 N : X
Area .
2 y=sinh P
———=Xx=cosh P Useful hyperbolic identities
1 1 PP Y 1 h2p—-1
= — Altitude — — v .12 e —e 1 2p, 2p ,\_cosh2p—
— 2bcmefaltztude area under curve 2xy [y dx sinh p—( 5 ] —4(6 +e 2)— 5
Area 1
= —sinh pcosh p — | sinh p d(cosh p_,P
2 P p=sinhp d( ) sinh p coshp:[ € 2e e?P—e 2P ):—sinh 2p

1

Area 1 . [ coshab d6 = —sinh af

1

= Esmhpcoshp— jsinh2 pdp= 4sin{p J COShzﬁd,O/ a

1 1 .

= —sinh2p—Zsmh2p+j% dp

Amazing result: Area = p is rapidity
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Review of geometric construction , per-space-time (w,ck) dispersion hyperbola w = Bcoshp...
A quick flip to space-time (ct,x) construction: Minkowski coordinate grid

Lorentz transformations of Phase vector P/ and In per-space-time
Lorentz matrix transformation of (x,ct) space-time coordinates
Two Famous-Name Coefficients: and Einsein time dilation

Heighway Paradoxes: A relativistic “He said-She-said...” argument

Phase invariance...derives Lorentz transformations...and vice-versa
Another view of phasor-invariance
Geometry of invariant hyperbolas
Algebra of invariant hyperbolas

Proper time 79 and proper frequency wy
A politically incorrect analogy of rotation to Lorentz transformation

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

Relating rapidity p to stellar aberration angle o and circular or hyperbolic arc-area
> Each circular trig function has a hyperbolic “country-cousin” function

Shlp VS Lighthouse Sagas and the Burcau of Inter-Gatactic Auids to Navigation at Night (Our 15 Relativit animations).
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Circular Functions Hyperbolic Functions

(i N
sin(o) = 0.6000
tan(o) = 0.7500 \

\sec(o) = 1.2500 )

(cos(o) = 0.8000 )
cot(o) = 1.3333
\csc(o) = 1.6667 y

(tanh(p) = 0.6000)

sinh(p) = 0.7500

_Sosh(p) = 1.2500)

(sech(p) =-0.8000)
csch(p) =1.3

\coth(p) = 16667)

coth(p)

< }—— cos(0) = sech(p)

cot(o) =.csch(p)
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RelaWzlvity Web Simulation
tellar Abberation

Relating Rapidity and S
el \
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http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=0%7C9&labelingInd=3&showCircularFunctionInfo=true&showHyperbolicFunctionInfo=true
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Review of geometric construction , per-space-time (w,ck) dispersion hyperbola w = Bcoshp...
A quick flip to space-time (ct,x) construction: Minkowski coordinate grid

Lorentz transformations of Phase vector P/ and In per-space-time
Lorentz matrix transformation of (x,ct) space-time coordinates
Two Famous-Name Coefficients: and Einsein time dilation

Heighway Paradoxes: A relativistic “He said-She-said...” argument

Phase invariance...derives Lorentz transformations...and vice-versa
Another view of phasor-invariance
Geometry of invariant hyperbolas
Algebra of invariant hyperbolas

Proper time 79 and proper frequency wy
A politically incorrect analogy of rotation to Lorentz transformation

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

Relating rapidity p to stellar aberration angle o and circular or hyperbolic arc-area
> Each circular trig function has a hyperbolic “country-cousin” function

Shlp VS Lighthouse Sagas and the Burcau of Inter-Gatactic Auids to Navigation at Night (Our 15 Relativit animations).
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Summary of optical wave parameters for relativity and QM
...and their geometry

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

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

RelaWavity Web Simulation
{perSpace - perTime All}
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v/= W o
axis An aid to
(Units of 300THz) ..
R pattern recognition:
L 4 i
S
S Occam'
. Sword
0C
3 S (u/c=3/5)
/ sinh p P ;0‘(““@& Sk C’ sinh p !
P : $\er Q o7 -
— K wﬂ“ e+p P = P k
T\ Doppler
tanh p G blue-shift | 4| Btanhp sechp 2]
A Sl‘ellar . A 'QQ Stellal” S §
I angle o/ < / /// § angle o
B < - S X o
el ~
P e'p T §
e® . Doppler
= - = ‘ — red-shift
Vv () K T c
rou b Doppler group group group group group b Doppler / i
p group RED c v, ;LA K, T, ngup BLUE . ] CR 4 ) IZ/ ’ \
% hase 1 c K phase T phase v phase )‘ phase Vphase 1 aXZS
p 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 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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Review of geometric construction , per-space-time (w,ck) dispersion hyperbola w = Bcoshp...
A quick flip to space-time (ct,x) construction: Minkowski coordinate grid

