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Relawavity: Relativistic wave mechanics IV. Coordinate geometry
(Unit 3 p.19-32 - 4.19.16)

Ship vs Lighthouse sagas and the Bureau of Inter-Gualactic Alids to Navigation at Night  (Our 15t Relativit animations).
= 2005 and 2016 animations of lighthouses and ships in (x,y) scenarios and Minkowski (x,c?) plots
Lighthouse (x,y) frame: Dual concentric circular wavefronts serve as timing device

Ship frame: time dilation A=coshp=1.15 of Lighthouse blinks
Simultaneous events in Lighthouse (x,y) frame: Not so in Ship (x’,)’) frame
Lighthouse-square (x,c?) plots correlated with Ship-square (x/,ct’) plots

Overlapped Lighthouse (x,cf) and Ship (x/,ct’) frame Minkowski plots correlate inconsistencies
Ship (x’,y’) frame: Dual un-concentric circular wavefronts map space-time
Pythagorean derivation of time-dilation factor A=coshp
Un-concentric derivation of stellar aberration k-angle o

Per-spacetime 4-vector (wo,wy, wy,w:) =(w,ckyck,,ck;) transformation
“Occam-sword” geometry: A pattern recognition aid
Relating velocity parameter 5=u/c to rapidity p to k-angle o to u/c-angle v

Circular arc-area o vs. hyperbolic arc-area p
Each circular trig function has a hyperbolic “country-cousin” function

Yet another view: The Epstein space-proper-time approach to SR uses stellar aberration k-angle o
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Simple 2005 animations of lighthouses and ships in (x,y) scenarios and Minkowski (x,ct) plots

Relativistic Ship and Lighthouse Scenarios

Space-Space Movies

Two ships passing two lighthouses
with clocks in both reference frames

Ship passing two lighthouses
in lighthouse rest frame
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with clocks in both reference frames
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Space-Time Movies in Lighthouse Rest Frame
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Shlp VS Lighthouse Sagas and the Bureau of Inter-Galactic Alids to Navigation at Night (Our 13t Relativit animations).
2005 and(2016 )animations of lighthouses and ships 1n (x,y) scenarios and Minkowski (x,ct) plots
= [_ighthouse (x,y) frame: Dual concentric circular wavefronts serve as timing device

Ship frame: time dilation A=coshp of Lighthouse blinks
Simultaneous events in Lighthouse (x,y) frame: Not so in Ship (x’,)’) frame
Lighthouse-square (x,ct) plots correlated with Ship-square (x’,ct’) plots

Overlapped Lighthouse (x,cf) and Ship (x/,ct") frame Minkowski plots correlate inconsistencies
Ship (x’,y’) frame: Dual un-concentric circular wavefronts map space-time
Pythagorean derivation of time-dilation factor A=coshp
Un-concentric derivation of

Per-spacetime 4-vector (wo, wy, wy,w:) =(w,cky,cky,ck;) transformation
“Occam-sword” geometry: A pattern recognition aid
Relating velocity parameter S=u/c to to to u/c-angle v

Circular arc-area o vs. hyperbolic arc-area
Each trig function has a “country-cousin’” function

Yet another view: The Epstein space-proper-time approach to SR uses
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2016 animations of lighthouses and ships in (x,y) scenarios and Minkowski (x,ct) plots
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2015 animations of lighthouses and ships 1n (x,y) scenarios and Minkowski (x,ct) plots

Relativit Web Simulation

Relativistic Events in
Main Lighthouse’s Frame
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2015 animations of lighthouses and ships 1n (x,y) scenarios and Minkowski (x,ct) plots

Relativit Web Simulation
Relativistic Events in
Main Lighthouse’s Frame
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2015 animations of lighthouses and ships in (x,y) scenarios and Minkowski (x,ct) plots
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Shlp VS Lighthouse Sagas and the Bureau of Inter-Galactic Alids to Navigation at Night (Our 13t Relativit animations).
2005 and(2016 )animations of lighthouses and ships 1n (x,y) scenarios and Minkowski (x,ct) plots
Lighthouse (x,y) frame: Dual concentric circular wavefronts serve as timing device

=2 Ship frame: time dilation A=coshp=1.15 of Lighthouse blinks
Simultaneous events in Lighthouse (x,y) frame: Not so in Ship (x’,)’) frame
Lighthouse-square (x,ct) plots correlated with Ship-square (x’,ct’) plots

Overlapped Lighthouse (x,cf) and Ship (x/,ct") frame Minkowski plots correlate inconsistencies
Ship (x’,y’) frame: Dual un-concentric circular wavefronts map space-time
Pythagorean derivation of time-dilation factor A=coshp
Un-concentric derivation of

Per-spacetime 4-vector (wo, wy, wy,w:) =(w,cky,cky,ck;) transformation
“Occam-sword” geometry: A pattern recognition aid
Relating velocity parameter S=u/c to to to u/c-angle v

Circular arc-area o vs. hyperbolic arc-area
Each trig function has a “country-cousin’” function

Yet another view: The Epstein space-proper-time approach to SR uses
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2015 animations of lighthouses and ships 1n (x,y) scenarios and Minkowski (x,ct) plots
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Ship frame: time dilation A=coshp =1.155 of Lighthouse blinks
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2015 animations of lighthouses and ships 1n (x,y) scenarios and Minkowski (x,ct) plots
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2015 animations of lighthouses and ships 1n (x,y) scenarios and Minkowski (x,ct) plots
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Shlp VS Lighthouse Sagas and the Bureau of Inter-Galactic Alids to Navigation at Night (Our 13t Relativit animations).
2005 and(2016 )animations of lighthouses and ships 1n (x,y) scenarios and Minkowski (x,ct) plots
Lighthouse (x,y) frame: Dual concentric circular wavefronts serve as timing device

Ship frame: time dilation A=coshp=1.15 of Lighthouse blinks
2 Simultaneous events in Lighthouse (x,y) frame: Not so in Ship (x’,)") frame
Lighthouse-square (x,ct) plots correlated with Ship-square (x’,ct’) plots

Overlapped Lighthouse (x,cf) and Ship (x/,ct") frame Minkowski plots correlate inconsistencies
Ship (x’,y’) frame: Dual un-concentric circular wavefronts map space-time
Pythagorean derivation of time-dilation factor A=coshp
Un-concentric derivation of

Per-spacetime 4-vector (wo, wy, wy,w:) =(w,cky,cky,ck;) transformation
“Occam-sword” geometry: A pattern recognition aid
Relating velocity parameter S=u/c to to to u/c-angle v

Circular arc-area o vs. hyperbolic arc-area
Each trig function has a “country-cousin’” function

Yet another view: The Epstein space-proper-time approach to SR uses
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Simultaneous events in Lighthouse (x,y) frame: Not so in Ship (x’,)’) frame

Relativit Web Simulation
Relativistic Events in
Main Lighthouse’s Frame
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=3 —
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http://www.uark .edu/ua/modphys/markup/RelativitWeb.html?scenario=101
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Caution:May be confusing

http://www.uark .edu/ua/modphys/markup/RelativitWeb.html?scenario=102
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2015 animations of lighthouses and ships in (x,y) scenarios and Minkowski (x,ct) plots

