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0:00 Terry Bollinger (TB): The title of todayodés topic is Founda
Originally, my intent had been to give a kind of estanmary of the idea of sparse information physics and bettom
up spacetime, which ar e t ivayimeRviotuslpesentdtiadhs. e cover ed f a

Those two concepts, when you take them seriously, give you opportunities to expand mathematics in ways that are
quite different from the current focus on smoothness and differentiability. Smoothness and differentiability are
assumptionsThe actual physical universe, thouglefinitelyhas some constraints where you have to be a little
careful about whether youdre overgeneralizing your

So, that was the original intent. What | actually wound up doing, though, is giving more of a specific és@mple

a very interesting paper written all the way back in 1949 by Wheeler and Feyrimaparticular paper has some
features to it that work very well with the concept of botigonspacetime with finite amounts of informatiémd
again, thatodéds a theme youoll see on every talk | g
very nonproductive assumption. Because, yes, gan define the mathematifttat way; her e 6s not hi n
with defining the mathematics that way. But the question you always must aSkfis] generalizing the
mathematics in a way that reflecgslity, or am | generalizing it in a fashion that | simply fiaggpealingo

[
g
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Infinite smoothness, di fferentiability, theéihdsea t h;
are very appeal intemgsting o nt chéepyir@megBul Wherywe loek at thehysicaluniverse,
we alwayssee limits especiallyon information

Quantum mechanics,iby definition the idea thafuntil] you get to a certain point, everything looks very smooth.
But aftera certain point, itstops[looking] smooth We probably should be listening to thaitde more carefully

[to that] in thedeep detailof how we do the mathematical approachséve got excellent math and heyare
extremely powerful, but we also want to look for opportunities to go in new directions.
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Overview
I. Looking at Maxwell’s Equations as Localized Symmetries
ll. The Time Paradox in Ordinary Light
lll. First, A Preview of the Conclusion
IV. A Quick Introduction to Electrodynamics
V. The Full Maxwell Equations
VL. A Shortcut to Understanding Light Waves
VII. The Wheeler-Feynman Advanced Photon Conundrum

VIIl. Summary: Where to Next?
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2:30T B : |l 6ve got,

You see a quick overview of some of the things |
totrytokeepthi. | 6m doing kind of an odd combinati on. [
detailsabout some of the spatime issues, and to bring out some of what was made in that paper.

ol |
o6m
Sometimes physicists say just absolutely remarkable thingsms of the implication for how reality work&nd

it just becomes a standard term in the papssme of the Wheeler and Feynman papers definitely fall in that
category They make remarkable asserti@mut how realityworksnd y et , you Kknow, i n me
make a big deal about it. They sayWll, this is what the math tells udow do we work with itd But then you go

back and you think about some of the implications of thati ¥ay,ii Wat in theworld? Does the universesally
work like that?® And yet, from that same woslou getF e y n ma n 6 s f@ &Hxh hve gat & Nobel Prize.

So, interesting isssel wanted to get into some of the details, pick up a paper tradiffi@ult to read. | kept

laughing when | was going over the figure, because | was going L v k a &'isdfigure was so confusing, the

way it was donkAnd yet the point that Wheeler was tryiritp make is important.Jtiwasdefinitely a Wheeler

figure. You cantell the differenceFey nman does si mpl e di agr Wheslerdoéeshey 61
[figures] differenty. He has a different style entirely on how he goes about doing these Binge wasa very

deep thinkingy So | wanted to, essentially, in this presentation, emph#stzeork and thinking that Wheeler and
Feynman did prior to QEDy giving a specific example

E Apsbigia Note20260418120(2026 2 apa20260418.120®2pdf


https://creativecommons.org/licenses/by/4.0/
https://sarxiv.org/apa
https://sarxiv.org/apa.2026-04-18.1200.02.pdf
https://apabistia.org/
https://youtu.be/8i05Q7IT_T4?t=02m30s

Terry Bollingec BY 4.0 Foundations of Localized Symmetry Mathematics April 18, 20

| also[wanted to]Jshow how this idea of a botteap approacho the mathematics of that has some promise, so |
wanted togivea speci fic example. And in doing so, l Om goi
going to give an idea in terms that intentionally avoid the details that you need in order to do actual calculations. If
you want to do the calculations,yow e g ot t o Buté# you wanttohurederstaad the conceptsd how

those concepts affect our interpretation of reasitgl some of the relationslip [ | mpl i ed by t hose
that often is a differentmattér and goes back to this idea that ther e
create the complexity that we see.
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Part I.
Looking at Maxwell’s Equations as
Localized Symmetries
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4:57TB: [Silence]
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A Tale of Two Math-and-Physics Foundations
» Continuous Manifold (CM) Mathematics

» Points, lines, shapes, and numbers are real and fundamental
» Size, cost, and time are irrelevant in math and secondary in physics

» Smoothness is foundational to understanding reality

» Pair Creation (PC) Mathematics
» The deepest operation in reality is virtual pair creation (“holes and heaps”)
» Physics, time, and math emerge via multi-level PC conflicts (no zero return)
» Smoothness emerges mostly from local exhaustion of PC resources

» Smoothness is always an approximation (quantization is fundamental)
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5.03T B : The theme that | &5 vhes id¢auhatt youthave mathensatick that gomeafiom u t
inspiration in the physics world itsellot from how wewantthe math to work, but from what we actuadgeit
work in reality. Our math certainly reflects thiwhen used]n physics.

You see the seconditefair-c r e at i on mat h ersatidnancasnihilaiion eperdétgwhichrae some

of the most commoavents that you do in field theorJhis isthis idea of creatindfor example,Jan electron and
positron paird the classicexampl& her e are many ot her examples where
have opposite properties with tHaame creatiomnnihilation idea]Soone of t he t hemés t ha
611 be giving a | i ©tidthatidba that we heedaongetigerneattiipelcantinoumm her e

You can especially see the continuum in gravitational mathematlesre everything is a smooth manifold,
infinitely precise[The idea is to] get little bitbelowthat, and use the inspiration of what we actusdigin physics.
And what the simplest operations that we see theré amad the one | really want to emphasteis this simple
idea of pair creation.

| 6ve had plnerevious presergationghers | talked aboutow if you want to understand the idea of

a pair creation, think of digging a hoMou create a pile on orgde;you create a hole in the other sid&»,you
have[these]holesandthese heaps#And that is the essence of the kind of activity we see in physics all the time.
You get a positive charge, you get a negativecharge 6 s pi l ed up, the other onebd

They al ways cancel out , mathematicéThatisinstead &f saying that tonseraation ¢ o0 n
is aderivedproperty ofinfinite smoothnesgou really flip it around the other way completely. You say ffitdb,
theabsolute conservation s wh at the emérgence of thgg@moothness y mmet r i e s . l'tds w
those symmetries to come into existence, because the symmietthes complicated math always has to go

back to that concept of absolute conversafiiucanc eat e pil es and create hol es
You have to dgairs. You haveonethatgoes upputthe other goes down.
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Thereareso many quantum numbers where you can do that, and you wind up getting a very interesting kind of an
infrastructure that then algorithmically can produce all sorts of smoothness at large scales, but also more
complicated things when you get down to theipke level And you want thatYou want to have

simple concept of smoothness to start breaking down, because somewhere, this all has to be emerging from somi
simpler set of rules. The univerpee r si st ently tells us that it has sinm
from that message.

So we should look for those simplicities and see if we can find them, including in some of the mathematics.
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Part Il.
The Time Paradox in Ordinary Light
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8:03TB: TheTime Paradoxin Ordinary Light

I 6 m wi | | ithatymostdolksghave s\af heatdis message. [For example,Jyifoudve taken a
el ectrodynamics, you probably have not heaAndlfindhe me
t hat del i ghthérdiltg o ebse caaluls et et 6w'say back t o Maxwel | 6s e

Physicists have spent decadesactually over a centur exploringsome of these little paradoxes that are in those
Max wel | equat i ons . erddly isightiul|Eibstein eovpd Maxwelh BRirssteila was very fond of
Maxwel |l 6s work because Maxwel | had pull ed t[woakedt her
at with his]level of insight. He built on the work of others, but it was Maxwell who really kifpluied everything]
together on this stuff.
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Wheeler, Feynman, and the Problem of Time

> Before developing his Nobel-Prize-Winning Quantum
Electrodynamics (QED) method, Richard Feynman worked on a
series of papers with his adviser, John Wheeler, in which they took
decades-old time paradoxes in Maxwell's Equations seriously

» The result was a remarkable series of papers that questioned the
nature of causality and inspired Feynman to develop his QED
methodology. Here are two notable examples:

» J. A. Wheeler and R. Feynman, Interaction with the Absorber as the
Mechanism of Radiation. Reviews of Modern Physics, vol. 17 (2-3), 157
(1945) https://authors.library.caltech.edu/11095/1/WHErmp45.pdf

» J. A. Wheeler and R. Feynman, Classical Electrodynamics in Terms of
Direct Interparticle Action, Reviews of Modern Physics 21 (3), 425 (1949).
https://journals.aps. orq/rmp/abstract/10 1103/RevModPhys.21.425
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9:02 TB: So, back inthe late 1940safellow named Richard Feynmah an unknown student at that tinde
worked for his thesis advisatohn Wheeler.

| occasionally refer to them dseing, together, thgreatest physicist of thmid to late 1900s.Why do | say
it o g @ Bdtauseadndividually, neither one of them was as creative or powerful as they were asThgsam.
two made dantasticteam.And the reason they did wésatJohn Wheeler could just guald! [Chuckle] He would
justgo anywheré That was the way heorked His mind was always looking to say,ldw can | generalize this?
How can Ibreakthe concept of time? How caibieakthe concept of spacé? né he loved that stuffie just loved
getting into thafkind of breaking the rules].

Richard Feynman, in contrast, wanteditmlerstanceverything. That wakis goal. Hewould always sayfil want
tounderstanchow thatworksAnd he ¢ oul d[asfbtoaddfaviewhas Wh ¢ &l atrhésuld de as
takethose idea&s and then he couldull them inand sayfi Woa! How about if we control it a little better? How
about i f we force it i ndésomekindafappactPwheét@itvwindsmmpuotiucingfa w e
testable result.

