Relativity of wave-optics and Lorentz-Minkowski coordinates I1.

Ch. 3 Of Unit 8 CMwBang! and p. 1-28 Relativity&QuantumTheory by Rule&Compass
1. Spectral theory of Einstein-Lorentz relativity

Applying Doppler Shifts to per-space-time (ck,w) graph

CW Minkowski space-time coordinates (x,ct) and PW grids
Relating Doppler Shifts b or r=1/b to velocity u/c or rapidity p

Connection: Conventional approach to relativity and old-fashioned formulas
Invariant hyperbolas and hyperbolic relations
2. Reciprocal dilation and contraction properties
The most old-fashioned form(ula) of all: Thales & Euclid means

Galileo wins one! (...in gauge space)
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A point or two to review

* That old Time-Reversal meta-Axiom (that is so-oo-o neglected!)
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Inverse to Lorentz transformation T,,is T,

. “ R o ) .
..just as the arithmetic inverse of * is %B
Up y

.just as the arithmetic inver... of ePis IS ePss =ePus
.just as the arithmetic inver... of p,, IS py,= —p,p

See animation: www.uark.edu/ua/pirelli/php/time_rev_sym.php
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Inverse to Lorentz transformation T, is T ,,
. o ¢« o V, +« D
..just as the arithmetic inverse of * is 53
Up A
.just as the arithmetic inver... of ePis IS ePa =ePis
..just as the arithmetic inver... of p,, IS p,,= —p,;

Detailed time reversal symmetry
implies r=1/b.

Approaching

SOQUrce

(600TH= green)

b=1/r
Time-Reversal
+U ™ -U Symmetry Source g™ Receiver
demands
r =]'.."'ﬂ

Velocity Flip Cause-Effect Flip

Receding receiver sees
Doppler red-shift of
[ 20011z source 1o 60071z
(6O0THz)=r(1200TH=z)
with r=1.2

See animation: www.uark.edu/ua/pirelli/php/time_rev_sym.php
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Deriving Spacetime and per-spacetime coordinate geometry by:

(I) Evenson CW axiom“All colors goc” keapﬂ KA and KB on their bﬂSEHﬂﬂT- L P R

(2) Time-Reversal axiom: r=1/b
(3) Half-Sum Phase P=(R+L)/2 and Half-Difference Group G=(R-L)/2 \[ : _\G

atgn speed -u z§ - atom speed 0 l-{j:.
i D D4 R

LASER LAB FRAME ATOM FRAME view of LASER WAVES
LaserPer-Spacetime

(1) versus Ekﬂ

3—|900THz

730TH=

W]

2— 600THz

00T H= or 500nm

— _']' {1l 'I.' 'Jl' J.',_-

s P L 400TH=
" ,.-t.._ "'u
2 1{300THz/
Ut &
2\ \> Laser per-space
ck

-2 -1 ) 1 2
- -
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(a) Right-moving CW e!(x-0Y (b) Leﬁ-movmg CW ei(-kx-wt)

: k=+2 ®=2c =-2 ®=2c '
CW Dye-laser CW Dye-laser
600 THz 600 THz

IAaaNA //I/ % */VY//’// 7'7”¥/§(i/’
AR AAN \ \’\J,\L.f.\;\«,i\,,\,\,,\,),,\,,\,,\,\,.,5.: 48 /Im\lj V AANANN AAAANAAANNK

Re\ll @

‘\‘

Time ct

Wavelength \=21/k=1/K
(0.5mm=0.5-10"m)

Period t=2n/mw=1/v
(].67ﬁ=0.]67-]0'15s)

Space x Space x : :
(c) Standing CW in space-time (d) Dispersion plot Fig. 5 in SR&OM
W(x,t) =(e®)(2coskx)=e! (%01 + gl (-kx-01) in per-space-time
0 lgiase){g”ggg |‘I)'| ’ ) recall also:

factor factor group

p. 3-11 of Lect. 1

\ zero F
T ¢ requency
N\ o
S
= Phase vector
1/2-sum 15000 &
Relehase -zer .y Group vector
R+L o
phase P= 1200, 1/2-difference
—G= R-LL
L=K 5 group - group 2
e
-2 R

Wavevector ck
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(2) Time-Reversal axiom: r=1/b

fopn speed -u —

Feooria)] | | 1S

LASER LAB FRAME
LaserPer-Spacetime

(1) versus Ekﬂ

(3) Half-Sum Phase P=(R+L)/2 and Half-Difference Group G=(R-L)/2

Deriving Spacetime and per-spacetime coordinate geometry by:
(I) Evenson CW axiom “4/l colors go ¢ kﬂ&pﬂ KA and KB on their baselines.

