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[00:05]Ken Baclawski (KB): Welcome, everyone, to the Ontology Summit 2025. Today is May 7th, 2025. And we
are thrilled to have Terry Bollinger today, who is going to give us a very, very interesting take on time in physics.
So, now | will turn it over to Ravi, to will give you a proper introduction. Ravi, take it from here.

[00:43] Ravi Sharma (RS): Thank you.

It is amazing that | ran across Terry Bollinger and heard his talk in a couple of forums, especially the Washington

Quantum Meetup, and my eyes opened. I said, fi | have
space and particle theory. Bhere is one person who has understood the nature of time also, along with the nature
of space, and has worked a | ot on dissecting variou

So, we are very delighted that we have such a distinguished retired chief scientist who has worked in the U.S. DoD
venture capitalist and catalyst initiatives, and in the federal government in MITRE, which is a federally funded
FFRDC, as you know. He ruaswebsite called Apabistia Notes, where hegelilishes a lot of his research work,

which is really mineéboggling. You can also ask him for more details than what is provided on the website by
contacting him. He has brought some ogenrce initiativesrito the DoD, and he has worked on large language
models a bit, and also talked about them. The amount of qualifications is a full page in a brief form, but today, for
our summit, he brings immense insight, something like that of a metaphysicist, matfzmatid a physicist, and

takes us back to the days of relativity, the concept of time in gjpaeeand other scenarios.

So, it gives me immense pleasure to bring our last speaker of this summit for track four, Terry Bollinger. And we

wi || request him after todaybés tal k, Il &m sur e, we 0|
great pleasure to introdederry to all of you. Please go ahead, Terry, and share your slides. Thank you.
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[03:50] Terry Bollinger (TB): Thank you, Ravi, that is very kird.
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[454ABot-WmmTi me Construction as a Unifying Physics Tt
wound up getting more deeply into issues of thtimeensionalism versus fowlimensionalism and, very
specifically, the fascinating interactionsttveen Einstein and Minkowski, and how those have affected both the
metaphysical and the physics concepts that have gone into our understanding of timeea\iydsitan interesting

story! It had a lot of twists in turns that, at first, | did not realize. Small events in history sometimes have a powerful

effect, and | think this is absolutely one of those cases where a medical issue wound up affecting a chysicy of p
in unexpected ways.
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Goals of this Talk
» Argue for more data-driven realism in fundamental physics
» Point out the sloppy math in Minkowski’s four-dimensionalism
» Show why continuum math is a profound epistemic error
» Explain the sparse universe viewpoint (mass = information)
» Distinguish between physics persistent bits and chaos bits
» Advocate quantum-property continuants to replace particles

» Advocate a new math of bottom-up space and time creation
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[5:45]1 woul d | i ke to start out Dbluntly, and not mince
from standard physics, but thatrist because of disrespect for standard physics. | have spent decades studying
standard physics, quantum physics, almdéthe topics. But what has happened is, in the process of going through
some aspects of this, I candét get around that there
gosh, 50 years, especgdgomdahywhere.\We ggnaraseta lotdobnoiseta losoépapars,tbut b
we dondt make experimentally pr edthatwas se profauredsnuhle easly.  We
days of physics.

| think there are some reasons for that. Inpartidulaan d her ebés a r adiddalm o tad tkd men t
some sl oppy math in Minkowskids spaceti me.

Howcanldaret o say that? Because Mi nk oenr&problen. Ihyautehconthbase s n ¢
only a subset of the problem, what happens isdmget a correct resuéi | mean, the Poincaré transformations

wor k! Thatés not the i sverkijandwhénhdethagadveaurek 4 sl: f Whewn don &
full problemd i f you dondt mat h eemeaythingd aydulwipnd up with probemsgAnd thig is f y
very much a case of that.

[7:19] Continuum math s wh a't I would call an Apogtulate¢hmgse ithatoure r r o r
mo d el inside of yolbhast hbebd saysecifi@bdBesnbthesapgpant
simplest example of thét an incredibly simple exampé is that classical continuums worked until we got down
toatomd and then, they didndét! AlIl of a sudden, everyt

There was a choice, and peopl e t alcéngndetodd pointlike aftar at |
that? Is there a poiftiddeni n t hat ¢l oud?0 This was a discussion p
need to track down, from one of the greats, about just that issughButebateivent toward the idea of saying,

i Y eyes, Everything is goint, and weol | g[adecision]areatedt thisadea thiat cdntinuwn math is
alwaysapplicable aeverylevel, when thectualuniverse and thactuald at a al ways say, ANahé
give that to you. You cané6ét have that | evel of deta
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[8:30] This leads to an idea of what | calsparse universe |t 6 s an i ncr éwhichbisthattei mp | e
universe hasfintea mount of i nformaoilochs dnhibsemee, ai mdeaynot a
itds not any of unltekesablemobnismfgnformatiorastoragee qui r e

You can tell my computer background is ddmensgent hr o
requiresmatterand requires some actiglbstancé o it . 06 And the universe seems
of what we see from thagata You get a certain amount ofass you get a certain amountioformation [and]you
canbét st ar € har\ smadfiit limiYto how yoadodé&. a

This is just taking thadgpardedniverses et beukli pnd bDfodshewhahc
|l 6ve come up with. That spaetimencontinaumniveraes whicht agsumaetfimte i n st
informationd literally, in some versiond ateverypoint in space.

| would rather go with the idea that information israciousand ratheuniqueq u ant i t y , notomeéthingh at i
that just Ahappens r anddandoydiitiooal cojgtluts ti i magmetaHl il yg atphp
fabric of our[materialluniverse.

[9:48] | also make a distinction betweparsistenbits andchaosbits. Persistent bits, persistent informatibits],
are the fAcontinuantso that thent yauahlavie yhesethads dits whitlkeareu ni v e
generatedy certain combinationN®f processes involving persistent bits]

Now, our math currently phrases that tther way aroundWe say that thehaosbits of thereal bits, [that] the
infinite complexityy s t her e. But @evgrwhatihapgenst Vdhiatlhgppenstish \We tdke something
like an atom, we shoot anormousamount of energy into it, arthenwe see a poinike electron. But until we

shoot the enormous amount of energy into it, we don
So thereds a difference in perspecti vereatingchansbigshy i ng
temporarytransientbits thatdonots t or e i nf or mati on. Thatodés the key dif

do notthink of them as being constituents of the universe. Ingtéddcusing on those nepersistent bits]think
of the things t ha thethingethat anelevaystiere, ma matien whatt s 0

[10:48] This also gets to an iss(ieegarding the relationship between quantum theory and the concept of a local
inertial frame]We 6 ve seen 0 ceiveea wshsoidoymdss  sde abaut wdvieartiole sdgality ang
everything likethatf Her eds t he part t hat Wadeskand particiesabothpart ofias s 1 1
local spacetime continuumyneaningltheybelongto an inertial frameg.That is, waves and particles drethsingle

frame classical events, and thus not vgelited for the quantum world.]

[11:03]You candot mmpnodefl pei & vy edefined mertidl frame,avhich is eemavkallel
That goes back t o Eutsldéfiditirgof whatrayoint is. it wirhs odt eéhét this definitiann

d o e s n 0 [for awmo frakie that is not stationary relative to the observer fra(@y this slide, | skipped
[mentioning]this [issue of how to define pointy.] Y o u c[aEnuéct! | gledts f i work becatise youn i t |
wind up having afasymmetric, topologicalh i ased definition that doesnét f
a[shared inertialframe. So even thisnost fundamental of mathematicploperties, the idea of a point, isune
dependent. You have to | ook iisasontewmtd apabertgithaydoesdtWh a t
change?9d

[11:36] And, as it turns outihe continuants are more likguantum properties: Ideas like the spin, the mass, the
charge. Those almindleghat stay together. Wlto n 6 th kwm otwhey st ay together; the
of what makes them stay together. But in terms of observational characteristics, tHey agzart, from our
perspective, and then, they come back together.
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idea that

And of cour se, thatodés the wave col |l e
wrong direct

aps
definition on them is taking it in the
[12:13] The bottom line is, we need to stop thinking of spacetime as being #hecalinpassing framework that
icomes dcreatesall thege things. Spacetimedsmplicated!Look at thedata structurd or i t ! It 6s
thiscomplexitt o it . What wedre seeing is that you get gooc
lot of matter, all of a sudden, the definitions of length and time start making ‘gteatipuum types of sense. So
ités interesting.

So thereds my overview of the entire talk, just in
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A Tale of Two Einsteins: v1, Intransigent Realist

“We imagine further that at the two of the [measuring] -,
clocks are placed which synchronize with the clocks of the

, that is to say, that their indications correspond at any instant to the
time of the stationary system’ at the places where they happen to be.
These are therefore synchronous in the stationary system.”

