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[0:0] TB: Good afternoon, good evening, good morning (depending on what time zone youôre in). 

 

The topic of the talk today is revisiting the Casimir effect, which is something Iôve addressed at least twice in 

some detail, and precisely for that reason Iôm 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. So, if youôre 

looking for a somewhat different perspective on some issues about special relativity, youôve come to the right 

place, because there are some interesting differences here. 
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[0:40] The deeper problem with the Casimir effecté  

 

The Casimir effect (just as a very brief introduction) is the idea that if you put two metal plates together thereôs a 

pressure that pushes them closer and closer together, and in doing so ité This force is supposed to show the 

almost infinite energy that resides inside of quantum uncertainty. So, itôs a famous 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 how space-time is structured becomes very relevant for how 

this Casimir problemé how the Casimir effect works out. So, this is the first dive. Itôs to go into something called 

the State-Machine Universe (SMU). 
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[1:49] The premise is quite straightforward: that underneath space and time, rather than having a space-time fabric 

that simply resides there and exists (a very pre-existent kind of concept of that) thereôs another 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 new version of the system.  

 

So, this is actually a quite intuitive concept. Itôs not a concept thatôs difficult to understand even if youôre 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 you continue in a sequence to get the overall results that you want from this.  

 

In physics however thereôs a 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 whatôs 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 what weôre doing right now exists. 

Experimentally, that doesnôt happen. Experimentally, you know that youôre 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 I say in some ways going back to a more intuitive concept of how physics operatesé 

but the particular version ofé In this particular version of it, the state machines, every inertial frame, rather than 

being a separate concept of space 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 donôt have this idea of a fully 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 then interpret as time. So this is a very immediate and very kind of a pattern type of interpretation of how you 

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

you the same kind of deterministic behavior that you expect. So this is not incompatible with the idea that you 

have a well-defined future for things like orbits, that you have certain patterns that can be predicted over very long 

lengths of time. However, it does change the way that you interpret how that happens. Instead of saying that that 

long-term pattern already exists, youôre instead saying 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 I think most of us have this. We have this idea that (weôre kind of trained 

into it informally)é itôs that space and time (space-time together) is a fabric, is an actual substance, and not 

accidentally Einstein very much pursued this approach in his later years. In his early years the did not, but in his 

later years he took space-time not just as an idea, but as an actual fabric from which everything was composed 

and that remains a very common approach in doing these.  

 

In terms of experimental thatôs a different issue, because experimentally you must have actual material objects 

before you can measure things like space and timeé [{delay of several seconds due to technical problems}] and 

Iôm tryingé There it goes. For some reason, I could not get my button to go down.  

 

 
 

[6:28] Okay, so Iôm saying that [in] a space-time interpretation you can take the entire universe, take 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 

doing this is what I call a distance activity unit. This is an invariant arrow that essentially is attached to 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 have a scale in 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 itself doesnôt really matter. The idea is 

that if you have a unit of matter that can be defined as a well instantiated unit, something that persistsé So you 

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, so that you move the angleé If youôre in one place, you go strictly into a pattern that weôd 

interpret as time, whereas if you go in another direction you can go (ideally, you canôté it takes infinite energy to 

do this) in a completely straight line, which is the same thing as traveling at the speed of light.  

 

Now, notice thereôs no light cone in this. This is just talking about the transformations that youôre doing to the 

state of that unit of matter. Thatôs a different thing from saying the actualé Youôre not trying to track the light 

cone aspect of this, but rather the transformations that youôre applying. A useful analogy in this, interestingly 

enough, is this ideaé and I canôt help but reference the movie Speed [(1994)], because it just gives a delightfully 

appropriate example: Youôve got somebody stuck in a bus. The bus cannot slow down. It always has to go 

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

they have to go in a straight line, but thereôs always 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 part. Thatôs where 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. Thereôs always 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 extend it out all the way to 

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

complete stop, because youôve used up all of your internal velocity, not for the activity part (the coiling part, the 

looping part) but youôve converted it entirely into distance.  

 

Now, whatôs interesting about this structure, about using these ideas of DAU [(Distance-Activity Units)] unitsé 
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[10:09] é is that it immediately gives you the results of special relativity that are often done in a much more 

complicated fashion. You have an angle and the angle tells you how much youôve tilted the operator (the next 

iteration of the state machine for that object). You can have it go straight up, in which case, itôs pure time. 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 [(ȅ)] convention. I put a plus sign there because I am using the reverse. These are the clockwise plus angle, 

which is a little 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 right-hand 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 youôre familiar with the concept of an interval in spatial 

relativity, an object that moves at the speed of light is said to be in some sense simultaneous or in the same 

location. Now the interesting thing is, we know thatôs not really true because if somethingôs moving at speed of 

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

 

So this simple rectangular representation actually captures that quite nicely. Itôs saying that, yeah, the time stops, 

but thatôs not the whole issue. The only way the time stops is if you convert all of the DAU iteration the operator 

becomes entirely a distance-like operator, and this was something that the YouTube channel Ehan Essan pointed 

out to me about how there was a simple relationship between space and time and I loved it as soon as I saw it, 

because this literally converts the concept of space-time 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 invariant arrow (your operator for how you 

change the state).  

