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

|6ve actually done quite a bit on this topic before. 8oribt the first time thatite addressed some of these
issuesThis onehas been interesting for me because on going through some of the issues of how to represent
transformations in special relativity it turns out that ti®@smme interesting abstractions (some interesting
mathematical abstractions) that work quite well with it and they are in keeping some of thettersgsd before
about how we need to approach special relativity, but they also give a specificity that@ haddrefore with

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

where the mathematics is coming f dgathraughd préttyauickl.t e p s
Therds a total of 64 slides, so | need to keep a good pace on@vhgoing through with these.
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Overview

» The Minkowski formalism of special relativity has some difficulties:

» It does not handle or predict large-scale, multi-frame interactions well
» It does not model the process of acceleration with sufficiently specificity
» Assertion: Using mixed signatures (+++ — for xyzt) is not fundamental

» Minkowski space typically assumes that the existence of spacetime is
independent of matter (and yes, that can be a problem)

» This presentation develops two new formalisms:
» An intuitive tilted-block formalism that uses only Euclidean space

» An unexpectedly simple quantum-like phase rotation method that
predicts SR while also resembling quantum mechanics

E Apabistiz Notes 2025, 11081200(2025) 2

1:13][Now, the Minkowski formulation of special rel at.
formulatiorts been around for 100 years. This is the formulation that Minkowski created based on what Einstein
had been talking about, one which Einsteinrditiagree with when he first saw it. In fact, [iierally said that he

was not sure what the mathematicians were talking about.

Andé d t hought about this a couple ways. Il could ju
sorts of nice things about the Minkowski representation, but the problem is that in @agwiere the lack of
specificity comes from | have to say some trdoi ngs ab

work well, despite the fact thatstvery deeply embedded in a lot of mathematics.

It breaks down in certain areas, especially when you have interactions between multiple framesi thddesn
acceleration very well. In fact, it really doésmodel acceleratioat all. It simply accepts that as a given and
therefore discards the history that goes into that.

The idea of wusing these mixed signatures, the idea
doing that mathematically, but they also ahaice theyde a decision, and by making this decision, what it does
is it focuses much more strongly on fireal result and not so much on how you gethat final result.

So itts kind of a subtle difference, butdbesmake a difference in terms of what you can end up predicting. The
multi-frame interaction issue is a consequence of that. Probabiie#pesandmostheavily embedded concept
that Minkowski space encourages is simply the idea that spacetime is independent of matter. Néwve, if you
watched some of the presentatiod&Igiven before, this is an issue that | thinkeially important to address with
care, because if we think spacetime is a completely sepentattethat does not exist outside of matter (which
many people firmly believe th@ttrue) then you start having difficulties describing the relationships of the
material objects inside of that spag®e 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 ait tfime there was no other way to get specific laboratwgningful test
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results unless you used an object, and that is still true today, because no matter howalleatnayt the idea of
guantum foams and all these other concepts, until you have an energy level that actually accesses those concepts
you dor@ 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 dbhave empty space anymoréslt a si mpl e di chotomy t ha
can talk about empty space having properties but if the only way you can measure those properties is to put matter
or energyinto it, thenyou have to be a little careful about what §retsaying. Are you really truly saying that or

are you just assuming the spaceftithere and it doe@mmatter how much energy you had to put in to get to it.

Thats 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 | came up with [thafll be explaining in some detail: First one is a tilted block formalism.
This one wasé this was fun. Thi s i s égepunesurdkamomeént y o u
where you just go likél didn& expect thaiand you go likdiHow did that happer@zand this really was one of

those, because | was going through some of the math on how the transformatiotifsywartgke into account
thedisparityof ¢l oc ks é | f dlhave rrorsimultensity an these clogks. ¥f pou formalize that,

put specific math to it, and then carry that on into a sgiseethats 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 bl ock f omnicelyihtuitisensurpriseéYod can literally teach tlsisua pr i s
grade school kids and show them how to do it aisehdt a difficult transformation to use. S@stnice just in

terms ofé It al way siwsliuhatadi pessitdy worled.oMell, you have to actuallyy it

and then you realize, well, yeahdiieswork and then you can go through the math, which | will, to explain why

it works that way, rbhovetnteresting onmthataly¥had me windering wratwasngoing

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 rotationis bestini@@® i s best r epr eisepmseaothtion.Thatas, qu an't
youtakethe'® x ponenti al type formaté You can do this with
similarity and that pretty much covers it. So you wind up with special relativity coming down to a multiplication

of two complex numbers.

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

Instead, you take a Euclidean spag#out a mixed signaturand the opposite happens. The structure collapses
to an extremely simple form, which | wild./ noweé

E Apdidia Note202511081201L (202% 3 apa.20241-08.12001pdf


https://creativecommons.org/licenses/by/4.0/
https://sarxiv.org/apa
https://sarxiv.org/apa.2025-11-08.1200.01.pdf
https://apabistia.org/

Terry Bollingec BY 4.0 Revisiting the Mix@ignature Foundations of Special Relativity November 8, 2(

Terry Bolinger CCBY 40 Revisiting the Mixed-Signature Foundations of Special Relatiity Nowvember 8, 2025

Part |.
An Unexpected Outcome
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Complex Plane Relativity (CPR)
Gray = System at rest in space L1 —LABtime
i0 Rotated C_oordinate Point
e C' = C-e® = (x' +t'D)
: (Not SR tick marks!)
]
‘Jr At-Rest Measuring Devices /j“
/ Co-Located Coordinates
(x' + ti) —At-rest view
At-Rest Coordinate Point (x + t'i) — Moving view
C=(x+ti
: ! /((0 + 0i) — Front of system at Iaunch)
X_—LABdistance N A——————————————————
C' =C-e%=(x'+ti) where X’ = ReC-e®® and t' = ImC-e®
CR = CRest = (xl 7+ 5'5:): CM = CMoving = ( 23 tli) = M(CM)
4:?:;'5!;:'%31015‘"Z:'é,l.2925'; 4

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 iemgeo b j ect é

which is often sk
relati vireygotyouo, 1|i ke,

accommodate the | arge objec
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which is multiplication, by ' (green angle, theta can go up to 90 degrees) and you wind upneitii@cation
that gives younewinformation.

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 (youcanalgost i mat e t he energy, because you wil/ h a\
andthatts a remarkable thing. One of the key issues that you have to accommodate and this is where | say
Minkowski representation does not address accelerationMrglonly way you get this simplified rotation is if

you look at thdront of the object that you were accelerating and treat thavasyapecial pointThat is the

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

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

S o @nexpectedUnexpected, deeply interesting, and also presents possibilities for mathematical connections,
especialyt o quantum mechani cs. I n a sense, this-sdale sayir
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 sanmedkof conceptsThats intriguing, because you could be looking at a thing

where concepts of acceleration and rotation are more clasated to quantum than we would have expected.
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A Few Implications of Complex Plane Relativity

» Inertial frame coordinates exist only in hierarchies
» Inertial frames form in hierarchies centered on rotation points

» Every new subframe retains the coordinates of its ancestor
frame; its own values are only functions of those coordinates

» Focusing only on identical physics within each frame ignores
this important frame hierarchy
» Poincaré (and Lorentz) symmetries are local-only
» These symmetries exist only when created by matter systems

» The belief that symmetries exist independently of measuring
devices creates an illusion of universal spacetime

E;:;:;-;r;:-e;zozs‘"::'2.;.20257 5

10:08]Some ofthecahé S o me of t hfrem thanfprinalismd just showeda n d adnaiving, |
the conclusion first intentionallyé Once you acknow
front point of an object which is being rotated, or otherwise you wind up with nonsensical results (you wind up

with false historiesrad things thatdalh ma k e s e n s e Jodhatbomde yoa attach it tyece peverything

falls into a hierarchy, because each time you have an acceleration of an object you create a new coordinate systen
thathasaerys peci f i ¢ a nfar-one relatienshipdo thgrevéouscoordinate system.

