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0:00 Terry Bollinger (TB) (Speaker): Good morning, everybody, or evening, or afternoon, as the case may be,
depending on which time zone youdre in.
|l 6m doing a topic that | 6ve actual |y iswdfrcensidemble mu |
interestSo,i nstead of just going over some of my same ite

bit of history of this topic, which turns out to be richer ariths more interesting threads than | realized myself
beforegetting into it.

The idea of a dual interpretation of reality in general is very common in philosophical this&ipepple have
worried about issues like this for a long time.

Now, where | find it very interestingAind hdow dvagpl ¥y
percolating up for over 100 years ndwterms of interpretation of the universe.

Sao justsome intriguing aspects the way people think about reality.
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Overview

. What is Dualism, Anyway?

Il. An Especially Odd Quantum Dualism
lll. William Sidis and Thermodynamic Duality
IV. Reversing the Flow of Time

V. Giving Each Timeline Its Own Universe
VI. Bollinger Dual Universe Quick View

VIl. Summary: What’s Next
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1:05Quick list I 6 v esevgniteims this time.

I 61 laboutadudalismand a éllow named WilliamSidis He 6 s an i nter est irmhgtwiehlar act
first encountered hi m, I sai d .IButwedefmitely quaified dasenearlyr e v
thinker about a dual interpretation of the univem®with a very uniqudtime] flow 6 a very unique takd on

what he thought thgtualism]meant.

And then you get intavhat is to me, the most interesting parttois: the quantum mechanical issues that deal with
dualism.

Anytime that dualism touches the issue of tithengs get interestingdhnd it 6 s a ,andtheeubjéceol t h e
multiple Nobel PrizesWhen people looked at quantum mechanics and the flow of itimeeesting and unexpected
things happen.

Also, some of thgreatest continuing mysteriesh at we st figébl abHappwdwiththie al |y

From a pragmatic viewpoint, understanding how this issue of duality and time, feorkemething like quantum
computing is extremely importanfor some of the first versions of quantum computihgsed to tell my friends
that essentially it waldipping ino to a loop of time Thatwas another interpretatipmoreof a kind of a nany
worlds type thing, back when | was more in that persuasion.

S0, you look at this, and the ideaisfairlysimgie you can do i nteresting games

going to have an impact on computation. Thatoés sti
about quantum mechanics.
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Part I.
What is Dualism, Anyway?

Apabls(\a Notes 2026, 0321120001 (2026) 3 apa.2026-03-21.1200.01.pdf

2:49What is dualism? F i r s tiye bdcleatlitflesbjtbecause I think [the history of this concept is important].
€ So, what is dualism [in history]?
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Dualism Just Means “Two Things”

» Historically, dualism exists in almost every religion and philosophy

» Given the presence of so many naturally occurring, easily identified
pairings of contrasting quantities, the presence of dualities in both
religion and philosophy is almost inevitable, e.g., to address:

» Day and night
» Two genders in humans and most (but by no means all) animals and plants
» Good and evil (as defined by a particular group)

> Ironically, modern life relies heavily on an extreme dualism

» We call this new dualism “bits” and use it to build “software”

EApablsna Notes 2026, 0321120001 (2026) 4 apa.2026-03-21.1200.01.pdf

3:09 It goes back, pretty much eveppilosophical school that you can finelyeryreligious schoolsOf t en i t 6
difficult to tell the difference between thosé/hen you go back far enough, because people were trying to
understand the world, and had a number of concepts to apply to it. One that keeps popping up, though, is dualism.

And itds not really that surprising. I f you |l ook a
obvious things |ike night and day, two different ge
people should realiz8hese are approximatiialities, because there are many different strategies in planets and
animals that are more complex than that.

And of course, good and evil, which is always difficult to define if you get to the details. What one person says is
goodoften is what another person would say is a very bad thing. So, not one of those simple concepts that you can
just do, but 1itds usually Phonekieddfii ni se@roms ©0f habme

Now, this is just to point this ou¥hat is the mdsdualisticage of humani t y ?twoadarguee 6 v e
that in some ways, on how you interpred itandmaybe with the growth of chatbots, even moredsowe arein

that age T tbecaudesbitois anextremedualistic concept. It literally says truth, false, this, that, nothing else.

T h at &@encepidh aht.

People do an enormous amount of work to make a bit work that way. People do not realize that bits are not trivial
in electronic systems. You havewwrk at them. You have to put in errcgcovery;you have to put protections.

You have to work against different kinds of radiation damage. People think that bits are just trivially persistent, and
this is not the case.

But once you get those into place, you cambinethem in complex ways. You wind up with this concept of
softwareAnd i f you want to | ook at some of the confusio
humans and machi nes, this kind of extreme dualism i
interpretations of reality. They havery much an eitheor type of interpretation.
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An Unusually Complex Historical Dualism

Yin-yang is a Chinese philosophical-religious duality framework with roots dating back at least
three thousand years

The idea, roughly speaking, is that a “primordial chaos” called gi (roughly, “breath of life”)
transforms into cycles of yin-and-yang that in turn generate geometry and matter

The yin-yang framework holds that this dichotomy exists in some form in all natural things, and
in the patterns of change, difference, and transformation of the universe.

The visual inspiration for the yin-yang figure is the sun shining on a hill

includes retractive, passive, contractive, or receptive concepts

Yang on the left represents the hill's well-lit southern exposure, and includes repelling, active,
expansive, and repulsive concepts

The dots represent the inseparable inclusion of each concept within the other, e.g., a well at
the top and a mound at the bottom
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5:30An example ofparticularly, like | say, almost any religion will have this. | will point out theyamg of the
Chinese philosophictamework.J ust because, in part, itbés so

ol d,

It is not a trivial dualityPe o pl e someti mes try to say itobs |liket
that]. That we just want to kind of smack on and say, you know, dark andllight s much mor.e ésubt

[ ik

Therebds al so an i nt e-yaagsymbal. gvelydnd hiad seen fhisnbol]. Bhad notrealited i s vy

this,butt 6 s actwually supposed to be a hill. You
you have the dark side of hills on the right.
And then you canalso]have an interpretatigdhatt her e6s a well or a hol e

A

have

at

t

t he

at the bottom[giving the two eydike effects] So itdés an ikmndafdognatationgo tHdhilli.t | e v
And[at that very physical leveli]t 6 s j ust s s&nyeigynsguatiorhoa the l¢ftls different fyom the lesser
energy situation on the rightut they still work together, and they have a role that they play with each other.

So,

i t 0 sé ihatfsuchsbaspty idualgoncepts of nature havegpne on for that long, anvith that]
enormouglevel] of thought and thinking people have put into it.
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An Early Exploration of Bit-Like Dualism

Fire » Computer scientists were not
011 101 @ . 000 the fjrst to push binary
@ S > dualism to represent more
s complex structures

» Some schools of yin-yang
interpretation classify the
world using three-bit binary
integer equivalents, with
earth as 0, heaven as 7

100

Thunder

» While lakes are nice, making
001 4’%@ them 6, adjacent to heaven’s
7, emphasizes this is not
based on modern science
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6:54 0ne[examplein this figureof that enormous amount tfinking that, as computer scientistyyhich| really
do find a little amusingjjs that in] one variation of the yiyangé you have 2bit binary numbersYou can see
those [binary number#j these little[solid and]broken bars, where the broken bars are essentially @demsyou
can interpret them ames whichever way you want to do it b tluélism.

