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o What's the matter with Mass?
Shining some light on the elephant in the spacetime room
e Optical wave coordinate manifolds and frames
Shining some light on light using complex phasor analysis
® Applying Occam’s razor to relativity axioms
Einstein Pulse-Wave (PW) axiom vs. Evenson Coherent-Wave (CW) axiom
» Spectral development of relativistic mass mechanics
Doppler shifts and hyper-complex “phase-based” matter-wave mechanics
o Geometry of relativistic Hamilton-Lagrange mechanics
Legendre contact transformations at extreme velocity

eWave frames of varying acceleration
Optical Einstein elevator, photon rockets, Compton acceleration
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» What's the matter with Mass? 4 brief History of defining Mass M :
1590 Galileo’s “impago”

M — Aomentim = M
Galileo Velocity

1687 Newton's “inertia”

_ Change in Aomentim __ Afa
My, = T - =
Newton  Change in Velocity d

ct
1905 Einstein's “rest mass”

- Energy e
Einstein (lightspeed)” 2

X

Shining some lighi‘ on the elephant in the spacetime room

Fundamental light-matter processes:
Absorption A Emission E AE Together AA Together EE Together

l (Comption Scattering) (Pair-Creation) (Pair-Ann/Ailation)
Hyper-complex gs
Does cavity QED have a future?  ©of optical interfelg

...formulation of
relativistic QM

Monday, October 11, 2010



O Optical wave coordinate manifolds and frames
Shining some light on light using complex phasor analysis

Monday, October 11, 2010



e Opftical wave coordinate manifolds and frames
Shining some light on light using complex phasor analysis

Old-fashioned meter-stick-clock frames New-fashioned laser clocks & meter sticks

E. F.Taylor and J. A, Wheseler Spacetime Physics (Freeman San Francisco 15966) " 1 T i "
o comg | Complex Phasor Clocks : Tesla’s AC “phasor

1% 1. Thy Guumwiny ol Specelive

Amplitude or
Magnitude
A=Y |~

Imy ¥ (The “Gonna’be”)
Im ¥

Cluanim
Phasor Clock

g — Aeilfx—g)

Phase
= Acosfkx—m1) | @=(kx—wi]
+ Asin{ke—wi )

Re WiThe “[s7)
——TRe ¥

Phasor clocks
furn
clockwise
in time for
posifive @

Fla. 9. Lausooweark of mrder succs arad docke Fig, 10, Labmaratory midl pocken fraies Tlee teg Boiesedrks e disked § seanid agn

300THz Laser plane wave {x,t |k,®) = Ae/"™ WV
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New-fashioned laser clocks & meter sticks (cona)
Dual views:

( ] ) Spacetime ( 2) Per-Spacetime

X versus CI

() versus C k

/'!aser phasors”

4 1200THz

é_ FPE{}HEHE}? FFE{}'HEHC}?
® 34 900THz V=0W1m

Y 'm=1/0 !

TSO0TH= or 400mm >

-"I’J'I’:'Hf .' I’J'I’J'J.u.'.l
Il' .....

-JI‘HHH or Jlﬂi'm.ir

v A

v-A=c

per-sec.

600THz

&
&
st Base”
o+

300THz

K

=
per-space

ck

Space x

Single plane-wave meter-stick-clocks are too fast (..But at least this view is constant )

t catch’ . o
Ccamtess™ Interfering wave pairs needed
to make rest frame coordinates...
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Zeros of head-on CW sum gives (x,ct)-grid

“Ist Base” laser “3rd Base” laser

Right-moving wave el(kx-ot) Left-moving wave el(-kx-o1) Cw Spacetime
GO0THz laser — ST — O00THz laser Sltﬂﬂdfﬂg X versus Cl
(green) Re reen) Wave CW square grid

Rest Frame Coherent Wave paths
(Cartesian grid)

fime of

Per-Spacetime

(D) versus C k
“Baseball” Diqmond

Find zeros by factoring sum: Laser 4 1200THz

( kx-o1) -kx-o1)

. , . . | . \';3 rd Basg WLl Ba.\'f,"/ ,
—pi(a+b)/2 (ez(a-b)/Z +o (a-b)/2 )
N -+ AN / K .
Phase factor: Group factor:
n | PHASE vector GROUP vector
expi(@h)=gior 2cos(ah) =2 cos ko P=(K_+K )2 G=(K_-K )2
2 2 Laser

per-space
ck-axis
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Newton's “Fits " in Optical Interference
Newton complained that light waves have “fits " (what we now know as wave inferference or resonance.)
Examples of interference are head-on collision of two Continuous Waves (2-C'17) or two Pulse Waves (PW)

|r :".'n'in'.' |r :".'nlin'.'