Tuesday, April 19, 2016
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2015 animations of lighthouses and ships 1n (x,y) scenarios and Minkowski (x,ct) plots
Relativit Web Simulation
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Main Lighthouse’s Frame
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2015 animations of lighthouses and ships in (x,y) scenarios and Minkowski (x,ct) plots

Relativit Web Simulation

Relativistic Events in
Main Lighthouse’s Frame
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Event O: Event 1: Ship gets hit by Event 2: Main Lighthouse
Ship passes Main Lighthouse.  (first blink from Main Lighthouse. blinks second time.
(Lighthouse space) x =10 x=-1.00 x=10
(Lighthouse time) ct =0 ct = 2.00 ct = 2.00

(Ship space) x'=10 x' = xX'=cA

(Ship time) ct'=10 = 1.73 ct'= 2A =2.30
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2015 animations of lighthouses and ships in (x,y) scenarios and Minkowski (x,ct) plots
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for: or- Event O: Event 1: Ship gets hit by Event 2: Main Lighthouse
B= 1 oP— \/g Ship passes Main Lighthouse.  (first blink from Main Lighthouse. blinks second time.
(Lighthouse space) x =10 x=-1.00 x=0
coshp—ﬁ— ~=1.155 =A (Lighthouse time) ct =0 ct = 2.00 ct = 2.00
sinh p= B - 13 —0.577 (Ship space) x'=10 xX'= 0 xX'=cA
VI-pB (Ship time) ct'=10 = 1.73 ct'= 2A =2.30
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Caution:May be confusing
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Shlp VS Lighthouse Sagas and the Bureau of Inter-Galactic Alids to Navigation at Night (Our 13t Relativit animations).
2005 and(2016 )animations of lighthouses and ships 1n (x,y) scenarios and Minkowski (x,ct) plots
Lighthouse (x,y) frame: Dual concentric circular wavefronts serve as timing device

Ship frame: time dilation A=coshp=1.15 of Lighthouse blinks
Simultaneous events in Lighthouse (x,y) frame: Not so in Ship (x’,)’) frame
2 Lighthouse-square (x,ct) plots correlated with Ship-square (x/,ct’) plots

Overlapped Lighthouse (x,cf) and Ship (x/,ct") frame Minkowski plots correlate inconsistencies
Ship (x’,y’) frame: Dual un-concentric circular wavefronts map space-time
Pythagorean derivation of time-dilation factor A=coshp
Un-concentric derivation of

Per-spacetime 4-vector (wo, wy, wy,w:) =(w,cky,cky,ck;) transformation
“Occam-sword” geometry: A pattern recognition aid
Relating velocity parameter S=u/c to to to u/c-angle v

Circular arc-area o vs. hyperbolic arc-area
Each trig function has a “country-cousin’” function

Yet another view: The Epstein space-proper-time approach to SR uses
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Simple 2015 animations of lighthouses and ships in (x, y) scenarios and Minkowski (x,ct) plots
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for: or: Event O: Event 1: Ship gets hit by Event 2: Main Lighthouse
_1 Ship passes Main Lighthouse.  (first blink from Main Lighthouse. blinks second time.
=3 eP=3 pPp g
(Lighthouse space) x =10 x=-1.00 x=0
coshp= l_lﬁz =2=1.155 =A (Lighthouse time) ¢t =0 ct = 2.00 ct = 2.00
sinh p= B . 2%200577 (Ship space) x'=10 xX'= 0 xX'=cA
1-5 (Ship time) ct'=10 = 1.73 ct’= 2A =230
http://www.uark .edu/ua/modphys/markup/RelativitWeb.html?scenario=104
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Simple 2015 animations of lighthouses and ships 1n (x, y) scenarios and Minkowski (x,ct) plots
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Event O: Event 1: Ship gets hit by Event 2: Main Lighthouse
Ship passes Main Lighthouse.  (first blink from Main Lighthouse. blinks second time.
(Lighthouse space) x =10 x=-1.00 x=0
(Lighthouse time) ct =0 ct = 2.00 ct = 2.00

(Ship space) x'=10 xX'= 0 xX'=cA

(Ship time) ct'=10 = 1.73 ct'= 2A =2.30

http://www.uark .edu/ua/modphys/markup/RelativitWeb.html ?scenario=104
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Simple 2015 animations of lighthouses and ships in (x,y) scenarios and Minkowski (x,ct) plots
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Click & Drag b 7om*"t942cof1trovl IAALio dded \2S KBS 2V Click & Drag at bottom to control animation speed;
HEHE I -(3)-0) 210= ()=
ct =7 N + = N\20 — k2% V3 + = N\2 2% | 4) 3 2.30
for: or- Event O: Event 1: Ship gets hit by Event 2: Main Lighthouse
1 oP \/g Ship passes Main Lighthouse.  (first blink from Main Lighthouse. blinks second time.
=3 —
(Lighthouse space) x =10 x=-1.00 x=0
coshp= l_lﬁz =2=1.155 =A (Lighthouse time) ¢t =0 ct = 2.00 ct = 2.00
sinh p= B 22%20577 (Ship space) x'=10 xX'= 0 xX'=cA
1-B (Ship time) ct'=10 ct'= 173 ct'= 2A =2.30
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Simple 2015 animations of lighthouses and ships in (x,y) scenarios and Minkowski (x,ct) plots

: : : 1 B
Relativit Web Simulation ¥ \_( coshp sinhp \(x \_| Vo282 |(x \_ G 1155 0577 Y x
Relativistic Events in ct’ )"\ sinhp coshp \ et J7| _ B 1 et J7\ Lx et 0.577 1.155 N\ ct
Main Lighthouse’s Frame J1-p2 \1-B°
(. S N\ \ N “\\““\ N\ 4
Ship time t' =0.756 -Ship v/c (Rel.to Lthse.)=-0.500 Ship Graph \\@ &( / /
- [ NN \ \ ” /
Ship v/c(Rel.to Obs.)=0.000 Ref time t = 076 sec. = Q 0% -
Lihse v/e(Rel.to 058)=0.500 \ | /o~ 0 50 Jitesec /SC\CN & | /
. Q& A T
i B \\
S 127 Nﬁ%} SN2
— - iteyeC: 1 : es tese
I é\lo Lighthouse RN Shin'1 N s\
Event 1 — Event 1 ’ AN QY% S < E ‘
Event2 I X 5 vent - LA AN G pus
L3 —14 [3 —1] /3 (3 1] L L3 —1i/\V3 —1] Xﬁ &\@
S e P e ¥ P P et Vil s S0 B e A I P\ N\
-10 = / 10 / : N
| S S i%lil 20755 \
OO 0 Main/Lighthouse, » * \
-3 \j 3~ 3 — 3 /1j 719 £3/) 14 1} -
Chitk & Drag atbottom to ¢ : ol ani : fon § o/ 2 Click & Drag at bottom to control animation speed’
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ct =7 N + = N\20 — k2% J3 + = N\2 2% | 4 )3 2.30
. : Event O: Event 1: Ship gets hit b Event 2: Main Lighthouse
for: or: pg y g
_1 oP \/g Ship passes Main Lighthouse.  (first blink from Main Lighthouse. blinks second time.
=3 —
(Lighthouse space) x =10 x=-1.00 x=0
coshp= l_lﬁz =2=1.155 =A (Lighthouse time) ¢t =0 ct = 2.00 ct = 2.00
sinh p= B 22%20577 (Ship space) x'=10 xX'= 0 xX'=cA
1-B (Ship time) ct'=10 = 1.73 ct'= 2A =2.30
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Simple 2015 animations of lighthouses and ships 1n (x, y) scenarios and Minkowski (x,ct) plots
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for: or- Event O: Event 1: Ship gets hit by Event 2: Main Lighthouse
_ % oP— \/g Ship passes Main Lighthouse.  (first blink from Main Lighthouse. blinks second time.
(Lighthouse space) x =10 x=-1.00 x=0
coshp= l_lﬁz =2=1.155 =A (Lighthouse time) ¢t =0 ct = 2.00 ct = 2.00
sinh p= B _ % —0.577 (Ship space) x'=10 xX'= 0 xX'=cA
-p2 3 (Ship time) ct'=10 = 1.73 ct'= 2A =2.30
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Shlp VS Lighthouse SAagas and the Bureau of Inter-Gatactic Auids to Navigation at Night (Our 18t Relativit animations).
2005 and(2016)animations of lighthouses and ships 1n (x,y) scenarios and Minkowski (x,ct) plots
Lighthouse (x,y) frame: Dual concentric circular wavefronts serve as timing device

