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Smooth Spacetime is Only a First Approximation
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The full symmetries of Special Relativity only apply within isolated accelerated systems of matter

This is the edited YouTube transcript with references. You can view thénfudbvigeatatbe/HLH6td0jeAo

Relevant discussion before the presentation:

[0:00] Terry Bollinger (TB): | just have so much fuwith thistopicc. Therebés a certain poi
recognize the simple experimental fact that the only time you can talk about time and length is when you have
matter, and you stop trying to make everything into a nebulous form of spacetime timsveame measured
without matter and energit really flips things upside down, and opens up a lot of different exploration possibilities
with a | ot | ess noise in the math. Suddenly, youdre
what is it actuallydoing®

Right now, itds very easy jtuasltk etdo agoeotutl asnt tihngo H uagset
anywhereWe 6 ve seen that, gosh, 45 years now? Expanding
nice to have some simpler approaches, and | think this is very defisitetya route: That is, takinga sparser

rout e and sthisgéenargting alfidthatavo i s

So,thisisa fun topic. And once you once you click onto
of physics, and it just lookson 0 i sy . Itdés the same math, i n innmhichy cas
you say, dnYes, but t hat@okngijtuswi twh aa gioy® m teOf @aergear tait ¢
youbre going to dgtehtatabd owh atf Raopnpd rex i wéxeladeé ydhabl dwe b
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mean that thatodéds the everyday reality of what that
lot less infinities laying around.
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[3:46] Helen Ma (HM): Welcometo our third evenwith Terry Bollinger.l t 6 s a pl easwhosat o he
computer scientist. So, Terry, when youb6re ready, |

TB:: The topic for today ithat smooth spacetime is only a first approximation. What | mean by that is we have a
standard model in mathematics wherewiew the structure of spacetime asraoothd as in, something that goes
to infinity, hasinfinite variety, and is capable aihfinite detail within any particularocal piece of spacetime.

I 6 m s u ghatanve heieda gifferent approach one more attached to thphysics we experiencdy main
point:is: a remarkably simple orithat goes back to the original 1907 papers by Albert Einstein in wihéchave
a:mechanism for translatingbetween coordinates in different inertial systems.

Thus I necessarilygets into somenath, butnoneciti s compl i cat ed. | ® -Motemrsors 1t O
or anything like that. Thalevel of math isnot necessaryor this debate.

[3:52]¢é T h e pinsteailie te leok at some details of how we deal with special relatédvitgetails that argue
that we need to be more attached to physical mecha#isegiecks and ruler§ which are what Einstein talked
aboutentirelyup until 1911. He never talked about Minkowski spacetime aftél that point. Up until 1911, his
only focus was on mechanical devices that would actwatprdtime, that would actuallgxpresgime, and that
would expres¢ength

That turns out to be important because there are things you can db litingsthat Einstein showed that you

just cannot dowith a pure mathematical abstraction because the mathematical abstraction immediately takes you
away from those measuring devices. There is some really interesting history there, too, about why Einstein did this
complete flip after 1911 from using clocksd ruler®d and compl ai ni ng that he didno
wassayingd t o compl etely embr aciangditHds to Hop w pdet witls thesfartatltae t i n
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Mi nkowski, unfortunately, died odndsadaportwhat lad happsned. Ei n
So, there issome interesting history there, as well as the actual physics.

Terry Bolinger CCBY 4.0 Smooth Spacetme is Only a First Approximation March 15, 2025

A Small Omission with Broad Implications

The equation for translating time coordinates in special relativity...

, v
t =y<t—?(x)>

... heeds one more parameter, | = length, to work in all situations:
v
t = y(t—c—z(x—l)>

We don’t notice because the point approximation of pretending moving
objects are “mostly” point-like in time works well for most situations.

E Apabistia Notes 2025,03151300 (2025) 2

[5:13] The first thingd and, actually, the central point of thisesentationd is that thereis a problem in one of
theequati ons i n Eithatsekpandsod bis 1905 @pecialprelghivityr papers. These equations give
you a way to translate between two inertial coordinate systamsthese are absolutely standard algebraic
equations. Youcan express them in tensors and other ways, but algebra does quite fine on expressing these.
However, if you look at them closely, there is a small problem.

Bringing this problem ups unavoidable The two physicists | respect more than anyone are Richard Feynman and
Albert Einstein, in terms of their thinking. It is just amazing to read their works and their papers. Nonetheless, you
can still have small problents and sometimes, those small probleras turn into larger ones. The problem, in

this case, is that the parameter for translatingis missingone element, and that element islérgthof a physical

system.

The reason this is important is becausgng the length ofn physical system attaches the equation to material
objectsinawaythaEi n st ei ndysation doesgqot.maat is turns aotto be a trivial difference. And yet,

if you donét add this one, si @&pdusvingup with falsetresults. Angitheu wii
results are pretty wphgaringly false. Theydre just

I f t h the ab\gousguestionis: Why hatei nst ei né s o workgdismveell forsoganglt i on s
The reason is pretty simple. As long as waun plausibly appiyapointlike approximatiorto an object moving an
observer 6s mucd el.dfyoy bave asmalisspaceshipdrameling throughast interstellar space,
or if you have amicroscopicparticle going through &aumanscale particleacceleratod the first version of the
time translationequationEi nst ei nwosksfiner si on,

Now, the reason is th#é such poirdapproximation casey, o u  d o n 6 suffidieatly significanflengthissue:
to impact theoutcome. You wind up with some odd little problems in how to interpret it sometimes, but the point
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approximation wor ks goo@nmeasonweyE]l nstSei noéhserterdadiat i onal
equations are very effective for what they do.

However  if you look at larger casés when you have, for instance, two galaxies colliding with each otingf,

you have patrticles in a colliding accelerator where the particles are trying to be modeled at trgupraplasma

level, things change a little bit. There efer example, specific differences even on the example of colliding lead
nuclei where you have to be a little bit careful about this very equation. What happens with that it does make a
differenced and presumably a predictaldifferencd al t hough youdd have to get s
it so thatods in many ways thatodéds the theme of this
unit accelerated, not i ce t boathotjushacbmpktte gbstraction bub yowyhave o w
to have the history and that leads to a number of interesting consequences.

e

[10:18] The main pointis thatporg p pr oxi mati on wor ks really well. Yol
centuryifit d oes ndt wo thé&koriginal Eihstein doardinate translation equatiomsk very well.

But there is an i andyouseathetfrayma a the eflgecwhéniyaustart talking about very
large systems that collide each other or go at very high speeds. The first examplésevexteemacosmic jets
that they found, | think, in the 70s, 80s, @ghat started posing some interestiexplanationproblems.

Temy Bolinger CCBY 40 Smooth Spacetme is Only a First Approximation March 15,2025

1 of 3 Root Problems in Special Relativity

(1) Objects suffer no permanent changes from being set into motion and brought to rest.
Einstein realized the risk in this coordinate transformation assumption when he flagged it in a 1907 footnote:

1) This conclusion [that the coordinate transformation equations are symmetric fiom both fiame views] is based
on the physical assumption that the length of a ruler and the speed of a clock do not suffer any permanent
change as a result of these objects being set in motion and brought to rest again.”

— A. Einstein, 1907. Page 420, Section 3, Footnote 1), Coordinate-Time Transformation, in [1].

The assumption fails because Lorentz contraction and internal clock resynchronization are physical operations
applied only to the accelerated system. When brought into motion and to rest again, the accelerated system is first
squeezed and unsqueezed in historical events requiring time and energy. Meanwhile, the larger rest or parent
frame is unchanged. Another irreversible change is that physics-time synchronization after acceleration introduces
irreversible “lost time” gaps in the experienced (versus physics) definition of time in the accelerated system.

[1] A. Einstein, Coordinate-Time Transformation [Sec. 3, pp. 418-420, in ‘4bout the Principle of Relativity and the
Conclusions Drawn fiom It,” pp. 411-462], Jahrbuch der Radioaktivitdt und Elektronik 4 (4), 418-420 (1907).
https://sarxiv.org/ref.1907-04-04.0418.engl.pdf

lotes 2025, 03151300 (2025) 3 apa 2025-03-15.1300 pdf

[10:57]To address the el ephan-lankthattheheaarghres prablemd 8 mMEisagi @ig
1907 equations They are all minor, but they are worth pointing out because doaypake a difference. In some
casesthat difference imot as minor as you might think.

I remember when | ran acrosbe most interesting problem i i n s © 1807 rsfecal relativity expansion.
Einstein put in a little footnotéhats ay s, fiThe e quad dbfwmch | jbtgave theeexbmpaeobthee 0
timeequatio® ié assume there i s no permanent, irreversibl
down. o This i s an albtsdgs atch acceietavaidf purdlfhmathematicakprot®ss

that is, essentially, whdinsteinis saying.
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tturnsoutd and | 61 | get i & thisis sirhplyrsotaicamrect aastneptiorPsoplé cdreget away

with thinkingof L or ent z ¢ o n t abstractissue whertheyapply iaamly to small system$Vhen you

apply it tolarge systemsd the example | always like to give is satellites in sgiacéhe abstract interpretation of
acceleration no longer worksYou physically have tanove the pieces closer together | t doesndét j u
magicd i t 6s not somet higiven. t hat i s an automati c

We dondt not i ce for axampleiwh&nayoutgét in b ea@nd acsekerateany compression 4so
trivial compared t othatybe wehéti nptyocedrie.gB8unblgrgeghen vy
systems, the assumption that there is no physical change suffered by the systeenimentallynot correct You

haveto use a compression process ttifferentiatesbetween the two systems

That 6s i mportant because youdr e :iwkhavetp compredssmesystemt i o
but ynotcompressing the other system, you have creathistorical event that cannot be reversed thus
distinguisheghe smalleraccelerated y st em from t he | arger system in whi

If you want a simple explanation for why we get Twins Paradaxésat 6 s i.t Moisgthté tehxeprleor at
Twins Paradox fail to acknowledge that you accelerate thid:irreversibly alterthe smaller system, the
spaceshipbut do not acceleratahe person back on Earth.

People then get into all sorts of abstrdidcussionss uc h as , AWhen does t lelkyou i me
when it happens: It happeasntinuouslythe instant you accelerate that system. You can put monitors up to check
thatallthewayy and t hatés not my own thought experiment. T

And yet, we tend to skip over the fact that the viEagstein came up with the Twins Paradox was to recognize that

the time dilation effect is continuous, instantaneous, and a result of the accel®@uatipou alsophysically change

the systemwhich Einstein seemed nottonoticE hat 6 s a | ittl e surprising, esp
who exploredthe idea.T h a t 6 s foimdtive Twires Paradox.

But youc a njusttignore that featur®f acceleration changing the sysiefeople geinto very complicated
explanations such a, When y ou t b awhbeanr otuhned ,t i me Nodeolf att ih@an o0 cc whsa
on her e! fartfad Smplerclftyousatcelgratea clock, you slow it down. Youdistinguishedbetween

clocks at that point. You have also physically contradied.orentz contracted the clockat that point.

I 611 g et [Ibunhobviously,fall ofthid raisesdhe issu¢ BfWh at h a p pRoimcarés ¥ mme threi e s 7
The answer is that thigymmetries aretilithered t hi s i s what | | ove abouwtll this
exist but you have toonstrainwhere theyappiy n a very careful fashion. That

d o mrecdgnizehe constraints, yoincorrectly think you areseeing this perfectll-encompassingnathematical
symmetry.That is whyif you ignorethose constraints, you start getting theséd paradoxes. You start thinking,
for example,i We | | , slowmenttaid theotheri n t he bi g picture?o0

That s an interesting r ecHnsdnmade. t hi s one small assu
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2 of 3 Root Problems in Special Relativity

(2) Two inertial frames can share the same coordinate origin without creating paradoxes.

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

1) “... choose as the starting point of time in both systems the moment at which the coordinate starting points
[(t,x,¥,2)=(0,0,0,0) and (t’,x',y’,z")=(0,0,0,0)] coincide,”
— A. Einstein, 1907. Page 418, Section 3, Coordinate-Time Transformation in [1].

This assumption fails for a curious reason. Even though Einstein found, identified, and quantified the different
definitions of simultaneity across inertial frames — and, in his transformation equations, uncovered the “time
slope” algebra needed to quantify these changes — he never applied his time-per-length math to predict times for
clocks at the back and front of a moving (e.g., a train) system. Had he done so, he would have found that forcing
the origin of a newly accelerated system to coincide with the origin its parent system requires physically resetting
clocks to false-past times for which no events exist. Separating the parent and child frame origins removes false-
past times, but cannot resolve the disparity between experienced time and physics time in accelerated systems.

[1] A. Einstein, Coordinate-Time Transformation [Sec. 3, pp. 418-420, in ‘dbout the Principle of Relativity and the
Conclusions Drawn from It,” pp. 411-462], Jahrbuch der Radioaktivitit und Elektronik 4 (4), 418-420 (1907).

https://sarxiv.org/ref.1907-04-04.0418.engl.pdf
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[15:14]Second problem: fATwo inertial frames can share t

Now, thisone issubtlé Thisisnots o met hi ng you c¢ an obviousliit heetr eadrsd as gy ,0 bl (
But thereis a problem her® in part, preciselybecause iis such an innocuous and reasonable suggestion.
Einstein is going thr oug hobviouslg weecgnuasstmedhese ara hothogenaoysi n g
equations,so we can have the origins ofthetwoo or di nat e syst ems cTaus,followidge a't
Ei nst eiyouwhaved cecaanhdoall equal to zeroteghe same point in those two systems.