 

 
 

[12:23] Hereôs a more detailed example of that same idea.  
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You have a cluster of operators. Theyôre all 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) and thatôs the oneé but they check their clocks, they do the examination, they find, yes, we all still 

have the same clocks (clock times). So they say that we have a shared definition of what time is and also of what 

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

 

So, this gives you pretty much a definition of what an inertial frame is in a state machine model. So, 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 itôs remarkably powerful analyzing more detailed examples of how this works, and to get into 

an example of that: é 

 

 
 

[13:25] é This diagram, in some waysé I like this diagram, because itôs really kind of trivial. Itôs not a big deal, 

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

difference resides in that pointé Iôm not even sure if I can doé Okay, I donôt know if you can see my arrow or 

not, but that little pivot point (that little round black circle) is over on the front end of some object. Itôs defined by 

these four arrows that I 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, so thereôs a pre-acceleration phase that Iôm not really showing 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 is not a simple boost. It is something quite a bit more complex than a boost, and thatôs one 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 predictions (in some cases) of whatôs going to happen with 

this.  
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[14:51] So thatôs 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. Theyôre all saying, weôre going to do the same thing, but then you have this 

outlier here, whoôs going at a different angle (in this case, a 60 degree angle from vertical) and that clock winds 

up getting half speed, because itôs using a lot of its energy all of its motion through time and space to move 

laterally in the state. Itôs changing its location in the state machine as opposed to simply iterating within one 

single place.  

 

So, this is where I say this is not a space-time model. What you have here is you have fermions especially. If you 

donôt have fermions, you canôt do this. So you can get all the way down to the particle physics level. If you just 

have bosonsé Bosons are part of the time equation, but if you donôt have these gnarly strange little particles 

called fermions (which is to say, electrons, protons; matter-type particles) you donôt get this property of where 

you have this nice little separation and this change of state.  

 

So these become the fundamental units of memory devices. Itôs the fermionic states of universes. Those are very 

limited in number. Iôve also had previous presentations on the idea of a sparse information universe. When I say a 

sparse information universe, when I talk about fairy dust as information that doesnôt really exist, this is exactly 

what Iôm referring to. Iôm saying that the fermionic content of the universe defines an absolute inviolate limit on 

how much information you can store in this universe. So, you can create more pairs of fermions, you have a 

certain amount of energy, thereôs some mungability between energy and fermionic memory, but if you donôt have 

this you donôt have a definition of space or time.  

 

Now thatôs (like I said) a very different 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 starts (starts!) and is defined and is limited by the existing matter 

in the universe and that all of these concepts that we think of as space and time and distance are nothing more than 

relationships between these fermionic units. The relationships are complex. In fact, I think one of the most 

interesting places to explore this model further is how these relationships work between the fermions, how they 

define in particular the concept of distance, because in some sense they donôt care about distance, which is 

remarkable, but in another sense they care very, very much about distance.  
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They define these relationships and we are trapped within those relationships, but if you talk about issues like 

entanglement, [if] you talk about these strange effects that you get in quantum world, thatôs where youôre peeking 

below the surface a little bit and youôre seeing that these relationships are constructed from the fermionic matter. 

Theyôre not just a given.  

 

So, againé The universe is a state machine [is an idea that] drives you to the idea that space and time are not just 

only transformation operators they are finite and limited and scoped transformation operators. You have a certain 

set of matter, you have a certain set of options for how you can define space and time, and thatôs it. If you try to 

talk about space going beyond that, it becomes a meaningless concept. Youôre trying to do operators on memory 

devices that donôt exist. So you need your memory devices in order to get these concepts of transformation 

operators.  

 

Thereôs 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 space-time, because one of the things that happens with 

this model is you have more than one version of space-time. If you go back through some of my previous 

presentations Iôve talked about things like the rotational states of space as being actual states of these operators 

iterating on certain subsets of the memory.  

 

 
 

[18:56] Overall structureé Itôs very simple, very computer science-ish. So you have one DAU per item per 

global iteration. You can define your DAU unit to be any scale you need, depending on what youôre looking 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 

million light years as the corresponding unit of the DAU tilted all the way to the right or to the left. Soé left to 

right being all of the possible three-dimensional directions.  

 

So, an oddly simple model, but one that puts state machine interaction (state machine dynamics) above concepts 

of space and time in terms of how fundamental they are.  
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[19:52] Thereôs a simpler way to visualize the same thing. Iôve used this before.  

 

This one, I just like it, because it is so easy. Itôs like playing with blocks. You take that cluster of arrows I showed 

earlier. You say ñWell, you know, I can tilt it one way or tilt it the other.ò. The instant you tilt it, that defines the 

front of whatever the system is that youôre trying to accelerate.  

 

So this is where the idea that the front of the object, the leading edge of whatever group of units youôre 

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 tells you pretty much everything you need to know just 

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

about time dilation, and about some other effects that can get a little more exotic, but those are all in there.  

 

One of the more exotic effects is time gradients. You know, Einstein talked about them, but didnôt quantify 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 system. Youôve still got the other objects moving ahead. So youôve 

just tilted and changed the state of this one group of objects. Now, within that group of objects thatôs where you 

have the remarkable ability to define a space and time in which no experiment can tell you that youôre not the 

same as anybody else.  