Thatisnotwh at they say when you talk about evdsrryetthati ng b
the physics is identicahside of the framebut what you have to look at and what y@veto 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 averydifferent view of inertial frames that is actuathorein keeping with our intuition. Our intuition
is that an accelerating spacecrafidgidentical to the rest of the universe, because you peharmousamount
of energy into it. 58 an excited state of that matter.

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

same point. [It] says that yeah, you have to treat thissabsedf that larger hierarchy. The spaceship, even
though it is acceleratingé you think it has interna
tell the difference,thés € t ha't remains the sameé the Poincar® sy
embeddedtill in that larger space and that has all sortsnglications, 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 pidesti&inside of

the spaceship and yet the spaceship is essentially a little tiny subset of sontergarcet of physics then what

does that say about the concept of space and time within that spaceship? It says thatrgatirgemall

instances of space and time, buteuwnot actually creatingniversaé o r a ¢ c e uivearsalgpaces andne

time concept. Yolre essentially creating it by the mijamlations of that matter, and again, this goes back to the
idea: which comes first, matter or physics? hadd i n
not to recognize that theatureof the acceleration of the mattercigtically involved with how you create the new
definitions of space and time. Thiy not independent issues.

So,[my] last point: the illusion of universal spacetime. That dangerous illusion becauseewersee that
experimentally. When a spaceship is accelerating across the universe the rest of thedo@gaersecareThe

rest of the universdoes not seis 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 @ehdwoe an illusion of universal space
time that has no correspondence to actual physics.
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Assumptions in this Presentation

» Einstein got it right (but with a few very subtle math errors)
» Every inertial frame has identical physics to every other inertial frame
» No cheating by excluding extreme energies (no “ultraviolet cut-offs”)

» Only direct contact fully resolves the relative timing of events
» Distance between entities always introduces space-time ambiguity
» Only direct contacts can irreversibly remove such ambiguities

» Fine-grained, observer-owned clouds of clocks (from Einstein’s
The Theory of Relativity, 1911) fully resolve complicated cases

» Einstein invented and first used clouds of clocks to predict time dilation
» Fine-grained clouds give the observer a fully Euclidean interpretation (!)

» Almost-instantaneous acceleration is always feasible (muons)

E;:;:;-:r,:»e;ms‘":5‘;1:.20257 6
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13:47]Assumptions in this presentatior

I | oveé | é again, |® @GapegsséhfTheghm&inet eus. Heé Hi
veryé not surprisingly, very differentthifikinktermsaiost ap
physics, not so much visually, but he just was likeiaman emulatoo f physi cs. None@ehel ess

talkedé he di d make o= talked absutithesel beforahant they bad to dornestly with
these coordinate point issuéegd 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
s y s t e méeerdikeastich a harmless, innocent thing to say that it dbesatter, which is what Einstein did,

but it doesmatter and in fact you get all sorts of paradoxes if youtqmay careful attention to this. Einstein was
adamant thaanyframe atanyenergy has identical physics and that is exactly whateveeen, to theth degree,

in experiments of gamma rays.

It doesr@t matter how fast ydite 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 viewpoiiidt | € you knowé ac:
spacetime must have some kind of granularity. Actually, there must be some ultraviolet cutoff point where the
energies calhhandle thaté a n dénotWhathewas saying and experimentally it still turns out to be true that

it doesi@t matter how fast you accelerate, how fastGg@unovng: you still see the same physics.

If you read some descriptions of special relativitydol get t hese i ssues d@&bhout how
always this spacgme ambiguity and people focus tivat, and therés a certain danger in focusing on the

ambiguity. I6s fun, ifs entertaining, it can come up with all sorts of mysteries where you safide we

dond know if it really happenedé b u tactualtblentertruth is that taderivet he concept of a tv
When Einstein fi fAHey,thistane dilationhhingsiredl, ou sag actudilyaeasurat.0é T h e

way hedid it was he used direcontact which is always available.

So you have a laboratory, you have little tiny clocks everywhere, which essentially (in like, for instance, a cloud
chamber) tha@ what yodre doing, because every bubble that you form is esserditdlghedo your definition

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

that can be measured in the observer frame.

So this was the approach he went [withfg[ithat] he focused not on the spéicee ambiguity, which younust

take intoaccount but he focused on saying, liR&/ell how do Iremovethat ambiguity®®¢ and Ei nst ei n
with this idea of having these sets of synchronized clocks over a large area amhysafkcificallythat until you

do this you cannot make a physics measurement, which | thought was a remarkable statement. Hihisded that

how youresolvethe ambiguity of what it means to be ateatainlocation at acertaintime in acertainspace, and

so | thought that wasmarvelouddea he had with this idea of clouds of clocks that have been synchronized, and
then he went off in anot her é a nfdscitatngbibof tiseory that, mdain,o f f i
|6ve talked about some other times.

So, you have the prediction. Figer ai ned <c¢l ouds, theseé The othuser t hin
Einsteirts technique of doing these clouds there isnidedsignature, there is negativet i me, t her e i s
therds no definition of it that yoneeda morecomplicatedorm of spacdime to take care of it.d fully

Euclidean. Yodre simply saying: Hei® a bunch of clocks. Heetime going this way, andiit four

dimensional, but you can juignore one or two dimensions and you wind up mavsomething thés very, very
understandable, andstjust classic square Euclidean (as they would call it) geometry. Eveigthoirigogonal.

So, thatis an early instance of a fully Euclidean interpretation of Ein&eipecial relativitydone by Einsteino

less. So, s notemphasizethat way, but iis important because ti@athe way it winds up doing it.

Now, the fasté The ahmakihgidimportantjest hpcausaityouhnvant te take thainfinite
approximation of how acceleration works you need to know @ipetssible, 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 instantadeaatudtly an interesting
little question. dm sure there are papers on it, about how much time does it take, for instance, for an electron to be
accelerated, to bemittedby a nucleus.