So, you put these two in a room together, and they spent a lot of time with eacH lotlygespected each other
highly andthey really got along wellAnd then they woutl cane up with thesaleas

Especially because of Wheel erés infl uencethataftehteey di d
separated, themasa noticeable dropffi n t he creativity of Feynmands wor
was poking him. And by the wafgr Feynmanwhen | sayfia dropoff in creativityd wo w, trhlaived s onl
mean, Richard Feynman still just casually did things like invent quantum vortices and supetfiuids without

even thinking about it. S§&-eynmanjdropping offincreai vi ty i s a very relative sc
the same kindf [new] creative direction® you know, looking at different directiongor examplelyou seehat

his [work in] quantum chromodynamics, i;» many ways, just an extension [biis earlier work in]Jquantum
electrodynamicsAnd Wheeler kind of kept him away from tH&ind of a slog] Wheeler got him intanteresting

fi s edf thirking.
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One of the most interestingetsol 6d say, was this whole idea of the
the problem goes back to the equatiénsandto the idea of, oddly enougb, f h&r&\do you get this littlkick
that you get fronfjemitting] aphotor? o

What an innocersounding thingWhen you turn ora bright light, [you get a little kick]. You see this concept in
photon r ocket s [thislidea,Jiytous vreo tl ojok teidansdud@apdseon]d d rcd @ ptn t h a
been presentednd studied]. flyou put a very bright laser out the back of a spacedtdfecomes a propulsion

system It has some very nice propertieandit has some difficult properties and you certainly d
on the receiving end of that lasdthati s one of the problems withlkvey phot
efficient for certain types of applicatior{sertainlmethod of propulsionbecause you get a little kick from those
photons.They push against your spacecraft.

Now, her eds inwhaseems sorstdhightfdrwaldlgout photon propulsion)ou run into it, and you
just sayfi ¥ah, you know 16 vget photos shooting oufthe back].t 6 s j us® a rocket

[The troubleisthatMa x we | | 6 s e saytahta to.n sTdmeegyu dhivAnldast not in the first iteration

of [usingfthemAnd t his baffled physici stisWifaminuté fil gveafat i me .
photon, if Ifiacceleratéa photonth er e s t hi s recoi l ef f eBut tvwhadar egb sv eist
fromdBecause itds not |acdtsu fimiayitophatayou knew[aéern yoa accelerate your

car and you keep saurddend yt igreg, ay &ku ckdméctk t hat sl ows
i s youdr e ac ¢adifgauracarisa ghotgnpthen yow saiddenly get a little bump back, sy,

aminut& youjustgave mesomeenerggl 6 m gonna sl ow gomnadoga off and g
to somebody elsé And this was baffling, because the phqgtancording tavla x we | | 6 sswasgoat i doi

guitewhat they thought it should do.

So people |l ooked at this for decades. Therebs a wh
Wheeler and Feynman decided to getinto it. And Feynman, he even tells stories on himself about how he completely
misinterpreted the problem atdirHe di dnét under st an d[Faeylman proptiseeenhee r we
actualy sillyideas (It 6 s an i nter est i:Hgditdmidtgllingasbooes on his @w stupidity.
Andsincehe ds not a very st upsiucdepspdeyButwhea hedlid,herwbdld tedl themeon ma n
himself. That was one of the examp)eSo, Feynman had trouble even understanding what Wheeler was talking

about.In some cased took them timgfor Feynman topet intof Wheel er 6s i deas] .

If you look atthetitles,] you see a hint of h gowtwa[af the resaltingpsperdlistéde r wa
here].[ T h e f Interactton witls theAbSorberas theMechanism oRadiationdo N o w, i snodt t hat a
sounding title? |1 mean, it | us[dabviosscthathvdas t&étsklyesayingis e ¢ h i

thatsomething weird is going on in tim@/Vhy?] Because the absorber may be a billion years in the future

So, even the title is saying something very unusgslcomes out of thisquestpra b out how t o i nter
equations], bcause it says @llMbecausethe absorber of the photon mayway off in the futurefwhen you]

shine a laser out in space, those photons are gonna travel for a loig tie/et, even in the title, Wheeler and
Feynman are invoking thfdbsorberaspar t of t he radi at i on reodldntfagtnpsoneem i t ¢
of the kickback.

Another paper kind of summariztthis issueli n 1949, andhere m@lt dss itchael olmleect r
terms of Direct I é@ltler par taiddim éhis predergatiomp.odEtxIpyt ai ni ng W
diagram Explaining his figure a little bjtdb out why it 6 S s ucuhusuamessageusual f i gt

This [exploration]d i d ndt end wi t h tFeyamaa wantaop ® dQuantumBlettredynaniids.i s

Quantum El ectrodynamics was very much inspired by t
a connection. These arandndthingjcame from it. Sonmmemslygobdmerk caime p p e n
from this.
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Part Ill.
First, A Preview of the Conclusion
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15:53TB: [Silence]
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The Wheeler-Feynman Advanced Effects Paradox

MOVING PELLET
DUE AT -0.01ns

~«—— 5ns (5 FEET) =

between charges a and b b

The pellet “jiggles” aat0ns  Charge b “jiggles” -5 ns in the past,
(the “start” of the action), but  which sends a reflected wave farther
this also jiggles a at -10 ns (!) into the past to strike a at-10 ns

Fig. 1. The paradox of advanced effects. Does the pellet strike
X at O ns ? If so, the advanced field from a sets b in motion at
-Sns , and b moves & at -10 ns. Thereby the shutter T'S is set
in motion and the path of the pellet is blocked, so it cannot
strike X at 0 ms. If it does not strike X at 0 ns, then its path
is not blocked at -0.01 ns via this chain of actions, and therefore

SPEED OF SHUTTER A backward-in-time reflection of a (1)
OF IMPULSE a RECEIVED AT -10 ns AND HENGE
AS DEPENDENT ON POSITION OF SHUTTER AT -0.01ns

DISPLACEMENT
OF SHUTTER
AT -0.01ns

SHUTTER
GLOSED

SOLUTION SHUTTER OPEN
AT -0.01 ns
DISPLACEMENT OF SHUTTER

PROPORTIONAL TO ITS SPEED

SPEED OF MOVING SHUTTER

Fig. 2. Analysis and resolution of the paradox of advanced
effects. The action of the shutter on the pellet—the interaction
of past and future—is continuous (dashed line in diagram) and
the curves of action and reaction cross. See text for physical

the pellet ought to strike X. description of solution.

J. A. Wheeler and R. Feynman, Classical Electrodynamics in Terms of Direct
Interparticle Action. Reviews of Modern Physics 21 (3) (1949). Pages 426, 427.
https://journals.aps.org/rmp/abstract/10.1103/RevModPhys.21.425
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Om goi
qui ck
basi c

ng to be gebdtustng i n
jbad a ws & ot IMatxwse | Wi e
understanding of M

15:54TB: | want to show the figure firsbe c aus e |
talking about electrodynamicand ki nd of a
fromso you need to have some

But herearethe two figures that he had@hefirst figure, the oneonthelele doesndét i ntroduce |
talking about the second figueand t hen he starts talking with .ter mi
So,i t 6 4a gpod example of how natih write a cleaexample of a figure. This is not a stellar dase

Youcan tell that Wheel er 6s nthongtt] W@ this iz reatlymeérastqndoadde tasi n d |
theidea, but he has some difficulty trying to present that idedcamyey]that idea ovefto readers]And again, |

keep blaming Wheeler justbecal’se y nmands di agrams are so different

of diagram.

So, in his diagram, the first thing | did is he talked abiougs in a dayAM, PM, andgaps of 5 hours. So, just for
si mpl i cbring that dolvreatlitflesbifto] nanosecondgnstead of hours].

Onenanosecond is thgime it takes light to travel aflistance[of one foot]. [So,]light travelsonefoot in one
nanosecondo a very close approximatiofsing nanoseconds thusiakesthis a little more latsizedand t hat 6
what these figures are doing.

And then he has this interestipgzzle that he comes up withhe one where hgays thatfi tiseems to be that there
is a future connection in the absorber that then somehow comes back and [thpaetst].Could we make a
device that would actually detect th&td if we can do that, can we create a paradox?

gonna have to diverge i/l tYwa d
y [thenp Ane thigli®what §Vheeler came up withis a

But unf dhaotwbBy epbgcauls
j i SMat issha ngallynsgying with

That s wbudavetosayj Ol j me d s
literally are seeingnto the futureint o wh a't
fascinating and deep paradox.
like | said,kind of confusing when you go through the papés u 6 r e
this®
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And so bringing it out is worthwhile, becaysé/Vh e e thiekingisVJerydeepitd s j ust t hat t he

little hard to geinto. Sg, | 6 | | be get. kjustrwgnttb give & quickoadvanice tsshow that even though

f

I 6m going to be goi ng ,thagoalis plyet at thisneery integuigg repriesarpgation that t u f

Wheeler came up with.

Terry Bollinger CC BY 4.0 Foundations of Localized Symmeiry Mathematics April 18, 2026

Quantum Insights in the Wheeler-Feynman Model
»Maxwell's Wave (MW) solutions are /\§

+5 ns -
not photons (and not particles) " =

> MWSs propagate equally into the future ~[Event Waves

Origin: = one photon

(forward time) and past (reverse time) 0ns | = Ha ®25rEm—0 b

T|| ¥

» MWs cannot explain “photon recoil” | -
»Wheeler’s (rather opaque) shutter M A
analogy makes a critical point: sl —

; : : F
> MWs coerce all options into a single Ry -
solution that stays invariant over time — £ ¢ ofthe past’

» A photon summarizes that consensus
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1845TB: The second part of thilséltlhajtussth ognvisvewvhyacdu |ab ng |

paradox itselfWhen you send out a photoi,goes intwo directions. At the quantum level, space ®ur-
dimensionglitd s [onlg]threedimensionalYou havetime

You hear this statement that the laws of physics work the same in both directionsihtimet 6 s t r ue,
work at electromagnetic radiatioibh becomes especially unusual because it means that your waves caiitlyerin
direction[intime].1 t 6 s j ust a ;she wgvds &orksthie game way.s50, ina nutshdlht Wheeler
was saying wathatif | jiggle a charge, that creates an electromagnetic wave that goes into thé futangroblem
d [but] it also goes into thpast

And this is the problem that so many physicists have struggled with since the [T8@9$say,fi Vdit a minuté
that doesnodt! &othéreflexareagtions syl $88é we 6 | Idiscardihe fpast solutions. Those
canodt !bdutas sobniad you do that, you lose the reda@l lose this effectthe fact that you have a

slowdown[of the charge thatay$ that somehowy o u6r e t r ansf er rfuturegarticeo ment um

This is a conundrum that Wheeler and Feynman put together into an actual exameplbere you get a wave

b u:

t

going in the past, bounces off of another ch&rgeasytodpi t 6 s not a c¢ cAmpthai[reflecteee d pr
wave]in turn creates another backward wave that gjussvay.
So youdre getting this inteThestiomge 6cso mibressdvwpvepbot uafi nr

itds al s dackwarowhvec i ng a
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And the bottom line ishere yas are You shake a chargeand then yolook at your lab records, and you séy®

yeaté | see that | did thatO nanoseconds agooh, | should have noticethatthen We | lycdiknowé |  di dnot
noticethat | jiggled it 10 nanoseconds &génd then Wheeler and Feynman, with their little device, come up with
awayandsay,welf@n | make that into a time pParadox? And i
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Part IV.
A Quick Introduction to Electrodynamics
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21:10TB: So, t hat & s NowHwantdo just@enintthisalitle bitd like a quick, quick course in
Maxwel | 6s equations, intentionally avoiding al/l t he
these things. But the geometjmrt] 8 when you go down the level of the algebraic constructs, the relationships

0 alot of this is surprisingly simple. You have all these constitimés make the equation look more complicated]

but you dondt r[ethelthoge orjhe dethils bf the djfferentidl part. o
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A Different Take on Maxwell’s Equations

» Practical use of Maxwell’'s equations requires training in:
» The calculus
» Differential equations and geometry
» Knowledge of a wide range of physics constants and concepts

» On the other hand...