So you can interpréthe broken barsis zeros, and thjsolid bars aspnes, and you wind up with a sequencé of
eightvaluegcoded into] three bits. So, whgou talk about an-8old way, not coincidentally, that is a total eight

different pathsn that [figure]

S0, [modern binary dualisml]isot t he first time people have goone
kind of dualism that undgirdsa lot of[natural]activities.
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Dualisms in Science and Mathematics

» Most of the dualisms of science revolve around the existence of
experimentally verified mathematical dualisms

» Mathematical dualisms exist when different formalisms capture the
same concept or data, sometimes without obvious reasons

» In quantum mechanics, a surprising dualism was the equivalence
of Born’s matrix mechanics to Schrodinger’s wave mechanics

» Two interesting dimensions of dualisms are:
» Embedded vs. separate: Does nature mix the two forms?

» Exact vs. broken: Does the dualism look identical from both sides?

» An unexpected dualism can open up powerful new insights
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8:01 Now, more interesting, | thing we | | Il wonodot say itds more interes
the physic® is we get into the dualisms in mathemat[d$ese are interestingecausgou have these situations
where[dualisms pop up unexpectedly].

Oneof my favorite[examples of such an unexpected mathematical dualism in phoegiegh when Schrodinger

came out with a wave equatién with wave mechanicd for quantum mechanic. | t Gesy paavérful ¢oncept

and t took people a lot farther than they had gone before. They were able to represent some situations about the
atom that they just had been no explanationdndthe wave mechanics helpgem]do that.

Then this fellow named Born was noodling around with matrices, which were a relatively unknown mathematical
framework at that timeAnd he starts coming out with the same predictiassSchrodinger].

So, Schrodinger took a special interest in this, and with considerabléwarkouple papers on thds he showed
that,yes thesdtwo very different methods, wave equations and matrieesjally are equivalent.

And t hat was not obvious. It was it wStheodingert t otw& 6§ 0D @ ¢
obvious to BornBut they both knew thdiothframeworks seemed to work.

I think Bom was even more surprised, because he just kind of jimatit by trying to organize a bunch of small
equations into a more regular table formamnjdAsomeone, | think, told him and said tliaty e athikat 6 s a ma
youbr e udlesaygi O,itie?0 e[ S o startB divingihto that bit of mathematics, and then he finds out

that it does aeally good jobof embedding thedgiuantum]concepts.

So,in quantum mechani¢cyou havea place wheréheideaof these dualism8 mathematical dualisn® comes

out in avery pointed fashianTh e g rdoralways symmetricalSo, there ardifferentforms of dualisms in quantum
mechanicsin some casegthe two partsjseemidentical in other cases, they seem vérgpken Sg, you have a
whole school of analysigh quantum mechania$ in particle physic® wherey oudér e | ooki ng at
waysof interpreting the symmetries that go between thésd most of tese symmetries aseme fornmof dualism.
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This has proven to be amcredibly powerful strategy for decadebhe idea that if you can represent a situaiion
nature andprovably shawth at t h e r e 0 mathematical fokiffomith and that mathematical form has an
equivalentform. Often you can get someewinsights that you could not have gotten waither oneby itself.

So,this is agood approaclior getting interesting ideas and als@ somevery unexpected insighia many cases.
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Part Il.
An Especially Odd Quantum Dualism
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10:390ne of my favorite quantum dualisms is the one
necessarily describe it as a broken duality.
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The Original 1920s Dual-Holographic Universe

» One of the oddest dualisms found in early quantum mechanics was
that the universe supports two equivalent four-dimensional spaces:
» A location-time coordinate system that all of us use every day, and

» A momentum-energy coordinate system that uses coordinates that are
not at all intuitive, yet are powerful and equivalent to location-time

» These two are equivalent to each other through a delightful bit of math
called the Fourier transform (and its almost-identical inverse)

» An interesting bit of trivia: The Fourier transform is what makes
holograms produce images when you shine light on them

» Thus, these two dual spaces are literally holograms of each other

EApablsua Notes 2026, 0321120001 (2026) 9 apa.2026-03-21.1200.01.pdf
10:49B u t I think youdre missing something iinfterms@fta don¢
dualistic symmetry going on here. And the pointis very simple.d | 6d be curi ous, ask 'y
has told you this before. I assure you itds true,
emphasize. The universe is not one fdumensional network. It is two fotdimensionahetworks.And the two
four-dimensional coordinate systems have a relationship to each other that is very precisely defined.
Although if you try to push itand try to use one or the other, you can get in situations where it starts getting very
di fficult to describe whatoés going on the other sid
And this is the location time versus momentum energy coordinate systems.
So, everybody has an intuitive feel, webre built f
compl ex ways. Our wunderstanding of |l ocation is not
Neural architecture goes into that.
But we have this very intuitive idea that something
And then it has a location and time, the time moves ahead.
That seems very intuitive.
Hmm.
The other system that is not intuitive.
I'tds when you take something that we think of as ju
And as the total energy content of the system, and turn that into a coordinate system.
Even saying that, itds not terribly intuitive. You
|l ooked at t his, the 1 dea that energy i sé
I n some way, an eqgui syarhetyetween imeandenergy, a tramgltetweéehtéerre and s a
energy.
That 6 s nldChucldehiwdioafiddithat, you know, a straightforward concéptand yeti t 6 s very

there. In fact, that particular symmetry between @mgkenergy is one of the reasons why strange things like double
slit interference happen Wwhy&®u have the antjilare coatings on your glasses. All of these involve that very
symmetry.
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The math that goes between these two is a Fourier t
thing, just from the other perspective.

The math is both ways. These areé these are wave e
If you have a regular frequency, like a radio wave.

You get, if you | ock onto that frequency, it gives
Fourier transform! You do that in your radio all th

realize were Fourieransforms. But anytime you say that | have a long wave, but it has a repeating character.

And then | can define that repeating character, and then | can define a number, a location, a fixed value.

then that gives you the other side of that dvuality.
I think itds just delightful

is that these two have a relationship with each other that is very much like holography. Holography is where you,
you know, you look at this sheet, and it has an image, pops out at you. We have them on our credit cards, pretty
easy to find these days, libere was a time where it was extremely difficult to find good examples of holograms.
Wel | | these two spaces each contain the informatior
go through this wave translation.

Well, that turns out to be about the same thing as holography. So, | always find it interesting when people talk about
the modern concept of holographic universe.

We mi ssed something really cool and really importan
Theyodove had holographic interpretations of real ity
functions.

Because a momentuapace wavefunction is a hologram of the locatiore wave functionand viceversaSo i t 6 s

like these two are sitting here having an image of each other, and kind of peering at each other.

But itbds al so ay, because/timd giveskue the abilityrtonhavie the universe moving fofimard
time,Jas we think of it. You donét see that with ener g\
of Il ocation in | ocation space, it doesndt matter wi
far apart.

I n momentum coordinate systems, itds just the oppos

like this momentum space.

It gets very high energy very quickly.