So, there must b&omekind of a time on it anda a difficult issue to measure, but things cawvexy close to the

speed of light in aeryshort time and th& important for the mathematical models tlihte presenting. The

fact that you cagoto 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 opportunityltmk at the full range obehaviorsthat result from instantaneous

acceleration.
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Part Il.
A Look at the Twin Paradox
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19:27] A Look at the Twin Paradoxé
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Spemal Relativity Says: Speed Affects Clocks & Rulers

3;?; Distant, unmoving
¥ i i Beth also uses
Q/m Eatth ... ..(distance and time )... ... ... S dlioes,

& rulers ] clocks & rulers
Charlie ] ]
egms Ship very- ™ On his arrival,
with fast-launches < Beth measures
Alex’s to86.6%of ) ! Cha:lle s cé?;!(s
clocks lightspeed o [ VT gy
& rulers s as shorter

» If an object moves fast, special relativity says its:
» Clocks tick slower, and
» Rulers are shorter in the direction of motion

> At 86.6% of lightspeed (0.866 c¢), both are half their original values
E;:;: stia Notes 2025, 11081200(2025) 8

19:30|0kay. Thi s i s goi ndsjustdaék abBut itnddwelages spatial relatikiteg go? Thik ie t
i nt ended dafeootvery farilianpwihuhe twin paradox, this is intended to be a fairly easy explanation of
how that works.

Youdre got Alex back on Earth, &egot clocks and rulers, yue got somebody over ahotherlocation who

alsohas c¢clocks and rulers that are showing &Geontlea f f er en
same kind of acceleration. Youe got another fellow, Charlie, in a spaceship here. He launches aedyaing

to assumeery fastacceleration so we can just kindighorethe issue about how does the energy get put in there.
Justassumehat its very fast. Wé&e going to focus on thepeed

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 gc
by. Lorenz contraction isota vague thing. If yofie actually instrumenting the spaoedetailand you look at it,

SO every point has a measur ement d@real detaiko dariethis o met hi ng
C 0 n c e p t @& anThdiual comtraction. That slhigsto be shorter and not just in an abstract way. It fits within a

much narrower boundary.

So, Beth at the other end will see Chdsdielocks as actually being both slower (they only, in this casehdiad

the time on the clocks) and his ship is half the length of what it was before. So, | always like to pick on 86.6% of
light speed, because tfima convenient one where everything is one half. So, the clocks tick half as fast, the
rulers are half as |l ong and you get t heseéncidblyh of
wellproven s o f or é vy o@e ndt fnolisv @ith ith&t angl b seems strange and you go fikew did
thathapper® Experi mentally, this i sall$odsoftdiffexcmtaneaswwesnensse e. Y
The time dilation is jushtegralto every aspect of particle physics. The contractions of the field, again: integral

to every part of physics. So these are noté These w
then theyre very, verywell proven.
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Vast Regions Can Share Similar Clocks & Rulers

A2

» Clocks and rulers that move slowly relative to Alex remain similar

2

[————

» Distance makes no difference. Only relative velocity counts.

» This means Earth’s “rest frame” of similar clocks and rulers is
enormous, including planets, stars, and even distant galaxies

Eéﬁ::';h:'e:mﬂ 11081200(2025) 9

22:00] Now, thisis a point thatloesget missed and | really want to emphasize thié][iwhat does it mean to

say that yo&e inthe same inertial fran®eThat is, you have the same definitions of clocks and time and how time
passes, and the point is this: Tdistancedoesiit matter. What does matter is whether that distant object is
moving relative to yau

So if youre on Earth, and agairi talking about velocities where the speed of the Earth around the Sun, even
the speed of an entire star, aetatively small Theyde considerethsignificantcompared to special relativity.
Compared to the speed of light, theselaeely movingype situations. So then you sa&What is therangeover
which my definition of an inertial frame is valid® a n d &e rfiot cgreful you can underestimate that very
easily, because you can go all the way up to the Andro@alixy, for instance, in our local clustefslactually
movingtowardsus.

So you can find stars and globular clusters that are in the same inertia fragoaitivat You can tell that thée

not moving relative to you. You can figure that out with your telescopes, and then you fif@@Hikéanybodys

on that distant planet and that distant star in another galaxy/¢hggt the same clocks | do. They have the same
measurements of time that | do, give or take a littlé.tfto you caknowthat if you could send a signal all the
way out there and get a signal back, you waevilid up saying thallYeah, we watch the same amount of time
pass. If we measure something, wi# see the same amountSo, if you take this into account, certain frames
are absolutelgnormousn size, because distance is not the important critedligtjve motions 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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Fast Spaceships Have Unique Clocks and Rulers

£

( Q/ @ Charlie Q =

™ )
kﬁm [—

» Clocks & rulers on Charlie’s fast-moving ship disagree with Alex-standard ones

» When Charlie’s clock passes an Alex-standard clock, the Alex-standard clock
always measures an increasing loss of time for Charlie (relativity is lost)

» Einstein used clock comparisons (not acceleration) to predict time dilation

E Apabistia Notes 2025, 11081200(2025) 10

[24:11] Fastspaceships, in contrast, as | mentioned earlier, have unique clocks and rulérs.gathis case

here where Charlie, Begoing 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

is th
is so huge. Yogannotget around the prediction that every person, no matter how far away, ever@i thape
Orion Galaxyd Orion Galaxy,0ops,thais a new oreThe Andromeda Galaxjwas wha | intended]d they

accel erati on,anyoresaete sy oause Gwhaartl i e goes byé

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

Thi s

and thegl all be in agreement. It may takemillion yeardgo get the report back so you can share the consensus,

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

So you have this realijparvelousnetrical agreement across @mormousegion of space and theyl say the

same thingCharlie got squeezed. So, ti@amnot relative. That part of it stays the samestrhof these observers.

This i s, in fact, agai n, how Einstein de
accessibleé This i s hoWwokiBganiedeelocks ovkramgeancae d

rived
t his

t he t
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So Where Is the Paradox?

Charlie

—_—J

» We’re not done yet! Special relativity also says: Charlie’s clocks and rulers
are as “fundamental” as those of any outside observer

» This means Charlie should also measure time losses & shorter rulers when
viewing Alex’s clocks & rulers, no matter where they reside in the universe

» This symmetry between Alex and Charlie is called the Poincaré Symmetry

E;:;::-;rs:-e;zm 11061200(2025) 11

25:53] Now, the obvious thing to say after thisswherés the paradox®hy is the twin paradox a paradox?
Because, okay, soé yo wshoitenso wo éh ey s okwmso vdéo wyother hceo u | d
methods. You couldqueezeaatellites together. You coutlowdowrt he c¢cl ocks. You knowé t
mundane ways in which you could see the same effect@be catch and hdgethe part that makes people

kind of go around in loops on how they interpret this: The assertion that thdrspdeef Charligs spaceship is
absolutelyas good as anybody efsespace has an implication that yeand get around, which is that if

everybody else seddm as squashed becausdihgoing at high speetieshould see everyone else as squashed

and going slower because of the high speed.

Youdve all heard this paradox. Anyone viidoumped into special relativity hears this thing alfiovell, how can

both sides see the other as going slo@r?and you go round and round on th
comes fromé not fr omé & argumnent, bdtiit comestiromythefapplzationBfian st ei n
symmetry, and what it is (the symmetry) is this: It say®ifr spacds absolutely the same it showgdply

universally. The Poincaré symmetry should apply tcetitée universesothat what he sees inside his ship

should also apply outside, atithtts where your paradox comes from. You say fiMéell, this symmetry says

that theseé Every space is identical thisemd every spac
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Poincaré Confirmed! Visiting Muons Decay Slower
» All experiments done inside the ship confirm Poincaré!

