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[0:0] TB: [Good morning, everybody. This is] one of my continuing talks on the topic of special relativity.  

 

Iôve actually done quite a bit on this topic before. So itôs not the first time that Iôve addressed some of these 

issues. This one has been interesting for me because on going through some of the issues of how to represent 

transformations in special relativity it turns out that thereôs some interesting abstractions (some interesting 

mathematical abstractions) that work quite well with it and they are in keeping some of the things Iôve said before 

about how we need to approach special relativity, but they also give a specificity that I havenôt had before with 

this.  

 

So, [itôs] been an interesting series. I have quite a few slides. Many of these are more just to explain  

where the mathematics is coming from and the steps on that. So, some of themé Iôll go through it pretty quickly. 

Thereôs a total of 64 slides, so I need to keep a good pace on what Iôm going through with these. 
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[1:13] Now, the Minkowski formulation of special relativity is just standardé nothingé the standard 

formulationôs been around for 100 years. This is the formulation that Minkowski created based on what Einstein 

had been talking about, one which Einstein did not agree with when he first saw it. In fact, he literally said that he 

was not sure what the mathematicians were talking about.  

 

Andé Iôve thought about this a couple ways. I could just go after this and say, thaté you knowé try to say all 

sorts of nice things about the Minkowski representation, but the problem is that in order to say where the lack of 

specificity comes from I have to say some things about the Minkowski representation thaté where it does not 

work well, despite the fact that itôs very deeply embedded in a lot of mathematics. 

 

It breaks down in certain areas, especially when you have interactions between multiple frames. It doesnôt model 

acceleration very well. In fact, it really doesnôt model acceleration at all. It simply accepts that as a given and 

therefore discards the history that goes into that. 

 

The idea of using these mixed signatures, the idea that time has a negative signatureé there are good reasons for 

doing that mathematically, but they also are a choice, theyôre a decision, and by making this decision, what it does 

is it focuses much more strongly on the final result, and not so much on how you get to that final result.  

 

So itôs kind of a subtle difference, but it does make a difference in terms of what you can end up predicting. The 

multi-frame interaction issue is a consequence of that. Probably the deepest and most heavily embedded concept 

that Minkowski space encourages is simply the idea that spacetime is independent of matter. Now, if youôve 

watched some of the presentations Iôve given before, this is an issue that I think is really important to address with 

care, because if we think spacetime is a completely separate entity that does not exist outside of matter (which 

many people firmly believe thatôs true) then you start having difficulties describing the relationships of the 

material objects inside of that space-time in a way that really, truly connects them to the spacetime.  

 

You see this in the disparity between quantum theory and spacetime. That was why Einstein did not like the 

Minkowski representation. Early Einstein, up to 1911, totally focused on clocks and rulers. He focused on 

material objects, because in his view at that time there was no other way to get specific laboratory-meaningful test 
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results unless you used an object, and that is still true today, because no matter how we may talk about the idea of 

quantum foams and all these other concepts, until you have an energy level that actually accesses those concepts 

you donôt have any meaning to the structure.  

 

You have to have some kind of energy, some kind of matter, some kind of instrumentation. to make a specific 

reading, and at that point you donôt have empty space anymore. Itôs a simple dichotomy thaté you knowé you 

can talk about empty space having properties but if the only way you can measure those properties is to put matter 

or energy into it, then you have to be a little careful about what youôre saying. Are you really truly saying that or 

are you just assuming the spacetimeôs there and it doesnôt matter how much energy you had to put in to get to it. 

Thatôs a little dangerous because empty space has to have matter and has to have energy to measure the 

properties, which takes you right back to the idea that matter is very closely related to our concepts of space.  

 

Two formalisms that I came up with [that] Iôll be explaining in some detail: First one is a tilted block formalism. 

This one wasé this was fun. This isé you knowé you have the thing where you have a genuine eureka moment 

where you just go like ñI didnôt expect thatò and you go like ñHow did that happen?ò and this really was one of 

those, because I was going through some of the math on how the transformations work, if you take into account 

the disparity of clocksé If a train is moving youôll have non-simultaneity on those clocks. If you formalize that, 

put specific math to it, and then carry that on into a space-time thatôs Euclidean, you wind up with these very 

stable structures, and those structures in turn can be used to predict, in a very intuitive fashion, the transformations 

of special relativity.  

 

So, the tilted block formalism, Ié It was a surprise and a nicely intuitive surprise. You can literally teach this to 

grade school kids and show them how to do it and itôs not a difficult transformation to use. So itôs nice just in 

terms ofé It always surprises people who say ñWell that canôt possibly work!ò. Well, you have to actually try it 

and then you realize, well, yeah, it does work and then you can go through the math, which I will, to explain why 

it works that way, but the moreé I think even more interesting one that really had me wondering what was going 

on is that if you take the tilted block formalism and then reduce it to its minimal steps mathematically you wind 

up with a rotation. The rotation is best interpðé is best represented as a quantum-like phase rotation. That is, 

you take the ei exponential type formaté You can do this with matrices also, buté This just points out the 

similarity and that pretty much covers it. So you wind up with special relativity coming down to a multiplication 

of two complex numbers.  

 

Thatôs unexpected. Thatôs not what you would expect if Euclidean was the worst way to do special relativity. 

Instead, you take a Euclidean space without a mixed signature and the opposite happens. The structure collapses 

to an extremely simple form, which I will nowé  
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[7:39] é show you. 

 

 
 

[7:42] This is the rotation in the complex plane, and all it is is taking a point on the left, which represents some 

point in the time history of an object, of a potentially very large objecté which is often skipped in special 

relativityé Youôve got to, like, accommodate the large objectsé So you take a point on that object, you rotate it, 
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which is multiplication, by eiȅ (green angle, theta can go up to 90 degrees) and you wind up with a new location 

that gives you new information.  

 

Your Lorentz compression, your time dilation, your location in real space, your settings on the clock that you will 

see as you see this person go by at a high speed, your own clock settings. everything that you need to know about 

that system (you can also estimate the energy, because you will have the Lorentz factor)é all of it just pops out, 

and thatôs a remarkable thing. One of the key issues that you have to accommodate and this is where I say 

Minkowski representation does not address acceleration well. The only way you get this simplified rotation is if 

you look at the front of the object that you were accelerating and treat that as a very special point. That is the 

point at which all these rotations begin, and by doing so you also attached that rotation to that point in space. 

Thereôs a coordinate system lockdown that occurs when you do these rotations.  