A. Einstein, On the Electrodynamics of Moving Bodies, Annalen der Physik 322
(10), 891-921 [Jun.] (1905). http://fisica.ufpr.br/mossanek/etc/specialrelativity.pdf

A [CRONGIORY) kG G o @

O © ® Lo
, %(5 - &) SO GO -
o]
aO o O e &
A. Einstein, The Theory of Relativity [with Figures], Naturforschende Gesellschaft, Zirich,
Vierteljahresschrift 56, 1-14 [Jan. 16] (1911). https://sarxiv.org/ref.1911-01-16.figs.pdf
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[12:49][Therearet wo Ei nsteins! | f you hneedieon!d té nTohteircedifidaerteh itsw o
Einsteins.
The first one was the special relativdifEi nst ein. He | asted until eadksut 19

and he was adamant to useers. He refused to analyze anything except in terms of adexates He was an
intransigent realist

[In effecthe]s ai d, AYou know,[0 ifyoucprmal makeayow predidt@d resuitd fidly accessible

to tests using real equipment in actual labs and controlled levels of experimental control over variables such as
location and eventtimes]l dondét t r u dinthistfihues, thre eed wds bics as uler§ eyal) have the

ends of thespod] objectgmeasured simultaneously by pairs of observers in two different inertial frames. The first
frame is that of two moving observers, @tesither end of the rod, who previously synchronized their clocks after
first reaching their new velocity. The second frame is that of a series of unmoving observers (or, just their clocks)
who previously synchronized their clocks before the rod pagseer close to them. Notice that properly defining

the needed states of all of these observers, both moving and unmoving, requingsuthatfe processes like the
synchronizatioribefore we can even begin to talk about measurenént.]
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This figure[is one | preparedirom [a careful reading offis 1911 talk. Againjexcept foronef he f i gur es
exist in the talk, but thisisa very carefulree pr esent at i on of [awhba teferbnees nzaih) kK e d @
that talk,[seems to have drawn on a blackboaldiis was how he showed that Lorentz contraction is measured by
clocksd by actual clocks

And, even more interestingly, he said you have togysehronizectlocks. If we[used modernphrasing|[to
describewhat he said now, we would call ipaogram we would call it gorocessAnd|[ | ta fathéicomplicated
process, because you have to haveaaterclock, and you have to haveclud of clockghat he goes out and
synchronizes through a fairly complicated pro@@sandthenyou send the object through that cloud.

| had used in my own work, the idea oflack cloud a whole bunch of ismal | obs
ago. And | waslelightedwhen | found out thad and | did not know thié | was delightedthat] when | translated
this German papef, found] out that Einstein had done the same thing.

Why this paper was never translatetb En g | i s h, [ donét know, because it
complexity of his thinking upo that point.

But 1911 is a critical time, becauaBiertha8 he pretty much abandoned cl ocks
right.
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Einstein v1 on Minkowski’s “World Lines” Relativity

Einstein was not happy and not afraid to say so.

“When, later on, Minkowski built up the special theory of relativity into his ‘world-geometry,’ Einstein
said on one occasion: ‘Since the mathematicians have invaded the theory of relativity, | do not
understand it myself any more.’”

— A. Sommerfeld, To Albert Einstein’s Seventieth Birthday, in ‘Albert Einstein: Philosopher, Scientist,’ P. A. Schilpp,
Ed., in ‘The Library of Living Philosophers,' Volume VII, Open Court, 1949, pp. 97-106. Page 102.

‘ Valentine Bergmann on what Einstein told him about the tensor model: “Superfluous learnedness” ‘
— A. Pais, Subtle is the Lord: The science and the life of Albert Einstein, Oxford University Press, 1982. Page 152.

’Minkowski: “With a hardy piece of chalk | can draw four world axes on the blackboard.” ‘
— H. Minkowski, Space and Time. 80th Assembly of German Natural Scientists and Physicians, Sep 21, 1908.

o

Einstein, in a lecture about special relativity shortly after Minkowski's talk: “This has been done
elegantly by Minkowski; but chalk is cheaper than grey matter, and we will do it as it comes.” [Ouchl]

— George Pdlya attended the lecture and reported the comment. Béla Bollobas reported Pélya comment in his
Littlewood’s Miscellany, Cambridge University Press, 1986. Page 152 (yes, same page number as the Pais quote).

EL:;:::E!»;'?:ZOH 05071200(2025) 4 apa 2025-0507.1200.pdf

[14:59] But pre19118 actually, more specifically, pr£908, up until the end of 19@8 Minkowski came out

with a differentinterpretation that everyone knowdinkowski spacetimeOf course, spacetimeftEi nst ei n 6
concept. It waslwaysMi nkows ki 6s concept

Einsteindid not like it'He did not like itone bit!

So, the most [Sineamuathematgians haee invasled myitheory of relativity, | no longer understand
it myself. 0
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Now, you can spinthaby]s ayi ng, fWel badm&ti mema&t nciwas. @ That 6s Kkin
doing it, but thatds nokmeehres e.0 udidmsbtte igre ts gir e ctilsaet rbee
some elaborate procedure like he had described. And then, when he looked [ald¢hedeom Minkowski] h e 6 s

I i ke, A Whlaingabaut?eYowhave nealityi n t hi s. €é You have ansdidbstr a
t her e. both&edEirsthina $ot

The quotes are interesting,a n d s o me t i meodrack downswhalacttiaflifirst alaimed] that Einstein]

said it. fSupwasdneawadgueiedoerBr ns nhgodon felt about Minkows
The most brutal comment he made was when he tal ked
chal k is cheaper than gray matter, and we will do i
Ouch![ Th at 6 becauseindisfamolSpace and Timd] a | k , Mi nkowsKki had made a
hearty piece of chalk, | can draw four world axes. o0

Pretty much, Einstein was saying that Minkowski was usingliadék for his brain. This wasextremelysarcastic.
Einstein was not impressed at all!

So, that is actually the bluntest comment | cdmaeossjabout jushow muchEinstein disagreed with the approach
that was being taken by Minkowski. And again, the reasons for it are a little more complicated than, | think, people
realize.
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Minkowski’s Justification for “World Lines”

“With a hardy piece of chalk | can draw four world axes on the blackboard...
To never let a yawning emptiness, let us imagine that everywhere and at
any time something perceivable exists. In order not to say matter or electricity
I will use the word substance for that thing.”

— H. Minkowski, Space and Time. 80th Assembly of German Natural Scientists and Physicians, Sep 21, 1908.

» That’s it: Zero physics, experimental findings, or realism
= Minkowski had an epistemic revulsion to emptiness, at least for time

» Food for thought: Why didn’t he also extend particles in x, y, and z? Why
were those instances of “yawning emptiness” perfectly okay for him?

> A deeper secret: This is Calvinist Eternalism in disguise

» Minkowski’s closest math friend, Dave Hilbert, was educated in the
Calvinist theology of John Calvin, Ulrich Zwingli, and Heinrich Bullinger

E Apabistia Notes 2025, 05071200(2025) 5
[17:18] When Minkowski made this comment, he also madejhétification

for it.
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And this is just the mostmazingg ust i fi cati on! I remember the first t
| augh. I 6 m gat? n{ghall?ioce , T ol TohNeetnndgsemptinesgmaginethat everywhere there
isasubstancée n ti me. 6?0

[Indeed,]t haitt 6 Fhmaedbempt to refer t o neaktgmpttoirefeetenytrdngexcem s ul t
this philosophi cal liketleideasopaapi tnh atti,mefl OhS, o0 , Istretdiotinedpacicdet g o i
outi nfinitely in time!o

Now, he isnottalking aboutthis infinitely stretcheebut particle beingequivalentto a clockwork universeHe
is talking about théstretchedout] particle being amctual substancevhich is the very word he uses.

So, donét think of this as aacwa walklinethatls aphysidalemrtintiate . He
goes out thergo both the beginning and end oftime] That was Mi nkowski d6s present

And so you wondgett hafiwheAaddi df hgou | ook carefully,
close friend to David Hilbed® a very famous mathematician, a brilliant man. David Hilbert wasvesomuch
educated ifthe Protestant Christian theological teachingGaflivinism,[which emphasizes the idea that all events
and choices are predetermined and known in advance to an omnipotent God who resides outsideTaf time]
[Hilbert], it was the most natural thing in the world to thinkef world, the universe, as predetermined, predestined,
infinitely precise. This is just literally the education he grew up with. People like Calvin, Zwingli, and Heinrich
Bullinger all taught this kind of philosophy.