Ship frame: time dilation of Lighthouse blinks
Simultaneous events in Lighthouse (x,y) frame: Not so in Ship (x’,y’) frame
Lighthouse-square (x,ct) plots correlated with Ship-square (x/,ct’) plots

Overlapped Lighthouse (x,cf) and Ship (x/,ct’) frame Minkowski plots correlate inconsistencies
2 Ship (x,)") frame: Dual un-concentric circular wavefronts map space-time
Pythagorean derivation of time-dilation factor A=coshp
Un-concentric derivation of stellar aberration k-angle o

Per-spacetime 4-vector (wo, wy, wy,w:) =(w,cky,cky,ck;) transformation
“Occam-sword” geometry: A pattern recognition aid
Relating velocity parameter =u/c to to to u/c-angle v

Circular arc-area o vs. hyperbolic arc-area
Each trig function has a “country-cousin’” function

Yet another view: The Epstein space-proper-time approach to SR uses
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Simple 2015 animations of lighthouses and ships 1n (x, y) scenarios and Minkowski (x,ct) plots
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=% eP=/3
_ 1 _2_ _
coshp= 1_[32—\/5—1 155 =A
: __ B _1_
sinh p= 1—[32_ \/3—0.577

X—l.o):(—%ﬂﬁ):(o) ( %ﬁx )_(2ﬁ)_(2)L_(1.15
2.0 _%Jrz% J3 % % 2 ) 2% —\4)J3 7 \230
Event O: Event 1: Ship gets hit by Event 2: Main Lighthouse
Ship passes Main Lighthouse.  (first blink from Main Lighthouse. blinks second time.
(Lighthouse space) x =10 x=-1.00 x=0
(Lighthouse time) ct =0 ct = 2.00 ct = 2.00
(Ship space) x'=10 xX'= 0 xX'=cA
(Ship time) ct'=10 = 1.73 ct'= 2A =2.30
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Simple 2015 animations of lighthouses and ships in (x, y) scenarios and Minkowski (x,ct) plots
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for: or: Event O: Event 1: Ship gets hit by Event 2: Main Lighthouse
_1 oP \/g Ship passes Main Lighthouse.  [first blink from Main Lighthouse. blinks second time.
=3 —
(Lighthouse space) x =10 x=-1.00 x=0
coshp= 1_1[32 =2=1.155 =A (Lighthouse time) ct =0 ct = 2.00 ct = 2.00
sinh p= B 2%200577 (Ship space) x'=10 xX'= 0 xX'=cA
1-p> V3 (Ship time) cf'=0 cf'=1.73 cf’= 2A =2.30
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Simple 2015 animations of lighthouses and ships in (x,y) scenarios and Minkowski (x,ct) plots
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Event O: Event 1: Ship gets hit by Event 2: Main Lighthouse
Ship passes Main Lighthouse.  (first blink from Main Lighthouse. blinks second time.
(Lighthouse space) x =10 x=-1.00 x=0
(Lighthouse time) ct =0 ct = 2.00 ct = 2.00

(Ship space) x'=10 xX'= 0 xX'=cA

(Ship time) ct'=10 ct'= 173 ct'= 2A =2.30
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Simple 2015 animations of lighthouses and ships in (x, y) scenarios and Minkowski (x,ct) plots
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Event O: Event 1: Ship gets hit by Event 2: Main Lighthouse
Ship passes Main Lighthouse.  (first blink from Main Lighthouse. blinks second time.
(Lighthouse space) x =10 x=-1.00 x=0
(Lighthouse time) ct =0 ct = 2.00 ct = 2.00

(Ship space) x'=10 xX'= 0 xX'=cA

(Ship time) ct'=10 ct'= 173 ct'= 2A =2.30
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Simple 2015 animations of lighthouses and ships in (x, y) scenarios and Minkowski (x,ct) plots
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for: or: Event O: Event 1: Ship gets hit by Event 2: Main Lighthouse
_1 oP \/g Ship passes Main Lighthouse.  [first blink from Main Lighthouse. blinks second time.
=3 —
(Lighthouse space) x =10 x=-1.00 x=0
coshp= 1_1[32 =2=1.155 =A (Lighthouse time) ct =0 ct = 2.00 ct = 2.00
sinh p= B : 2%200577 (Ship space) x'=10 xX'= 0 xX'=cA
1-B (Ship time) ct’=10 ct'=1.73 ct’= 2A =230
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Simple 2015 animations of lighthouses and ships in (x,y) scenarios an
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for: or- Event O: Event 1: Ship gets hit by Event 2: Main Lighthouse
1 oP \/g Ship passes Main Lighthouse.  (first blink from Main Lighthouse. blinks second time.
=3 —
(Lighthouse space) x =10 x=-1.00 x=10
coshp= e =2=1.155 =A (Lighthouse time) ct =0 ct = 2.00 ct = 2.00
sinh p= B_—1_0577 (Ship space) x'=0 x'= 0 xX'=cA
V1-B° V3 (Ship time) ct'=10 = 1.73 ct'= 2A =2.30
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Simple 2015 animations of lighthouses and ships in (x,y) scenarios and Minkowski (x,ct) plots
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Lthse v/c(Rel.to Obs.)=0.500

LI I

N

l 1 1
(/b\» i
',k A

~&North Lighthof

Ref time t =2.32 sec
v/ic =-0.50 htesec/se &

/.
(¢
72

2.(

ites

vent 1

/
Event 2 7

]