 

Soé unexpected. Unexpected, deeply interesting, and also presents possibilities for mathematical connections, 

especially to quantum mechanics. In a sense, this is saying thaté you knowé special relativity is a large-scale 

version of the same kind of phase rotations we see at the microscopic scale in atomic particle physics. It has a 

limited range, but yet it uses the same kind of concepts. Thatôs intriguing, because you could be looking at a thing 

where concepts of acceleration and rotation are more closely related to quantum than we would have expected. 

 

 
 

[10:08] Some of the conðé Some of the implications from that formalism I just showedéand again, Iôm giving 

the conclusion first intentionallyé Once you acknowledge that you have to put coordinate systems attached to the 

front point of an object which is being rotated, or otherwise you wind up with nonsensical results (you wind up 

with false histories and things that donôt make sense)é but once you do that, once you attach it there, everything 

falls into a hierarchy, because each time you have an acceleration of an object you create a new coordinate system 

that has a very specific and a veryé one-for-one relationship to the previous coordinate system.  

 

That is not what they say when you talk about everything beingé you knowé absolutely identical. Itôs true that 

the physics is identical inside of the frame, but what you have to look at and what you have to take into account is 
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that in the process of creating that frame (that new frame) you have to attach it to the coordinate system of the 

earlier system, and that one is a much larger system.  

 

So this is a very different view of inertial frames that is actually more in keeping with our intuition. Our intuition 

is that an accelerating spacecraft is not identical to the rest of the universe, because you put an enormous amount 

of energy into it. Itôs an excited state of that matter.  

 

This hierarchy of space that you get with these coordinates really emphasizes that and really focuses in on that 

same point. [It] says that yeah, you have to treat this as a subset of that larger hierarchy. The spaceship, even 

though it is acceleratingé you think it has internal physics that are what you expecté. withé if you could not 

tell the difference, thatôsé that remains the sameé the Poincar® symmetriesé but at the same time it is firmly 

embedded still in that larger space and that has all sorts of implications, many of which actually wind up resolving 

issues like twin paradoxes much more easily.  

 

So, the identical physics is actually one of the most fascinating things, because if the physics is identical inside of 

the spaceship and yet the spaceship is essentially a little tiny subset of some much larger set of physics then what 

does that say about the concept of space and time within that spaceship? It says that you are creating small 

instances of space and time, but youôre not actually creating universalé or accessing some universal space and 

time concept. Youôre essentially creating it by the manipulations of that matter, and again, this goes back to the 

idea: which comes first, matter or physics? And in this perspective, you go down thisé this framework. It is hard 

not to recognize that the nature of the acceleration of the matter is critically involved with how you create the new 

definitions of space and time. Theyôre not independent issues.  

 

So, [my] last point: the illusion of universal spacetime. Thatôs a dangerous illusion because we never see that 

experimentally. When a spaceship is accelerating across the universe the rest of the universe does not care. The 

rest of the universe does not see its definition of space and time, because the speed of light alone prevents that 

from happening. So, you want to be careful in the mathematics that we donôt have an illusion of universal space-

time that has no correspondence to actual physics.  
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[13:47] Assumptions in this presentationé  

 

I loveé Ié again, Ié Going through Einsteinôs papersé Theyôre just marvelous. Heé His way of thinking is 

veryé not surprisingly, very different from most approaches to these problems. He seemed to think in terms of 

physics, not so much visually, but he just was like a human emulator of physics. Nonetheless, he didé and Iôve 

talkedé he did make some subtle math errors (Iôve talked about these before) and they had to do mostly with 

these coordinate point issues Iôve already mentioned.  

 

The idea that you have to have a very specific point in a material system that is defined as the zero point of that 

systemé That seems like such a harmless, innocent thing to say that it doesnôt matter, which is what Einstein did, 

but it does matter and in fact you get all sorts of paradoxes if you donôt pay careful attention to this. Einstein was 

adamant that any frame at any energy has identical physics and that is exactly what weôve seen, to the nth degree, 

in experiments of gamma rays. 

 

It doesnôt matter how fast youôre going, you see the same physics. Ironically, ever since the time of Einstein, 

people have tended to go back, right back to the classical type of viewpoint that ñWellé you knowé actually, 

space-time must have some kind of granularity. Actually, there must be some ultraviolet cutoff point where the 

energies canôt handle that.òé and thatôs not what he was saying and experimentally it still turns out to be true that 

it doesnôt matter how fast you accelerate, how fast youôre moving: you still see the same physics.  

 

If you read some descriptions of special relativity youôll get these issues about howé you knowé Thereôs 

always this space-time ambiguity and people focus on that, and thereôs a certain danger in focusing on the 

ambiguity. Itôs fun, itôs entertaining, it can come up with all sorts of mysteries where you say, like ñWell, we 

donôt know if it really happened.òé but the actual blunter truth is that to derive the concept of a twin paradoxé 

When Einstein first said that thisé that ñHey, this time dilation thing is real, you can actually measure it.òé The 

way he did it was he used direct contact, which is always available.  

 

So you have a laboratory, you have little tiny clocks everywhere, which essentially (in like, for instance, a cloud 

chamber) thatôs what youôre doing, because every bubble that you form is essentially attached to your definition 

of what time is. So you can time when that bubble forms and you can time what the implications of it are. All of 

that can be measured in the observer frame.  

 

So this was the approach he went [with], [itôs that] he focused not on the space-time ambiguity, which you must 

take into account, but he focused on saying, like ñWell how do I remove that ambiguity?òé and Einstein came up 

with this idea of having these sets of synchronized clocks over a large area and said very specifically that until you 

do this you cannot make a physics measurement, which I thought was a remarkable statement. He said that this is 

how you resolve the ambiguity of what it means to be at a certain location at a certain time in a certain space, and 

so I thought that was a marvelous idea he had with this idea of clouds of clocks that have been synchronized, and 

then he went off in anotheré and then he went off in another direction for a fascinating bit of history that, again, 

Iôve talked about some other times.  

 

So, you have the prediction. Fine-grained clouds, theseé The other thing I want to emphasize is when you use 

Einsteinôs technique of doing these clouds there is no mixed signature, there is no negative time, there is noé 

thereôs no definition of it that you need a more complicated form of space-time to take care of it. Itôs fully 

Euclidean. Youôre simply saying: Hereôs a bunch of clocks. Hereôs time going this way, and itôs four-

dimensional, but you can just ignore one or two dimensions and you wind up having something thatôs very, very 

understandable, and itôs just classic square Euclidean (as they would call it) geometry. Everythingôs orthogonal. 