The problemis thayouc an éthat dd hi s is what 6 s s oobViousanigasilpdssumad i t !
feature of the mat heumplicainalscdiohathayoiu nsane PWglsl ¢ al S

However, it turns out that this causes problémand the problems are paradoxes that create things thaexXist
So you have to do something a little different. This gets into that issue about why you haveote addre
parameter if you want to get outsiderelying on that pointapproximatiormodel.

So again, this i s aonpssianfad, one reashniwhy | thiak<Einsédater gotftustratdd
with his original clockandruler approach and switched to Minkowski spasas thatafter he made this

assumptionheneverwe nt back é t o quest i oassunptiohWhywouldhe guestoh a s
it?
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3 of 3 Root Problems in Special Relativity

(3) Declaring forward and backward lightspeeds to be identical causes no paradoxes.
After demolishing two arbitrary assumptions in a 1911 talk, Einstein ironically added one of his own making:

1) “... since we now know that the lack of a preexisting universal time definition makes it findamentally
impossible to measure any speed, particularly the speed of light, without first applying an arbitrary
determination, we are entitled to make just such an arbitrary stipulation regarding how light propagates. We
stipulate only this: The speed of light propagation in a vacuum fiom A to B is the same as fiom Bto 4.”

— A. Einstein, 1911. Page 8 of The Theory of Relativity [2].

Einstein was keenly aware of the experimental difficulty in defining one-way lightspeeds, and so refused to
define the speed of light using anything other than an out-and-back loop. However, since different lightspeeds in
the forward and backward direction were part of Lorentz’s earlier theory, Einstein used impossibility of such
proofs as grounds to declare the two speeds equal. Unfortunately, his proof focused on lightspeed observability
within a single inertial frame and overlooks the complexity of observing effective (causal) lightspeeds in other
frames. For example, an oscillator vibrating in the direction of motion demonstrates different definitions of zime
in the forwards and backward directions, which are equivalent to diverse forward and backward lightspeeds.

[2] A. Einstein, The Theory of Relativity [with Figures], Naturforschende Gesellschaft, Ziirich, Vierteljahresschrift
56, 1-14 [Jan.] (1911). https://sarxiv.org/ref.1911-01-16.figs.pdf
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[16:46] Third problem: This onéascinatesne!

Einstein is notorious in a good way famousd for getting rid of extraneous assumptions: Assumptions that you

d o méet The assumption that length is the sdioreall observersseems like a very obvious assumptisnp i t 0 s
no wonder people thought that. But Einstein said, f
seelengthasunchangingi nsi de of your system, but other peopl e

with time, sayingt h aAssumifig time passes idesally for all observers s anot her extraneou
So Einstein has avonderful little 1911 paper whichwasact ual |y a | ecture that he

(A quick sidenoteSomeone transcribeithis lecture he gave intootes,but whoever did it was rushed andssed
transcribingan entire sentence at one poiivtou can find a more readabkenglish translation of the paper at my
websiteewher e | 6v e tagidsme idea avinat Ensteinmust have been drawing on a blackboard
because heefers at timesto somethingpreviously written.S o , | 6 v eecreatefigused thatcapture the
essence cthe figures he drewl feel sorry for the guy who waganscribing that lecture. He was trying to get all

the notesand figuresdown, but he only got one figure!)

€ Getting back to the content of his lecture, at one point, Einstaikes this assumptidh he justinsertsit &

and says, iWel | , you know, Lorentz said the speed o
t heory. 0o Ei nsissaeeverychrefiy et agaih, lovethaway Einsteinthinkd cand sai d, i
know, even iflightspeeddoesvary in oppositedirectionsy ou cambét t el |

So, for examplejf the speed of light for you sitting in your chair id#lion times fastergoing forward andc
billion times slower in the opposite direction,o0 u ¢ a (Tbely havedd blinverseratios, by the waymany
presentations and paparsss that point.JThat is. there is no way that physics allows youlttectthat you have

7

an asymmetric speed of |ight. &

Einstein was very aware of thigshich is why he alwaysand only defined the speed of light in terms of ant
andback loop.: But more importantlyh e s ai d, AnWel | , y O detektinto,wél &m njces ty o
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declarethe forward and backward velocities of lighto b e t h e s a me .arbitrabyroonsgtraint tog Stoo
he adds a stipulatioh which is exactlythe kind of arbitrary constrairtie had just gotten rid of! He got rid twfo

stipulationsd and thenjronically, he added ¢hird stipulation!

The problem withEi n st e i stipusatioris tdatitdmesses up relationshipetweerframes.

So,whilei t s absol ut el y withinane framé that speedlight is diffarentirt opposté directions,

if you have two framesin which an object defining a smallétrame whizzes by you at high speed, veanlook
at clocks in both framesand youcan look at the speed of lighih both frames You see theamespeed of light
within your own frame But toyou, time is allmessed ufor the other person. That e r s tone i geryslowin

the forward direction and verfastin the backward direction.

If you want to, you can express thgifference in clock speeds by sayihgs effectivespeed of light ignormously

faster in one direction than the other. Or, you cantinue toexpress it in terms of time. Either wayorks.

When Einsteinaddedthis stipulation, he inadvertently clobbered the ability to expresdrdnaie observingframe
disparities in how lightspeed wori<By doing so, he created these paraddxestrange little problems that you

canot deal with in a very straightforward

way .

Minkowski space is great, but it also obscures this very issue becawse it diadetany room t@xpresstwo-

way time differences well

Deriving the Non-Simultaneity Slope Alpha

One can find the non-simultaneity slope of how S’ time changes per
unit of S by looking at two points. First convert Einstein’s equation:

t =y<t—czzx) =y<t—%> =y<w> =}E,(ct—ﬁx)

c

Using the above version for two x points gives the slope:

a

B fH—t _%(Ct—ﬂxz)—%(t‘t—ﬁxﬂ_y —Bxz +Bx1\ _v[(—-Bxz—x1)\ By
_E_XZ—X‘I_ X2 —Xq _E X2 — X1 __C— Xoi—iXq _—T
Summarizing:

At' By 1
=0 £ HIFE

Apabistia Notes 2025, 03151300 (2025) 6

[21:01] Einstein talked about nesimultaneity. This is one of the most fascinating results Einstein came up with.

He said thayourdefinition of things happening at the same time is not the samgdefinition of things happening

at the same time.

The idea of simultaneity has fascinating physicists
di fferent definitions of what is sinhatPodéaneous?

have
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Einstein used this example of a train and lightning strikes. You have two lightning strikes, simultaneous, and he

shows that even if they look simultaneous byahéankment f
the train.

t he

trai

n

t h eipsidelodb n 6 t

So Einstein was keenly aware of this, and was the one who promoted the idessofmu | t anei t y. Bu
weird thing: He never gave aguationforitd at | east not that | 6ve been abl
|l 6d | ove to find out about it. But | have never fou
calculate thelegreeofnons i mul t anei ty. 6 That is a puzzling thing

for little points like tha® but he never did fathis one.

So,t h awhbast | Gimthiglside.n gUsi ng hi s equation, i& thstimepesy t o

distance ratio. The way you do it is, you just take two of the points using the equation he provided, and you find
out, what is the differencé? what kind of rate do | have comirmgt of this? The net resuis that youget a quite

simple negative relationship. So, as ytle observer on the embankment, Idokthe forward directiorat your

data collected at one instance of yourdinyou see a negativechange in timein the simultaneously collected

images of the clocks along the length of the moving train

Therebs no ob Einstein did notevete thimslope lequation dowde had thisfactor basicallyin
his equatiord - on the slide the factor that comes out heren Ei nst ei nds t i imthe samean s |
factorinmyequation. So, itdés interesting, and a little

This derivation gives what | call the alpha factor. (Good luck on picking out letters! Alpha seemed like a fairly safe
choicein the context of relativitythough of course folks use alpha in all sorts of other thingsich asn particle
physics.) The alpha factor is just this titoedistance ratio. You measure so mamgters orfeet and you say,

A

AWhat s t he
front of the moving object.

tWhat gou fohd dutfisetihhebatkofah®? thoving objectvinds up being older than the

Smooth Spacetme is Only a First Approximation

My Derlvatlon of Alpha Before Realizing Einstein Did It First

March 15, 2025

That's messy. Let's try velocity:

y 1 /1+U B ‘/( 1 \/1~v) B 1/( 1 \/1~U)
2 2R 1-v B . Vi—vZ Ji+v B “ Vi—-vVl4+v J1+v
B 1/( l—(l—v)) y Y = Do

Vv view Vit

The final ratio in the figure is (%2yv)/(*%y) = v. SO0 wow, yes, the time slope is —v.

w=t|
(ns)

154

0.5+

That's nice etc., etc., but it's also about
as needlessly messy of a proof of it as I
can think of, what with all of the odd
roots popping up by projecting the
various triangles onto w vertical in the
figure. So still, I wonder: What is the
likely insanely simple point I keep
missing that makes the age slope into
minus the velocity?

[2022-07-01.17:03 Fri]
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[23:40]1 actually derived thigime slope earlier For about two yearafter | first completed my derivatign used

to talk
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This is my geometricderivation, which is much messier. | rememibew surprised Iwas when Iwent through

all this:geometric work asking, i Wh a t how does this work out to? What
with it 8 when | expressed it in terms of the coordinates of the moving @bjddiound that,if you take out the

gamma factorit wasjustminus the velocity

So | 6m t hiWwh&9Alhtgat, and it justeurns out to bminus the velociy 0

So yes, it was a very strange resutiolild not understandsh y  E i n s turecovar i. dnd dhand Itgo back to
his time coordinate translatioaquationand found hehaduncovered it! It was buried right in the middle of his
equation! He | u sthe tirdei fattardut andomake Iit into sepa@teeppression.

So after coming up withmy derivationsf or t wo year s | unfairly said tha
overlookit, he just nevewrote it downd which is, in itself, interesting.

Temy Bolinger CCBY 40 Smooth Spacetme is Only a First Approximation March 15,2025
Why the Mystery?

» Einstein made the non-simultaneous events issue famous with
his lighting-and-train thought problem.

» Einstein also almost certainly derived the expression for clock
change per meter since it is part of his time conversion math.
That is why | could derive it easily from his time equation.

» Yet he never wrote his slope equation down or gave examples
of how to use it to calculate non-simultaneity precisely.

» That’s odd since he liked to stick clocks everywhere, e.g., to
define measurable space in his 1911 paper.

» Light pendulums provide a mechanism to examine this issue
more closely, and to identify how time works in more detail.

E Apabistia Notes 2025, 03151300 (2025) 8

[24:49]Why was there a mystery about th&ihsteinknew all about thisd he was the one wtifirst advertised
nonsimultaneity. Hehadto have derived this expression! Hadto have known that.

He was always putting clocks on everything! He put cldek®g he put clockshere he would have put clocks in

trains, andthenaskegy A What 6s the difference bet we attheendefthe | o c k
train?0 1 6m sure he woul d h theught He@lways liket ta explord thogedittle] u s t
nooks and crannies. But he never wrote it down.

That little mystery gives us an incentive to find a mechaniswe can use toexplore thisissue of simultaneity

little more carefully. The mechanism thaté v e elktemeaty diseful for all of these problems is something called
alightpendulum 1t és just a form of c¢clock. A I ot of what |
this fairly quickly, but | want to give people an icedy light clocksd light pendulums are a very handy tool

for understanding special relativity @ much deeper level than relying only on the equations.

E Apsbigia Note2025031513002(2025 10 apa202503-15.130®2pdf


https://creativecommons.org/licenses/by/4.0/
https://sarxiv.org/apa
https://sarxiv.org/apa.2025-03-15.1300.02.pdf
https://apabistia.org/
https://youtu.be/HLH6td0jeAo?t=00h24m49s

Terry Bollingec BY 4.0 Smooth Spacetime is Only a First ApproxidégdnTranscript) Marl5, 202

Tery Bolinger CCBY 40 Smooth Spacetme is Only a First Approximation March 15, 2025

3D Light Pendulum: One full cycle

OCG66

E Apabistia Notes 2025, 03151300 (2025) 9 apa 2025-03-15.1300 paf
[25:51]Her eds a 3D light pendul um. Il | i ke dréflecivesphene.n g!

It emits a pulse of light that goes out in all directiortsyuncesoff the inner surface of the sphere amdurnsto
a detector céocated with the emitter at the center.

You calibratethe light pendulurnso that all pulses return at the same time. When you finish calibrating, you get
two things: You get measurements of distance for all three axes indihteasional spacé including the
distances tall points on the spherdefined by those three axés and a measurement of time.

