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(01)- Does Captain Kirk die when he goes through the transporter? This question has kept
me up at night for decades.I’m not kidding. And I still don’t have an answer. So this video
isn’t going to answer the question, but I will explain why it’s more difficult than you may
think. If you haven’t thought about this before, maybe pause the video for a moment and try
to make up your mind. Do you think Kirk dies when he goes through the transporter? Let me
know if at the end of this video you’ve changed your mind. So how does the transporter
work? The idea is that the person who enters a transporter is converted into an energy
pattern that contains all the information. That energy can be sent or “beamed” at the speed of
light. And once it’s arrived at its final destination, it can be converted back-into-the-person.
Now of course energy isn’t something in and by itself. Energy, like momentum or velocity is
a property of something. This means the beam has to be made of something.But that doesn’t
really matter for the purpose of transportation, it only matters that the beam can contain all
the information about the person and it can be sent much faster and much easier than you
could send the person in its material form. Current technology is far, far away from being
able to read out all the information that’s necessary to build up a human being from
elementary particles. And even if we could do that, it’d take ridiculously long to send that
information anywhere. According to a glorious paper by a group of students from the
University of Leicester, assuming a bandwidth of about 30 Giga Hertz,just sending the
information of a single cell would take more than 10"15 years, and that’s not counting travel
time. Just for comparison, the age of the universe is about 10710 years. So, even if you
increase the bandwidth by a quadrillion, it’d still take at least a year just to move a cell one
meter to the left. Clearly we’re not going build a transporter isn’t going to happen any time
soon, but from the perspective of physics there’s no reason why it should not be possible. |
mean, what makes you you is not a particular collection of elementary particles. Elementary
particles are identical to each other. What makes you you is the particular arrangement of
those particles. So why not just send that information instead of all the particles? That should
be possible. And according to the best theories that we currently have, that information is
entirely contained in the configuration of the particles at any one moment in time. That’s
just how the laws of nature seem to work. Once we know the exact state of a system at one
moment, say the position and velocity of an apple, then we can calculate what happens at any
later time, say, where the apple will fall. I talked about this in more detail in my video about
differential equations, so check this out for more. For the purposes of this video you just need
to know that the idea that all the information about a person is contained in the exact
configuration at one moment in time is correct. This is also true in quantum

mechanics, though quantum mechanics brings in a subtlety that I will get to in a moment. So,
what happens in the transporter is “just” that you get converted into a different medium, all
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cell and brain processes are put on pause, and then you’re reassembled back and all those
processes continue exactly as before. For you, no time has passed, you just find yourself
elsewhere. At first sight it seems, Kirk doesn’t die when he goes through the transporter, it’s
just a conversion. But. There’s no reason why you have to convert the person into something
else when you read out the information. You can well imagine that you just read out the
information, send it elsewhere, and then build a person out of that information. And then, after
you’ve done that, you blast the original person into pieces. Can one do the same for
elementary particles? I don’t think so. But maybe you can do it for atoms, or at least for
molecules, and that might be enough.But there’s another reason you might not be able to read
out the information of a person without annihilating them in that process, namely that
quantum mechanics says that this isn’t possible. You just can’t copy an arbitrary quantum
state exactly. However, it’s somewhat questionable whether this matters for people because
quantum effects don’t seem to be hugely relevant in the human body.