&l

« Lefi moving

Pulse Wave (PW) sum compared with

* PIW waves are OFF (0) or ON (1)

* PW sum is Boolean  (0,.0,),(0,,1,),

(11011
« PW time peak-diamond paths are wysiwy®
(What you see is what you expect!)

Monday, October 11, 2010

Continuous Wave (CW) Addition

Sharp zeros trace
square grid
(Peaks are diffuse)

Pulse Wave (PW) Addition
RN

G

Tl Standing R
p:r.'fsc; ) - k (Zeros are diffuse)
EQUALS Sharp peaks frace
: diamond grid

Continuous Wave (CW) sum
« ('[1” waves range continously from -1 to +1

« ('I77sum is more subtle and nuanced interference.

* ('JI" time zero-square paths are subtle i
results of the half-sum P-rule

and the
half-difference G-rule

of phase Pand oroup & zeros.




w-axis Relating
(k, w) perrspacetime K to

Phase Group
P=K, = G=

kpx-a)pt =np7z/2

/ kgx-wgt =n gn/Z

)

- >
inverted

wgw

K
kg

E n 0,
2| % g

= /2 =-n
(—kg kp)(n; p (kg

det‘KxK ‘
g p

lattice point equations for:
n =+],+2... and n,=+l,+2...

P

)

p

k

P

|

det‘l( XK ‘2/7:
g p
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- Time [~
i e CW Laser
- 600 THz
CW Laser ﬁ_
600 THz 1 LO7fs )
(a) CW squares. ;qun o
[ femtosecond LOfs— (ct vs X)
1.0 fs=10"s - d
I micron : S!}HCE
1.0 um=10"meter

{ € vs I'_I'I;.

P (ct vs X)

i

Time
st

hs
"
"
.

(b) PW diamonds

PW laser

Space

X
I

PW laser b, -
patooey!.
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O Applying Occam’s razor to relativity axioms
Einstein Pulse-Wave (PW) axiom vs. Evenson Coherent-Wave (CW) axiom
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Afbert Finstein

Einstein Pulse Wave (PW) Axmm PW speed seen by all observers is ¢

It*
It’s going -c. .' 7t going c. | A “road-runner” axiom
It's going . | 'ﬁ.- Usgoingc.| e o “show-stopper”
(Of course) I/ (Of course) oppe
I..Ill. E
T
18791955
t's going -c. It's going c.

Pulse wave (PW) train
William of Ockham Ajcos ot Azcos JoXtA zeos oA geos ot Complicated
- * 2 :
T .

Using
Occam'’s
Razor

‘ 3 ) peaks precisely locate places where wave is.

Continuous wave (CW) train CW zeros precisely locate places where wave is not.

1285-1349

__ Acos or Simpler
fand Evenson s lasers)
Evenson Continuous Wave (CW) axiom.: CW speed for all colors is ¢
Kenneth Evenson It's going -c. —
It locks red! It's going . :: ﬁﬁ:gﬁér It's geing c. More self-evident
It looks green. ' It locks green. “must-be” axiom
600 TH=
(green) ._,1 @F

i B ¥ aw & F LT
T e i, W00 0 W — -'-*1-*-
'm Laser Deppler red shiifi

It's going . SONFCE
It looks blue!

It's going c.
It looks red!

J0Ze 2002
=299 702 J58 m's

Monday, October 11, 2010



CW Axiom ( “4ll colors go c.”) based on Doppler effects

Showing that Green is Green is Green...(and all the same speed)...

Any color (like 600THz green) may be made by any other
color source Doppler shifted by some speed u (less than c)

f/ Higher frequency v

source recedes 5o its
Doppler factor ((}<r=1)
red-shifts v to match a
st ~tuned receiver.

|

600THz [ 8= ¥ 700THz

Fi 0T H:z S(N)
600THz! || 551 600THz  Anremme

6o

S ()
6___:_ I STHHE  Lower frequency v égg

source approaches so its

‘Dﬂppier factor (1<b=mx)
6 THZ I 2 IR %%m%@ blue-shifis v to match a

How many ways

can you make
600THz green?

frequency v

wavenumber ck/2n

(inverse wavelength 1/A)

— —annti--tuned receiver.
600THz IR = . .
I " \—Ffow many kinds of green exist?