So, that is an early instance of a fully Euclidean interpretation of Einsteinôs special relativity, done by Einstein no 

less. So, itôs not emphasized that way, but itôs important because thatôs the way it winds up doing it.  

 

Now, the fasté The last little point here that Iôm making is important just because if you want to take the infinite 

approximation of how acceleration works you need to know whatôs possible, and it is always possible at the 
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particle level to do an acceleration that, as far as we can tell, is almost instantaneous. Itôs actually an interesting 

little question. Iôm sure there are papers on it, about how much time does it take, for instance, for an electron to be 

accelerated, to be emitted by a nucleus.  

 

So, there must be some kind of a time on it and itôs a difficult issue to measure, but things can go very close to the 

speed of light in a very short time and thatôs important for the mathematical models that Iôll be presenting. The 

fact that you can go to that limit says that this is something that you can calculate and then see what the effects of 

it are. So it gives you an opportunity to look at the full range of behaviors that result from instantaneous 

acceleration. 

 

 
 

[19:27] A Look at the Twin Paradoxé 
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[19:30] Okay. This is going toé Simpler, quicker, letôs just talk about it: How does spatial relativity go? This is 

intended foré If youôre not very familiar with the twin paradox, this is intended to be a fairly easy explanation of 

how that works.  

 

Youôve got Alex back on Earth, heôs got clocks and rulers, youôve got somebody over at another location who 

also has clocks and rulers that are showing a different timeé showing the same kind of time, that heôs on the 

same kind of acceleration. Youôve got another fellow, Charlie, in a spaceship here. He launches and weôre going 

to assume very fast acceleration so we can just kind of ignore the issue about how does the energy get put in there. 

Just assume that itôs very fast. Weôre going to focus on the speed.  

 

So, you have this launch. He launches at fast speed and arrives at another location, and Beth, on the right side, 

measures his clocks and sees that his time has gone more slowly, and that his rulers seem to be shorter as they go 

by. Lorenz contraction is not a vague thing. If youôre actually instrumenting the space in detail and you look at it, 

so every point has a measurementé This is something Einstein went through in great detail to derive this 

concepté Thereôs an actual contraction. That ship has to be shorter and not just in an abstract way. It fits within a 

much narrower boundary.  

 

So, Beth at the other end will see Charlieôs clocks as actually being both slower (they only, in this case, had half 

the time on the clocks) and his ship is half the length of what it was before. So, I always like to pick on 86.6% of 

light speed, because thatôs a convenient one where everything is one half. So, the clocks tick half as fast, the 

rulers are half as long and you get theseé both of these effects of the Lorentz contraction. All of this is incredibly 

well proven, so foré you knowé if youôre not familiar with that and it seems strange and you go, like ñHow did 

that happen?òé Experimentally, this is just what we see. You can see it in all sorts of different measurements. 

The time dilation is just integral to every aspect of particle physics. The contractions of the field, again: integral 

to every part of physics. So these are noté These were once predictions, but in the centuries that followed since 

then theyôre very, very well proven.  
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[22:00] Now, this is a point that does get missed and I really want to emphasize this. [Itôs] what does it mean to 

say that youôre in the same inertial frame? That is, you have the same definitions of clocks and time and how time 

passes, and the point is this: The distance doesnôt matter. What does matter is whether that distant object is 

moving relative to you.  

 

So if youôre on Earth, and again, Iôm talking about velocities where the speed of the Earth around the Sun, even 

the speed of an entire star, are relatively small. Theyôre considered insignificant compared to special relativity. 

Compared to the speed of light, these are barely moving type situations. So then you say ñWhat is the range over 

which my definition of an inertial frame is valid?òé and if youôre not careful you can underestimate that very 

easily, because you can go all the way up to the Andromeda Galaxy, for instance, in our local cluster. Itôs actually 

moving towards us.  

 

So you can find stars and globular clusters that are in the same inertia frame that you are. You can tell that theyôre 

not moving relative to you. You can figure that out with your telescopes, and then you go like ñOh, if anybodyôs 

on that distant planet and that distant star in another galaxy, theyôve got the same clocks I do. They have the same 

measurements of time that I do, give or take a little bit.ò. So you can know that if you could send a signal all the 

way out there and get a signal back, you would wind up saying that ñYeah, we watch the same amount of time 

pass. If we measure something, we will  see the same amount.ò. So, if you take this into account, certain frames 

are absolutely enormous in size, because distance is not the important criteria, relative motion is the important 

criteria. So this is one that you want to take into account. This turns out to be surprisingly important for 

understanding some of the issues about why you get things like the twin paradox.  
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[24:11] Fast spaceships, in contrast, as I mentioned earlier, have unique clocks and rulers. Youôve got this case 

here where Charlie, heôs going off, and you got him accelerated at this very high speed, and that must have been a 

fun launch, to go 86.6% of light speed and do that in just a fraction of a second, but assuming he survives the 

acceleration, what youé what anyone sees as Charlie goes byé This is the important point about how this frame 

is so huge. You cannot get around the prediction that every person, no matter how far away, even if theyôre in the 

Orion Galaxy ð Orion Galaxy, oops, thatôs a new one! The Andromeda Galaxy [was what I intended] ð they 

will see exactly the same effect on Charlie. Theyôll see Charlie squashed. Theyôll see Charlie having slow time, 

and theyôll all be in agreement. It may take a million years to get the report back so you can share the consensus, 

but it really doesnôt matter. You can estimate it on smaller scales and you can come out with the same one.  

 

So you have this really marvelous metrical agreement across an enormous region of space and they all say the 

same thing. Charlie got squeezed. So, thatôs not relative. That part of it stays the same for each of these observers. 

This is, in fact, again, how Einstein derived the twin paradoxé The fact that time dilation is experimentally 

accessibleé This is how Einstein derived this idea, by looking at these clocks over a huge area.  
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[25:53] Now, the obvious thing to say after this is so whereôs the paradox? Why is the twin paradox a paradox? 

Because, okay, soé you knowé he slows down, he shortens. Soé you knowé you could do that by other 

methods. You could squeeze satellites together. You could slow down the clocks. You knowé those are very 

mundane ways in which you could see the same effect. Hereôs the catch and hereôs the part that makes people 

kind of go around in loops on how they interpret this: The assertion that the space inside of Charlieôs spaceship is 

absolutely as good as anybody elseôs space has an implication that you canôt get around, which is that if 

everybody else sees him as squashed because heôs going at high speed, he should see everyone else as squashed 

and going slower because of the high speed.  