(01)- Zemie kapitan Kirk, kdyz projde transportérem? Tato otazka mé drzela v noci po cela
desetileti. Ned¢lam si legraci. A stale nemam odpovéd’. Takze toto video neodpovi na otazku,
moznd si video na chvili pozastavte a zkuste se rozhodnout. Myslis, ze Kirk zemfe, kdyz
projde transportérem? Dejte mi veédét, jestli jste na konci tohoto videa zménili nazor. Jak tedy
ten transportér funguje? Myslenka je takova, ze osoba, ktera vstoupi do transportéru, je
pieménéna na energeticky vzorec, ktery obsahuje v8echny informace. Tato energie mize byt
odeslana nebo ,,vyslana“ rychlosti svétla. A jakmile dorazi na misto urceni, maze byt
piemeénén zpét na ¢lovéka. Nyni samoziejmée energie neni néco samo o sobé. Energie, jako
hybnost nebo rychlost, je vlastnost néceho. To znamena, ze paprsek musi byt z néceho
vyroben. Ale na dopravnim G¢elu to viibec nezalezi, dulezité je pouze to, Ze paprsek muze
obsahovat vSechny informace o osob¢ a lze jej odeslat mnohem rychleji a mnohem snadng¢ji
nez vy. mohl poslat osobu v jeji hmotné podobé. Soucasna technologie je velmi vzdalena
tomu, aby dokazala pie¢ist vsechny informace, které jsou nutné k vybudovani lidské bytosti,
z elementérnich &astic. DNA — to jsou viechny informace a kdyz se k nim piida ,,polévka 10%
elemnetarnich ¢astic™ ...mél by pak pocita¢ umét podle informaci sestrojit ¢lovéka z téch 104
dimenzi ¢asoprostorovych ..které nemusi byt ,,posbirany“ po celém vesmiru, stacéi ,,bezhmotvé
viici vakuum® a hmotnost se doda sama pfi ,.krouceni* dimenzi. A i kdybychom to dokazali,
trvalo by smésn¢ dlouho tyto informace nékam posilat. ? Podle slavného ¢lanku skupiny
studentt z University of Leicester by za piedpokladu siiky pasma asi 30 Giga Hertzi pouhé
odesléani informaci z jedné buiky trvalo vice nez 10715 let, a to nepoc¢itdm dobu cestovani.
Jen pro srovnani, vék vesmiru je asi 10”10 let. Takze i kdyz zvysite §itku pasma o kvadrilion,
stale by trvalo nejmén¢ rok, nez byste piesunuli buiiku o metr doleva. Je jasné, ze se
nechystdme postavit transportér, k tomu v brzké dobé nedojde, ale z pohledu fyziky neni
davod, pro¢ by to nebylo mozné. Chei fict, to, co vas déla, neni konkrétni sbirka
elementarnich ¢astic. Elementarni ¢astice jsou navzajem totozné. To, co vas dél4, je konkrétni
usporadani téchto ¢astic. Ano, vinobalickovani dimenzi ,,podle informaci z DNA“ Pro¢ tedy
neposlat tyto informace misto vsech ¢astic? Ano, neni zapotiebi ,,sbirat™ elementarni castice,
staci ,,balit” dimnenze, které jsou bezprosttedné kolem nés uz rozbalené ( ve viicim vakuu
jsou chaoticky sbalené — a to neni ¢lovek, ¢lovek je ,,uspofadany balik kiivych dimenzi podle
DNA) To by m¢lo byt mozné. ! A podle nejlepS$ich teorii, které v soucasnosti mame, je tato
informace zcela obsaZzena v konfiguraci ¢astic v kterémkoli okamziku v ¢ase. !! no vida, a to
nejsem vitbec odbornik Tak se zda, ze prirodni zakony funguji. ! Jakmile zndme piesny stav
systéemu DNA v jednom okamziku, feknéme polohu a rychlost jablka, pak mazeme vypocitat,
nebo sestrojit v realu co se stane kdykoli pozdg¢ji, feknéme, kam jablko spadne. Podrobngji