Mi nkowski was from a Jewish background, but through
this mindset of saying everything is stretched out eterndly. why was this view so attractive to Minkowski?
Because it permitted him to launch a view that persists to this day, which is that all of physics is the domain of
infinitely precise differentialgeometd a uni ver se of per f etlatwitrecyrasy, materials . Y
clocks whose size and dynamics forbid fully accuraf@esentation by mathematically perfect fdimensional
geometric forms.]

The other questiofeveryone should asli$, AWhy j usltf tyiommedxdce going to
outd | always just love thi® well, why not stretch them out i) too? Why nok andy? Why not inxyz and just
make thgsingle] particle into the entire universe?

Thereds an ar bi tramarkablewghyg streteh the patidleo{wilyhimthetimeslirection? Well,

the answer is: Because you dand ofg et away with it , allatoocau Baity ywudameod t
stretching a particle that waspaint particleinto aninfinite size, and that has consequences that are not easily
overcome experimentally.
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There’s a Physics Problem with “World Lines”

“With a hardy piece of chalk | can draw four world axes on the blackboard...
To never let a yawning emptiness, let us imagine that everywhere and at
any time something perceivable exists. In order not to say matter or electricity
I will use the word substance for that thing.”

— H. Minkowski, Space and Time. 80th Assembly of German Natural Scientists and Physicians, Sep 21, 1908.

» Q: If you extend a particle infinitely in x, y, or z (or any combo), how large
does the total mass of this “substance” become? A: Infinite

» Q: If you instead extend a particle infinitely in time, how large does its mass
become? A: Infinite, again

» Minkowski (not a physicist) never worried about how the intersection of his
infinite-mass object with “laboratory now” becomes a finite-mass particle

» Relativity (foliation, gravity) and quantum theory (time uncertainty) make it
extraordinarily difficult (impossible?) to recover a finite mass (So: Ignore it?)

E Apabistia Notes 2025, 05071200(2025) 6

[20:05] Infinite mass is @roblem[ i n Mi nkows ki 6s donlcfe pyto uo ft avkoer | Mi nlkionw
substanced wiioh mobady doesp in terms of experiments, then jugtnore the experimental
implications.]

T h e r diéhstomghere.Whydo you take the idea of infinite world line seriously in terms of trying to say how
physics works, but then yaeverbother to try to get an experimental test to determine what that worlddke
like?

You candét have it both ways!
So, if you say, AA particle is actually an infinite

guantum physics. For one thing, you can no longer determimadhsof the particle, becausehich partof that
infinite string are you looking at? How do you dissect it? How do you get aseotien of it?

Theredre all sorts of exper i men teaWworldjneeustiobodymsksthemu c o
They just ckag ,ydwnknowé t hawodkd 0j ust the way it

And thisisthedanget You candt | us thattadicalgsameidingtthatsmoangé dn mbstragtion,

and not bother tquantifyit experimentally.

Which, as you can see from Minkowski Osssargastc.tHewasoh e d i
i mpressed. He was going for r e a s otalling é@bou® [gVhay| is this c h | |

substance What is thiyawning emptine§sDoes youchalkj ust i fy your Ayawni bitler e mpt |
about this.

[ Finall ol taerens] That 65 Mwhéepoweskobssblu oederyalgentingha o r | d
universeand then define the resulting setofsppce k e A poi nt s0 as the state of t
inertial frame. For decades, this idea pretty much ruled the roost for how to interpret the universe from the various
inertial fefaimeed blhpy sMismk dws ki 6s spaceti me. Thereods
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these days: Itl o e s n 6 You @nd upkwith and impossible infinity of mutually conflicting causality definitions
t hat no one has ever figured out how to resolve ma
doesnot solve this, butalilnsweralds jastt. @]ssert s, NnSome

[The point is, this massive causaligsolution problemexisenlyas resul t of accepting M
a yawnhing vacuumo as an wunalterable given, mostly

beautifully clean set of differential equations, and thereby also makes math more fundamemigbehiamental
reality.]

[The list of difficulties caused by assuming worldlines to be physically real entities goes on, and includes its baffling
implications for gravitational mass and why the universe does not instantly collapse into a blackakelegdur
choice[of which one to worry about]f somebody wanted to put an experimental progratadkfor worldlines,

[and potentially resolve all these issues in one swahgy could[but] no one has bothered.

Terry Bolinger CCBY 40 Botlom-Up Time Construcon as a Unifying Physics Theme Mey7,2025

Einstein after 1911: v2, Mathematical Mystic

“In Minkowski’s [extremely interesting mathematical treatment], we
represent physical events in a 4-dimensional space, and the space-time
relationships of the results of events appear as geometric sequences in this
4-dimensional space.”

A. Einstein, The Theory of Relativity [with Figures], Naturforschende Gesellschaft, Zurich,
Vierteljahresschrift 56, 1-14 [Jan. 16] (1911).

“Now before the advent of the theory of relativity it had always tacitly been
assumed in physics that the statement of time had an absolute significance
[but]... this assumption is incompatible with the most natural definition of
simultaneity; if we discard this assumption [of absolute time], then the
conflict ... disappears.”

[Note: By 1920, Einstein had fully abandoned the idea that clock time is real ]

A. Einstein, Relativity: The Special and the General Theory. Methuen, 1920.

E Apatistia Notes 2025, 05071200 (2025) 7

[21:53]Now, a curious thing then happened. Einstaimpletely flipped!

ltwas about 1911 whenithappengdis| L911 é paper was sdrituslywdriedontheconeplexwh e r €
formalization of the ¢l ock, whiextramelfrastrateg with it,ibecausevte r y
looked like alwhat we would now call agiant computer program. It looked like a gignbcess He was hoping

for something simplga few equations, and nd t hat 6s i t. Il nst ead, prbcessovas ¢
replace the simplicity he was looking for.

So, i f you |l ook at t h esimoltaneigissuetEmnsteinghadrisieown, veny cokretly, veryi t 0 ¢
provably, that simultaneity is not a property that you can givehare across a diversdifferent set of/inertial
frame]viewers. That was one of his key findings, one of his most famous findings: The idea that simultaneity is,
essentially, anndeterminateconcept if you for example,]throw in different traingwith different motions and

inertial frames.]
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So: He went this route, where he went from looking@atks t o s ayi ng t h gtoyesiniulfdedity, é i f
one way to get rid of t hdiscardthe coecepivodbsolutedimeseceh fordocal t é i
observers looking only at their own cloak.]

But whenyou ddhat, vy cbabdoreng he i dea of a physical c¢clock. Youbd
worldline. The worldline has little notches on it, but you no longer have this ideaaataal clock that is beating,
ticking, and measuring off the time.

Temy Bolinger CCBY 40 Botlom-Up Time Construcon as a Unifying Physics Theme Mey7,2025

Einstein, Minkowski, and Survivor’s Guilt

A fuller Einstein quote at the threshold (1911) of his transition:

“Finally, | would like to say a few words about the extremely interesting
mathematical treatment that the mathematician Minkowski gave [my] theory.
Minkowski, who died far too young... In Minkowski’s approach, we
represent physical events in a 4-dimensional space, and the space-time
relationships of the results of events appear as geometric sequences in this
4-dimensional space.”

A. Einstein, The Theory of Relativity [with Figures], Naturforschende Gesellschaft, Zurich,
Vierteljahresschrift 56, 1-14 [Jan. 16] (1911). p. 14

» Most discussions of Einstein’s conversion focus solely on his need for a
more powerful mathematical curved-space (tensor) framework

» An overlooked factor: Survivor’s guilt. Einstein had openly and sarcastically
blasted Minkowski’'s “chalk for brains” ideas shortly before his tragic death

E Apabistia Notes 2025, 05071200(2025) 8

[23:41]If you look at thefinal] full quote[d the onelEinstein said this at thendof his last attempjin a paper]
to be a clockuler realistd he makes an interesting statement about what happened to Minkowski.

Most peopl e dondt d kessthanfow mdanthd after Minkowski gavehis eleécsifying talk,

[the talk]in which he introducedhis] space andtimé i nt er pr et at i o rd during vihicmtime¢ e i n 0
Einstein waditterly antagonistic to whdiviinkowski] had said, and did not like the conceptll 8 Minkowski

died, unfortunately, of appendicitis, in January of the next year.

And | think thisreally bothered Einstein. You can see it in this quote, because the same theory that he had disdained,
he suddenly, at t hAnde nma yobfe twhei so upgahpte rt,o sshtiasrntk dtwaskkii nd
ideaspd which isexactlywhat he then did.