» The critical features of the photon time paradox are puzzles of
logic and causality, not calculus per se

» The conceptual principles of electrodynamics are surprisingly
compact (hence, only four unique Maxwell equations

» I'll focus here on explaining the features that create the paradox
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21:41TB: And also, again, some of these equatidne e caus e t hey ér e odkind ofignorethet i a |

fact that it allstartswith just simple pairs with very discrete charges.

No one ever seesfreecharge | ess than one el ec tanthemathematicsWwe ¢dam d

say thatfi We I [Want to]generalize and thinkhe level of charge¢ould beanything 0

But t hat 6s not !(Ardthdre argearka Quarksark d very isteresting calsat hat was something

for some other timé.

So,youwantto, f you want t o u fforlardkascalevstliatiobssvheeeghe aumbeo af electrons
involved makes the variable representing total electric charge to be contigonauseed to learn tHell set[of

t

h

Maxwel |l 6s equations in bot h herbaeemany akdelferit eepresentatiomslof ita n d

for different applications.

But [for this case, wejvant to look afthe simpler, more geometridsues that are producing these time problems
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Particle Pair Creation as the Starting Point

i @

E Apabistia Notes 2026, 0418120001 (2026) 12 apa.2026-04-18.1200.01.pdf

22:26TB: Pair creatioh

This isnot where you normally start electrodynaniiéait this is whered because | 6m tading t
bottomup, andthat we should takastronger cluefrom physics than we d& [we need to pay closer attention to
guantization).

In the full Maxwell equations, you just hawvke conceptof chargelt 6 s not.Itgbusa njtu sztedan ent
have that could be infinitely smal whi ch i s reasonable at Maxwell 6s ti |
el ectrons, they didndt know about quantization of t
be quite smooth and quite continuous.

But thatoés also the danger, because if you see ever
that, it is so tempting to make theathematicgqually smooth and differentiable to an infinite lin8b the reason

I start off talking about Ma x whatisinét whatevg seaih physinasreality. t h
The universe that webre trying to model with our ma:
It begins with lumps of charge,andt 6 s an extr emel y sapdbeap drocess pukoowe s s .
you have dolein one side, and you havénaapin the other.

[In terms of electrical charge,]eMabel the minus sign, the electron, as the Wk label the positmo [and]the

proton very arbitrarily as thieeapd although if you go on deeper levels, at some point | think we may get to a
point where there actually is a relationship between these charges and the directiorSaf itimmey not be entirely
arbitrary in that, but itdés certainly the starting
Begins at this, this energy event.

That energy event, incidentally, in a very real sefesdsts]. You can take two photoéstake an extremely high
energy gamma photonollide itheadon into[the photons offa green lasdil think that washefirst version | saw
that actually did this and it produces a positreglectronpair. So, you gp  felLwow, okag | can use pure
energy in the form of photaero create a pair of chardes
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And this is just a beautiful little micreymmetry onethat causes all sorts of interesting things to come from that.
If it was only positrons and el ect r on slapsewadfimaopbre i n
photon energy]. [That does not happen because of existence of baryon charges like protons, buptbetethe]

[ b e c 0o mbese]dges dil We baryonic matter come fPotn

Okay, so youbve got two things cal lamchargeB sWel Vé and
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Maxwell’s Flux Lines Interpretation (and Issues)

Maxwell visualized “flux lines” of fluid-like charges moving across XYZ space

His view implied a non-spatial “ground return” of charge flux (very strange!)
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2505TB: Therebds many way sonegobtiie waya that Irthénk forerederstanding ihtuitisely b u

what these things do is just a good old field lines representation.

Wedve all seen this with magnets, yoAndkonoawdo itwithi c h |
el ectric charges also. So you get these I|Andireacasevher e
of , Il i ke, iron filings, itos a l|literal pat hway t hat
And [each field line]has a direction to!itS o , in the case of el ectrons, we &

positive and going out to the negative.

[Field lines also]ike to [expand sideways to their direction fdlspace And t hat 6s i mportant .
a straight line, just go from, you know, from the positiv¢he negative[lnstead,] hese guygalsold on 6t | i k e
other[as they expand sidewayd${laxwell called themmolecularvortices He had this whole delightful model in
which they werdike little tornadoes Theywould whiz around, they would expand, and they would push against
each other and try to go out[gideways]different distances.

[Later on, Maxwelllreplacedhis vortices)with differential equation8But before youlismisshis molecular vortex
modeltoomuchf i t 6s wor th noti ng oubtaatlighhvweas elest®rdagretit eadidti@o, o f
[despite being very mechanical by modern mathematical standards-#aiptasize the physical world as much

as possible,l was a powerful mode]Maxwell made very effective use afpncepts like thi§ the idea that these,
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for instance, these lines would literally be little vortices that are going out and rotating, pushing against each other,
doing these things.

A little side note If you get into standard model of particle physigken you talk about theolor charges, they
donét do this. They attach more or ISess$ hiey ¢@amdt ai g
close toleach other[The field lines of color charge paidlo n 6t p us h o u t[sidewqys]ike eettrice a ¢ h
chargdllines] da They just kind ofock on And the farther you stretch them, the more upset theéy get

Sot hereds more than .dtnfes wanypotritiasntc @am mMmeoppere t hat t
different micreconfigurationsof this concept of field lines.

Can you represent electromagnetics in other vt field linesP Of course you canrhereareall sorts of
equivalent representations. But field lines, as Maxwell noted, provide a particularly interesting way of
understanding the relationship between these charges.
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Maxwell’s Flux Lines Interpretation (and Issues)

Maxwell visualized “flux lines” of fluid-like charges moving across XYZ space

His view implied a non-spatial “ground return” of charge flux (very strange!)
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27:28TB: Now, [another thing thatMaxwell didwas[use the ternflux]. | donét think he intr
he liked to use the term flux.

Now, if you recall your linguisticsyour etymologies, flux just meaflsw. | t 6s a it 6 sMaawell | ow «
literally viewed these linesasaflawf somet hing | i ke a fluid going acro
tal ki ng about b atVYowehave actual eldcttodsslowmng ftorin one side to thé diigmeverse

polarity, unfortunately[from minus to plus. We can blame Ben Franklin, who just guessed, for tkhbbfo

Butf when he used the term Afl uxo f owas siething talking abaubt d m
something a little more subtle. He was saying that we see that[8awdike] effect even between thestatic
chargesd that it looks like[the field lines arepathways where you could think of it as something fi@ging
there, even thoudthe situation isptaticf[and no energy is being consumed] Not hi ngés movi ng, |
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energy, i t 6Nso nred th erl eedsisat iing.s e e Al thaad thing @hoy that pathtist e 6 s
you have a sourag@ you have the positive side andyou have a drairfin which the flow]just sort of disappears.

And one of the obvious questionsiisy ou | ook at Maxiwe, | ®Wh enoa ¢deroeenber t h e
the first time going through some of these modelsJahdh at was al way derepesthe flugpt t h o
after [it arrives at the drairfAnd that soundsn some ways, like a silly questioBu t | dondot think
therebébs something that natureb6és trying to tell us a
out, because there is some kind of a connection, there is some kind of a loop.

But we only seehalf o f t hat | oop when we Gndeegdtiveelektiictltargea bloautt 6 sa
interestingbe cause i f that nethaeadphysitalruniverse asee knoaltiel fatt that we can

only seehalf of this flow cycle is incredibly important for the existence of things like electfamd] for the
existence of things like protons.

So thereds some |l ittle bit of trickery ¢ghbdrdogeogen i n
really worry about itvery mudtlBut | woul d s ug g eeetyinterdsting thing hoavordy sbowt,c t u a
and one reason why you could argue that is thaté
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The Near-Symmetry of Electric and Magnetic Fields

Magnetic “flux lines” are very similar to electric, but never leave XYZ space

el
A el %)

Thus, there are no magnetic charges, only S-to-N magnetic flux directions
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29:41TB:é t hathei mase of magnetic | i nes!Todtis thesinglesbjggesto u
distinction between electric and magnéities of forcewhen you have magnetic | ines
l ines. They also seem to come from one atlvaysegentuallyon, g

looped They never go to a point, they never go to what would be calfiethgnetic monopoléat least not that
we 0 ve ethe[nevesepreduced1982¥al ent i ne @&<eptedhy event

(Good luck onthatoleT hat 6 s al way s a nBles Qab=zifnign dsitmog ya abonuapol e
Day in a lab that was not attendéth one was ever able to reproduce it, but it was a fascinating yesult.
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So, observationally, we see these two kinds of flows like this, these two flux concepts in electrodBiaroiy.

one of them is able to terminate at a source and a :
similar. There aresome scaling differences, but just like the electric, the magnetic field[likesto expand
sidewaysandl on 6t | i kdethey mydoget awayfeom each other.

You have all sorts of interesting effects with magnets because of that. They pull in one deedtibay expand

in all the othes. Whi c h, agai n, goes back to Maxwell 6s beaut
tomadel i ke behaviors wher e taidteyndtoespasdinth&dthesgi { dsoaeddi r e
physical model that Maxwell usgth greateffectt o under st and whagneti $ielddines]Tmeg o n
end result ishatyou get these loops, bubyu dondt get the charges.

Now, electric can do this alsélowever, electric can dooth You can have thedeopswith electric, or you can
have theséoopswith magneticBut youc a rhaveé the termination points with the magnéield lines].

So,i tab mteresting broken symmetiyremember one of the earliest ideas | ever got into in physica wery

long time ago. | got fascinated by tHis middle schoolland wondered if there was some kind of magnetic
equivalent of the electric and positron partic[@hat was in apmall[Missouri] town with a smalktown library,

[decades before the Internedb | didn6ét have very good r es o u fbiraks . I
whohad comeup with t he wor d famd [monpdiatelg]thqughf,i @, shoot it 6s been kn
long timé o iBtwadascinating little symmetry.
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The Interplay of Electric and Magnetic Field Lines

PLUS | PLUS

magnetic flux

CREATES:
magnetic flux

CREATES:
electric flux

!
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32:16TB: Now, the most complicated equations in electrodynaneed with the issue that you see in these two
cubes. Nav, the more you get into it, you really have to get into your differential equations, you have to get into the
relationships, but the idea is not complicatech f act, the name of this is eve
called a cross product.