 

This is the old equivalence between inertial frames. Thatôs still there. What the state machine model does is it says 

ñNo, no, no, no. You canôt just extend that arbitrarily. You cannot just say it applies everywhere.ò. You can create 

these new space-times that have these marvelous properties, but theyôre also finite in length. So you tilt three cars 

on a train. You accelerate the three cars on a train, you sync them all up. Thatôs all you get.  

 

Everything else becomes relativistic Doppler effect. Everything else becomes just how you interpret the outside 

data. Youôre not changing the outside universe, which in many ways is just common sense to say ñWell, because I 

accelerate it, I donôt change everything else. I donôt slow down the rest of the universe. The rest of the universe 

could care less what Iôve done.ò. The operator dynamic (tilted block dynamic) immediately shows you that.  
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[22:21] Hereôs just three examples of that, and this is again where I 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 you have to begin with a set of clocks that have certain values and these values correspond to the locations 

in the embedding space. You have this embedded space that still has the same time and space definitions as ever. 

Youôre the subset. Youôre the guy embedded in that space. So, the train embedded in that space follows these 

rules, sets this up, and hereôs the kind of results that you get.  

 

So after one DAU for this group of objects, you wind up with these different results. So you find out that you 

have your non-simultaneity of the front and back of the train. You have your Lorentz contraction, because you 

actually change the state where these things have to be smashed closer together, and the exact amount from the 

tilted block is the same thing you get from the relativistic diagrams itôs just simpler math, which is a little bit of a 

hint. The fact that your math simplifies that much and you get exactly the same result, you want to pay attention 

to that because itôs saying something about maybe you donôt need the hyperbolic stuff, maybe you donôt need 

quite as fancy of a structure as you thought.  
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[23:40] é This is the one that Iôve shown a number of times and will continue showing, because it is just so 

important to understand this. Acceleration is not just a boost. Acceleration is not just a second derivative. That is 

an oversimplification of the math. You must look at the physical state changes that happen in the state machine. 

This is why I say state machine representation is more powerful, because it tells you what you have to do.  

 

You have a selected set of objects, finite (thatôs an irreversible choice once you make it). You have to physically 

squeeze them together, and if you do it in satellites it makes it really apparent. Itôs not something that you cané 

When itôs a small object itôs easy to fool yourself into saying that ñWell, itôs all just a transformation of state.ò. 

Itôs 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 

and all of that has to be taken into account before you can actually accelerate the object, which is remarkable. 

Thatôs not just a simple smooth differential boost. Thatôs something much more complicated.  

 

You have to reset the clocks and the example Iôve given before (I always find this amusing) is that itôs no 

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, and this is so literal 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 say ñOkay, it tells me now that itôs 1 oôclock and it was 12 oôclock.ò.  

 

Thatôs weird and because he didnôt see an hour go by, he just reset the clock, and itôs important to understand that 

difference because thatôs where the time paradoxes disappear, because you realize that the elapsed time is still 

exactly the same as the embedding frame. You havenôt losté you havenôt created new time. You havenôt taken 

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 satellites you do have to independently accelerate them. If itôs 

an actual train, youôre pushing it so itôs easy to skip over that ñdetailò, but these are not details. These are 

fundamental to how this works, and the state machine approach shows that, shows it very clearly. A differential 

mathematics only model makes it so easy to skip over these critical steps. 
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[26:25] When you take this structureé and this one Iôve talked about before (talked about it last time), but this is 

moving in interesting directions and fairly quickly. I did not know that there was an imaginary plane 

representation of this until I was going through the math and coming out like ñOh, all of this is just one complex 

number multiplication, or rotation, in complex space.ò. Really? And itôs kind of like ñOkay, how did that get so 

simple all of a sudden?ò and yet that is what youôre doing.  

 

This is essentially a tilted block diagram, picking in on a single point, and then translating it into to imaginary 

real-time real coordinates. One of the things Iôll be experimenting with in the future is I think thereôs a very, very 

interesting quaternion connection. If any of you listening to this are quaternion fans, you should take a look at 

this, because quaternions have been frustrating people in special relativity for literally I think a century (almost a 

century) because they seem like theyôre the right idea, but theyôre Euclidean and of course you had this whole 

thing about Minkowskiôs 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 the real axis, because you still get the same rotations. So thereôs a fascinating 

potential here to use quaternion math and also octonian math, for those of you who are into that sort of thing. 

Octonian math also has some really interesting prospects because it includes the idea of momentum space.  

 

So, Iôm going off on a little math tangent on this, but thereôs just some really, really interesting mathematical 

possibilities for exploration in terms of representation of the state changes of the machine and they involve 

mathematics that many people have tried to use for a long time and had mixed success. Sometimes it seems to 

work, sometimes not. I think part of the reason why they havenôt worked is this bit of confusion about the mixed 

signature Minkowski space. 
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[28:40] Is this a simulated universe model? Iôve just beené Iôve been talking already to say ñThis is all just like a 

computer! Yeah.ò. Well, no! It is not. In fact, itôs really very, very different from simulated computer models that 

pretend that thereôs a computer somewhere. This is the computer. The state machine is reality itself. You only 

have one instance of it. Itôs not running on some separate substrate. It is the substrate. It 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, thatôs not the same thing as a [simulation]. A simulation implies that you can have a universe on top of a 

universe and thereôs a really dangerous assumption in the simulated universe idea that informationôs just free. 