» VISITOR muons (“particle clocks”) from outside decay at 0.5 the
rate of motionless muons created inside the ship (SHIP muons)

SHIP clock SHIP muon
Created  Decayed
VISITOR VISITOR
clock muon

E7) () e

Created
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27:40lNo w, i's that

true

e X p e Hovethis patt\WHhyik iytriie eXperimental/@ n

Because if you are in a fast spaceship (and éhevays you can imitate this situation, you eamnulatethis
situation) and yofie hauling through some space and a muon comes in from the front portal of your ship and you
measur e t hat mswomngfrolnthd @utsidewmverse, so it was just created at rest in the outside
uni v er smepsfirdhatonuon, what you find is that it is delayed by exactly the amount you expe@ted. It
slowed down in time. It lasts longer. It leaves a longer path, and ydiAbait was exactly right. Poincaré,

né They welasymmetily that whgifodk atdhe outsibe usiversep i n t
| seeexactlythe same result that the outside universe sees whendegking atme because you see that you
dil ation

Lorent z, Ei nstei

have this time
Wedve proved that this is trui

and

paradox. I@s really fun to contemplate.

t hen

ef f e
y ou

ct, so you ki m@oolof é
have thisé you knowé

Thats one of the reasons why this gets so much attentiénthkt its] funto have that kind of a paradox in your
head. You say, likBWe | | é 6/@ just prdved that the muons from outside decay more sf#vlya nd y o

say, but | also proved that they segmu o n s

around with in your head. Thésgustone little probleré
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Poincaré Contradicted! Muons in Front Decay Faster
» Forward observations contradict Poincaré

» Muons in front of the ship (FRONT muons) decay at 3.732 times
the rate of SHIP muons (almost 4 times faster)

SHIP clock SHIP muon

Created Decayed

FRONT muon FRONT clock

Created Decayed €E§
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[29:25]¢ whi ch i s t h acarefullyfité gnty true inside kourspaceship, which is weird. You say,
likeiwe Il | , wai t a mo ¥eah, ieydu ldManifrant ofyesuhsaaceship yodond see this effect.

You see the muons decayingry,veryg ui c kl y ar e eer }jéa sGegoid, Beyph sy, like

fiWait, wait a minute,th&a@¢ you knowé Thi s i s n@insidelyoyr stppatgaesi o x i ¢ al
slower. When fisin front of your ship you see it decayiffiaster (?) and you sajiHow didthat happen@. In

fact, itts not asmallamount either, @& almosfour times fasterSo ifs corsiderably larger than the Lorentz

factor. So, you go likBWhatis going on with this@
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Poincaré Contradicted! Muons in Back Decay Slower
» Backward observations also contradict Poincaré

» Muons behind the ship (BACK muons) decay at 0.268 times the
rate of SHIP muons (almost 4 times slower)

SHIP clock  SHIP muon

Created Decayed

BACK clock BACK muon

@ Created Decayed @ %
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[30:12] So you take your telescope, you look around, and yoawajl, letds check out the other direction.
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 tideah, in this population of muotehindmy ship thefre actually
decayingslowerb. S o é and smallamopnti but thelpeydecaying, like, by one fourth the rate that
they should be decaying at. Tlisylastingmuch longethan they should be. So, you got faster in front, you got

slower behind, and inside your ship theyslower, but by a different factor than the ones from beMNitit the
heck is going on?
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What Is Going On? Think Ambulance Sirens

» Outside the ship, time follows Relativistic Doppler rules

> The full equation is: R(B,0) = /1 — B%/(1 — B cos 8)

R = 0.268 back- = 3.732 front-
clock ticks per : clock ticks per
ship-clock tick ship-clock tick

Relativistic Doppler background by TxAlien, CC BY-SA 3.0 (Wikimedia Commons)
E Apabistia Notes 2025, 11081200(2025) 15

[30:57]é¢ a n d 6 goin@dn is something called the Doppler effect.

Think ambul ance sirens. You knowé They & oé&omiomg & nlow
has a higher frequency comitmyvards yoult has a lower frequency goitvghind youWell, the same things

happen with the muon decay rate. Think of that as like a frequeéiikét a wavelength. So, yde seeing them

in front, theyre going [{makes buzzing noise}] much faster, becausérganovingtowardsit. Youée plowing

through the muons very quickly and ymiseeing them go in at a higher rated gou see the muomhehindand
same thing.

Once the ambulance passes, you hedowersound, you hear slowerbeep thas going on with that. So, you

|l ook at thaté and people had to face this, Il think
cosmic jets. They got dumbfounded by just this point. All of a sudden, they were seeirdjgpastesabout

the decay ti me of héppeweddtheseshingsP hi ngsé what
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Traditional Symmetry Groups Ignore Boundaries

Einstein’s 1911 Time-Dilation Prediction (extremely well-verified)

&ex@ 3 E%@

Einstein’s 1905-1907 Exact Poincaré Symmetry Prea

Beth
Vo @& [EXD

o {rm] s |

tx0.268 tx0.268

B <o
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[31:56] So, what does that meé&or the spaceshipOkay, Einstein time dilation (very well verified), exact
Poi ncar ® Alythafise titthe ynére problematic, because whengminsidethe ship, yeah, ydue got
the symmetry you expected, but when §ewutsidethe ship, something different happens, butdyelgot a set
of equations for thalsqg, because relativistic Dopplerassonicely 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 (actuallgs itery fascinating why it happens; thi@sreome interesting

geometries) but you can go inside the bubbleiaiidat set of coordinatssn whi ch everything t
clocks of the ship apply, the rulers of the ship apply. You get the expected prediction of Poincaré symmetry.
Outside of thayou have this relativistic Doppler sea, whicterormousité the entire universe, and you also
recognizethatts r eal |l yé The r eason tdeiustlookirg atht &quipequstreadqng i s b e
the data differently. Yolle notchangingthe outside universe. Yée just reading data at a faster rate in one

direction and slower in another direction. In one sen&ety mundane
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But Terry, This is Just Blueshift, Not Time! Right?

» Nope. What light encodes cannot be forgotten; it becomes history.
» On arrival, the final clock must match the individual speedups

SHIP clock SHIP muon

Created Decayed

Q + @ + esee é
\ )
Adding individual speed-ups
along the path requires the Andromeda

destination clock to match ~ Destination
E Apabistia Notes 2025, 11081200(2025) 17

[33:26] Now, what younightbe asking, maybe what yshouldbe asking isfiYeah, but thaks just blue shift of
light, right? Doppler blue shift andé you k®owé amb
but ités 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 rotatessia clock, and you actually see the clock of the circular polarization,

you see the phase, the frequency changing faster.