(It'’s either 1 or «.)
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Evenson CW Axiom ( “Ail colors go c.”) is only reasonable conclusion:
Linear dispersion: @ = ck

Linear dispersion means NO dispersion
Einstein PW is corollary of Evenson CW
frequency v W = ck

&S00

700 600THz line
600
3060 ,
400 vacuum can 't support an

300 / co-number of “other speeds”’

wavenumber ck/2n
(inverse wavelength 1/A)

What if blue were to travel 0.001% slower than red
from a galaxy 9 billion light years away? (.and show up 10° years late)

That would mean Good-Bye Hubble Astronomy!
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If all colors always march in lock-step then
any Doppler shift must be geometric factor,
that is, the same multiplier for all colors.

If 300THz Doppler shifts to 600THz (1 octave-shift=2.0)

< TTETRRET 1=

locktstep ’
Then 600THz Doppler shifts o 1200THz (1 patave-shift=2.0)

=i 1] i

Doppler shifts maintain frequency ratios (not differences)

1-D Doppler shifts{red=eP ...blue=e P} form a Lie Group

3-D Doppler shifts are hypercomplex elements of Lorentz Group

Monday, October 11, 2010



Frequency blue shift b when Frequency red shift r when

Source-Receiver interval is Source-Receiver interval is
>>CLOSING<< <<OPENING>>
v, U ' URecez'ver
_IN _"Receiver _ h=etPl> 7 —p=pPl< ]
U(}E T DS ource Deﬁning ﬁ@ldfﬂ/’ p = USDHFCE
' logarithm of Doppler
p = In(b or r/
Examples: Examples:
Keceiver Source Source Keceiver

p =1In(1/2)=-0.69
Source  Receiver

p = In(2)=0.69
neceiver Source
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Each Doppler shift %; maps to a Lorentz transformation T,

Receiver Source Reciever Source Receiver Source
A B B C C A

1 600THzI | & » ¥\ "SSSNO\S > o = 5772272673 u » | | 600THz)

@@z «“@z NG

—b —eP( A=2
U A
pis=In(2)=069  p —in(1/4)=-138 Py In(2)=0.69

vB =b  ,=ePIB=2 —[,B( =ePBC=1]/4 N

Group product 1, T, ~T,.,

. VD, U
is represented: 2 5_ "4
() B v(_ 1)) C

( by IN-OUT “nematodes ) ePAB ¢ PBC=ePaC =e PiptPaC)

..and rapidity p,, is a Galilean (arithmetic) parameter

To be shown: p,p = atanh(u ,;/c) app{gaches (u,/c) for: p  ,<<I
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Monday, October 11, 2010

Inverse to Lorentz transformation T, is T,
. . e o U « U
..just as the arithmetic inverse of — is *

U V4

Of ePAB IS ePBA = e P4B
e Of py IS pui= Py

Detailed time reversal symmetry
implies r=1/b.

Approaching —
source —
(6O0THz green) —

)

Velocity Flip b=1/7

ﬁm_ﬁe versal Cause-Effect Fl‘f:p

+U 5% -U

Symmetry Source g™ Receiver
demands

r:]'..""ﬂ

Receding receiver sees

Doppler red-shift of
{2001 Hz source (o 6001 Hz

(600THz)=r(1200TH=)
with r=12




O Spectral development of relativistic mass mechanics
Doppler shifts and hyper-complex “phase-based” matter-wave mechanics
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Deriving Spacetime and per-spacetime coordinate geometry by:

(I) Evenson CW axiom “4/l colors go ¢ kﬂ&pﬂ KA and KB on their baselines.
(2) Time-Reversal axiom: r=1/b

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

L Y R

e

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

r _ _
(1) versus Efkﬂr ﬂ.)fversm Ck;ilx—xlzﬂﬂTHE ______(1)__1—2. () (2) 4

3 —

750TH= or 400nm

2— 600THz

600 %K= or 500nm 7_

SO ,"_M“i'.ﬂ
‘ 400TH= or 75010 ¢
& A & "