L Y R

EVAE

o D)
=)

1R 4222 H—<4 W JcZzy

ATOM FRAME view of LASER WAVES

AtomPer-Spacetime
ﬂ.)f versus CK g = “MIZGGTHE

3 —

2— 600THz

o
,,:E‘l

- K )
aser per-spdce

750TH= or 400nm

E]Ir}lr}l_ll-fl_ aF 2R
M"'\-\.
1 g .x"
A ‘i-.%

400TH= or 75016 ¢

W'3=1/2+(2)=1

______ 1- SR

1
b2

1
f—

Atom per-space

o =(-1,1) ck”
8 I > '
{Ha:’ved Doubled 3 j

3rd base distance Ist base distance
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Deriving Spacetime and per-spacetime coordinate geometry by:

( }) Evenson CW axiom “All colors goc” kﬂﬁpﬂ K A and K Bon their baselines. L, P R
(2) Time-Reversal axiom: r=1/b

(3) Half-Sum Phase P=(R+L)/2 and Half-Difference Group G=(R—L)/2 \Z

aiom speed -u need
¥ eoorhzl| | ﬁl | |7 soorkz? MIIHH—NI Im
ATOM FRAME view of L '

LASER LAB FRAME
LaserPer-Spacetime AtomPer-Spacetime
ﬂ.)f versus C k 74 - x]ﬁZ'ﬂﬂTHZ e it —.___T-'i.- _'_-_ /T

(1) versus Ekd

750TH= op 400nm

2 600THz 600TH= or 500mm

Atom per—sg:i:m‘:e
~(-1,1) ck”

1 ) |
Halved 3 4

3rd Fm'e distance

Do u%)!ea’
It base distance
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Deriving Spacetime and per-spacetime coordinate geometry by:
(1) Evenson CW axiom “All colors go c” keeps K 4 and K g on their baselines.

L P R
(2) Time-Reversal axiom: r=1/b _
(3) Half-Sum Phase P=('R+L)/2 and Half-Difference Group G=(R—L)/2 \Zﬂ

LASER LAB FRAME

A0TH= ordinm

— 600THz

GO

400TH= or 75010 42"

ATOM’ FRAME view of L4

LaserPer-Spacetime AtomPer-Spacetime o .
(1) versus C k, m! versus C k; 4-)1200THZ ----— - = A=l T N ‘

Atom per-space

ck’

rdbase distance

A | 4
Y Doubled 2

it hase distance

/
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Phase-vector: P’ =

in per-space-time (@ ,ck)

RO+ 1L/

/
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’
phase

ck’

phase

)]
Phase-vector: P’ =

in per-space-time (@ ,ck)

+1
P =
a),I"OI/l 2
Group-vector: G’ = ‘g: ’ SN
ckgmup e
in per-space-time (@ ,ck) =B // 2
e’ —e?
. 2
P/
K,=L’
-p
Z Bl /¢
_ P

s e
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’

@ group

ck’

group

Group-vector: G’ =

in per-space-time (@ ,ck)

A

’
phase

ck’

phase

)]
Phase-vector: P’ =

in per-space-time (@ ,ck)

7+ 1/
P = =R’
cosh e’
~/B P =b P
sinh €
s1nhp
Q; P/
8;, """""" :"Gl ;G’_R,_
K,=1 : : Q
=
B e’ 7 e
— _e:P __-_-_-_-_-.-.=====C==-"Hb """ — COShp
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’
phase

ck’

phase

)
Phase-vector: P’ =

|

in per-space-time (@ ,ck)

a),roup
Group-vector: G’ = [ g, ]
Ck group
in per-space-time (@ ,ck) e
@’“
ad
i)
S W N“e
N A
(C\d >
84 o/ . g w ;i
sy )
“xS o
.o 59
s
) e
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U
W’ Q)Q) @N
, phase LN
Phase-vector: P’ = ) 3 Q
Ck phase ;&/ ()
Q N
in per-space-time (w,ck) &\Q )
& .
e .
5 A3
o VA
Group-vector: G' = o > Y X)
Ckgmup \b
- O
in per-space-time (o ck) Poirf(w,ck) Q‘@ A .W\@
N {0
. Y PUADNCk) g
G'in(w,c : @Q ‘®g\ @V/SQO
G’in(ct,x) jds W / ’,@W\@
P’ futct , x) 3 o in(w,
| (& sy
() oY ' W
_ Q@‘VS ) Y "in(ct,x)
< W® c?
“X o SQO«
W

Tuesday, January 28, 2014

17
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(a) Right-moving CW e'("*-©/9

k=+4 o ~4c
CW UV-laser
1200 THz

Rey,

Time ct’

r

avelength A=2m/k=1/K
(0.25um=0.25-10"%m)

Space x,I‘PI
(c) Minkowski CW-grid )

(b) Left-moving CW (k-0

k,=-1 o_=Ilc

CW IR-laser
300 THz

Rey_,

N

Wavelength \=2m/k=1/K
(Ium=10"5m)

group

Space x’

(d) Dispersion plot

= /
600 phase
/

/
/v v’
L=K_1 00 1 G Kgroup

| 1+ 43 14

Wavevector ck’

Fig. 9in SR&OM

recall also:
p. 3-11 of Lect. 1
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Space x w Space x