This is the transition part. He had this whole lectura whole presentation about using an extreme, a hyperrealist
approach to how to measure tide [and,] suddenly[begins]t r ansi ti oning to Mi nkowsk
worldline approach, which turnigour ideas]into a geometry of entities théarbitrarily seem to havehave
indefinitemasgand length in time]

And | would say that this is a case of survivoros ¢
[aboutyourwork], and you come in and sgbout his lecture on your work] A T h i shalgfarpraintdas An d
y outhatkel unt about iit! You | eemneonthisisnenséensel and say, #AOh,
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And then the guygliesthe next day abruptly, unexpectedly! And ydiket he guy; you just di
i deas. That 6s devastating, because Einstein was not
|l i ke that. This was his old teacher, € and he respe

So therebdbs a factor here that went outside of bound

Terry Bolinger CCBY 40 Botom-Up Time Construcon as a Unifying Physics Theme May7, 2025

Why Did Einstein Abandon Clocks?

» Three factors:
= Gravity forced him into curved space thinking, requiring tensors (vital!)
= After Minkowski’s tragic death, Einstein felt awful about ridiculing him
» Far more subtly: Einstein had a secret worry about his Realist relativity

(1) This conclusion [that my coordinate transformation equations are symmetric in both
frame views] is based on the physical assumption that the length of a ruler and the
speed of a clock do not suffer any permanent change as a result of these objects being
set in motion and brought to rest again.

— A. Einstein, 1907. Page 420, Section 3, Footnote 1), in ‘Coordinate-Time Transformation’ (Sec. 3), pp. 418—

420, in ‘About the Principle of Relativity and the Conclusions Drawn from It,” pp. 411-462, in ‘Jahrbuch der
Radioaktivitédt und Elektronik’ 4 (4), 418—-420 (1907).

» A dirty little secret: Einstein could not get his equations to
predict what would happen in his own thought experiments

E Apabistia Notes 2025, 05071200(2025) 9

[25:55]But t her e[tha pananaglogicat faxtorEThere were other things. Einstein was looking at gravity.
This is the most important, and also the most \jatidson to abandon clocks in favor of spacetitoy far. He was
looking at the whole issue of how spaeeves when you try to encompass gravityhis desire to include gravity
was the source o§ome of the most breathtaking insights Einstein fradh asthe whole equivalence principle,
[were a consequence of this kind of thinkinBut those things require tensor math.

What is tensor math? | think the simplest description of tensor [mathis:] If you imagine an image on a balloon
thatés not blown upé and then you blow up the ballo
on[the ballon before, during, and aft¢ije transition between those tfmordinate system stat@s]

Well, tensors, as the name implies, ar dgensioh @otifyduapper
have a balloon and you blow it up, the image becomes gigémti¢ijt still maintains certain relationships. So you
still get the same i ma gmtiundamenisllydiferént. You[letéhe diriodt to shiing]t or t

it back down|[ a n d still theGsame image.

[In trying to include gravity,Einstein was seeing a need for that kind of mathematics, where the whole coordinate
system becomes [the headfdr sueh.tensgiradingdmatseomaticthat was one factdm why

a cloud of c¢clocks wasnot a path t had and[prebablylthe mostt h e k
important factor, because this is what led to general relativity. So this wgsdtipart.

The[second]part, though, was that Einstein felid He saidto himself], i ke, i Oh, t he Mink

kind of dissedlookatit.[ldndndé@t dhoébkewaéeni fljudilengoffsdai a , c erNto:
comeon t h arighd. s6 on ot
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The[third and]neatesffactor that influenced Einstein to abandon clogksnd the most hidden of the factérg
is [that] Einstein had a littlesecret problemAnd the problem wahat] he could not prediatutcomesn his own
thought problem$ literally could not predict them!

You know how you can tell that? Becausenkeer put clocks iffarge moving objects]

[When he was instrumenting large unmoving framEmétein put clocks ieverything!Like that[cloud-of-clocks]

figure | showed you earligmn Slide 3], he put clock$ere he put clockshere [he put clockssverywherd But
when he gave that train exampl e, and said, Al f you
this is the one where l#howedthe train]was not simultaneous.

You know whatdéds odd about t Hrantof thahtiain.gl€ neveeputra eloaclein thep u t
backof that train. He never put a clock in theddleof the train. But helid [use this very problem tqjrove that
therewasnos i mul t anei ty. Whrguatidn?éd nVBhty hdei dwrditt eh et hpeut t he ec

Terry Bolinger CCBY 40 Botiom-Up Time Construcion as a Unifying Physics Theme May7, 2025

Three Errors That Undercut Einstein’s Realism

(1) Objects suffer no permanent changes from being set into motion and brought to rest. [False]

“1) This conclusion [that the coordinate transformation equations are symmetric in both frame views] is based
on the physical assumption that the length of a ruler and the speed of a clock do not suffer any permanent
change as a result of these objects being set in motion and brought to rest again.”

— A. Einstein, 1907. Page 420, Section 3, Footnote 1) in Coordinate-Time Transformation.

(2) Two inertial frames can share the same coordinate origin without creating paradoxes. [False]

“... choose as the starting point of time in both systems the moment at which the coordinate starting points
[(tx,y,2)"="(0,0,0,0) and (¢*' x"',y",z"' )*="(0,0,0,0)] coincide;”

— A. Einstein, 1907. Page 418, Section 3 in Coordinate-Time Transformation.

(3) Declaring forward and backward lightspeeds to be identical causes no paradoxes. [Faise]

“... since ... the lack of a preexisting universal time definition makes it fundamentally impossible to measure
any speed ... we are entitled to make just such an arbitrary stipulation ... : The speed of light ... in a vacuum
fromAto B is the same as from B to A’

— A. Einstein, 1911. Page 8 of The Theory of Relativity.

E Apabistia Notes 2025, 05071200(2025) 10

[28:11]And [this is all the more baffling becaud® had the equation!

Thereds another one of those ones where ités a | itt
[A couple of years bacK| had laboriously derived thigequationd a bit of the work]is one of my other
presentationd € f or how you -Simuganaiterelatianghip acrogse lermth ofla moving train

[as viewed from the embankment]

And | thought, Al t @att loatfF&dsavaaa moEthsfi s r ef er nedet o it a

BN

homewor k. 0

He di dn 0 He kfewaxactywhatiit tvds.
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| wentfback and | ooked at his equations and said, i OF
transformation equation! Thereb6s just a factor in t
the derivation is much easier ththe way | did it.

So, this presented anot hequantifyi?s ue. I f he knew it, wh

And this getssneakier It goes back tanotherlittle problem, which is that he had assumed, very reasonably, that a
couple inertial frames could share g@mecoordinate origin.

Why not? It seemed |ike the most obvious assumption
| can tell, Einsteimeverthoughtto go backand-ex ami ne t hat assumpt i o+squndmg c aus
assumption[\Why would] he[not be able toake the two coordinates into thame thing

[I'just realized thatl skipped over the firgtalse assumption, which ithe idea that objects do not suffer permanent
changegwhen boosted into a new inertial frame] | get into that more in anot|
some slides ofthat later here]

That[assumption that no irreversible physical change occurs when you boost a system into a new inertial frame]
just not true When you do a Lorentz contractidipr example,]if you do it with satellites, you have to do the
Lorentz contractiomheadof time, notafter. Or during[the boost] at some point. You have to do it@s actual

physical stepo f moving the satellites closer together. Tha
transformati on, bec au aspade#findyoh geyséparate dobjectsldang if, gou ldavesa patn c
themtogether

So theydo suffer a permanent change and t hat és i mportant, bleEEiamusstee iintd
derivation.

[The] third [bullet] [in'which Einstein inserts the assumption

that since he could not see a ways to detect the difference, he could simply declare that lightspeed is identical in the
forward and backwards directions. Thigs an assumption that was important=insteinjfor distinguishinghis
approachlwi t h L fearlemmzode$ which permitted different lightspeeds in the forward and backward
directions. A likely part of his motivation in addjrthis assumption was that it made his theory more distinct from
Lor ent z Oltsturnsiout] though] that E1 n s t e assutnptiorjiis @anwolersimplification of the situation

that] causes interesting problems with the math. [In particular, it oversimplifieotiw framewiew lightspeed

in the forward and backward directions. Without the ability to assert that the information impacts of lightspeed can
vary in the forward and backward direction when you are examining a small object moving rapigghtiiour

larger, betteinstrumented frame, it becomes difficult to explain phenomena such as the Twins Paradox that are
little more than extremely sl ow Aeffectiveodo | ightsp
needing to race h the object as it moves at a large fraction of lightspeed.
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The Critical Issue of Simultaneity

» Einstein made the non-simultaneous events issue famous
with his lighting-and-train thought problem.

> Yet, strangely, he never wrote down an equation for calculating
the degree of non-simultaneity precisely. Why?