So this is something whereyaantt o be a | i ttl e c¢ ar e fhowyoudobkatttisissub er e é
of blue shift as it beingustan issue of light. & not. It deals with time itself, and for some reason my slides are
not movingé
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The Cosmic Photon Database of No Less Than 10%* Bits

4 ﬂoo1o1011o1o1o101o1o1o1o

10011010110101010101010 > -
U007
0010110 % ol
1“3‘0

010
74()

by 10011010110101010M1°
.- 1010

— 2 L 7T i
2 100110101101011101010|

\

RN R o

E;:;: stia Notes 2025, 11081200(2025) 18 apa 2025-11-08.1200 pdf

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

This may be a concept tiiainew, but ifs well worth consideringbecause when we talk about empty space we

treat it as if is completely emptyThatsh ot t he case. I f you |l ook at the wu
k n o wdativelyempty bit of space, has anormousiumber of photons, aanormousiumber of neutrinos

al so, passing through it all the time, and these th
Billions of years?é f or t hadThatisanhemortswragedevise. [ t hr ough

Do you ever think of empty space as a memory storage deviceshgalg because whend full of light, the

light is a queue of information that oncésithere it doeghdisappear. Now you can get into abstract arguments
andsayiwe | | € you knowé it de pd& budegperionantallythes is Wwhatwa see. Spaseds| u t
full of information. Thas why vyou can go out in distant space and
years ago, because tliaystored in this database, thismis photon database.

So,contraryt o t heé your feeling that empty sglendheogghwithu Kk nc
no problem, if you look realistically, especially from a quantum mechanical viewpadist][iE Ar e you goi
through empty space? Are you going through an absdiotiel of information, that has all sorts of specificity

about things that happened a | ong time ago, and onc
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Causality Implications of the Cosmic Photon Database

» Once light is emitted into the vacuum, history has been created

» It does not matter whether you have seen the data yet

» The photon data is now stored in the cosmic photon database (CPD)
» The CPD behaves as an observer of that past
» Ironically, quantum uncertainty only impacts where that data finally lands

» Alternatives:

» You can invoke a “universal quantum wave function” and assert none of
this is happening until an observer “sees” the photons

» The result is philosophical, not observational; we only observe in time

Eé:;::-?h:'e:ZOZS‘"Zi'i.l.20257 19

36:12]¢ really does behave as an observer. You can, ar
can talk about a universal wave function, and nothing really exists @mfihially observed in that, but @ststick

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 ydlnever get any resolution.

You have to pull it back to sayirfiyVhat do | actually see when | use an equipment in time that | can access over
lengths and distances that | can aca&d#/hat 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 knods thgy@axy. like Andromeda,

which we see, we know that the light is delayed. We kné&ntaken a long time to get here, anddhabt the

issue, but if you assume thé&sesome coiit é a d e c ef nontindityete tkeluniverse, which we generally

do, we can sagWell, ités probably still there anddt probably still doing thai, 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 13 T @ big number and thiatjust thdower end of it. | mean thé not evertloseto what it actually

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

a b s ol u & erle pféhosk itare cases where we can say 10 to the 100th and actually have some meaning to the
expression, because tégathe kind of ranges y@e getting into with this and in a universe where quantum

information is important that makes a difference.

So, you want to be cnattalend this exiatibgadatd irto agcoumt wken yowtéy to
understand whét real and what is not real. Incidentalldl, point out one interesting thing I just find fascinating:
We talk about quantum uncertainty of a photon. Yiaueto be careful about what that means. The quantum
uncertainty isnotthe information that the photon encodes. The quantum uncertamferethat information will
land.

So you can have one photon fisamitted 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 informé&sigustithat you dain

know where ifs going to land. So, quantum uncertainty does not mean absence of information. Quantum
uncertainty means absence of knowing @hgoing togetthe information. iés a very different thing.
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Once you have the information in the phWelolné lanjdustg
dond like that. Its gonna make it all uncertainbut experimentally, come on. This is what we actually see. You

dond know where ifs going to land, but you know that when it lands you will get an image that will tell you
something about that distant object.
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Resolution: There Are Two Symmetries in Play

The Poincaré symmetries only apply inside a constructed
Poincaré “bubble” that moves through a vastly larger
interpretive symmetry space

R
Relativistic Doppler
symmetries apply to
all regions outside
the bubble. They are
interpretive only,

so they do not alter
the outside world.

Poincaré Bubbles
(PBs) emerge after
manually altering
components. Only
cooperating items
“see” this “isotropic”
symmetry.

E-’«:?:z:?#b::e;lﬂli 11081200(2025) 20

[39:14]So, this isé Hitting that point again, the resol
relativistic Doppler universe that @lyinterpretive. Yodre reading the database. Ymureading the cosmic

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

youére notchangingit. Youére not changing the way the universe works. ¥®mot changing the causality that
happened a billion years ago in the Andromedaé Wel l
just happened. That dé@saalready out there. That tré&rlong gone.

So, relativistic Doppler is aimterpretives y mmet ry. |t just says &Ggowgop.dheé h o
Poinca®bubble thoughthatts a whole different ballpark and that is fascinating, because the fact that you can

create a bubble of interpretation inside that spaceship thafildayss howl 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 isn

can controlll of that inside my spaceship.Thatto me is actuallynoreremarkable than the idea that tisatome

universal symmetry that applies everywhere, because it ties the idea of space and tiigbktlydythe

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

looking at space and time inndholedifferent way, in making it an actual experimental topic.
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Is There a Poincaré “Bubble of All Bubbles”?
» Acceleration — creating a Poincaré Bubble or W ;;/ A

PB — is messy. It's not a simple scalar “boost.”

» Particle PBs form instantaneously. The algebraic
boost model works well for these simple cases.

» Cosmic web PBs require billions of years to form, if § :
they form at all. (This impacts dark matter theory.)

» PB creation, evolution, and termination always
stay fully visible within the larger and faster
originating PB. (Analogy: Spaces in games.)

Volker rine NCCBYSA LD
» Poincaré Bubbles have multiple usable applicable coordinates: Local only,
Latest Ancestral Bubble (LAB), or First Ancestral Bubble (FAB = CMB),

» FAB “bubble of all bubbles” enables universal time (no “block” universe).

E;:;: stia Notes 2025, 11081200(2025) 21

40:56] Now, if youdre talking about thedeubbleslov e al r eady menti oned t Hoaté yol
of stars that are not moving relative to you, theyart of your inertial frame, and in the terminology | just used it
means the§re part of your Poinc@&bubble. You have all the Poin®s y mmet r i e s fatsoforthosau € ap |
distant objects simply because theynotmovingmuch relative to you.

So, that already says that th@rdifferentskyscales on these things. If you go down todhmallestscales, you

have little Poincare bubbles that form about individual particles, because they instantly accelerate. Once they do
that, theyre 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
theother[side of the] scale, you have these coswibs Those ardascinatingand they have some kind of
relationshipé | wonmlwhgpugghgese woaks t demé edBlsios has t
dark matter, but how these definitions of space and time form would necessarily have to have an impact on the
cosmic web, because if youn outof matter and you stretch it too thin and matter is creating your definition of
space and time thdigegot to be some kind of a breakpoint.