 

Youôve all heard this paradox. Anyone whoôs bumped into special relativity hears this thing about ñWell, how can 

both sides see the other as going slower?òé and you go round and round on this whole issue. So, this prediction 

comes fromé not fromé [not] directly from Einsteinôs argument, but it comes from the application of a 

symmetry, and what it is (the symmetry) is this: It says if your space is absolutely the same it should apply 

universally. The Poincaré symmetry should apply to the entire universe, so that what he sees inside his ship 

should also apply outside, and thatôs where your paradox comes from. You say like ñWell, this symmetry says 

that theseé Every space is identical and every space is fundamental, then you should have this.ò.  
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[27:40] Now, is that true experimentally? Yes. Man, this isé I love this part. Why is it true experimentally? 

Because if you are in a fast spaceship (and thereôs ways you can imitate this situation, you can emulate this 

situation) and youôre hauling through some space and a muon comes in from the front portal of your ship and you 

measure that muoné (The muonôs coming from the outside universe, so it was just created at rest in the outside 

universe)é you measure that muon, what you find is that it is delayed by exactly the amount you expected. Itôs 

slowed down in time. It lasts longer. It leaves a longer path, and you say ñAh, it was exactly right.ò. Poincaré, 

Lorentz, Einsteiné They were all right on this point. Thereôs a symmetry that when I look at the outside universe, 

I see exactly the same result that the outside universe sees when theyôre looking at me, because you see that you 

have this time dilation effect, so you kind ofé you knowé you can kind of applaud a little bit and say ñCool! 

Weôve proved that this is true.òé and then you have thisé you knowé this sound of one hand clapping type of 

paradox. Itôs really fun to contemplate.  

 

Thatôs one of the reasons why this gets so much attention. [Itôs that itôs] fun to have that kind of a paradox in your 

head. You say, like ñWellé Oh, Iôve just proved that the muons from outside decay more slowly.òé and you 

say, but I also proved that they see my muons proveé decay more slowly. So, itôs a fun sort of thing to play 

around with in your head. Thereôs just one little problemé  
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[29:25] é which is that if you look more carefully itôs only true inside your spaceship, which is weird. You say, 

like ñWell, wait a minuteé Wait, what?ò. Yeah, if you look in front of your spaceship you donôt see this effect. 

You see the muons decaying very, very quickly are veryé Yeah, theyôre justé Theyôre gone. So you say, like 

ñWait, wait a minute, thatôs aòé you knowé This is nicely paradoxical. When itôs inside your ship it goes 

slower. When itôs in front of your ship you see it decaying faster (?), and you say ñHow did that happen?ò. In 

fact, itôs not a small amount either, itôs almost four times faster. So itôs considerably larger than the Lorentz 

factor. So, you go like ñWhat is going on with this?ò.  
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[30:12] So you take your telescope, you look around, and you say ñWell, letôs check out the other direction.ò. 

Whoops! This is even weirder, because if you look behind your ship, and you find a muon back there and you 

look for the decay properties you say that ñYeah, in this population of muons behind my ship theyôre actually 

decaying slower!ò. Soé and not just by a small amount, but theyôre decaying, like, by one fourth the rate that 

they should be decaying at. Theyôre lasting much longer than they should be. So, you got faster in front, you got 

slower behind, and inside your ship theyôre slower, but by a different factor than the ones from behind. What the 

heck is going on?  
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[30:57] é and whatôs going on is something called the Doppler effect.  

 

Think ambulance sirens. You knowé They goé you knowé You have the beep, beep, beep, itôs comingé It 

has a higher frequency coming towards you. It has a lower frequency going behind you. Well, the same things 

happen with the muon decay rate. Think of that as like a frequency. Itôs like a wavelength. So, youôre seeing them 

in front, theyôre going [{makes buzzing noise}] much faster, because youôre moving towards it. Youôre plowing 

through the muons very quickly and youôre seeing them go in at a higher rate, and you see the muons behind and 

same thing.  

 

Once the ambulance passes, you hear a slower sound, you hear a slower beep thatôs going on with that. So, you 

look at thaté and people had to face this, I think it was back in the 70s or the 80s, when they started looking at 

cosmic jets. They got dumbfounded by just this point. All of a sudden, they were seeing these disparities about 

the decay time of how these thingsé what happened to these things?  
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[31:56] So, what does that mean for the spaceship? Okay, Einstein time dilation (very well verified), exact 

Poincar® symmetryé Ah, thatôs a little more problematic, because when youôre inside the ship, yeah, youôve got 

the symmetry you expected, but when youôre outside the ship, something different happens, but youôve got a set 

of equations for that also, because relativistic Doppler is also nicely quantified and has its own set of rules.  

 

So, what you wind up with is this: Inside of the ship, you have a bubble of interpretations, and you can go into 

great detail on why this happens (actually, itôs very fascinating why it happens; thereôs some interesting 

geometries) but you can go inside the bubble and in that set of coordinates in which everything that isé The 

clocks of the ship apply, the rulers of the ship apply. You get the expected prediction of Poincaré symmetry. 

Outside of that you have this relativistic Doppler sea, which is enormous, itôs the entire universe, and you also 

recognize that itôs reallyé The reason this is happening is because youôre just looking at it. Youôre just reading 

the data differently. Youôre not changing the outside universe. Youôre just reading data at a faster rate in one 

direction and slower in another direction. In one sense, itôs very mundane.  
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[33:26] Now, what you might be asking, maybe what you should be asking is: ñYeah, but thatôs just blue shift of 

light, right? Doppler blue shift andé you knowé ambulance sirens, the same idea. You got this blue shift.òé 

but itôs trickier than that, because you have a lot of information encoded onto that blue shift. If you have circular 

polarized light, as the light actually rotates, it is a clock, and you actually see the clock of the circular polarization, 

you see the phase, the frequency changing faster.  

 

So this is something where you want to be a little careful about whereé you knowé how you look at this issue 

of blue shift as it being just an issue of light. Itôs not. It deals with time itself, and for some reason my slides are 

not movingé  
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[34:24] There we go! Not sure what happened there. It was not responding.  

 

This may be a concept thatôs new, but itôs well worth considering, because when we talk about empty space we 

treat it as if itôs completely empty. Thatôs not the case. If you look at the universe around you, every emptyé you 

knowé relatively empty bit of space, has an enormous number of photons, an enormous number of neutrinos 

also, passing through it all the time, and these things takeé years? Minutes? Years? Decades? Millions of years? 