(c) Minkowski CW-grid woup  (d) Dispersion plot
T \ / /" y Fig. 9 in SR&OM
ime /

c l, recall also:

p. 3-11 of Lect. 1

Wavevector ck’
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(a) Alice’s standing CW (x,ct) frame (b) Bob’s (x,ct’) view I
S ope

Sl()pe: (gi oup —lan P

Veroup = 0
Egmup Tlme r Slope

phase

Time
ct cTisinhp —cothp

2
cTicoshp>»!
Einstein-Lorentz Transformation (ELT) of spacetime (x,ct) coordinates... 2
X{any) | coshp sinhp X(any) - X(any) | coshp —sinhp X any)
, — . - . 14
& sinhp coshp Ct ) ) Ct iy ) —sinhp  coshp Cl iy
...1s based upon the same ELT of per-spacetime (ck,w) coordinates... Old-fashioned notation
(discussed below)
@y | [ coshp sinhp D ) here. coshp sinhp | [y By
Ky sinhp coshp CK gy ) sinhp coshp By v

21
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'‘Baseball Digcond "

‘r’u,r Laser '

(Per-space-time Cartesian lattice)

= per-time k=,
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PA"
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L perypdoe
ks ck=2m Kk

\( b} Laser group and phase wavevectors

fot Laser Coberent Wave (CW) paths
(Space-time Cartesian grid)

furee of

>

(e} Laser Pulse Wave {PW) Paths
fSpace-time Diamond grid)

Soce X

;
(b} Boosted group and phase waveve ctors-

fa) Boosted Laser " Baseball Diamond ™
(Per-space-time rectangle)
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fc) fu=3c¢ 3)-Boosted CW paths
(Space-time Minkowski grid)

f”? (e} Boosted PW Paths
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fme

atom speed -u—-

[ aser lab views

@ =—— Atom VIEWS (sees lab going ~u
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>

Connection: Conventional approach to relativity and old-fashioned formulas
Invariant hyperbolas and hyperbolic relations

Tuesday, January 28, 2014
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Connection to conventional approach to relativity and old-fashioned formulas

Given phase and group wave formulas:

’
wphase D R,+ ’ .
v =P'= 5 =,
¢ phase
\
(
R/+L
group 7 .
v =G’ = > =,
¢ group
\

e’ +e P

A|lw B|Ww

Al MW

Tuesday, January 28, 2014
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Connection to conventional approach to relativity and old-fashioned formulas

Given phase and group wave formulas:
(o b (
e +e S
w;hase , R,+ ! 2 COSh p 4
, :P = = (UA = wA . = a)A
Ckphase 2 el —e P sinh P E
.2 (4
( eP _ e—P \ ( E \
@0 . RH4L 9 sinh 4
, :G = = a)A = (UA = a)A
Ckgmup 2 e’ +e " cosh P 2
.2 4 )
Calculate phase velocity and group velocity of coordinate waves:
% ’ vV . inh
phase _ wp,hase _ Cf)Shp _ g _ COthp group _ g:oup _ sinh p _ é — tanhp
C Ck e SN 3 C ko, COSHP 5
VvV’ p_ P _p! 21
group _ z =tanhp _ e e_ _ b b_l _ b2 _
c c e’ +e” b+b b+l

p

old-fashioned
relativity
parameter

3=u/c

Tuesday, January 28, 2014
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Connection to conventional approach to relativity and old-fashioned formulas

Given phase and group wave formulas:
(o b (
e +e S
w;hase , R,+ ! 2 COSh p 4
, :P = = (UA = wA . = a)A
Ckphase 2 el —e P sinh P E
.2 \ 4
( eP _ e—P \ ( E \
@0 . RH4L 9 sinh 4
, :G = = a)A - = (UA = a)A
Ckgmup 2 el +e P COShp 2
.2 4 )
Calculate phase velocity and group velocity of coordinate waves:
Vphase _ w;hase _ COShp _ g _ Cothp Vgroup — g:()up _ Slnhp _ é _ tanhp
c ck)ype  SiDhp 3 c ck.,,, coshp 5
VvV’ p_ P _p! 21
group _ z =tanhp _ e e_ _ b b_l _ b2 _
c c e’ +e” b+b b+l
Solve =p for Doppler-blue factor:

p

old-fashioned
relativity
parameter

3=u/c

Tuesday, January 28, 2014
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Connection to conventional approach to relativity and old-fashioned formulas

Given phase and group wave formulas:
(o b (
e +e S
w;hase , R,+ ! 2 COSh p 4
’ :P = = wA = wA . = a)A
Ckphase 2 el —e P sinh P E
.2 \ 4
( eP _ e—P \ ( E \
@0 . RH4L 9 sinh 4
, :G = = a)A B — a)A — a)A
Ckgmup 2 e’ +e " COShp 2
.2 4 )
Calculate phase velocity and group velocity of coordinate waves:
Vphase _ w;hase _ COShp _ g _ Cothp Vgroup — ;':oup _ Slnhp _ é _ tanhp
c ck)ype  SiDhp 3 c ck.,,, coshp 5
VvV’ p_ P _p! 2_
b2_1:ﬁb2+ﬁ group zzztanhp:e e :b b : :b2 15
o c c e’ +e” b+b b+l
b*—Bb” =1+
Solve == for Doppler-blue factor:

p

old-fashioned
relativity
parameter

3=u/c

Tuesday, January 28, 2014
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Connection to conventional approach to relativity and old-fashioned formulas