So you wind up breaking that. So0é so the symmetry
cleanly defined in terms of the mathematics.

| f youbdbve never | ooked at Fourier transfor ms, i tos
piece ofof mathematics, and tell us a lot about the world because of this relationship. Many of the strange things
come from both this relationship and theiousway t hat i tds broken.
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Matter Can Reside “Mostly” in Momentum Space

» The matter we see in everyday life
lives “mostly” in location space

» When matter resides “mostly” in
momentum space, very odd things
happen

» The illustration (By Hinkeldornchen,
CC BY-SA 4.0) shows what happens
to copper conduction electrons that
“live” mostly in momentum space

» Superconductors and Bose
condensates are also examples

E Apabistia Notes 2026, 0321120001 (2026) 10 apa.2026-03-21.1200.01.pdf
16:06An exampl e of that break, if you see this l|little
look like

When you put them in a metal, in this case it was copper, | think is this particular example, you could do a sculpture
show with these things. Each metal has its own set of surfaces where the electrons have an identical energy level.

And they |l ook very strange, but é

I would evené | would even emphasi ze, theybébre even
momentum space, someti mes you may have heard it in
Boseé

Einstein condensate. T-Eehédcéin d¢doveernshatte .t elrtmi s Bwls

usually electrons, sometimes hydrogen atoms, sometimes atoms.

More often atoms these days are getting better and better at it.

And you put them into what you call a condensate in momentum space, that same weird space he was talking about
You can put matter into it. You can stuff things into it.

I'tés not al ways easy, in fact, wuswually itds pretty
But you can do it, and when you do it, wow, things get weird.

So if you look at things like superconductors, those are Bose condensates. Those are electrons that have decided 1

say, yeah, | 6m boinené witwhfalll dhndtspake being | oc
pl ace. | 6 oraligeyis thegword that they bften use with that.

Well , ités more than just delocalization. Theyodre a
I want to join the other side of the universe for &
to be down, |l dondét want to be free, | want to be f

So, an electron in a metal, one of the things that makes metals what they are, where they reflect light, where they
have strength, where they carry current, is because the electrons in it do not behave like particles.
They behave like these wave functions that are cast over the entire system.

So ités aé and you wonb6t get that when people empha:
Because that kind of skips over that whole thing. Yes, you can always convert them back into a particle.
But you also are missing that some of the most int

forced them to become patrticles.
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So, we have quantum mechanics. Every time you get a piece of wire, every time you have an electrical current, that
is very intensely quantum mechanical. That is not something that happens in the classical world. We have these
little images of electronsjus goi ng t hrough the wire. I tds never t he
And if you try to make it that simple, you lose a lot of the richness of this. So, matter can be in these spaces, so what
does it |l ook Iike when itdéds there? |1toés al soé
interesting, because theyore not even points. When
that s showing up here.

The electron actually is a shell in that space, so if you look at the representation and say, how does this electron

| ook in that momentous space? I tdés not a point anyn
And this usually does get skipped. When people talk aboutaBose st ei n condensate, the
particle

you know, they call it a Fermi sea, and they just pile up on top of each other, just like a regular ocean. No! That is
so not what is happening. They actually form shells, and the ones in the interior of the shells have the lowest energy.
Then you pile them on, and it just keeps getting thicker. Remember | said, farther apart, higher the energy. So they
build up, build up, build up, build up, until you wind up with these incredibly high energy levels.

for the outermost electrons in those shells. How high is the energy level?

Well, someoneédés actually done some checks on this,
on the outside part of that shell.
which are actuallyé they are the outside shell, the

in the X-ray domain.

And literally, if they all fell down back to the ground state.

And you were holding a piece ofé you were near a pi
Therebds that much energy stor-eg s$smeltlhe isnm |l memenmntumt
classical equivalent to that, and these shells look like this.

So, what I 6m trying to suggest is that if you want
And just realize that even everyday things maybe ar
to |l ook when you |l ook into theseé this whole idea
electron band.

Electron band is one of these constructs. I'tds one
fascinating area, well takené well worth taking a |
Stretch your image of what theé what the worl dé uni
This is,

Again, my apologies, this isé
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Photons Live Mostly in Momentum Space

Because photons exist mostly in momentum-energy space, they lack
simple locations in space and time, leading to baffling phenomena

A Foot-Thick “No-Glare” Glass Plate “Loses”
Photons in Time for 2 Nanoseconds

1 foot (0.33 m) of “no—gli“e\for that frequency” glass ( 100% R
pa ~N pass
/—<100% never reflect> | through
individual 1 P
hotons ~1 nan e
ofpa i 5econd (one billionth of a second) \
frequency Photon “sees itself” ~2 ns later =, e {:}

N

Two nanoseconds after the photon hits the glass front, its reflection
from the far side of the glass cancels the existence of the reflection

E Apabistia Notes 2026, 0321120001 (2026) 11 apa.2026-03-21.1200.01.pdf

21:101 was not coughing this badly yesterday, but | am today.

This is a slide from my | ast presentation, but itds
different dual relationships.

You have this concept of a photon going through a large piece of glass.

And yet, if you set up the geometry right, it sees itself 2 nanoseconds after it entered the glass.

And because it can see itself 2 nanoseconds in the future, or in the past, whichever way you want to look at it.

It says, no, Il 6m not going to reflect. Il 6m going to
You only get thisé When you go through this, Concep
of a momentum space in which the idea of time has &
l 6m worried about ot her things, l 6m worried about f
And as |l ong as you donét poke at that photon whil e
agai n. But if you dondédt | ook at the photon, if you
Then it does its own I|little thing in this very stra
perspective.

Many of the things that you do with |Iight are for |

QED pointed out very well.

is one photon. This is not a wave, this is not a herd of, you know, a gazillion photons doing this so they all interfere
with each other, no.

One photon does exactly this.

And then you sum them all together, and a whole bunch of photons give you the effect of a wave, but the wave was
there already. The wave was there in a single photon that was trying to do issues like this. And it makes use of this
marvelous little dualitppetween momentum space and location space.
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23:13Which will bring me on to a broken duality. And again, this is just a fascinating fellow.

And | é& | woul d

f eel

gui l ty

i f

di dnodt

he certainly took a look at this from a perspective that is different from most.
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The Curious Case of William Sidis

» Sidis is often claimed to be one of the smartest people who ever
lived, but he dropped out of academic society early in his life
» He did write (but did not promote) one interesting book:

W. J. Sidis, The Animate and the Inanimate. The Gorham Press, 1925.
https://archive.org/details/TheAnimateAndThelnanimate.W.J.Sidis/mode/2up

> In the book, Sidis proposes two “co-mingled” universes:
» The first universe, the one we notice most, follows thermodynamics
» His second universe consists of a process that reverses entropy
» He proposes that only living organisms can access this entropy reduction
» He explicitly invokes the old (Lord Kelvin) belief that life defies entropy

» Worth noting: If reinterpreted as “probability bending,” Sidis’ second
universe resembles behaviors seen only in momentum space

E Apabistia Notes 2026, 0321120001 (2026) 13 apa.2026-03-21.1200.01.pdf

23:35So0, you may have heard of William Sidis, and | 01
Sidus. But, William Situs.

He, for various reasons, has been promoted as being one of the smartest, or the smartest person, depending on wi
youdre talking to. He was a very smart fell ow.

But ité things did not work out well for him. He wc
the science side, but also just in general.

And, so the hopes that people had for them never really,

added up that much, which is unfortunate, because he was a very good thinker. But he did write an interesting little
book.