So, this is when | say thégeinteresting 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 thabtizeen properly
explored yet, because this is not the way we wusuall
Theréds t wo ter ms t hat a teat] youlsave the latesdancedtral bubbe (Peréalple), t

which conveniently and intentionally comes outtobe LABI n ot her words, your LAB
measurements you have in your LAB, not coincidentally, are your latest ancestral bubble [(LAB)], but that can be
guite | arge, but you also go backé This is a recurs

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 accourd@mitlignore themwhich is not something you

should do in solid physics. You should pay a@tentio
pay attention to the energy transfers, youdcpossiblyget a full view of the universe. So, if you take all those

into account, yofie going to come up with a first ancestral bubble fiakskind of likewhat we think of as the

cosmic microwave background. That is, §reugoing to have a general set where these things hehared
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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 Kkind of Gagordnathiggwhdrau b bl e

ités kind of built up from. So you have your fab bubble (your largest one) and you have your péotalitare
that youre using to analyze space and time (particles and events in space and time).
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The Poincaré Bubble Hierarchy: Biggest, Oldest = Fastest

First @ g Poincaré
Ancestral B# : Bubble
Bubble 3 ., I
(FAB)
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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 theuniversallevel definition of space and time. Now, notice when | say tlam $uggesting that there

i sé Not | us tin sayng thae iSyou fallayvéhis logic, if spatene is created in these bubbles, you
have to be able to define, at some poirstaating pointfor this entire thing and th@t your first ancestral bubble,

which is roughly the idea of the universe, at

east

then you get these smaller ones that deviate from that andiiff@vent scopes. So you have galaxies, you have a

very fastmoving spaceship.d@ gonna have its own little definition. So, this\ast smooth spacéime. This is a
much more complex, richer, and really morerestingdefinition of spacdime.
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Universal First Ancestral Bubble (FAB) Coordinates

LOCAL & [ UNIVERSAL

oD

g — UNIVERSAL
. Lo
< :
= UNIVERSAL UNIVERSAL
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45:15]So you get coordinate systhsmsTheanrdeddadrs ét He wiadhe a
ancestral bubbl e é ydugever losp themandthisis easy to imigsénanost 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: IBegeset of coordinates and tasra little bubblénere

in which | 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 thosedhérgsl there from the

original.

So you dofi lose those coordinates, and thaine of the reasons why you doget time paradoxes in this stuff.

[It&s] because the original coordinates justi#dgy, you formedere It took you this long to form and then you

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

dond tell me therés a time paradox, because | saw it all hagp&o thisbroaderviewpoint, where you get the

largest Ancestral bubble that you can fiallyaysr e s ol ves t hose issues into a EL
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 thaiOBay can havenultiple 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 g@uwatching those muons come in and decay at a slower rate.

You can always set up your own clocks to Bdgah, but the front of my spaceship actually is moviritiat

speed, and it hakistime setting, and the back it hiqiés time setting, and lo and behold, if you go through all the
math, which gets messy and also a little rdogigling, you will find out that thatisparity of the outside settings

of your otherset 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 seatimuon 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 systemss tina@vrongway to think of this.
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Why Don’t Textbooks Address Poincaré Locality?

» Overextending the ranges of the Poincaré Symmetries dates back
to Einstein (multiple minor math errors in 1907, 1911)

» Excessive reverence caused the next century to brush off known
corrections (e.g., in GPS satellites) as “engineering details.”

» The infinities-friendly Hilbert school inadvertently worsened this
assuming all math symmetries have infinite ranges (violates c)

» Physically meaningful symmetries fall into two categories:
» Constructed symmetries (bubbles) require altering material objects
» Interpretive symmetries (spaces) change only how you interpret data

» Constructed symmetries can expand only at up to lightspeed

Eé:;::-?h:'e:ZOZS‘"Z:'Z.Z.20257 24

47:50]1So, why do@ é a n d G Hdonénaditerature search on this lately. lmwhaware of any special

relativity textbook that addresses the idea of locality of the Pc@isgarmetries, and th@t unfortunate because

youneedt hat . I f you | ook at i mastabe tsked intckaecouBtPasd what peeplelddd t e s
is they kind ofé Just |ike with the blue shifté you
when actually iis 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 thatlarivedfrom spatial relativity, but théye a littlewonky

in some places; you make some decisions and you wind up kind of missing the point: tEatatbareersal set

of coordirates andhatts really the proper way to resolve thisgitto go back to aimplerstructure in which you

just have multiple sets of coordinates, depending on how you set theids @pvdtry computer science type of

thing. If youwve heard of virtual machines, thisvierymuch 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 environmemtd tell the differenceAs far as it knows, @& executing an actual

physical machine, when in fact the other machine is just sitting here watching it andfidahg| see

everything yodre doing. ém watch everything ydiee doingo. That is a very close analogy to what is happening

with these inertial frame systems, because once you acknowterlgeerarchy 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, burnesichas a cost and

each time it gets smaller. Sdsihota universal thing. & a very hierarchical, treghaped type of structure.

Now, the Hilbert [School]é A | ot of f dotonathingithe mat he
Hilbert School doesotdo is pay attention tdistanceor pay attention ttmeor pay attention toesourceslt 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 padf your axioms even if you ddnadknowledge it that you have these infinite (essentially infinite)

time speeds, that everything can touch itself at the same ratar&making assumptions, and the excuses say

iwel | , t he mat hienateerd butisdées betause if yo$ dbacknowledge where yée using
infinite r ang esveryHam toapplyitto ghysicswighput inatdvertently making the same

mistake, but also yowill wind up with some paradoxes that yeand understand where thé&g coming from.
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So, going back to the constructed thing, the symmetries (the Re@ndzbles) are constructed. The interpreted
symmetries are just how you interpret that outer space and the constructed symmefteigdana. They can
only expand at speed of light, so you want to take that into account, and the bottomitimsaigihg that thigs a
topic that needs to be addressed. dttopic with practical implications, such as for GPS satellites.
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Part lll.
Modeling the Motion of Point-Like Objects

@ Apabstiz Notes 2025, 11081200(2025) 25
51:32I[Now, | keep talking about saying Euclideam model

going to speed it up at this point, because | thinkdupposed to take about an hour here, bi# ¢gt through this
and this is something you can look at later if eunterested in the topic. If not, dbrvorry about it, but if

youdre interested in the topic, these figures that going to follow with (thatdl go through quicklywill show

you with quite a bit of specificity how you go about making special relativity Euclidean. So the first thing to do
i s & h o wtradsferthg concept of an accelerated spaceship or of a particle or somethinlijkeoin
something whereyouddn car e ab out &ejustsayidg Ithavé doraething/noouving.
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(1) Draw a Square with Equal-Size Time and Distance Units
© S
Lend @ E7\> Lend

3

t=0( =2 t=0

| Distance light travels in £, ; seconds I=l>xC
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[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, aaddhost exactly a foot going up. So you have these square symmetries, so it just
makes things easy&ta 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 lexample. It doeshreally matter what the exact unit is,

as long as you keep it square like this.
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(2) Fast-Launch the Ship, Then Let It Coast to the End
¢ S

Coasting velocity @

= 86.6% lightspeed
(v=0.866c)

<— Rapid, once-only acceleration

Ty
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J
Distance \

53:03] So, the acceleration assumption | made before igs et dwell on the acceleration too much and tisere
some reasons why we want to be a little careful about that, because yistiatyourself with acceleration

and lose théncredibly importanimportance of speed itself, he velocity through the cosmic photon database,
because ydire movingthrough it and yodre hitting it and yoére running into the data from it and e
interactingin terms of reading the state of the rest of the universec#iiiignore that. That stuff is existing
data.