Given phase and group wave formulas:
(o b (
e +e S
w;hase , R,+ ! 2 COSh p 4
, :P = = (UA = wA . = a)A
Ckphase 2 el —e P sinh P E
.2 \ 4
( eP_e—P \ ( E \
@0 . RH4L 9 sinh 4
, :G = = a)A = (UA = a)A
Ckgmup 2 e’ +e " COShp 2
.2 4 )
Calculate phase velocity and group velocity of coordinate waves:
Vphase _ w;hase _ COShp _ g _ Cothp Vgroup — ;':oup _ Slnhp _ é _ tanhp
c ck)ype  SiDhp 3 c ck.,,, coshp 5
VvV’ p_ P _p! 2_
b>—1=Bb>+ , WP Zwow Y panhp=S S = b=b _b=l
DB =14 B b :@ c c e’ +e” b+b' b+l
— =1+
Solve =p for Doppler-blue factor:

p

old-fashioned
relativity
parameter

3=u/c

Tuesday, January 28, 2014
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Connection to conventional approach to relativity and old-fashioned formulas

Given phase and group wave formulas:

( e’ +e” ( 5
a);hase , R,+ 2 COSh p 4
’ :P = = wA = wA . = wA
Ckphase 2 el —e P sinh P E
L2 \ 4
( el —e” ( 3
@0 . RH4L 9 sinh 4
) =G’ = =, =, =,
Ckgmup 2 e’ +e " C()Shp 2
.2 4 )
Calculate phase velocity and group velocity of coordinate waves:
Vphase B w;hase B coshp 5 _ coth sroup ;mup __sinhp é _ tanh Oldfasl.ziQned
c ck., sinhp 3 comp c «ck,, coshp 5 B relativity
’ P_o P pep ] parameter
b2—1: b2+ 1+ﬂ 810U z —tanh 0 = € ¢ = _ = _ = :u/c
> f g b* = P e’ +e” b+b' b+l P p
P ld-fashioned
Solve ’;H bluefactor 1+ l+ul/c l+ul/c E1+[3 old-fashione .
_ l—ulc \/1 PR 2 Lorentz x-contraction
parameter
A=1-1u>/c

Tuesday, January 28, 2014
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Connection to conventional approach to relativity and old-fashioned formulas

Given phase and group wave formulas:

( e’ +e” ( 5
a);hase , R,+ 2 COSh p 4
’ :P = = wA = wA . = wA
Ckphase 2 el —e P sinh P E
.2 \ 4
( el —e” ( 3
@0 . RH4L 9 sinh 4
) =G’ = =, =, =,
Ckgmup 2 e’ +e " C()Shp 2
.2 ) 4 )
Calculate phase velocity and group velocity of coordinate waves:
Vphase _ w;hase B cosh p _ g — coth p sroup ;mup _ sinh p _ é _ tanh p OZd-fClS}.ll.OI”wd
c ckl,, sinhp c «ck,, coshp 5 relativity
’ P_o P pep ] parameter
1+ﬁ L = Z =tanh p = € e 270 2 - —u/c
b* = P e’ +e? b+b' b+l P 3
Solve = bluefactor 1+ l+ul/c l+u/c 1+[3 old-fashioned
i — l—ulc \/1 42/ 2 A Lorentz x-contraction
parameter
Convert Lorentz parameter to hyper—funcnon A=1-u?/c? N
=+l-u'/c
1 1
:\/l—tanthzsechp: =—
coshp vy
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Connection to conventional approach to relativity and old-fashioned formulas

Given phase and group wave formulas:

( e’ +e” ( 5
a);hase , R,+ 2 COShp 4
, :P = = a)A = wA . = wA
Ckphase 2 el —e P sinh P E
.2 \ 4
el —e” ( 3
@0 . RH4L 9 sinh 4
) =G’ = =, =, =,
Ckgmup 2 e’ +e " C()Shp 2
.2 ) 4 )
Calculate phase velocity and group velocity of coordinate waves:
V hase _ w;hase __coshp _ 5 — coth p growy _ Dogrowp  _ sinh p _ 3 _ tanh p Old'f aS}.ll?ned
c ckl,, sinhp c «ck,, coshp relativity
, L o pp B parameter
1+/3 S 2 panp =SS0 s —u/c
b* = P e bab b P :
Solve = bluefacmr 1+ Itulc _ _1tulc _1+P old-fashioned
s _ l—u/c \/1 2k A Lorentz x-contraction
parameter
Convert Lorentz parameter to hyper—functzon A=1-u?/c? PN e
=~Nl—-u/c
— T tanh® p =sechp=—— =1
= anh” p =sechp = coshp  y old-fashioned
Einstein t-dilation
parameter
1
’)/ =
\/ 1-u’/c’
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Connection to conventional approach to relativity and old-fashioned formulas