That 6s a mar vel ous tHatiwithtoheeompartrddvicenyou cananedsurd the ca@ptssof space
and timesimultaneouslyvithin a single inertial frameThis close association of distance measurement with time
measurement makebkese useful test devicéar special relativity problems
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2D Light Pendulum: One full cycle

ErEns ern e
R

EA:&:@'E Notes 2025, 03151300(2025) 10

[26:44] Now, the other thing about thidevice isthats i nc e we 6 r ethetoredinkensioigal canbeptuoft

velocity, you can cut the number of dimensions down to twadgnoring one of the newelocity axes | t 6 s
same idea, just ignoring one dimension.
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1D Light Pendulum: One full cycle
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[26:56] However, the mostuseful version of the light pendulunis when you cut it down toone dimension,
keeping in mind that vy o utlatphrticilee directon. iStargng at the Isottodh theg ht ¢
figure, you have the same idea: You hawe pulses of lightthat go outin opposite directionshit mirrors, and

then come back togetheat detectors ctocated with the pulse emitier

Temy Bolinger CCBY 4.0 Smooth Spacetme is Only a First Approximation March 15, 2025
1D Light Pendulums as Clock-Rulers
10T L Pulse detector |
ns
1ns< o5+ ﬂ' h t
p=C iy
\_ B -
0 L Pulse = emitter L
1 1 1
! 1pt=0.3nm | 1
05 o Pt o5
J
B, I8
1 pt (0.3 nm)
E Apabistia Notes 2025, 03151300(2025) 12
[27:14] The di st ance t theweenythe und merorss a measuremant of length. The urst
somethingl call aphoton footh e c aus e i t 6 s Englishrsysterd lo®md alsotexirabesinary close to
0.3 nanometers, s 0 to thimktofdits The abbreviatienh usdfer this enit of wree yight
nanoseconds pt, for photonf oot . I't doesndti mad (gelrevidtidnan you cal | [

The figure showsvhat one full cycle of this clockooks like. You have the same structure: A pulse eméberds

out pulsesto two mirrors. The two pulses themome back, and yeuadjust the structure of your clock toake
sure the detections come back at the same tifi distance between the mirrors then gives you your
correspondingmeasurement of length.
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Clock-Rulers in Motion: Javelin Clocks

This clock measures 1 ns and 1 pt per cycle

Clock
Pulse detector velocity v
> @ <€ (in pt/ns)

e
Y

Back Mirror Pulse emitter Front Mirror

| I |
% pt (1 ns round trip) R pt (1 ns round trip)

1pt = 1photon foot = 1light-ns = 0.983571 foot = 0.2998 m = 0.3 m

E Apabistia Notes 2025, 03151300 (2025) 13

[28:07] This is whatthe previous fulicycle figurelooks like if you compress it down into a device. My informal
name for thisdevicei s a javelin clock. Why a javelin clock?

throw: it lengthwiseto the right and see what happénsthat is. how this motion changes the physics of time
space and time as measured by the javelin clock.

Sincethe javelin clockisalsoaruléri t 6 s a j-raler@ itinakes a Very imteresting, simple device for

testing a lot of things in special relativity.
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nght Clocks Define “Space” Via Shared Times

E Apabistia Notes 2025, 03151300 (2025) 14

[28:48]} One thing Einstein didvas go into quite a bit of detailon how to define spacein terms oftime
That seems counterintuitive! Yomight welit hi nk, A Why vspaagdn termyg atime?de f i n e

The problem is thaspace isby definition something thetannot be accesseadstantaneouslat all points That
isbecause t 6 s or ttimen §imcayad u tcoandét you cadthe®dame tineuvbatyoend ip p oi n
doing instead iscreate asystem where you caeport that all these points are measuring the same time. That
actually winds up giving yoyour only experimentally meaningfulefinition of space.

So;the middle linein this figure is really your only experimentally meaningfutlefinition of space for this

particular lightclock. Thgpoi nt s t hat def betweertlfieswn aicrervareneasuredhneerngs afp
a single questionDo all these points report the satime?
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Einstein Defined Space with Clocks to Find Lorentz Contraction

GO0 QU
@@@@@@
Nellc——o

50 bl o~

A. Einstein, The Theory of Relativity [with Figures],” Naturforschende Gesellschaft, Ziirich,
Vierteljahresschrift 56, 1-14 [Jan. 16] (1911). See Figure 8. https://sarxiv.org/ref.1911-01-16.figs.pdf
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[29:43] Einstein actuallydid this while deriving length contractioilde s ai d, 0 Y opassdibfcioeks a wh
t hat have been previously synchroni ze dnyifustifatedversiondt s
of his 1911 paperto see how Einstein did.it

So, Einsteirihas all these steps in which you start witleclock, you synchronize a whobeinchof clocks to that
oneclock, and then you send this traveling rod throtigh resulting cloud of clocks And you say, i F
want you to measure akactlythis instantin the future:Where is the fronend of that rod,and where is the back

endof that rod?d6 And then he goes t hrhavetgind gpmwithithet er e
length of the rod being contracted.

This is a very different way from how people usually thinkitofBut his actual methodor deriving length
contractionrelied heavily in this concept of simultaneous time, which he had to setupance
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Larger Frames Can Observe Light Clock Internals in Detail
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[30:50]Interms of analysi® and this is a simple point thatoés wort
years mysel® when people think of two dslipfinftoghinking of the ma/ing i a l
object is having its owwersioro f  fi sipwehicheitdivesd that, you know, it has itswndefinition of space

and timed which is absolutely true!

But from that true statement,t 6 s iafer ;igorrettlyt h at y o untothat separatadgfaition 8 that
you cannot watch its inner details and dynamics unfold intieal fromyour space and time perspective

That isfalse That iscompletely false

You canscan the daylightsut of clocks and objects in that other framde you can watclevery stepf what

happens in the objeend the mechanical internals of all of its clocksusyng your definition of space and clocks

in your space You can always instrument your viewpoint to indefinite detail and then useaitdlyze and say,
forexamplefiwel | , whereb6s the | ightning now? Whereods the

So, you have thisability to performconstant observation. It means thatyoulkamkats o meone el seds |
0 s 0 me o n emodrg awlihslockd and you caranalyzei t i n great detail and s
look at a particular moment imyspace and i me ? 0

If you insteaduse the abstracticthats ay s, AWel I, thatés just a boosted f
thetwo-shallmeet.d t hat thlboyesmm&tt hi ng. Thatds another reason w
showing up in thisanalysis | 6m | ust flatsfaumdgnensiondispacatimgb,e cause t hat 6s

that in which you carcollect data andlo analysis If you use the Minkowskspacetimer e pr esent at i on
pulling yourselfawayfrom the ability to colletand analyze redime data in youranalysis.

What you waniinstead isawayis ay , @ Hdawmc o mptah e ? adthaictodsp atrieson bet we e
So, you can do scan just like a like a raster scan of some obfeclike a- LIDAR (light radar) sca® though in

this case, the secret to obtaining a solid, detailed scan is to avoid the ambiguities of moving light entirely and focus
instead on creating a dense cloud of unmoving (in your frame) sensors and clocks, all synchronized to your inertial
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framebs definition of ti me. Bub b idensitpaiodkanddersar scancdisa mb e
for analyzing fasitnoving objects, though they only scan pdiké objects such as muons that lack details about

the spatial relationships eten clocks and rulers. That is why javelin clocks that use hseela clock internals

are better for providing detailed information about the relationships between time and space in special.relativity

Temy Bolinger CCBY 40 Smooth Spacetme is Only a First Approximation March 15,2025

A 1-ns, 1-pt Javelin Clock Moving at 0.6 ¢

Pulse detector

1.25 T /4

1.0 + h

£
ns
0.625 +
0.25 + A Notable: If the larger, unaccelerated
L (“rest”) frame is dense with detectors
i / T and rest-synchronized clocks, the
= [

3 Pulse & emitter =~ mirrors trace out an experimentally
! ] visible Lorentz-compressed trapezoid.

1
-0.4 0 pt o4
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[32:30] Now, what happens if you move a javelin clock at a fast sp@éd?figure is an exact representation of
what happens if you move a javelin clock@ic) which is the same &s 106 unitsofworbet a, it ods t
thing.

So, you have youpulse emitter down at the bottom. You have your mirragBpwn at which the points where
they reflect the beanpulses Finally, you have a detector at the top.

Notice alsothaty oudve got Lorentz cont hiast origioatlénGiwmoivpr)y &3 t he
nanometers) is nowd@n (0.24 nanometers)So, you have a Lorentz contraction going on Idre¢hat is, you
must divide the redtame length by the Lorentz factor.

Also notice thatwhen thesensoreye at the tojfinally seesboth light pulses return to complete one light cycle,
the duration of that cyclérom the perspective of the largebserver frame is multiplied by tHeorentz factor.
Thusy o u @lsagot a time dilation:One cycle of the moving clock hdeeen stretched out a little bit.

Now, the pointl want ta emphasize is that once you accelerate a javelin cibskows downimmediately This
is why | say thereds no ambi glubdeginginstarihoTing cloekdingly runsh e t i
slower Any analysis you do is going to say, AThat <cl o

Why? Because thiarward-moving light is in a race with the fagteeing forward mirror, and thulsas to go farther

before it can geteflect from the front mirror and gdiack to the sensarYou can see thathe blue arrows, which

show light movingforward,ar e | us't going to take more ti me. Ther
system embedded in larger system is going to go slower inasmuefined by the larger system.
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If you were wonderingyes, youstil have Poi ncar ® sy mmet stil @&plylatet. Butthe g et
point here is thayou have to be careful about the constreornsvhere and how those symmetries apply.

The other thing | want you to notice ihat in this figure that slantedbrown line represents space alsserved

and definedby the persormoving with the javelin clockfor any particular moment eheirtime. The tr avel e
time is defined by that blue line. So, both of thiises are slantedrelative to the encompassing observer frame,
meaning.S o, ynever@oing to get aingleview of thes ma | | e r spmage sepresenfatiot any one

moment in your largeframe time,y o u onty going to seea thin slice of space as defined by the travefer a
particul ar mo me nt,andthatdlice gt sedésgang @ aey byyosir definitimreof time.
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Light-Clock Trapezoids in Minkowski’s 1908 Spacetime Figure
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Fig. 1

H. Minkowski, Space and Time, 80" Assembly of German Natural Scientists and Physicians (1908).
http://www. minkowskiinstitute.org/mip/books/minkowski.htm]|
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[34:56] The other thing | want to point out that rectangles and trapezoids traced out by static and moving light
clock mirrors aranotnew figures.As you can see in this figure from l8pace and Timlecture, Minkowski came

up with the same rectangular and trapezoidal shap&808. If you look especially at the trapezoid on the rdght

the onewith the two Qs at the bottofh that is thesamekind of trapezoid as in the javelin clock example

You can,of course,get into a lot moredetails about howto derive andrepresenisuch trapezoidsk-or example,
Minkowski does not show the light paths that | have shown. Bufitnise summarize$fiow he derivechis version
of lengthduration trapezoidsand shows how heame up with the samgeometry.

So, light-clock trapezoids areactually an old concept, but you have to you have to elaborate a little bit on
Mi nkowski 6s ol der vtemakdthem mooefexparimentallyeaniagiub z oi d s

The rectangle and trapezoid pair in the Minkowski illustration is alsorg@resting example chow these

trapezoidal shapeaare thedistorted outlinesf the rectangular time paths of a javelin clock at r#stu getthe
distorted trapezoidal clock outlinghen you move that samgavelin clock at a high velocity.
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2§ame-Area Light-Path Rectangles of Five Javelin Clocks
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[35:41]In fact, if you look at the light paths instead of the mirror paths, you get this bednyjfetbolawhich, if

you look back, is the santeyperbolathat Minkowski drew. And you get these little areas, these little regions, that
show the lines traced out by the light path.

I 6l'l tell you another interesting little feature of
This is actually an invariant in special relativity. Tterationstimesthe distances on these areas remains invariant

no matter how fast you are goings you extend ouithis family of rectangles in both velocity directions, you
getthe same lovelhyperbolat hat you get from Minkowski 6s wor k.
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Detailed Mathematical Structure of a Javelin Clock
2=1 yr
t=1 _ B.v s Ax .y
c=1 1/2(1/R){ I
~ Be,ve Ax,;
At K % s
1% (R)= I N
At, <4
. ){ *
»(1/R z 3
H_J W_J
x_ =V1%(8-) = %(1/R) %(1/R)
R=xi/x, = yxy/x_ )\, = M(si) = 1%(R)
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[36:33] This figure gives all the] detailef how a javelin clocksworks, and its associatednits. It gets a bit messy,
and | 6m certainly not going to go throu®h that. How

‘Yis therelativistic Dopplerfactord a namel found outaboutbelatedly. When first encountered this number
in my figures, | called it theforward light path ratio By that, | meant theatio of how far light travels to get to the
forward mirrorin a moving system versus how far light traveflarward for the same system at rest

This ratio of forward light pathdurns out to bean especially importamiumberfor figuring out howspace and
time work in light clocks.