So you accelerate rapidly, so we can focus that. We can get some abstractions for that later. We k@ow that it
possible, and for instance an individual particle can accelerateremliblerates 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 accel er adgeing at86.6% ohlightspeed, aé t h
which is the 1 half Lorentz factor.
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(3) Drop a Vertical “Wall Line” from Journey’s End

(% S

3 4

@ [ Distance >
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[54:13] Now, draw where the ship hits on the top line after the unit of time. So youdsexdiribst there. db
about, you know, almost 90% of the way there, and just draw a line straight down from it.
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(4) Draw a Rigid Invariant Edge Over the Time Axis

« SN

w

& &

Distance >
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54:27]1 said | was going to thisé This is where | star
left-hand side. This is a very geometric exercisedoing to take you through here. That is widat ¢oing to call
an invariant edge, and why | call it that, it dogseally matter, just go with it for the moment.

Temy Bolinger CCBY 4.0 Revisiting the Mixed-Signature Foundations of Special Relativity November 8, 2025

(5) Let the Invariant Edge Fall Until It Hits the Wall
« >

& >

-
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J
Distance \/

V

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 sbis®}]. Let it fall over and it lands at
some spot on that wall that you created, and then yoitHsayn, where did it land® So | sayiiwell, letts see.

Where did it land horizontally? It landed at one half time unit. Ohéglatieresting. | wonder why it landed a one
half time unito.
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(6) Read the Time at the Hit Point

(% S

[ Distance >
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[55:16] So, you take that orealf time unit and you sa§jiém going to project that up to the spaceshihy are
you gonna do that?
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(7) Copy that Time to the Ship to Get its Final Time Dilation

Q/ Time dilation of 2 @
(half-speed clocks)

| Distance >
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[55:24]Because, you find out experimentally it s@¥, thaés exactly what the spaceship clock readsi that
interestingg. So, that fallingé [55:35] that |little fallin
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spaceship. Now, all the other c Il tnatteshow faraparEthey ardy a n d
this is all just standardé you k niemoemoving gerytfastaelatve si n g
to each other. Seems fast to us, [Bunotmacbahalautéhd t o t h
spaceshipthe spaceship is hauling and its clocks look different, so you have time dilation. which you calculated
just by essentially | et ndtherdine akovadonmpgpi ng a | i ne and
Teny Bolinger CCBY 4.0 Revisiting the Mixed-Signature Foundations of Special Relatiity Nowvember 8, 2025
Why Does this Method Work?
Experimental givens From special relativity tA
cinm/s,0<c o7 (N S —
vinm/s,0<v<c y=1//1_ﬁz
tins,0<t (t, =t)
Geometries Derivation of a
T= a=1-(@/x)?
Xy = CL = /1= wt)?/(ct)?
t" =at
=1-(/c)?
=1 =2 =1y=y"
Conclusion -
t' =y 't (same asin special relativity) / [l >
X X
E;:;:;-;ra:»e;ma":5‘;;:,20257 33 08.1200 pf
56:13] Whydoes this work? Now, | didhprovethis obviously butdm saying, like, well, is@ that an interesting
coincidence that ithis case it came out with exactly the prediction of the Lorentz contraction? \@atioit
coincidence. If you go through the geometry of it and go through these derivations, what you find out is that t
(the time of the spalddshiptiimeseqinal tt onee x avhtilcyh 9 s
So, what this is is simple Euclidean geometry that gives the same results as special relativity. So there is an
equivalence. So | can séh, so this works foanydistance, aanyvelocity0. All | have to do is draw how far
the spaceship went at the top. Drop a line, drop my invariant edge over on it and | will find out what the time was
forthat clock. Soth& i nt eresting. So you sayé but think about

Lorentz factor without invoking any kind of a concepaahixed signature space.
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Special Relativity as Sines and Cosines
Lg

Experimental givens From special relativity

cinm/s,0<c B=wle 00 |ssecssscesaceca

vinlﬂ'/s,OSUSC y=1/{J1- 2

t=tins,0<t

Geometries theta (0 < 6 < 90°)

x=uvt 6 = tan~*((x/x.)/(t'/t))

Xc = ct =tan™*(B/(1/1))

C=ty=oT =t ()

SR from theta = tan™" ([3/\/ 1~ [”2) -9\

v =csin6 = B radians (if small)

B =sind '

Yy 1=cos@ =.1-sin20; y=1/cosb / N b
X X
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57:24] Even more surprising (and | have had people be very surprised when | said this), if you go to the literature
of special relativity, ifs full of hyperbolic sines, hyperbolic cosines that deal with the mixed signatures that you
have in relativity. When you use this Euclidean met
factor (the Lorentz contraction factor) just becorsiee of an angle, of the angle of that falling line, the one that

went plop and ran against the wall.

You measure that angl e, and G&nboey Sine dfthat give$ you velecity, gi v e s
then thecosineof that gives you the inverse of the Lorentz contraction factor. Sivgalerived the two main
components that you want for relativistic problems just from the sine and the costhat&gsimpler than ifs

supposed to be. So&ité [ { | a u drénrotislippoded ® he just sine and cosine, but they@re. ft ust é | f
you follow the Euclidean geometry it just makes it a little simpler.
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Examples of Rotating Invariant Edges

t=1 £=1-_ t=1
= ,tA:
0.707 0.5 §= 0";
E;:;: stia Notes 2025, 11081200(2025) 35

58:39]Her&&8 a bunch of examples. So you start &Ggangén and |

with this. Vel ocity zer o, time equals one, the new
0.866, you get this thing where you get t &egota wel | ,
little block over my figure hereé At a velocity of
say 0.866 units of time, butagairisit t he sameé the same example there

[{vocalizes noiseplunk}] 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
fallsto zero. Yor e no | o n g el beenvased on tidtance aaeof it has time anymore. You

never get above the clock time of that little unit.
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Part IV.
Modeling the Motion of Extended Objects
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59:48] Okay, now that was apoihti ke obj ect, soé
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How Does this Work for Extended Objects?
¢ SN
te (1) te

Point-like

3 o £

Extendable

o O0O0||000|ocod

t=0¢1) 5 = t=0

V

Time

| Distance
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59:53] Letés go to the example quickly (more or less) okatendedbject, because poifike objects are kind
of boring, and Einstein useerylong trains withveryhigh 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 trainG@mibthat
exactly a coincidence.
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(1) Important Rule: Always Keep the Invariant Edge in Front
« =N
tep) te

Front edge

(W
W

Body

I\
Di )
{ istance S

|
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1:00:20]So, lets make a train, andmh gonna suggest something. Now, wiy doing this is not obvious, but
therds actually a very good reason for it. teetnake the train gbackwardgrom that leading edge. This is why |
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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(2) Make Room on the Left to Expand the Object
(¥ S
te (] te
t=0 =) , t=0
<: - Distance + Distance >
E Apabistia Notes 2025, 11081200(2025) 39

[1:00:44]So you make it bigger. Lé&s get a |

ittl e more

room her eé

Teny Bolinger CC BY 4.0
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(3) Expand the Object, e.g., to Length 0.75 x. (Enormous!)