A\,

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

7 > K Atom per-s ::‘ZIE‘E
%, * Laser per-space = B P , p
© k =(-1,1) ck
C |
i _ -1 2
i 1 {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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far) Laser " Baseball Dawond

fot Laser Coberent Wave (CW) paths

: . (Space-time Cartesian grid)
per-time —
ki b=k . o
S firme cf
_‘.-kl'fu.'.l.{]_ )
E e ) Ixi e %
PA
m & [1
vl per-space
ks ck=2m K

I(B) Laser group and phase wavevectors
(Per-space-time Cartesian lattice)

(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)

3T h= F00 Tz

fc) fu=3c¢ 3)-Boosted CW paths
(Space-time Minkowski grid)

- VAVAVAV_WAV-vAwLSEN B 4
Leffoe-Rygi Rghi-i-Lefi
Heam F‘E ' ﬂ' e Heaom
H" # - j
Ky m=2nv Ky

per-space

-

. g
ch _'}I'L'J'g.,'.ff

L
(Per-space-time Minkowski latticeff
T

f”? (e} Boosted PW Paths
" fRec ngular grid)

/ fme

J
P

o _lr"- - i. |"|'_|‘.“ |

[ aser lab views
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ERINTHHHNNCER Z2Z2—<4 1 D

LASER LAB FRAME ATOM FRAME view of LASER WAVES

— ~ N o ’
arogn .\/7('('(/ ~U @ — ailom sSpee d () ijfi) / //'/
g speed-u LR — '

LaserPer-Spacetime AtomPer-Spagetime
@ versus Ck

7 7
) versus C k

AN v

T50THz ov 4000mm

GO0THz v 500hm

SOO0THz or 75 hun

o o
2 W
’6’/, A L
/,/( \> aser per-space

,_'1
Atom per-space

ck”
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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’ /
of Rapidity p N Tger| @ Qk ”
Doppler blue shift: 4 winks” vs. .f;;nks
| w=bB cos
Bb=Be™P - o P
Doppler red shift: X 4] O ck=B sinh P
— locit
Br=Be P e R
) - H — — —
/ : ck c
‘ h 5' phase velocity:
AP | ck_c¢ "
BeP Atnm per-: ]I;ace —==coin p
* ck’ ) U
B 2 3 4
B sinh p = (B e P=B e P)2 B cosh p= (B e P+B e P)/2

i

¢, |Key Quantities —r
- _ 2 — 2
S I}"Ih P— /- Ez Loreniz-Einstein factors COSh 'O —\H- Eg
‘](‘ C

T
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Euclidian wave geometry with time-reversal symmetry imply

dispersion hyperbolas: w=nBcosh p Lab
— frame
area...
per-time
-4 equals
e PB=rB-_
\ 1 { Doppler | Atom frame area...
\, / \\ / red-shift r
\VZ by time-reversal axiom: r =1/b
, Doppler
/ i'“""s“'f‘ ..that implies
4 1 r S e"P B=bB hyperbolic invariants
| B cosh p '
N, |BeP:
I:' B e'p ) \\\ P R—
Iv 3 sinh p per-space 5
- =] 1 .
< Bze+p 3 )‘f C k,
B sinh p= (B e"P-B ¢ P)/2 B coshp=(BeP+BeP)2
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Group velocity u and phase velocity c*/u
are hyperbolic tangent slopes

P hyperbolas
c Ak A~

- ¢ line
G
\ A hyperbolas » /

-
|

{
3- ) u  Group velocity
A0 do _u _ck
B=B=2 [Tl AR m— C — o
YN ,A B cosh p ®w=05 cosh p
- , / 11 sinhp | - sinh p o
Rare but important case where ///
d(t) B A -
dk Ak
with LARGE Ak

(not infinitesimal)
Newtonian speed u~cp
Low speed approximation

Relativistic

group wave
speed u=c tanh p

Rapidity p approaches u/c
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CW Axioms (“All colors go c.” and “r=1/b) imply hyperbolic dispersion
then mechanics of matter

1 These follow f B . B
m=Bcoshsz+5§2uzl N et

1
E= constant + EMIIZ P = MH -

(Newton's energy) (Galileo s momentum)
So 2-CW-light frequency m is like|energy| E while i-number 1s like momentum p,

implies Planck's E=s- scaling with|factors: s=h=s equal to DeBroglie’s p=s-k.

— SBginh o= 3B -
~—sinh p= 2 U

E=sm=sB cosh p= sB +%%u2 pum—— p=sk

giving|a (famous) rest eneray constant. : | sB=Me?

