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“We are trying to prove ourselves wrong as quickly as
possible, because only in that way can we find progress.”
— R P Feynman

e Not well-defined
SHOULD QUANTUM

MECHANICS * Should have been

seen, if only by
BE APPLIED ALONG chance
THE TIME
DIMENSION,  Current theory fully
EXACTLY AS IT IS covanant
IN SPACE?  Current theory fully

confirmed
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PATHS IN TIME

WE HAVE MADE AN A NEW PARTICLE THAT NOT
“| ASTOUNDING DISCOVERV! L ONLY MOVES THROUGH SPACE,

BUT ALSO ) | " (AND OCCASIONALLY LEAVES
THROUGH TIME.) | g CLLSE ALTOGETHER!

https://www.newscientist.com/article/2424379-tom-gauld-on-an-astounding-discovery/
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PATHS AND PATH INTEGRALS

T

U (x) = /D.’L’T exp Z/dTL z, x| | Yo (o)

0

» Extend paths in

N N
Di = H d,, * Dx = H dt,,dx,, space to include

n=0 n=0 motion 1n time

» Keep everything

1 m else the same
Lia: 7. | — —§mi’ﬂj7u — qz" A, (z) :

e See what breaks
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CONVERGENCE

e Usual tricks
violate
covariance

real

............................. * Use Morlet

w ; Wavelet

oz analysis instead

[ imaaqgina
-04} ginary

* No loss of
generality
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FEYNMAN/
STUECKELBERG EQUATION

= ((pu o un) (pu i QAH) 7 7712) Yr

* Short time limit of path
integrals

Clock time
* Specialization of the time

parameter (Fanchi’s
historical time)
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SHORT AND LONG TIME

LIMITS
Klein-Gordon:
0=((E—-A4,)V—(p—A) —m*)Y.F za%
Schrédinger:

Energy scales:

— 9 9
mefveV CU~J‘64‘6/V~1O eV
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LIMITS OF SQM

1 g 1
67 () = O aye
Sy
Normalization

WAy, (T —7) = 0T {¢; (), ¢, )} 0)

szT—zkt-i‘,'
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EXTENDING QED IN TIME

0 @8
‘@(B;E oT

2 2

oy =Ly, = Yo=exp(—@,0)Y

EQ_T)Z m2
W, = IF
( 1 A ( 1 A
0 0
Es+m : . \/E-I-m 3
(SQM) — D D (TQM) — D
Y 2m | Ez+m o E+m
p'+op’ p tap
Byt m ) . E+m
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DIFFERENCES

T — 00  Incoming particles have to be
normalizable
— —_ » Can handle short times: get
- = — conservation of 4 momentum
— — even at short times

o Ultraviolet (UV) divergences
contained by combination of
—00 «— T entanglement in time and
dispersion in time
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CLOCK TIME
COORDINATE TIME

e Clock time as
¢(L“b )> expectation of
coordinate time

T = <¢(Lab)‘ t(opefra,t()fr)

» Can write
covariantly

b (Za%> - poPt"" — p P

* And invariantly

e Minor effect in
practice
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ENTROPIC ESTIMATE

A5 \/<E2> i

4 1 o E—Ey  (E—Eun)’ (AE)2
Do (E) — 72.0.% € (B=Enn )T 20% Op = 9

m
1 /5 1 1 2 1lpI_
Al =90 af "l = omal — 2 2m o3¢V

h = 658210 “eVs — Aty ~|200as |

, 43asshortest pulse
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MASSIVE PARTICLE
PROPAGATOR

K. (p;p') =exp(—w,7)0" (p—p")0(7)

B EQ_T)Q_mQ
W, = R
E~m
2 (t—£) |, (T-ZV m
K. (z;x') = 2472726_2m%ﬂ = 27 0(7)
oF
> ~=
L >m, 5 1
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PHOTON PROPAGATOR

—

K.(k)=e™0(r)w, =% Q_w}f x =k

K. (w,k)= exp(z%f 2 %{)@(Z‘)

1
(-2 2t o)

%/Exﬁ ((r—2t)\t+%\—2‘t2—%2‘)Jl<ﬁxﬁ/\t—%\)



http://www.timeandquantummechanics.com

PHOTON PROPAGATOR BY
x =|k|

w=K-+ow  Scale out the 3
5 W=k momentum
o = w;'{' e Consider SQM
propagator
exp (—ukT)
* Consider combination
A of TOM and SOQM
EXp | ¢ o ) proctors

* Expand in terms of

K (a K) = exp (—Z KT (1 ) ) scaling factor to 2nd

power
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EFFECTIVE POTENTIAL

0

Clock time

Start with particle wave
function

Take kernel from start
Integrate over clock time

Basically variation on the
retarded potential
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2

1)= pémTAwf(wl e’ f dr' [ doo K7, (z1—22) 7 (22)

2

2B (02) == B (ay)—c? [ dr' [ darK7,, (za—1) 92 (21)
— 00

9
stﬁf(x

-

L = T1—I9 mamp
X = maTi+mpra M= mag < Mp = [L R My
—  ma+tmp s
0 p?—p?
S £ Vgl | / /
v Pr () 2 g fde K vy 0 (o))
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SEPARATION OF
VARIABLES

2
3, (E—®)"— (17—/?) —p  Write out using

ZE%: 21 Yr minimal

: = e e substitution
ZEQJ)’T:_E#}T | (glu | (I)> Yr— ,LL’LL Uy .