Given phase and group wave formulas:
(o b (
e +e S
w;hase , R,+ 2 COShp 4
, :P = = a)A = wA = wA
Ckphase 2 el —e P sinh P E
.2 \ 4
( el —e” ( 3
a);roup , R,+ ! 2 Slnh p 4
) =G’ = =, =, =,
Ckgmup 2 e’ +e " C()Shp 2
.2 4 )
Calculate phase velocity and group velocity of coordinate waves:
Viiase _ @ppase _ COSHP 5 coth o _ Dy _ SiDhp 3 (anh p old-fasl.ii.oned
c ¢k, sinhp 3 P c ckgmup cosh p relativity
arameter
/ P_e? bbbl P
1+ﬁ ﬂ_ﬁ_tanh _e ¢ _ _ _3 |B=u/c=tanhp
b* = P e’ +e? b+b' b+l P
Solve Z+1 bluefactor 1+ l+ul/c l+ulc 1+[3 old-fashioned .
_ l—ulc \/1 42/ 2 A Lorentz x-contraction
Convert Lorent ter to h tion: A=1- parameter
onvert Lorentz parameter to hyper-function: u® /¢’
P yperf lzx/l—uz/czzsechp
= \/1 —tanh” p =sechp = Lt _1
- p =secip = coshp v | old-fashioned
Einstein t-dilation
parameter
l—y— 1 =coshp
\/ 1—u’/c’
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Connection to conventional approach to relativity and old-fashioned formulas

Given phase and group wave formulas:

e’ +e’ 5
w;hase _P,_ R,+ —w 2 — COSh p - W 4
ck’ e 2 oer—eP “| sinhp 3
.2 (4
( el —e? [ 3
Porr | _ ey R _ 2 |_, | smhe |_ | 4
Ck;mup 2 ! e’ +e " ! cosh p 5 2
.2 ) 4 )
Calculate phase velocity and group velocity of coordinate waves:
Viiase _ @ppase _ COSHP 5 coth o _ Dy _ SiDhp 3 (anh p old-fasl.ii.oned
c ke SiDh P 3 P c ckgmup cosh p relativity
, b p o g g2 parameter
bz_l-l—ﬂ group_z_tanhpze e_ :b b_1:b2 1Eﬁ ﬁ:u/c:tanhp
—@ e’ +e” b+b b+l
Solve == blue factor: 1+ Itulc  ltulc _1+B; I old-fashioned .
_ l—u/c \/1_u2 R oreniz x—conttmctzon
; parameter
Convert Lorentz parameter to hyper-function: A = \/ 1—u’/c*
P yP f --------------------------- ; | | l:\/l—uz/czzsechp
Doppler-blue (again E = - = .
pzz (: g ) e 145 = /1 —tanh® p = sech i =7 [ oldfashioned
b=e"=coshp+sinhp = m =7 Einstein t-dilation
---------------- ' parameter
l—y— 1 =coshp
\/ 1—u’/c
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Connection to conventional approach to relativity and old-fashioned formulas

Given phase and group wave formulas: y
e’ +e” (5
w;hase , R,+ ! 2 COSh p Z
’ :P = = wA = wA . = wA
Ckphase 2 el —e P sinh P E
.2 \ 4
( el —e” (3
@0 . RH4L 9 sinh 4
, =G =, =, =,
Ckgmup 2 e’ +e " C()Shp 2
.2 4 )
Calculate phase velocity and group velocity of coordinate waves:
Voase @ coshp 5 " o a)gp _sinhp 3 - old-fashioned
c ckphase sinhp 3 comp c ¢k, coshp P relativity
ter
v’ e parame
bz_l-l—ﬂ group_z_tanhpze e_ :b b_1:b2 1Eﬁ ﬁ:u/c:tanhp
—@ e’ +e” b+b b+l
Solve = blue factor: I+ _ Ltulc _ l4ulc 1+ B! old-fashioned
o _ l—u/c \/1_u2 2 A Lorentz x-contraction
. parameter
Convert Lorentz parameter to hyper-function: A = Ji—u? /e
P YP f --------------------------- : . . l:\/l—uz/czzsechp
Doppler-blue (again 5 = \/1—tanh’ p =sechp = =— :
PP ( g ) ule  1+B ‘/ P P coshp v | old-fashioned
b=e" =:_C_QS_h/0Jr sinh p = e A Einstein t-dilation
3 -'-: - uc ---------- ' parameter
L : B l—y— 1 =coshp
A \/—M/C \/ —u’/c? \/1 u>/c’
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Connection to conventional approach to relativity and old-fashioned formulas

Given phase and group wave formulas:

( e’ +e’ ( S
a);hase , R,+ 2 COSh p 4
, =P'= = a)A B = Q)A ) = wA
Ckphase 2 el —e P smhp E
.2 \ 4
( o — P ) ( 3 )
@0 . RH4L 9 sinh 4
/ =G"= =, _ =W, =W,
Ckgmup 2 e’ +e " C()Shp 2
\ 2 ) 4 )
Calculate phase velocity and group velocity of coordinate waves:
Vopase _ @y _cOshp 5 _ coth p vow _ Doy _ SiDNP 3 (anh p old-fashioned
c ¢k, sinhp c ckgmup cosh p relativity
, . s parameter
> 1—|—ﬁ group—z—tanhp:ep—epzb_b :b_lzﬁ ﬁ:u/cztanhp
b :@ e’ +e” b+b' b+l
Solve == blue factor: +p _ [Hufc __l+uic 14 B: old-fashioned
bl _ l—u/c \/1— 2/ R Lorentz x-contraction
C t Lorent ter to h tion: A=+1- - parameter
onvert Lorentz parameter to hyper-function: u’/c®
P yp f ___________________________ : | | )L:\/l—uz/czzsechp
D - E = = =— :
oppler blue (agam) e 145, = /1—tanh® p =sech coshp 7 | old-fashioned
b= coshp it smhp — = Einstein t-dilation
-"": ﬂ ""',:::':':I:.f':':c'.;':j-'-': ---------------- Old-fashioned asimultaneily COfo parameter
1 1 . ul ulc : 1 1
— 4+ L +1 =sinh p —=y= = cosh
AT ANl 1l Vil M ’
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Connection to conventional approach to relativity and old-fashioned formulas

Euclidian Geometry for Per-spacetime Relatmty

relative speed~slope

u/c= sinh p /cosh p= tanhp / |C

Key Definition| Alom Per-time 7 Key Results:
w’ ya
OfRapfdfty P - Bep| _0) ) Vs. “ Ck )
Doppler blue shifi: 4 winks” vs. “kinks
Bb =BetP )\ 4 =B cosh p
Doppler red shift: 2| ck=B sinh P
Br =Be— P - grﬂup velocity:
/ BetP === tanh P
/ Ck C
Bc h 5' phase velocity:
N | ck_c¢ "
BeP “Atom per-. face ——==coinp
sinh p ok o U
B sinh p = (B e P=B e P)2 B cosh p= (B e P+B e P)/2
i

¢ |Key Quantities -
Related material at \) I}"Ih p_ \/1- f Loreniz-Einstein factors COS h )O: \ /1- fg

“per space-per-time”’
setting of: http://www.uark.edu/ua/modphys/testing/markup/RelaVVavityVVeb.html
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Invariant hyperbolas and hyperbolic relations
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Euclidian wave geometry with time-reversal symmetry imply

Lab
frame
area...

equals

| Atom frame area...

b
by time-reversal axiom: r =1/b

...that implies
hyperbolic invariants

rb=1
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Euclidian wave geometry with time-reversal symmetry imply

Bsinh p=(B e P-B e P)2

dispersion hyperbolas: ® =nBcosh p I
frame
area...
per-time
g 1--< equals
\\é e-pé\:\;ﬁB\\\
\ 4 Doppler || Atom frame area...
\ I\ red-shift
\ 25 \\ b
. / by time-reversal axiom: r =1/b
e 3 B 7 Doppler
AN blue-shift . :
N - N ...that implies
=2 \ e"P B=hB hyperbolic invariants
/ / \ \ rb=1
III ’ / B C\O\S\h p \\\\
'II / \\\ Be-p \\\ y
', B C_p . \\\ D
i B sinh p. \ l per-space 5

B cosh p=(B e P+B eP)2
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Group velocity u and phase velocity c/u
are hyperbolic tangent slopes

P hyperbolas
c A

:< k / > ¢ line
|
/ G
hyperbolas
20 = 2B=4™




Group velocity u and phase velocity c*/u
are hyperbolic tangent slopes

P hyperbolas
~ C Ak LS - ¢ line

|
|
® G
\ hyperbolas
265[: 2B:4\7 — 4 /

Rare but important case where

do _ Ao
dk Ak
with LARGE Ak

(not infinitesimal)

Relativistic
group wave

speed u=c tanh p
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Bsinhp |
vy v

Rare but important case where

do _ Ao
dk Ak
with LARGE Ak

(not infinitesimal)

Relativistic
group wave

speed u=c tanh p

2 -1 0 1 2 3 4

Group velocity u and phase velocity c*/u
are hyperbolic tangent slopes

- C A k , /P iyperbolas

A

¢ line

G
hyperbolas
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Group velocity u and phase velocity c*/u
are hyperbolic tangent slopes

P hyperbolas
~ C Ak LS - ¢ line

|
|
Q) G
\ hyperbolas
265[: 2B:4\7 — 4 /

Rare but important case where
do _ Aw -~ c Ak =

dk Ak
with LARGE Ak A
(not infinitesimal) W g

Relativistic /
group wave <
speed u=c tanh p |

B cosh p

B sinh p
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Group velocity u and phase velocity c*/u
are hyperbolic tangent slopes