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

all these silly ideas that donôt correspond to anything experimentally, because we never see that. We never see 

infinite information experimentally. We only see quantum uncertainty after youôve run out of energy, and itôs an 

important feature to keep in mind, because if you assume that thereôs a space-time fabric, and you assume itôs 

completely continuum-smooth then youôve assumed infinite information.  

 

We donôt see that experimentally, ever. Quantum always puts a limit on that and itôs trying to tell us something 

important. So, you get this state machine structure and [now] you get no block universe. Youôve only got one 

universe. You barely got enough storage for one universe, because the fermions that are out there that you can 

count: thatôs it. Thatôs your substrate. Thatôs your state, and once you run out of those, once you run out of the 

energy and the fermions that you have, you donôt have any ability to create any more information and therefore no 

ability to create moreé either to extend this universe into a block universe (make these things infinitely long). 

You also donôt have multi-worlds. You donôt have enough information for multi-worlds. It just doesnôt happen in 

a state machine model.  

 

Anything that involves loss of space-time becomes this quantum domain, so thereôs a relationship between loss of 

information and quantum. Itôs more complicated than that. Thereôs some really interesting stuff going on, 

especially given issues like entanglement, but you have to realize that youôre hitting a hard limit whenever you get 

quantum. You know, the reason an electron canôt figure out where it is around the atom is not because thereôs an 

infinite number of electrons doing infinite things at infinite times and infinite ways, which is if you think about it a 
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little strange. Why would you think that? But itôs just saying that thatôs the best the electron can do with the mass 

and energy it has. It doesnôt have enough mass to get any sharper than that.  

 

An electron orbital becomes pretty much the best definition of a localized electron youôre gonna get. You can 

have a stronger positive charge and make the orbital smaller but itôs always going to look something like an 

orbital. So itôs 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 doesnôt sound right. Letôs stick with the energy you have, stick 

with the detail you have, and realize the fuzziness is due to lack of information.  

 

The state machine cannot make something that it doesnôt have enough memory to define. Unavoidably, quantum 

field theoryé if you take a state-speed approach quantum field theory gets hit the hardest, and that doesnôt mean 

that quantum field theory is in any wayé Well, no, Iôm gonna qualify that. Quantum field theory is one of our 

best theories we have for predicting any of a number of phenomena. QED is amazing what it can predict, but this 

thingé but even Feynman was saying that he said itôs probably more like a checkerboard. Itôs something, you 

knowé and he derided his own theory just to make this point. Itôs that somethingôs not right when we put infinite 

energy, infinite mass, infinite information into one cubic centimeter of space.  

 

So, one of the consequences of that, where quantum field theory does terrible, is the vacuum density issue, 

because quantum field theory just has no answer for that. In fact, it just makes some of the most terrible 

predictions in all of physics. So, what you need to do is quantðé Somehow quantum field theory has to be 
rewritten in terms of the state machine formalism and I think thatôs a fascinating issue because you still have toé 

You gotta keep the same predictivity that you have. You donôt lose what you get in quantum field theory, but you 

do have to take a different look at it, and you canôt just keep elaborating details infinitely down at the bottom.  

 

 
 

[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? Definitely not. The 

definitions of space are themselves some kind of subtler, more internal looping behavior that areé is going on 
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and is allowing these things to separate themselves on a frequency basis that doesnôt involve a whole lot of 

energy.  

 

When we use frequencies in regular energy, like an electromagnetic spectrum, thereôs a strong energy component 

to the frequency separation. Whateverôs going on with the separation of the states, of the fermionic states in terms 

of space, the marvelous property of it is itôs almost (not quite) but almost energy-free. So you can have this 

incredible separation at almost no cost whatsoever. So you have this very weak bonding at large distances, but 

you donôt have an enormous amount of energy involved with that.  

 

Thatôs really what made our universe possible. Itôs that you could have this kind of extremely cheap separation 

[that] allows this instantiation of a state machine. So thereôs some really interesting physics that go on. So same 

idea of radio frequencies separate these states, that they have different, you knowé theyôre actually different 

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, where you always have this reciprocal interpretation 

of distances, but the cheapness of it is whatôs really remarkable for the space domain.  

 

Postulateé (and this is actually an old postulate that Iôve made, oh gosh, over a decade ago? I donôt remember, a 

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}], somewhere in those two, which probably have some kind of octonion 

representation if youôre into hyper-complex numbersé somewhere in those two thereôs a break and one of them 

collapsed and becomes localized into the energy and momentum component of objects, and the other one 

expanded and became massive and was able to implement this idea of very, very, very cheap separation.  

 

So, within this concept of theseé essentially a total of eight spaces (the octonion space is the most likely 

mathematical structure) you have a fascinating symmetry break, and that symmetry break is fundamental to how 

we go about doing this. This is a good opðé This is a good topic for exploration. Going to a state machine 
model does noté It changes the 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 a different perspective.  
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[36:52] Minkowski space is a math error! 