/
_Z

2 NP

) | P I RN < PP _ai_: I/ )
/1*r/ H +—3/l ’ | ) ™
Click & Drag at bottom to control anim 2 NG Click & Drag at bottom to control gniirlation sp
CHEE R T =()= () ToL=0 )= G)w= 00
o) —| L 2 —\_Lip2 | — — NZ o
ct == N - ﬁ 20 525 V3 + = N\2 2% 4) 3 2.30
for: or- Event O: Event 1: Ship gets hit by Event 2: Main Lighthouse
_1 oP \/g Ship passes Main Lighthouse.  (first blink from Main Lighthouse. blinks second time.
=3 —
(Lighthouse space) x =10 x=-1.00 x=0
coshp= l_lﬁz =2=1.155 =A (Lighthouse time) ¢t =0 ct = 2.00 ct = 2.00
sinh p= B 22%20577 (Ship space) x'=10 xX'= 0 xX'=cA
1-B (Ship time) ct'=10 = 1.73 ct'= 2A =2.30
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Shlp VS Lighthouse SAagas and the Bureau of Inter-Gatactic Auids to Navigation at Night (Our 18t Relativit animations).
2005 and(2016)animations of lighthouses and ships 1n (x,y) scenarios and Minkowski (x,ct) plots
Lighthouse (x,y) frame: Dual concentric circular wavefronts serve as timing device

Ship frame: time dilation of Lighthouse blinks
Simultaneous events in Lighthouse (x,y) frame: Not so in Ship (x’,y’) frame
Lighthouse-square (x,ct) plots correlated with Ship-square (x/,ct’) plots

Overlapped Lighthouse (x,cf) and Ship (x/,ct’) frame Minkowski plots correlate inconsistencies
Ship (x,)") frame: Dual un-concentric circular wavefronts map space-time
= Pythagorean derivation of time-dilation factor A=coshp
Un-concentric derivation of stellar aberration k-angle o

Per-spacetime 4-vector (wo, wy, wy,w:) =(w,cky,cky,ck;) transformation
“Occam-sword” geometry: A pattern recognition aid

Relating velocity parameter =u/c to to to u/c-angle v
Circular arc-area o vs. hyperbolic arc-area
Each trig function has a “country-cousin’” function

Yet another view: The Epstein space-proper-time approach to SR uses
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Pythagorean derivation of time-dilation factor A=coshp

: : : 1 B
RelathIF Web Slmule.ltlon x” \__[ coshp sinhp \[ x \_| 1-8% 1-p2 x \__ %ﬁ x \__ (1155 0577\ x
Relativistic Events in ct’ )7\ sinhp coshp J\ ¢t ] B 1 ct | %% ct J7\ 0577 1.155 N\ ct
Main Lighthouse’s Frame 1-p2 1-B° 3
/ \\ \\ e — /a4
Ship time t' =1.153 -Ship v/c (Rel.to Lthse.)=-0.500 Ship Graph \ / / /
Ship v/c(Rel.to Obs.)=0.000 p P __— [/
/ [ P '~ TN Ref time t = 1.15 sec. -1.0 sec”
__Lthse v/c(Rel.to Obs.)=0.500 v/c = -0.50 litesec/sec. / / /
! %_52 . 02
— _\’/L ites/'ac. lite sec.\ lites
- ANorth Lighthouge
- Event 1 / // :
: Event 2 Vs’ aemeiliisl \
| / i
N Ship LA VAL %// 7\ \\
\_ o > < / / - \ \
- @4 -207sec.
i ain Lightholse "
Click & Drag at byttom to control animation speed Click & at bottom to control animation speedg
Ship registers 1° Lighthouse Blink
at ltS position ( x’ )_( %ﬁ X 0 )_( ﬁ \_( 0.577 )_ ( sinh p )
i 2 i ) —\ 2 | —
time ct NEWES 1 ﬁ) 1.155 coshp
. : Event O: Event 1: Ship gets hit by Event 2: Main Lighthouse
for: or:
_1 oP \/g Ship passes Main Lighthouse.  (first blink from Main Lighthouse. blinks second time.
=3 —
(Lighthouse space) x =10 x=-1.00 x=0
coshp= l_lﬁz =2=1.155 =A (Lighthouse time) ¢t =0 ct = 2.00 ct = 2.00
sinh p= B_—1_0577 (Ship space) x'=10 xX'= 0 xX'=cA
g2 V3 (Ship time) =0 o= 1.73 cf'= 2A =2.30
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Pythagorean derivation of time-dilation factor A=coshp

Relativit Web Simulation ¥ \_( coshp sinhp \( x \_ /—1 ﬁ /—1 B (&5 1155 0577 Y x
Relativistic Events in ct’ )"\ sinhp coshp \ cr ) — %% O 577 1155 N ¢t
Main Lighthouse’s Frame \/1 B> \/1— 3
\\ \\ N —— /1 ,/, 7
Ship time t' =1.153 -Ship v/c (Rel.to Lthse.)=-0.500 Ship Graph \ / // / /
- . ~ _ \ /
:Shlp v/c(Rel.E\o Obs.)=0 ‘00\0 Ref time t = 1.15 sec. -TO/ >
! : ; 0T 2.
— _\’// ites/'ac. lite sec.\ lites
: ANorth Lighthouge
- cA Event 2 7% =D i
vA i ‘ / ////// » N -
/ i N
Shlp - /g 7// | - ’7\ \\\\
: -, /@49\\ 2 05eT
i ain Lightholise "
Click & Drag at byttom to control animation speed Click & at bottom to control animation speedg
Ship registers 1° Lighthouse Blink
at its position ( x ):( %? X 0 ):( ﬁ \:( 0.577 ): ( sinh p )
i ’ 1 2
time ct NEWES 1 ﬁ) 1.155 coshp
. . vent O: vent 1: Ship gets hit by vent Z2: Main Lighthouse
for: or- E 0 E 1: Shi hit b E 2: Main Lighth
_1 oP \/g Ship passes Main Lighthouse.  (first blink from Main Lighthouse. blinks second time.
=> —
(Lighthouse space) x =10 x=-1.00 x=0
coshp= 1_1[32 =%=1 155 =A (Lighthouse time) ct =0 ct = 2.00 ct = 2.00
sinh p= B 2%200577 (Ship space) x'=10 xX'= 0 xX'=cA
1-p> V3 (Ship time) ct’=0 ct’= 1.73 c’= 2A =2.30
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Pythagorean derivation of time-dilation factor A=coshp

Relativit Web Simulation ¢ \_{ coshp simhp \(x \_| Tor ﬁ «/1 » |55 1 155 0577 ) x
Relativistic Events in ct’ )\ sinhp coshp \ ¢t )~ |\ 53 o 577 1.155 N ct
Main Lighthouse’s Frame \/1 B> \/1— 3
\\ \\ N —— /1 ,/, 7
Ship time t' =1.153 -Ship v/c (Rel.to Lthse.)=-0.500 Ship Graph \ / / /
Ship v/c(Rel.to Obs.)=0.000 p P __— i
PSP ~ T Ref time t = 1.15 sec. -1.0 dec’
Ship Time t/= A =1/N(1-?/c?) = cosh { 7 /
! : ; 0T 2.
— _\’// ites/'ac. lite sec.\ lites
: ANorth Lighthouge
- cA Event 2 7% =D i
[ Ay : ‘ / /,///// | Dy
N aaly 7/ SN\
2 \_ - s Ay /| o NN\
Ao € B 1 - @4 270°5ec.
_(2 2)_( 2, 2 _ ain Lighthouse " [
c —v 1-vi/c ) i -_
Click & Drag at byttom to control animation speed Click & at bottom to control animation speedg
Ship registers 1° Lighthouse Blink
at ltS position ( x’ )_( %ﬁ X 0 )_( ﬁ \_( 0.577 )_ ( sinh p )
i A S ) - 2 | —
time ct NEWES 1 ﬁ) 1.155 coshp
for: or: Event O: Event 1: Ship gets hit by Event 2: Main Lighthouse
_1 oP \/g Ship passes Main Lighthouse.  (first blink from Main Lighthouse. blinks second time.
=3 —
(Lighthouse space) x =10 x=-1.00 x=0
coshp= 1_1[32 =%=1 155 =A (Lighthouse time) ct =0 ct = 2.00 ct = 2.00
sinh p= B : 2%200577 (Ship space) x'=10 xX'= 0 xX'=cA
1-B (Ship time) ct’=10 ct'=1.73 ct’= 2A =230
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Shlp VS Lighthouse SAagas and the Bureau of Inter-Gatactic Auids to Navigation at Night (Our 18t Relativit animations).
2005 and(2016)animations of lighthouses and ships 1n (x,y) scenarios and Minkowski (x,ct) plots
Lighthouse (x,y) frame: Dual concentric circular wavefronts serve as timing device