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

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

Phase invariance...derives Lorentz transformations...and vice-versa
Another view of phasor-invariance
Geometry of invariant hyperbolas
Algebra of invariant hyperbolas

Proper time 79 and proper frequency wy
A politically incorrect analogy of rotation to Lorentz transformation

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

Relating rapidity p to and circular or hyperbolic arc-area
Each trig function has a hyperbolic “country-cousin” function

* Shlp Vs LighthOuse Sagas and the Bureau of Inter-Gualactic Aiids to Navigation at Night (Our 18t Relativit animations).
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The ship and Zighthouse saga

(o ) )= ;; ()

Lighthouse t= 1.00
Ship v/c(rel.to Ithse )=-0.50

Comparing Ship and Lighthouse views.: Happening table

Relativit Web Simulation
Relativistic Events in
Main Lighthouses Frame

Lighthouse t= w/
Xx ):( 1.155 0.577

0.577 1.155

0 th\blink wave
(Frqm North)

Happening 1

(I1st blink wave
from Main hzts ship)|”

Happening 2
(2nd blink happenss

1st blink wave
- (From,Main)

0 th blink wave

(Fron}Main)

1st blink Wave
(From Noith)

Ship v/c(rel.to Ithse.)=-0.50

Happening O: Happening 1: Ship gets hitby ~ |[Happening 2: Main Lighthouse
Ship passes Main Lighthouse.  (first blink from Main Lighthouse. blinks second time.
(Lighthouse space) x =10 x=-1.00c x=10

(Lighthouse time) t =0 t = 2.00 t = 2.00

(Ship space) x'=0 x'= 0 xX'=cA

(Ship time) =0 =175 = 2A =230

Fig. 2.4.3 Happening 1 (1st blink hits ship) and 2 (2nd blink at Main) both happen at t=2.
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The ship and lighthouse saga

coshp sinhp
sinhp coshp

(5 ()

|Happening 0.5:
Main Lite
blinks first time.

e
P
o
o

Ship Time '=A=7?

AN AAI A

Aaran,
g
g,

/’/j \'\\'\\\\
2 1 , e M
—| V- ﬁ VI- ﬁ ) (ﬁﬁxx ) Lighthouse: x =0 e
_ 1 2 ¢ .
H /1 52 AN Lighthouse: ¢ =1.00 //
./"’/
Shlp: x/ =0 7 MM
Lighthouse t= 1.00}~ \\thp- 4= =292/ g
Ship v/c(rel.to Ithse )=-0.50 :
North?
orth Lighthouse L
E/smp timet'= 1.15
1 Ship v/c(rel to Ithse .)=-0.50
1.0 \\S\hip vie(rel to obs )= 000
NOUSC AN
\
N
N
: _ (1155 0.577 \(\,{\)_ 1.155 -0.5
\ ct’ ]\ 0577/1.155 N ct. ct’ -0.577 1.155

Comparing Ship and Lighthouse views: Happening tables\

Relativit Web Simulation
Relativistic Events in
Main Lighthouses Frame

Happening O: Happening 1: Ship gets hitby ~ |[Happening 2: Main Lighthouse
Ship passes Main Lighthouse.  (first blink from Main Lighthouse. blinks second time.
(Lighthouse space) x =10 x=-1.00c x=10

(Lighthouse time) t =0 t = 2.00 t = 2.00

(Ship space) x'=0 x'= 0 xX'=cA

(Ship time) =0 =175 = 2A =230

Fig. 2.4.3 Happening 1 (1st blink hits ship) and 2 (2nd blink at Main) both happen at t=2.
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|Happening 0.5:
Main Lite
blinks first time.