And ités easy toé itds easy to find it on the inter
And, itdéds an interesting read. Now, his book, the t
back in time to a different

Phil osophical Perspective, which is the one that yo
Now, scientists is careful not to phrase it this wa

And Lord Kelvin was one of the many people of his time that had this idea that life had a special force, a special
something or other, that allows it to do things.

That is not a popular view for some very good reasons, because it still is subject to all of the rules at the atomic and
mol ecul ar | evel of thermodynamics. We stil!]l see t he
just that this is clesr machinery.

And that gives you a better, more encompassing envelope. But Sidus was trying to point out and say that, yeah,
thatdods true.

But if you look at what life does, as Lord Kelvin also said.

ltdsé itds just defined the application of entropy,
continue to kind of, you know, scatter and break and go down to smaller, smaller pieces.
And at the overall energy | evel, thatés irreversihbl

But within that, you have these interesting little pockets where something called living organisms are very good at
restructuring things.
So instead of dying, it heals. Instead of disappearing, it gets more complex.
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So, he | ooked at this and wanted to interpret this
dual universe.

That has its ability to reverse entropy. Everything else, the laws of physics, are trivially reversible between past and
future, except for entropy.

And he proposed that therebs a subset of activeé of

That certain types of material systems, theyore sti
No w, one of the reasons why I took the trouble to n
talking about is very similar to the asymmetry that we see between location space and momentum space.

Momentum space is capable of doing things that dono

t hat shoul dndét have happened.

by any kind of classical analysis. One of the examples

And | think,

This comes up in one of the later slides, but one of the examples is, if photons were truly just particles.

We would not be having this conversation.

I f thatodos all they wer e, if they were just particl
photon would get lost when it goes through the lens of your eye.

It would just bounce around there like a pinball, and we just have no idea where to go.

Photons cannot get through a complicated Prdtiéal, molecular.

kind of weird thing that we have that we call the lens.

Unl ess they were able to just kind of smoosh right

I dondt <care. I dondt, you knowé | know youbre want
it.

And the way they do that is by hiding in momentum space. Photons are very good at hiding momentum space, so

t heyol | follow to a certain degree and say, oh yeal
gonna look at it a little bit morefugz, because | have very | ow energy, s
You have this relationship with time going on that allows it to blur things. So,

when Sidus is talking about this, every time | 06ve r

I wonder, and | wish he had known more about the mathematical precise forms of momentum space, because | think
he might have had an interesting

Take on that. But again, he started off, it was in the 1920s.

And it just, never went anywhere, so | didndt get a
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Sidis Quotes

The Animate and Inanimate, Preface, p. 3:

“IMy] ... theory ... is based on the ... reversibility of everything in
time; that is, that every type of process has ... a corresponding
process which is its exact reverse with respect to time. [We already
know this to be true] for all physical laws but one: the second law of
thermodynamics. ... We suppose that reversals of the second law are
a regular phenomenon, and identify them with what is generally
known as life.”

» Rephrasing the idea: Can living organisms bend probabilities?
» When asked this way: Yes, of course they can

» An example: Photosynthesis uses quantum mechanics to transfer photon
energy reliably

Apabistia Notes 2026, 0321120001 (2026) 14 apa.2026-03-21.1200.01.pdf

28:43The book is called The Animate and Inanimate.

And he says that, this process that living organisms can do.

Is reversed entropy with respect to time.

He doesné6t address real well the idea about, you kn
as you have an energy feed, you can locally violate

the entropy, rule. That is, you can make something locally become more complex, but you still have that energy
cost.

And he gets into a little bit Iike that, but Cytus|
something really interesting is going on here, which seems to be at the physics level.

That is, itbébs not justé itbdbs not as simple as just

machinery. Hedbs saying that, yeah, ités machinery,

That we dondédt wunderstand. This is an idea thatoés a
intelligence, which is purely mechanical and has a great propensity towards entropic decay.

So, can |iving organisms bend probabilities? Yes,

bending probabilities. Youb6re going from, |ike, a \

purely in terms of mechanical

Types of systems that you can emulate that with just, you know, literal balls and mechanisms and levers.

That gets a little dicier, because what we see when we look closely, is that mechanisms, for instance, a good example
is photosynthesis. It has to have quantum mechanics

to do its transfer. So itds not as simple as saying
but ités a machine thatés using quantum mechanics,
these two different

universes, the location universe and momentum universe. The momentum universe gives it additional properties
that you candét access otherwise.
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Probability Bending in Photosynthesis

» An example of biochemical probability bending:

G. S. Engel, Quantum coherence in photosynthesis. Procedia Chemistry 3 (1), 222-231 (2011).
https://www.sciencedirect.com/science/article/pii/S1876619611000684

p. 229: “... Superposition states ... ‘coarse-grain’ the energetic landscape,
permitting the [photon energy] excitation to avoid narrow traps. In the same way
that [a larger soccer ball rolls easily down the hill while] a small marble ...
[becomes] stuck on each blade of grass, these superposition states permit
[faster] sampling of the ... landscape. ... [Otherwise,] the excitation would rattle
around such a ... landscape forever.”

» Like photons that get “lost in time,” being located mostly in
momentum space keeps photon energy-transfer packets
(“excitons”) from “seeing” the small, noisy details of proteins

EApabls\\a Notes 2026, 0321120001 (2026) 15 apa.2026-03-21.1200.01.pdf

30:47There are a number of papers on this topic. This one is a nice one by G.S. Engel.

People found outé Back in theé

Back a few years ago, they found out that photons were doing this marvelous little trick where they have, with
almost 100% reliability, a transfer of the energy from a photon across some interesting barriers inside of the photo

complex.
And, this is complicated.
You know, so if Ilife is bending probabilities, it o

This is highly structured stuff.

And the machinery inside of these photosynthesis complexes is able to convert the likelihood that that energy would
just dissipate and go poof, and then, you know, no photosynthesis.

And then convert it to, a direct

Pat hway in which it goes, to theseé this other sit
otheré other forms of energy storage.

So, this particular author compares it to the diffe
The difference between The exciton, which is an energy particle ;jparisile.

it gets stwuck. I f it was an actual particle, it wou
Il 6m gonna whack this protein, everything blows up a
I nstead, itodés able to kind of fwuzz that i mage out.

Go through a bunch of fibers, and ultimately wind up going right back to the location it was, without getting lost in
all those little details.

So,beingnoppar ticle, | i ke having essentially bloated in
itds not just space, so these particles, that they
t hi sé btehiasbltece t o be abl e t

ltés critical to get this to worKk.

And, |life makes good use of iit. They make betteré o
in a lot of our giant quantum systems that we try to build.

ltdés more efficient at it itds better at getting,

Room temperature, quantum mechanics, because all of this is going on at room temperature. This is not some supe
cold thing, this is photosynthesis.
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So, these systems that you see in cells, these biochemical systems.
Theydébre good at this, but itds not by accident. It o

Temy Bollinger CC BY 4.0 A Dual-Universe Mode! of Reality March 21, 2026

Nobel Laureate Hopfield on Probability Bending

J. J. Hopfield, Electron Transfer Between Biological Molecules by Thermally Activated Tunneling.
Proceedings of the National Academy of Sciences 71 (9), 3640-3644 [Sep.] (1974).
https://www.pnas.org/doi/abs/10.1073/pnas.71.9.3640

p. 3640: “The overall effectiveness of ... photosynthesis ... depends both on there being a large
electron transfer rate for desired transfers, and a small rate for inappropriate transfers. ... The
simplest ... coupling of electronic states to molecular thermal motions ... to calculate the
temperature-dependent electron transfer rate ... involves tunneling. [p. 3644] ... The tunneling
matrix element is generally not appreciably temperature dependent.”

