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[0:0] TB: Good afternoon, good evening, good morning (depending on what time zdne ipdu

The topic of the talk today is revisiting the Casimir effect, which is sometirgatidressed at least twice in
some detail, and precisely for that reasm hitting a little bit more on some of my more recent work on special
relativity, which is directly relevant to the Casimir effect, but also gives a different spin on that. Sé@ef you
looking for a somewhat different perspective on some issues about special relatiitg, gmuae to the right
place, because there are some interesting differeeces h
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Revisiting the Casimir Effect

Part I.

The Deeper Casimir Problem:
The State-Machine Universe (SMU)

December 6, 2025

0:40] The deeper problem with the Casimir effeaé

The Casimir effect (just as a very brief introduction) is the idea that if you put two metal plates togetfeathere
closer and closer togethe
almost infinite energy that resides inside of quantum uncertainty.&6Sa,fiimous effect and was supported

actually strongly by Bohr, although Casimir is the one who did the experiments, and it has had quite an impact on
physics over the years. So, taking a different look at lpagetime is structured becomes very relevant for how
this Casimir problemé how

pressure that pushes

the StateMachine Universe (SMU).
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Beneath Space and Time Lies A State Machine
» All testable definitions of space and time require matter and energy
> All testable definitions of space and time require an energy history
» Result: Inertial frame spacetime definitions become local only

» Question: If spacetime maths are not universal, what maths are?
» Answer: State machines

» Every inertial frame instance becomes a subset state machine
» Space and time become behavior patterns encoded onto those subsets

» The universe remains large-scale deterministic. However, ...

» All concepts of “space” and “time” as entities (fabrics) disappear

EL:;::‘=h:'e:2025"335'32‘0 (2025) 3

1:49] The premise is quite straightforward: that underneath space and time, rather than havingimspalcec

that simply resides there and exists (a verygxistent kind of concept of that) thé&eanother way of interpreting

the universe that in many ways is actually closer to everyday perceptions. We talk about physics as the rules by
which matter behaves and energy behaves and even making that statement is actually a statement very similar to
what in computer science is called a state machine. That is you have a certain condition, you have a certain
situation, you have a certain status, you do an operation on it, you apply an operator, and that transforms that
matter into a new state, into a neersion of the system.

So, this is actually a quite intuitive concepis Ihot a concept that difficult to understand even if yde not

from a computer science background. It is the fundamental concept behind computer science. Every computer is a
state machine. It has a memory. You have operators that you apply to that memory and they change the state of
that machine and then yourtmue in a sequence to get the overall results that you want from this.

In physics however theiga tendency to have models that go beyond the simple statement of transitions under the
rules of physics. You have definitions of matter and energy that extend for all of eternity in some cases. You have
the idea of whds called a block universe in which everything is predetermined, preset, and many physicists have
a lot of discussion about how now even exists, how the concept of wiatawéng right now exists.

Experimentally, that doenrhappen. Experimentally, you know tlyaude watching this right now, you know

that certain things are happening. From your perspective you have a very definite idea of what is right now. You
make a strong distinction between past and future.

So, a state machine iné as | say in some ways going
but the particular version ofé In this particular v
being a separate conceptsplace and time, something that extends to an indefinite length, it becomes a subset of
how the state machine works. When you do this it has a curious effect of making the concepts of space and time
into behavior patterns. You ddrhave this idea of a fiyl extending future, a fully extending past. You only have

this idea that if you have certain sets of operators that work in a certain way you wind up getting a behavior that
we theninterpretas time. So this is a veimmmediateand very kind of gatterntype of interpretation of how you

do that.
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At the large scale, a state machine model still gives you the kind ofdeadg only (not quantum), but it gives

you the same kind of deterministic behavior that you expect. So thisirecoatpatiblewith the idea that you

have a welldefined future for things like orbits, that you have certain patterns that can be predicted over very long
lengths of time. However, toeschange the way that you interpret how that happens. Instead of saying that that
long-term pattern already exists, yae instead sagg that you have operators that will persistently behave in a
fashion that allows that future to be predicted.

When you go this way, this ideaé and | &etkihdiohtieinechost o
i nto it i é&thatspace &nd yme épdore together) is a fabric, is an actual substance, and not
accidentally Einsteirerymuch pursued this approach in his later years. In his early years the did not, but in his
later years he took spatiene not just as aitlea but as an actual fabric from which everything was composed
and that remains a very common approach in doing these.

In terms ofexperimentathats a different issue, because experimentally you must have actual material objects
before you can measur e{ddahadf segesl séconkseluesopeaimieal paohldastt i me é
l[Gntryinge There it goes. For some reason, | could not g
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Dynamics: 1 DAU (Distance-Activity Unit) per Cycle

ALL NEGATIVE DISTANCE MIXED ALL ACTIVITY (ALL TIME) MIXED ALL POSITIVE DISTANCE

» One DAU per cycle transforms its attached matter unit to a new state
» Vertical DAU = 100% Activity transformation (passage of time)
» Horizontal DAU = 100% Distance transformation (relocation in space)

» Matter units are vastly multiscale, from particles to cosmic “walls”

> “Speed” movie analogy: Activity = loops, Distance = straight driving
» Motion cannot stop, so the only options are loops (time) or travel (distance)

EA:?:z'?f&:’f:2025"2\35‘200 (2025) 4

6:28] Okay, so §m saying that [in] a spag@me interpretation you can take téstire universgtake each piece

of it as an existing state of the universe and then that you have some kind of operators that you apply to that to go
to the next version (the next iteration of the universe). Now, the unit that turns out to be extremely useful for
doingthis is what | call a distance activity unit. This is an invariant arrow that essentiattgehedo every unit

of matter that you might want to define.

The unit of matter can be pretty much any scale. You can have something that can be as small as a particle, it can
be as large as a galaxy, and you can hagakein which the time involved, which is the main metric that you

use to define the length of this. The time metric could be an extremely small unit of time, a very large unit of

time. It could be a million years, a million light years.
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You can have, also very small nanosecond particle type things. The scale itsdlf @adigmmatter. The idea is

that if youhavea unit of matter that can loefinedas a wel | instantiated unit, s
have an object. This is very much the object idea. A star is an object. A block of matter that is moving through
space is an object.

Anything that has that kind of unity where you can define it so that it goes through a period of time has this ability
to have a transformation that can go in a number of different directions in the future, and the directions are the
angle of this arrow,sthat youmovet h e a n g I&e ié oné flacey yowgo strictly into a pattern thaddwe

interpret as time, whereas if you go in another direction you can go (ideally, ydué&€ani t t akes i nf i n
do this) in a completely straight line, whishthe same thing as traveling at the speed of light.

Now, notice theré no light cone in this. This is just talking about the transformations thaeydeoing to the

stateof that unitof matter. Th&d a di f fer ent t hi ng &énotdrping o arack tihedight he ac
cone aspect of this, but rather the transformations thdteyapplying. Ausefulanalogy in this, interestingly
enough, i s t hdhelpbutdedeseice thennbviel Spextiffd)] because it just gives a delightfully
appropriate example: Yéue got somebody stuck inbais. The bus cannot slow down. It always has to go

somewhere. So in some parts of the movie,@kgyst looping around and going in a circle. Then in other parts,

they have to go in a straight line, but thisralways this constant speed that is trying to drive this bus.

Well, it turns out the relationship between space and time (between time and space, between time and distance)
works very much like that. You have an unavoidable activity, which is the looping pads Whatre you can

actually do something, where you can change state locally, where you can turn the dial of a clock, where you can
watch something and observe it. Thisralways a cyclic aspect to any kind of time measurement, which we see
very literally on time dials, but on the other hand you can take that same motion and extealll ihewtay to

the right, transform that into a distance, and&hahere you go at the speed of light and time comes to a

complete stop, because yoe used up all of your internal velocity, not for the activity part (the coiling part, the
looping part) but yotve converted it entirely into distance.

Now, whats interesting about this structure, about using these ideas of DAU [(Digtamdei vi ty Uni t s) ]
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Adouane-Bollinger Diagonal (ABD) Spacetime

| Spgce >Time Spgce

6= _ + 6=
Space —90° " : 90° Space
p f (7] ime Tim (2] I 3 \
ALL NEGATIVE DISTANCE MIXED ALL ACTIVITY (ALL TIME) MIXED ALL POSITIVE DISTANCE

» An impressive simplification by the EttanEhsan YouTube channel:
» Every choice of a DAU unit angle (8 in the figures) forms a box
» The DAU unit stays the same length and forms the diagonal of the box
» The box fully defines the interchangeability of space and time
> Its height defines the time elapsed for that unit during this cycle (cosine 8)
> Its width defines the space traveled during this cycle (sine 8)

E Apabistia Notes 2025, 12061200 (2025) 5

E Apdidia Note2025 12061200 (2025) 5 apa.2024206.1200.pdf


https://creativecommons.org/licenses/by/4.0/
https://sarxiv.org/apa
https://sarxiv.org/apa.2025-12-06.1200.pdf
https://apabistia.org/

Terry Bollingec BY 4.0 Revisiting the Casimir Effect December 6, 2(

[10:09]¢ i s that it i mmediately gives you the results c
complicated fashion. You have an angle and the angle tells you how mu@wh jitiad the operator (the next

iteration of the state machine for that object). You can have it go straight up, in whichésgmegitime. You

have the fastest clock of anybody around you. The clock just keeps on going in a circle, but you can also stretch it
out to different angles and go to the right or go to the left, you have a choice on that, and by the way notice the
theta[(€)] convention. | put a plus sign there because | am using the reverse. These are the clockwise plus angle,
which is a lttle different from some of the other representations. So just in case you want to get picky about that
notice that it is a plus in the righand direction.