Ship frame: time dilation of Lighthouse blinks
Simultaneous events in Lighthouse (x,y) frame: Not so in Ship (x’,y’) frame
Lighthouse-square (x,ct) plots correlated with Ship-square (x/,ct’) plots

Overlapped Lighthouse (x,cf) and Ship (x/,ct’) frame Minkowski plots correlate inconsistencies
Ship (x,)") frame: Dual un-concentric circular wavefronts map space-time
Pythagorean derivation of time-dilation factor A=coshp
= Un-concentric derivation of stellar aberration k-angle o

Per-spacetime 4-vector (wo, wy, wy,w:) =(w,cky,cky,ck;) transformation
“Occam-sword” geometry: A pattern recognition aid

Relating velocity parameter =u/c to to to u/c-angle v
Circular arc-area o vs. hyperbolic arc-area
Each trig function has a “country-cousin’” function

Yet another view: The Epstein space-proper-time approach to SR uses
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2015 animations of lighthouses and ships in (x,y) scenarios and Minkowski (x,ct) plots

Relativit Web Simulation
Relativistic Events in
Ship’s Space-Time Frame

coshp sinhp
sinhp coshp

()=

)

2 L
V3.3

B _1 —| L2
V3.3

ct
1-g2 \1-p2

T (x )_(

i /
4 Ship time t' =-0.003

27 K S

Ship v/c (Rel.to Lthse.)=-0.500
Ship v/c(Rel.to Obs.)=0.000
thse v/c(Rel.to Obs.)=0.500

Ship Grapl))g

Ref t,imp t= -0 .QO sec.
v/c =-0.50 litesec/sec{

-

)

1.155 0.577
0.577 1.155

|

X
ct

120
_\ Itesd
/ ANt ILighthouse X
eht 1 N
7\ N
Event/ \ \)
L PR | Ll 1 L 11[0. I
l\ -II'O. ! — ', ! ][0, L |
i thouse
Click ¥ Drag & bottom e control animaon ghe
CHEH =)= = (5
2l IR —| L 2 — L2 | — T —
ct +% ct + = 2.0 _ﬁ+2ﬁ I3 J3 230
for or:
B= 1 P_J3 Event O: Event 1: Ship gets hit by Event 2: Main Lighthouse
2 €= Ship passes Main Lighthouse.  (first blink from Main Lighthouse. blinks second time.
coshp=—+1 - =%=1.155 =A (Lighthouse space) x =0 x=-1.00 x=0
- : )
. ﬁﬁ . (Lighthouse time) ct =0 ct = 2.00 ct = 2.00
sinh p= ZTZO ST7 : - - -
1-p% V3 (Ship space) x'=0 x = xX'=cA
(Ship time) ct'=10 ct'= 173 ct'= 2A =2.30
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2015 animations of lighthouses and ships in (x,y) scenarios and Minkowski (x,ct) plots

Relativlt Web Simulation [0 =30 S
— . (¥ \_[ coshp sinhp \( x \_| Ve s |(x N FFH Y x \_(1.155 0577 x
Relativistic Events in ; 3 = h = p | = I —
Shin’s Space-Time Frame s\ sinhp coshp )\ ct - \/7 ct NEINE ct 0.577 1155 N\ ct
e ~_ | ~Stellar angle o =p NI
s S NN AN NN NN \l ] %,
/Ship time t' =-0.012 JShig vig (Rel.tq Lthse )=:0,5Q0 Ship Graph / /
! V\/(\J(Rg\l 'tQ Q\I)\S\)\:(\)\ 0\00\\ Ref tlm/e t = -0 (/)] sec.
SE V/C(Relto ObS)=O 500 V/C — _0 50 liteseC/Seyc‘.
.
2.0
Ites
ent 1
veny/2 r
A\, | I 1\:®:< . n
: (IZ2:
ick & Drag
CHLL) =(3)%=(%)
/2 e 1 2 —_— T —
ct ++ 4 )73 2.30
for or:
B= 1 P_J3 Event O: Event 1: Ship gets hit by Event 2: Main Lighthouse
2 €= C Ship passes Main Lighthouse.  [first blink from Main Lighthouse. blinks second time.
coshp=—+1 - :%=1.155 ' (Lighthouse space) x =0 x=-1.00 x= 0
1- . .
| F =309 [Lighthouse time) ~ ct =0 ct = 2.00 ct = 2.00
sinh p= ZTZO ST7 : - - -
1-p% V3 u (Ship space) x'=0 x'= 0 xX'=cA
l:%:sinﬁ (Ship time) ct’=10 ct'= 173 ct’= 2A =230
C
http://www.uark .edu/ua/modphys/markup/RelativitWeb.html?scenario=105
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Shlp VS Lighthouse SAagas and the Bureau of Inter-Gatactic Auids to Navigation at Night (Our 18t Relativit animations).
2005 and(2016)animations of lighthouses and ships 1n (x,y) scenarios and Minkowski (x,ct) plots
Lighthouse (x,y) frame: Dual concentric circular wavefronts serve as timing device

Ship frame: time dilation of Lighthouse blinks
Simultaneous events in Lighthouse (x,y) frame: Not so in Ship (x’,y’) frame
Lighthouse-square (x,ct) plots correlated with Ship-square (x/,ct’) plots

Overlapped Lighthouse (x,cf) and Ship (x/,ct’) frame Minkowski plots correlate inconsistencies
Ship (x’,)") frame: Dual un-concentric circular wavefronts map space-time
Pythagorean derivation of time-dilation factor A=coshp
Un-concentric derivation of

P Per-spacetime 4-vector (wo,ws, wy,ws) =(w,cky,cky,cks) transformation
“Occam-sword” geometry: A pattern recognition aid
Relating velocity parameter G=u/c to rapidity p to k-angle o to u/c-angle v

Circular arc-area o vs. hyperbolic arc-area p
Each circular trig function has a hyperbolic “country-cousin” function

Yet another view: The Epstein space-proper-time approach to SR uses
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Per-spacetime 4-vector (wo,wx,wy,wz) =(w,cky, cky,ck;) transformation

(Lighthouse frame) X

(a) Laser frame ,

k(T)
k(<) |* k(—)
@m —
0
()Y i

Suppose starlight in lighthouse frame 1s straight down x-axis : ((0 ¢,ckx \L’Cky ¢,cky i) = (a)o,—a)o,0,0)
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Per-spacetime 4-vector (wo,wx,wy,wz) =(w,cky, cky,ck;) transformation