 

Oops, did I really say that? Yeah, I did.  
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[36:58] Minkowski space is not an error in the sense that all the Poincaré-Lorentz transformationsé those still 

apply. You can go to that new space (that accelerated space) and within that space you can readjust all the 

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

elseôs. So those still apply. Thereôs no problem with that.  

 

However, the negative time signature of Minkowski space isé the only way to put this is itôs a math error. Itôs not 

fundamental. It is not correct. It produces all sorts of consternation and you start doing these Zen-type operations 

about saying, like, you know ñThereôs no distance between things if they move at the speed of light, even though 

obviously theyôre very far away if you move at the speed of light.ò. So, you get out of thaté and the reason those 

things pop up is the way that the Minkowski space negative signature was derivedé and Leonard Susskind has a 

beautiful description of this. He really isé I highly recommend this little section. 

 

Heôs a great speaker on these topics and he gives an explanation about saying ñWell, hereôs what happens: You 

assume that itôs Euclidean. You do the transformations that Einstein created, and hereôs what happens.ò. It no 

longer cancels and he shows how you have to use a negative sign in order to get it canceled and suddenly you 

come out with the right math. Thereôs a problem and actually Susskind states it right at the beginning when he 

shows his first figure in that YouTube session. He shows the origins having the same origin, and you go like ñSo 

what? So whatôs wrong with having the origins at the same place? You can put the origins wherever you want to, 

right?ò. No, you canôt, and that is whatôs so beautiful about this error, because it makes it so subtle.  

 

 
 

[39:01] Einstein said (back in 1907) that you choose a starting point in both systems the moment at 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 I was 

tilting earlier, tilting the block into the past. As soon as you do that youôre putting theé Itôs got a little origin, 

youôre taking [it and youôre putting] it in the back end of the block and then youôre pushing the block down this 

way until it intrudes into the past, and you canôt do that without violating causality, so what seemed like an 

innocent assumption that is a very standard mathematical assumptioné  
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Youôve got two coordinate systems, surely they can coincide. Turns out to create a paradox that you really then 

canôt get out of, and because itôs such a subtle error it makes it very hard to realize why it didnôt work, and you 

see this in Einsteinôs own work because he never put clocks at the beginning and end of his trains. Iôve said this 

before, but Einstein would put clocks everywhere, except for that bloominô train of his. You know, he had this 

train going by at almost the speed of light, and he wouldnôt put 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 assumption it gets very 

ambiguous how you define clocks, how you correlate, how you start the clocks.  

 

You can say how they change but you canôt say what the original settings are. Tilted block formalism gets rid of 

that and just says theseé this is just time shifts. This is just daylight savings time stuff. Thereôs nothing profound 

going on here. You just have to do it, because otherwise you canôt create the new construction of operators that 

will then give you space and time-like behaviors.  

 

 
 

[41:01] You can see this as kind of a graphic example here [{referring to the slides}].  

 

These are some of the tilted blocks. Theyôre also very similar to some of Minkowskiôs figures, 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, because that frame has used the time-only definition of going between the iterations, that one on the 

left has no problem synchronizing with literally the rest ofé I mean this could extend out to the Andromeda 

Galaxy. The Andromeda Galaxy is not moving very fast compared to us.  

 

So you have this huge domain in which those time definitions apply. Time definitions depend on not moving 

relative to each other, not how far away they are, but not moving. So if youôve got two objects that are not moving 

relative to each other and theyôre 10 galaxies away from each other it doesnôt matter. You can consider those to be 

part of the same inertial frame. So itôs a little subtle point that you want to be careful about. That howé you 

knowé How large is the area of things in which you have things that share that commonality?  

 

Now, if you just accelerated your ruler on the right, which could be that train again, all of that is lost. At the 

boundaries you get bang, you lose that. At the boundaries, all you can see is the other coordinate system. You 

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=41m01s


Terry Bollinger CC BY 4.0 Revisiting the Casimir Effect December 6, 2025 
 

 Apabistia Notes 2025, 12061200 (2025) 20 apa.2025-12-06.1200.pdf 

 

cané you lose the ability to extend those rulers beyond that scope, and thatôs important because it says, again, the 

tilted block is a finite limit on how far the inertial frame applies, but the more important point, and this gets back 

to, again, I loved Leonard Susskindôs talk about invariance. He said ñé but you need an invariant. How do you 

create an invariant? How do you create a number that doesnôt change?ò.  

 

Well, the answer in this case is extremely obvious. Itôs 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 every one of them. We usually donôt, but 

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

 

So, you have a coordinate system in which you do have Euclidean definitions of space and time, which is what 

this figure is. Iôve got X along the bottom. Iôve got time going up. This is Euclidean space-time. So that Euclidean 

space-time can record these events and thatôs 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 apply. It does apply as 

long as you use the larger embedding frame. You get hierarchical space-time. You donôt have just one continuous 

spacetime for each unit. You have a hierarchy. If you accelerate something, youôve created a subset, but the 

outside definitions still apply.  