J. J. Hopfield, Kinetic Proofreading: A New Mechanism for Reducing Errors in Biosynthetic
Processes Requiring High Specificity. Proceedings of the National Academy of Sciences, 71 (10),
4135-4139 [Oct.] (1974). https://www.pnas.org/doi/abs/10.1073/pnas.71.10.4135

Abstract, p. 4135: “The specificity with which the genetic code is read in protein synthesis ...
can be increased ... by a process defined here as kinetic proofreading. ... Known reactions
which ... appear ... useless or deleterious ... are ... essential to the proofreading function.”

E Apabistia Notes 2026, 0321120001 (2026} 16 apa.2026-03-21.1200.01.pdf

33:34A recent Nobel laureate.

One of myé one of my comments | 6ve said a couple t|
these two papers, as opposed to the paper that they actually gave it to him, primarily for. And the reason is that on
these two papers, he was gejtat this issue.

He was really saying, l i ke, oh, yeah, t hereds somet
really intriguing about how we get the photosynthes
one of the earliest people to address that, back in 1974.

But he also pointed out that thereds an even more

onebsé that was interesting, because i f, you know,
A machine to process chemicals.

The way we do it is we build this really rigid tube
no chance itds gonna | eak.

We make sure it goes here, and you want the chemic
l eaking al/l over the place. So, youdd | ook at it, vy
when itds t a&ndputingatmprotens.aci d

No, not at al | . |l tds kind of the ot her way around.

he says, useless or deleterious.
Chemicals in that environment turn out to be essential to the proofreading, to making sure that the code worked
right, to make sure that you actually produce a working protein.

We donodt know how to do that. We can see it, we can
a machine that does this.

We candét access that quantum part, at | east not wit
what those ar e, then we can always do that. But to
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And we donét understand how this works. Il truly

Wi s

especially back in the proofreading, | think that is just some very interesting physics going on here. Something that

might have made Citusappen if he had lived and, you know, stayed active longer.

Tenmy Bollinger CC BY 4.0 A Dual-Universe Model of Reality March 21, 2026

Can Ambiguous Time Improve Probabilities?

» Definitely! See examples on the previous two slides, where it can:
» Help direct energy by making moving energy packets “self-interfere”
» Reduce the odds of deleterious chemical reactions even in chaotic settings

» A specific example: If you send a photon out randomly and
nominally in any direction, then, classically speaking, it should be

almost impossible to recover

» But what if you use a quantum 27

device better known as an g | W
ordinary lens to improve odds? - _____fj::}?s_:*
> Notable: The photosynthesis N
method used exciton lensing

EApablsua Notes 2026, 0321120001 (2026) 12 apa.2026-03-21.1200.01.pdf
3548Now, herebs a simple example, but | want to poini
One of the things about <c¢cl assical physics is that w
about quantum physics.
And | gave that as an example of metal. When you | o
That is so quantum, itbdés hard to express how quantu
Because the electrons that are bouncing that image right back at you in a smooth, current fashion
are in the Xray range, in terms of their energy.
Theycanonlybeinthe-Kay range because they have this pile of
momentum space representation.
What looks like a simple action, once we get out of the habit of just accepting it as a given.
turns out to be extremely complicated and extremely quantum. Well, guess what?
Lenses are another example. I f a photon, and this i
|l 6ve said a couple times. I f a photon just went out
And just shot out. Photons move so fast, that photon would be gone forever. Your chances of finding it would be
so close to zero that justé therebds no hope. So | s
fix that?
Wel | , yes, there is, and thatos whatdés remar kabl e.
If a Il ens takes all of theé a big chunk of those pr
and goesé plays certain magic again. This is machin
does it, but if you have a very precise design to i
then itdéds able to redirect the probabilities and s:
know youdre out, who knows where.
But, you know, | 6m gonna force all those possible v

you can wind up getting an extremely high probability
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that the photon winds up right here at the focal point. This is what our eyes do all the time.

This is also whatdés going on in the photosynthesis.
dondot think of

Very often, ités called an exciton, an energy exci-t
But you still see the same effect. So ordinary lensing, which we tend to think of as a trivial issue.

is actually a bending of qgquantum mechanics, and see
at theé at how | i fe works. So, fascinating little t
Photons, because they live mostly in momentum space.

are agreeable to this. They say, I|like, yeah, okay,
domain, but if you want to put one of these devices.

Al right, Il 6m with you, Il 6m with you, | can do it.

Tenmy Bollinger CC BY 4.0 A Dual-Universe Mode! of Reality March 21, 2026

Part IV.
Reversing the Flow of Time

E Apabistia Notes 2026, 0321120001 (2026) 18 apa.2026-03-21.1200.01.pdf

3844Nowé | 6m gonna get into a different dvuvality, stil
But that is reversing the flow of time.
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Dirac Predicts The Backward-Moving Positron

P. A. M. Dirac, A Theory of Electrons and Protons. Proceedings of the Royal Society of London.
Series A, Containing papers of a mathematical and physical character 126 (801), 360-365
(1930). https://royalsocietypublishing.org/doi/pdf/10.1098/rspa.1930.0013

p. 361: “Let us examine [a] negative energy [electron state] more
closely. ... [Its] trajectory [in a given electromagnetic field will be the
same as] ... an ordinary electron with [charge -e and] positive energy.
[However, it will] move in [a] reversed [direction within that trajectory].
[Notice, though, that this reversed movement is equivalent to a new
kind of] electron of charge +e and positive energy moving in the
[same reversed direction in the] electromagnetic field. Thus, an
electron with negative energy moves in an external field as though it
carries a positive charge.”

EApabisna Notes 2026, 0321120001 (2026) 19 apa.2026-03-21.1200.01.pdf

3853This is where you get to the parté this is where
Dual i ntermi xed uni verses, thatd6s oneé thatods one ¢
idea you have a duality thatés absolutely there rig
That has two different ways of looking at universe, which are equivalent and yet severely broken.
But you also have, starting in particular witheée it
What a mind. Dirac is justé | é Dirac is justé | dor
he thinking? You know, itds strange stuff. Feynman
Feynman much, butoé ebdutD,i rla cndesa nw,o r hke

And went to great trouble to find copies of his papers, because Dirac had this just unique way of looking at things.
And Dirac came up with this point when he wasé

pl aying around with his matrices. He didndot even Kk
versions of, essentially complex numé more el aborat
A little bit akin to what we would call quaternions or hypercomplex numbers, but he was playing with that, and he
di dndét even know what he was doing. He was just sa
months on it.

just kind of poking around on it and saying, how can | get a mathematical representation that works? And when he
got that representation, a matrix representation.

He noticed that something was pretty wonky about it. It would give this idea of an electron packet, the idea of a
compact wave function that approximates a particle.

could have two solutions. One of the solutions was just an ordinary electron, it goes forward in time.

But he had this other way that said that if | took that same wave function that | just identified, and | have an
electromagnetic gradient, so | have some kind of a complicated field here.