Billions of years?é for that light to pass [through that] full distance. That is a memory storage device.  

 

Do you ever think of empty space as a memory storage device? You should, because when itôs full of light, the 

light is a queue of information that once itôs there it doesnôt disappear. Now you can get into abstract arguments 

and say ñWellé you knowé it depends on the final resolution.ò, but experimentally this is what we see. Space is 

full of information. Thatôs why you can go out in distant space and you can see distanté old events from a billion 

years ago, because theyôre stored in this database, this cosmic photon database.  

 

So, contrary to theé your feeling that empty spaceé you knowé is just something you can sail on through with 

no problem, if you look realistically, especially from a quantum mechanical viewpoint, [itôs]é Are you going 

through empty space? Are you going through an absolute cloud of information, that has all sorts of specificity 

about things that happened a long time ago, and once these things happen and are recorded, this databaseé  
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[36:12] é really does behave as an observer. You can, and againé You can get into these interesting things, you 

can talk about a universal wave function, and nothing really exists until itôs finally observed in that, but letôs stick 

to the experimental side of it, of what we actually see with real instruments, like Einstein talked about, because if 

you go in that other route youôll never get any resolution.  

 

You have to pull it back to saying ñWhat do I actually see when I use an equipment in time that I can access over 

lengths and distances that I can access?ò. What you see in that thing is that this cosmic photon database is an 

observer. It solidifies the existence of these distant objects. So if you know thereôs a galaxy. like Andromeda, 

which we see, we know that the light is delayed. We know itôs taken a long time to get here, and thatôs not the 

issue, but if you assume thereôs some contðé a decent level of continuity to the universe, which we generally 

do, we can say ñWell, itôs probably still there and itôs probably still doing that.ò, and if it is it means that the entire 

space in between us and the Andromeda Galaxy is absolutely packed with data, just an enormous amount of data.  

 

That 1084é Thatôs a big number and thatôs just the lower end of it. I mean thatôs not even close to what it actually 

has. We donôt know the total amount of data that is stored by light and neutrinos in empty space, but it is 

absolutelyé Itôs one of those rare cases where we can say 10 to the 100th and actually have some meaning to the 

expression, because thatôs the kind of ranges youôre getting into with this and in a universe where quantum 

information is important that makes a difference.  

 

So, you want to be careful abouté you knowé not taking this existing data into account when you try to 

understand whatôs real and what is not real. Incidentally, Iôll point out one interesting thing I just find fascinating: 

We talk about quantum uncertainty of a photon. You have to be careful about what that means. The quantum 

uncertainty is not the information that the photon encodes. The quantum uncertainty is where that information will 

land.  

 

So you can have one photon thatôs emitted from a star and its wave function will expand enormously and could 

land anywhere in the universe, but when it lands it still has the same bit of information, itôs just that you donôt 

know where itôs going to land. So, quantum uncertainty does not mean absence of information. Quantum 

uncertainty means absence of knowing whoôs going to get the information. Itôs a very different thing.  
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Once you have the information in the photoné and againé you can go through theory and say ñWell, I justé I 

donôt like that. Itôs gonna make it all uncertain.ò, but experimentally, come on. This is what we actually see. You 

donôt know where itôs going to land, but you know that when it lands you will get an image that will tell you 

something about that distant object.  

 

 
 

[39:14] So, this isé Hitting that point again, the resolution is you that have two symmetries in play: You have a 

relativistic Doppler universe that is only interpretive. Youôre reading the database. Youôre reading the cosmic 

photon database, and whatever you do with it is entirely up to you. Youôre interpreting it the way you want to, but 

youôre not changing it. Youôre not changing the way the universe works. Youôre not changing the causality that 

happened a billion years ago in the Andromedaé Well, that would be too closeé in some distant galaxyé That 

just happened. That dataôs already out there. That trainôs long gone.  

 

So, relativistic Doppler is an interpretive symmetry. It just says how youé how you process whatôs going on. The 

Poincar® bubble though, thatôs a whole different ballpark and that is fascinating, because the fact that you can 

create a bubble of interpretation inside that spaceship that says ñHereôs how I see space, time, the direction of 

time, the measurements of space, the definition of a particle, the idea of what is a point particle, and what isnôt. I 

can control all of that inside my spaceship.ò. That to me is actually more remarkable than the idea that thatôs some 

universal symmetry that applies everywhere, because it ties the idea of space and time very tightly to the 

configuration and the nature of that spaceship and that is fascinating and it also is a path by which you can start 

looking at space and time in a whole different way, in making it an actual experimental topic.  
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[40:56] Now, if youôre talking about these bubbles, Iôve already mentioned thaté you knowé if you have a lot 

of stars that are not moving relative to you, theyôre part of your inertial frame, and in the terminology I just used it 

means theyôre part of your Poincar® bubble. You have all the Poincar® symmetries for youé apply also for those 

distant objects simply because theyôre not moving much relative to you.  

 

So, that already says that thereôs different sky scales on these things. If you go down to the smallest scales, you 

have little Poincare bubbles that form about individual particles, because they instantly accelerate. Once they do 

that, theyôre isolated from the information database of the rest of the universe in a very interesting fashion. They 

have their own little tiny (very tiny) world in which they have their own definitions of space and time. You go on 

the other [side of the] scale, you have these cosmic webs. Those are fascinating and they have some kind of 

relationshipé I would suggest that the reason why these webs formé This has to have something to do with the 

dark matter, but how these definitions of space and time form would necessarily have to have an impact on the 

cosmic web, because if you run out of matter and you stretch it too thin and matter is creating your definition of 

space and time thereôs got to be some kind of a breakpoint.  

 

So, this is when I say thereôs interesting pathways you can follow if you assume that space and time definitions 

are tied tightly and hierarchically to matter, then you get these interesting implications that have not been properly 

explored yet, because this is not the way we usually think of those. So, the concepts I would produce hereé 

Thereôs two terms that are just handy to haveé [Itôs that] you have the latest ancestral bubble (Poincar® bubble), 

which conveniently and intentionally comes out to be LAB. In other words, your LAB bubbleé The 

measurements you have in your LAB, not coincidentally, are your latest ancestral bubble [(LAB)], but that can be 

quite large, but you also go backé This is a recursive process.  