If youlook overinthelethand f i
[

ure, 'y
you move that th r

got an el eBouttr ilce tldisn e
) SO e

to you, youbre pu:

g
ng
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back of the cubeVh at does that do? What that does is create
ot her two. This is why itodéos a cross. It literally f
angle cross is the third dimensijas this dimension magnetic flux.

Maxwell got this from something called quaternions, which are thediouensional equivalent of complex
numbers. Therebs a | ittle thing t-proguctcapabilityAinchbey,didat h o
it prove wuseful for a | ot of pdimessiomalspacebtieere ara allsortsvdi e n
things where this idea of you have some kind of a force line here with a direction, you have some kind of a motion,
andwhenhey 6r e exactl y r i gmump@dud gomgin theyothar dirgcdon. t he maxi

And then you have another thing called a dot produc
is just basically a shadowing effect. You take the feat is at right angles, and that gives you the cross product.
The dot product tells you, says, well, if theydre n

completely parallel, nothing happefugth the crossproduct, but those same parts multiply like numbers with the
dot product]

Soyou have these sets of relationshigisd & of this comes out of quaternionath. But it was just broken apart
into these two concepts.

And the symmetry is that magnetic flux and motémthe same thing, excepitey produceslectric flux.So, not

too surprisingly, put these together, and you have the basis of electromagnetic radiation. You have radio waves,
which have both of these componeriikey flip, they tradeoff between each other, and produce different ways of
looking at the same packet of energy.
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Part V.
The Full Maxwell Equations
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34:40TB: [Silence]
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Maxwell’s Equations (via Heaviside)
Gauss'’s Law: Electric flux lines with persistent endpoints (charges) exist

v.E=L # dS——///pdV
€0 a0

Gauss'’s Law of Magnetism: Magnetic flux lines exist, but only as loops (no endpoints)

Y:-B=0 # B-dS=0
a9

Faraday’s Induction Law: Moving electric flux lines create magnetic flux lines

0B d
VXE=—— E-Cw:——//B-dS
8 ot 7({)2 dt JJs

Ampere’s Law: Moving magnetic flux lines create electric flux lines

E
V xB = (J-f-&?oa ) fB-dfzuo (//J-dS+soi//E-dS>
ot oz 5 dt JJs
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34:43TB: Now, if you go back to what I just covered, | just said pair creation.

Force lines, magnetic force lines, That you cannot have terminus points for magnetic, you can have them for electric.
And then you have this interesting thing where you have these cross products.

everything | just said is in these four equations, which, again, Maxwell pulled them together.

And, but they were already, for the most part, known in other areas.

So, he pulls them together, but if you take a | ook
have the form on the left is a differential form, the one on the right is an integral.

I n many ways, this isé this is almost, 1ike, in th
what youdbre doing. This little oval that they show

Youdr e s attihavaya conipletavsaurface, and | want to make sure that everything is covered.

And the message from this is.

It really is just that charges exist. Something called charges exist.

That within an array, you can have a certain amount of charges, which actually turned out to be electrons or protons.

And then, once you have that, youdre going to have
of that.

So you cané you can measure the amount of charge by
|l ines, which, again, theyod6re always trying to spre:
total amount of electric chargehness coming out of that volume.

And thatos really all these first two are saying. T
saying that if | have a closed space, I either have

And if | do, then | have this integral. | have this rmaro sum.

that rho over epsilon sub 0. | have this 1z@mo sum that tells me, essentially, how many electrons, or how many
protons do | have in that space.

So, complicated ways of doing it, they give a lot of precision, but the concept is very simple. By the way, it does
not say that electrons are points. In fact, it actually avoids that. It says that in a volume.

you wil |l have a certain amount of charge. And that@¢
side of things, the smaller you make that volume.

The weirder it gets, and the higher the energy gets, until it gets to a point where it just starts breaking things.

E Apsbigia Note20260418120(2026 19 apa20260418.120®2pdf


https://creativecommons.org/licenses/by/4.0/
https://sarxiv.org/apa
https://sarxiv.org/apa.2026-04-18.1200.02.pdf
https://apabistia.org/
https://youtu.be/8i05Q7IT_T4?t=34m43s

Terry Bollingec BY 4.0 Foundations of Localized Symmetry Mathematics April 18, 20

So the idea of reducing these charges to a point 1is
satisfied with his own understanding of what happens when you shrink that envelope all the way down to a point
like size.

The second |l aw is just sayingé

You dondét have monopoles. Thatés all

I once had an opportunity in high school to explain to a physicist

Who was there for promoting her college.

And she was kind enough to let me, to explain to me

these first two | aws, because | was proposing to h
charged particles, was what | was asking. Again, sm
And at the very end of the conversation, she had go
And | made the mistake of saying, well, this is ver

there are no monopoles because there are no monopoles? Which was exactly what she had just said. She had quot
exactly the second law.

So, so much for my political skills. This did not go over well. She got quite upset at me, but it was not because |
was wrong, because thatds exactly what she was sayi
But she was kind enough to go through the discussion for me.

And the second two groups, these are talking about the somewhat complicated relationships of those cross products
dot products, and how this all gets together, and of course, you have that charge issue, which further complicates
that.

But keep in mind, again, equations look complicated, but the concepts going on here are not that complicated.
Theyére straightforward things with a very strong ¢
And that geometric interpretation can help you understand how these things will interact in a given situation.

And | am having trouble getting my varicose.

For some reason, myé Slide wasnébét moving.
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Part VL.
A Shortcut to Understanding Light Waves
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39:21TB: Okay, now, given all that, | want to give a little shortontunderstanding the concept of waves, which
is thigé

E Apsbigia Note20260418120(2026 20 apa20260418.120®2pdf


https://creativecommons.org/licenses/by/4.0/
https://sarxiv.org/apa
https://sarxiv.org/apa.2026-04-18.1200.02.pdf
https://apabistia.org/
https://youtu.be/8i05Q7IT_T4?t=39m21s

Terry Bollingec BY 4.0 Foundations of Localized Symmetry Mathematics April 18, 20

Terry Bollinger CC BY 4.0 Foundations of Localized Symmeiry Mathematics April 18, 2026

Maxwell’s Flux as Lightspeed-Bound Micro Charges
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39:27TB: Remembehow| mentioned that Maxwell really viewed thd$ires of force]as flows?He viewed them
as some kind of flow, a strange flow. It was a flow that had a hidden dimension, essentially a little subspace where

everything just suddenly magity went from one spot to the other spand started a cycle all over againd
none of this gave off energif was all statiandstill.

He had that modeHe liked that model, and treearereasons why he liked the modg allowed him to]interpret

[the flows within those]ines agconsisting] essentiallpf very tiny little chunks of chargesf someunitary size.

Not a real sizey o u  {ceatedbchunks of charge that smatl]the physical universe. Bliti n Maxwel | & s
model], itdoes seem like they have little charges, and then they start out on oftleatidets as the source].
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Geometry of Time = +2
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40:12TB: And then they go out a little kit timeequal2 . Again, this is arbitrary,
works.
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Geometry of Time = +3
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40:18TB: Time equals 8
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Geometry of Time = +4
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40:23TB: So you keep going out [at each time interwvaiitil finally [some, but by no means all, of the tiny packets]
get to the other side.

So whatés the importance of al |l 1AH@& thd& mawna tinGesmsbtfhe b
understanding how light waves work, how radio waves \Borttepends on understanditigt[the motion of these
imaginary packets moving alonfigld lines are just as bound by the speed of light as anything else in the universe.
The peed of light is a reallyeally hard limit, @&nd it applies to all of these
symmeticcounch of | ines here. | f you want to disturb son
going to hit this influence of the speed of ligland there result is not at all as symmetric as the lines imply].

E Apsbigia Note20260418120(2026 23 apa20260418.120®2pdf


https://creativecommons.org/licenses/by/4.0/
https://sarxiv.org/apa
https://sarxiv.org/apa.2026-04-18.1200.02.pdf
https://apabistia.org/
https://youtu.be/8i05Q7IT_T4?t=40m23s

Terry Bollingec BY 4.0 Foundations of Localized Symmetry Mathematics April 18, 20

Terry Bollinger CC BY 4.0 Foundations of Localized Symmeiry Mathematics April 18, 2026

One Line of Lightspeed-Bound Flux Units

t=+4
t=+3
t=+2
t=+1

- === =
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41:127TB: And what that does is, if you look at one line, say this is one field line going from the positive all the
way over to the negatige
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Jiggling the Source Creates Finite-Speed Waves

Protected by light cone
A

(f A\
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41:19TB:é Arydu say, wel ljiggling tharjsogae]nMha hagpena is you have to respect the
speed of light. If you view that field line as a stream of little partidtest are, you know, tooling along, heading
towards the drain on the other sidleen as/ou jiggle[the source] youdve changed the pos
the particles is emitted. So, you plot that out, and what you wind up withrisa particle viewpoint ofnterpreting

thee little lines, you start getting thiswavy thingt 6 s what we think of ,anditisa r ad
strictly protected by the speed of light. So, very simple

Now, are the actual dynamics more complicated? Oh,
the cross products, electric fiemhdmagnetic fieldSo,i t 6 s a | ot more complicated
why you get a wavghis is kind of like the simplest possible cageu say that  fistart jigdling things that have

chargel willgetawaveOne way or t he ot heoThearietyofgavésya canget,thet a
kinds of waves you can get, is enormous, tmut will get a wave.
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The Simple Scary Part: The Wave Goes Both Ways
+4

+3
+2
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42:28TB: And hereds Whekreeptt hleo opkrionbgl eantm di ssayi ng, t her edéd
[explaining the problem]. &ple workedon this problemifor decades, and they figured out tfsame fairly
complicated math for describing the waves, so the problem must be complicated, right?]

[Butl no,i t 6 s n o [Tlee protiem tsjhtreaif you put a negative sigfon time]i n Maxwel | 6s equ
still get a waveSo, if you put negative time, yojstill get a wave. Ités as simple as
complicated, sthe probleni s t hat i f you use Max wek andihey seemto betvéryp n s

very good, so nobody can think of a good reason nét tthen you wind up waves going both directions[in
time]. They go forward in timegndthey go backwat in time.