But it is also something called thelativistic Doppler factorl was going through some materiaédated to quasar
jetsand, | o and behold, there was the ex atightpahaatice equa

So, the relativistic Doppler factor is an important numbénr.fact, for reasons | will explain later,would argue
t h a tmorefuandamental than the Lorentz contracti@ctor andmechanism.
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Spec'al Relativity Conversions [Boll'nger]
Forward light Paths
Unitless Ratio (R&‘““ Binary Lorentz Traveler's In-Frame
Velocny Doppler Fm) Ramd ity Rapidity Factor Dnagonal Factor Grad ient Gradient Gradient
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[37:55] If you really want to go througlll the details, this is &able | have available on my websitdt includes

all the different conversions you can do between tispgeial relativityfactors,including: the relativistic Doppler

factor; two versions of gactor calledrapidity that is also a very interestingyith each version consisting of a
different log baseof the relativistic Doppler factor anbinary rapidity being my version;1 6 v e
gradient, which essentially is a version of velocity; and two varianthefage gradienthat can be useful for

al

SO

practical purposesuch astrying to measur@utside time flows frorinside of amoving system.For example,

if y o udrashiptraveling in alargers y st e m,

t he

destination time changes (blueshifts) in front of you

So, thisset of conversions s

mas s i

vV e

over ki

version ofthe tableif you actually want totry some of these.

travel er 0 s togatcaateihew t

but

theydre

al

So, there area lot of different factors you can bring i@md use with Y being a particularly important one.
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How an unmoving LEFT MlRROF /
observer “slices” IS TOO OLD!

the moving object —» oo<>< <><><><>< »O OO
in time as it passes
byatt = ~1.5ns.

RIGHT MIRROR
IS TOO YOUNG!
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Moving Objects are Internally Asynchronous

March 15, 2025

[38:54] Now, in some ways this is just ridiculously obvious because Einstein already pointed it out. Yes, if objects
are seen as being asynchronous, it also means the idgdfas a synchronous with the outside world. So, if the

train sees the lightning flashes as being asynchronous, then if somebody looks [inside] the train [as it passes by],
guess what? If you analyze the train in terms of lightning flashes, you will fintiaithetrain is asynchronous.

And yet, we tend not to think of it that way. Our minds jumgiantlyto a different viewpoint. We want teecome
the observer in thensidlet hent nadnsayt 68WeEI he. 6r om

Yes,youcandothdt but i f y o uhelpdecausat o udbovees nidbrhme

di ately | ost

sayi ng, @AdMallyhappenssé &t because abeweanobservgr® uy guwbmnpe got t
very careful. People do that when they cross black éeémt horizong they always instantly jump between one
observer perspective and anoth&rh a always dangerous in mathematical analysis to jump instantaneously
without thinking about it from one viewer to another vieweruYod on 6 t  w a lmetausbtaestdogs the h a t

ability to analyze.

So, if we go back to the simple realization that this clofldig within our spacé a | |

by, ités whizzing through an actual syst esnceiflydu

got a Lorentz compressompr essed train, itéds stil

the parts are

I riding on

attachedfrom our system. So, t 6 ssame thiag here. You can always analyze these, and when you do, you

discover that the object not synchronous with itself

So, if you some watch somebodyds head
their head is ahead in time compared

going by at
t o t hesolndcKk

right. We dondét wantWecandhi mknaghat amédgng asynehronowstwibarr v e r
own minds. Yet that is exactly what the physics telld uthat, in terms ofany analysis from an outside observer,

you see this as asynchronousystem.

And thus you find out that theight mirror is tooyoung and thdeft mirror is tooold.

E Apsbigia Note2025031513002(2025 23

apa202503-15.130®2pdf

t

(0]

t

i tos


https://creativecommons.org/licenses/by/4.0/
https://sarxiv.org/apa
https://sarxiv.org/apa.2025-03-15.1300.02.pdf
https://apabistia.org/
https://youtu.be/HLH6td0jeAo?t=00h38m54s

Terry Bollingec BY 4.0 Smooth Spacetime is Only a First Approxid#gonT ranscript) Marl5, 20z

-

This is wherel t hi ndetting mté why Einsteinpossibly had trouble figuring this out, sincet her e 6 s @

problem as soon as y@iart asking questionslike i What are the actual number s ?
mirror? How much ol der is the | eft mirror? Where do

This is where that minor error | mentioned about the coordinate systems comésrits out thatf you make the

choice that Einstein made, you only get paradaxken you attempt to answer such numerically precise questions
And thatés one of the reasons why | thinklsusgectireay h ¢
had worked through the numbers enough to know something was amisg sodi dndét f eel comf ol

Terry Bolinger CCBY 40 Smooth Spacetme is Only a First Approximation Merch 15,2025

Why Does Internal Asynchrony Matter?

» The moving system cannot detect any difference internally.
» The difficulty: All systems originate in some other frame.

» When a system transitions from one frame to another, it keeps
the historical constraints of its Parent (origin) system.

» For example, the new system cannot create a past that
extends beyond events recorded earlier by its Parent system.

» The Poincaré symmetries alone cannot track such issues.

;:;::::h:'e:ZOZS 03151300(2025) 23 apa 2025-03-15.1300 pdf

[42:04] Does the internal asynchromf a small system moving through a much larger inertial framagter? Can
someone inside that moving system even detect their asymmetryrisaie the system?

No, they absolutely cannot! This is where the symmetry of inertial frames igqugeous Every inertial frame
has gperfectview of physic®d of everything It all works the same! This is exactly right.

The trouble with relyingnly on that is [that] it forgets the fact that all systems originate from sahezframe.
There is anistoryinvolved with this, and if you simplify your matboomuc h and s ay careébbut é |
that, 0 youdve got - thoorigine of these sydtem$ makel ardifferehce & temna af both their

internal structure anthow they behave tobserversoutside the system.

One particular exampl@ and this is where | think people can get hcbgdising too casual of an understanding
of spacetimé is that if you accelerate to a high velocity ahds createyour own new view of the universe, your
view does not extend or change the gastt you had prior to that acceleration.

Thatisyou donodt suddenly have access to some gqthmst t h
adversely affects you interpretatonf y ou 6r e nmayt ttiam le f uivhbleYoiuetsdsseuding e

my new coordinate system and its associated definition of history and caueafitything in a different wao!

You are still bound by exactly what you saw befdanejuding the causal history of your origination frame

E Apsbigia Note2025031513002(2025 24 apa202503-15.130®2pdf


https://creativecommons.org/licenses/by/4.0/
https://sarxiv.org/apa
https://sarxiv.org/apa.2025-03-15.1300.02.pdf
https://apabistia.org/
https://youtu.be/HLH6td0jeAo?t=00h42m04s

Terry Bollingec BY 4.0 Smooth Spacetime is Only a First Approxid#gonT ranscript) Marl5, 20z

So, you want to be careful about the impaabrigination on these different inertial frames. Poincaré symmetries

are powerful, but they doottrack thatissué and i f your math is too simple
on, you need to transition t@ more complicated mathematical systefine Poincarésymmetries are beautiful,

yes, but you can get really wrapped up in symmetries éititor eal i ze t heyd6re not tr ac
information, and causalitgf any system beyontie one created around you by acceleration from an earlier frame

with its own causal history And i f youb6re abandoning careful track

Terry Bolinger CCBY 40 Smooth Spacetme is Only a First Approximation March 15,2025

Acceleration Is Complicated

» Einstein co-located the origins of two inertial frames.

» Applying origin co-location when creating (accelerating) a
Child frame from a Parent necessarily creates “false stories”.

» Even worse, every such Child origination (acceleration) brings
two fundamental definitions of time into direct conflict:

= Experienced time is time witnessed continually by an
observer, even if it passes at differing rates.

= Physics time is the time required to replicate the full range
of physics, from particle physics up.

= [ronically, it is the physics time that can never be restored
immediately after an acceleration (!)

E Apabistia Notes 2025, 03151300 (2025) 24
[44:24] The pointisthataccel erati on is complicated. I f you thin
or , i Oh, i tddsojodt 6@ boost! 0o

Acceleration actually is one of thmost interestindgeatures of physics. | could go on about this in terms of the
guantum domai® my goodness, there are some interesting things that can happen in the quantum domain with
acceleration.

But for this talk on relativisticphysics, what happens ithaty ou candét heobt ogaheof t he
coordinate system with the origin of the new coordinate systems of any smaller systems created by acceleration of
finite subsets of that original larger sysiem

Thatisyou candét do what [Ehen Betdexived hisbrgmat frammebceoddinatentrankfordation
equationswithout creating false storie$f you try to do it the way Einstein didjou wind upcreatinga paradox
about whods doi ngreatehviaws pof the hast tidd noacortespgntb any actual meaning. You

set a clock back t dhisalockisseitcocoardyeay, Bui @lydubavearcess too
one year in the gst¢tth® @ENockl odengtearl|l i pbuthe past. o
Ei nsteinbés assumptions

What I think is the most fascinating part of accelerai®that you get a conflict dmvo fundamental definitions of
time. And by Afundaménht gkfomucmedereppout han these t
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The first one iexperienced timé how much time actually elapsed while yawere continuously observing it,

and youknowthere was no gap. You might see aslowdédwvh hat 6 s f i ne; y o orsmeedaps,have
t h at @® sbutfydu stid see aontinuouselapse of time. So, you have an experienced time, and it turtbaiut

when you accelerate a systethe irony is that how you label this continuous passage of experienced time] has to
breakd somethingin your labeling of experienced tirmes to breaksuch as by introducing a gdpst timg in

how you label experienced tinde to reconcile experienced time with the second form of fundamental time.

The otherfundamental time in accelerated systensgphysics timgand thisone is even more intriguing. When

you accelerate a system, yioreakphysics time, for a while, within that system. It takes a while for the system to
return tothe state Einstein describe@s necessarjo measureany aspect of physics, arithus verify that all the
physicsin the newly accelerated systaisexactlythe sameas the physic in the larger system from which you
created the new, smaller systefhtakestimeto getthe smaller systenback to that statef identical physics

Now think about that: Yod o ringtantly get measurable classical physics when you accelerate a system, especially
if the system is large. It takéisne before you can return to full analytic capability, with a full definition of space
and time agairin force.

That i s deep! When youodore tal king aquantmphyscdsiacethatis al p
always embedded in classical time You 6r e t adefinitiomngf abdopboi nheparticle.

some really profound aspects of thathuantoutwdehretddedfdka of a
while, after you do an acceleratioat leastin terms of beingexperimentallymeasurable. You can always do an

abstraction, but | e ts@rable dtttakes time tooecowehthat. 6 s act ual |l y mea
This is saying something i mportant. This is an i ss
about the i mpact of acceleration on that system, a

instance, | would bet you this related to the whole idea of quantum collapse. When you have this corifhiet in
classical observer definitions diime with the time as defined at thenicro or quantumscaled with wh at 6 s
happeningdynamically at the micro scalé this conflict in the largescale fundamental time definitions going

to play havoc with some of your definitions of timetlaé microscopic or quantutevel.

Temy Bolinger CCBY 4.0 Smooth Spacetme is Only a First Approximation March 15, 2025

Setting t' = 0 at x = 0.8 (Keeping t’ Positive)

t'=0.6us "=0us<=t=0us

[ 0,0,0,0)
148—(0.8,0,0,0)

—0k v(t=0)=0-0.6c =08k
x v pt o ) x 8 kpt
Length = [ (or ?) (1 kpt = 1000 pt = 0.3 km)
E Apabistia Notes 2025, 03151300 (2025) 25
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[48:02]S 0, |Useethisdfiguretd ook at this Al ost timeodo i seosteémes | i tt
not the approactEinsteinused: but | 611 get to that 1 n the next slid

This slide is mess§y too many numbers ondt but its central message is easy enough: Every time you accelerate
a large object, you museset every clockn that objectd and, somewhat counterintuitively, begin that clock
resetting process from tifient of the object, not the back.

Say what?
I would wager that every speci al relativity youbve
looks likeaftert he accel eration process finished. -Siabikzede 6s r

accelerated states delightfully demonstrate the beauty of the Poincaré and Lorentz symmetries.

However, did you ever stop to think whether there
pretty final state? For example, did you ever stop to think that when you change the definitions of space and time
for an accelerated objectgtinitial internal locations of its components when it was at rest state cannot possibly be
correct according to the new definitions? This means that to get the object to work caftectigceleration, you
mustphysically altetthe locations of its coponents in space and time to make them compatible with the potentially
very different posticceleration definitions of space and time.

Donodt feel too bad if you never considered the nee
figure than Einstein also misseditor, to be precise, Einstein cleaviyprried about the issue without ever coming

up with a satisfactory solution. His concern showed up in the footnote to his coordinate transformation equations in
which he explicitly stated that his derivation was coroety if such transformations weretto be the case. The
possibility of object transformation worridim enough that he added that qualifier. He was correct to be concerned.

| 6ve already added one such shuf fl i argadyhdrentz corapressed ar t
before it accelerates. You can do that because the space and time transformations needed to move parts into ne'
positions are separable. We dondédt normally notice t

object srenuously to being compressefior to acceleration. However, for entities such as diffuse gases and radio
linked satellites in space where empty spaceraggmthe individual components, such prior repositioning is not
only possible butequired | f 'y ou d o +adcealeration objedt endstuhdistorped is its new definitions of
space and ti me. Lor ent z ectielypmealcengpressionthat sesmeane mustpexfgrin at : I
some point in the acceleration process to make objects compatible with new definitions of space and time.