So you go all the way over to the right and the state change that you would induce on that object is purely one of
translation (of moving to a different point in space). If edamiliar with the concept of an interval in spatial
relativity, an object that moves at the speed of light is said to be in somesseukaneou®r in thesame

location Now the interesting thing is, we know téanot really true because if someth@mgioving at speed of

light, yeah, the time stops, but it also changes thartis.

So this simple rectangular representation actuapturesthat quite nicely. fis saying that, yeah, the time stops,

but thats not the whole issue. The only way the time stops is ittpowertall of the DAU iteration the operator
become®ntirelya distancdike operator, and this was something that the YouTube ché&mael Essapointed

out to me about how there was a simple relationship between space and time and | loved it as soon as | saw it,
because this literally converts the concept of sgiaoe interchangeability not into something about hyperbolic
surfaces or anything like that, but really just sine and cosine. So, you have a different relationship between the
space and time and it always has this very fixed relationship to this invariamt(goar operator for how you

change the state).
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At-Rest (Largest Possible) Spacetime Operator Set

DAU State 1 DAUs for the Rest State

» Each location “spends”

its entire D-A unit on
Activity (motion in time)
DAU arrows stay parallel
when units are motionless

DAU: Units of time
(Activity), but can
convert to Distance

» Each location shares the
same definitions of time
(activity expended) and
distance (relative spacing
and direction)

 Parallel DAU units with
shared space-like origins
define an inertial frame

DAU Dynamics: Every
point receives identical
DAU units (e.g., 1 ns)
for the next iteration

DAU State 0 @

The DAU State 0: All units in this example remain at rest relative to each other
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[12:23] Her&s a more detailed example of that same idea.
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You have a cluster of operators. Theyall going in parallel. They all start from the same definition. They all

have a shared definition of a clock state. They have a time at the beginning, then they have a time at the end (the
DAU state 1) andth&® t he oneé but they check their clocks, th
have the same clocks (clock times). So they say that we tenareddefinition of what time is and also of what

space is. Their separation between them, becausertives have remained parallel, stays the same.

So, this gives you pretty much a definition of what an inertial fraritedsstate machine mode$o, an inertial

frame is simply a bunch of arrows that share the same operator and share the same starting point. That seems like
a simple thing, but@ remarkably powerful analyzing more detailed examples of how this works, and to get into

an example of that: é
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Tilting DAU Arrows Converts Some Time to Distance

Internal results:

* Rotating arrows as a
single rigid group
preserves their space
and time relations

* The result is a valid
inertial frame, but
one with a limited size

Rotate the arrows ‘<
as a rigid group

DAUState 0 €13 —~

Items with grouped DAU arrows must be prepared in advance:
They must be moved closer together, and their rear clocks must be set forward in time

E Apabistia Notes 2025, 12061200 (2025) 7
[13:25]¢ This diagram, in some wadyreallykihd of trivial.dés rotraibig dedl,i a g r &

but it also contradicts, in a subtle way, a century of hodwevtended to interpret spatial relativity, and the subtle

di fference resmdesti pvehatupei ndkadwlifgoacan steondy ar®@w ary , |
not, but that little pivot point (that little round black circle) is over on the front end of some oliedeflned by

these four arrows that | have in gray. When you tilt that object you have to actually put these operators up into an
angle. You have to do some changes here, sodthereacceleration phase thdir not really showig here, but

it takes some time simply to get these operators in place.

Showing a state machine representation of acceleration just almost immediately (it does immediately) give you
much more information about what has to happen to the objects involved and how the process of acceleration
works. It isnota simple boost. It is somethimggitea bit more complex than a boost, andd@hane of the reasons
why with this model you can start making some inroads into complex problems where you have multiple inertial
frames interacting that you can make more specific predictionsrtie sases) of wh@t going to happen with

this.
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The Universe as a State Machine

The DAU model is not a “spacetime” model
* The DAU model is a state machine model

* The fermionic universe is the state machine, and is the
only reality that exists. Physics drives its state transitions.

* Time and space exist only as transformation operators

E Apabistia Notes 2025, 12061200 (2025) 8

14:51] So thafs where you get the overall model. You have a universe as a state machine. You have a bunch of
clocks that are all going in parallel. THeyall saying, wée going to do the same thing, but then you have this
outlier here, whé going at a different angle (in this case, a 60 degree angle from vertictipbridck winds
up getting half speed, becauds iising a lot of its energy all of its motion through time and space to move
laterally in the state. & changingits location in the state machine as opposed to simply iterating within one
single place.

So, this is where | say this is not a sptnee model. What you have here is you have fermions especially. If you
dond have fermions, you céindo this. So you can get all the way down to the particle physics level. If you just
have bosonsé Bosons ar e par &bhawthese ¢gnarly strangedittlespgrticies i o n ,
called fermions (which is to say, electrons, protons; maipes particles) you dd@hget this property of where

you have this nice little separation and this changéaté.s

So these become the fundamental units of memory devigethdtfermionic states of universes. Thosevarg

limited in number. &ve also had previous presentations on the idea of a sparse information universe. When | say a
sparse information universe, when | talk about fairy dust as information thatidessly exist, this is exactly

what Im referring to. dm saying that the fermionic content of the universe definedaolute inviolate limibn

how much information you can store in this universe. So, you can create more pairs of fermions, you have a
certain amount of energy, théesome mungability between energy and fermiaméenory, but if you do@é have

this you doi have a definition of space or time.

Now thats (like | said) aserydifferent concept from saying that you just have a fabric and then you start playing
with the fabric. It says, no, no. It says the fabric staites)) and isdefinedand islimited by the existing matter

in the universe and that all of these conceptswigdhink of as space and time and distance are nothing more than
relationships between these fermionic units. The relationships are complex. In fact, | think one of the most
interestingplaces to explore this model fuethishowthese relationships work between the fermions, how they
define in particular the concept of distance, because in some sense tiie@adoabout distance, which is
remarkable, but in another sense they garg, verymuch about distance.

E Apdidia Note2025 12061200 (2025) 8 apa.2024206.1200.pdf


https://creativecommons.org/licenses/by/4.0/
https://sarxiv.org/apa
https://sarxiv.org/apa.2025-12-06.1200.pdf
https://apabistia.org/
https://youtu.be/eVEldSF6QlY?t=14m51s

Terry Bollingec BY 4.0 Revisiting the Casimir Effect

December 6, 2(

Theydefinethese relationships and we are trapped within those relationships, but if you talk about issues like
entanglementif] you talk about these strange effects that you get in quantum world tiaere yoGe peeking
below the surface a little bit and y@e seeing that these relationships are constructed from the fermionic matter.

Theyée not just a given.

So, againé The wuniverse is a state
only transformation operators they are finite and limited and scoped transformation operators. You have a certain

machine J[1is

set of matter, you havecartain set of options for how you can define space and time, afglithHtyou try to
talk about space going beyond that, it becomes a meaningless concép.tigang to do operators on memory
devices that dahexist. So you need your memory dms in order to get these concepts of transformation

operators.

Theregs a lot of power in that model. If you think of it as flipping things upside down a bit. You start with the
memory devices and then you develop different types of gpaeebecause one of the things that happens with
this model is you have more than omgsion of spactime. If you go back through some of my previous
presentationsive talked about things like the rotational states of space as being actual states of these operators

iterating on certain subsets of the memory.
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State1@ T

1 “DAU”

per item
per global
iteration

State 0 @ R
Distance >

Physics As a Parallel-Execution State Machine

—Largest frame

—Largest frame

December 6, 2025
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[18:56]0v er al |  sé very simple,rveryéconiptiter scierisd. So you have one DAU per item per

global iteration. You can define your DAU unit to be any scale you need, depending on wiratoaking at.
So you get easy distributions of size, depending on the size of the units. If you have a galaxy, a galaxy is a well

defined unit. You can have one DAU that has a million years as the distance between states, and you can have a

millionlighty ear s as the corresponding
right being all of the possible thregmensional directions.

uni t

of t he DAU

So, anoddly simplanodel, but one that puts state machine interaction (state machine dyretros)oncepts

of space and time in terms of how fundamental they are.
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A Simpler Visual: The Tilted Block Formalism

DAUState 1 (1) —f To get tilted blocks:

i * Omit the background of
£ at-rest, Activity-only
i (time-only) arrows

* Merge tilted arrows into
a single invariant block

’ * The resulting model is
Example: Train Cars < nicely intuitive since it

tilts like a physical block
R4
7o :
DAU State 0 £1) —~

H;:f-; Distancls>
« Train cars must be physically moved closer during acceleration
* Clocks in the rear must be set forward in time during pre-acceleration
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19:52] Therds a simpler way to visualize the same thidge lused this before.