(Lighthouse frame) X

(a) Laser frame ,

X-axis

“Westy ﬁ T
ck.. ck. ,ck 0-0,0,—;)

> My Ry s z<—):(w

k l/ CW Laser-pair

( ) wavevectors B N
____________ South

Suppose starlight in lighthouse frame is straight down x-axis : (a) 15Ck, i’Cky 15k, i) = (a)o,—a)O,O,O)
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Per-spacetime 4-vector (wo,wx,wy,wz) =(w,cky, cky,ck;) transformation

(Lighthouse frame) X

(a) Laser frame ,

X-axis

up +x-axis : (a’T’CkxT’CkyT’Csz) = (9 +0,0,0) “North”

- “Westy ‘0— T
0)0 0)0 along -z-axis : (a) ck k. ,ck )—(wO,O, ,—a)o)

> My Ry s CR

k l/ CW Laser-pair

( ) wavevectors B N
____________ South

Suppose starlight in lighthouse frame is straight down x-axis : (a) ~L’Ckx i’Cky i’Ckz i) = (a)o,—a)O,O,O)
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Per-spacetime 4-vector (wo,wx,wy,wz) =(w,cky, cky,ck;) transformation

(Lighthouse frame) X

(a) Laser frame ,

X-axis

up +x-axis : (a’T’CkxTaCkyT’Csz) = (9 +0,0,0) “North”

along +z-axis : (a) ck. .,ck. _,ck _)) = (a)O,O,O,+a)O)

k(<) | k( —)_)_ _ West L mmeP “Ezst

along -z-axis : (a) ck ckye,ckz(_):(a)o,o,o,—a)o)

" x>
k l/ CW Laser-pair
( ) wavevectors B N
____________ South
Suppose starlight in lighthouse frame is straight down x-axis : (a) ~L’Ckx i’Cky i’Ckz i) = ((uo,—a)o,0,0)
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Per-spacetime 4-vector (wo,wx,wy,wz) =(w,cky, cky,ck;) transformation

(Lighthouse frame) X

(a) Laser frame , (b) z-(— Moving) Shl'pi;%

Apparent  -X-aXIs
position

r of KH)

source

} Ty

Apparent
position

f of K(T)
source

Suppose starlight in lighthouse frame is straight down x-axis : (a) ~L’Ckx ¢,ck i,ckz i) = (a)o,—a)o,0,0)

k i/ CW Laser-pair
( ) wavevectors

+p_-rapidity ship frame sees starlight Lorentz transformed to :(wl,ck)’c ¢,ck; 1-ck; i) = (a)O cosh p_,—@,,0,—w,sinh p Z)

®] coshp, - - —sinhp_ @l coshp, - - —sinhp_ O Mg coshp_
N e D ekl - ~, —,
Ck;;l/ 1 Ckyi/ . 1 ' 0 0
ok —sinh p_ - coshp, ck., —sinh p_ - coshp,_ 0 —,sinhp_
z z
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Per-spacetime 4-vector (wo,wx,wy,wz) =(w,cky, cky,ck;) transformation

(Lighthouse frame) X

(a) Laser frame ,

@ *Apparent

position

¢ of k)
, ’  source

~

(b) z-(— Moving) ship gi

X-axis

=

e P

= ..
: 0« position

f of K(T)
source

k(L) W Shiwerrer kel

N Apparent

J-axis

Suppose starlight in lighthouse frame is straight down x-axis : (a) ~L’Ckx ¢,ck ) i,ckz i) = (a)o,—a)o,0,0)

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

Mg coshp_
0
—,sinh p_

-

@, coshp,
-0 sinh p_

®] coshp, - - —sinhp_ “l coshp, - - —sinhp_ O
Ck),CsL _ . 1 - . Ckx\l, _ . 1 - . _a)o
ok —sinhp_ - - coshp, ck., —sinhp_ - - coshp, 0
~ : : . _ : . . )
Alternative orderlng to w,Ckx,Cky,CkZ . ((U,CkA,CkB,CkC)— (!),CkZ,Ckx,Cky YOU can Slmpll]‘fy notation by uSlng
o] coshp_ -sinhp_ w0l coshp_ -sinhp_ - - N
ckzy _| -sinhp, coshp, - - ck,y _| -sinhp_ coshp, - - 0
ckyl : S N M) : S TR | I
Ck;/\l/ . . -1 Ckyi . . -1 0

0

{w,z,x,y}or{w,4,8,C}
ordering of 4-vector.

(But, we won’t do that,novxj
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Per-spacetime 4-vector (wo,wx,wy,wz) =(w,cky, cky,ck;) transformation

(Lighthouse frame) X

(a) Laser frame ,

(b) z-(— Moving) ship E

@ Apparent  -X-aXIs
position

¢ of k)
, ’  source

'}k’( )

~

)y € P

: .

o ' N Apparent
: 0« position

k(L) W Shiwerrer kel

S ~@sinhp,
Suppose starlight in lighthouse frame is straight down x-axis : (a) ~L’Ckx ¢,ck ) i,ckz i) = (a)o,—a)o,0,0)

+p_-rapidity ship frame sees starlight Lorentz transformed to :(wl,ck)’c ¢,ck; 1-ck; i) = (a)O cosh p_,—@,,0,—w,sinh p Z)

®] coshp, - - —sinhp_ @l coshp, - - —sinhp_ O Mg coshp_
cky| B : 1 - : ck,| B : 1 - : —0, |_ —0),
ok —sinhp_ - - coshp, ck., —sinhp_ - - coshp, 0 —,sinhp_
z z

After the 4-vector transformation, wy=w, is transverse Doppler shifted to wocosh p-, while ckz=0 becomes ckz' = -wq sinh p- .
(The x-component is unchanged: ckx'= -y = ckx and so is y-component: cky'= 0 = cky.)
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(Lighthouse frame) X

(a) Laser frame (b) z—(%Mo@ving) ShipEEx |
Apparent -axis
)

4
4

'}k’( )

AR

~

. s \ Apparent
k ¢ CWLaSer-palV k, ¢ T '\ position oo
\ k/ .
( ) wavevectors ( ) %’fu,ﬁ? —@,sinh p_

_________________________ =w,tano
. . . . X 0
Suppose starlight in lighthouse frame is straight down x-axis : (a) ~L’Ckx ¢,ck ) i,ckz i) = (a)o,—a)o,0,0)

+p_-rapidity ship frame sees starlight Lorentz transformed to :(wl,ck)’c ¢,ck; 1-ck; i) = (a)O cosh p_,—@,,0,—w,sinh p Z)

@l coshp, - - —sinhp_ @) coshp, - - —sinhp, W, Wy coshp,_ M, secO
cky| B : 1 - . ck.| B . 1 - . —w, |_ —0, _ —@
Ck;}\l/ : -1 : Cky\l/ : -1 : 0 0 0
ok —sinhp_ - - coshp, ck_y —sinhp_ - - coshp, 0 —@qsinh p_ ~w, tanc

z z

After the 4-vector transformation, wy=w, is transverse Doppler shifted to wocosh p-, while ckz=0 becomes ckz' = -wq sinh p- .
(The x-component is unchanged: ckx'= -y = ckx and so is y-component: cky'= 0 = cky.)
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(Lighthouse frame) X