 

 
 

[44:02] By the way, I have added some slides from the set that I had last night. If youôre following along in some 

slides, a warning: You might want to download a new set. Iôve added five slides and these last two have been a 

couple of them, but just to warn you in case youôre like ñWhereôd that slide come from?ò. 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 other issue. Iôm not trying to 

address that in here. The point is that you have Euclidean definitions that can go over extremely large spaces of 

many, many galaxies, and you can have at least a concept of the first ancestral Poincar® bubble. That is: a set of a 

first inertial frame bubble that has all these shared definitions.  

 

Well, guess what? You can use that at whatever level youôre at to do your Euclidean invariant measurements of 

the separation between different events. So, we do that in a more localized sense. We have your localé your 

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=44m02s


Terry Bollinger CC BY 4.0 Revisiting the Casimir Effect December 6, 2025 
 

 Apabistia Notes 2025, 12061200 (2025) 21 apa.2025-12-06.1200.pdf 

 

latest ancestral bubble (or local, you can call it local, but I 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 Euclidean four-dimensional space to track what the events are and to say what the distance 

is between them. Now, do people actually use that? Of course they do!  

 

 
 

[45:39] You know, itôs intentionally being a little humorous. Do people use LAB coordinates? Well, have you 

ever looked at a bunch of particle tracks from CERN? Youôre not looking at them in Minkowski space. If you 

tried to translate that figure to Minkowski space youôd be 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 invariant is. Of course we 

donôt do that! What we do is we take a picture of it in the embedding space (the LAB space), which is Euclidean, 

and then we have a location of the track. We have a time of the track. Everythingôs Euclidean. Thereôs no 

Minkowski. You donôt want Minkowskiôs space. It would be a horrific task to try to translate this and you 

wouldnôt 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 donôt have the subset concept and your state transition machine you canôt get this right.  
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[46:52] Iôm gonna pick on Minkowski again [and his] differential geometry. é Okay, this is supposed to be 

physics, folks. é [But] sometimes physicists just kind of [fall into the approach] of saying, ñIôm just gonna say 

something!ò And boy, is this ever an example! ñTo never let a yawning emptiness, let us imagine that everywhere 

and at every time something perceivable exists.ò 

 

What?! What?! Whereôd he get that? Where did that come from?  

 

If you said that [for the three x, y, z axes of] space, you would make every particle into a giant block that occupied 

all of the universe! Why do you get to do it with time? 

 

And he uses this word ñsubstance.ò This is a preference ð a philosophical preference ð and Minkowski just 

jammed it in. Thereôs no [experimentally meaningful] definition of this [concept] that corresponds [to this concept 

of ñnever let a yawning emptiness.ò That pretty much summarizes [what happened:] He just said it that way. 

 

Why did he do that? Because he wanted differential geometry. He was just burning [to get differential geometry 

into the mix.] He just really 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. Thatôs not the issue, but the issue is if you try to make it fundamental by adding substance 

thatôs not there then youôre actually redirecting from the structure of the universe as it actually is observed. So 

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 geometry is just so [important]é Itôs incredibly important, and also 

like in things like solid matter physics, where youôve got plenty of detail available, thereôs just marvelous things 

you can do with differential geometry.  

 

However, if youôre 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 machine. Youôre using 

differential geometry when you should be using finite state machines with limited resolution, and those are very 
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different things. In differential geometry, just like space-timeé emerges from this state machine, not the other 

way around. You donôt start with differential geometry and then the state machine comes from it. Nope. Other 

way around. You get this set of operators that cooperating together produce these differential geometries that then 

become the power that we see in classical physics.  

 

 
 

[49:37] Minkowskié Thereôs two Einsteins. Thereôs Einstein version 1, who felt badé Minkowski unfortunately 

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 Minkowski. [A] famous [example] wasé Itôs not the 

most famous one, but the one that I thought was the most pointed was the last one where Einstein made a casual 

comment that Minkowski, when he made his comment about with a piece of chalk I can draw forward axes, 

Einstein essentially called him ñchalk for brainsò for saying it, soé Ouch, you know, Einstein was not happy with 

this. He was using clocks. He was using a much more digital approach. He was saying if you donôt have a clock, 

if you donôt have a ruler, it doesnôt make 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 idea at first, at first.  
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[50:42] Now, Iôm going to put iné enough of that. Iôve alreadyé Iôve grouched about some of that in the past, 

but again, this is something that physics needs to get away from. We need to get to an SMU model. We need to 

get a state machine universe.  

 

 
 

[50:56] Gravity!   
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This is just a little intro, real quick, but gravity transforms within the state machineé I justé and now this is 

something I havenôt even got the mathé Iôll have the math in some later ones here, but if you think about it, 

everything Iôve said about these fermions means that if youôre using an SMU (using a state machine universe) 

relativistic mass becomes real, because you no longer have this total relativity between, you know, this frameôs 

absolutely as good as the other. No, they all become subsets and those subsets have enormous energies attached to 

them.  

 

So if you accelerate a spaceship to near the speed of light, that energy is attached to that spaceship. Itôs not 

attached to the space in between, itôs not attached to some subðé itôs right there. You have increased the mass 

of every electron on that spaceship. Now, this presents an interesting question, whiché an experiment that no 

oneôs been able to do, because we donôt have those kind of velocities available to us, or maybe we can be, but if 

you accelerated an experiment using two massesé This is an old experimenté capital M and lowercase mé you 

see how much they attract each other.  