This one, | just like it, because itsseasy. It like playing with blocks. You take that cluster of arrows | showed
earlier. You sayWell, you know, | can tilt it one way or tilt it the oth@rTheinstantyou tilt it, that defines the
front of whatever the system is that fiaitrying to accelerate.

So this is where the idea that the front of the objectietiding edgef whatever group of units yae

accelerating, becomes extremely important because it then drives the transformations that you have to do on the
rest of the units, and again in terms of state this transition tellpretty mucteverything you need to know just

from this little tilted block. Actually, idoestell you everything you need to know about Lorentz contraction,

about time dilation, and about some other effects that camlgigé¢ more exotic, but those are all in there.

One of the more exaotic effects is time gradients. You know, Einstein talked about them, Gududidtify them.

This one quantifies them. The tilted block also immediately avoids time paradoxes. Why? Because everything still
exists within the same time as the rest of this systemdéatill got the other objects moving ahead. Scdyeu

just tilted and changed the state of this greupof objects. Now, within that group of objects tisaivhere you

have thaemarkableability to define a space and tirirewhich no experiment can tell you that yfiminot the

same as anybody else.

This is the old equivalence between inertial framiésits still there. What the state machine model does is it says
fiNo, no, no, no. Yowand just extend that arbitrarily. Yocannotjust say it applies everywheteYou can create
these new spadénes that have these marvelous properties, buttheyso finite in length. So you tilt three cars
on a train. You accelerate the three cars on a train, you sync them all p.allhaiu get.

Everything else becomes relativistic Doppler effect. Everything else becomes just how you interpret the outside
data. Youdre not changing the outside universe, which in many ways is just common sensBWekalyecause |
accelerate it, | ddihchangeeverything else. | dd@hslow down the rest of the universe. The rest of the universe
could care less whafve doneo. The operator dynamic (tilted block dynamic) immediately shows you that.
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Three Examples of Tilted-Block Relativity (TBR)

3
'0\;.

.ﬁ

DAU State 1 ﬁ— —xﬁ DAU State 1

AT REST
LIGHTSPEED

4-Step Acceleration

E Apabistia Notes 2025, 12061200 (2025) 11 apa 2025-1206.1200 odf

[22:21] Herds just three examples of that, and this is again where | point out that these tilted blocks are
remarkably powerful for telling you what the transformations are. You find out that when you accelerate the
object youhaveto begin with a set of clocks that have certain values and these values correspotat faidims

in theembedding spacé&ou have this embedded space #idit has the same time and space definitions as ever.
You@re the subset. Ydie the guyembedded ithat space. So, the train embedded in that space follows these
rules, sets this up, and héehe kind of results that you get.

So after one DAU fothis group of objects, you wind up with these different results. So you find out that you
have your nossimultaneity of the front and back of the train. You have your Lorentz contraction, because you
actually change the state where these things have to bhethdsser together, and the exact amount from the
tilted block is the same thing you get from the relativistic diagra@mguist simpler math, which is a little bit of a
hint. The fact that your math simplifies that much and getuexactly the same result, you want to pay attention
to that becaused saying something about maybe youdoeed the hyperbolic stuff, maybe you &areed

quite as fancy of a structure as you thought.
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Acceleration Requires Four Irreversible Transformations

Select GPS

between the
satellites

( 3 ) Sync their clocks
y by falsely “aging”

SYNC \ (resetting) rear-
ward clocks
Send the

( 4 ) satellites R
by pushing -

SEND each one

separately
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23:40]é This is the one thatle shown a number of times and waitintinueshowing, because it is just
important to understand this. Acceleratiomd@t just a boost. Acceleration is not just a second derivative. That is
an oversimplification of the math. Yauustlook at the physical state changes that happen in the state machine.
This is why | say state machine representationdse powerfulbecause it tells you what you have to do.

You have a selected set of objefitsite (thas an irreversible choice once you make it). You hayehtsically

squeeze them togethand if you do it in satellites it makegéally apparent. 5 not somet hi ng t he
When ifis a small object@® easy to fool yourself into saying thiell, ités all just a transformation of staie.

Ités not! If these satellites are a light year apart it can take you up to a light year to get them in the proper position
andall of thathas to be taken intacaount before you can actually accelerate the object, whielmiarkable

Thats not just a simple smooth differential boost. Ghabmething much more complicated.

You haveto reset the clocks and the examgdeIgiven before (I always find this amusing) is th&nb

different from setting clocks when you have daylight savings time, where you go one way or the other, depending
on which season it is. You move the clock ahead in the back of the train, andthiteial that you could

actually have (in a large enough train, with a large enough acceleration) an actual human being in the back of the
train physically adjusting the clock and g&kay, it tells me aw that its 1 dclock and it was 12a@locko.

Thatts weird and becausedidnd see an hour go by, he just reset the clock, @dhitportant to understand that
difference because tliatwhere the time paradoxes disappear, because you realize that the elapsed time is still
exactlythe same as the embedding frame. You hdvenl o st é &yreated mew timee.nYou hav@maken

time of out somewhere. You just reset the clocks, and then the final stage in this one is to actually send it, to
actually accelerate.

So again, easier to show with satellites, because in satelliteym@ve to independently accelerate them &if it

an actual train, yde pushing it so & easy to skip over thadletaib, but these araotdetails. These are
fundamentato how this works, and the state machine approach shows that, shows it very clearly. A differential
mathematics only model makesdeasy to skip over these critical steps.

E Apdidia Note2025 12061200 (2025) 12 apa.2028206.1200.pdf


https://creativecommons.org/licenses/by/4.0/
https://sarxiv.org/apa
https://sarxiv.org/apa.2025-12-06.1200.pdf
https://apabistia.org/
https://youtu.be/eVEldSF6QlY?t=23m40s

Terry Bollingec BY 4.0 Revisiting the Casimir Effect December 6, 2(

Terry Bolinger CCBY 4.0 Reuvisiting the Casimir Effect December 6, 2025

Pre-Spacetlme Math: Complex Plane Relativity (CPR)

Gray = System at rest in space L1 —LABtime

i0 Rotated Coordinate Point

.pl
e C' = C-€e® = (x' + t'D)
(Not SR tick marks!)

Largest-Frame In:truments}-

DAU State 1 @

Co-Located Coordinates
(x' + ti) —At-rest view
(x + t'i) — Moving view

Ct-Rest Coordinate Point)

C=(x+ ti)
X — LAB distance /((0 + 0i) — Front of system at launch)
DAU State 0 € 1) o)

C' =Ce%=(x'+ti) where X = ReC-e?® and t' =ImC-e®
CR = CRest = (x’ + {'i)' CM = CMoving = ('\' + t,i) = M(CM)
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26:25][When you take t hi s e talkedaboutbefere (talked about ihlastdime), bue thid is
moving in interesting directions and fairly quickly. | did not know that there was an imaginary plane
representation of this until | was going through the math and coming o@Ctkeall of this is just one complex
number multiplication, or rotation, in complex spacReally?And ités kind of likefiOkay,howdid that get so
simple all of a suddel@and yet that is what yée doing.

This is essentially a tilted block diagram, picking in on a single point, and then translating it into to imaginary
reaktime real coordinates. One of the thingslde experimenting with in the future is | think thés@very, very
interesting quaternion connection. If any of you listening to this are quaterniogdaistiould take a look at

this, because quaternions have been frustrating people in special relativity for literally | think a century (almost a
century) because thegemiike theyde theright idea, but theye Euclidean and of course you had this whole

thing about MinkowskKss signature with the mixed signature. This flips everything back into Euclidean.

So all of a sudden, the idea of quaternions to represent the three directions of space and then in that case this real
axisé this time axis would become t he r dsalfascnatings, be
potential here to use quaternion math and also octonian math, for those of you who are into that sort of thing.
Octonian mattalsohas someeally interesting prospects because it includes the idea of momentum space.

So, Bm going off on a little math tangent on this, but tikejast someeally, reallyinteresting mathematical
possibilities for exploration in terms of representation of the state changes of the machine and they involve
mathematics that many people hanved to use for a long time and had mixed success. Sometimes it seems to
work, sometimes not. | think part of the reason why they Fawesrked is this bit of confusion about the mixed
signature Minkowski space.
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Is SMU a “Simulated Universe” Model?

> Nope.

» Despite its use of the computer-compatible state machine model,
SMU does not postulate a separate substrate executing the model

» Instead, SMU asserts that physics exists because what we call
matter and energy are organized as a state-machine structure

» The SMU dependence on matter for state storage means:
» “Now” as defined by the SMU is the only reality (no block universes)
» There is barely enough storage for one universe (no multi-worlds)
» All quantum phenomena involve loss of spacetime detail (fuzzy spacetime)
» Quantum Field Theory needs a full rewrite (but with the same predictions)

E Apabistia Notes 2025, 12061200 (2025) 14

28:40] Is this a simulated universe moded? e | u s tdve beeretalkéng dlready to sayhis is all just like a
computer! Yeal. Well, no! It is not In fact, its reallyvery, vendifferent from simulated computer models that
pretend that theés a computer somewhere. Thighe computer. The state machiaeeality itself. You only

have one instance of itatnot running on some separate substratethe substrate. Is the state machine. It is
the set of rules that apply that you get these transitions from one state to the next state, one DAU (one DAU
iteration each time).

So, thafs not the same thing as a [simulation]. A simulation implies that you can have a universe on top of a
universe and theée areally dangerous assumption in the simulated universe idea that infor@gtienhfree.