(Incidentally, one distressing but also unavoidabld consequence of recognizing the need to track internal
object reconfigurations duri ng ac c edigaeatuepsewduclidesn t h e
4D spacetime due to the impossibil y of tracking causality properly i
replace it, one needs to use a hierarchy of fully Euclidean 4D esfrteomentum (COM) frames, which are also
called zeremomentum frames. More specifically, you need to replaesyewse of mixegignature Minkowski
spacetime with use of the smallest Euclidean 4D COM frame that encomalhs$éise material objects involved.
Incoming energied light, for exampled can generally be rescaled to match the new frame, so the main focus is
to ensure that the sum of all fermionic matter involved in the interactions forms-enasrentum frame. This
Euclidean 4D MinimurrfEncompassing COM (MECOM) then serves as the canonical frame for all causal analysis
and prediction within the frame. Ming objects inside the MECOM become Minkowski trapezoidal distortions
characterized by broken time lines (lost time) and asynchronous internal time. MECOMs can vary enormously in
scale, from two interacting particles (e.g., a hydrogen atom) to cosmés spebvided only that they encompass

all participating matter and (potentially rescaled) energies. It is this flexible scaling that allows MECOMSs to replace
Minkowski space representations, though (fortunately) without the Minkowski disconnect to exjpeiriimes.

Despite its |l ong use and p o gignatare dpdces s, uMortonatelyywmathindise ¢ C
created by focusing on only too small and simple of a subset of the actual physics problem. The resulting

E Apsbigia Note2025031513002(2025 27 apa202503-15.130®2pdf


https://creativecommons.org/licenses/by/4.0/
https://sarxiv.org/apa
https://sarxiv.org/apa.2025-03-15.1300.02.pdf
https://apabistia.org/
https://youtu.be/HLH6td0jeAo?t=00h48m02s

Terry Bollingec BY 4.0 Smooth Spacetime is Only a First ApproxidégdnTranscript) Marl5, 202

incompatibility with E-amiwleranalgséssexpfaiasrwhyninstesn infiallyerebelledce ¢ |
against Mi nkowski 6s needlessly cryptic model . Unf o
Mi nkows ki 0s urhtinil908 fropn appendiditiy. Arduadal®12, Einstein abandoned his methods and
switched to Minkowskiés spacetime, |likely in a case

Getting back to the figure: Notice that my figure invokestant acceleratiomf the entire train td  T#pd Just
as in my earlier example of impossible ju@entzcompression of intransigent atoms, it is, of course, physically
impossible to accelerate a real train this quickly.

However, consider this: Effectively instantaneous acceleratidns kb) of individual particles to velocities near
lightspeed are one of the commonest physics phenomena in the universe. We call them radioactive decays anc
emissions, which routinely accelerate all of the constituents of ordinary dat&ctrons, protonsna neutrons

0 and even small atomic nuclei (alpha particles, which are helium nuclei) to velocities very close to lightspeed,
and manage to accomplish these accelerations within immeasurably short times.

Thus, while no one can instantly accelerate a real trai@t) onecan postulate instantly accelerating particles

such as muons to form the outline of a train that acceleram@twithin an immeasurably short time. Since muons

decay at a fixed rate, they also serve as the clocks. Since the physics that applies to the muons also applies to th
train in which they could have been embedded, the behaviors of such muons end up sbamwangirtstantly
accelerated train would behave.

This equivalence of the implied physics is why | d
Trains are easier to visualize than muons, and make it easier to understand the associated transformations.

The analytical advantage of instantaneous acceleration is that it puts the focus onto how causality works during
frame transitions, rather than on how to calculate the sum of many small examples of such transitions without
explaining how they work. Most epial relativity acceleration models focus on the calculus problem of how to
integrate many small boosts into one large overall boost. Unfortunately, such an a@predith Minkowski

also proposed gives no insights on how space and time change with iefiaitesimal step. This approach
unfortunately left the entirely false impression that tracking how time works when changing inertial frames is all
about using calculus to integrate slow accelerations. Not only is this incorrect, but it obfuscates the deeper nature o
the time problem instead of solving it. Making the leaprieextremely rapid acceleration forces recognition of
issues such as discontinuous and asynchronous internal time during acceleration.

|l 6ve already addressed t he L omovecanpanentsadomake thensconopatible x a n
with postacceleration definitions of space and time. However, there is also a time relocation problem, and that turns
out to be tougher to solve in a satisfactory fashion. The problem is to meet the time slope rectimnseoid

for the new frame, you must also move internal componertisna That sounds okay until you consider that

moving a c¢clock in time makes no sense: You cannot A
All you can do igesetthe clock to show Eimein the past or future. Doing that feels like a cheat since if you reset
a clock into the future, you create a Al ost ti meo ¢

even worse, since in that case you imply a hisborg sequence afausal eventd that you know never happened.

In slide 25 figure | used the le8tne method for resetting clocks. The idea is to keep the clock at the right (front)

of the train the same as before acceleration, and thus initially matches thsetting of any embankment clock

at the same location. The odd part is that if you make the embankment and train clocks match on the front end of
the train, you have to reset clocks towards the rear to values increasingly far into the future. Thdepsera e

time when doing these resets, and such resets are no different from the ones folks do for Daylight Savings Time.
The only difference in the case of acceleration is that ifdy@aurm@ke these seemingly arbitrary changes to clocks

that seem no different from the ones at the front of the train, your time definition inside the train goes haywire.
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Alternatively, | could haveset embankment and train tirm® zero at thdeft (back end)of the train.But that is

not what| did for this slide; I. Dhisifigure msteacts atylsgt fidaes & si o
differently becauseesetting clocks tmegativetimes d o e s n 0 t rpaykially.sce niSrstead put the
sharedzerotime settings.0 mando T, at theright (front end)of the train.Why on the right?Because you

have anegativetime gradient a negativé . This means you need to mot@theleft,: to addtime to your clocks

and avoid negative times.

However, if you are someone on theft end of the trainthis is distressing becauseu will say, i | di dno't
experiencghattime:l di dndt see aresgtmydocke® go by! I just

Agai ngxadtblsy | i ke Dayl i ght 8atisisetypu clotkamteur ahBagondam g f o
doi t, but it ds peopkattdiffesehtiocatiogs albng thalengtte of the train must reset their clocks

differently. You cannothelpbut hi nk, A How dANhydidt Hawe toresetany plackhahead when the
person at the front of the train did nothing to the

The answer is thatintil you do that,you cannot come up with a selbnsistentphysicsdefinition of either time

or spaceacross the length of the traitYour new inertial frame is at a different angle in space and time from what
it started, and you have to deset clocks differently along the length of the treorrecover the idea of classical
precision down to the poigtarticle levek S o , i d pdosesgowo ¢an skip over. You have you have to do it.

I f you have a materi al df thidgetstakea ¢ai® sf fobyou antge atoroiclevél gou a t €
know because the atoms jostle themselvesfaqde it out pretty much on their own.

I f youbr e doi nhpwevet,no suich lutk apmids.eYbu hiavie & sigexplicit resetting ofclocks
along the length

Temy Bolinger CCBY 4.0 Smooth Spacetme is Only a First Approximation March 15, 2025

Setting t' = 0 at x = 0 (Einstein’s Collocation of Origins)

t=0us <<=t =0us t'=-0.6us

s’ =(0,0,0,0)
$=1(0,0,0,0) ‘
x =0 kpt ”(tz(()c)l 3 ‘1;’)0' b x = 0.8 kpt
Length = [ (or ?) (1 kpt = 1000 pt = 0.3 km)
[ [RR——— 2%

[50:06] This figure showghe alternativewhich is to place the matching zero times on the Tgfis is wherewe
get back to what Einstein proposed, and why | say that this seemingly completely minor mathematically obvious
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t hing of s ayakethe codidiatdrigihsi jdieatt i cal f or tnotevorkwivemyosiy st e |
accelerate a system frcone frame intoanother frame. You havehéstory here, and what this doesfisrce you

to reset the time clodkackwardin time into a history that does not exist]. This is where you get your issue of false

ti me, and you dondét want to do this.

The other the other alternatiwé placing the matching time on the rights b e tarneying butlattiea@ss it does
not create any false time paradoxefereasthis one does. It says that | ha# microseconds of time thadli d n 6 t
really have

(And, by the way, the units here are kibotonfeet. So, same ideas before, just scaled up a thousand tithet. 6 s
1@ kilometers instead afi@ meters.)

So, this is interesting. Who would have thought t 6 s n odt thabsich & smalkchoice would have such an
odd impact on how you measure time these systems?

Temy Bolinger CC BY 40 Smooth Spacetme is Cnly a First Approximation March 15, 2025

Four Steps in Creating a Metrics-Capable Spacetime Instance

Select system and goal for acceleration (e.g., this 0.3 km train to 0.6 c)
A

(1) g2
SELECT [:][:]ﬁ [j[_]m [:][:]D DDD

(2) 7%

Physically compress train to Lorentz length of 0.8 kpt (0.24 km)

Wiz

SQUEEZE

SYNC O Physically reset rearward
clocks forward (by up to 0.6 us) \\\\ ——

DDD DDD DDD DDD Add momentum energy

— — — —— evenly across the system

E Apatistia Notes 2025, 03151300(2025) 27

[5:12][ ' n t his figure,] we get inrealy?a Boll amadal ©&br g
while. Instead, look at this in terms &f and you can slice this and dice this in different wéy$our different
steps.

First, you have t&elect (I did a little alliteration:Select SqueezeSynch andSend It just makes it a little more
memor abl e, but also itdéos pretty apt.)

For Select you have to select actuallengtto f  an obj ect .Thi¥osu thhaev es ytsot esma yl,0 ni
I j ust c¢ aynew inestial framgbea ieyondhe boundaries ofhat system.I h a v e Nd, theses a vy ,
are the pieces of matter t h at only Gefinengy néwngpacetindn anc c e | e
experimentally meaningful way bysing some fully compatible set of clocks and rulers contained withingéat

of matter. o
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The nextstep,Squeeze;i s counterintuitive. Youbl | see all sort
have a rocket going atearly the speed of light through a barn, and you shut the barn door here, and shut the
barn there,a rocket longer than the barn nonetheless can fit between the closed barn doors. Such explanations can
get very complicated!

The simple truth ighat the reasorthe rocketgets through thelosed doors of #arn whose length is shorter than

the rest length of the rockéd because yoaqueezedhe rocketbefore you ever sent into the barn It really is

shorter! This is not some mathematical abstractioryou had tesqueezé¢ hat sucker kthanifwas, it 6
and goes through the barn fine.

Recognizing the need for Squeezestep thus provides refreshinglyblunt way of describing some of these
paradoxes. And yet , Ides@ikingihacetincorrdtat helhér et het uawadyy qi
justthatt her eds a s i mp |whichiswcaegogrtize that this inakctuad ghysical stepf squeezing

the system together.

When youdre accel er aTh alpéaise théangth ¢ the?car Mgigargia confphredno! the
amount of length contraction you use. When you do satellites? Not so easy!

The third step,Synch is the one that, as far as | can tell, Einswiissed. Though, to be more accurdte, d on 6 t
think he really missed it. | think he just kind of felt uncomfortable with it because of that decision he had made
earlierin 1907 to place the shar¢ithe point of the trairand the embankmerat the back (left end) of the train.

As a result of that choicdy e ¢ o u |l d n édatoid gedting those wegdtive times in the front.

So, insteadvhat | show in this figure othat puts the shared time point at ftent (right) of the train, Einsteiteft
itatthebackof t he train andsonkethinglappesaid, SGHmMMES6s maal ly
address that particular issue.

To geta shared timgoint that is, at least, not paradoxical, you have to add a parametemMsuadd inthat
previously selected length, set the Ttat thefront (right end) of the trainand reset thetrain clocks behincthat
front clock so you get aiincreasing positivadime delta as viewed from thembankment

And then, you finallyarrive at the fourth stejgsend where youaddmomentuneverywhere. You can have things
i ke, AEvery car has its own rocket, o i f yideaofwant
individual accelerations of componeriecomes more realistic.

These steps can be mixed and matched. You can, for instance, reset the clocks first with a slightly different sequence
andcompress second. So, thereds s tomerampleigetmardcomplicated i n
schemes sadhat the compression is more efficient. There atetaf parameters that you can play with, but this
sequence captures the major differences angbhigsicalsteps that you have to do to accelerate a systemn

fashion thatcreates @elfconsistendefinition of spacetime within that obje: definition that will see the same
guantum physicghe samearticle physicsthe sameverything To get that,you haveto go through these steps.

And that isremarkablé | t 6 s a s thave to gdthrougi this much of a physical procedure to get to the point

of having classical physi cs c¢over aldofthahphysicsdsheseuby a b | e
default regardless of whether a material system occupies that new definition of spacé&timeBut i f you w
aboutmeasurablehysics, as Einstein did when he gave these examples with the clocks, you have to go through
this.
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Accelerating a Time-Synchronized Interstellar Satellite Network

Select system and goal for acceleration (e.g., synched satellites 1 ly apart)

~ | Parent

(1) 'k %QV\AA/\A/\/\/WV\/\NV\/V\IQ.% e
SELECT L

~00

g
( 2 ) 1111117127/ 7272727277 ///////////////////////

I Physically compress train to Lorentz length of 0.8 kpt (0.24 km)
SQUEEZE V¥ ¥ ¥ E A A A A Ot

(3) 4
SYNC Physically reset rearward
clocks forward (by up to 0.6 pis) \\\\ -’

L ) y 4
( 4 ) Add momentum energy
SEND evenly across the system

£
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[55:08]H e r e ésametexhnaple for the Interstellar Satellite Network!