The ship and lighthouse saga
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sinhp coshp
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ﬁ M NI Cjt Lighthouse: ¢ =1.00
Lighthouse t= 1.0+~ |
Ship v/c(rel.to Ithse )=-0.50 E}K x' =0 k
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Comparing Ship and Lighthouse views.: Happening tables

)=

ct

Happening 0: Happening 1: Ship gets hitby  [Happening 2: Main Lighthouse
Ship passes Main Lighthouse.  (first blink from Main Lighthouse. blinks second time.
Rel;tll\/? Y?bglmflatlon (Lighthouse space) x =10 x=-1.00c x=0
elativistic Events in : ) _ _ _
Main Lighthouse’s Frame (Lighthouse time) t =0 t 2.00 t 2.00
(Ship space) x'=0 x'= 0 xX'=cA
(Ship time) =0 = 1.75 = 2A =2.30

Fig. 2.4.3 Happening 1 (1st blink hits ship) and 2 (2nd blink at Main) both happen at t=2.
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The ship and lighthouse saga
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|Happening 0.5:
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Comparing Ship and Lighthouse views.: Happening tables

Relativit Web Simulation
Relativistic Events in
Main Lighthouses Frame

Happening O: Happening 1: Ship gets hitby ~ |[Happening 2: Main Lighthouse
Ship passes Main Lighthouse.  (first blink from Main Lighthouse. blinks second time.
(Lighthouse space) x =10 x=-1.00c x=10

(Lighthouse time) t =0 t = 2.00 t = 2.00

(Ship space) x'=0 x'= 0 xX'=cA

(Ship time) =0 =175 = 2A =230

Fig. 2.4.3 Happening 1 (1st blink hits ship) and 2 (2nd blink at Main) both happen at t=2.

Thursday, April 14, 2016



http://www.uark.edu/ua/modphys/markup/RelativItWeb.html?scenario=22
http://www.uark.edu/ua/modphys/markup/RelativItWeb.html?scenario=22
http://www.uark.edu/ua/modphys/markup/RelativItWeb.html?scenario=22
http://www.uark.edu/ua/modphys/markup/RelativItWeb.html?scenario=22
http://www.uark.edu/ua/modphys/markup/RelativItWeb.html?scenario=22
http://www.uark.edu/ua/modphys/markup/RelativItWeb.html?scenario=22

The ship and lighthouse saga

x" \_[ coshp sinhp \[ x
ct’ |7\ sinhp coshp J\ ct

|Happening 0.5:
Main Lite
blinks first time.

A =+ 17N

_ \/1 [3 \/1 ﬁ ) “HV x ) Lighthouse: x =0
ﬁ M NI Cjt Lighthouse: ¢ =1.00
Lighthouse t= 1.0+~ |

Ship v/c(rel.to Ithse )=-0.50

(Cz_vz)Az — 2
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Comparing Ship and Lighthouse views.: Happening tables

Relativit Web Simulation
Relativistic Events in
Main Lighthouses Frame

Happening O: Happening 1: Ship gets hitby ~ |[Happening 2: Main Lighthouse
Ship passes Main Lighthouse.  (first blink from Main Lighthouse. blinks second time.
(Lighthouse space) x =10 x=-1.00c x=10

(Lighthouse time) t =0 t = 2.00 t = 2.00

(Ship space) x'=0 x'= 0 xX'=cA

(Ship time) =0 =175 = 2A =230

Fig. 2.4.3 Happening 1 (1st blink hits ship) and 2 (2nd blink at Main) both happen at t=2.
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The ship and lighthouse saga

x" \_[ coshp sinhp \[ x
ct’ |7\ sinhp coshp J\ ct

|Happening 0.5:
Main Lite
blinks first time.

A =+ 17N
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Relativit Web Simulation
Relativistic Events in
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Comparing Ship and Lighthouse views.: Happening tables

(1155 0577 Y ¥
—\ 0577 1.155 N\ o’

Lo

For u/c=1/2
A =IN(1-1/4)=2N3=1.15..

Happening O: Happening 1: Ship gets hitby ~ |[Happening 2: Main Lighthouse
Ship passes Main Lighthouse.  (first blink from Main Lighthouse. blinks second time.
(Lighthouse space) x =10 x=-1.00c x=10

(Lighthouse time) t =0 t = 2.00 t = 2.00

(Ship space) x'=0 x'= 0 xX'=cA

(Ship time) =0 =175 = 2A =230

Fig. 2.4.3 Happening 1 (1st blink hits ship) and 2 (2nd blink at Main) both happen at t=2.
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Lighthouse t= w/

0 th\blink wave
(Frqm North)

Ship v/c(rel.to Ithse.)=-0.50

1st blink Wave
(From Noith)

] 3
Happening 1 Happening 2
(1st blink wave (2nd blink happens

from Main hits ship)[”

i 1st blink wave
- (From,Main)

0 th blink wave

(From,Main) ~Comparing Ship and Lighthouse views:

Ship Time = A =1N(1-v¥/c?) = cosh p = 1.15
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For u/c=1/2
A =IN(1-1/4)=2N3=1.15..