(a) Laser frame ,

(b) z-(— Moving) ship gi

@ Apparent  -X-aXIs
position

¢ of k)
, ’  source

'}k’( )

~

f e P
. \\ Apparent
k ¢ CWLaSer-palV k, ¢ =% ' position oo
( ) wavevectors ( ) %’{;ﬁg) —@,sinh p_

_________________________ =w,tano
. .. . . X 0
Suppose starlight in lighthouse frame is straight down x-axis : (a) ~L’Ckx ¢,ck ) i,ckz i) = (a)o,—a)o,0,0)

+p_-rapidity ship frame sees starlight Lorentz transformed to :(wl,ck)’c ¢,ck; 1-ck; i) = (a)o cosh p_,—@,,0,—w,sinh p Z)

@l coshp, - - —sinhp_ @) coshp, - - —sinhp, W, Wy coshp,_ M, secO
cky| B : 1 - . ck.| B . 1 - . —w, |_ —0, _ —@
Ck;;i : -1 : Cky\l/ : -1 : 0 0 0
ok —sinhp_ - - coshp, ck_y —sinhp_ - - coshp, 0 —@qsinh p_ ~w, tanc

z z

After the 4-vector transformation, wy=w, is transverse Doppler shifted to wocosh p-, while ckz=0 becomes ckz' = -wq sinh p- .

(The x-component is unchanged: ckx'= -y = ckx and so is y-component: cky'= 0 = cky.)

Recall hyperbolic invariant to Lorentz transform: w’-c’k’=w'?-c’k’? (=0 for 1-CW light)
The 4-vector form of this is: w’-c’kek=u"?-c’k'k’ (=0 " " )
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Shlp VS Lighthouse SAagas and the Bureau of Inter-Gatactic Auids to Navigation at Night (Our 18t Relativit animations).
2005 and(2016)animations of lighthouses and ships 1n (x,y) scenarios and Minkowski (x,ct) plots
Lighthouse (x,y) frame: Dual concentric circular wavefronts serve as timing device

Ship frame: time dilation of Lighthouse blinks
Simultaneous events in Lighthouse (x,y) frame: Not so in Ship (x’,y’) frame
Lighthouse-square (x,ct) plots correlated with Ship-square (x/,ct’) plots

Overlapped Lighthouse (x,cf) and Ship (x/,ct’) frame Minkowski plots correlate inconsistencies
Ship (x’,)") frame: Dual un-concentric circular wavefronts map space-time
Pythagorean derivation of time-dilation factor A=coshp
Un-concentric derivation of

Per-spacetime 4-vector (wo, wx, w),w:) =(w,cky,cky,ck;) transformation
2 “Occam-sword” geometry: A pattern recognition aid
Relating velocity parameter G=u/c to rapidity p to k-angle o to u/c-angle v

Circular arc-area o vs. hyperbolic arc-area p
Each circular trig function has a hyperbolic “country-cousin” function

Yet another view: The Epstein space-proper-time approach to SR uses
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Pattern recognition: “Occam’s Sword” E

hnnonnonnponsonson

Fig. 5.10 CW cosmic speedometer.

Geometry of Lorentz boost of counter-propagating waves.

———
”——
-

!
I
I

\kZ

\
\
|
|

|

‘ sinh P/ (<—cosh p—>
<— cosh p——>

< cP=sinh p+cosh p >

k(¢ mm—
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Shlp VS Lighthouse SAagas and the Bureau of Inter-Gatactic Auids to Navigation at Night (Our 18t Relativit animations).
2005 and(2016)animations of lighthouses and ships 1n (x,y) scenarios and Minkowski (x,ct) plots
Lighthouse (x,y) frame: Dual concentric circular wavefronts serve as timing device

Ship frame: time dilation of Lighthouse blinks
Simultaneous events in Lighthouse (x,y) frame: Not so in Ship (x’,y’) frame
Lighthouse-square (x,ct) plots correlated with Ship-square (x/,ct’) plots

Overlapped Lighthouse (x,cf) and Ship (x/,ct’) frame Minkowski plots correlate inconsistencies
Ship (x’,)") frame: Dual un-concentric circular wavefronts map space-time
Pythagorean derivation of time-dilation factor A=coshp
Un-concentric derivation of

Per-spacetime 4-vector (wo, wx, w),w:) =(w,cky,cky,ck;) transformation
“Occam-sword” geometry: A pattern recognition aid
> Relating velocity parameter G=u/c to rapidity p to k-angle o to u/c-angle v

Circular arc-area o vs. hyperbolic arc-area p
Each circular trig function has a hyperbolic “country-cousin” function

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

Fig. 5.10 CW cosmic speedometer.

P ]/' ]/‘ L ° .. €€ ) I/' )
aitern recognition aid: “Occam s Sword Geometry of Lorentz boost of counter-propagating waves.

Phase angle UV v

- ('
g
- .
—

\
\
|
|

|

‘ sinh P/ (<—cosh p—>
<— cosh p——>

< cP=sinh p+cosh p >

k(¢ mm—
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Shlp VS Lighthouse SAagas and the Bureau of Inter-Gatactic Auids to Navigation at Night (Our 18t Relativit animations).
2005 and(2016)animations of lighthouses and ships 1n (x,y) scenarios and Minkowski (x,ct) plots
Lighthouse (x,y) frame: Dual concentric circular wavefronts serve as timing device

Ship frame: time dilation of Lighthouse blinks
Simultaneous events in Lighthouse (x,y) frame: Not so in Ship (x’,y’) frame
Lighthouse-square (x,ct) plots correlated with Ship-square (x/,ct’) plots

Overlapped Lighthouse (x,cf) and Ship (x/,ct’) frame Minkowski plots correlate inconsistencies
Ship (x’,)") frame: Dual un-concentric circular wavefronts map space-time
Pythagorean derivation of time-dilation factor A=coshp
Un-concentric derivation of

Per-spacetime 4-vector (wo, wx, w),w:) =(w,cky,cky,ck;) transformation
“Occam-sword” geometry: A pattern recognition aid
Relating velocity parameter G=u/c to rapidity p to k-angle o to u/c-angle v

= Circular arc-area o vs. hyperbolic arc-area p
Each circular trig function has a hyperbolic “country-cousin” function

Yet another view: The Epstein space-proper-time approach to SR uses
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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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http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=0%7C5&taLinesInd=3&refSquareInd=2
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=0%7C5&taLinesInd=3&refSquareInd=2
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=0%7C5&taLinesInd=3&refSquareInd=2
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=0%7C5&taLinesInd=3&refSquareInd=2

Relafing Longifudinal -r'é_l_a“tivity parameter:Rapidity O = log{(Doppler Shift)

to Transverse relativity parameter: Stellar aberration angle %

Circular Functions

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

sinh p ;,,,.-ffén o

tanh' p =sino =

o )
Hyperbolic Functions
tanh(0)="06000
| smh(p) =0.7500
“| cosh(p) = 1.2500

u
—=tanV o3
C

Total

hyperbolic
sectors
area=
p = (
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'L\
0,

Total
circular
sectors
area=o

/ - \ .
mgj(gl) su‘.n h(0)

/ tanh(o) sifh(o)

N

RelaWavity Web Simulation
Geometry of Rapidity Relations

—

-
\\s —”
— —
N ————— —
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http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=0%7C8&taLinesInd=3&refSquareInd=2&labelingInd=2
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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!)