P hyperbol
- c Ak e ¢ line
! \
Q) G
\ hyperbolas
265[= 2B=d~——__ 4l _— -

2 -1 0 1 2 3 4

Rare but important case where

do Ao i c Ak =
dk Ak
with LARGE Ak AL
(not infinitesimal) o ///’”/ -
Relativistic

//// P \\\\
Y "/ B cosh p N
group wave / \
/
speed u=c tanh p
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are hyperbolic tangent slopes

P hyperbolas
~ C Ak L - ¢ line

Group velocity u and phase velocity c*/u

| |
Q) G
\ hyperbolas
2m[= 2B=A~—_ 4 |

ck

-2 -1

Rare but important case where
do  Aw - ¢ Ak

d(D_u_Ck
- dk=c -

u  Group velocity

w=DB cosh p

k=B lsinh p

ck
C

dk Ak
with LARGE Ak N
(not infinitesimal) W g

Relativistic )
group wave &

speed u=c tanh p |

B cosh p

N
AN
\
N
\
\
\
\
\
\‘ ] \
-L\ \‘
~————————

—

- . >
B sinh p
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Newtonian speed u~cp

Low speed approximation

Rapidity p approaches u/c
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2. Reciprocal dilation and contraction properties
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2. Reciprocal dilation and contraction properties

Atom Time
ct’ - axis

ALY

T1=5/4

~ N

Time /////// '
Dilation 7 ////
AY /1 =
INIHE

Length
Contraction

AL /L =
VI1-v2/c2

Atom Space

x’ - axis
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2. Reciprocal dilation and contraction properties

(a) Alice’s standing CW (x,ct) frame  (b) Bob’s (x’,ct’) view of Alice’s wave

slope:

SZOEQ.' ’C-dllathn é,wp—tan P,
Time & and contraction sze - slope
_phase
ct cT1sznhp ‘—cothp
_cT sinh’p €——
“““ - T G= Kgroup /
group X®£ h L
cos N__ o
CTZl 8 — _i __ P_Kphase
! : ctisinhp cusechp | Aisinhp
> 2 -
Yy Y __ y
Space X . Space x
A-contraction — |
d dilati ﬂ](_ }LlCOShp—}l | /
an ilation 4, _ "5 ykzlsec 0

Fig. 10 SR&OMbyR&C
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2. Reciprocal dilation and contraction properties

(a) Space-time (¢,x) geometry of CW zero-paths

2.0

_—

=4/3

(b) Per-space-time (v

2.0

frequency
v (Hz)
1.5

o]
Mhp

1« ) geometry of CW poir

£

Vg
=V sinhp
=3/4
=20 Do s 12
0 wave number

| K (per meter)
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2. Reciprocal dilation and contraction properties

(a) Space-time (¢,x) geometry of CW zero-paths

2.0

2.04

frequency
v (Hz)
1.5

K=1/A,

1.0

/from

maps to

(b) Per-space-time (v,x ) geometry of CW poir

&K/Icoshp

yANRANE|

—’c ACSCIP/
43

= K (per meter)

g
=V sinhp
=3/4
200 1 1-20 1|\ +140 . ' +LhS 1 4240
0 wave number
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2. Reciprocal dilation and contraction properties

(a) Space-time (¢,x) geometry of CW zero-paths

2.0

4/5

_—

/from

B

maps to

(b) Per-space-time (v, ) geometry of CW poir

2.0

frequency

v (Hz)

K=1/A,

1.5

ngl/ 7\‘g gt /
:1)_ACO_Shp

& 2

o (

= =5/4

Pe) 0.5 L

0 .

o |=DAsmhp

®

£ I=3/4

208 1 120 Do s 12
0 wave number

| K (per meter)
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2. Reciprocal dilation and contraction properties

(a) Space-time (7, x) geometry of CW zero-paths

/ / Time t

0.5

(b) Per-space-time (v,x ) geometry of CW poir

2.04

|=v Acd/shp

Z5/4

s 240

s L0
|
| A=T,sechp |
a | A =T Acscl}p
A =4

frequency
v (Hz)
1.5
K=1/A,
c s 1.0
Sl <=UA,
sl S
/ S 05
CU -
gl 2
qv]
eter £
1|5\ #2‘0 208 20
g=1/Kg
]
Y 12

maps to/from
/

/

wave number
K (per meter)
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2. Reciprocal dilation and contraction properties

(a) Space-time (7,x) geometry of CW zero-paths (b) Per-space-time (v,x ) geometry of CW poir

2.0 2.04
/ Time t i

t (sec.)