Both relations imply: ‘M Z%

E

This then gives the famous Einstein energy| E and also the Einstein momentun p

1 — ol — - —_
E=sw=Mc?cosh p= Mc? +5 Mu? «<— | p=sk=Mecsinhp= Mu «—
2
_ _Mc . | Mu
= Scale factors determined by experiment =
/\/1- u’/c? Planck's constant '\/1— u’/c?

Rest enerey(i= 0): hB=Mc” s=N=1.054572-10Joule's
o h=6.626069-10-34Js=2rh
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Summary of geometry W-vs-cK or E-vs-cp relations with velocity u or rapidity p

Lxact " ,

Relativistic 0 — 7 z= tanh p|=p+...
group wave C ,,// Newtonian
speed u=c tanh p / speed u~cp
\\ \A\ approximates ,,’/ Low SP eedd-p—p roximation
’-'.-.Ez‘-*:::,‘\/O“’ speed / rest  Newtonian

rewtons\Jperbola Fxact ™ S ey

pavabals only 2w _ONLY E=hw=M-c?cosh

little better than circl

1
= Mc? + Mu?

shp Relativistic
Planck energy
E=h w ok
Relativistic p= hk = Mc sinh plE Mu Newtonian momentum
DeBroglie momentum — Mu Where- | B — M |is rest mass
p=hk /\/1- u2/c? o2
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What’s the Matter With Light? rhree definitions ﬂfﬂprmﬂ! mass

l. Rest mass M, ~hv,/c° based on Planck’s law E=hv, =Nhv,
Rest mass: .-"I.-fJ,LJ”_E/CZ —hu_x...-’cg (Is invariant)

2. Momentum mass is defined by Galileo’s old formula p=Mu with newer forms
for momentum p=M  _w-cosh p=M | u/(1 -u?/c?)"? and group velocity u = daw/dk.

[t is the ratio p/u of momentum to velocity.

Momentum mass: M S omentum

=p/u =M coshp (Not invariant)
=M /(1-u’/c?)!?

3. Effective mass is defined by Newton’s old formula F=Ma with newer forms
for F=dp/dt=hdk/dt and a=du/dt= to give F/a=(hdk/dt)(dt/du)=hdk/du=nh/(du/dk).

[t is the ratio F/a of change of momentum to the change of velocity,

=1/(du/dk)=h/(d" &/dk’) (Not invariant)
=M, _cosh3p=M _/(1-u*/c?)3?

Effective mass: Mﬁmw

Monday, October 11, 2010



Euclid’s 3-means (300 BC)

Geometric “heart” of wave mechanics

/
4
/

geometric

medn.

1/2
|14

—_—

Monday, October 11, 2010

/

®

Thales (580BC) rectangle-in-circle

Relates to wave interference by (Galilean)
phasor angular velocity

7 P
dszerefzce

medrz\
{4 1= 3/2

/,(HA LF-
DIFFERENCE )

Y.

Im

arithmetric

addition

Re

e ‘ \\ half- dlfférence-group ph se
|=5/2=5/2 \\ha Lr um=overall phasg
(HALF>SUM )
| ck
4



Summary:
Step-by-Step
Development of wave geometry
u/c=4/5
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Doppler b=3 ’

Geometry
B
7
[
| Draw “baseball” diamends

Original and Doppler’shifted
4
— 3/
|
i 2 | | 2 | 3
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Doppler b=3 ’
Geometry: u/c=4/3
hase
8 vector
Grou
] or
6
4
Draw “Paseball” diamond
OUPand PHASE diagonals
3
1
3 -2 1 p) k4 5 6 7
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Doppler b=3

Geometry: u/c=4/1
hase
B vector

Litovn

veotor

i)
]
4
Given “baseball” diamonds
Draw Euclid Mean semi-circles
, Original and Doppler shifted
|
3 ) | | 2 4 K] [ 7
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Doppler b=3

Geometry: u/c=4/3
p=1In(3)=1.099

Show Hamiltonian
1/2-sum (H = 5cosh p)
VS.
momentum
1/2-diff (p = Bsinhp )
for Doppler shifted
“baseball” diamond