Wee! You know, just any information you want, because spiaxs infinite (infinitely detailed). You can get

all thesesilly ideas that dad correspond to anything experimentally, becauseeversee that. Waeversee
infinite information experimentally. We only see quantum uncestaifier youve run out of energy, anditan
important feature to keep in mind, because if gesumehat theré a spacéime fabric, and yoassumeté
completely continuursmooth then yoiwve assumed infinite information.

We dond see that experimentally, ever. Quantum always puts a limit on thatainyiitg to tell us something
important. So, you get this state machine structure and [now] you get no block univei&e. &fty got one

universe. You barely got enough storage for one universe, because the fermions that are out there that you can
count: thads it. Thats your substrate. Thatyour state, and once you run out of those, once you run out of the
energy and the fermions that you have, gloud have any ability to create any more information and therefore no
ability to cr eddnekthismpiversedintoaiblock universe @nake these things infinitely long).

You also doi have multiworlds. You do@ have enougimformationfor multi-worlds. It just doesi happenin

a state machine model.

Anything that involves loss of spatiene becomes this quantum domain, so tfeegerelationship between loss of
information and quantum.@& more complicated than that. Th@sreomereally interesting stuff going on,
especially given issues like entanglement, but you have to realize tigeg figting a hard limit whenever you get
guantum. You know, the reason an electroréidégure out where it is around the atomnis because theés an
infinite number of electrons doirigfinite things atinfinite times andnfinite ways, which is if you think about it a
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little strangeWhywould you think that? Butds just saying that thét the best the electron can do with the mass
and energy it has. It dogsmave enough mass to get any sharper than that.

An electron orbital becomes pretty much the best definition of a localized electria goana get. You can
have a stronger positive charge and make the orbital smalleéshalways going to look something like an
orbital. So its a different way of looking at that. Instead of filling that space with particles that all take infinite
energy to actually instantiate. You just say that d@esund right. Lk stick with the energy you have, stick
with the detail you have, and realize the fuzzinesséstdiack of information

The state machine cannot make something that it Gdesve enough memory to define. Unavoidably, quantum
field theoryé-speédappmach guantira fiela theoty getsdit the hardest, and thal duessm

that quantum fi el d t h émwgonnadudifythat. Qaantym fieldatlyeéry isved of qur n o ,
best theories we have for predicting any of a number of phenomena. @ER2zmgwhat it can predict, but this

t hi ngé Beynmanaas saging that he saidstprobably more ke a checkerboard.Git something, you

knowé and he derided hi s od&thatdomethots not rightvehén we put inficitkk e t h
energy, infinite mass, infinite information into one cubic centimeter of space.

So, one of theonsequencesf that, where quantum field theory ddegible, is the vacuum density issue,

because quantum field theory just Imasanswer for that. In fact, it just makes some of the most terrible

predictions in all of physics. So, whatyou needtodois@uant Somehow quantum field t
rewritten in terms of the state machine formalism and I thinkghata f asci nati ng i ssue bec¢
You gotta keep the same predictivity that you have. Youd@dasewhat you get in quantum field theory, but you

do have to take a different look atdnd you cafi just keep elaborating details infinitely down at the bottom.

Tenry Bolinger CCBY 4.0 Revisiting the Casimir Effect December 6, 2025

Does SMU Mean Space is More Fundamental than Time?

» No, but SMU requires a very different interpretation of “distance”

» Without “space,” separation of local states (units) cannot occur

» Just as time emerges from “looping” of an irresistible direction of
change, distance emerges from state-isolating forms of looping

» The same effects that give rise to well-separated radio frequencies
give rise to well-separated states that we think of as “distances”

» The role of momentum space (reciprocal space) is critical:
» Location space and momentum space form a broken symmetry
» The severe compaction of momentum space enables vast “space” distance

» This is one of the most intriguing future topics for the SMU model

Apabistia Notes 2025, 12061200 (2025) 15

33:37] Now, if you notice on the model (SMU model: state machine universe), [it] uses space as a separation and
then time becomes an aspect of that. So does that make space more fundamental in time? ifinitely
definitions of space are themselves some kind of su
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and is allowing these things to separate themselves on a frequency basis tlthtrdadsm a whole lot of
energy.

When we use frequencies in regular energy, like an electromagnetic spectrués,atstreng energy component

to the frequency separation. Whatdgagoing on with the separation of the states, of the fermionic states in terms
of space, the marvelous property of it & @most(not quite) bualmostenergyfree. So you can have this
incredibleseparation at almosb cost whatsoever. So you have this very weak bonding at large distances, but
you dor@t have an enormous amount of energy involved with that

Thats really what made our universe possibigs tihat you could have this kind @ktremelycheap separation

[that] allows this instantiation of tate machineSo theré& someaeally interesting physics that go on. So same

idea of radio frequencies separate takacnalyddferent es, t h
frequencies. So when you have an object at some distance from us there is a frequency and separation
interpretation of that, and we see this in physics all the time, wberalways have this reciprocal interpretation

of distances, but theheapnessf it is whats really remarkable for the space domain.

Postulat¢ (and t hi s i s act é&eanabeyohgash, avér d depadesago@ & demembert, dh at |
long time ago), but the state machine model just makes me want to emphasize it that much more.

You have two spaces that are used in physics (especially in quantum physics) which are the location space with
time, and then you have the reciprocal space (the momentum space) with mass and energy. Somewhere in here
[{gestures, enclosing a volume}], some&re in those two, which probably have some kind of octonion
representation if yaie into hyperc o mpl ex number sé s o mdsmtbreakand one ofthéno s et
collapsedand becomelcalizedinto the energy and momentum component of objectsthendther one

expandednd becamenassiveand was able to implement this idea of very, veeyy cheap separation.

So, within this concept of theseé essentially a tot
mathematical structure) you have a fascinating symmetry break, and that symmetry break is fundamental to how
we go about doing this. Thisisagomob € Thi s i s a good topic for expl or
model doesiott  kthiangeghe type of math you use, but boy it gives some interesting opportunities to some
[mathematics] that people have tried and maybe need to try again from erdifferspective.
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Part Il.
Minkowski Space Is a Math Error

Apabistiz Notes 2025, 12061200 (2025) 16

36:52] Minkowski space is a math error!

Oops, did | really say that? Yeah, | did.

Terry Bolinger CCBY 4.0 Revisiting the Casimir Effect December 6, 2025

What Happened to Minkowski Space?

» All of the Poincaré/Lorentz transforms still apply
» Creating a new inertial frame creates a new definition of space and time
» That definition is as valid internally as any other spacetime definition
» However, the new definitions apply only within the created inertial frame
» Non-trivial scoping (acceleration tracking) eliminates all time “paradoxes”
» Multiple spacetimes apply to every subset of the largest available frame
» The negative time signature of Minkowski space is a math error

» Leonard Susskind described beautifully why the minus exists:
L. Susskind, The Proper Time Invariant, in Special Relativity Lecture 1, Stanford
(YouTube), Apr. 26, 2012. https://youtu.be/toGH5BdgRZ4?t=1h31m21s

» The error (Einstein): Assuming frames can always share the same origin

é:_zc;'5!::'%31025"235'200 (2025) 17
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36:58] Minkowski space isiotan error in the sense that all the Poindar@é r e nt z transf or mati ol
apply. You can go to that new space (that accelerated spacsjthindthat spaceou can readjust all the

coordinates so that you see your own orthogonal definitions of space and time émdjtises good as anybody

elsds. So those still apply. Thégeno problem with that.

However t he negative time signature of &damdthemos.dmnot spac
fundamental. It isiot correct. It produceall sorts of consternation and you start doing thesetyles operations

about saying, like, you knofTherds no distance between things if they move at the speed of light, even though
obviously theyre very far away if you move at the speed of light. So, you get out of tha
things pop up is the way that the Minkowski Sspace n
beautfud e s cr i pt i on of highlyiecommeRdthisritdesdction. i s é |

He(s agreatspeaker on these topics and he gives an explanation about @Aghgherdés what happens: You
assumehat itts Euclidean. Youlo the transformations that Einstein created, andéevhat happena. It no

longer cancels and he shows how yaweto use a negative sign in order to get it canceled and suddenly you
come out with the right math. Théseaproblemand actually Susskind states it right at the beginning when he
shows his first figure in that YouTube session. He showsrilgans having the sam origin, and you go likBSo
what?So whafs wrong with having the origins at the same place? You can put the origins wherever you want to,
right?. No, you caf, and that is whés sobeautifulabout this error, because it makesasubtle.