 

Well, if youôre doing thisé and hereôs the question: If youôre doing this in a spaceship thatôs going at .866C, do 

you see that extra relativistic mass or donôt you? Do those pieces of those balls, do they attract each other faster or 

donôt they? And you go like ñWell, okay, you know, if the mass is actually there, in the observer frame, in the 

larger frame I talked about before, absolutely that larger frame is going to have to see those masses attract each 

other faster. So whatôs the resolution?  

 

 
 

[52:41] Well, the resolution is good old space-time interchangeability, because even though the rest frame (the 

encompassing frame)é I donôt like to use the term rest frames, thereôs no restðé Itôs all just scale. When youôre 

talking about a rest frame youôre usually talking about the larger inertial frame from which you accelerate it, is 

what you really mean, and those are multi-scale and theyôre all an enormous number of scales. So what youôre 

really saying is in the encompassing frame in which you observe those masses you will  see themé you should see 

them (just a prediction)é you will  see them pulling towards each other faster, but the cool thing is that at the 

same time theyôre also moving very fast.  
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So, from the internal perspective of the moving rocket (the ship that has the experiment) they see that length 

converted over into time (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, being larger than special relativity, but this is the caseé as 

far as I can tellé You know, one of the other thingsé one of two interesting things is going to happen. Either 

gravity converts within the Lorentz transforms, or it doesnôt, and either one of those is an interesting result, 

because it transforms within thoseé within thereé then you have gravity as, in a sense, in this context, a subset 

of the Lorentz transformations and if it doesnôt happen then you have a violation of the absolute difference 

between frames. Either result would be extremely interesting.  

 

 
 

[54:31] Oh, okay, Iôm finallyé Now after all that Iôm finally getting Casimir, which, again, Iôve beaten on 

Casimir multiple times, so Iôm just gonna summarize some of this stuff, and go there.  

 

First thing Iôm going to do is if you want to look at Casimiré and also just to show Iôm not, you knowé  
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[54:50] Iôve done a little bit of reading on this topic. Iôve done, like, two deep dives on this topic and never been 

satisfied with a full set of results. So, hereôs a few good ones. These are most recent firsts. Thereôs another set. 

Hereôs a few more for you. Oh, and Lamoreauxé I canôt pronounce his name, but Steve Lamoreauxé marvelous 

work they did experimentally.  

 

I mean, heôs an editor at Academic now, but got someé got a quantum journal there, but that work is just 

amazing work, where they were able toé you know, tease out this subtle Casimir force effect, which is a real 

effect. Despite everything Iôve just been saying, the Casimir force is a real effect. Itôs just you gotta be careful 

what youé what you mean by it. So, but a marvelous bit of work there and well worth pointing out, and the 

ancestry of the Casimir Effect is not what people think.  

 

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

and van der Waals forces, a lot of itôs just figuring out how charges like to shuffle around with each other. Iôve 

had two previous presentations on this issueé sections of thoseé and those are listed here, so if you want to take 

a look at some of that Iôveé Some of these same slides are in this one though, so Iôm just saying thatôs where I 

got those from.  
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[56:17] Nowé Casimir Effect?  

 

 
 

[56:20] é itself. Standard Casimir:  
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Empty space has nearly infinite energy. This is what Feynman complained about about his own theory. He said, 

ñWow, this doesnôt seem quite right.ò. Itôs hard to balance it out. People have struggled. The simplest prediction 

is that if you truly have infinite forces due to quantum uncertainty at small enough scales that you should have 

infinite density of theé either infinite negative density or infinite positive density of empty space and the whole 

universe collapses, and the balancing point between those two is so unbelievably thin.  

 

I remember I 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 I think it was 

like I donôt knowé three or four times, and then you finally get how sharp of an edge you need to keep the 

vacuum from collapsing due to this. So, itôsé When I say thereôs a problem with the quantum field theory on this 

Iôm not kidding. It really 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 youôve 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 waves. These are just shadows. Thatôs all 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, but notice the attractive force is not from the gap. Thatôs misinterpreting it. Thatôs just a shadow. 

The pushing force is from the outside. Itôs from all the forces on the outside of the plates trying to crush the plates 

together.  

 

 
 

[58:25] é and thatôs a bit of a problem because if you do a real Casimir modelé Itôs a great little video where 

they show this effecté If you crank up the shaker on a beaker and you have two plates there you will observe the 

equivalent (the aquatic equivalent) of the Casimir effect, and in order to do ité I like the way the guy (the fellow) 

says thisé Dr. Denardoé but the way he says this [is] ñThis is tricky, because you push it near the limits before 

you can finally get this thing to take effect.ò. You really have to get those waves moving. That corresponds to the 

nearly infinite frequencies that you have at the lower scale of these things. So, itôs a violent thingé  
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[59:05] é and this creates an absurdity. Thereôs no other way to describe it. If the Casimir effect was real and 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 range of forces to cancel out. So itôs like aé 

like that submarine thatôs at the bottom of the ocean, you know, and it gets crushed because itôs got a hole, itôs got 

a gap on the inside, and if thatôs not filled in it canôt resist those forces.  