I |l i ke this one because i thélpspointoetthareaame/eraratimd ambespaeea e v i C
issues in how yogcreate a large working physics system after a correspondingly large acceleration cp¥mtion
canodtssymd htat a satell iteds moveiovegng tight years @ k @ mobgpingroa g i ¢ a
happen! You have teendit 8 acceleratethe satellite on the rigld send it in fartherto the leftd and then
compresshe whole system before you can ¢fe¢ full satellite systemwvorking properly again

Oh, and vy oubdr gynclyanizatiopssuesiit couddvake you a fufearto resynchronize. [Do] you see
how this is getting messy?

Afteryoudotha® andaft er youbve reset the chugeulsinthezlochktsneant i ¢
settings of thesatellite on the lefd afteryou do all that, and add your momentéimand again, you can mix and

match thesandividual steps you can do them in different ordeds after you do all that, yodinally recover
physics:Standardphysics particle physics,quantumphysics, andield theory.

Field thteatipn?eteanding! Fvoeklumtil youlhrezaver this sktooé expedimentally
meaningful definitions of space and time for use with actual, material instrumentssaysasomethinyery
interestingabout field theoryés relationship to matter.

So, the satellite network showthat wherthe topic isspecial relativity you need tatalk about elot more than a
Aboost. 0 Therebds a | odomakearddferepgaei ng on, and the steps
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But Terry! Lorentz Contraction is Symmetric!

» Correct statement:
Length contraction is symmetric only for lengths
passing through your local definition of spacetime.

» Lengths forward of your region shorten (multiply) by the
inverse relativistic Doppler factor: 1/R = \/(c — v}/ (¢ +1)

» Lengths behind your region stretch (multiply) by the
relativistic Doppler factor: R = \/ (c+v)/(c—v)

» Lengths passing through your region divide by the average
of the two: ((1/R) +R)/2 =1/\J1—v?/c? =y
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[56:44]No w, |l et 6s get Dback t o Tdaryleoremzcongaction is/mnetitYouknolvo v e t
itdés symmetric!o

And I do, and | agreeompletely Not only do | agree with it, I think
it. If you have an inertial system that you have accelerated, | say that the phgbiesligelyi dent i cal . Do
me that itéds going to reach some wupper | imit! No,
and it doesndt matteexasdyw del sakme Ybysd8i esgoinnghtat ggt
those steps | mentionéd which arehardif it 6 s @& bbuitg iofbjietcbts a s mal | obj e

certainly do it down at that level. So, it all works, and those symmetries say that Lorentz contragtiamesric

The catch in Lorentz contraction wgherethe symmetry works. While the symmetry is perfect at the physics
instrumentation and testing level, the size difference of the regions which such instruments can access a single,
shared definition of space and time can literally be astronomical. If senaecrlerates a wealefined system, the
samephysics domain for thenacceleratear Parent system can be as large as the cosmic microwave background

of the entire universe. Meanwhile, the saphgsics scale for thacceleratedsystem ranges from microguo
(accelerated patrticles), through classical scales (cars and spaceships in smooth motion), and up to entire stella
systems condensed out of ndight-speed large quasar jets. Establishment of acceleratedptarsies domains

beyond stellasystem scas becomes difficult due to the increasingly vast times need to resynchronize the matter

in such systems to share a single set of space and time coordinates.

Youdve ofdtoern nmaeyalred y odu that i you drecinuagspaceship, and you look at the outside
uni verse, itbés going to | oonkttf U ad&bsoltslya trup.Butpeapleéalk Di d
about that on the assumption that the Lorentz contraction is fully symmetric, arabtoeye hat it 6s tr u

What you actually get is a very interesting phenomenon in whiclotvard appearancd and of cour s e,
a thereb6s a whol e equat idobuttheforwagddiredtion sscompressedseontrdctett o b a
d notby the Lorentz Factor, but by this relativistic Doppler Factor: One: dliersquare root of thigery simple
expressiorof @plusb over minusv .: Object lengthdehind your ship are multipliedd t h e wtéetchedd
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and, if you think about it, is that really that unreasonable? Ligitdasingyod r om behi ndjammedd i t
into youfrom the frontd and light is a measure of distance. So, why should it be a surprise that things in front are
compressed?

So, thatés what you actually see. You see withthet hi n
simple Lorentz compression assumption.

Now, | said Lorentz contraction is symmetric. Where is it symmelnigideyour spaceshimnly. When you have

an object such as a particle that pasisemughyour spaceship | et 6 s say you havé aa muo
long as that muon imsidethe domain of your spaceship, yaill see it time dilatedremendously Yo u 6| | S €
going right through, andt will behave exactlyas you would expect, because your physidss inside the
spaceship. Your physics, and your physiogy, rulesfor the set of matter that is defined by your spaceship and

you. And you will see the time dilation you expected.

And you wil!/ say, possida | T h ath e mossibdtybawe ldastied the braire duration of
your trip! o Wygdulmustgo iaekttoowhat lbjestcsaidi kn dierward direction muons actually
decayfaster. In thebackwarddirection, muonsactually decaglower.

(Incidentally, just to point this outThe slowdown factor in the backward direction is the relativistic Doppler
factor. That and the Lorentz factapproach each oth@an magnitude as the velocity gets closeut®o Lorentz
factor becomes almost the sam&the relativistic Doppler fact@fter a certain point.)

So, the muons passing through your slgipp S| o w e anly witlhiruthe domiid af your ship that you see the
Lorentz contraction that you expett.t @fascinating little effect.

Temy Bolinger CCBY 4.0 Smooth Spacetme is Only 2 First Approximafion March 15, 2025

Forward Compression and Backward Dilation

@) | | ‘

&
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[1:00:32] Another way of looking at these sanspecial relativityissuesis expanding spheres (or circles) of
influence.
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(An important quantum sidenotk:alsc use thisexpanding circles moddbr: quantum mechanicspecifically

when people talk about tiestantaneous mpact of entangl ement. Thereds no
a radiating circle of influence where yoauldhave touched something the outside. And until that circle touches a

di st ant s matterif the particld is ensamgied there or nbhatis the only time in which that point sees

a change. So, entanglement is not what petbyiid it is. Are there strange correlations? You bet! But you have

thisspeeebf-l i ght circle that you have to respect. So, th;:
Getting back tothis side of special relativity in these expanding cones of influencel é m j ust poi nt
thereinthefigurei s your compression effect, right there: It
It is notquitea shock wave. A shock wave is when yolbggond hat . | 6ve never seen a |

subshock waveghat arealmostshock waves, but not quite.

But whatever you might call it, just looks like a cone that leans closer and closer, and in the front gets more and
more compressed. You get the gradients until you get to the rear side where you get the stretching.

So, this is another way of looking at that same issue: backward and forward compression.

Temy Bolinger CCBY 4.0 Smooth Spacetme is Only 2 First Approximation March 15, 2025

But Terry! Time Dilation is Also Symmetric!

» Correct statement:

Time dilation is symmetric only for durations
passing through your local definition of spacetime.

» Durations forward of your region shorten (multiply) by the
inverse relativistic Doppler factor: 1/R = \/(c — v (e +U)

» Durations behind your region stretch (multiply) by the
relativistic Doppler factor: R = \/(c +v)/(c —v)

» Durations passing through your region multiply by the average
of the two: ((1/R) + R)/2 = 1/{J1—v?/c? =y
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[1:01:54]ABut Terry! aBosnyenndeitiratcilon sinsbt t hat a probl em?o0
Well, yes. But the sameregionatby-acceleratiorhistory asymmetry of where the Poincaré symmetries apply also
affects time. For exampignytime you hear aboutbhseh i f t , her e 68 wall, ma ynpd ei tt hso urgce
simple, because ttertainly took me a long time to figure it o6t but the thought is this:

A |ight wave is a cl ock. exacflyliké a cock. Aod when ydu havad light wawe!l ar i z
that is blue-shifted, it means the clock has besred up
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We tal k about tohlytime diatidn,shatis,cslowing smeiddwn i T iinatwhatsgou see from a

spaceship! Youseetimpedup (I dondét know i f what the opppisite \

the forward direction.

Is it a real speedup? Yduetit is, because if you blughift all the way to the Andromedgalaxy in your spaceship,

then when you get to Andromedigalaxy you will find it is exactlythe time thesum of all thoseblue shifts told
you it would be. There inothinghypothetical about it: It was a tingpeedupn that direction.

If you look in therear direction, you getthe opposite effect: #ime slowdown.The nature of that slowdown is

harder to judge because § candumtileyounmake coatact, yoaHave yssuesalbout n g
what s going to happen when your reverse diitréedc tri eoal

Youbve encountered those | ight wayv amgeverytime you hitrore,

that time isgone

[t t

Another way of saying thiss that your spaceshiis runningslowerthan the rest of the universe. So, again, it gets

back to this thingthat when you speed up your spaceshipy immediately initiatzareal, continualtime dilation
relative to the gigantic framé the universe as a whote that didnot accelerate. And/our locatto-you-only
time dilation isgoing onall the time

Once againthough, objects passinthroughyour local spaceshipegion, like a muo® forexample,i f youd v e

got some spontaneous muons generaistin front of your spaceship t hey 6re fine. As
soon enough to géb your spaceshipthen insideof your spaceship, they will look time dilated.

Terry Bolinger CCBY 4.0 Smooth Spacetme is Only a First Approximation March 15, 2025

What Einstein Sees from an Actual Train

Your clocks are weird: They match my theory inside this train, but
they’re too slow behind me and too fast in front of me!

Gt
S
% (o o_+0, 2405 1.25)
= O = — — S )
/ \ 2 2 /

<[ But... your clocks always match my theory! ]
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[1:03:55|Her e6s a | i tas pad ofd littlgarticlel hdd fumwaittle talks about what Einstein would

see if he actuallyodein a machine that was traveling at close to the speed of light.

The Einstein on theutsidewould see exactly what he and Lorentz predicted, wiactthis case of a velocity of

0.6 lightspeedwvould be a time dilation of 1.25.

E Apsbigia Note2025031513002(2025 36 apa202503-15.130®2pdf


https://creativecommons.org/licenses/by/4.0/
https://sarxiv.org/apa
https://sarxiv.org/apa.2025-03-15.1300.02.pdf
https://apabistia.org/
https://youtu.be/HLH6td0jeAo?t=01h03m55s

Terry Bollingec BY 4.0 Smooth Spacetime is Only a First Approxid#gonT ranscript) Marl5, 20z

But the Einsteirinsidethe train sees exactly what | was just talking about. He $desshiftedclocks that are
running faster in frontand redshiftedclocks that are running slower behind.

And guess what? If yoaveragethe two, you get the Lorentz factor! The Lorentz factorofundamental. It is an
averageof the relativistic Doppler factor and its inversEehis relationshipis not an accident because whan
objecti s going through your parti culbaheffettyanthersame timesybu p ,
seethe relativistic Doppler factor affecting the objéntone direction, andhe inverse of that factan the other
direction.

So, if you have a light clock goirighrough your shiportran you 61 | see these two eff
and then averaged out to ¢gee Lorentz factor

Temy Bolinger CCBY 40 Smooth Spacetme is Only a First Approximation March 15,2025

Short Version: Acceleration Always Time-Dilates

Light delay when the phone and box are at rest

ity (]

/=<

/ }//

Light delay when the phone and box are in motion

R &
-

q
<0 ¢4
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[1:05:10]A fAsi mpl edd wexlpley i yealpd c atndit s, un lverysfastcay! 6 bbwdiiv e 6 § 0 &
simple thought experiment that emphasizes keevmake time dilation too complicated.

ltds a racel

f youdre object is moving very fast, then itbds goi
n front. So, i tyoul obped isLOrentz manpreseedy owlbesteh egrot your phon
[

I
[
little detector ther e, fordhafdrwarddi@ded fight fdm yguophongto reaxh thea k e
f

astfleeing detectecr
That is the essence of why time dilation occurs. Y
Thisraceiscont i nuous, it doesnoét r el e ntheobjectnathis high vedotitg.r t s

Thus time dilation caappen for conceptually very simple cases.
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Acceleration Creates Small, Unique Physics Regions
t+2

2 -1 tO g+l §+2 0 /

A T
s ¢ (stays embedded in to)/’
W‘"’e v
/t,,,c/
Oc*
% serr,,,gs ,
‘§ /

Bt T2=0

SR ahd GR concept of one smooth,
unified spacetime fragments as
each new acceleration creates
a new set of object-length-
dependent zero times.