Terry Bolinger CCBY 4.0 Revisiting the Casimir Effect December 6, 2025

Einstein’s Subtle Shared-Origins Error

» To derive his inertial frame coordinate transformation equations,
Einstein assumed in 1907 [1] that one can:

“... choose as the starting point of time in both systems
the moment at which the coordinate starting points
[(t,x,y,2)=(0,0,0,0) and (t',x',y',z")=(0,0,0,0)] coincide;”

» This violate the tilted-block principle that time resets must place the
zero point at the front of the tilted block to prevent time paradoxes

[11A. Einstein, Coordinate-Time Transformation [Sec. 3, pp. 418420, in ‘About the Principle of
Relativity and the Conclusions Drawn from It pp. 411-462], Jahrbuch der Radioaktivitat und
Elektronik 4 (4), 418-420 (1907). See Section 3, page 418. https://sarxiv.org/ref.1907-04-
04.0418.engl.pdf

Apabistia Notes 2025, 12061200 (2025) 18

39:01] Einstein said (back in 1907) that yolioosea starting point in both systems tim@mentt which the

coordinate starting points coincide. The instant Einstein said that he hosed himself. He hosed himself for the rest
of his life, because by making that assumption he created time paradoxes and if you think of those blocks | was
tilting earlier, tilting the block into the past. As soon as you do thaflyas p ut t iGrggt a little @rigin, | t

youdre taking [it and yo@re putting] it in the back end of the block and then&@pushing the block down this

way until it intrudes into the past, and you @ado that without violating causality, so what seemed like an
innocent assumption that is a very standard mat hema
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Youdve got two coordinate systenssjrelythey can coincide. Turns out to create a paradox that you really then
can get out of, and becausésitsuch a subtle error it makes it very hard to reazgit didnd work, and you
see this in Einsted own work because he never put clocks at the beginning and end of hisdvaisaid this
before, but Einstein would put clocks everywhere, except for that bléarain of his. You know, he had this
train going by at almost the speed of light, and he wdufulit a clock in the beginning and the end of it. He just
kind of skipped over that part, and this goes back to this point, because once you make this assumptieryit gets
ambiguous how you define clocks, how you correlate, how you start the clocks.

You can say how they change but you@&aay what the original settings are. Tilted block formalism gets rid of
' j us té nothimgerofeuhdi f t s .

t hat

and

just

says
going on here. You just have to do it, because otherwise yducraate the new construction of operators that

t heseé

will then give you space and tinli&e behaviors.
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There Is Always a Euclidean Embedding Space
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41:01] You can see this as kind of a graphic example here [{referring to the slides}].

These are some of the tilted blocks. Tinealso very similar to some of Minkowsékifigures, because he also
used these trapezoidal blocks if you look back in his original work. You have one frame over here on the left.
Now notice becausehat frame has used the tiroaly definition of going between the iterations, that one on the
synchroni zing
Galaxy. The Andromeda Galaxy is not moving very &ashpared to us.

| eft

has

no

probl em

wi t h

terall

So you have thisugedomain in which those time definitions apply. Time definitions depentbbomoving

relative to each other, not how far away they arenbtitnoving. So if yodve got two objects that aret moving
relative to each other and thiey 10 galaxies away from each other it d@esratter. You can consider those to be
part of thesamenertial frame. So @&

knowé

Ho w

arge i

a
S

ittl e
t he

subt |

e

point

t hat
a r e dhatshfrethatcommgrslityl? n

you

whi ch

Now, if you just accelerated yotuler on the right, which could be that train again, all of that is lost. At the
boundaries you gdtang you lose that. At the boundaries, all you can see is the other coordinate system. You
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cané you | ose the ability to e)Xstingordnttetaossiesays,adaie,the b e
tilted block is dinite limit on how far the inertial frame applies, but thereimportant point, and this gets back
to, again, | loved Leonard Susskiédalk about invariance. Hesdéd but you need an invar

create an invariant? How do you create a number that d @bsmges.

Well, the answer in this casedstremely obvioudté you use the larger embedding. You use the space in which

the object is moving, because you see those horizontal green lines? They still apply. You can still measure every
one of those points and those rulers that are in motion. You can still test regayf/them. We usualigond, but

you can and the results as you get, even if yoddare going to be the same.

So, you have a coordinate system in which gohave Euclidean definitions of space and time, which is what
this figure is. &ve got X along the bottomdde got time going up. This is Euclidean spéoge. So that Euclidean
spacetime can record these events dinalds where your invariant is. So the idea that Susskind brings up about
how you have an invariant distance you define in an Euclidean way no longer seems to dpesapiply as

long as you use the larger embedding frame. You get hierarspaedtime. You doidt have just one continuous
spacetime for each unit. You have a hierarchy. If you accelerate somethiag gmated a subset, but the
outside definitions still apply.

Temy Bolinger CCBY 4.0 Revisiting the Casimir Effect December 6, 2025

Flrst/ Latest Ancestral Bubble (FAB / LAB) Coordinates
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44:02] By the way, lhaveadded some slides from the set that | had last night. rgdollowing along in some
slides, a warning: You might want to download a new ée¢.ddded five slides and these last two have been a
couple of them, but just to warn you in casedelike iWherdd that slide come frond? So, this gives you this
idea, if you extend it large enough, that you can really go all the way back to something approximating, you
know, the cosmic microwave background. The whole curvature of space is a whole othefhsaoétrlying to
address that in here. The point is that you have Euclidean definitions that can get@maelylarge spaces of
many, many glaxies, and you can have at least a concept of the first ancestral ®butdale. That is: a set of a
first inertial frame bubble that has all these shared definitions.

Well, guess what¥ou canusethat at whatever level yée atto do your Euclidean invariant measurements of
the separation between different events.v@mxo that in a moréocalizeds e nse. We have your |
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latest ancestral bubble (or local, you can call it local, but | like to say latest) and the last one that everything shares
a common definition from which they accelerated. So you can use that LAB bubble and you can make all the
definitions and create Eudéan fourdimensional space to track what the events are and to say what the distance

is between them. Now, do people actually use t@éitourse they do!
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Real-World Examples of LAB Euclidean Invariants
» Question: Are Last Ancestral Bubble (LAB) viable experimentally?

» Answer: Of course they are. CERN uses them to record its data.
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45:39] You know, is intentionally being a little humorous. Do people use LAB coordinates? Well, have you

ever looked at a bunch of particle tracks from CERN?&onot looking at them in Minkowski space. If you

tried to translate that figure to Minkowski space @ble spending the next century for each one of the particle
tracks on each acceleration trying to redefine what the definition of space and time and inv&@fasulissewve

dond do that! What we do is we take a picture afiithe embedding spa¢the LAB space), which is Euclidean,

and then we havelacationof the track. We havetame of the track. Everythin@ Euclidean. Thefs no

Minkowski. You dor@t wantMinkowskiés space. It would be a horrific task to try to translate this and you

wouldnd get anything out of it, and again, why is that? Because the Minkowski space is fundamentally a result of
a mistake, a small subtle error that you could effuse origins instead of acknowledging that you have to create
subsets. So if you dénhave the subset concept and your state transition machine ybgetahis right.

E Apdidia Note2025 12061200 (2025) 21 apa.2028206.1200.pdf


https://creativecommons.org/licenses/by/4.0/
https://sarxiv.org/apa
https://sarxiv.org/apa.2025-12-06.1200.pdf
https://apabistia.org/
https://youtu.be/eVEldSF6QlY?t=45m39s

Terry Bollingec BY 4.0 Revisiting the Casimir Effect December 6, 2(

Temy Bolinger CCBY 4.0 Revisiting the Casimir Effect December 6, 2025

Minkowski and Differential Geometry

» Another problem: In a state machine formulation, Minkowski'’s
“substance” hypothesis disappears entirely:

“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, | will use the word
‘substance’ for that thing.”

— H. Minkowski, Space and Time. 80th Assembly of German Natural Scientists and Physicians, [Sep. 21]
(1908). http://www.minkowskiinstitute.org/mip/books/minkowski.html

» Minkowski used this assumption to argue that special relativity is a
purely geometric concept based on his lengthy “world lines.”

» Important implication: Differential geometry is not the foundation of
the universe. Like spacetime, differential geometry only emerges.
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46:52]1ém gonna pick on Minkowski aga[and his] dfferential geometry ~ @kay, this is supposed to be
physics, folksé [ Bsorhelimes physistsjust kind off[fall into the approach] of sayin@lm just gonna say
somethingpAnd boy, i s t hi snevenleearyawming emptiressipusirraginefhdl everywhere
and at every timeomething perceivable exist®

What?! What?! Whefd he getthat? Where didthat come from?

If you said thaffor the three x, y, z axes ofpace, you would make every particle into a giant block that occupied
all of the universeWhy do you get to do it witime?

And he uses this worisubstanc® This is apreference& a philosophical preferen@ and Minkowski just
jammedt in. Therds no[experimentally meaningfulfefinition of this[concept]that correspondgo this concept
of finever let a yawning emptinedd.hat pretty much summarizfghat happenedfe justsaid itthat way.

Why did he do that? Because he wanted differential geometry. He wasijusig[to get differential geometry
into the mix.] He justeally wanted differential geometry, because that was kind of his baby, and this allowed him
to create world lines.

Once he had world lines he could talk about differential geometries and about the shape of it. This is a valuable
mathematical concept. Tiiatot the issue, but the issue is if you try to make it fundamentaldigig substance

thats not therghen youre actuallyredirectingfrom the structure of the univeras it actually is observe®o

this is an extension based on preference. This is not an extension based on anything experimental. The implication
of this though is that even though differential getmyis just sgimportantg @ incredibly important, and also

like in things like solid matter physics, where gaeigot plenty of detail available, thésgustmarveloughings

you can do with differential geometry.