» Up until 1911, Einstein stuck clocks everywhere... except on
his own non-simultaneous thought experiment trains!

» Question: Why didn’t Einstein add clocks to his trains? He had
the math! It's built into his transformation equations.

» Answer: No matter how hard he tried, he could not prevent
causality paradoxes from arising. Minkowski gave him a out!

» Light clock-rulers provide a mechanism to examine this issue.

B Apatistia Notes 2025, 05071200(2025) 1
[31:a6][ | 61 1 go gqui ckl vy t talkingabput the sameseassréement ssues il coversd in thed s |

last slide] The poinfof this slideisjt hat i f youére trying to deal with
for [measuring time and space simultaneoudyld the particular technique that helps to make these a lot easier to

understand is something called a light clock, or a light pendulum.

Terry Bolinger CCBY 40 Botom-Up Time Construcion as a Unifying Physics Theme Mey7, 2025

Javelin Clocks: Movable Light-Based Clock-Rulers

This clock measures 1 ns and 1 pt per cycle

Clock
Pulse detector velocity v

> @ - | (in pt/ns)

O >

1

Back Mirror Pulse emitter Front Mirror

| 11 |
%% pt (1 ns round trip) Y pt (1 ns round trip)

1 pt = 1 photon foot = 1 light-ns = 0.983571 foot = 0.2998 m = 0.3 m
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[31:42]Thi s i s

a

BottorrUp Time Construction as a Unifying Physics Theme

particular version of

a

May 7, 20.

| i g hllight pusesd ul ur

go] out from a pulse emitteffouch two mirrors whose separatiompasures out @vell-defined]distance[then
reflect] back to the detectdwhere their synchronized arrival measuragf a certain time. The nice thing about a
javelin clockd a light clock[designed to move in one directiad] is that it simultaneously measures both space

and time for the frame of motion that youdre in. So
Tery Bolinger CCBY 40 Botiom-Up Time Construcfion as a Unifying Physics Theme May7,2025
One Javelin Clock-Ruler Cycle
10T [} Pulse detector |
ns
1ns< o5+ h t
\ ol [i§ » |
0 L Pulse = emitter LJ
1 1 ]
! 1pt=0.3nm | 1
gE pt o5
J
e, g
1 pt (0.3 nm)
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[32:13]As you can see in thj§gure], if you put the time dimensidrertically], you get dhorizontalll e ngt h t h a
determined by where the mirrdise located after you after yoadljust/them] so they have a certain relationship:
[You] adjust[the mirrors]to make suréthe pulses aregimultaneouswhen]t hey 6 r e recei ved. An
you your clock time.
So, in one combination, you wind up measutioghs pace and ti me, algltinpwaowudm e do

So this is a value that remains invariant for all situations. You can apply it back to the atomic levéhlbait it
gives you a largscale way of representing or looking at these issues.
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One Javelin Clock-Ruler Cycle at 0.6 ¢
Pulse detector
1.25 T /
1.0 + k
y
ns
0.625 +
0.25 + A Notable: If the larger, unaccelerated
L (“rest”) frame is dense with detectors
/ and rest-synchronized clocks, the
0= b Pulse ' emitter =~ mirrors trace out this experimentally
| ! ] visible Lorentz-compressed trapezoid.
—-0.4 0 pt o4
E Apabistia Notes 2025, 05071200(2025) 14 apa 2025-05-07.1200 pdf
[32:50] What happens ifyomovet hi s t hing? | f you have it moving at
actual diagram of how the light flow worlest that particular velocity]JAnd you can start to see why there are some
strange issues that happen with your | i dowdrdandawvayx k a't

from the initial pulse of lightas it travels on the lefnirror and righimirror paths][ T h abecause€ you are seeing
everything from the initial launch frame. The speed of light is invafianbe launch framg]so the second mirror

[on the right]d o0 e gsaeftth e
observer.]

i ght

pul se ¢é hiuture[ds tefinedty ihé launch éame | at

If you want to understand where time dilation comes from in terms of observing a moving thitgestjt right

here. You really need no further explanation. If light is invariant in your perspegtive,y o u 6 r e

trying

synchronizgthe arrival of the lefpath and righpath light pulses at the final detecigyducannot helgout have a
delay.[ T h abecausé yourright mirror and detector argunning awayfrom the[right and left pulses on the]

i ght

beam. é

By [thehhackwiedi amieforwaml pathaem@anents ef the left and right paths]

together, you wind up getting the relationship you expect frorhdhentztime dilation.
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Clock-Ruler Trapezoids in Minkowski’'s 1908 Spacetime Figure

cztz—xQ—yz—zzzl.

Fig. 1
H. Minkowski, Space and Time, 80t Assembly of German Natural Scientists and Physicians (1908).

EA:&:@: 2 Notes 2025, 05071200(2025) 15 apa 2025-05-07.1200.pdf

[34:04]Now, what 6s i nt er eawmthesegame sapezdifayou lobk espkcally atkhie one on
the rightd the one on the left is essentially a clockesttd the one ontheghti s a c¢ | onwokiont hat 6 s

So this is directly from Minkowski. The only thing
[to] the trapezoids that he was using.

TermyBolinger CCBY 40 Botbm-Up Time Constructon as a Unifying Physics Theme May7,2025
" Experimental Shapes of Five Fast Clock-Rulers
wii N
2 ] " £
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1 i N i il _9,.@” 'l
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E Apabistia Notes 2025, 05071200(2025) 16 2025 2

E Ambidia Note202505071201R (2029 18 apa20250507.120@2pdf


https://creativecommons.org/licenses/by/4.0/
https://sarxiv.org/apa
https://sarxiv.org/apa.2025-05-07.1200.02.pdf
https://apabistia.org/
https://youtu.be/8RKLT7E-7cA?t=34m04s

Terry Bollingec BY 4.0 BottorrUp Time Construction as a Unifying Physics Theme May 7, 20:

[34:27] But Minkowski never explored that further. If he had gone a little bit further with this, and looked at the
light beams that are inside of those rectangles, he would have found out that thémeasiamcegoing on there.
If you look at the areas of each of these rectarijl¢ise purple, and the blue, and green, yellowdedll of those

are thesamea r e a . ltbés a curious Ilittle invariance that yo
So, itoés unf or tdu ndaxpete italitéethit fivthen. Keohimts &t it, but then he went off in another
di recti on, and]/[ndiadce]|tothe actoal devecksat e t hi s

Temy Bolinger CCBY 40 Botom-Up Time Construcfion as a Unifying Physics Theme May7,2025

Moving Objects are Internally Asynchronous

How an unmoving LEFT MlRROF /
observer “slices” IS TOO OLD!

the moving object —» <><><>< <><><> <>< »O OO
in time as it passes

by att = ~1.5ns. RIGHT MIRROR
IS TOO YOUNG!
-
S
E Apabistia Notes 2025, 05071200(2025) 17
[35:06]And i f you | ook at it e v e n -simulareity issue. Bezause Hirstermsioke r e

what the persomovingseesh e §e#ting asingle set of resultat all times He sees simultaneity as defined by
those two mirrors.

But for the person wh @gdsdthel otnrgu me raiwrhnagt t dtldilte tdHhree sspeaeci
seeing a difference in time where the left mirror, the trailing mirrdodld and the right mirror igoo young
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Einstein’s Cross-Frame Synchronization Dilemma

» Einstein knew objects (trains) were internally asynchronous
» He's the one who figured this out in his non-simultaneous fast trains
= He figured it out (e.g., 1911) by putting synchronized clocks everywhere
» He used this knowledge to correctly predict the Twins Paradox (1911)

» The problem

» His equations gave no obvious way to synchronize across frames
= Each moving frame had its definition of time... but how did they “touch™?

» Enter Minkowski...
= Minkowski was interested only in the symmetries between the frames

= His clever “mixed signature” Minkowski space trick eliminated the synch
problem by hiding it beneath symmetrical (Einstein) equation set

E Apabistia Notes 2025, 05071200(2025) 18

[35:42]Einsteinknewt hi s, and he had a problem with how to syn
a way to[do this]. He predicted the fact that vy odegreechdelaythmt t wi n

you would get. But hle] geta aorrettndéfinitioh of whatrtime laoks likerassthese y
two different frames.

Hermann Minkowski, in contrast, was interested just in the symmetries. He knew how to take these transformations
and flip them back and forth between the fivames] He didndét worry so much abo

the actual c¢clock prediction? What does the actual ¢
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A Small Omission with Broad Implications

Einstein’s equation for translating time coordinates in special relativity...

v
t' =Y<t—c—2(x)>

... requires one more parameter, | = length, to work in all situations:

) v
t =y<t—c—2(x—l)>

We don’t notice because the point approximation (pretending moving
objects are “mostly” point-like) works very well for most situations.