The reflex response, for most peqgta anumber of peoplé | think Tetrode was one of ther love that name,
Tetroded [was for]a number of peoplé, 0 j us ¢llé § a ¢ | d@dkthat wayd T just arbitrarily say,

AfiFel ds dondt wor k that wadAndthatwaskincohthe@efaulgpositibnafer knang r d s
people for many decades.

Butagai n, itds not whsaytAndtwhattheg spytmg a sionplisity. ®/benhavex &nleguation gets
very, very simpleyou want to be careful about ignoring the implications, because when the simpler it gets, the
more I|ikely it is itdéds trying to tell you something

Thisis a good example of thathi s i s t he part they probably didnot
whichis that,ii @, by the way, this all godsackwardin time,alsd 6 [ They d obedatse ytadedppc h t h
AN itdoesnb®&m ma kanal gdmaworried dbowut my radio wave going backwards intime Téd at 6 s
very pragmatic way of interpreting it S a yell,nthatc & Wéet r i ght , b e owarkteaeway anadne d o
electromagneticd o nworkthat way.But if you start lookig at a level of particle physica&ow, you have to start

being alot more careful, because we can say that at the universa[dégblared causal timg] we domdt s e
orwethinkwe dondt see it.

That 6s a:Wg thinkdvedpoorségelectromagnetic waves traveling backward in time at the level of shared
causal time]But in fact, if you go in the deeper lejef quantum physicslyou start seeing stuff like this.
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11 7 H
Vacuum Waves “Hug” the Lightcone Walls
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44:50TB: Wh i | e talkkiagbaboeit electromagnetic wavégisshould note thatt hey 6 r e wa lface hu g g €
huggerswall-hugger$ They hug the wall of the ligltone

So, the blue there is théorward | i g h't cone. Thi s forgardivherte mgoud®@mae g
el ectromagnetic and youdre in a vacuum, youbre goi!l
sphere that radiates outwarfiEhis diagram ispbviouslyjusta very small subset of thgxpansion over time].

So if you do this wiggingheraup and down, youbr e ¢ dfarwaad digeetion]inimme; e s g «
and[also] that way[backward]in time.

Bytheway,é i f youdr e n o sthidline[oflightveacepropagationdani get much more vertical
Optically dense material will slow it dowespy o u 6 | | be more inside the | ight ¢
actually stopping lighwill put it in this central part her@hat [work on stopping light isfop me,[some of]the

most interestindlaboratory physicsyvork of the past 20 years.t 6 s wher e f ol ks have act:
light completely, and essentially frozen it im&dium, and then let it start moving again.

In a vacuum, though, these waves will radiate out from your locatitive speed of light. Analso, according to
Maxwel | 6s e q bakwardimtisne]. Ahdh[seryously,pvhat do you do withhat?
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The Problem: You Now Can Impact Your Past
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46:13TB: Now, this[figure] is getting closeto actually representinghat Wheeler was pointing oVheeleré

said i WIl, you knovwé if | go backwards in time with one of these waves, and | hit another chibegehat
charge is going to start wiggling. N.cAnhd theerswhentit doesn g | vy ,
that, itis alsogoing to emit wavesAnd guess whatf®Vhile these newjvaves also go forward in tinée which |

have not shown, b e ¢ a u §skde] © Htlaetnéwswigglejatso [serdewayeshacknard ia f t h
time, in the opposite directiofpack toward the original emitfler

So, what happens is you find this thing that | mentioned edflierou t ake what és call ed t |
Ma x we | | 6 swhiehqustaneainsobackwards in time éu wind up saying that, one way or the other[ | é m
going to have an impact back at the original sender,eanfjer in time!] It may not be a big effect, but | am going

to bounce off ofthat chargemirror [in the past],andd 6 m g oi ng t,fevewfarthet in the past, backeat

the origination point of the wave]

And by the way, thigreflecting] charg€din the pastjcould be a literal mirror, not just a figurative mirror. A literal
mirror is, in fact, a bunch of Xay-levelenergy electrons in Fermi spaddey jiggle, and when they jiggle, they
send[new waves bothpack[and forward in time] So this is not just necessarily a figurative mirror, this could be
a literal mirror.

So [this figure is]saying that if you have a mirror, and | do an experiment here, and that mirror was still sitting
there, you knowe 5 nanoseconds earljghen thissdvancedvave is going to reflect off that mirror and head back
tomee tme!l.. [atthe sourcd,backa t méus 10 nanoseconds.

(Chuckle)How much do | have teayto emphasize that that could bprablemwith causality?

We see all these timm  #ese timeraveling science fiction storiednd, maybe this is a missed opportunity

Nobody ever talks about the time contradictiotight 8 in ordinary, everyday lighin electromagneticadiation!
And the fact thatwhen you[create]a radio wave, in some sense, it should go backwards in time.
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Frequency, | think, was a movie maybe that did kind of explore that, because they use Aurora Borealis effects to
kind of go backwards in time and let people talkhe past So t hat 6s t he nearest | ¢
have actually explored this issue

But is it a real physics issue? Qleah
Yeahé and so much so that it has giviezld theory people fits for yeags for decadeé becausegif they get rid

of the advanced regdleffect | mgntioandd ledrlier] Youscanndt repsotduce what we actually see
if you get rid of the ability to send momentum back to the earlier point in time
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Part VII.
The Wheeler-Feynman Advanced
Photon Conundrum
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49:13TB: Sa Wheeler looked at this and said WIlé what can walo with thisD
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The Wheeler-Feynman Advanced Effects Paradox

MOVING PELLET SPEED OF SHUTTER A backward-in-time reflection of a (1)
T DUE AT -0.01ns OF IMPULSE a RECEIVED AT -10 ns ANS HENGE
AS DEPENDENT ON POSITION OF SHOTTER AT -0.01ns
DISPLACEMENT
0.01 ns OF SHUTTER gnggggR
T -0.01 L
Aradtes - At L
~«— 5 ns (5 FEET) —>
FS‘}?[‘:?‘ITIENRGTS between caargesaa)ndb \I\SOLUTION SHUJ;;-R OPEN
AT -0.01 ns
O rvor_X ¢ ad %*b DISPLACEMENT OF SHUTTER

The pellet “jiggles” aat0ns  Charge b “jiggles” -5 ns in the past, PROPORTIONAL TO ITS SPEED

(the “start” of the action), but  which sends a reflected wave farther

this also jiggles a at -10 ns (!) into the past to strike a at-10 ns

Fig. 1. The paradox of advanced effects. Does the pellet strike SPEED OF MOVING SHUTTER

X at 0 ns ? If so, the advanced field from @ sets b in motion at . . .
-5 ns , and b moves a at -10 ns. T hereby the shutter 7'S is set Fig. 2. Analysis and resolution of the paradox of advanced
in motion and the path of the pellet is blocked, so it cannot effects. The action of the shutter on the pellet—the interaction
strike X at 0 ms. If it does not strike X at 0 ns, then its path of past and futurqﬁls continuous (dashed line in diagram) and
is not blocked at -0.01 ns via this chain of actions, and therefore the curves of action and reaction cross. See text for physical
the pellet ought to strike X. description of solution.

J. A. Wheeler and R. Feynman, Classical Electrodynamics in Terms of Direct
Interparticle Action. Reviews of Modern Physics 21 (3) (1949). Pages 426, 427.
https://journals.aps.org/rmp/abstract/10.1103/RevModPhys.21.425
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49:18TB: And now we get back to the figure | started out with. Wheeler came up with this[thexgyht problem].

I would still like, at some point, to go over thfggure] even more carefullyand see if | could come up with a
version of this figure that better captures the later work by Feynman about Lagsabgiana u s e | téhi nk é
t h e r [keties])wag to[show] this.

But at this point[Wheeler]was just emphasizing the paradox. And the idd¢laat this is thasamewave that | just
showedin the previous slide],@ng backwards in tim. [The backwardh-time wavelhits here[atain Fig. 1].

So yow vget 5 feefseparation][and] 5 nanosecondseparation]. Yu get this bouncing. Sosends off a wave,
it goes over here th, then theb sends it back ta d which does not show up well in this diagram aBaland it
jigglesthis lever! It jiggles this lever, qthe entire rotating devicgjivots down a little bé

And it blocks the falling of this pellet

So you have this kind of clumsy, but still also cleyaint that Wheeler is makinfwhich is this:]ii ¥u can make
a physicabd anactual devic®d in which the advanced wave, the wave that goes backwards iarionell have
an actual physical effect on the system.

And then he goes intoanalysnd again, this i s o0n ¢explmmton & some dorhforn k t

what is going onhere, buf Wheel &y 6 &eal ing this was essentiall"
attenuatiord your [backwardin-time] effect is attenuated and[that it isjacontinuous s sue . justabs ne
fully discrete issue. ltds something where yadha have

speed at which it progresses.

[ Wh e e poinrwdsstHat what happetiissteadof a discrete pellet blocking event, whatu getis a negotiation.
Soyougetapointwheleor i nstance, the pell et nudogmpetelwtgppedn st t
And the two kind of work together until they finally s@ly ¢ah, okag you want itthisway, | want itthatway, so

we 6 r e campranmisal 6[mt he pel stikgonreehn d It ére] pi v o finitiateveediggle] bt t i | |
you did get to bump me a little bit. You did get to chajtige details ofvhatIdid i n a det ectabl e
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Think about thdt

WhatWheelemwas saying hereisthat i Y ¢ @hué spithibme i nt o t wcregieajinteparadoko u cC .
with this. But youcanaffect the pagt ral youwill affect the pagt ral youhaveto affect the pasb

So,[ Wh e el er 6 s saging that noeamly ard the hdvanced waeas [but it is]actually part of the physics
that we see with thaecoil.

Thatis,when we have t ha t[seeing theresults of theviavedhatgspg back in kinyetaking
something from the futurand applying it at thisarlierpoint.

So[ Wh e el er fustangbeoiutely fastirstjng argumeaigain, | wishthisfigure had been bettpublicized,

but I think QED kind of took over later, and people kind of forgot this,idedt hat t hese arenodt |
abstractions. These are actual physical effeatoss timekhat we can measure usifigboratory]devices,and

they converge to singlesolution.

So,onewayot hi nk of it personally is that 1ités Thatikthe t her
resolutiontime. You can see thigdea in computer gamingand gaming people can understand this concept quite
easily, [since they live in a time flow that is independent of the one inside of the game]

[Looking back at the figure,jhter e 6s t he poi nt i nfandfhhe hpé hkleath@hke | ot Ot
rounded edge and the plate at point XJeBythingis a negotiationThe advancef{backwardin-time] wave and the
[forwardin-time]lwaveé negotiate with eachiAibehebdbsuatslngheyso
work for both of us &nd then that becomes the actyphysical reality.