However, if youre talking about the smallest units, the most fundamental units, the most isolated units, the lowest

mass units, you need to be careful, because differential geometry is going into the state maahmaasivigu
differential geometry when you should be udiinife state machines with limited resoluti@nd those are very
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different things. In differential geometry, just like spacé me é emer ges from this st at
way around. You dahstart with differential geometry and then the state machine comes from it. Nope. Other

way around. You get this set of operators that cooperating togetithrcethese differential geometries that then
become the power that we see in classical physics.
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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.

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).
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49:37]Mi n k o ws k icsédwo EihseeinseThete Ei nst ein version 1, who felt
died very abruptly of appendicitis, and Einstein felt terrible about it. One of the reasons why Einstein felt terrible
about it was that he had said some pretty blunt things about Minkowska [f]d u s [ e x a népriotdHe wa s é
most famous one, but the one that | thought was the poosedwas the last one where Einstein made a casual
comment that Minkowski, when he made his comment about with a piece of chalk | can draw forward axes,
Einstein essentially called hifichalk for brainef or s a y i Quah ydu know, Eimst&in was not happy with

this. He was using clocks. He was using a much more digital approach. He was saying iftybawipa clock,

if you dort have a ruler, it doeShmake sense, and Minkowski took it in a totally different direction, and then
ironically to history they later converted, but Einstein was not real keen on this world lines ids@aat first.
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Part Ill.
New: Gravity as a Lorentz transform
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50:42]Now,lItm goi ng t o put & e é aé n@eagolciéed dbout doraetof that in the past,
but again, this is something that physics needs to get away frome#&d® get to an SMU model. We need to
get a state machine universe.
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New: Gravity Transforms Within the State Machine

» SMU requires relativistic mass to be real and attached to matter

» The gravitational masses of instruments in a spaceship coasting at
0.866 c are thus doubled relative to their pre-acceleration masses

» How, then, is Einstein’s full inertial-frame symmetry preserved?
Flbe"o m Fiber o m

Tor
Light Light
source source
<3 3 0.866 c
Jr# " T

o -
L] - M ¥
m Scale - A Scale

Rest Masses M and m at Launch Massé; M and m double in the 0.866 ¢ system
;:_::;-5!;:'%31025"235'2’,‘0 (2025) 25

50:56] Gravity!
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This is just a little intro, real guick, but gravit
something lhavelh e v e n g o tdl havéthe math in bofe later ones here, but if you think about it,
everything éve said about these fermions means that ifigousing an SMU (using a state machine universe)
relativistic mass becomes real, because you no longer have this total relativity between, you know, &ais frame
absolutely as good as the other. No, they all become subsetwaadtibsets have enormous energies attached to
them.

So if you accelerate a spaceship to near the speed of light, that energy is attached to that sgacesthip. It

attached to the space in betweeds, fitot attached to some €ul@ @ tight there. You have increased the mass

of every electron on that spaceship. Now, this pres
onds been able to do, because we@lbave those kind of velocitiewvailable to us, or maybe we can be, but if

you accelerated an experiment using two massesé Thi
see how much they attract each other.

Well,ifyoud e doi ng td&thesgéestiam lflydiie éomgthis in a spaceship tagoing at .866C, do

you see that extra relativistic mass or @gou? Do those pieces of those balls, do they attract each other faster or
dond they? And you go liké\Well, okay, you know, if the mass is actually thénethe observer framen the

larger frame | talked about before, absolutely that larger frame is going to have to see those masses attract each
other faster. So whé the resolution?
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Distance-to-Time Conversion Rescues Gravity

» Increases in their masses cause moving balls to collide faster

» However, their shared velocity adds length to the interactions

» Conversion of length to time delays the collision in the moving view
» Implication: Gravity transforms within Euclidean special relativity

0.866c ~
|

m mx2

M
M and m collide in a time M and m collide faster, but the moving unit sees
defined by their masses the added distance as additional time-to-collision
E Apabistia Notes 2025, 12061200 (2025) 26

52:41]Well, the resolution is good old spatime interchangeability, because even though the rest frame (the
encompassi ngaliketausethedern residframes, tiisneo rest € & all just scale. When yae
talking about a rest frame y&e usually talking about the larger inertial frame from which you accelerate it, is
what you really mean, and those are msitale and theéye all anenormousiumber of scales. So what yie!

really saying is in the encompassing frame in which you observe those masséit yoer e t h eshoéldsgeo u
them (just a wjlsee thencpulingtowards egich ather faster, but thetbimg is that at the

same time thdaye also moving very fast.
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So, from thanternal perspective of the moving rocket (the ship that has the experitheggee that length
converted over intime (into an extended time) and they wind up seeing these balls approaching each other at the
same slow speed they would have before. So they see no difference in the physics.

Now, think about that though. It means that gravity converts within the Lorentz transformations, which is

intriguing, because we think gravity is kind of, like, beilaggert han speci al relativity,
far as | can tell é& You k nuovainterestingthingsfis goirg & happeh. &ithert hi n g
gravity converts within the Lorentz transforms, or it dégsand either one of those is an interesting result,
because it transforms within thoseé within subeeereée t

of the Lorentz transformations and if it doé&smappen then you havevilation of the absolute difference
between frames. Either result would be extremely interesting.
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Part IV.
Reference Library of Casimir Papers
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54:31]0h,okay IGm f i nal | y € N odwfinally detting Casimir, which, againife beaten on
Casimir multiple times, sdih just gonna summarize some of this stuff, and go there.

Firstthingbm going to do is if you want &mo nlodgk yatu @aiwri

E Apdidia Note2025 12061200 (2025) 26 apa.2028206.1200.pdf


https://creativecommons.org/licenses/by/4.0/
https://sarxiv.org/apa
https://sarxiv.org/apa.2025-12-06.1200.pdf
https://apabistia.org/
https://youtu.be/eVEldSF6QlY?t=54m31s

Terry Bollingec BY 4.0 Revisiting the Casimir Effect December 6, 2(

Terry Bolinger CCBY 4.0 Revisiting the Casimir Effect December 6, 2025

A Few Casimir Effect Papers (1 of 5)

[1] H. Nikoli¢, Emergent Diffeomorphism Invariance in Toy Models, Fortschritte Der Physik
2300026 (2023). https://arxiv.org/abs/2301.04448

[2] A. Albert et al. (HAWC Collaboration), Constraints on Lorentz invariance violation from HAWC
observations of gamma rays above 100 TeV, Physical Review Letters 124, 131101 (2020).
https://arxiv.org/abs/1911.08070

[3] H. Nikoli¢, The Origin of Casimir Effect: Vacuum Energy or van Der Waals Force? [Slides],
Modern Aspects of Quantum Physics (2018).
http://thphys.irb.hr/wiki/main/images/2/2c/Casimir.pdf

[4] H. Nikoli¢, Is Zero-Point Energy Physical? A Toy Model for Casimir-like Effect, Annals of
Physics 383, 181 (2017). https://arxiv.org/abs/1702.03291

[5] H. Nikoli¢, Proof That Casimir Force Does Not Originate from Vacuum Energy, Physics Letters
B 761, 197 (2016). https://www.sciencedirect.com/science/article/pii/S0370269316304567

[6] C.D. Markle, On the Orientation Dependence of the Casimir Force [PhD Thesis], Washington
University Open Scholarship, Dec 30, 2013. https://openscholarship.wustl.edu/etd/1191/
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54:50] 16ve done a little bit of reading on this topiévd done, like, two deep dives on this topic artderbeen

satisfied with a full set of results. So, hisra few good ones. These are most recent firsts. dhaemether set.

Here8 a few more for youd& @h,0naomnud clearharse anwmxmimarleltnsa n St
work they did experimentally.

Imean,h& an edi tor at Academic now, but got someé got
amazingvor k, wher e t hey wteaseouthisssubde Casimdr forceeffectkwhiohviseal

effect. Despite everythinge just been saying, the Casimir force is a real efféstjust you gotta be careful

what youé what vy o unametaditofliwgrk thete and @ell worth pointingaout, and the

ancestry of the Casimir Effect motwhat people think.