E Apabistia Notes 2025, 05071200(2025) 19

[36:30]If you combine thémplications of the missing parameter, you @€orrected equation for how ypuake
specific, experimentally testable predictiariBhe missing parameter in the slideit would be better if | put the

sign a little late® the correction you need to do is that you need to take into account the length of the object that
youdre trying to accelerate.

[36:52]

RS Excuse me, Terry.

TB: Yes.

RS We have had the most 15 more minutes to speak.
TB: So | will go (laughs) afast as | can.]

RS Go ahead and make your major points.

TB: Too many slides!
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The Paradox: t' = 0 at x = O (Einstein’s Collocation of Origins)

t=0us <=t =0us t'=-0.6us

§' =(0,0,0,—0.6)
$=1(0.8,0,0,0)

_ v(t=0)=0-0.6¢c _
x—()kkpt (i ) x = 0.8 kpt
Length = [ (or ¥) (1 kpt = 1000 pt = 0.3 km)
E Apabistia Notes 2025, 05071200(2025) 20

[37:10]Whatthispredictd t he reason t hat Ei nsd wasthatbi®ousdotbarsifgleorigiet t |
created a false time issue. You had to set the clocks backwards into a time that did dot{@xisie for which]
you dondt have any information.

Terry Bolinger CCBY 40 Botiom-Up Time Construcion as a Unifying Physics Theme May7, 2025

The Resolution: t' = 0 at x = 0.8 (Keep t’ Positive)

t'=0.6us t'=0us<<=>t=0us

S’ =(0,0,0,0.6) S’ =(0,0,0,0)
$=(0,0,0,0) §=1(0.8,0,0,0)
x =0 kpt ”(tz(()c)l = ‘10_0’)0' b x = 0.8 kpt
Length = [ (or ¥) (1 kpt = 1000 pt = 0.3 km)
E Apabistia Notes 2025, 05071200(2025) 21
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[37:25] The fix for that is to add the length of the object that you accelerated. This allows you to come out with
somet hing t hpphuise] alltidtst Is¢ ihmdr mot perfect, but at | e
create time that didndét exi st.

Temy Bolinger CCBY 40 Botlom-Up Time Construcon as a Unifying Physics Theme Mey7,2025

Einstein’s False-Time Dilemma

» Einstein likely knew his equations created false time
= His footnote worrying about physical transformation is a clue
»= The “tell” is his avoidance of putting on moving trains
» Had he done so, he would not have been able to give precise answers

» The Calvin (not via Hobbes, via Hilbert) temptation
* The easy out: Assume that false time is always real time... somehow.
» This is predestination: The idea that “the fix” on time is already in.

» The Minkowski temptation
= Minkowski took Einstein’s error and made it beautiful and geometric

» Once Einstein realize that Minkowski space required a block universe
that solved his false time problem... well, the rest is history

E Apabistia Notes 2025, 05071200 (2025) 22

[37:40] Einstein knew his equations created false time, and that was why he was uncomfortableswithl he
Minkowski temptation was that he could go to Minkowski formal&mwhich essentiallycodified his original

error of using that same origin and creating false timeand | us't say, iWwel |, t he
ever yt hfixadd éeserythingsstalreadihere The world linesxist and the world linesafeked | t 6 s wh
they call a block universe.

Eventually, that temptation &oéndbindtohave He swaidy
Icanjustdoif Mi nk owalkli @s ]
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Determinism (= Predestination) is Not Science

» Determinism is not Realism
= Worldlines are, by definition, epistemic and untestable

» Determinism is not Science
= Worldlines are nominally testable, but are instead treated as epistemic
= Any answer that says “it depends on your view” is not using experiments
= Minkowski simply did not care about experiments, only symmetry

» Can light clock-rulers make relativity testable again?

* Yes, definitely. But first you have to chuck Minkowski space out the
window except for special narrow cases (e.g., inside spaceships, only)

= 4-Euclidean “launch perspective” trapezoidal space replaces Minkowski
space — the space that Minkowski almost began exploring in his figures!

E Apabistia Notes 2025, 05071200(2025) 23

[38:20] The trouble with that approach, again[tigat] youc a m@ke[determinism]into an actual science. The
idea of determinism is ¢é a philosophical concept, I
back to cl ocks @aedceiwal les s ; Yastimaadngst heoawselh e r éndrsdlinal o

that you carjaccess experimentallyfhat goes into the future in the past.

[However] with that said] 1 f you take Minkowski 6s specislharinally n t h

testable[That is,]if you take[worldlines as akerious,[experimentally testable hypothesaln d s avy , ilf
believe that, what are the t efht®Raleimyiaionsofcuch datedab s o
worldlines.]

The replacement for the Minkowski viewpoint is this trapezoidal space that Minkowski actually started to explore,
but di dnodt [lfryeuavbrittyroughets implicatiors,.the trapezoidal approaayis whatever the largest
frame is, thatods wHbeondest, ynosucaukadyweeconpassaeffitior of gpace and time.
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Four Steps in Creating a Metrics-Capable Spacetime Instance

Select system and goal for acceleration (e.g., this 0.3 km train to 0.6 c)
A

SELECT

Physically compress train to Lorentz length of 0.8 kpt (0.24 km)

WHiiiiiiizizizzzz?”

SQUEEZE

(2) 1 [ LTI 00000 000000000222
'

SYNC Physically reset rearward

clocks forward (by up to 0.6 11s) \\\ANAYFee

(4) [:]D[:] D[:][:] [:][:][:] [:][j[j Add momentum energy

SEND — — — — evenly across the system

E Apabistia Notes 2025, 05071200(2025) 24

[39:07]lHer eb6s the actual procedure that you go to,

Teny Bolinger CCBY40 Botom-Up Time Constructon as a Unifying Physics Theme May7,2025

Acceleration Is Complicated

» Einstein co-located the origins of two inertial frames.

» Applying origin co-location when creating (accelerating) a
Child frame from a Parent necessarily creates “false stories”.

» Even worse, every such Child origination (acceleration) brings
two fundamental definitions of time into direct conflict:

= Experienced time is time witnessed continually by an
observer, even if it passes at differing rates.

= Physics time is the time required to replicate the full range
of physics, from particle physics up.

= [ronically, it is the physics time that can never be restored
immediately after an acceleration (!)

E Apabistia Notes 2025, 05071200(2025) 25

[39:15] That procedure creates a conflict between two definitions of finhe. problem is that wejonsiderboth
definitions to be extremely important. Th&perienced times what you witnes® how much time has actually
passed byaccording to your clock]The physics timds defined by how any kind of physics téstat involves
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measurements of length and duration as experienced by the experinanEinstein addressgd his 1911 paper
The Theory of Relativity

In that paper, Einstein defined a complicated, tsuesuming set of data exchanges over distributed sets of clocks
and rulers that are motionless relative to the experimenter. His point was that without creating these distributed
definitions of length anduration in advance of physics experiments, special relativity makes it impossible to obtain
meaningful, reproducible measurements of essentially any quantity known to physics, including issues as simple as
the shape and mass of an atom or particle]

That és a pretty major conflict [deentiemudc @ne]vard ittums qutk o f
t h ey 6 [Mere specffically, any experimenter residing in a system with-zeo length, such as a train, that
undergoes a period of acceleration finds that their previously fully synchronized clocks and rulers used in
experiments undergo transformations that apoad to introducing asymmetric, arbitrary resets of clocks
proportional to the location of the clock. This, in turn, meanstkigatiefinitions of elapsed time recorded by those
same clocks no longer match the new, reset definitions required to continue performing valid, reproducible
experiments.]

Terry Bolinger CCBY 40 Botbom-Up Time Constructon as a Unifying Physics Theme May7,2025

Attaching Relativity Frames to Material Objects

E Apabistia Notes 2025, 05071200(2025) 26 apa 2025-05-07.1200 pdf
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Cones Within Cones: Fractal, Matter-Centered Spacetime

EAC-EC\‘:ZE Notes 2025, 05071200(2025) 27 apa 2025-05-07.1200.pdf

[39:40] One of the results of attaching the matter to the attaching space and time to the matter is that you get these
shapes: You get this fractal structure in which you can never get outside your light cone, but you do have to have
different definitiongof space and timahoving[around]in these different parts.

[Slide 26 shows how special relativity strictly limits not only the rate at which information flows out from an event,
but also the limits of the newly mintedkfinitions of space and time created by accelerating a system. Any
interpretations of the new spacetime instance that attempt to apply those definitions outside the acceleration event
light cone necessarily create false time and false data scenarios.