And, | put that thing into it, it would move in the opposite direction.

So, he was looking at it, saying, like.

If it moves in the opposite direction, that would reverse the energy issue.

And suddenl vy, | 6ve got a real particle with positiyv
And this is called, now, the positron. By the way,
it into a proton.
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You know, and you see this over and over again in the early science of these things. We have two main particles
that make up everything that we can see, like, you know, the neutrons were a separate issue that came up later.
But you see these protons, you see these electrons,
They wanted to make that into that. So he immediately leapt to the idea.

that the proton was this particle, that this wave function was that. Well, that proved not to be true.

But what turned out was true was he had predicted the first example of antimatter.

And the way he predicted it was that he has it goi
Anytime you play with these time reversal symmetries.

Oh, is it easy to get things messed up. It really i
and talk about seeing a film going in reverse. Yeah
youdve ac tcedadmle gonversidng beforeiyou even make that statement. So you have to be very careful
how you state these symmetries in this. But he mad:¢
goes backwards in time, it has positive energy.

So itdébs really not, you know, it is part of our uni
an opposite charge.

So, he found this symmetry, he didndt know quite wh
prediction. This is a mathematical prediction. This

worked hard on it.

And he comes up with this prediction that he didnot
But he knew that the math was accurately mapping what he was trying to do. He also had inspiration. Dirac always
had inspiration.

It was hard to figure out where he got his inspiration sometime, but he, you know, he also had this idea of linearity
was extremely important. Why did he think that? He
about things.

But, he came with his prediction.

Tenmy Bollinger CC BY 4.0 A Dual-Universe Model of Reality March 21, 2026

Wheeler Takes Reversed Time Farther

At his Nobel Prize Lecture, Richard Feynman recalled how, in the
Spring of 1940, John Wheeler called him with a truly wild idea:
| received a telephone call one day at the graduate college at Princeton from Professor
Wheeler, in which he said, "Feynman, | know why all electrons have the same charge and the
same mass" "Why?" "Because, they are all the same electron!” (...) | did not take the idea that
all the electrons were the same one from [Wheeler] as seriously as | took the observation that
positrons could simply be represented as electrons going from the future to the past in a back
section of their world lines. That, | stole![?]

» Wheeler had Dirac’s positron idea to a whole new level, postulating
an entirely new antimatter universe residing “somewhere” in ours

» This idea was very much testable, but proved not to be true

E Apabistia Notes 2026, 0321120001 (2026) 20 apa.2026-03-21.1200.01.pdf

43:20So0 thatodéds the first i dea of t hisé
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particle thatods, in some sense, going backwards in
got the time, so he kind of kicked offé kicked off
John Wheeler.

The most interesting phy¥0sevasiMheelerfslash RegnmhnaWhen yduggét thasé t
two together, theyé they were fun. Theyé theyé t he
conservative guy. Hrealce shis twdrke | wgnutg just do s liketlata i d, | et 6's

So, they would, he got a phone call, | know this story. He got a phone call from Wheeler one day, he said, Richard!
Ri char d! I donét know if he called him Feynman or w
Fine a minute, | know why electrons all have the same charge. | understand it now, why they all have the same
mass, and find meé

| could almost see it in front of his face, say, okay, yes, what is it this time? Because he knew that Wheeler could
go off on some interesting tangents, and was also a very good physicist.

So he said, because theydre the same el ectron! I t O ¢
and backward, and forward, and backwar d, and iitbés |
this impression that Feynmarsjusort of said.

Oh, okay, okay, John, we got it there. But he also says it got him to thinking.

You know, and as he stoleé as he tells in the Nobel
say, practical. He said he didndét try to put it in
uni verse |l evel. They say that, yeah, thereds someth

see this backwards in time duality starting to pop up.

And it was good for Feynman. It got him a Nobel Prize. This quote is from his Nobel laureate lecture.
So, they had taken the idea of duality of time.

Wheeler had taken it to a whole new level.
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Wheeler’s One-Electron Cyclic Universe

Back-and-forth
paths of a single
particle (electron
up, positron down)

Some remote
antimatter
galaxy
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45:32Now, whaté What Wheeler thought was going on i s
There was a theory at that time that the universe had two events, that it was cyclic.

that you had the Big Bang, but then everything would go back together, and you have a big crunch, and the Big
Crunch would then turn into another Big Bang, so ju
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Back and forth.

This is famously documented in the second oHthet c¢ h IGuide ¢orth@ Bniverse books.

By the restaurant at the end of the universe. The idea is that you travel forward in time.

And thereds this restaurant where you can watch the
mean, if you could survive that.

So, literally, he used that physics idea, the same one that Wheeler had used, to come up with this idea for the

Hi tchhi kerdés Gui de, which is one of the reasons why
some real ideas in physicsdadid a good job of it.

So whatodés wrong with this idea? | can remember when
hard to see

if the predictable consequence of this was in existence. And that consequence is this, that you had to have galaxies
an equal number of galaxies, made out of antimatter.

So you had the matter gal axies, which webdre in, but
which were taking those same el ect-nillyrvsuhévato kaveisomet i me
kind of spatial separation, because, of course, matter and antimatter, when they go together, bad things happen. Sc
this was a very specific pdiction, and there was quite a bit of work done at the time.

to look for the possibility of these galaxies. The net result? No, there was nothing.

It would have produced levels of radiation that would have been trivially detectable, even if we had the astronomical
separations.

The current strindike vortex constructs of the galaxy, the universe that we now know exist.

just absolutely could not tolerate something |ike t
like matter tornadoes. You see these long filaments that they show you? Those things are twirling.
Theyoébre twirling the entire galaxies, and theyodore |

for this idea. But it was just such a marvelous idea. And Wheeler was getting, at an important point.
Which is this, why are all the electrons exactly the same? If you just made copies of them, the copies should mutate,

they should change, they should be a little differe
Practical physics is unbelievably well
united across the universe. And this is what Wheel e

reality to all those particles.
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Feynman’s Smaller-Scale Dual Time Concept

R. P. Feynman, The Theory of ~2 photons
Positrons, Physical Review 76 (6),

749-759 (1949). created
https://authors.library.caltech.edu/reco
rds/vysv7-c2b63

“It is as though a bombardier (_«:;:,enen:z::s»
flying low over a road illusi
illusion

suddenly sees three roads,
and it is only when two of
them come together and
disappear again that he
realizes that he has simply \ 4
passed over a long

switchback in a single road.”

forward time
backward time

e’ectron

~2 photons
destroyed
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48:19So0, Feynman scaled this idea back.

He still l' i ked it, but he sai d, you know, okay, |
something with this. And what he did with it was he came up with this idea that

What happens if | just do this over a short rage?

And | have these events in which, you know, photons can get destroyed. By the way, two photons can annihilate

each other and produce an electron and positron. It
photons

and produce an electrgno s i t r on p ai rknowtima ihvérse oftthe asudl rosesse r

And itds usuallyé it can be two photons. | f youbve

then it has to be exactly two. But if you have some matter hanging around an atom or something, you can get much
more complicated in hothe photons work.

And then theredéds the other event, is that the two p
createé or the two photons get created when the el
This is when electroné when matter meets antimatter
But Feynman had thisé in his paper, he describes th
And it was a wartime era, so he used a wartime bombardier flying low. But he said that you could see, three roads.
They said, oh, thereds three roads down there. But
no, actually, thereds only one road.