They started out with electrical emulsions electrify. You know, all ofiepethistory of this is very strange,

and van der Waals forces, a lot d@6ijust figuring out how charges like to shuffle around with each otiver. |

had two previous presentations on this issueé sect.i
alook atsome ofthabl e ¢ Some of t hese same sanjudsagngth@aheieh t hi s
got those from.
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A Few Casimir Effect Papers (2 of 5)

[7] C.D. Markle and R. Cowsik, General Approach to Casimir Force Problems Based on Local
Reflection Amplitudes and Huygens’ Principle, Physical Review A 85, 052516 (2012).
https://arxiv.org/abs/1203.5326

[8] B. C. Denardo, Water Wave Analog of the Casimir Effect [Video], NPSPHYSICS (YouTube), June
29, 2012. https://youtu.be/H-GnwnEnLCA

[9] B. C. Denardo, J. J. Puda, and A. Larraza, A Water Wave Analog of the Casimir Effect,
American Journal of Physics 77, 1095 (2009).
https://wucj.lab.westlake.edu.cn/Others/Casimir effect.pdf

[10] Emok, Casimir Forces on Parallel Plates [Figure], Wikipedia (2008).
https://en.wikipedia.org/wiki/Casimir effect#/media/File:Casimir plates.svg

[11] R. L. Jaffe, The Casimir Effect and the Quantum Vacuum, Physical Review D 72, (2005).
https://arxiv.org/abs/hep-th/0503158

[12] S. K. Lamoreaux, The Casimir Force: Background, Experiments, and Applications, Reports on
Progress in Physics 68, 201 (2004).
https://courses.physics.ucsd.edu/2014/Fall/physics215a/project/Casimir-Review.pdf

EL:&:‘:: 2 Notes 2025, 12061200 (2025) 29 apa 2025-1206.1200 paf

[{see slide 28}]

Teny Bolinger CCBY 4.0 Revisiting the Casimir Effect December 6, 2025

A Few Casimir Effect Papers (3 of 5)

[13] S. K. Lamoreaux, Demonstration of the Casimir Force in the 0.6 to 6 Mm Range, Phys. Rev.
Letters 78, 5 (1997). http://web.mit.edu/~kardar/www/research/seminars/Casimir/PRL-
Lamoreaux.pdf

[14] J.-L. Thiffeault, M. Purcell, and R. Correll, What a Rindler Observer Sees in a Minkowski
Vacuum, PHY 387M, Relativity Theory Course, the University of Texas at Austin (1993).
https://people.math.wisc.edu/~jeanluc/talks/rindler.pdf

[15] J. Schwinger, L. L. DeRaad Jr, and K. A. Milton, Casimir Effect in Dielectrics, Annals of
Physics 115, 1 (1978).
https://www.sciencedirect.com/science/article/abs/pii/0003491678901720

[16] T. H. Boyer, Quantum Electromagnetic Zero-Point Energy of a Conducting Spherical Shell and
the Casimir Model for a Charged Particle, Physical Review 174, 1764 (1968).
http://web.mit.edu/~kardar/www/research/seminars/Casimir/PR-Boyer68.pdf

[17] E. J. W. Verwey and J. Th. G. Overbeek, Theory of the Stability of Lyophobic Colloids, Journal
of Colloid Science 10, 224 (1955).
https://dspace.library.uu.nl/bitstream/handle/1874/16118/verwey 55 theory.pdf

E Apabistia Notes 2025, 12061200 (2025) 30 apa 2025-12:06.1200 pdf

[{see slide 28}]

E Apdidia Note2025 12061200 (2025) 28 apa.2028206.1200.pdf


https://creativecommons.org/licenses/by/4.0/
https://sarxiv.org/apa
https://sarxiv.org/apa.2025-12-06.1200.pdf
https://apabistia.org/

Terry Bollingec BY 4.0 Revisiting the Casimir Effect December 6, 2(

Tery Bolinger CC BY 4.0 Revisiting the Casimir Effect December 6, 2025

A Few Casimir Effect Papers (4 of 5)

[18] J. Th. G. Overbeek and M. J. Sparnaay, Experiments on Long-Range Attractive Forces between
Macroscopic Objects, Journal of Colloid Science 7, 343 (1952).
https://dspace.library.uu.nl/bitstream/handle/1874/18537/overbeek 52 experiments.pdf

[19] E. J. W. Verwey, Theory of the Electric Double Layer of Stabilized Emulsion, Proc. Konink.
Nederland. Akad. Wetenschap 53, 375 (1950).
https://dwc.knaw.nl/DL/publications/PU00018788.pdf

[20] H. B. G. Casimir, On the Attraction between Two Perfectly Conducting Plates, in Proc. Kon.
Ned. Akad. Wet., Vol. 51 (1948), p. 793.
https://dwc.knaw.nl/DL/publications/PU00018547.pdf

[21] H. B. G. Casimir and D. Polder, The Influence of Retardation on the London-van Der Waals
Forces, Physical Review 73, 360 (1948).
https://www.mit.edu/~kardar/research/seminars/Casimir/PR-CasimirPolder48.pdf

[22] E. J. W. Verwey and J. Th. G. Overbeek, Theory of the Stability of Lyophobic Colloids: The
Interaction of Sol Particles Having an Electric Double Layer (Elsevier Publishing Company Inc.,
1948). https://www.damtp.cam.ac.uk/user/gold/pdfs/teaching/VerweyOverbeek.pdf
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A Few Casimir Effect Papers (5 of 5)

[23] E. J. W. Verwey, Theory of the Stability of Lyophobic Colloids [Paper], The Journal of Physical
Chemistry 51, 631 (1947). https://pubs.acs.org/doi/epdf/10.1021/j150453a001

[24] H. C. Hamaker, The London-van Der Waals Attraction between Spherical Particles, Physica 4,
1058 (1937). https://www.damtp.cam.ac.uk/user/gold/pdfs/teaching/hamaker.pdf

Previous Bollinger YouTube presentations addressing the Casimir Effect:

[26] T. Bollinger, A Critical Look at Infinitesimals in Physics. Apabistia Notes 2025, 09131200
[Sep. 13] (2025).
Slides: https://sarxiv.org/apa.2025-09-13.1200.pdf
Video: https://youtu.be/4YPvucRP9kw
This citation: https://sarxiv.org/apa.2025-09-13.1200.01.pdf

[27] T. Bollinger, Fairy Dust in Physics: How Non-Physical Views of Information Impede Theory
Progress. Apabistia Notes 2025, 0215130002 [Feb. 15] (2025).
Slides: https://sarxiv.org/apa.2025-02-15.1300.01.pdf
Video: https://youtu.be/JiCiI3 7pdg
Edited transcript: https://sarxiv.org/apa.2025-02-15.1300.02.pdf
This citation: https://sarxiv.org/apa.2025-02-15.1300.03.pdf
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Part V.
A Critical Look at the Casimir Effect
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[56:17[Nowe Casi mir Effect?
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Vacuum
fluctuations

Emok, CC BY-SA 3.0, via Wikimedia Commons
https:/lcommons.wikimedia.org/wiki/File:Casimir plates.svg

Standard Casimir: Empty QED Space Has Nearly Infinite Energy

H. B. G. Casimir, On the Attraction between Two Perfectly
Conducting Plates, Proceedings of the Koninklijke Nederlandse
Akademie van Wetenschappen 51, 793-795 (1948).

https://dwc knaw.nl/DL/publications/PU00018547 .pdf

“We are thus led to the following conclusions. There exists an
attractive force between two metal plates which is independent of
the material of the plates as long as the distance is so large that
for wavelengths comparable with that distance the penetration
depth is small compared with the distance. This force may be
interpreted as a zero-point pressure of electromagnetic waves.”

“Although the effect is small, an experimental confirmation
seems not unfeasible and might be of a certain interest.”

Forty-nine years later, S. K. Lamoreaux proved that the attractive
effect Casimir predicted is experimentally observable:

S. K. Lamoreaux, Demonstration of the Casimir Force in the 0.6 to
6 um Range, Physical Review Letters 78, 5-8 (1997).
http://web.mit.edu/~kardar/www/research/seminars/Casimir/PRL-

Lamoreaux.pdf

EL:;:;-srs;»e;zozs"206‘200:20257 34 20251 2
[56:20]1¢ it self Standard Casi mir
E Apdigia Note2025 12061200 (2025) 30 apa.2024.206.1200.pdf

December 6, 2(



https://creativecommons.org/licenses/by/4.0/
https://sarxiv.org/apa
https://sarxiv.org/apa.2025-12-06.1200.pdf
https://apabistia.org/
https://youtu.be/eVEldSF6QlY?t=56m20s

Terry Bollingec BY 4.0 Revisiting the Casimir Effect December 6, 2(

Empty space hasearlyinfinite energy. This is what Feynmaomplainedabout about his own theory. He said,
fiWow, this doesti seem quite righd. Ités hard to balance it out. People have struggled. The simplest prediction
is that if youtruly haveinfinite forces due to quantum uncertainty at small enough scales that you should have
infintedensi ty of t megétivedensityhorinfinitepositiviedensity ef empty space and the whole
universe collapses, and the balancing point between tivoss $o unbelievably thin

| remember | did a calculation once. You take the universe. You look at a proton, then you make that proton into
your universe and then you take another proton and you make that proton into your universe and | think it was
likeldold knowé three or f our howsheepsofan edgedoutndeedta kegpdghe f i nal
vacuum from collapsing due to this. S@&itt Wh e n |& aspeolylemtwithehe quantum field theory on this

16m not kidding. Itreally goes crazy on trying to go to the finest levels of detail. So, you have this attractive force
and the idea is that if you have these plates it restricts them from bumping into each other.

If youdre ever been on a boat next to a dock and you put your hand in between the dock and the boat you can get
your fingers crushed, because of the Casimir effect or the equivalent up in the waves. The waves will push the
boat into that shadow created by the esavlhese are just shadows. Thail these really are. That distance

between those plates is a shadow. So the waves outside push them together. So, this is where you get the idea of
attractive force, butoticethe attractive force isotfrom thegap. Thals misinterpreting it. Thé just a shadow.

The pushing force is from thautside 1tG from all the forces on thmutsideof the plates trying to crush the plates
together.
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All Real Casimir Models Require Violent Waves

2:30 “This is tricky because we are pushing the shaker and the
amplifier nearly to their limits.”