Area Hamiltonian
[p/2 H=Bcosh p

Momentu

hase
vector

Limet

CEtOr

-3 -2 -1

Monday, October 11, 2010

p=DBsinh p
;

| |




Doppler b=3

9

Geometry: u/c=4/1
p=1In(3)=1.099

: ShowLagrangian

(L= Esechp)
VS.
7 velocity
(u=ctanhp )
for Doppler shifte
¢ “baseball” diamon
N

= Mc2 /

“ velocity-Mc

Meciu= 1

Hamiltonian
H=Bcosh p

hase
vector

et
eofor

i
-3
—

-3

Monday, October 11, 2010

Momentumy
cp=Bsinh

| b,

||




Doppler b=3

Geometry: u/c=4/]

p=In(3)=1.099
tanh p=sin ¢
sinh p=tan ¢
o= asin(4/5)=0.

Note: Stellar Aberration Angle ) .

1s a 3-Space object that arises

r
F naturally in wave geometry yZ
has ,-f
SIIEJJHF ) o 8
berrgtion /
92 =53.1° Angle ¢
. 5 ) -
/20
/

4&@'-

Mcu=

/

C
1

.Um;frfla‘!m;fn

Hamiltonian

H= D

Monday, October 11, 2010
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Key quantum and classical quantities related by per-spacetime wave geometry

@

0y

;cp hck—4 3=sinhp=tang

r aberation angle ¢=asin(u/'c)

slope angle o=uatan(w/c

- Momentum cp or Wavevector,

DeBroglie
wavelength

x

Cinetic energy

A= 3 d=cschp=cotg | y el KPS 23=
- . "// v g
1 ~_ i —yam Lytguency wor coshp\]=
BN A AV Al Wial energy _____sec-1
A ! lamiltonian
' - . /| H=hw-5 3=
Phasexgelocity | g e
5 ’ ' /T | coshp=sec
Cu 4 = vewi / psecy Rest ener
cothpiesco - bt % / DbBroglie A fC"’= 1
- - Aagnudn)  wavelength A\ )
i : |'||,'{-‘/‘ y \ 3 W=cschp=cot@ "-.|
i ® \/\sechp=co: \
y l
T 1 I L] 1 T 1 I L] L} | L} Ll I L)
l ; | Momentum or ch'evec'or ck | Ck !
- I
- - ¢p-hek—4 3=smhp=tanpp | !
I \ |
I Phase velocity \ ! e i
| = R »
Doppler ) cu—3 4—cothp—csc o\ Doppler |
red-shift ! blue-shift !
I L \ ,
r=13=" ! ! \‘\ b=3=¢"F '
- - > \ >
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These quantum and classical relations include
Poincare invariant action
Legendre contact H-to-L transformation

(These relate quantum and classical mechanics)
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Poincare Invariant Action dS=Ldt=p dq-I1 dt=nd® (phase)

Hamiltonian H(p,q)=pq -L ~ vs.

Lagrangian L(qq)=pq-I1

Contact transformation: (slope,-intercept) of I/ (or L)
tangent determines the (X, Y coordinates) of L (or /7).

(Also, called a Legendre contact transformation which 1s a special case of a
Huyeens transformation that uses contacting tangent cuves instead of /ines.)

Hamiltonian Hig.n)
: P
H Fr

H.-".-"

/ () Momentum p
Here slope 1s group velocity u=q
Y-coordinate 1s crergy H=hw
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Here Sft;pe is momentum p
Y-coordinate 1s phase rate L=h®



Underlying per-spacetime wave geometry
are the ancient relations between circle and hyperbola

Monday, October 11, 2010



ff”””i&““ﬁ“hwmhma

coshp

(a) Circlular Functions

(b) Hyperbolic Functions
( Piﬂﬂe gemﬁezry)

(spacetime geometry)

x(space)

Hyperbolic arc area
p =1.0434=rapidity

\ Circlular arc area
@ =0.8934=angle

sin @ =0.7792

—] e sinh p =1.2433
cos @ =(.6267 cosh E =1.5955
tan ¢ =1.2433 tanh p =0.7792
csc o =1.2833

csch p =0.8043
sech p =0.6267
coth p=1.2833

sec @ =1.5955
cot o =0 8043
~

fang
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Wave frames of varying acceleration
Optical Einstein elevator, photon rockets, Compton acceleration
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Wave frames of varying acceleration