jsem o tom hovotila ve svém videu o diferencialnich rovnicich, takze se podivejte na to vice.
Pro Ucely tohoto videa staci védét, ze piedstava, ze vSechny informace o osob¢ jsou obsazeny
v piesné konfiguraci DNA v jednom okamziku, je spravna. !! Jenze...ono je néco jiného
,oudovat® 14 miliard let DNA a néco jin¢ho ,,replikovat™ konfigurace v DNA a to miize
...muze trvat 9 mésicti (?!?!)...d¢€leni bunek v déloze fizen¢ DNA muze byt ona ,,stavba“
kterd pouzije ,,dimenze dvou veli¢in“ + informace... To plati také v kvantové mechanice, i
kdyz kvantova mechanika pfinasi jemnost, ke které se za chvili dostanu. Takze to, co se déje v
transportéru, ,,déloze zeny* je ,,jen‘ to, ze se prevedete na jiné médium, 660 ?? vSechny
bunécné a mozkove procesy ,,staré hotové osoby* se pozastavi, a pak jste znovu sestaveni
,vInobalickovanim ¢asoprostoru, tj. dimenzi do konfiguraci = ¢lovek a vSechny tyto procesy
pokracuji piesné jako predtim.jako v matciné téle Pro vas zadny ¢as neuplynul,??? jen jste se
ocitli jinde.??? Na prvni pohled to vypada, ze Kirk nezemfie, kdyz projde transportérem, je to
jen konverze. To uz je sci-fi Ale. Neexistuje zadny davod, pro¢ byste museli pti cteni
informaci prevadét osobu na néco jiného. Pievadét to nelze, ale znova vyrobit z dimenzi podle
DNA, to by mozni §lo a....a d¢je se to pravé v déloze matky a...a neni nutné ,,kopirovat*
informace bezezbytku z piedlohy — DNA [Dokazete si dobie piedstavit, Ze si informace jen|
piectete, poslete jinam a pak z téchto informaci postavite ¢lovéka. Pro¢ je posilat 22 , jinam*
A poté, co to udélate, pavodniho ¢lovéka rozsekate na kusy. Pro¢ ? Pro¢ sekat matku ? ktera
,vyrabi“ dle DNA nového ¢lovéka a to z dimenzi ¢asoprostoru balickovanim téchto ? Lze
totéz ud¢lat pro elementarni ¢astice? Pro¢ bych ,,rozsekaval® puvodni elementarni ¢astice ?
kdyzZ si miizu vyrobit ,.kvantovym baldckovanim dimenzi“ nové ? podle zakont, pravidel a
podle DNA = soubor informaci... ?!? Myslim, Ze ne. Ale mozna to muzete ud¢lat pro atomy,
nebo alespon pro molekuly, a to by mohlo stacit. Ale je tu dalsi davod, pro¢ byste nemuseli
byt schopni piecist informace o 0sobé, pro¢ ? schopnost precist informace je tu, je to ,,precist
st DNA* aZ do vzniku vesmiru — tam totiZ DNA zacala...; 1idé jesté viibec nevédi kde DNA
ma svij ,,zacatek™ | aniZ byste je v tomto procesu znicili, jaky proces ? Pasirovani 80kg
tézkého cloveéka Kirka transformérem ?? a takto ,,¢ist informace z 80 kg masa a kosti ??
které se ,,protlacenim® znic¢i ?? totiZ ze kvantova mechanika fika Ze to neni mozné. Libovolny
kvantovy stav prosté nemiizete piesné zkopirovat. Jisté, proto se dité nepodoba piesné ani
matce ani otci ... Je vSak ponékud sporné, zda je to pro lidi dilezité, protoze kvantové efekty
se nezdaji byt v lidském téle prilis relevantni.

(02)- But if you think that those quantum effects are relevant, then you simply cannot copy
the information of a person without destroying the original. So in that case the Copy
Argument doesn’t work and we’re back to Kirk lives. Let’s call this the No-Copy Argument.
However... there’s another problem. The receiving side of the transporter is basically a
machine that builds humans out of information. Now, if you don’t have the information that
makes up a particular person, it’s incredibly unlikely you will correctly assemble them. But
it’s not impossible. Indeed, if such machines are possible at all and the universe is infinitely
large, or if there are other universes, then somewhere there will be a machine that will
coincidentally assemble you. Even though the information was never beamed there in the
first place. Indeed, this would happen infinitely often. So you can ask what happens with
Kirk in this case. He goes into the transporter, disappears. But copies of him appear
elsewhere, coincidentally, even though the information of the original was never read out.
You can conclude from this that it doesn’t really matter whether you actually read out the
information in the first place. The No-Copy argument fails and it looks again like that the
Kirk which we care about dies.There are various ways people have tried to make sense of this
conundrum. The most common one is abandoning our intuitive idea of what it means to be
yourself. We have this idea that our experience is continuous and if you go into