But it does a switchback. It goes back and goes up this way, then it comes back this way, and goes out this way.
And it actually reflects, and uses that kind of terminology, it actually reflects off these explosions. So the electron

goes up here and goes, oh, bang, okay, I dondét want
And you go, bang, oh, okay, now I 6m gonna go the ot
Because from its perspective, thatoés also a bank. S
Wheel erds idea.

And saying, we can look at this and realize that an electron may go forward or backward in time. Same electron.

And we just interpret that differently.
So, | remember | was in a bookstore once, and | was talking about, to someone there that worked at the bookstore

about, about Feynman, some of his ideas.
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And | é | mentioned this one, and weé webve been hay
said, wow, you have noticed about the electron going backwards in time. And | could just see it on their face, they
go li ke, oh, tokay, st lisn iHatcrsaaff. And, | was so ar
| was a little chagrined, but | also was so amused, because |, you know, | wanted to say, this is what he got his
Nobel Prize for, you know, so I &dm not just talking
So wild-sounding. If you stayed as bluntly as Feynman did, that, yeah, it sounds a little crazy, like the idea of
bouncing off of an explosion in the future and coming back, going backwards in time.

And some good science fiction has wused that idea f
this, with entire
you know, beings and spaceships, and not just indiyv

it gave him an ability to mathematically quantify and predict

How electrons, positrons, and photons behave.

And if he had not done that, he would not have gotten the level of precision that he did.
So, no matter how strange this idea sounds, the idea of electrons going backwards in time
Is real enough that it aids in calculation.

And thatoés al ways one of your tasks. I
Mat h can give you insights, but math a
calculations if you followhis approach that he came up with, and it worked very well.

f the idea | ¢
|l so should gi
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Sidenote: Beware of Chatbots for Research

» Every few months, | try reading one of the “Al Summaries” that
Google will not allow me to turn off

» Every attempt contained some level of egregious error. In this
case, it confidently assigned a quote from John Bell to Feynman:

WRONG RIGHT

mugle feynman views on the Everett many-worlds idea The power of the inler]»)relaﬁun began to be appreciated eve}n by people
reluctant to endorse it fully. John Bell noted that “persons of course multiply
with the world, and those in any particular branch would experience only
AlMode Al Images Videos Forums Shopping Shortvideos More ~  Tools ~ what happens in that branch,” and grudgingly admitted that there might be

something in it:

4 AlOverview The “many worlds interpretation” seems to me an extravagant, and above all an

Richard Feynman was highly skeptical of the Everett many-worlds interpretation (MWI), extravagantly vague, hypothesis. I could almost dismiss it as silly. And yet ... It may

describing it as "extravagant” and "extravagantly vague". While acknowledging its

potential to address EPR paradox-related issues, he found the implication of a

“universal wave function” creating infinite real worlds to be fraught with serious to see if this is really so. And the existence of all possible worlds may make us more

conceptual difficulties and, at times, considered it "silly". @ uora +1 comfortable about the existence of our own world ... which seems to be in some
ways a highly improbable one.

have something distinctive to say in connection with the “Einstein Podolsky Rosen

puzzle,” and it would be worthwhile, I think, to formulate some precise version of it

E»‘mablsua Notes 2026, 0321120001 (2026) 23 apa.2026-03-21.1200.01.pdf

52.3INow, oh, oh, a Ilittle tangent, this happened to |
Webdbre in very strange times, and | just want toé pe
chatbot for your research?

And | say, no, I dondét touch the stuff in much the
fogged. So, I 6m sorryé sorry for Al fans out there,
feel about intensive use of Al as the same risks of just casually using some kind-afmihde r i ng subst an
have to be marijuana or whatever, buté and the reas

egregious error.
That was just wrong.
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And so | always skip over those little offerings th
actually just a sloppy database, hereds what my sl o
And in this case, it said Richard Feynman was extravagant, and he thought that MWI was extravagant and extremely
vague.

Except that was John Bell who said that. Feynman never said any such thing.
But if you use a chatbot, which is a mindless pattern matcher.

I't cano6t tell the difference in issues |ike that. |
And | literally have not had a single example in which it got something that | was aware of right. So think about
what happens when you ask an Al on a topic that you
How many things is it slipping in there that you ha
And my experience is, I candét get it not to make a
And thatodés why | donodot wuse it. So, occasionally, I
there6s some i mprovement. There has been no I mprove
warning, i f earch aof any sort, pleasen please, please, please, please.

| know they got the stories about this person did that, Knuth did that, Terrence Towell did this. Yes, but they all
knew exactly

what was wrong. And on most things in most of the world.

Mo st of our activities, we donot know whatdéds wrong,
I hate it when they say, i ke, l et me think on it.
some processes, but these are databases.

Okay, so, sorry, off my soapbox.

Oh.
Temy Bollinger CC BY 4.0 A Dual-Universe Model of Reality March 21, 2026
Part V.
Giving Each Timeline Its Own Universe
ApablsuaNo\552026,0321120007 (2026) 24 apa.2026-03-21.1200.01.pdf
55:14Now we get to the obvious next step. | n-Wkeelene wa

concept, both of those are intermixed dual universes.

So you have, like, Feynman very explicitly said, well, yeah, you know, the antimatter is a local phenomenon, and
itdéds mixed in with our uniSidsidemagainnNoti ce al so the si
The idea you have a local phenomenon that involves going backwards in time.
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And then you have this broader idea that Wheeler came up with, but they both stuck to one universe.
But then things get a little interesting.
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The Jennifer Chen and Sean Carroll Dual Universe

Sean M. Carroll and Jennifer Chen, ~——
Spontaneous Inflation and the Origin of the
Arrow of Time, arXiv preprint hep-th/0410270
[Oct. 27] (2004). https://arxiv.org/abs/hep- \ '
th/0410270

Figure 9: The ultra-large-scale structure of |
the universe. Starting from a generic state, it A
can be evolved both forward and backward in T
time, as it approaches an empty de Sitter
configuration. Eventually, fluctuations lead to
the onset of inflation in the far past and far
future of the starting slice. The arrow of time !
is reversed in these two regimes. Z %
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55:59And the first place that |l 6ve been able to ident
pops up in a weltlefined fashion, is a paper by Jennifer Chen, who is

I al ways put her name first just because sheds not
pretty sure she did things

|l i ke maybe this diagram in the pap
but nobody knows. Sheés off in fin
itdéds an intreallydssst i ng paper, it

And using arguments that start with general relativity, not with particle physics.

Using some, some really interesting arguments involving

solutions to general relativity, the de Sitter spaces. A de Sitter space essentially is

when youb6re talking about the universe expanding,

er . So, Sean Carr
ance or something

apart, youbor sitdriad ki tnygp e owft el uti ons, so theredbds a
you know, expand, that kind gets de Sitter, and when they say anti de Sitter.

That means contract, so, you know, therebs often si
So, using,

Yeah, and also the center space is kind of aé kind
just want to have spadime itself, which,

Which | do not accept as being a goodé the idea of
what does that even mean? | &d&m not sure what that e\

you know, where are your clogkwhere are your rulers?