Now, I must put in &comment immediately. Notice how different that is from [leerett] multi-world situation.
The multiworld solution, which Feynman ditbtaccep® Feynman, in fact, was the one who criticifeEver et t 6
uni ver sal guantalm ,wawaey $pls theyupisergantg aigsibllion pieces if you do tHat

So, Feynman did not go ¢édrBagnmamndds thadne wafFw therdiharin § st |
you work all these different possibilities together, and you wind up wsthgdeoutcomed a singular definition
of what 6s tlpabidamegy ditfenent peBspective from the mangrids perspective.

However, | would alspoint out]this: Which isweirder? Okay, you can havaultipleuniversesHne, soyou have
uni ver ses al | ov e massndgrgvitprabtem withThht,dy tleedvay. Bait, i$ iti aegsweisd,
the idea thasn event literally billions of years in the future could affect your measuring dievecéabnow?

I thinmpkttytwbidi86s it doesndt mean that youdre changi ng¢
saying, like you know, some particle a billion years in the future is saying, fiik@, all right¢é y ou know, |
come to a&onclusiorh e r e .  Ltleistswéys 0 d o i t

This [Wheeler vision of how electromagnetics worksjust fascinatingworki n a way t hafroms ver
manyworlds.] 6 m manyworisfan! Infact,é | 6ve seen people propose that
a joke And| actuallythink he may have, becausereersupported his own theory after he came out with it. He

actuallyhid from it. So, something weird was going on with that

But this [idea of the future impacting novi§ a different and a much more experimentatlyifiable version of
what 0s [gtthe degpertevels of realitydq it has implications for other parts of physics.
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Wheeler’s Intent

»Wheeler and Feynman’s conclusions:
» The impacts of advanced waves on the past are real
» However...

» Attenuation and continuity of action combine to keep these real
impacts from splitting the outcome into multiple histories

» The result is more like a “negotiation” of how much the wave
from the future is permitted to impact the past

» These joint papers inspired Feynman’s later work

» Feynman’s Lagrangian (variational) method — his “integral of all
histories” — captured the negotiation process more precisely
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55:10TB: So,] Whe el er a nabnclbseolp [wenatmat) dvdnced ways are redihat you really do has
[to acknowledge them.] This where they went with thifWaves from the futuredffectwh at 6 s [gowi ng on

But the combination of the continuity of the actibnthefactthatt her e6s no such thidng as
and the fact that things always attenu@tgallows resolution down to singlereality.] Feynman gotvery specific

on how this attenuation works at e r on with HhswholeQEDi aheongl bebhuifd e | . I
the integral of al[possible]histories [which converts thesme-spanningnegotiations into specifiqquantifiable
contributiongo a final probability waveunction} So, Feynman went on to get a much more mathematically precise
version of how this negotiation works.

But itds still just fascinati nwdh,att ke uil dde & atphpaeén ét hwvenra
and what 6s gwoi régultaka just takg that at face val{liemeans]our definition offinowdis a lot
more nebulous than we think it is

[ Thatedusé what | do rightow, es peci al |y if I 6 m meaatgallyrhasmigcesaandg u a n
fragments from some history that has happenedet in my time frame.

This is not predestination, either. This is somethinig o t more complicated than p
interactveAnd itdéds not saying that the future deter mines
a determinatioipof what will happen]) have to take th&tureinto account[When you wonder about the possible
sources of quantum uncertainty, the idea that outcomes observed now may depend on events that have not ye
become observable in your time frame is worth taking intouattdo
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The Strange Issue of Recoil

» Contrary to what you likely have heard...

» Maxwell’s equations cannot explain all electromagnetic
phenomena if they are interpreted only in the future direction

» The missing behavior: Recoil after charge acceleration

» The only fully conserving momentum-energy source of local
recoil is the particle that absorbs the photon in the future

» That particle could be billions of years in the future
» An experiment: Shine a laser into the darkest part of space

» With sufficiently good instruments, you can detect a recoil effect
» That recoil is a testable example of the future affecting you now
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56:46TB: Now, recoil is the issue.

That 6s t he one. |l twasn twechoy sipgiéi iomd hatd, yoti € turn onalaser [and]you
have[sufficiently] good equipment, you can measure a recoil ffiening it on, that recoil depends on the future]

And incidentally, the models fghow that recoil workshre a little bit fuzzy, | think not accidentallg. | think
part of the reason is because there is this connection to the future. Itfmalleting the recoilh little tricky.  é
But [when]you turn on the laser, you get a little bit of recaid that recoil is coming from some very distant point
of universe in both space and time.

And, vyet, thatodés the only way you can explain it wi

So, strangé strangel always]this thoughtlexperimentlf | shinea laser [into outer spac@] if | find the darkest
spot, the darkest hole in the univedseand | shine a powerful laser out there, | would still get the exact same recoil
effect that [get by shining onto a target here on Earth]?

[For the case of shining the laser into the darkest spot in the universegcibibis coming from something that is

so far in the future that we dondt even hWehavebhohe ma
idea what mattdis like then] what organization mattffiollow]. Will everything be black holes by theh? ail t 6 s
black holes, how does tHiecoil from the future idealork? Therearea lot of interesting philosophical questions,

and actubphysics questions, about how that works.

So,cayou find a spot in space that is so dark that vyo
bit of fussiness on this recoflThere aregomeveryinterestingssues involved with such a simpé&npleconcept.
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Quantum Insights in the Wheeler-Feynman Model
>Maxwell's Wave (MW) solutions are 5,4 N ... 3.
not photons (and not particles) i
Waves

» MWs propagate equally into the future |Event

Origin: = one photon

(forward time) and past (reverse time) 0ns | = |4 a ®sr5n9—0 b

T|| ¥

» MWs cannot explain “photon recoil” T
»Wheeler’s (rather opaque) shutter M A
analogy makes a critical point: Slo [ —

: : . F
» MWs coerce all options into a single eynman.‘COercion
solution that stays invariant over time — + ¢ ofthe past

» A photon summarizes that consensus
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58:38TB: And FeynmarandWheelercertainlyexploredthat[strangeness hidden in that simple concept of récoil]

Now, the thing | wantto pointod a nd now | 6 nto [lgow alltofithis ¢s] fob aec ak example afparse
information physicand of bottomup spacetime physié which, again, are two conceptsat | havestrongly
[advocaté in the pasas providing a more experimentally compliant model of how reality warké].v eplergyo t

of past presentatiofien those topics] s o t hereds no poi nt i nisthaghe anivdrsen g s
has afinite amount of informatignands i mp | y d o e s nrésblutitnt gebeyonttlve Jlaydl of] detail

[sea in quantum mechanitsYou arelimited by mass and energy, just like yarelimited in how much storage

you have in your compute®o,[in the sparse information viewg]lot of quantum mechanics conmest from fuzzing

things, but from the fact thfthe detai] justis not there You have taconstructit 8 you have taconstructthe

details.

So,[gdting backtd Ma x we | | §[theylweresnev@r quantizgdince]Maxwell was prequantum theory. But
he hadthesewaves goindackvard andforward [in time]. And whatquantuntheorygaveusis a new insight that
we di dnot [whiahiskthaltheré i® away in which these waves can becaxtremely tightly pairedVe
call that pairing ghoton

The pairing is that you havefarward wavet h a t 6 ,sas weavould gnormally think df, [as forward through
time], andyou have thdackward wavé the advanced waw@ th a t{goirsg] backward[in time]. And the twq
sometime® and actuallyi t 6 srareyde sognetimesthe two can kind of do eollapse They just kindof go,
i s h h h h,land they!jusiock togetherAnd whenthey lock together, you havephoton The locking operation
ties that photond that twoway interactiorbetween twovery specific particleg[potentialsjout of auniverseof
possibilitiesd [into a single classical, experimentally measurable reality].

Saq think about thdt How many possibilities are there for a photon going out into deep spBice?yuantum
probability you can calculaféor the number of possible photon patfsabsolutelyenormousThat photon could
go anywherein the universe And yet at some pointit undergoes a collapse effegt and suddenly, the two
possibilitiesshrink togetherwrap around each otheand become gpecifictransfer of momenturfand] aspecific
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transfer of energy that tuantizedYou d o nodd the energyyoud o riodd [the momentum]rhe whole wave
becomes something where you have fiisasurable and quantemamberconservingldouble[transfer]effect.

Now, what | would argue i and again, this is a hypothedisit one | would strongljdefend]d is that if we
want to understand how quantum uncertainty works, we need to focus njosethis problend this idea ohow

these wave structure® these combinations of Maxwell waves goifayward [and] Maxwell waves going
backwardd [combine] There are other variants of thipairingin-time idea] with other forces, bufthe

electromagnetic onegfe themostexperimentally tractable.

At some pointthe interaction of forward and backward wavesgms to createhmuse of card§Then] me kind
ofeventd and we dwhatbeverylbodysaythat:i W d &novdekactlywhythe photon gesthered d
[causes théouse of cards to collapse into a vastly more compact state].

But this at least givesfeameworkfor talking abouhow [this collapse of a forwardndbackward house of cards]
happensY ou have these twavay frameworks, and theat some pointespeciallywhen you puskthe system into]
a paradox(it collapses] | think, somehowt h a tkéy sdeathere When Wheelepusheghe paradox and says,
il dm going t o nfarkedto either goome wayorahteotherethatl sdrt of instabilityd if you think
about it,it is almost anecessity) hasto trigger a collapse event in which suddenly it becaspesific It no longer
has the optioffior [treating]one way or the othdas equal possibilities]

So, the idea ofreating a paradoxeems to be part of this issue about llo&two wavesd the forward and the
backward wave from the Maxwell wave equatior’d suddenly turn intaan actual[classical]event withvery
specificmomentum and energy transefhe creation of a paradox seems to be pait. d¢f you forceit into a
direction in which ithasto makeonedecisionor anotherd thenat that point, it also causes tf®lumetrically]
immenseollapse.

Ther e 6s Iereofadifferentkindof time. If you think of beingn a[video gameld gamers know thi§

you can have yowwntime[inwhichly ou dr e wat chi ng wh arhiswouldvork ilsgnewhat i n
in that fashion You have this idea that in th§in this] broader, [more encompassingdijme, all of this can just
suddenlygowhoosheeté and you wind up getting this photon.

This means that a photonri®t a particlé And, goologies to Einsteinsince] Einstein said that h@é Tact that
photons can be quantized emissiorand qiantized omeceptionmeans theynustbe a particle with apecificpath

in betweerd [But] thatis justnotwhat weseeg it justi s .W& haveall sortsof complicated modekhattry to say

fi WIl,t h e rparickeistbere a n d walearouadd.sooal¢an]getverycomplicatedButobservationally

what we see ikind of acollapsingevent in which these different wave models suddeaiye together

And | think that is adeeperaspect of what it is tbea photonbecause the path in between those two spots can be
unbelievablycomplicatedlarge,time-consumig, whatever attributgou want toputto it. Theresultis tied down

at two endsBut the inb e t we e n ? really needcheceséarilyto makethe in-between statesll extremely

precise and particleke. You can[try], but the chances afexcellentjthaty oudér e going to wind
the model instead of simplifying it.