W\me
y/x*xtanh 0 =wy/c e
1.0 N\ :
Areap '
2

4 1 )
% = —basealtitude — area under curve =

22—
Area 1

= Esinhpcoshp — [sinh p d(cosh p)

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

<

y=sinh p
———¢X=cosh 0 Useful hyperbolic identities
2
1 o [eP=eP ) 1y 0, ), cosh2p—1
Exy—jy dx sinh p—[ > ] —Z(e +e —2)— >
0_ -6
sinh@ cosh@ =| &—° _29)=lsinh29
2 2
1

Area 1 .
2

Tuesday, April 19, 2016

:zsmhpcoshp—jsinthdp:isiné—jCOSth dp

[coshap dp =—sinhap
a

2
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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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Shlp VS Lighthouse SAagas and the Bureau of Inter-Gatactic Auids to Navigation at Night (Our 18t Relativit animations).
2005 and(2016)animations of lighthouses and ships 1n (x,y) scenarios and Minkowski (x,ct) plots
Lighthouse (x,y) frame: Dual concentric circular wavefronts serve as timing device

Ship frame: time dilation of Lighthouse blinks
Simultaneous events in Lighthouse (x,y) frame: Not so in Ship (x’,y’) frame
Lighthouse-square (x,ct) plots correlated with Ship-square (x/,ct’) plots

Overlapped Lighthouse (x,cf) and Ship (x/,ct’) frame Minkowski plots correlate inconsistencies
Ship (x’,)") frame: Dual un-concentric circular wavefronts map space-time
Pythagorean derivation of time-dilation factor A=coshp
Un-concentric derivation of

Per-spacetime 4-vector (wo, wx, w),w:) =(w,cky,cky,ck;) transformation
“Occam-sword” geometry: A pattern recognition aid
Relating velocity parameter G=u/c to rapidity p to k-angle o to u/c-angle v

Circular arc-area o vs. hyperbolic arc-area p
> Each circular trig function has a hyperbolic “country-cousin” function

Yet another view: The Epstein space-proper-time approach to SR uses
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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
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=0%7C9&labelingInd=3&showCircularFunctionInfo=true&showHyperbolicFunctionInfo=true
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=0%7C9&labelingInd=3&showCircularFunctionInfo=true&showHyperbolicFunctionInfo=true
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=0%7C9&labelingInd=3&showCircularFunctionInfo=true&showHyperbolicFunctionInfo=true

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

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

L 4
Occam'
3 Sword
dge‘( (u/c=3/5)
, Bsinh p ! | Om\e ’ W C’ Bsinh p !
N ¢ p,c'wcw N L / -
e P
\O s
\’)P . B S “\(\ Q 0 P /B B k
_— A O Be
-“*C\j@ ~ N Doppler T~
‘O, X SO0 blue-shift | 4 anhp sechp3 o
' stellar < g stellar S E
1 angle o § angle o =
Q o
<
Be? T S
Be® P Doppler q
Doppler e red-shift
red-shift //__/-" . , i ‘
Y : Y  J
Q - 1 O . O A / C
= Besch p > axis
—Br—(—=< >
/ Red shift

RelaWavity Web Simulation
{perSpace - perTime All}
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http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=3%7C6&minkGridPosCells=0
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http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=3%7C6&minkGridPosCells=0
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=3%7C6&minkGridPosCells=0

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 &0@“ e+p P = P k
T\ Doppler
tanh p G blue-shift | 4| Btanhp sechp 2]
A Sl‘ellar . A 'QQ Stellal” S §
I ang]e<5ﬁj,f” < ////// § 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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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
/
/ o)
/
/
/
-L=28/45
/
/
/
[
[
|
e P=2/7 I cp=45/28
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Spectral details of Lorentz boost of North-South-East-West plane—wave 4-vectors (wo,wx,wy,w:)

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

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

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

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

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

>L0rem‘z boost by 5=30° or ¢ =\3

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

wotano=wesinhp=wo/\3

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

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

Tuesday, April 19, 2016

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

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




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

N — o) +p — i . e'p=2-\/3

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

- = 1
" 1
- o '
=, 1
< N7 ]

e W
P - :

v L

A W 1
7 D —_— 1
"4 /) R !
"oy AT 1
- i fir, T '
L1t : 1

Lighthouse - t?%ip—fmm

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

N —£NO +p — - =23

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

_
>

+ Wosins =wotanhp
¢ A

wrbitrary
?

West Blue shift woe™? =wo(2+V3)

5. g

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

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

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

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

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

?

West g

g e

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 k| 0/ = wy (1,cos 0,0,-sin /). Then ship going u alor

o z-aXIs Sees :
W’ : : :
,T9 coshp_ - - —sinhp_ 0 coshp_ +sinh p_sin® seco +tano sinf
k1o _ : 1 - : @ cos6 —w cos6 —w cos6
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 - 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
CkyTY9 : -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 i ,

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

N — £N° +p — i E B . ;

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

wrbitrary
?

West}g

5 i

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 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
Cké;re : -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 —0SECT sinf > wotan E

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

wotans=cpsinhp § woseco=wycoshp

es Loréntz \
f affect vects '

wrbitrary
%

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

The spectral ellipse(oid)

-

Lighthouse Ship-fram South’

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

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

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

woseco=wycoshp
----- e - — ‘I
____________________ — \\(\\\T—lmr Y —— .
7y : \v»“““\\ . o __7”9”7Z27a '
es Loréniz ; S, LS
f affect vects &S 95
éggg;(S()

wrbitrary
%

ll~.
i

TN
T i ‘\"F"'
O
-
-

f—
-~
-’
9)

(!

< \\ { \

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

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

0y : : :
,T9 coshp_ - - —sinhp_ 0 coshp_ +sinh p_sin® seco +tano sinf
k1o _ - 1 - : Wy cost | o cosf . cos6
Ck;Te : -1 : 0 0 0 0 0
ck;Te —sinhp_ - - coshp. —m,sin6 —sinh p_—cosh p_sin6 —tano —seco sinf
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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 _
=Lsmoc =1L /\/CZ/UZ-I ~ L u/c
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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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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)

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

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

Pirelli Site animations:

http://www.uark.edu/ua/pirelli/php/means_1.php

http://www.uark.edu/ua/pirelli/php/half sum 2.php

Fig. 10a Euclidian mean geometry for counter-moving waves of frequency 1 and 4. (300THz units).
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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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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’:
\\\\\\\\\\\\\\\\\\\ (ON =:0)\/1-— £ 5 ==CD'\/1._ K : \\\\\\\\\\\\\\\\\\ T,=t,/1- * 5 =t [1— v 5
(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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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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Light-cone-sections are hyperbol
Main Lighthouse on (x=0,y=0) time line
North Lighthouse-1 on (x=0,y=1) time line

Narth Lighthouse

Fig.2.B.5 Space-Space-Time plot of world lifesfor Lig

Tuesday, April 19, 2016

ighthouse blinks trace x==xct “V”-lines thru egch tipe ¢
Lighthouse- Nplinks trace x*-(ct)’=1 hyperbblas tifed egt:

SN

ouses. North Lighthouse blink waves trace light cones.
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