 

So, this creates a concept that any metal plateé because, if you think about it, a metal plate has no gap at all. Itôs 

a zero gap, so that means that all the forces should come in full play. So, the only way you make the Casimir 

effect work is if you exempt all but an incredibly tiny sliver of the waves, andé  which is exactly what has 

happened, because you say, like ñWell, if these waves donôt work, and these waves donôt work, and these waves 

donôt work, but this little tiny sliver, this little tiny sliver, this little tiny sliver of wavesé They do that. Then you 

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 say ñHow are you doing this exemption?ò.  
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[1:00:30] And, this was one of the (to me) one of the funniest statements that I recall reading [in] a paper, because 

I just rolled my eyes and laughed. I said ñYouôve got to be kidding!ò, because Casimir said originally, for very 

short waves, like X-rays, EGé you might have included gamma rays, extreme gamma rays, and all those other 

rays that go beyond thaté our plate is hardly an obstacle at all. What?! What?? Ifé Let meé Hereôs a question 

for you: If you take some metal object that you have and put it into a gamma-ray machine and see if nothing 

happens to it, or put it in an X-ray machine and see if nothing happens to it. This is absurd! The transðé the 
assertioné First of all, the assertion of transparency is not correct, and it also ignores all the consequences of 

those higher frequency waves.  

 

So, itôs a [specious] argument to say the least, but also just funny. Itôs just kind of like, seriously?! Thatôs your 

way of saying that thatôs why itôs so weak? Itôs you just say ñNope, nope. All those highways, they just go right in 

through it.ò. So, the other consequence of that is cosmic incineration. (Actually, I think I went through here.) 

 

é createsé first of all, it creates black holes. I skipped over thaté Cosmic incinerationé because the energy is 

going to obliterate the matter in that. This model doesnôt work! It requires space to be so energetic that a material 

object that is in any way an impediment to that (which is pretty much any kind of matteré some degree of 

impediment) should be incinerated.  
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[1:02:11] So, one of the most interesting statements from Casimir isé much later, a couple years before his 

before his passing isé I was surprised to see this, because this is something I had been working on independently 

of ever finding this quote.  

 

It was exactly this kind of thing, as youôll see some in pictures, and it just says the Casimir force is the last but 

also most elegant trace of cohesion energy. I have an assertion. I say that thatôs the real Casimir talking. All the 

other stuff where it says, like ñYeah, maybe, yeahéò. I think he didnôt believe his own excuse. I believe that he 

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

You canôt just say the x-rays are there and it just ignores them. That makes no sense, because everything would be 

obliterated. Every atom would be obliterated. All forms of matter would be obliterated, so I think Casimir figured 

that out pretty quickly, but he was stuck.  

 

You know, Niels Bohr had supported him. Niels Bohr was delighted with his result. He thought it thoroughly 

proved his model that thereôs infinite energy at small scales. I donôt think Casimir ever truly believed it. I think he 

was very cautious and itôs interesting how he didnôt even like his name to be associated with this. These are the 

kind of things that people do when they donôt really fully agree with the discussion thatôs been assigned to them 

and I think thatôs the case for Casimir. So, fascinating quote by Casimir and also an important quote becauseé  
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[1:03:53] é It leads you toé Well, itôs important because it leads you some explanations that make more sense. 

In terms of the SMU (State Machine Model)é State machine universe excludes every aspect of Niels Bohrôs 

interpretation of the Casimir effect. Thereôs no space-time fabric. Thereôs operators only. Thereôs no infinite 

energies at short distances. Thatôs just a [specious] concept. Species? Iôm not even sure if I pronounced that word 

right. Specious concepté and more interestingly though is if you abandon this idea that thereôs a very well-

structured four-dimensional space-time as a given, then all of the particles that you see in standard models become 

emergences of some form of matter defining some combination of spatial and time characteristics. This is a 

complete upside-down version of how we usually think of it. Think of it as matter, of persistent matter, fermionic 

matter, fermionic matter and energy combinedé funding the development of interesting configurations of space-

time, because space-time becomes a much more fungible asset in this model, because itôs just operators.  

 

So you use small-scale operators that donôt quite create a full definition of space-time. Half-spin would be an 

example. Thatôs not a full definition of space-time. Half-spin is a partial definition of space-time. Itôs a very 

weird partial definition of space-time. You have rules thaté The particle emergences reveal the rules for 

guidance, but they donôt mean that those are all in operation at the same time. As an example, that proton would 

be extremely stable. Local space-time statesé They donôt have energy beyond what theyôre funded with, and they 

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

phenomena that say ñOh, okay. I can do that now. I can spit that out.ò. Itôsé In some ways itôs subtle, but itôs an 

important distinction to make, that the idea that you have stable states that allow the emergence of complexity 

without actually having the complexity.  

 

The electron orbital is not a 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 that say ñIôm here. This is as compact I can get under this set of 

informaðé this set of mass and energy. Canôt do anything more, but hereôs what Iôm capable of, if you ask me. 

Hereôs what I could do if you do that.ò. So a state machine model gives a more precise way of saying that: ñWhat 

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