So, | would suggest thahotons are actugllextremelyinterestingd andrare, statistically speakind collapse
evensthat happen witlfithe] combiring of Maxwell waves for forward and advanced [(backward)].
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Part VIILI.
Summary: Where to Next?
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1:04:56TB: So, where to next®

Terry Bollinger CC BY 4.0 Foundations of Localized Symmelry Mathematics April 18, 2026

A New Interpretation of Quantum Collapse

» Maxwell waves from the future cause quantization and collapse

> As long as no specific and quantized advanced wave is selected, a
quantum system remains quantum

» As in Wheeler’s example, the two-way wave structures become
unstable “houses of cards” when pushed close to a causal paradox

» “Paradox proximity” destabilizes quantum states into collapsing

» The impact of advanced waves from the future on “now” is vast and
multi-level, with the future likely helping to set physics properties

» Multi-scale futures give a better quantum computing model

Apabistia Notes 2026, 0418120001 (2026) 35 apa.2026-04-18.1200.01.pdf

1:05:0L TB: Again, parto f wh a't I 6m doi n ginsiglt thi@ gome o thegthingtharl ¢ va Ibietetn
working on [What is important are thehme things | was jugtalking abouf] T h e r gudrgizataonof present
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future interactionsp not a paradox, but guantizationeffectd and[within that] | think [lives the best hope for
finding] the math that we need to underst&odv quantization happegs ral, possibly have somdetter way of
controllingit, [at least]a little bit

I d o rthink[controlling] guantum quantization is a completéiyerbotemterritory. | think thereis some possibility

of that[kind of control, even if only in limited casesTheexample | gave earliewhereyou shine the laser into
thedarkest parof the universg[is oneexample] [The question to ask is whether that kind of experimental setup]
affecsthephoton wave function going in both directiahsthe waves in both direction#drobablydoes Is there

a way that we could actualtjo that[in a more controlled fashiof] t ard to ay

But if thereis some kind of an effecthis at least gives rameworkfor modeling thesgpaired forwardand
backward Maxwelw a v éngusesi of cards,and then talking about how thegsolvewhen you try to force a
paradox on themAnd again, forcing th¢experiment to generate what looks likepajradox certainly seente
impactthat[resolution process, possibly triggering it].

This[WheelerFeynman interaction across timgla morecomplicatedview of the universdt justis. And I think

itdéds coming direct | y[Wbealéerand Feynmatil batk inale 1940slgmeam,ahe bnlyt h a
thing 1 dm really adding her e i srareé ummfeven]h b aklndd like t i o n
stating the obviousTheyarerare [since each photorgould have gone ifalmostinfinitely] manydifferent ways

but when[specific emissiorandabsorption eventgjo [occur], they produce what Wheeler and Feynman were
talking about in this papeavery specifiaction. Suddenly, it quantizeend Chunk!You get thisresolutionthat

matchesll the conservation properties that are reqyif@ad]doesnotcreate new universglas Everett so casually

and, frankly, naively assurden his physicsobviousmodelof reality]l.| dondt know hoddoa | oc
thatanyway because there are spadeight constrais [on such things]. Bt it capturesall those[fundamental
conservatiortonstraints that Everett simply ignored, did not realize, or was secretly tomgue e e Kk about é]

(A Peed of lighth by the way, getsery interestingvhen you have speeaf-light going backwart[Chuckle] When
you have thdispeedof-lightd coming in fromthefutute | t hi nk it ds ki nd fispdedofa musi r
light.0fi T hpeedaf-light is very strict but it can go iboth directiors ! So,h o wtbasfor a strange concept?

So, what we are now, and how things woikksomehow relatetb things that have not happegeget! But it 6 s n
predeterminedby things that have not happenget. So, this is an interplayhis is a calculatiolAnd it 6 s al s
I would make a final comment that if we wanbetter quantum computing mogdethink we need to paynore
attentionto these levels of interactioAnd | would specifically say that tHerward-andadvanced wave modef
the Maxwell equationgjuantized and understandingowtheyquantized could probably be something help

us get a better quantum computing model

The[Everettinspired]Deutsch model of muHivorlds is vertempting[and] very attractive[becauseit phrases all

the computatiofustin terms ofjust multiple universe§performing the computations in paralldljmean,back in

that period | justlovedthat model | used to reallyike that model. | thought that wasgeeat model n t i | it di
work as well as it was supposedTtien | started getting more skeptical aboutit b e c aus e é

€ They sadbacktheni W1 | , vy o u findouw soorf thisendrkdbd andthad i dndét.Whaa p pen
happenedhsteadwas everybody started makiegcusesfiellé the problem i thenoisé & wassad because

at first, people wergery emphati¢hat[the Deutsch modeljould eithemprove to bearueoritwoul dnoé6dé be t
that[just a few small experimentgjould [either] prove[or disprove]the manyworlds model[Since then, instead

of reaching a decisive conclusiongvd v e d a n g h that madé¢l forradongwime.

SalLet 6 s dfierent radical, weirdmodelLet 6 s go to the idea t heturequant
events becaus we have somactual experimental proadf that Even things as simple gshoton]recoil tell us

thato and [remarkably,westilld o n 6 t[evénpghatdully tteddownTher eds probably a cor
more we understand that, the better we will be able to understani@lhof this [works].
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One ot her c o thaseordo with thed emergarcé & physics as we observe it].

When you looKat the Standard Model of particle physics, classical physics, quantum physics, special relativity,
and general relativity, you see this fairly compact set of topologies, constants, and rules of interaction that all seem
universally predetermined for af the universe, no matter how fapartin space and time those patrticles, rules,

or events may occur or apgly.

Call this a speculatigriut it justis fascinating[to me] that ane electrorhereis thesameas one electron on the
other side of the universeThat is [the kind of puzzlefhat Wheeler loved. This is exactly the kind of turf that
Wheeler would get into. Sffor example],he had his theory for one electron bouncing bautforth between the
beginning and end of timgthus becoming the image of every electron and positron in the universe as we see it].

But if the futureis setting propertieaow and determining thingsow, maybet h e somé aspedif this idea of
fiinteraction with the futuiet hat 6 s a | s somdodhlemoistifugdameatgreperties of our universew.

That is,[the physics of the universewmay] may not bendependentf the future There[may be]constraintsn

the future that help to safy, ldy, all your electrons back here are all going to looksti®é Yow vget no choick 0

[This would happenbecausehe future is helping teet[the physics of electrons]n a f ashi on t hat
see.

Sol think thereds some interesting pos paitidularidefinitiorss | u s
of [particleand physicsule] commonalities acrogbe physics

And with that, | am done.
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Questions and Answers from after the presentation:

HM = Helen Ma (Team OrionX)
TB = Terry Bollinger

GZ = Georgeipperlen

RS = Rob Schreiner

CC = Carl Chalk

CP = Caetano Peng

JD = Jarek Duda

é

1:10:35Helen Ma (HM): Thank you, Terryl noticed Georg¢Zipperlen]has a question Aré the forward and
backward motions a way to balance the books and maintain the conservation, laws, chaPgé, mass

é

1:11:05Terry Bollinger (TB): Yes This is [whereWheeler and Feynman, | think, really surprised themselves

with that series of paperbecause ten they first went into it, said they were both goindiii Ts ¢ a!nAM@tdé rweo r k
playing games with causalltyd heyTknew if they knew it when they were going into it. And yet, the more they
went into it, and 1949 paper kind HeKi rdkimnfg 4 died,e Y
somethingreally interestinggoing on that is this reconciliation thidgAnd, and of course, and Wheeler kind of
ended that point in that, at | withBeynmarhRButFeyampaa wenton. h at

And, if you want to look at the variational methods, they are a much less scary way of saying the same thing, but

variational met hods still say that | have a point h
time, maybe likealili on years apart i 150,eventheygh thervatiational engtliodskindmih e
hide this dependence on the future, not really. It 6

could predict particle properties witkaplisite precision.

So, again, this is not just a casual concept, this is something that has experimental backing to it as a method for
explaining how things work.

Other questions?
1:12:38HM: | think Ron[Schreinef has a question.

1:12:43Ron Schreiner (RS): Terry, this might sound naive, bilis concept of a photon moving in a particular
direction as a wavewith that wave is traveling at the speed of lighit with this other wave alsogoing in the
oppositedirection Doesthatprovide a basis for the wave goifagward definingthe speed of light as an absofute
And doesthe wae [going backward defineanfiabsolute zerdspeed?

1:13:22TB: Theanswelfor that excellent question lies somewhérelthe] interplay betweethebackward speed
of lightd because itsthespeed of lighti t f ol | ows Maxwel | 6s eigawspeediodight s o
phenomenoriut in the wrong directiod and [the forward speed of light].

I 61 1 b e owarapary mindaround exactlywhatthe full set of implications of thatre Bu t I t hi nk
something that should be exploredsomenew wayswith more of an emphasisn its effect for instance, on
guantization| put[forward in my slidesoday] thehypothesis that thignterplay of forward and backward Maxwell
waves]is the basis foquantization | think we need to look at thfitea] more carefully.
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Onereasonwhyt hi nk t hat 6 s hastodo withwhyithg avérall gpaca igrstablel think this is a
precarioussituationfor these particled [for] these waves in both directiofis becausgone way or the otheif
t h e pushegtthey have to come to sornenclusion

161 1 memaot merr idea that | 6 ve f{pedentatiahswiaidh s duhe nate ofyan t i me
i 0 b s er eoge talklaboufiBbservation as beinga cryptic thing that require® (chuckle)Wheeler was one

of themd auniversal observeland stuff like that. Andf you have followed some of whaté v e thig,iain o n
asoppositeof that[view] as you can imagine.

I would make the assertipimsteadthat observation isothing more than momentuerchangeNothing morél t 6 s
not some mysterious force. When two partiddeshange momentyiiey[each]knowwhere the other particle is.

T h a abgessationlt justis. When youform] a hydrogen atorfby putting an electronjext to a protoythey have

a force ofattraction thatonstantlyacceleratethem around each othéknd acceleration ibumping is momentum
exhanged andrememberi n my b oobderyationh at 6 s

So think about thidf you put an atom in the middle of deep space, does it quantum delocalize?ddes, Ytou
[and the rest of the universgé]o n 6 t whlergitdswif you leave it out there long enough, it could be in a volume
alight year wide  a n dquaintundtate. & cameflect, & a wavein that quantum statever an enormous area

It could bediffractedthrough a gravitational lens over that enormous area.