the transporter there has to be an answer to what you experience next. Do you find yourself
elsewhere? Or is that the end of your story and someone else finds themselves elsewhere? It
seems that there has to be a difference between these two cases. But if there is no observable
difference, then this just means we’re wrong in thinking that being yourself is continuous to
begin with. The other way to deal with the problem is to take our experience seriously and
conclude that there is something wrong with physics. That the information about yourself is
not contained in any one particular moment. Instead, what makes you you is the entire story
of all moments, or at least some stretch of time. In that case, it would be clear that if you
convert a person into some other physical medium and then reassemble it, that person’s
experience remains intact. Whereas if you break that person’s story in space-time apart, by
blasting them away at one place and assembling a copy elsewhere, that would not result in a
continuous experience. At least for me, this seems to make intuitively more sense. But this
conflicts with the laws of nature that we currently have. And human intuition is not a good
guide to understanding the fundamental laws of nature, quantum mechanics is exhibit A.
Philosophers by the way are evenly divided between the possible answers to the question. In
a survey, about a third voted for “death” another third for “survival” and yet another third

for “other”. What do you think? And did this video change your mind? Let me know in the
comments.This video was sponsored by Brilliant which is a website and app that offers
interactive courses on a large variety of topics in science and mathematics. | love their
courses because they are so to the point, and they allow you to explore the depth of each
topic on your own. It’s a great place to learn something new, but also to freshen up
knowledge about something you learned long ago. For more background on the physics
behind transporters, check out Brilliant's courses on differential equations, classical
mechanics, or quantum objects.All their courses will challenge you with questions so you
can check your understanding along the way. To support this channel and learn more about
Brilliant, go to brilliant dot org slash Sabine and sign up for free. The first 200 subscribers
using this link will get 20 percent off the annual premium subscription.

(02)- Ale pokud si myslite, ze tyto kvantové efekty jsou relevantni, pak prosté nemaizete
zkopirovat informace o0 0sobg¢, aniz byste znicili original. A jak to déla ,,chemicka reakce®,
no preci kopiruje informace = zakony a ,,sama“ realizuje 2 kov + kyselina = stl ;

kov Zn + kyselina H2 SO4 = sl ZnSO4 + H> ...
Takze v tom piipadé Copy Argument nefunguje a jsme zpét u Kirkovych Zivoti. Rikejme
tomu argument bez kopirovani. Nicméng¢.. je tu dalsi problém. Pfijimaci strana transportéru je
Vv podstaté stroj, ktery stavi lidi z informaci. Lépe : , kFivé dimenze ¢asoprostoru +
informace z DNA = lidi. Nyni, pokud nemate informace, které tvori konkrétni osobu, je
neuvéritelné nepravdépodobné, Ze je spravné shromazdite. Ale neni to nemozné. Pokud jsou
totiz takové stroje viibec mozné tim strojen je deloha v matce a vesmir je nekonec¢né velky,
nebo existuji-li jiné vesmiry, pak nékde bude stroj, ktery véas shodou okolnosti sestavi. Pro¢
chodit do jinych vesmirt ?? se stejnymi dimenzemi a stejnymi zakony-informacemi ?? Atoi
piesto, Ze se tam informace nikdy nevysilaly. Ve skute¢nosti by se to stdvalo nekonecné casto.
Muzete se tedy zeptat, co se v tomto ptipadé stane s Kirkem. Vstoupi do transportéru a zmizi.
Jeho kopie se ale shodou okolnosti objevuji jinde, kopie pani Sabiny nebude sice totozna se
Sabinou, ale bude to jeji dité, podle DNA, maléd Sabinka. ikdyz informace originalu nebyly
nikdy precteny. Z toho muzete usoudit, Ze nezalezi na tom, zda jste si informace skutecné
piecetli. Naopak ! Nelze délat kopie bez informaci Argument No-Copy selZze a znovu to
vypada, ze Kirk, na kterém nam zalezi, umira. Lidé se riznymi zptisoby snazili pochopit tento
hlavolam. Nejb&znéjsim z nich je opusténi nasi intuitivni predstavy o tom, co to znamené byt
sam sebou. ? tedy ,,totozna kopie™ ?? Pouze elementarni ¢astice ( kvarky, leptony, bosony )