Happening tables

»

Happening 0: Happening 1: Ship gets hit by Happening 2: Main Lighthouse
Ship passes Main Lighthouse.  (first blink from Main Lighthouse. blinks second time.
Relgtl;/? \.Vte.:bE&m;lla.ltlon (Lighthouse space) x =10 x=-1.00c x=0
elativistic Eventsin : : _ _ _
Main Lighthouse s Frame —(Lighthouse time) t =0 t 2.00 t 2.00
(Ship space) x'=0 xX'= 0 X'=cA
(Ship time) =0 =175 = 2A =230

Fig. 2.4.3 Happening 1 (1st blink hits ship) and 2 (2nd blink at Main) both happen at t=2.
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Happening 1 Happening 2
(1st blink wave (2nd blink happens

from Main hits ship)[”

1st blink wave
(From,Main)

0 th blink wave

(From,Main) ~Comparing Ship and Lighthouse views:

Ship Time = A =1N(1-v¥/c?) = cosh p = 1.15
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For u/c=1/2
A =IN(1-1/4)=2N3=1.15..

Happening tables

'

Happening O: Happening 1: Ship gets hit by  [Happening 2: Main Lighthouse
Ship passes Main Lighthouse.  (first blink from Main Lighthouse blinks second time.
(Lighthouse space) x =10 x = -vc/(c-v) x=10
—————(Lighthouse time) t =0 t = c/(c-v) t = 2.00
Relativlt. Web Simulgtion (Ship space) =0 Y= 0 = WA
Relativistic Events in (Ship time) /=0 ¢ = (vre)Ae /= DA

Ship s Space-Time Frame

Fig. 2.A.3 Happening | (1st blink hits ship) and 2 (2nd blink at Main) both happen at t=2.
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How Minkowski's space-time graphs help visualize relativity

Note that in Lighthouse frame Happening 1 is simultaneous with Happening 2 at t=2.00sec.

Space-space Animation of Two Relativistic Ships Passing Two

Space-Time Movies in Lighthouse Rest Frame v
Showing ?qh thouse Now-Line (Black terminator-line)
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www.uark.edu/ua/pirelli/php/lighthouse scenarios.php
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How Minkowski's space-time graphs help visualize relativity (Here:r=atanh(1/2)=0.549,

Note that in Lighthouse frame Happening 1 is simultaneous with Happening 2 at t=2.00sec.

...but, in Ship frame Happening 1 is at ' =1.74 and Happening 2 is at t'=2.30sec.

Space-Time Movies in Lighthouse Rest Frame
Showing the Sth/ Now-Lme (Black termi

f time't = 1.74Se, (7 PR
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appemng ST L L TN L] N

5

%
Happening 2
won t happen
il t=2.00

Happening 1

www.uark.edu/ua/pirelli/php/lighthouse scenarios.php

Thursday, April 14, 2016

»~

'Dpening 1: Ship
Happening 2: Ligh

o430

Space-space Animation of Two Relativistic Lighthouses Passing Two

—

1 is hit bf Blink~k
fhouse fmits Blink 2

-/ | 15e.)=-0.50
hp time t' =71.74 | (reLFbO= 0.00
Lthse v/c{rgl.toiobs.}=Q50
Tappening 1 _ | rth I1ght
stellar abkangle
OO
-IE! \1
0
0§ -

(Here . )
and o=Asin(1/2)=0.52 or 30°)

88


http://www.uark.edu/ua/pirelli/php/lighthouse_scenarios.php
http://www.uark.edu/ua/pirelli/php/lighthouse_scenarios.php

How Minkowski's space-time graphs help visualize relativity

Note that in Lighthouse frame Happening 1 is simultaneous with Happening 2 at t=2.00sec.

...but, in Ship frame Happening 1 is at ' =1.74 and Happening 2 is at t'=2.30sec.

Space-Time Movies in Lighthouse Rest Frame
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www.uark.edu/ua/pirelli/php/lighthouse scenarios.php
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