Meanwhile& How are the electron and the proton doirg@ they delocalizingwayfrom each otherRlo, t hey & r ¢
not Why dotheynotd el ocal i ze away f r om cenatantly olisénling eah otBaraughu s e t
momentunfexchanges].

This isnota complicated concepit says that if you exchange momenténjit says thateverytime you exchange
momentum|[wheneverlyou say il bumpedyou you bumpedne | know whereyouare, you know whereamo

[you are performing quantum observatioft] e r rm® 8 e r dighdevetentity,t h e r endigeinthiglt 6 s j ust
amomentum exchange

The r eas onoticefad of this quantum observation going on all around us at every level imagiigble]
because classical physicsisgilt out of this. This is what classical physissSaq, the irony is thafl am] essentially
asserting that classical physics is thest quantunof all physics[ T h abecausq it is the physics of systems that
are constantlpbservingeach other ancredible[levels of] detail.

| think Boltzmann would have liked that idea, because Boltzmann, of course, thought thermodynamics was the
essence of timawell, yeaH Because ithermodynamicss observatior® is [quantum observationjonstantly

going on at amcredibly detailed leveb givethe properties we think af sordimary physicdd then,sure t her e 6
apowerfulconnection witHthe nature of time]

1:17:14RS:Th an k s . l 6m just thinking i f [#iease]terhittingsgmethisg mo v i
backatyouitb s al most | istaming wadtsmti s umidvinglanymgré a

1:17:32TB: llikewher e youodr elEgoée migi avli It yo, fvibal this Bagygtio begpart of thisk e ,
whole[question of how quantization woiks ©

1:17240RS: And, i f thatoés tr ue,fullofthesesaglieg wavethat ajeaeeo sdedédo n : I
Do they justdecayover tim& Where do theygo?

1:17:52TB: | would agree with it, because that is what a phagpA photon, by its own definition, ha®ro time

This is something you see in Feynrbas [ w byowkraall through Feynmars [ whe mlwayd imdamant

about that pointA photon interactiorbetweerthis point andthat point, to the photontakeszerotime.Yo u 6 | | S e
thisin QERQ and y u 6 | |his keet@resHet d o @ebateibar anything He justacceptghat as a given.
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The standing wave youoriet htea Ipkhiontgo na b oluttd,s It hweo uwYadr i saatyi,
arecreating astanding wave fietdlt hi nk youdr e on .titbecosnesunattwe thinkgf asvthe h t |
fitimeles® photon interaction betwedPartA andPartB, where they suddenlyyithoutan elapse of timas far as

the photon i€oncernedexchange momentuThey] fibumpd each othefacross time][they] fiquantum collapse

each othefacross time]

So, [as a result of this Lagrangian interactiovg]fibecoméreaké But, alsg thefuture becomes realSomepart
of it! Sometiny little pieceof it! Not the whole thing (chuckle) Everythingis not wrapped up Ités alot more

complicated thantheBut 5t 0 b interessting  heith@rpredestinatiomor free will, but[instead hasjome
beautiful optiongthanare not possible if one insista the eitheior distinction of predestination versus free will].

1:19:08RS: Once again, very thougptovoking. Thank you, Terry.

1:19:12TB: Thank you for the questibh like the way you phrasedthdt hadndét t h o uWehave of i
a defined phenomenon, which is known as a zero [jiineton interaction]. Andessentially, from the variational

[view] 8 from the Lagrangian viewpoit i t 6 s a stSaénabdlng wave

1:19:30RS: Thanks again.

1:19:32HM: Ther ebs a (ue[sGh aolMio Julrdofimd t C atlds ofspediat relatikity by having

information travel faster than speed of lighbr example, th@hoton hitting the planet many years in the future,
but i1itoés still obegotiated at this present.

1:1950TB: What happens is that t, lamthednfosmatiohistise partdhatcammmt ¢ a
travel at least information as we knovaster than the speed of light. So obviously, if you hangnarywaves

going forward in timeandadvanced wavegoingb ac kwar d i n time, youbre playi
speed limitations. Something in the future is affecting yigint now, which | would argue is actually the truth for
alofusWe6re being affected by issues in the future th

But what you candét do, at | @ arglcertdinly byahephysice itsdif asthe s m t |
transfer of information [ T h at &lagsicabpbysias ansl mformatiane tiedvery tightly togetheryou can 6t
separate the twd'he ability to create informatiois the ability to create tine is the ability to createausality

You canbdbt separate those concepts.

So, i f youdre t al kbachkwardatimed ais isgemalli ntgh at &9 gdethtdeadt ab | e
by implicationd that gets trickidrAlthough this would be delightful for people to explore in more detaibaikd

fi Wat does it meard@?Again, that recoil effect is not fully capturéd some of the equationspt her eds a |
fuzziness about sayind, ldw, exactly does that work®Inside of that fuzziness, theege probably somévery
interesting hidden implicationsf how this interatton with the future works.

But for conventionalc a u s a | i nf or mat itrggersthasencallapdes. Swhlereyoupda thet Wheelera t
Paradoxd whenyou try to get the little lever to swivel away abldck the[falling pellet] 8 that is creating a

~

situation[thatfwo ul d be a ppaeveatidghat[paradax]d it 6 s

So,the necessity afreatinginformationessentially locks you out of creating these parallel definitions of what time

is [in any experimentally accessible fashiohhe universe seems very conservative about the definition dfltime

says,fl only want one timel 6 | | tol erate | itt | Rutinvtleerendadniéeyousreaterthe i t
information i tlacked That 6 s my bottom | i ne. ! 60, |8inkthereardfasdinatiggo u g e
issuedinvolved in all of this] ard again, | wouldoromote these kinds §&xperiments]as a way of explorinfhe

deeper nature of time and causality]
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[On the other hand]s there a way to transfer somethjbgck through timethat we would consider usefidven

if it is] not what we would qualify aKolmogorov complexity, or [any of the otherjthe usual definitions of
informatio? That 6 s a t r Therkcoudrbe thingeisvohedwith this. Quantum computinghe fact

that we can do some levels of quantum compudinfihat useful processes occur across time]. [Another argument
in favor of utility across time ighat biologicalsystems seeno have]some way of bending probabilitigelated

to forward and backward waves in time].

| love biological systemsTh ey 6r e al ways H&eall tmemg engymesbandvieltréat them @s if
t hey 6r e.Buojf walrged te buildlactual mechanical representasah systems likgenzymes, weould
have a hard time building physical machifeapable of doingjvhat an enzymdoes[at speed high enough to be
useful]. Ehzymes seem able to do thinggh the probability that we would finsnpossiblgto make work].

So, | think thele areclues in biochemistry that certain configuratiposmatterjcan make use égsomething [ t h at

|l everages more complicated, but A n@allit ggantundh emputatibng r ma t
[if youwishJbut t her e dverg iotenastindg and aecidedly useful probabiliignding]relationship

there.

Other questions?

1:23:48HM: | noticed Dr.[Jarek]Dudakeeps posting some linkand a lot of questions]. & of the questionis,
fi | photanawavecarrying energy, momentum and angular momentum, like a wave behind a marine prépelle

1:24:07Jarek Duda (JD): So, | will talk about this tomorrowFirst,] thank you for that nice talk

[I think observing advanceswavdsjor el ectromagnetics is more difficul
easier taobserve advanced wave®| have asked you, so because the problem is thaldotromagneticghere

is a difference between transmitter and receiver. In siynemetry that they are switched, so we should be careful
about here, but LIGO transmitter is length, and length is asymmetric, so you should be, should see both retarded
and advanced wipes, if they exist.

So, my point is that maybe already some of events seen by LIGO might be, might be advdrasesieen only,

like, 400 events, and only one had a recommended counté&rparemaining 3Qnearly 400 could be advanced,
because we havend6t seen electromagnetic counterpart
might be already advanced.

So one is the lack of electronic counterpart, and this is the clearest.

Another argument is that there are some events which seem too early to be retarded. Like, there are some merger
which need more time, so maybe theydre not retarded

And there is a third time of argument, that there is this, there are jities¢éime rises. Theysee these, these
vibrations of the universe, and they say they are caused by supermassive black holes. However, the number is
insufficient now.

So again, should we consider only the past supermassive black holes, or maybe also the future, from advancec
waves?There are many argumearthat JWST may havealreadyseenadvanced waves. This is a really difficult

guestion if given event is retarded or advanced. They automatically assume, without any reflections, that they are
retarded, butifyouaskh ey coul d be advanced, and itds very diff

1:26:13TB: | | ook forward to your talk tomorrow, and b

tomorrow. If you want to dive in deeper in some of the mathematical issues on this, extraordinary mathematician
and a good track record for a lot ¢fif§, so | look forward to your talk tomorraw
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I just think we need to explore the nature of time a lot more deeply, and the wave structure of time, if we put it that
way . I think wedr e mi soslaokhfgrwasddogeurtgko ssi bi |l i ti es t here

1:26:46JD: Thank you.

1:26:48Caetano Peng(CP): Terry, can | ask a question? | have a kind ofiechanistiocview of the universel.
sometimes think that universe might be a kinargftamaterialiniverse, wherghat we perceive gsast present
andfuture might all be physicallyconnectedSo, whatyou seeaswaves goingorward andbackwardmay be just

a kind d elastic waveghat are reflectingbackandforth, backandforth. The samdidea applies tolwhat we
perceive as times well. It saysfi ime reversals just waves, elastic waveésThe speed of light itself is an elastic
wave of thestuff of theuniverse itselfnrotaconstan n i s ol at i o n .euhivieress gunysipat eatipye r t y

1:28:19TB: [ Note: | addedhe paragraph below to this transcript to help explainvhy | jumped to the seemingly
tangential topic of hierarchical, multevel inertial frames, since the reason fay jump wasnot clear. For this
reply only, all green text was added after the talk and during transcription.

[Caetanoalthough Ido not accepanyversion ofanaetherd which | believeis what you are describiriy your
description intrigues me because | thinktdpaslogicallyequivalent o  [Firbt Ancéstral Bubble (FAB) Universal
Coordinates concepton slide 23 of my November 8, 2025 Meetup presentatRavisiting the Mixedignature
Foundations of Special Relativitfhe slide is belowand athttps://sarxiv.org/apa.20251-08.1200.23.jpg The
similarity is that the FAB concept requires that the oldest, largest coordinateifraae universed which is
roughly equivalent to the inertia frame of tBesmic Microwave Background (CMB) enables universal use of
a set of coordinates that dopologically indistinguishablfom the coordinate system of a physical ackhesited
in that same FAB fram#&Vith FAB, assuming a physical aethercomes aonnecessary complicatiohat depends
too much on the extremely complex properties of condensed matter ghysics.
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