jsou naprosté kopie sebe sama , jsou to balicky zakroucenych dimenzi do piesné konfigurace,
jsou nedélitelné a pokud je v colaideru rozbijete vzniknou ,,jety* = stiepy, coz nejsou
elementarni castice totozné. Mame piedstavu, ze naSe zkusSenost je nepfetrzita, a pokud
vstoupite do transportéru, (krematoria) musi tam byt odpovéd’ na to, co zazijete dal. Nachazite
se jinde? V nebi...Nebo tim vas piibéh konéi a nékdo dalsi duse se ocitne jinde? Zda se, Ze
mezi témito dvéma pripady musi byt rozdil. Ale pokud neni zadny pozorovatelny rozdil, pak
to jen znamena, Ze se mylime, kdyZ si myslime, Zze byt sdm sebou je od zacatku nepietrzité. A
ptesto ! ! kvarky, leptony, bosony jsou od velkého tfesku stéle stejné dodnes.Dalsim
zpusobem, jak se s problémem vypotadat, je vzit nasi zkuSenost vazné a dojit k zavéru, ze s
fyzikou neni néco v poiadku. Ze informace 0 V&S nejsou obsaZeny v zadném konkrétnim
okamziku. Kazdy stop-stav mé osoby-¢lovéka je jinou konfiguraci elementti. Misto toho vas
déla cely pribéh vsech okamzikt nebo alespon néjaky casovy usek. V takovém piipadé by
bylo jasné, ze pokud pievedete osobu na néjaké jiné fyzické médium a poté jej znovu slozite,
zkusenost této osoby zistane nedotéena. Blbost. Nelze fragmentovat ¢lovéka a pak ho zase
slozit. Zatimco kdyz rozbijete ptibéh této osoby v ¢asoprostoru, odstielite ji na jednom misté
a slozite kopii jinde, nebude to mit za nasledek nepietrzity zazitek. Alespoii pro mé to
intuitivné dava vétsi smysl. Ale to je v rozporu s piirodnimi zakony, které v souc¢asnosti
méame. A lidska intuice neni dobrym pravodcem k pochopeni zakladnich ptirodnich zékont,
kvantova mechanika je exponatem A. Filozofové jsou mimochodem rovnomeérné rozdéleni
mezi mozné odpovédi na otazku. V prizkumu zhruba tietina hlasovala pro ,,smrt“, dalsi
tietina pro ,,pieziti a dalsi tietina pro ,,jiné*. Co mysli§? Stroj transformér neni DNA +
artefakt Casoprostorové dimenze = nové narozeny ¢lovék = mala Sabinka.A zménilo toto
video vas nazor? Ne.Dejte mi védét v komentatich. Toto video bylo sponzorovano spole¢nosti
Brilliant, coz je webova stranka a aplikace, kterd nabizi interaktivni kurzy na Sirokou skalu
témat ve véde¢ a matematice. Miluji jejich kurzy, protoze jsou tak vécné a umoziuji vam
prozkoumat hloubku kazdého tématu sami. Je to skvélé misto, kde se mazete naucit néco
nového, ale také si osvézit znalosti o nééem, co jste se naucili uz davno. Pro vice informaci o
fyzice za transportéry se podivejte na Brilliantovy kurzy o diferencialnich rovnicich, klasické
mechanice nebo kvantovych objektech. VSechny jejich kurzy vas budou vyzyvat otdzkami,
abyste si cestou mohli ovéfit, jak rozumite. Chcete-li podpofit tento kanal a dozvédét se vice o
Brilliant, piejdéte na brilantni dot org slash Sabine a zaregistrujte se zdarma. Prvnich 200
predplatiteld, ktefi pouziji tento odkaz, ziska 20 procent z ro¢niho prémioveho predplatného.
Josef Navrétil, 24.10.2021 j_navratil@volny.cz
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