So, at any rate, a pure de Sitter space would have this expansion capability, and they came up with this interesting
conclusion, though, out of this, was that you could wind up with two

Arrows of time.

And they would essentially be going in opposite directions.
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Now, in fact, | even, | even chatted by email briefly at one point with Sean Carroll, and he mentioned that he actually
had favored more of a spherical approach, and this would be an actual sphere expanding out.
And, some parts in the paper seem to be like this one.

l ean more towards a |inear type thing, and interes:
those bothé both of those possibilities myself.
So, but the net result was that they came up with t

direction here, but down here.

Where antimatter in the bottom part of this, where antimatter dominates, it defines its own direction of time, so you
see the difference? All of a sudden, Chen and Carol split.

That duality into actual physical universes.

And he said, well, you know, yeah, as long as ordinary matter dominates up here, the antimatter is not going to be
able to win out, it just, you know, just turns into what Feynman used it for, which is just fragments for calculation.

But what if it, youk@ w, what i f i toés, what if itds dominating?
And of course, another nice advantage of this is it gets rid of some of the problems, like, why is there a
preponderance of matter in our universe? Wherebds th

own little universe.
So, a very interesting idea.
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Alas, The Ildea Was Not Entirely New By Then

Left: Star Trek, Oct. 6, 1967 (S2 E4): Mirror Mirror
Right: Lost in Space, Dec. 27, 1967 (S3 E15): The Anti-Matter Man
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59:091t 6s surprising, though. Oh, i1itésé itds an inter
out, and | gotta resist this. I candét resist this.
its own universe.

Not going through the very complicated de Sitter

algorithms they use. | mean, you know.

Chen and Carol went through a lot of work to show how gravitational structure, the structure of spacetime, could
lead to this. But the idea was already out there, and two examples that are particularly amusing was that Star Trek
very c¢close together, I guess, |l ost in space. Some
remember that one. They had an explicit idea of the antimatter man.
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Now, if you know anything about real antimatter, you know what happens if, you know, matter is this close to

antimatter. That 6s not

a good outcome. So, not

a wl

two universes, one antimattercithe other one ordinary matter, certainly was out there, had been out there for some

time.
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Time Arrows in the Chen-Carroll Dual Universe
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“Pro” Matter
Universe

Dual-Timeline
Emergence Event
(Replaces “Big Bang”)
(Carroll & Chen
2004, Figure 9)

(Alas, C&C:
Lost in Space
got there first!)

Anti-Matter
Universe

27 apa.2026-03-21.1200.01.pdf

1:00:14Sq showing their diagram again, you have

have the term pro to stick in front of and matter, because if you talk about matter too much.

it be a | itt]l uncl

I 61 I
And you get this interesting structure, forward time.

can e

stic-knatherwasdopposed

Backward time, based on which kind of matter is dominating in the equation.

And again, they werenbot

thisprat t er uni versity. Every ol
ear whether youdre talking

to anti matter, j ust beca
first. They had a much more

to get there. But as far as | know, they were the first ones to do this back in 2004.

EApabisia Note20260321120I2(2026

31 apa20260321.120®2pdf


https://creativecommons.org/licenses/by/4.0/
https://sarxiv.org/apa
https://sarxiv.org/apa.2026-03-21.1200.02.pdf
https://apabistia.org/
https://youtu.be/YVxOqZxe6kw?t=1h00m14s

Terry Bollingec BY 4.0 A Duabniverse Model of Re@litgnscript) March 21, 2C

Tenmy Bollinger CC BY 4.0 A Dual-Universe Model of Reality March 21, 2026

CPT and the Chen-Carroll Dual Universe

» Because their argument depended entirely on de Sitter
(asymptotically empty) solutions to General Relativity, it gave no
attention to a critical particle physics issue: CPT Symmetry

» CPT Symmetry means Charge, Parity, Time symmetry.

» Charge is just particle charge (plus for minus, for example)

> Parity refers to taking a mirror image, which affects issues like spin

» Time is just that: The direction of the timeline, as first noted by Dirac
» The paper seems never to have been published in a journal

» Antimatter violates CPT symmetry, so the Chen-Carroll dual
universe is not entirely self-consistent

E Apabistia Notes 2026, 0321120001 (2026) 28 apa.2026-03-21.1200.01.pdf

1:01:00Thereds a problem with the
Chen, Carroll, universe. They, they have,
Very little attention is paid in their paper to particle physics, and it turns out antimatter is not a perfect mirror.

of regular matter. So, thatés a part that they kind
justé itods -comsistenentirely self

The paper, | noticed, was never published in a jour
it just went on to archive and didndét get published
physics

Physicist reviewers | ooked at it t hey said, l i ke,
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» The “Janus” in this 2020 dual-universe
book refers to the idea of the two-faced
god Janus looking outwards at two
universes with opposite timelines.

» The book began with this paper:

J. Barbour, T. Koslowski, and F. Mercati, /dentification of a
gravitational arrow of time, Physical Review Letters 113
(18), 181101 (2014).
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.1
13.181101

» The unique premise of the paper and book
is that the formation of two universes
comes from gravitational interactions
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Julian Barbour and The Janus Point

A NEW THEORY of
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1:01:49Anot her version of t his. Thi s,

you know, over the next couple decades. Julian Barber, &welb w n

have two universes, you know, so Janus is the dduldec e d Go d

way, so he had his own versioha dual

uni ver se. No w, | h a
t

a problem
t hat he addressed S, an [ t

0
d
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thisé after that,
S Ci enc e, -taughtphysiéist.s or t
published a book called The Janus Point, and the Janus is a very explicit reference to this idea of, you know, you

t
k

h

heds | ooking t|
this one, t hou
itds an interes
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1:02:35But when you look at the paper, this started in a paper.

And in that paper, you have this.

And this is a sentence from the first p
You candét say vanishing total energy, t
You have vanishing total momentum.

vanishing total angular momentum and vanishing total linear momentum. That is, you can get them extinguished,

you can get them to wipe each other out so you have a system.

that has no angular momentum relative to the observer, that has no linear momentum relative to the observer, but

you candt do that with energy. You just candt .
Especially in Newtonian physics, youé no, you donot
they got to this point, | do not know, because

| f you | ook at the reference, this reference 3, it
Itbés just, it talks about the other two, which ar e

reference that seents support the sentence. It does not.

Now, the trouble is this. Once you assume negative total energy, you have assumed the existence of truly negative
rest mass.

Anti é not just antimatter, but actual € negative ene
And then what they did is they ran this through some kind of a simulation, and they found out that their universe
would segregate out, just using Newtonian physics, Newtonian gravity, into two parts.

Buté the paperé

| could not find in the paper where they glommed on to the realization that the reason this happened was because
they introduced negative energy. So you had the negative energy parts go out this way, the positive energy parts gc
out that way.

So, it was an interesting result, but it would have been much more interesting if they had

Acknowledge the introduction of a n@xistent concept

Because this doesndét exist in either

Newt oni an physics or relativistic physics. You canbd
no problems at all with proposing it as being part of the solution.

E Apsbigia Note20260321120IR2(2026 34 apa20260321.120®2pdf


https://creativecommons.org/licenses/by/4.0/
https://sarxiv.org/apa
https://sarxiv.org/apa.2026-03-21.1200.02.pdf
https://apabistia.org/
https://youtu.be/YVxOqZxe6kw?t=1h02m35s