 

Somewhere, you go back to find this largest ancestral bubble, where everybody came from by some kind of an 

acceleration event. If you take accelerations into account and donôt ignore them, which is not something you 

should do in solid physics. You should pay attention to energy transfers. Thisé Duh. You knowé If you donôt 

pay attention to the energy transfers, you canôt possibly get a full view of the universe. So, if you take all those 

into account, youôre going to come up with a first ancestral bubble that looks kind of like what we think of as the 

cosmic microwave background. That is, youôre going to have a general set where these things have a shared 

https://creativecommons.org/licenses/by/4.0/
https://sarxiv.org/apa
https://sarxiv.org/apa.2025-11-08.1200.01.pdf
https://apabistia.org/
https://www.youtube.com/watch?v=wII9hRk3DOo&t=40m56s


Terry Bollinger CC BY 4.0 Revisiting the Mixed-Signature Foundations of Special Relativity November 8, 2025 
 

 Apabistia Notes 2025, 1108120001 (2025) 23 apa.2025-11-08.1200.01.pdf 

 

definition of space and time and it gets broken up, it gets shattered, it gets manipulated, but on average, on 

average, you still have that kind of a fabé bubble underneathé fab as in fabrication. Youôre gonna this where 

itôs kind of built up from. So you have your fab bubble (your largest one) and you have your particular local one 

that youôre using to analyze space and time (particles and events in space and time).  

 

 
 

[44:17] Now, it looks a little bit like this. You draw that out. You get this idea of the first ancestral bubble, the 

idea of the universal level definition of space and time. Now, notice when I say this, I am suggesting that there 

isé Not just suggestingé Iôm saying that if you follow this logic, if space-time is created in these bubbles, you 

have to be able to define, at some point, a starting point for this entire thing and thatôs your first ancestral bubble, 

which is roughly the idea of the universe, at least locally, kind of at rest. Cosmic microwave backgroundé and 

then you get these smaller ones that deviate from that and have different scopes. So you have galaxies, you have a 

very fast-moving spaceship. Itôs gonna have its own little definition. So, this is not smooth space-time. This is a 

much more complex, richer, and really more interesting definition of space-time. 
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[45:15] So you get coordinate systems, and thisé I want to emphasize this: The reason the idea of a fabé first 

ancestral bubbleé is important is because you never lose them, and this is easy to miss in most representations of 

special relativity. The idea that you just can ignore where it came from is not true if the other coordinates still 

apply. So, what you should be thinking of is more like: Hereôs a set of coordinates and hereôs a little bubble here 

in which I have a new set of coordinates, but guess what? The old coordinates are still there. You can still have 

the clocks. You can still have the rulers. You can still have the particles. All those things are still there from the 

original.  

 

So you donôt lose those coordinates, and thatôs one of the reasons why you donôt get time paradoxes in this stuff. 

[Itôs] because the original coordinates just say ñHey, you formed here. It took you this long to form and then you 

shot off in that direction, and I watched all of it. I watched every bit of it. I watched every microsecond of it, so 

donôt tell me thereôs a time paradox, because I saw it all happen.ò. So this broader viewpoint, where you get the 

largest Ancestral bubble that you can find, always resolves those issues into a Euclidean (not Minkowski)é a 

Euclidean format, the same Euclidean format that Einstein used to derive the time measurement, the idea that time 

dilation is measurable. So, you wanna keep an eye on that. Say ñOh, I can have multiple coordinate systems. You 

can literally, in that spaceship, set up clocks that will tell you exactly what the time is in the outside universe. You 

can always do that, even when youôre watching those muons come in and decay at a slower rate.  

 

You can always set up your own clocks to say ñYeah, but the front of my spaceship actually is moving at this 

speed, and it has this time setting, and the back it has this time setting, and lo and behold, if you go through all the 

math, which gets messy and also a little mind-boggling, you will find out that that disparity of the outside settings 

of your other set of clocks from the outside is how this whole paradox comes about. The fact that you have a time 

differential in your own ship allows you to see that muon as decaying more slowly, even while it looks perfectly 

normal to the outside universe. So, fascinating sets of relationships go on if you take this approach. Multiple 

coordinate systems. Not exclusive coordinate systems; thatôs the wrong way to think of this.  
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[47:50] So, why donôté and I havenôt done a literature search on this lately. I am not aware of any special 

relativity textbook that addresses the idea of locality of the Poincar® symmetries, and thatôs unfortunate because 

you need that. If you look at issues like GPS satellites, youé It has to be taken into account, and what people do 

is they kind ofé Just like with the blue shifté you knowé People brush off blue shift as just light and not time, 

when actually it is time. You can do the same thing with this. These are the details of working with satellites, so 

you wind up with some mathematical equations that are derived from spatial relativity, but theyôre a little wonky 

in some places; you make some decisions and you wind up kind of missing the point: that thereôs a universal set 

of coordinates and thatôs really the proper way to resolve this, [itôs] to go back to a simpler structure in which you 

just have multiple sets of coordinates, depending on how you set them up. Itôs a very computer science type of 

thing. If youôve heard of virtual machines, this is very much like a virtual operating system type scenario.  

 

That is where you have one set of software [that] sets and creates an environment for another set of software and 

the software inside that smaller environment canôt tell the difference. As far as it knows, itôs executing an actual 

physical machine, when in fact the other machine is just sitting here watching it and saying ñYeah, I see 

everything youôre doing. Iôm watch everything youôre doing.ò. That is a very close analogy to what is happening 

with these inertial frame systems, because once you acknowledge the hierarchy and acknowledge the acceleration 

you find out that actually you were just in a little bubble. You run your own little virtual machine that was doing 

its own thing, and then that virtual machine could create another virtual machine, but each time it has a cost and 

each time it gets smaller. So, itôs not a universal thing. Itôs a very hierarchical, tree-shaped type of structure.  

 

Now, the Hilbert [School]é A lot of fantastic mathematics [came] out of the Hilbert School, but one thing the 

Hilbert School does not do is pay attention to distance or pay attention to time or pay attention to resources. It just 

sort of assumes that if you have a nice little equation that describes some space, it sort of automatically applies 

everywhere, and you can do that mathematically, although even if you do it mathematically you should be careful 

because it is part of your axioms even if you donôt acknowledge it that you have these infinite (essentially infinite) 

time speeds, that everything can touch itself at the same rate. You are making assumptions, and the excuses say 

ñWell, the mathematicsé It doesnôt matter.ò, but it does because if you donôt acknowledge where youôre using 

infinite rangesé For one thing, itôs very hard to apply it to physics without inadvertently making the same 

mistake, but also you will  wind up with some paradoxes that you canôt understand where theyôre coming from.  
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So, going back to the constructed thing, the symmetries (the Poincar® bubbles) are constructed. The interpreted 

symmetries are just how you interpret that outer space and the constructed symmetries are very local. They can 

only expand at speed of light, so you want to take that into account, and the bottom line is Iôm saying that this is a 

topic that needs to be addressed. Itôs a topic with practical implications, such as for GPS satellites.  