©

D00 [O00] [OC0O0] [O00] (000

Final inspection at1 ¢,

. Expand t0 0.75 x,

DDD.Q‘DDD’Q‘DDDQDDD (]
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< - Distance + Distance >
[
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Y

te

t=0

[1:00:48]Letés expand that puppy out there into s@nermouslistance. This is gery, very o n g

trai

you

distance betweeplanets
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k n o Wré talkinf abaue interplanetary [distances] this is a train that would run a good part of the
So, obviously not relevant
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relevant to things wiee 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), sotheseatéen ar bi trary. GPS satellites, agaide, 1is
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 thiong train, were going to puit backwards, and we want to see what happens when we try
this method on this long train.
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(4) Length x Time is the Invariant Spacetime Block (ISB)

O00| (OO0 D00 (000
R CEEL R

» Claim: The simple block shape
of an ISB stays unaltered for all

The result is the velocities from 0 to lightspeed.
'“Va"?“t > To specify a block velocity, tilt
Spacetime the block forward by 6 at its
Block (I1SB) forward edge (front of object).
for a very long _ .
train (0.75 x,) » Once tilted, the block predicts

the lengths and clock values for
all object parts, as measured by
instruments in the launch frame.

overt=0tot,
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1:01:46]So, Bm going to give anameto this block. If you look at this colordd section, this is whatih going

to call (and again, just arbitrary definition at this point) invariant sgiaoe block. This is the length of the train
goingbackwarddrom the front of the train. Very important, as it turns out, and then up through time, through
whatever time period it is, y@e going to start doing your next checks. Your next tests will come at the top of
that block. So yoive got time zero at the bottom, yi@a got some time, it can be anything you want, it déiesn
matter what the time is. The length can be anything you want, it @@eatier. So you just form a rectangle, and
theassertion s é
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(5) Examples of Invariant Spacetime Block Tilting

N
/ Train Moving Left| Train Moving Riglrp
I

I o e, e
O

Motionles

b = oy e

Motionless

Relativistic

Relativistic Motion at

Motion at
lightspeed motion to (front edge (front edge motion to lightspeed
(impossible) the left on left) on right) the right (impossible)
v=-1.0c v=-0.866¢ v=0c v=0c v=0.866 v=10c
E;:;: stia Notes 2025, 11081200(2025) 42
1:02:31]¢é t hat dothis,gouygan 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 assertiofmMawitg that you
can take this entirblockand do that kind of prediction, that you can take that. Youidssil, that doesfi sound
right. Therés all sorts of squirrelly things going on here. Thattpassibly be righd. Letts take a look at it.
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Using Tilted-Blocks as Lorentz Calculators

Reset the left clock
to a false future time

X = é}.}
Tilted time

(All rulers at rest time #2

Time block

block for a

“Very fast” :
t. = Clock Reset S ; . . h
( Nota(:)Chysii:Tsp::gS for a 1-unit acceleration 1-unit ruler ::Ilictk
ruler at rest ~~{ at%light toa
past
0 speed time

(Al rulers at rest time #1

D00e6® 0

0 =30°

Velocity = - lightspeed
New length = cos(@) = 86.6% of rest
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E Apdidia Note202511081201L (2025 39 apa.20241-08.12001pdf


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=1h02m31s

Terry Bollingec BY 4.0 Revisiting the Mix@ignature Foundations of Special Relativity November 8, 2(

1:02:59]So, the assertion is that you ti |I&gomageeyodtieec k an
right answer. Th& not a problem, because we already derived that. The front edge gives you the right answer,
but what a bBogoing orawith teisefvetiga here? What is all this stuff? For instance, if you look in

the righthand block here, ydre actuallytilting the clock times on the ship, on the train (this@gwyot a ruler)

into a different setting and yée actuallyshrinkingthe ruler. So whésthata | | about? Becauseé
actually happens?
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Why Do the Train Cars Have Different Times?

» Einstein first realized that objects in a moving frame cannot be
simultaneous when tested from another frame. One can find this
“time slope” by starting with Einstein’s frame conversion equation:

t' :y(t—czzx) :y<t—&> =y<w) ——-Z(ct—Bx)

C c C
» Applying the above to two x points gives the time slope a:

At'  t,—t; %(Ct — Bx2) —%(Ct — Bx1) L y(—ﬂxz + Bx1> B Z<—B(x2 - x1)> _ By

Xy — X4 c

Ax x5 — x4 Xy X§ c

X —xq c

» Summarizing:
At By _

T. 1 f i b'Ct: o e S e B — -1
ime slope of a moving obje a A = By c

E;:;:;-;n:-e;zozs‘":5'2::.20257 44

1:03:35]As it turns out, yes, that exactlywhat happens. If you follow Einstégequations 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, yousystiitus betd () gamma
()tow [otothe minus1,thatis,oneod® So é
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Converting the Time Slope to an Angle
From the earlier slide on trigonometric special relativity using 6:
f =siné ¥y~ =cos6 Yy =1/cos@ 6= Wulfts =1
Time slope of a moving object (from Einstein frame equations):

a =—fyc =—sinf /cosd = —tanf

Deriving 6 from Einstein frame-conversion time slope:

a =—tané
tanf@ = —«a

0 = tan"!(—a) = tan"}(By) = tan~! (,8/\/1 — ﬁz)
0 = tan! (B/«/l — BZ) — Same as for point-case invariant!

E;:;: stia Notes 2025, 11081200 {2025) 45

1:04:04]é @ & fancy way of saying that you havesauglethat come$romthat that is theta, but the theta
that you get happens to be exactly the same theta that we got earlier for thpdimglase.
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Two Identical 8 Rotations Keep the Block Invariant

t=0

EL:;::';T;:'&:ZM&":5'2:3.20257 46

1:04:28]Well, thats 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 righthand invariant line. Thé& why you wind up with this block. You have a derivation in whioththe
orthogonal dimensions wind up having the same thgteofation and you wind up with the same result, but it
also means that when you launch somethigsgqdtt r i vi al é

1:05:06]¢ n ot atall invactehére is a description of all the states that you hadeitoorder to make a

real system, such as satellites (which are easier because y@undea to worry about compressing matter). The
satellitesé | f you havikwadttoputthesesatsllitesinanew ioedial fragyt t o s
have to go through these steps. You have to squeeze the satellites together, yophyasieatty move thenyou

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 hallektomaay
youére not gonna like this, but you gotta set your new cloc¢kit®, and that happens on the trailing edge. The

front end, you want to keep synchronized with the rest of reality T tiadt hierarchical issue agafnly after

youdve done those three steps do you do the send part. You can accelerate the satellites. You give them a quick
burst of energy. Théye set to go. Théye got the ne time settings. They got the new length, and all of a

sudden, theyork.
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