Einstein-Minkowski-Poincaré spacetime Experimentally accessible spacetime
(t™*0 objects must be exact points) (t™*0 objects can have length)
E Apabistia Notes 2025, 03151300 (2025) 34

[1:06:08]Now:t he r eas on laceterafion, @ndseiideaghat gpacetime is more complicatdthn
the sharegbrigin approach of Einstein suggests, is thate you attach spacetime to units of matter #ratnot
only are finite in size but take a little time to kindseftle dowrd they can take gserylong time to settle down!
0 and start producing normal physics again, gannot define classical physics

That is. classical poirtike metrical physicsd including quantum field theoryincluding quantum mechanics,
includingfiy o u n @& allehose forins of physics as we measure them nordatlyn 6 t uetinyeu ggt ¢his
consolidation of that sme#et of experimentally usable metriaaits that are fully aligned with their new inertial
frame definition of space and time Bu't 0 n ¢ ¢hatyset of Gullyealigged metrical unitsall forms of
standard physics aithe same.

So, that necessarily breaks up the idea of smooth spacktilé nst ei n 6 s didd ef this figare thah e
everything could have sharedorigin & kind of breaks down. This tilting proces# the right iswhere you wind
up things having a different definitioof space and time

I 6 m ki-sobn thigdiagsam becauset 6 s t oo complicated.
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Cones Within Cones: Fractal, Matter-Centered Spacetime

EApab stia Notes 2025, 03151300 (2025) 35 apa.2025-03-15.1300.pdf

[1:07:17] This [figure in Slide 35actually gives the idea better. You have a cdné fact, if you think back to

Slide 30where you have cones movingn s i de of ot her conStide35figuebs dsYwiuad
saying thateach of these smaller cones is in motion insidel tfrger cone[The smaller conegever get outside
thatlargefic o n e . T h e hodndby thalargeacygns.

This is incredibly importanfor understandingvhy spacetimeseemsoherent at large scalelf] is because you
havefractal restrictionsd f r act al in the sense you can do |l ots of
of the branch that youbre on.

This 1is what 6s g omatiegattached ineitial fnameohes that haleitheit dwe definitions of
physics. Each accelerat@adatter unit has its own definition of physiés has its own little light cone of things that

it couldinfluence with that definitiofif they could extend beyond the boundaries of their encompassing larger cone
0 but those definitions neveet|to that largeicone boundary Theyapproachit, but that boundary is growing at
thesamerate thatheyare growing. Soyou neverreach that boundary. You always have this constant inclusion of
the different domains inside of each other.

And thatoés powerful, because thatodés why we can | ook
spaceti me! 0 Be:« &ause. i ithe nwtbisandbsteececmghiaxies, andtoondination even

on larger scales, that is sufficietat give this broadfractal definition of what time is. But then, y@lsg have a lot

of detailsiyou can exploreas you go down farthéon the size scale toward solar, planetary, human scale, and still
smaller inertial frames

Now, push thalscaling out far enoughat the large endand | would not be surprised if you see some problems
emerge | td6s one of the reasons why |1 6m not very inteil
because | thinlkthat until we get this figured out a little bit bett@ér about how matter instantiates space and time
atthosescale3 we 6r e going to have troubl e g eeanbiyn gi draerl ki anbal ti
and Adark energy, 0 especially dark energy.
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So, more work needs to be donelthe fractal structure of spacetine But | l ove this idea
0 itall has a certain coherendy [in which eachmass unit inertial frame alduas its own definitiofof space and
time.. [There isa lot of[analytical power in thatkind of multiscale model of spacetime.

Temy Bolinger CCBY 40 Smooth Spacetme is Cnly a First Approximation Merch 15,2025

Bringing in the Sparse Interpretation

» A sparse interpretation interprets subatomic mathematical
complexity as mostly chaos bits. A smaller set of persistent
bits, associated solely with matter, generates the chaos bits.

» The idea that accelerated systems create unique instances of
spacetime is trivially consistent with a sparse interpretation.

» Combining the sparse interpretation with bottom-up, particles-
first spacetime creation suggests a radical view:

= Most of quantum physics emerges from incomplete early
stages in the emergence of “classical”’ spacetime.

= This view pushes the Standard Model to the top of physics.
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[1:09:33]Last month, | talked at length about the idegpdrse interpretationFor those of you who were not on
that tal k, i t 6The uaivensechasya certaimmurhber ofl pdreistent, stable bits, mostly captured by
particles like fermions. The number of bits is mass dependedtthe number of bits iinite.

(When | say fAbits, o thereds a pdrsistentihfermationadd tleen theneatei o n
actualbits, which are a little more complicated versiorpafrsistent informationBut either way, you have ongp
muchpersistent informationand that is determined, quite nicely, by the total massrgy of the universe.)

Given that,thenall of the smaller informationdomains where you talk aboBtanck scaled where you talk
aboutsmaller unitsof transient, hedike information & all of that is createdby interactions.

Take a proton. ltds sitting there, andibs coesndg sh
obvious structure. Yoslamit with an electron at giganticfraction the speed of light, and, all of a suddgihsorts
of details emerge.

Instead of saying that those details were théithe time a s par s e i nt eregingthdsadetaile n s a
according to a set of rules. Thdesare what matter, and hatiney cause the proton teact and resporitb the

sudden energy inpuBut the details wergot thereuntil you did that.

This is fairly radical in the sensthat | 6 m s ayi ng t l[agitis nsosl pfier ysands ifot @xample,
interpreting electron orbitals as actuaums of real, particlelike electron orbitsd is not a good pictureT h at 6 s
becauseeach ofthose pure pointlike electronstateswould take infinite energyT h a t 0 eventtorcreate just

oneof those supposedomponents of the orbital.
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So, the sparse interpretation instegsalysthat when you see an electron in a hydrogen atomm,at 6 s about
as the electron is going to get

Thus the electronin the sparse interpretatidns s omet hi ng a hotaparticle, bli you cantief f e r
it down into a very tiny package that, to us, until recent timdswuman history lookedlike a particlebecause the
atomic scaleat which it existsis so incredibly smaller than the scale at which humans exist.

So, the sparse interpretatons a di f ferent way of | ooki ngstattealipingy si c s
that every time you look at a problem, y@houlds a vy , AHow much energylftdeyd vy ou
always saysomethingl i k e , trefmendoomsemount , 0 t hat shoul d beouashowdar ni n
insteadbd ooki ng at i n mhimummmamberbf bithat eotildascountfog all this complexity. And

t h aan interesting problem, because then you start lookirtheaproblem in terms of a much smaller set of
persistent bit§ and that idard.

This whole idea of matter creating spacetime works very much with that perspéctiva. beGasisethe sparse
interpretationsays each system of matter literally createevits definition of spacetime and physics, down to the
guantumlevel, down to the level of quantum chromodynan@cghe whole bit.

Grantedmostoft hese pi eces we @anyeeedifadoimga sphrsennterpretatit Butdf you want
tomeasuresome physics experiment precisely you 6 r e mbtecaispet em. t Faudve-set
like physics in that systerm.he idea that you as a finiteass observer system created the spacetime in which these
existing pieces of theory work wetioes together very well witia sparse interpretation.t 6 s s atlgei ng t
spacetimeyou are using istself isan aspect of this sparse interpretation of phy&icgourfinite set of spacetime

defining persistent particlesYour definition of spacetime i$iterally beingcreatedby those persistent bithat

obey only the space and time metric definitiongafr inertial system:

Alsod and | like this the mos® the sparse interpretatisays that the Standard Model of phygicsvhich has
been around for a long tinend is extremelysuccessful anderywell tied-down in terms of its predictionshough
it is unsatisfying in terms of some of the detdilsis actually at théop of physics. This is the idea that things like
Special Relativity and General Relativity aret fundamentelthings that are prexisting out thereand were
somehow responsible fareatingthe Sandard Modellt is the other way around!

That is. the Standard Model is using some kinddafeperphysics that wel o rudderstand we and we really
donét, because wedve been tradiptped in this thing of

But, the sparse interpretatisays that the Standard Model is based on soeeperphysics, androm that deeper
physics, by way of the Standard Modéhese concepts of space, and time, and even of General Reiathatge.
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Zenczykowski on Spacetime Emerging from Matter

Piotr Zenczykowski,
Quarks, Hadrons, and Emergent Spacetime,
Foundations of Science 24 (2), 287-305 (2019).
https://arxiv.org/abs/1809.05402

... with space viewed as an attribute of matter ... one should start not from discrete (or
quantized) space but from discrete (or quantized) matter. Hadrons seem particularly
relevant ... as the hadronic mass scale is much farther from the classical realm than the
Planck mass scale, which is essentially of classical size.”

"... the hadronic spectrum parameter [justifies] emergence of internal quantum numbers of
weak isospin, hypercharge and color [from a phase-space]. This picture is ... unique in its
parsimony [and thus] very attractive. It suggests an extension of the concept of mass [and]
questions the idea of ordinary divisibility of space ... and suggests that standard ideas on
intra-baryonic space [only ] approximate reality.”

2 Apatistia Notes 2025, 03151300(2025) 37
[1:13:47]One physicis® a n d , Piotr, Il dondét know i f youdre out t
youlater6 a physici st whods done some mar vel owasmawetousk o0 n
fell ow. He has explored this, and | ooked at this i
idea. o

For instanceregardingthe Planck scale energy, he maateinteresting argumeritased on the observation that
the Planck scale energies are actualigssive T h ey 0 inascald | arshsthgdize efa large human cell,
such as an ovurin terms of their totamass equivalence

Hebs saying, AThat doesndt s e enmhadronlgehvte | .Tdh eS db,a | haen chea ¢
idea that the hadron level is related to the idea of spacetime.

|l 6ve explored the same idea from a f r@Glasowzubalfigfreser en
showing how hadrons relate to each othBegardingthe fact that we have three coidhargessand the fact that

we have three spatial dimensions, | wosttbnglyhy pot hesi ze t hat ©® hahtadts trhoetr ea
connection going on with these things.

This i s where physics could really do some interes
always creating spacetime, then how is it doing that, and what is actoatly on in the deeper, pepacetime
physicsbel ow? 0 Thi s gets into some interesting issues.
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What is “Spacetime”?

» Spacetime is a set of relationships between entities that are:

» Persistent (highly conserved, not easily destroyed).
» Devoid of spacetime shape (nirakar, ﬁﬂﬁ?, Sanskrit for “unformed”).

» Neither point-like nor wave-like. Points and waves are short-term
transient views (chaos bits) created solely by interactions with frames.

= Capable of mutual exclusion (Pauli exclusion).

* In large numbers, capable of shaping exclusion into orthogonalities.
= Capable of stability, that is, of forming new persistent relationships.

= Capable of change, which can organize into an orthogonal time axis.

» Spacetime is hierarchical with fractal self-symmetry.
» Spacetime does not exist without matter (matter’s “address book”).
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[1:15:25]What is spacetime? Now, if you follow this viewpointd v e b e e nd tHagis, that spacetimg is
locally emergent, combined witthe sparse viewpoint thahat there are only so many persistent entitjes, end
up with a very different understanding of what spacetime is.

At the lower end, you get entitidksh at we dondét wunderstand very well . T
destroyedandt hey 6r e-like.otT hpeo iwihto | e i d e &ansiehtcofdpian.i Ifryduirele@se ené i s
photon from any kind of device, that photommediatelystops being anything remotely like a particle. It is, by all
accounts, by all experiments, a wave expanding at a very large rate. Anddheghow, it winds up beingointy

again!

To say that thatodéds one of the persistent problems o
to have to deal watunderstaridinggthadndomtdiketnbnapatialwb § sé cs t hat 6s
beneath in which the photon is perfectly happy witt

the right set of conditions. But #tat point, it startdookinglike something pointike.

So, a lot of these potike things we see that in classical wartthke point-like behavior lookeasy.But as soon
as you get down to the small scalesaintaining a pointike appearancestarts gettingeally hard You have to
observe the thingontinuouslylike in a fog chamber, to get it behave pdike.

Additionally, spacetime has some kind of relationship with Pauli exclusion. As soon as

Einstein said, over 100 years ago, AYoubve got to
much i nvoking Paul i exki i csusethe only waynydu cantimake & rulernstbyusiegs t i
this principle of Pauli exclusion, electrons reject each other, and in doing so createlkspareept. Then, as it

gets more complicatedvith greater numbers of these persistent entjitigsu get these extraordinarily stable
relationships that we then expand into our definitions of space.

So, when it comes to creating spacetinmeymbers count in these things. If you have a lot of matter, you can get a
very smooth definition of spacetim€onversely,ity ou donét have mnuereltinglYau stare r , t
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eefj ume one el ecternomr? Qi

having to say things | i k e, AHow much spac
three quarks?o0

spacetime can | <create with

Piotrt e n c z y lexplrsdkthat. He thinks the inside of a hadiemot ordinary space, and herst the first

one whob6és talked about the idea t habtortifay space.\Me daa o f
impose that perspective on it, bilte alternative is that such spaces soenething simpler, not as complicated. |
think heds really on to something.

So, the other thingbout spacetimeis, | would arguethat it is hierarchical.That is. it has fractal selsymmetry.
We have groups of matter that work together and create coherent definitions of space and time. But then you get
new subsets moving within thérger group that thehave their own definitions of space and time.

Thefinalpoind and | candét empisthali zZ ey ¢ i chatter d toyudgd vdspacdiime h a v e

I mean that in the most literal fashion possiblhat are you goingp measure itwiti f you don®t ha\
You can say that spacetirigethe essenceahat t er , and | guess thatodés one w
line is that you getinto this curioussituation in whichyou keep talking about measuring spacetime without any
instruments with which to do that.