— B. C. Denardo, Water Wave Analog of the Casimir Effect. NPSPHYSICS (YouTube), [Jun. 29]
(2012). https://youtu.be/H-GnwnEnLCA
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[58:25]é a thaitsa bit of a problenbecause f you do a r e &lagréaslitle videorwheneo d e | é
t hey show t hicrank epthé shakdr én a bdakeryanduyou have two plates there you will observe the
equivalent (the aquatic equivalent) of the Casi mir
says thisé Dr. De nar d o é&rThisis trickyt, ble@ausayoly pusineéartisedimits beforle i s [ i
you can finally get this thing to take effectYou really have to get those waves moving. That corresponds to the
nearlyinfinite frequencies that you have at the lower scale of these thingssSaiolentt hi n g é
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Absurdity #1: Casimir Effect Creates Black Holes

» What folks tend to forget about Casimir plates is that the force
comes entirely from outside the plates, not from the gap

» The gap is nothing more than a region where a tiny sliver of all
possible “free space” oscillations cannot exist

» This absence then makes a sliver of the outside wave forces visible

» There is a huge problem with this argument:
» The ultimate “thin gap” is the solid metal within each plate (zero gap)

» Applying the gap rule consistently means the gamma-and-beyond quantum
fluctuations should crush each plate until it becomes a black hole

» The gap model works only if you “exempt” all but a minute sliver of waves
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59:05]é a thidcreates an absurdity. Thé&eno other way to describe it. If the Casimir effect vemdand as
described every metal block would turn into a black hole. Why? Because every metal block would have infinite
forces pushing inward on it due to that block not permitting the full ranfpeasfsto cancelout. Sod | i ke aé
like that submarine thét at the bottom of the ocean, you know, and it gets crushed bedaugs d hole, @ got

a gap on the inside, and if tanot filled in it cad resist those forces.

So, this creates a concept that any metnadapgdlé®& eé be
azerogap, so that means that all the forces should come in full play. So, the only way you make the Casimir

effect work is if youexempall but anincrediblyt i ny sl i ver of the waves, andégé
happened, because you say, fikéell, if thesewaves doft work, andthesewaves doft work, andthesewaves

dond work, butthis little tiny sliver this little tiny sliver t hi s | i ttl e tiny sliver of
get the measured effects and you can actually calculate out within that tiny little narrow strip, but then you gotta,
you know, you gotta look at it a little closer and Salpw are you doing this exemptian?

E Apdidia Note2025 12061200 (2025) 32 apa.2028206.1200.pdf


https://creativecommons.org/licenses/by/4.0/
https://sarxiv.org/apa
https://sarxiv.org/apa.2025-12-06.1200.pdf
https://apabistia.org/
https://youtu.be/eVEldSF6QlY?t=59m05s

Terry Bollingec BY 4.0 Revisiting the Casimir Effect December 6, 2(

Terry Bolinger CCBY 4.0 Revisiting the Casimir Effect December 6, 2025

Absurdity #2: Casimir Effect Incinerates All Matter

» Casimir’s explanation for exempting most forms of radiation:

“For very short waves (X-rays, e.g.) our plate is hardly an obstacle at all.”

— H. B. G. Casimir, On the Aftraction between Two Perfectly Conducting Plates, Proceedings of the
Koninklijke Nederlandse Akademie van Wetenschappen 51, 793-795 (1948).
https://dwc.knaw.nl/DL/publications/PU00018547 .pdf

» There exists no physics pathway by which Casimir’s assertion of
“transparency” is plausible

» Far from being transparent to them, metal plates should absorb or
reflect X-rays and higher energies

» The only correct outcome of this thought problem scenario is
cosmic incineration of all matter (if black holes do not form first)

E Apabistia Notes 2025, 12061200 (2025) 37

1:00:30]And, this was one of the (to me) one of the funniest statements that | recall reading [in] a paper, because

| just rolled my eyes and laughed. | sA¥budve got to be kiddingl, because Casimir said originally, for very

short waves, like X ay s , EGé you might have included gamma ray
rays that go beyond thaté What?!Wipat?2af é Lset héeduesibear o0b
for you: If you take some metal object that you have and put it into a gaaynmaachine andee if nothing

happens to jtor put it in an Xray machine andee if nothing happens to his isabsurd!The tran§ é t h e
asseitoné First of al |l , trhoeorracs and it also ignoresalf thehseqaemeay ar ency
thosehigherfrequency waves.

So, is a ppecioukargument to say the least, but also fusiny Ités just kind of like seriously?!Thais your
way of saying that th& why ifs sowealk? It& you just sayiNope, nope. All those highways, they just go right in
through itd. So, the other consequence of that is cosmic incineratiotually, | think | went through here.)

€ createsé first of all, it creates bl ack ehenglise s . I
going toobliteratethe matter in that. This model doéswork! It requires space to ls® energetithat a material

object that is irmnyway an impediment to that (which is pretty mactyk i nd of matter é s ome
impediment) should biecinerated

E Apdidia Note2025 12061200 (2025) 33 apa.2028206.1200.pdf


https://creativecommons.org/licenses/by/4.0/
https://sarxiv.org/apa
https://sarxiv.org/apa.2025-12-06.1200.pdf
https://apabistia.org/
https://youtu.be/eVEldSF6QlY?t=1h00m30s

Terry Bollingec BY 4.0 Revisiting the Casimir Effect December 6, 2(

Terry Bolinger CCBY 4.0 Revisiting the Casimir Effect December 6, 2025

A Belated Clarification (Confession?): Casimir 1998
Near the end of his life in 2000, Casimir said this:

“But one can also take a more modest point of view.

Inside a metal, there are forces of cohesion. And if you take two metal plates and
press them together, these forces of cohesion begin to act. On the other hand,
you can start from one piece and split it. Then you have first to break chemical
bonds and next to overcome van der Waals forces of classical type. And if you
separate the two pieces even further, there remains a curious little tail.

The Casimir force is the last but also the most elegant trace of cohesion energy.”

— H. B. G. Casimir, Some Remarks on the History of the So Called Casimir Effect, pp. 3—9 in M. Bordag,
Ed., Leipzig, The Casimir Effect 50 Years Later: The Proceedings of the Fourth Workshop on Quantum
Field Theory Under the Influence of External Conditions, Germany: World Scientific, [Sep. 14-18]
(1998). See end of page 7: https://books.google.com/books?id=PI184DwWAAQBAJ&pg=PA7
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1:02:111So, one of the most interesting statements from
before his passing isé | was surprised to see this,

of ever finding this quote.

It was exactly this kind of thing, as ydlusee some in pictures, and it just says the Casimir force is the last but
also most elegant trace @fhesion energyl have an assertion. | say that fedhe real Casimir talkinghll the

other stuff where it says, likitY e a h , ma ydlehjnk he diddttbélieve his own excuse. | believe that he

may have meant it when he wrote that paper, but after he thought about it he said tliatrddesany sense.

You carid just say the xays are there and it juiginores them. That makes no sense, because everything would be
obliterated Every atom would be obliterated. All forms of matter would be obliterated, so | think Casimir figured
that out pretty quickly, but he wasuck

You know, Niels Bohr had supported him. Niels Bohr wakghtedwith his result. He thought it thoroughly

proved his model that theeeinfinite energy at small scales. | dothink Casimir ever truly believed it. | think he
wasvery cautiousand ifs interesting how he didineven like his name to be associated with this. These are the
kind of things that people do when they Gawrally fully agree with the discussion teabeen assigned to them

and | think thads the case for Casimir. Slascinatinggu ot e by Casi mir and al so an
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1:03:531¢ 1t | eads ysomportand Becale it léads you some explanations that make more sense.
In terms of the SMU (State Machine Model )é &tate ma
interpretation of the Casimir effect. Thé&sao spacgime fabric. Therés operators only. Thei®no infinite

energies at short distances. Thatist a §peciousconcept.Species?an not even sure if | pronounced that word
right. S p e candmore interestingly though is if yabandorthis idea that theds a very weH

structured fowdimensional spaeme as gjiven then all of the particles that you see in standard models become
emergences of some form of matter defining some combinafispatial and time characteristics. This is a

complete upsidelown version of how we usually think of it. Think of it as matter, of persistent matter, fermionic
matter, fermionic matter and ener gy c o mrhtions efdpéicef undi
time, because spatiene becomes a much more fungible asset in this model, bec@sistitoperators.

So you use smalicale operators that d@muite create a full definition of spatimme. Halfspin would be an

example. Thdk not a full definition of spaetime. Halfspin is apartial definition of spacdime. It a very

weird partial definition of spacé i me. You have rules thaté The particl
guidance, but they ddnmean that those are all in operation at the same time. As an example, that proton would

be extremely stable. Local spaceé me st at dihave ehdrgy heyodcowhat tiieyfunded with, and they

only show things like quarks, gluons, [and] pions when they interact with various levels of energy with

phenomena that s@{ph, okay. | camdothat now. | can spit that oot.Ités € | nme ways ifs subtle, but & an

important distinction to make, that the idea that you have stable states that akonetigencef complexity

without actually having the complexity.

The electron orbital isota superposition of an infinite number of electrons doing a little bit of everything all at
the same time. It is simply a set of rules thatf@éy here. This is as compact | can get under this set of
informad é this set of mass and energy. @ado anything more, but h&gewhat &m capable of, if you ask me.
Here® what | could do if you do that.So a state machine model gives a more precise way of sayinig/tett

is your next state that is possible if you do that?
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