 

 
 

[51:32] Now, I keep talking about saying Euclidean models of special relativity, and this is where I mayé I am 

going to speed it up at this point, because I think Iôm supposed to take about an hour here, but letôs go through this 

and this is something you can look at later if youôre interested in the topic. If not, donôt worry about it, but if 

youôre interested in the topic, these figures that Iôm going to follow with (that Iôll go through quickly) will  show 

you with quite a bit of specificity how you go about making special relativity Euclidean. So the first thing to do 

isé how do you transfer the concept of an accelerated spaceship or of a particle or something point-like, 

something where you donôt care about the detailsé Youôre just saying, I have something moving.  

 

https://creativecommons.org/licenses/by/4.0/
https://sarxiv.org/apa
https://sarxiv.org/apa.2025-11-08.1200.01.pdf
https://apabistia.org/
https://www.youtube.com/watch?v=wII9hRk3DOo&t=51m32s


Terry Bollinger CC BY 4.0 Revisiting the Mixed-Signature Foundations of Special Relativity November 8, 2025 
 

 Apabistia Notes 2025, 1108120001 (2025) 27 apa.2025-11-08.1200.01.pdf 

 

 
 

[52:21] So, first thing you do, you get this nice, neat square here, where you have the time units and the distance 

units are exactly matched up. This is, like, a light year at the bottom and a year of time at the top. It could be a 

nanosecond at the bottom, and almost exactly a foot going up. So you have these square symmetries, so it just 

makes things easy. Itôs a very common technique in physics to do this, but these could be very large. You have to 

see the illustrative example. You have Earth over there and you have Saturn out there, so this maximum time 

might be the time between Earth and Saturn, would be an example. It doesnôt really matter what the exact unit is, 

as long as you keep it square like this.  
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[53:03] So, the acceleration assumption I made before is: Letôs not dwell on the acceleration too much and thereôs 

some reasons why we want to be a little careful about that, because you can distract yourself with acceleration 

and lose the incredibly important importance of speed itself, he velocity through the cosmic photon database, 

because youôre moving through it and youôre hitting it and youôre running into the data from it and youôre 

interacting in terms of reading the state of the rest of the universe. You canôt ignore that. That stuff is existing 

data.  

 

So you accelerate rapidly, so we can focus that. We can get some abstractions for that later. We know that itôs 

possible, and for instance an individual particle can accelerate to incredible rates at very high speed, so we use 

that as an assumption, and that takes you to this idea that, okay, you can go up to this point on the far upper right 

corner on how fast you accelerate. So this is aé this spaceship is hauling. Itôs going at 86.6% of light speed, 

which is the 1 half Lorentz factor.  
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[54:13] Now, draw where the ship hits on the top line after the unit of time. So you see, itôs almost there. Itôs 

about, you know, almost 90% of the way there, and just draw a line straight down from it.  
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[54:27] I said I was going to thisé This is where I start speeding up a bit. Now, draw another line over on the 

left-hand side. This is a very geometric exercise Iôm going to take you through here. That is what Iôm going to call 

an invariant edge, and why I call it that, it doesnôt really matter, just go with it for the moment.  

 

 
 

[54:45] Then you take your invariant edge and you flop it over like a wood beam, until it whacks into the wall that 

you made with that spaceship drop line. So you just say [{vocalizes noise: shunk}]. Let it fall over and it lands at 

some spot on that wall that you created, and then you say ñHmm, where did it land?ò. So I say ñWell, letôs see. 

Where did it land horizontally? It landed at one half time unit. Oh, thatôs interesting. I wonder why it landed a one 

half time unit.ò.  
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[55:16] So, you take that one-half time unit and you say ñIôm going to project that up to the spaceship.ò. Why are 

you gonna do that?  

 

 
 

[55:24] Because, you find out experimentally it says ñOh, thatôs exactly what the spaceship clock reads. Isnôt that 

interesting?ò. So, that fallingé [55:35] that little falling line there predicted what the time would be on the 
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spaceship. Now, all the other clocks, on Earth and Saturné and again, it doesnôt matter how far apart they are, 

this is all just standardé you knowé inertial, single inertial frame, because theyôre not moving very fast relative 

to each other. Seems fast to us, but compared to the speed of lighté you knowé itôs not much at all, but the 

spaceship, the spaceship is hauling and its clocks look different, so you have time dilation. which you calculated 

just by essentially letting aé dropping a line and letting another line fall over onto it.  

 

 
 

[56:13] Why does this work? Now, I didnôt prove this obviously but Iôm saying, like, well, isnôt that an interesting 

coincidence that in this case it came out with exactly the prediction of the Lorentz contraction? Well, itôs not a 

coincidence. If you go through the geometry of it and go through these derivations, what you find out is that tᾳ 

(the time of the spaceship) is equal to exactly ɔ-1 (1/ɔ) times the time, which is the correct prediction.  

 

So, what this is is simple Euclidean geometry that gives the same results as special relativity. So there is an 

equivalence. So I can say ñOh, so this works for any distance, at any velocity.ò. All I have to do is draw how far 

the spaceship went at the top. Drop a line, drop my invariant edge over on it and I will find out what the time was 

for that clock. So thatôs interesting. So you sayé but think about it, this is already an example of driving the 

Lorentz factor without invoking any kind of a concept of a mixed signature space.  
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[57:24] Even more surprising (and I have had people be very surprised when I said this), if you go to the literature 

of special relativity, itôs full of hyperbolic sines, hyperbolic cosines that deal with the mixed signatures that you 

have in relativity. When you use this Euclidean method, those disappear, and what you get instead is that the ɔ 

factor (the Lorentz contraction factor) just becomes sine of an angle, of the angle of that falling line, the one that 

went plop and ran against the wall.  

 

You measure that angle, and then sine of that gives your velocityé Iôm sorry. Sine of that gives you velocity, 

then the cosine of that gives you the inverse of the Lorentz contraction factor. So youôve derived the two main 

components that you want for relativistic problems just from the sine and the cosine and thatôs simpler than itôs 

supposed to be. So, itôsé [{laughs}] Theyôre not supposed to be just sine and cosine, but they are. Itôs justé If 

you follow the Euclidean geometry it just makes it a little simpler.  
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[58:39] Hereôs a bunch of examples. So you start outé and it just gives you an intuitive feel for whatôs going on 

with this. Velocity zero, time equals one, the new timing is equal to one, no surpriseé You go over to the right at 

0.866, you get this thing where you get thisé well, not pointé having troubleé at velocity of 0.5é Iôve got a 

little block over my figure hereé At a velocity of half of light speed you get this time dilation of having the clock 

say 0.866 units of time, but again, itôs the sameé the same example there. You just see it. Let it fall over, 

[{vocalizes noise: plunk}] and then measure out that time.  