Varying local acceleration p = p(7)

u=—=ctanh(7)
L cosh p(T) dv _ dx dr tanh p(7)cosh p(1)
— = COS = = ctan 08 =
dt P dt  di dr C PIDCOSEP

ct = cjcosh p(t)drt X = CJ sinhp(71)dt

Wave frames of constant acceleration

* g L ' o L
Constant local acceleration p = =— "Einstein Elevator"

C
87 ., 8T
ct = C‘JC()Sh —dT X= chmh —dt
c c
¢t .. et ¢’ T
=—-sinh 42 =—c0shg—
g c g c

Wave frames of constant velocity

Constant velocity p = p, = const. "Lorentz transformation"

ct= ('jcosh p, dt X = c'jsinh p, dt

=cTcoshp,
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e -charping '
Tumable Lascr

e -chairping '

e -chupbing -[

Tunablc Laser
e -clirping -[

Tumable Laser

Cnly grreen-liohi is seen by observers
on the grogn accelerated trajectory

ct

A

Apx & x-of
fregquency is

2

Atx
frequency is

e? -
Chirping
Tumable Laser
Chirping
Tumable Laser

Only creen-licht is seen by observers
on the green constant-g ivberbola

h iy i )

csinh p(T)

& i]

Chirping
Tumabhle Laser

Chirping
Tumabhle Laser

x = xpcoshipl
of = xp) sinhfp)
ALX5=x-g82 X0€P At x. “aftor=x)etP

4 "'-f f— . ;‘ : ]
ﬁ'equencyflﬁf W =Wpe }lnhﬁequﬂmy 1§ (e =per

&

LS E
Red-chir ping
Tunable Laser

Redchivping
Tunable Laser

Tumable L.'m:}'

Red-chirping
Tunable Laser




Bouncing licht

s

RED-
CHIRF

speciriim

Ship view of
tvariant
proper

se paration
f=0.4

Lah view of

ol

Loreniz

Ship has received 10 |

comtractin SUEEN Waves,
sepralfion
! I
Fi
o

Bowincing light
Dappler shifis

from moving
m."rnu\ .

Trailer has received 10
{;']{ , blue waves,
' Ship has received 3
€ |- Creen WaveS, 5
™ i T
| Trailer has received 3
- 1 Dbluewaves,
IME v
o g
"'-E,"r';_
v
Circular rotation: arc-lfength s=r6@ L i : 0
, Interfering light beams make Minkowski diamonds
\S ) - =07
8 sl

r .
Hyperbolic rotation: proper time 7=/
' :

T
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Wave geometry of 1-photon transitions and Compton recoil

LM

M-to-L"
enission
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O’

AAAN

LM
e A ATAY A
L’ L’

L -to-M
absorption

(w,ck)

vector sum
(energy-
momentum
conservation)

Grotian 2-level diagrams

Feynman (@,ck) diagrams
(1-photon)

2-Level (w,ck) “baseball” diamonds

o
L-to-M" M“to-L
absorption emission

Key recoil relations:

@, sinhp -
ho, =E ~_— ole? o, % ;€ P = Wy
e T =3
or:
Photons are more E
(e7P+e™P) like “rockets” rd
2 than “bullets” .
OFp'L
Y y &
~



Wave geometry of 2-photon transitions and Compton scattering

pgr” M
(Iiw
L L L
(l)al _
T Compton .i-plwlon gz’
' scattering absorption
")i,} o (Center of Momentum view) (Center of Momentum view) wh K A
(|)L'x
P . .
ops Geometric 3-Level diamonds A, AN
L r-"—{';m_' ('mbln"
L’ ‘.LL N
\(|!x (')ij_,"'
' )
[0, 0,0 ]
photon diamond
0} o
— n_—

~

DM = (] “OS
O, -()‘,u)shp
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Spacetime view of Compton acceleration and wave chirp

PW bouncing ball (shift eP=2) CW accordian node squeeze:
shifts: eP= 27 :

—f —k
CI=L=2T, 3

T,=8T

\1';=4'r0 o

_ —_—

lab x-axis
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Dirac Pair-Production Processes (A BIG mystery)

Conclusion: Wave geometry can simplify and clarify SR and QM
[t’s a wavy universe and one should think accordingly.

Monday, October 11, 2010



“Quantum Acceleration“in spacetime and per-spacetime

Spacetime:

Classical

“movie
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g
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Per-spacetime:

1 y-hyperbola

(a)Elementary Compion process
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Final
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Compion
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Feynman
diagram Uy-hyperbola
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