This also getsintheissue abduh e density of the vacuum. I f you | i st
the side of saying the vacuum is exactly whdajust peop
absolutely nothing. T h e wenéated foam oui therd. That gnly hdppepstiastiei; n g , (
andeventherd t 6 s st r on g ltogal eherggavailabte inbhghatterld ewhich is a really interesting

aspect that even Casmir noted indirectly.

So, spacetime does not exisiacei twdd hwety maasyertandhpat 0|
assume spacetime is more fundamental than matter.

However, | always sawthat other directionas far toocomplicated. Why would something a®mplex as
spacetime be fundamental? Itreally complicated How do you get thatomplex of aset of relationshipio
exist spontaneously? So, havirthese relationshipattached to the matter certainly helpeplain the complexity
of special relativity, and | think gives a more coherent view.
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The Quantum-to-Gravity Continuum

> If creating spacetime instances is a bottom-up process...
= Spacetime begins with the Standard Model of particle physics.
» Pauli exclusion and bonding make rulers possible.
» Cyclic phenomena (looping) make clocks possible.
» Acceleration (“observation”) causes entities to share scale definitions.
» Continual self-observation (spin) enables “particle” persistence.
» Hierarchies of external observation enable the point-particle illusion.

» Spacetime smoothness depends on how entities interact:
» “Very few entities participating” = Small-scale quantum uncertainty

» “Many-but-distant entities” = Spacetime alignment variability (GR).
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[1:20:04]S0, this gives you an idea that spacetimebigtiomup process, [including] the idea that spacetimegins
with the Standard Modebf particle physics Pauli exclusion, and these other factdrscyclic phenomena that
make clocks possible.

Constantself-observation is how you get this illusion of partidlee s s . T hhagepars of \ahly thi®woek$

thiswhole ideaofselb bser vati on. And again, for f olnotsomething don
magi cal . ltds just bumping! ltdés about as unmagical
din part for some of t hschazhafacbtmsanylaéceleratian mtroduees coaflicte u t
in the definition of timeandat a minimum, t hat 6 s pr ed acgelemtmmidgriticalifog hakingt h e r e
things suddenly fAwake updo and say, i Chere,acdoding tootleer t o
rules that | 6ve been f ol |l owi n gcomsistéhodefinitions otthingstthatdooko u g h

particl es. Ballyp @ rhteiydlr ees .n eWleat 6§ og onierg aond bheorcsatdbh iad
concepts of particlesr waves. Those aftgothhyperclassical concepts.

So, i f wenodgbohtidese efitites, surprise, surprise: You get uncertainty. \&igecausewve have
an Ainfinite number of wuniverses, infinitely compet
have enoughresolutidh y ou dondét have enowtwppi ekt aohsa $¢rgenm, | p

information out of it.

Thatos all this is. It hi nkfarwneré complidatedotapit thaoh it mpeda to beu m L
ltds mostly a |l ack of i nf ospageaalighner How these diydérse and mudti t u a
scale definitions of mattezonnected spacetime align with each otfieis also an important and possibly dominant

source of quanturwariability in all of this.
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The Brecciated Universe: Competing Spacetimes

E Apabistia Notes 2025, 03151300 (2025) 40

[1:21:55]If you look at figure, this is just kind of throwing out the idea that, if you work this out, you get a brecciated
structure. A breccia is the kind of rocin which youh av e t h e 8 ahes@ little hmnk® @®f different
definitions of spacetime.

I think something like this is a better view of how the universe works. This is why | think, if you looklargkee
scales of all these cosmic filaments and these str.
this. Youbre just get tad differedt definficmsde mft scpanpet ab d soit 6fme  t |
keeping up with each other? But after a certain point, theylstang itb e cause t heydre so fa
other. The ratio of empty space to matter gets so hafithese cosmic structurestart getting strindike, or they

start getting shedike. In other words they starfosingdimensionalityd they start doingtrangethings. | think

a brecciated universe is probably a more interesting path for figuring out where some aodregestructures

might come from.

And yes, this is a huge scalp or elaboration cthe smalscale of special relativity examples But you car
away from the fact that, even in t hos etimstraasfoimatisnt e x a
equation.that once you havaddedthat length parametdn his time transformation equatiopou have attached
spacetimao matter. And once you attasipacetimao matter, things like thibrecciationcan (and must)happen.
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The Role of Local Spacetime in Quantum Superposition

|
|
()

State: Alive OR Dead

Paths (only) are quantum
Self-observing, fully classical, NO superposition

\
™ | with wave-like superposition /
- and interference patterns — y

CTotal in-and-out info barrier on cat state (Total in-and-out info barrier on path state
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[1:23:12] Oh,andt her egqes aat sm superposition! This is somethi

locally, gives a whole different twist on sorhkey ideas ofwhat quanturnsuperpositioris .

The biggesimplication is this: Manyexperimental observatiorsh at we cal |l WAsuperposit
superpositionsot of objects, bubf spacetimeBy thatImearwe 6 r e pl ayi ng games with
locally 8 and those games look likeaves What 6 s r eal | y-degdor thegcatlivenquastionish t h e
dand to me, this just seems to me | i ké trencateaithecdiee di b |
or lives It justdoes

What has happened, starting with Einsteinds omissi

also, false spacetimes, isthate 6 v e e x thgsgope odhese quantum wave functions to places where they
dondét really appl ystart&las qyaetum eventhBet the cat sabses/gs, ahdat\either dies
or lives.

Butd and this is important qualificatiah if you can keep that cédtally, completely isolate@tom the rest of the
universe in terms of informatich i nf or mat i on b diicrr¢a dtidht ed eubniitv esrysset besmo
is,¢t he way t he uni v ecoscege diiergant iksences epade arsl 8nédf ifoyoutcan keepthe
Cat isolated, then it will be capable of doing these interference patterns in terms of space and time.

What 6s really going on after¢thefact defmitiog af space end tmesl$is,iimtlge wi t |

double slit experiment, t 6 s A patticletohnaotecule igseally going throughone slit or the otherlnstead,

we need to understand better that the physics underpeatileas of space and timton 6t r espect
traveld not t he same way we do. Wereconstrectingtpathd uarsgheetimse pathn d
creatediaf t er t hspacétimepalllid® eTmadt g hotwdhgnsoutake intk account the different
way travel takes place ithis this deeper physics.

So, as Schrddinger intended: dead cat or livécat t either di es or it doeupnot .

andit gets interestindpecauséndependently of whether the cat dies or ljthe Cat can still, in principle, interfere
or reflect.
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Euclid’s First Definition: “A point is that which has no part.”

What does it mean to “have” a part? ... What is a “part”? ... What does it mean to not have a part?”

Euclid’s intuition in his first definition is easy to discern. He’s thinking of a point as what you get if you shrink a ball
until it has no detectable volume — a ball being the only geometric shape without any unique “parts,” since it has
spherical symmetry. A cube or any shape other than a sphere has discernable parts, such as corners and faces, that
give them unique orientations. However, points should never have orientations since they capture only location.

In modern terminology, Euclid implicitly proposed that the best definition of a point was a round, three-dimensional
ball scaled down to infinitesimal size. This is complicated definition that implies calculus-level algorithms.
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[1:25:17]N o w h anothedose. Since keep beating on thisssue of how math and physics interconnauad
keep talking about the physics of poinitshelps to look closer at how mathematics defines points.

The definition of a poind thevery first definitionEuclid givesd isthata poi nt i s At hat whi c
That 6s actual

I
symmetry and vy
has no parts. 0

y kind of uninterpretable, but i f yol
ou shrink dowpraetty tlodsen wisatiha mdares svihen leisasel tp 0 s S
| td o addlitionainfoimatiorg justndotaiion.n on it

So, thatdés a clue there to actually i mplementing EI
part of his entire works. You have to use a calculus type condensation of a space, presumably of three dimensions
going down to some infitesimal limit.

That should be a warning right there. Itdés saying t
a nice asymptotic | i mit ¢ ardintphysichleeglity,dheghadrgét thecet iowmdan y g ¢
take the electron and compress it down to a point as close as you wanfighis ltarder and harder as you go

down.

So, when you talk about a region of space having definitions of physics, classical physics points are part of that,
and electrons are part of that.
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A Moving Point Is Not a Euclidean Point

Ot Gnl

» A moving, Lorentz-compressed point loses its spherical shape.
» For any given scale, it has parts relative to a spherical point.
» The two cases remain unique even at their infinitesimal limits.
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[1:26:47]l n fact, i f you |l ook at an e ldeocityoudook atahdefibitiorsof mo v i

a pointmoving the same wag then it fails to be a point anymore!

Why ? B e c aloemrzcompréssed disk in 3D, or aellipsoid in Euclidean 4D spacét hasto be distorted

from a sphere becaudhis is a real physical change in terms of howadinsformed during acceleration from the

rest frame You get changes in the conformation -likéort he
elliptical shape, is it still a point? And the answer is probably no.

So, the very definition even of a point in mathematics is dependent on havingcansidtent definition of an
inertial frame. | find that fascinating! It saysthatmagh, | t he way down tlastiesalithe d 6 s

way dowrito the idea of a material moving frame, with all the propertiesrimating objectscollect under special
relativity .
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Distance as Stability-Dependent Approximation
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[1:27:43]A commentabout distancé just a quick note on thatn my earlier slide,l said that when you when
you | ook at a distance, youdre actually |l ooking at
di stance, wedre using a rather complicated abstract

That is, you are assuming tithie ruler was theren the past, and thahe ruler is still there in the future. All these
things depend on an enormous amount of complaterial persistence. Without that complaaterial persistence

0 the abilitytomakearuléd y ou r eal | y amatmednarkagyefindamdniltieyel, you lose the ability
to define length and space

So, just quick commentonthdt.t 6 s i ntriguing and | mpor t antrickietand r e a |
more dependent on clocithlan it might seem.
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The Quantum Momentum State Interpretation of Black Holes
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[1:28:30]Thi s i s s uppo s ldodft antipodd lacksholéareomenturd stabelt the emphasis in this
figure is moreHowmfmysi)dedadaf mammti fdtcati on of the in
particles with angular momentum states from entering the interior of the black hole. The very small number of
argular momentum states that manage to reach the interior become thedperest states in bladkole-sized

Fermi sea. These spatially enormous interior states force the higher energy states that include the vast majority of
infallen particles to reside ilme red perimeter shell region we think of as the event horizon.

No particles in this magnifiethterior version of a black hole are ever fully out of communication with the outside
universe. Also, because particles are more fundamental in the hait@macetime approach, baryon number is
conserved. This is in sharprdcast to the idea that black holes erase everything except mass, charge, and spin.
While the energetics of the black hole can easily create antimatter, any such creations must be balanced by matte
creation. The evaporation process is no longer one @& energy, and must eventually-amit particle sets
equivalent to the ones that fell in. A notable implication of that is that full evaporation of large black holes may be
impossible, with the holes instead cooling down only through photon processes.

The concept of antipodal momentum states in black 'wassa fascinating little bit of work that Hooft did in

2016, based ora 1987 paper by Norma G. SanchdzA nt i p o d dhatdnstead af black holesumping

infalling matter intowhite holes in some other univerzeooft and Sanchez, whdad done this decades before,

came up with this idea adhfalling matter ending up at th@ntipodesof the black holeAnt i podal means
pol es, 0isacomplicateduvay of sayrthat, eventually, when something falls into a black hole, it comes

out the other sidel n a much more recent 2018 paper tiTtilmed OoAT
Sanchez proposes that quantum uncertainty erases the boundaries between the four Kruskal regions of the
SchwarzschileKruskal coordinate system typically used for analgzlack holes. The magnified interior view in

this figure accomplished the same goal by enormously magnifying and granularizing the space that traditionally
was suposed to form a singularity inside the hole.

| like how you can get very complicated lingond math for ideas like thisBut all antipodal means is that,

eventually,infalling mattergetsto the opposite sideln the details, though, what happens it turns into a complex
momentum state on the surface of the black hole.
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[1:29:27]Now, that leads tdhis: If you think matter defines spacetingeiess what? Yoa a n 6 t blatk dokee
guite as you usually think of them Figure (a)

Instead,you get something more like thisgure (b).I call the resulting set of dynamican AsymmetridOrbital
Scale(AOS). | think thatwasfrora pr evi ous presentation. Thatodos a bit
as a whole, sé might change that acronym at some point.

The idea that spacetime is always a creation of matter leads treétlg interesting different interpretation of

black hole if you define curvature space as being a function of matter, which is this: Imagine that the center of the
black holeconsists ofspacetime that has bemcredibly magnified, to the point where nothing can existide it
anymore. Even a single particle is excluded becéusgranularity of spacis sohugeinside of the black hole that

t her e 6 snoughredm fonaything.

This gives you a very different internal structure of a black hole, but it also givesoygiuly the same kind of
event horizon surface thastronomersee, especially experimentally, on the tdghe event horizon.

So, this arerydifferent way of looking ablack holes.The whole idea of a singularity judisappearsYou instead

get a really interesting kind of hyparagnification of the spacetime concé#pét is causedy theverydense matter
in momentum state orbdt the top of the event horizon.
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