Bluntly, the universe as a whole could not care less about your new definitions of space and time. That is both
because you are so tiny and, mor e i mpnowaboautnybur new b ec
definitions. You can use your new coordinateinterpretlight and information from the outside unive@ein
particular, to see it as relativistic Doppler compressed (not Lorentz!) in the forward didechiohat no point can

you change causality outside of your expandingdglt n ev éi wau dd | e . 0]

[Slide 27 shows this same effect in three dimensions, thus giving a slice of what happens indmadosional

space owned by the largest (or parent) inertial frame. For any locally Euclidean definition of spacetime, the largest,
most encompassing patdrame available is the one that eliminates thehiee dipole of the Cosmic Microwave
Background (CMB). For experiments done on Earth, the (rather imprecise) Earth frame dominates.
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The Brecciated Universe: Competing Spacetimes

R | AT TARE oY - R

E Apabistia Notes 2025, 05071200(2025)
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[40:01] You wind up with afractal universeas a result[one in which different framesd o nhave the same
orientations of space and time. Sometimésse| frames are quite large. Thjgagmentation of largescale

definitions of space and timeissurelye | at ed t o ¢é (hadiitkvould besintegegtingi tosesplore this
further.

Botom-Up Time Construcion as a Unifying Physics Theme

Bringing in the Sparse Interpretation

» A sparse interpretation interprets subatomic mathematical
complexity as mostly chaos bits. A smaller set of persistent
bits, associated solely with matter, generates the chaos bits.

Mey7, 2025

» The idea that accelerated systems create unique instances of
spacetime is trivially consistent with a sparse interpretation.

» Combining the sparse interpretation with bottom-up, particles-
first spacetime creation suggests a radical view:

» Most of quantum physics emerges from incomplete early
stages in the emergence of “classical” spacetime.

» This view pushes the Standard Model to the top of physics.

E Apabistia Notes 2025, 05071200(2025) 29
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[40:18]Sparse interpretation, I already talked about be
you have, based on matter. Yabandonthe concept that space is anything more than a relationship between
particles. So, how do they interact with each other
we need to look into: How are these relationships dbemre[defining] what we usually think of as space and
time? You stil!l have change, you stil!l have separa

[informatiorrintensived that is, classicad ) universe.

Terry Bolinger CCBY 40 Botom-Up Time Construcon as a Unifying Physics Theme Mey7, 2025

Classical Reality as Emergent Data

“Data are fragments of a theory of the real world, and data processing
juggles representations of these fragments of theory...”

— George H. Mealy (1967)

» Local emergence of orthogonal space and time enables data
» A good data model is more than an analogy; it captures reality
» Reality and model differ in the use of deep physics continuants
» Similarly, good data processing shares methods with reality

» Data processing does more than juggle; it creates continuance

E Apabistia Notes 2025, 05071200(2025) 30

[40:53] One of the things | find fascinating about this apprdéchhat] when you have information as theost
critical emergent concept from local definitions of space and time, information beconmssnthieetween the
different fragments of space and time.

So you have this bonding entity across these fractal definitibsgace and time, whiclig information And that,

in turn, says that the representations that we use for information are more fundamental than we probably would
expect. Theydére actually capt urlihatcgeatechdsitahrea@y,j dfi fwfeedrveen
done them right.

So | think thatdéds an intriguing i dea:] [thélshraecinforchaiotna pr o
that underlies space and time reality.
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Continuum Math as Classical Physics in Disguise

» Any concept of geometric stiffness and angles requires
familiarity with fermionic condensed matter physics.

» This idea is so critical to survival that it is wired into our brains.

» Real fermionic matter has finite (atomic or particle) bit density.

» From quantum physics, we now know classical (geometric)
optics is an illusion that assumes point-like, bullet-like photons.

» Continuum math creates bogus (chaotic) information densities,
e.g., at the |0) top of a nominally symmetric Bloch sphere.

» Bottom line: Assuming infinite free resolution creates noise.

E Apabistia Notes 2025, 05071200(2025) 31

[41:45][For a universe composed of sparse informaticontinuum math is a problem because it genemafiedéte
information, and[implicitly makes the incorrectassumption that infinite storage [isvailable in the physical
universe] The Bloch sphere is an examfiéhow continuum math assumptions can subtly introducephysical

epistemic modeling that assumes information density is an irrelevant parameter when modeling simple parts of the
real universe]

ltdés very easy to arbitrarily assume infinite deta
direction we need to go.
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Einstein’s Other Epistemic Error: The Photon

“According to this picture [of quantized emission and absorption of light], the
energy of a light wave emitted from a point source is not spread continuously
over ever larger volumes, but consists of a finite number of energy quanta
that are spatially localized at points of space, move without dividing, and are
absorbed or generated only as a whole.”

— A. Einstein, On a Heuristic Point of View about the Creation and Conversion of Light, Annalen der Physik 17 (1905). p. 133

» This is an extremely reasonable classical deduction
» The behavior of particles in cloud chambers seems to support this
= Qur survival-oriented neural circuitry insists this must be correct

» The problem:

= Between emission and absorption, all particles (including even some
large molecules) reflect and diffract only like waves. Very odd!

E Apabistia Notes 2025, 05071200(2025) 32
[42:09]Di f f erent area: Il 6m going t o éfturhicghrelativiiy[uggide édowOk ay ,

in just a few slidesgonowl 6 m g o i n gquantum Mmechanigy.eah,pight! Okay, sémy coverage of both
topics in this short of a time span is going to &dittle bit too shorfon both]

Einstein was the one who came up with the concept
[but] it does not matclvhat we actuallysee
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The Particle Path Illusion

» Nearly everyone has seen images of charge particle traveling
through bubble chambers

» These views match perfectly with our classical large-object views

» They are false; particles in dark vacuums do not behave this way

7=\ = P

©
N
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[42:31]What[the idea that a photon is a partiatigesmatch is this picturgThis is an image ofélectrons ofother
charged]particles|traveling through]a [bubble] chamber[while under the intoxicating influence of a strong
magnetic field. The charged particles clearly take@efined curved paths! How can anyone look at images like
these andhot conclude that electrons and other subatomic particles, including photons, must Hikeeintities
that travel in weldefined paths?]

The tr oubl ebumpingthe Ipaticle[dy @modingea bit of momenturd every time it creates a new
bubble.]That[means]ly o u 6 r e [antadk denreg of individualfletections ashe particle]goes througtithe
chamber.]Each time[the charged particle deposits a bit of momeniwol get a detectiojof that particled a
Afcoll apsed of its wave function, if you prefer to wu

[ Her eds t he Ifkyoudd thesameoperation in adark vacuumyoudo notget the same result. This
[non-particle result in a dark vacuuiislnotan abstractioriThe nonparticle, wavdike outcome in a dark vacuum]

is an actual experimental result. That is, what you seedfigure isnotwhat you see if you I¢the particle travel]

without detections, without light, witholitnpacting] particles, you will instead getliffraction effects And that

[critically important point]is easily lost] | o | | show what t hidetecton fravetusiegiighe b et
and nedetection travel using darkness looks like in the slide after next, Slide 35. But first, | must talk more about
the role of momentum in distinguishing between these two ¢8fide 34).]

[[Nnsummary,y ou can see the temptation to make aotvwhatwd hi ng
seein cases where poifity-point detection is absent.]

E Apsbidia Note20250507120I2 (2025 32 apa20250507.12002pdf


https://creativecommons.org/licenses/by/4.0/
https://sarxiv.org/apa
https://sarxiv.org/apa.2025-05-07.1200.02.pdf
https://apabistia.org/
https://youtu.be/8RKLT7E-7cA?t=42m31s

Terry Bollingec BY 4.0 BottorrUp Time Construction as a Unifying Physics Theme May 7, 20:

Terry Bolinger CCBY 40 Botiom-Up Time Construcon as a Unifying Physics Theme May7, 2025

The Sadly Mundane Secret of Quantum Collapse

» It’s just bumping: acceleration, no matter how small

» The secret is that linear momentum is not quantized like energy
The only constraint is that the sum of all pushes and shoves fully cancel
The universe can (and does) constantly create new momentum pairs
Every photon that reflects creates such a momentum pair
This is why “observation” seems independent of physics (but is not)
There are no “observers” or “sentient matter”... just bumping.

» Far from being rare, quantum collapse is incredibly common
= We focus too much on cases where momentum is excluded (e.g., cryo)
= Bonds also “bump,” creating atoms (proton-electron mutual observation)
= Atomic bumping (thermal noise) and bonds create classical reality

E Apabistia Notes 2025, 05071200 (2025) 34

[43:19] The resulfof carefully assessing the difference between particles traveling through media such as bubble
chambers or lighfilled vacuums that record traces of their passage versus travel through similarly shaped vacuums
that recordnothing about their passagé]s t he assertion that you donot n e
collapse is caused by. Any time, in any experiment, iflyamp[a particle] you get a wave collapse. You @get

if you transfer momentum, if you create a little bit of momen&urgou will [alwayg get a detection.