_—

frequency
v (Hz)

1.5
K=1/A,

k=1/k, %}

=
O
[
sl &
) .
Nl =
e @)
cU b
el 2
qv]
eter) £
1.0 05, \ -2 1,0 45 4240
| wave number
= =7:Asechp ): K (per meter)
L =4/5 o
—1/v L kp=’c cschp
P P TN =4/3

f(aps to/from F
maps to/from [

Fig. 11 SR&OMbyR&C
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2. Reciprocal dilation and contraction properties

(a) Space-time (7,x) geometry of CW zero-paths (b) Per-space-time (v,x ) geometry of CW poir

2.0 2.04
/ Time t i

t (sec.)

_—

frequency
v (Hz)

1.5
K=1/A,

K=/,

-
O
[ Sr—
s S
-+ o7 b
3 :
v
ol ~ g
I_ .
- § :—UAsmhp
=3/4
- i 3/
|

gLS 1 4240
wave number

K (per meter)

1
AN

>
kp=’c cschp

aps to/from
maps to/from
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2. Reciprocal dilation and contraction properties

(a) Space-time (7,x) geometry of CW zero-paths

204
/ Time t

t (sec.)

maps to/from

>
kp=’c cschp

o
ma

> maps to/from

N
)

ps to/from
ps to/from

(b) Per-space-time (v,x ) geometry of CW poir
2.04 :

frequency |
v (Hz) B
15|
K=1/A, -

K=/,

gLs 1 210

wave number
K (per meter)
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2. Reciprocal dilation and contraction properties

(a) Space-time (7,x) geometry of CW zero-paths (b) Per-space-time (v,x ) geometry of CW poir
A 2.04 :
/ met | , frequency i
t (sec.) |- v (Hz) -
15|
{__ T ______“: ________ KP::[/}\‘P j ________
T

k=1/k, 4

maps to/from

()
1
N

)

wave number
K (per meter)

>
kp=’c cschp

ps to/from
ps to/from

o
ma
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More connection to conventional approach to relativity and old-fashioned formulas
The most old-fashioned form(ula) of all: Thales & Euclid means
Galileo wins one! (...in gauge space)
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Connection to conventional approach to relativity and old-fashioned formulas
The most old-fashioned form(ula) of all: Thales & Euclid means

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

geomeltric |0 Y Y
mean: Ly N
12 difference \
[1. 4] ﬁ )/ . > Re y
m/ean \ half—dlfférence=group phase
L [4-11=3/2 4+l
AHALF-
D/JFFERENCE )
/ 3/2

3
4 (units of 300THz)

Linear velocity V orou p/czu/c

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

http://www.uark.edu/u http://www.uark .edu/ua/pirelli/html/default.html
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http://www.uark.edu/ua/pirelli/php/phasors_2_3_zoom_anim.php
http://www.uark.edu/ua/pirelli/php/phasors_2_3_zoom_anim.php

(a) Sum of Wave Phasor Array
Groupior Beat: Node k@E Z€ro:;
\

&@ﬂ%@f\mwr\mm
A2 A AL ANV G4 WA AN A A

(b) Typical Phasor Sum: (c) Phasor-relative views
Red phasor?/weiﬁ A moves relative to B
B o
B} Sum: ¥, o=V, Wy | ol A

~

7 -

PLUS 4 < ,

] \\ //
ﬁ ciog /-
b lsm ///V\\ N B::WA WB
COSOL / AN
\J / (0—B) B moves relative to A
Green phasor A /(0=B)2

-
-
—

\ / g\ Fig. 8.3.1 CMwBang!
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Connection to conventional approach to relativity and old-fashioned formulas
The most old-fashioned form(ula) of all: Thales & Euclid means

The detailed trigonometry of half-sum & difference angles is shown below.

The wave is factored into a product of group and phase waves. -
_________________________ /,’/ http://www.uark.edu/ua/pirelli/php/half sum_5.php
i cos3
|___COosOL___ —
o
a} (0HD)/2
=]
..
cosBp

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

sinok+sinB = 2cos(o—[)/2 . [sin (0+3)/2] LA

Sum W >@ multzpl ied \/\/\/\ / phase

Sum is zeroed by either factor. Each factor’s zero lme is a spacetime coordinate line.
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Connection to conventional approach to relativity and old-fashioned formulas
The most old-fashioned form(ula) of all: Thales & Euclid means

The detailed trigonometry of half-sum & difference angles is shown below.

The wave is factored into a product of group and phase waves. -
_________________________ /,’/ http://www.uark.edu/ua/pirelli/php/half_sum_5.php
i cos3
|___COosOL___ —
o
é'. (0HD)/2
| L
cosf3 R

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

sino+sin3 = 2cos(o—)/2 . [sin (0+3)/2] LA

Sum= = muzgﬂ ied\/V\ /\ / phase

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

SOV IS
RGO

o5 < http://www.uark.edu/ua/pirelli/php/phasors_2_3_anim.php
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LASER LAB FRAME

ulugn speed -u @ —_—
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) versus C k

o

T50THz ov 4000mm

G007

SOO0THz or 75 hun

\& Laser per-space

o S0ihim

7 7
) versus C k

(H—4 BBz

{ () (&-Q_i}
AtomPer-Spacetime

,_'1
Atom per-space
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