* Drop high order
terms
1
o e S * Separates

WY (t, 7?) — Z Cwnlm Pw (t)@/)nlm (7?) .

wnlm

Start of perturbation
expansion
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RULES OF
INTERACTIONS

Vi (6,7) = Qi (£) Y52 (7)

@nlm<t):

Onlm —

A2
Or —

4

1

5 €

TO

1
0%

nlm

AFE
2

—1E(t—17)

B (t—r)2
2dngm

Use simpler direct product
form of the wave function

Same formalism as SOM
otherwise

Smoother transitions

And generally more
complex dynamics
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ABSORPTION

<¢1|Aﬁ|¢oA> » 3d to 4d

* Hysteresis
@ming photon
@ound state
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* Longer times, otherwise

not usually much change

Excited SteD- Is a model for

measurement

* No collapse, smooth
transition via time
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EMISSION

<¢0A‘Af7‘¢1> « 3D to 4D

* Rat
Outgoing ph@ e

» Need to specify both
the 3 momenta and
the time of arrival

GroundsteD » No jump

e Smooth transition
via time

@Cited state
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SCATTERING

3D to4D

* Decoherence
_ . effects
|A-plyod) (YAl A-ply)
<w1 P wo > wOA A p ’7&1 * Some possibility of
“ringing” effects,
for shorter times

Outgoing photon

lncom/ng photon

No pure
intermediate states

e Smooth connection
Ground 5@ via time

e [s amodel for
decoherence

Excited state

round state
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IMPLICATIONS FOR
MEASUREMENT

T ral — 1.0 10_118

e /O approach

Absorption/Problem of
measurement

Emission /Schrodinger’s cat
Scattering / Decoherence

One reality / two languages
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HEISENBERG UNCERTAINTY
IN TIME/ ENERGY

Clipped

[Drffracted

QO
S
I~

“Time Gate”

) £
{\(‘\e & O4
\\ //7@ O O
N4
) (S
2
SV
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USE OF TIME CRYSTALS TO
DETECT DISPERSION IN
TIME

Wave functions
extend in time

Alternating Index of Refraction

therefore can be
ditfracted by

time crystals

i |

- o Detector
* High frequency

Grid source

Time Crystals/John Ashmead Balticon-2024 http:/ /timeandquantummechanics.com
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Nig e Short times
!

* High frequencies
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INTERNAL STATE
/ HYSTERESIS

WE HAVE MADE AN

/| ASTOUNDING DISCOVERVJ

A NEW PARTICLE THAT NOT
| ONLY MOVES THROUGH SPACE,

\ | THROUGH Tt

\ [ 8UT ALSO
ME.

\

//
/

f
o
\

(m\m OCCASIONALLY LEAVES)

Internal variable

Not a hidden variable, fully
quantum

Smoothes over the jumps
Provides a secret memory

Averages out from
decoherence
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HoOw TO THINK ABOUT
WEIRD THINGS
— SCHICK & VAUGHAN

w to Think About

ge

Ho
WEIRD THINGS
Critical Thinking for a New A

Theodore Schick, Jr.
Lewis Vaughn

» Testable: large variety of tests

 Scope: short times, high energies,

gravitons
—= —  Simple: conceptual simpler, calculation
J— = more complex

* Consistent: with what is known, self-
consistent

e Fruitful: new lines of attack
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0 oy o i b s QUESTIONS ARE MORE IMPORTAN
LA = THAN ANSWERS
— EINSTEIN

r— A ROMANCE A
° pe —
Somand OF MANY DIMENSIONS } . iz
By A Square 5 f
T Dimensions (Edwin A. Abbott) ™ Jﬁ:’“— Three Dimens
a )
FLATLAND SPA

- v (
X 3
A~ v
= 4% Myeye
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| AMB SHIFT

7’-3
(E—Eo)

§03(E)~6Xp<_ O3

| b

21 (1023291) .

L (pspe)

) Tl o

o0 (B) ~ exp( - EZE)) .
TO

[Lamb shift

; ),05263

Start and finish are
bound states

Fixed clock time, first
integral, second integral

Acts as mass term

But with additional
dispersion

Dispersion in time AND
entanglement in time
regularize the integrals
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FIRST FEW ATOMIC
WAVE FUNCTIONS

* Simple forms

wm( )Z\/—( 2_|_1)2 ° plsmomentum

times Bohr

1 4 radius
¢20(p) \/ P

(4p2+ 1) « Normalized

with respect to

mp):/; /5(@”%)3 ;

* Independent of
m
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