You canof course, always find ways ttalk yourself out of thattonclusion]by all sorts of convoluted arguments,

and try to make the world more quantum than it is. But the realist vidMoisthe way you get it quantum is to

keep itfrom bumping into anything. Yokeepif r om doi ng momentum transfers. Y
they try to make interference effects with large molecules.
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The Particle Path lllusion: Photons as Observers

(1) Particle abstracton of electron motion (2) Laboratory-observable electron motion

2)))))

S 2)2) ) )Z, ) (a) Low-energy photon collision
) ] )o) ) ) ) ) I = large, fuzzy wavefront origin

2))
0)).)))
O ]?’)2’)?))))

5))) )

(b) High-energy photon collision
= small, sharper wavefront origin

» The ease with which we can use light to do observation fools us
into thinking there is no classical “quantum collapse” issue

» The truth is the exact opposite; classical is collapse-intensive

0
.Axhﬁva Notes 2025, 05071200(2025) 35 apa 2025-0507.1200.pdf

[44:02] [As mentioned earlier, Slid85 shows how photons in a vacuum box impart momentum to traveling
particles. Such overlooked interactions are the most common source of the incorrect but classically more intuitive
moving] particle abstraction. The particle detections show here using light are the] same idea heies bubble
chamber two slides back, Slide 33, except with photons replacing bubbles.]

That is, if you havéenough light of sufficiently high frequenclight in the box, all of a sudden, you detétt
passage of the electron as if it were a moving partidiik] is notthe same effedseen when theameelectron
travels through theamechamber withno light]. The[degree of wavéike] diffraction [of the electronichanges
depending on whether you have even the tiniest bjitaftonmediateddetection.
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Quantum Wave Collapse at Human Scales

Quantum
Wave
Collapse

Quantum
Wave
Collapse

| F— 05071200(2025) 36
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[44:18][ Her e 6 s  &Quastumocollapse isoflalwaysquantumin scale. If you have the sun shining on a
satellite that has fdght sail] reflector[attached, the saileflects the light back in the other direction. The satellite
acquires momentum from thiatvent, even if only one photon reflectls] doing soltransferring a tiny bit of photon
momentum to the satellit@lso restricts théohoton]wave function to dvastly] smaller arealThink about that

huge reduction in photon wave function size when comparing that small mirror to the vastness of the photon
radiation across the entire solar system.]

[Thus, thereflection from the humascale light saillhas collapsed the wave function. So tltisenomenon of
guantum collapse doenpt alwaygoccur solelyJon an[atomic or smallerkcale. If you have coherent reflection,

you get humaiscale versions dfvave collapse, only from solaystem scales to human scales instead of from
human scales to atomic scales.]
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Why Momentum Makes Wave Collapse Look Magical

Start: One Green Photon > Intuition says: “One green photon
cannot create much momentum.”

= We expect it to be proportional to the
incredibly tiny energy of one photon

» This is not correct

= The momentum potential of one green
| photon increases with mirror mass
‘ » * One photon can nominally create two

locomotives of momentum. (!) But...
= ... each mirror must have 58.3 solar

Finish: Pure Momentum masses, and must keep reflecting for
(But how much?) 40 million times the universe’s age (!)
E Apahistia Notes 2025, 05071200(2025) 37

[44:50] The other reason to point olwhy the unique properties of lineamhomentum[are so important to
understanding quantum mechaniiss|that linearimomentum has a remarkable property: You can create almost

infinite amounts of it[though alwaysjn pairs, from extremely small amounts of energy.

This is where you get the effect in quantum mechédni¢®bservation seeming like magitlowever, observation]
actually[always usingjery small amounts dfinear] momentum that have a negligible effect on[th&l] energy

involved in the system. T heaptai@sspari@oithe imgsegof|twaat quanum i n t

detection is. Linear momentum is not ¢ Upainttoiemanderi n

for] recognizing how these systems work.
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Quantum Superposition is All About Creating Spacetime
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[45:24]I't al so affects issues |like Schr°dingerodos cat. |
bottomup [causality, sof t d o e s rfod fierhapaits kcask hows whet her i tds dead o

But its positionin the spacetiméf the much larger spacetime frame from which it was initially accelerige]
createdentity, and thatloesmatter. Sdregardless of whethetfie cat is dead or aliyaccording to its own internal

definition of time] as | ong as t he c afoutsids of Gstboxldtecam pterfergland]iican an y |
reflect[6 but only in terms of its location in the larger frametits internal deadbr-alive state.]
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Fractal Spacetime Summary

» Spacetime is a set of relationships between entities that are:

» Persistent (highly conserved, not easily destroyed).
» Devoid of spacetime shape (nirakar, T%R'IWT, Sanskrit for “unformed”).

» Neither point-like nor wave-like. Points and waves are short-term
transient views (chaos bits) created solely by interactions with frames.

» Capable of mutual exclusion (Pauli exclusion).

* In large numbers, capable of shaping exclusion into orthogonalities.
= Capable of stability, that is, of forming new persistent relationships.

» Capable of change, which can organize into an orthogonal time axis.

» Spacetime is hierarchical with fractal self-symmetry.
» Spacetime does not exist without matter (matter’s “address book”).
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[45:41] The underlying relationship is something that we need to look at a little more closelyltitihasoperty

I cal | IAlave theal @anskridwor d, #Anirakar, 0 which means Adevoi
apt description[Importantly, this quantity ispbsolutely conservedrhat[absolute conservation isyhere the
[complicated]propertiegof ordinary mattercome fronmas the various conserved quantum numbers jockey around

for positions and situations that enable that conservation, which in turn creates the consistent algorithms that we
perceive as the laws of physics.]

But nirakar alsgmeansjunshapegdand,[thus,] notwhat we think of as a traditional object in classical mechanics.

€ Classical me cshapimgthis [sirakirkintoahe forma thawveiseed that we think of as rulers
and clocks. And therebs some i nt er e $ntrakanignephbryatidles s g o |
norwaves, we ¢ an @deepererygdiccly get to that
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Sparse Universe Summary
» Space and time are secondary relationships generated by matter
» Information is sparse and strictly limited by total mass-energy
» Continuum math is an epistemic illusion of 1700s classical physics
» All limit-free uses of continuum math are epistemic errors
» Conserved quantum numbers, not particles, are continuants
» Particles are sequences of occurrent spacetime processes

» Force attraction (acceleration) defines classical time bottom-up

E Apabistia Notes 2025, 05071200(2025) 40 apa 2025-05-07.1200.pdf

[46:37] [The key points for the sparse information universe approach Spa¢e and time arsecondary
relationships; information isparse [and]continuum math is an illusioiviind you, the illusion of continuum math

can] be avery goodillusion. [For example,fif you [are modeling the dynamics agplid matterfwith its mind

boggling densities of information created by having so many fermions interacting and mutually bumping in close
proximity]you mi ght as well just c alsparsésituations[authiagnjindividualmat h .
particles going througfvast stretches of dark, empispace, you shouldot be accephg continuing math as the

best representation.

The continuanceld the stubbornly persistent entities that refuse to disappear except through pairwise mutual
annihilation of negative and positive fords] are quantum numbefthat bundle together to form what we think

of as n.pParticles acelinteresiing because, as | showed in that earlier pictSiele 35], what we think

was the particle going through a bubble chanjive®lide 33] is actually a sequence of occurrent procegses,

when concatenated in a closely spaced sequence bytrepga ibumpi ngd observations
each occurrent process, simulate the view that the bundles themdelvek e i p @& r arei funtlasental
continuantfeatures of the system. Insteatgy[are just agontinual sequence of thesery-shortrange occurrent]
processeghat] give the illusion of a particle at a large scale.

A lot of classical mechanics is defined in just that fashjoanse sequences of veskiortrange wave collapses
precipitated by thermal or radiation bumping, collectively giving the illusion of an independently persistent (or
continuant) entity. Such entities amet independently persistent in the universe at large, however, since without
constant observation, they revert to time and location waves. ifteinal structures of such entitiege self
persisting, however. The earlier example of this wa
if fully isolated from observation (bumping), becoming a location uncertainty wave in the spacetime of the broader
universe.]
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[47:25] Clocks are nothing more than recognizable cydlegh] the smallest recognizable cyclesfining the
smallest possible clocksYou can build them with just a small amount of information.

[47:34]Here are some cubés different scales of cubes. Why are these relevant?
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