 

You can actually do this in analog mode if you want, then you have 0.707 light speed, so you just see it just keeps 

falling, and what happens at the far right? When you reach the velocity of light it falls all the way over and time 

falls to zero. Youôre no longeré Everythingôs been wasted on distance and none of it has time anymore. You 

never get above the clock time of that little unit. 
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[59:48] Okay, now that was a point-like object, soé  

 

 
 

[59:53] Letôs go to the example quickly (more or less) of an extended object, because point-like objects are kind 

of boring, and Einstein used very long trains with very high velocities and never quite put the equation down for 
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solving what the time prediction would be. He never put a clock in the front or the back of the train and thatôs not 

exactly a coincidence.  

 

 
 

[1:00:20] So, letôs make a train, and Iôm gonna suggest something. Now, why Iôm doing this is not obvious, but 

thereôs actually a very good reason for it. Letôs make the train go backwards from that leading edge. This is why I 

was calling it the invariant edge. We start with the same problem we had before. We already showed that that 

gives you the same results as special relativity, but you start extending your object backwards.  
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[1:00:44] So you make it bigger. Letôs get a little more room hereé  

 

 
 

[1:00:48] Letôs expand that puppy out there into some enormous distance. This is a very, very long train. Soé 

you knowé if weôre talking about interplanetary [distances] this is a train that would run a good part of the 

distance between planets. So, obviously not relevant to anythingé Whoops, what am I saying? Of course itôs 

https://creativecommons.org/licenses/by/4.0/
https://sarxiv.org/apa
https://sarxiv.org/apa.2025-11-08.1200.01.pdf
https://apabistia.org/
https://www.youtube.com/watch?v=wII9hRk3DOo&t=1h00m44s
https://www.youtube.com/watch?v=wII9hRk3DOo&t=1h00m48s


Terry Bollinger CC BY 4.0 Revisiting the Mixed-Signature Foundations of Special Relativity November 8, 2025 
 

 Apabistia Notes 2025, 1108120001 (2025) 38 apa.2025-11-08.1200.01.pdf 

 

relevant to things weôre doing. We have satellite systems that actually have these kinds of geometries. So this is 

not an abstract problem, this is a real problem that pops up in astrophysics (in modern astrophysics, in modern 

engineering), so these arenôt arbitrary. GPS satellites, again, is a smaller scale, but still very relevanté If youôre 

trying to tell people where to turn and not turn off one meter too soon and go into a lake, you need to know this 

stuff. So we got this long train, weôre going to put it backwards, and we want to see what happens when we try 

this method on this long train.  

 

 
 

[1:01:46] So, Iôm going to give a name to this block. If you look at this colored-in section, this is what Iôm going 

to call (and again, just arbitrary definition at this point) invariant space-time block. This is the length of the train 

going backwards from the front of the train. Very important, as it turns out, and then up through time, through 

whatever time period it is, youôre going to start doing your next checks. Your next tests will come at the top of 

that block. So youôve got time zero at the bottom, youôve got some time, it can be anything you want, it doesnôt 

matter what the time is. The length can be anything you want, it doesnôt matter. So you just form a rectangle, and 

the assertion isé  
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[1:02:31] é that once you do this, you can tilt the entire block just like you tilted the individual line. The 

individual line gave you the standard Lorentz predictions, so this is a stronger assertion. Now Iôm saying that you 

can take this entire block and do that kind of prediction, that you can take that. You say ñWell, that doesnôt sound 

right. Thereôs all sorts of squirrelly things going on here. That canôt possibly be right.ò. Letôs take a look at it.  
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[1:02:59] So, the assertion is that you tilt the block and the front of ité you know the frontôs gonna give you the 

right answer. Thatôs not a problem, because we already derived that. The front edge gives you the right answer, 

but what about allé whatôs going on with this left edge here? What is all this stuff? For instance, if you look in 

the right-hand block here, youôre actually tilting the clock times on the ship, on the train (this guyôs got a ruler) 

into a different setting and youôre actually shrinking the ruler. So whatôs that all about? Becauseé Is that what 

actually happens?  

 

 
 

[1:03:35] As it turns out, yes, that is exactly what happens. If you follow Einsteinôs equations about how to 

translate coordinate times and go through a derivation across two points (two different locations) you wind up 

with this slope, with this ratio, and the ratio, if you go through the derivation, you get itôs minus beta (‍) gamma 

(‎)  to ὧ  [ὧ to the minus 1, that is, one over ὧ). Soé 
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[1:04:04] é itôs a fancy way of saying that you have an angle that comes from that that is theta (—), but the theta 

that you get happens to be exactly the same theta that we got earlier for the single-point case.  

 

 
 

[1:04:28] Well, thatôs interesting. What it means is when you rotate a large object in this space you wind up 

having to bend the time settings of that clock and also their locations so they exactly match the ones that you got 
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for the right-hand invariant line. Thatôs why you wind up with this block. You have a derivation in which both the 

orthogonal dimensions wind up having the same theta (—) rotation and you wind up with the same result, but it 

also means that when you launch something itôs not trivialé 

 

 
 

[1:05:06] é not trivial at all. In fact, here is a description of all the states that you have to do in order to make a 

real system, such as satellites (which are easier because you donôt have to worry about compressing matter). The 

satellitesé If you have distances and you want to say ñI want to put these satellites in a new inertial frame.ò, you 

have to go through these steps. You have to squeeze the satellites together, you have to physically move them, you 

have to actually accelerate and decelerate the satellites. This is not trivial.  

 

So, you put them in a new location and then you have to reset the silly clocks and things. You have to say ñI know 

youôre not gonna like this, but you gotta set your new clock to this.ò, and that happens on the trailing edge. The 

front end, you want to keep synchronized with the rest of reality. Thatôs that hierarchical issue again. Only after 

youôve done those three steps do you do the send part. You can accelerate the satellites. You give them a quick 

burst of energy. Theyôre set to go. Theyôve got the new time settings. They got the new length, and all of a 

sudden, they work.  
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