https://www.youtube.com/watch?v=87DxW5CmPqg0

Does Time Exist? Chad Orzel (406)
Existuje ¢as? Chad Orzel (406)

Dr Brian Keating

249 tis. odbératel

4 803 zhlédnuti 14. 4. 2024 Brian Keating's Into The Impossible Podcast

Join my mailing list https://briankeating.com/list to win a real 4 billion year old meteorite! All

.edu emails in the USA us will WIN! Today on Into the Impossible, we’re exploring the
fascinating realm of time with none other than the timekeeper himself — Chad Orzel. Chad is a
professor of physics and science communicator renowned for his popular science books, How
to Teach Quantum Physics to Your Dog, Breakfast with Einstein, and How to Teach
Relativity to Your Dog. He is also a regular contributor to Forbes.com. In his most recent
book, A Brief History of Timekeeping, Chad revisits the delicate negotiations involved in
Gregorian calendar reform, the intricate and entirely unique system employed by the Maya,
and how the problem of synchronizing clocks at different locations ultimately required us to
abandon the idea of time as an absolute and universal quantity. From sundials to sandglasses
and mechanical clocks, this sharp and engaging story isn't just about the science of
timekeeping—it's a riveting tale encompassing politics, philosophy, and the very essence of
space and time. Tune in!

Cas v klubicku

Pripojte se k mému mailing listu https://briankeating.com/list a vyhrajte skutecny 4 miliardy
let stary meteorit! Vsechny .edu e-maily v USA us VYHRAJI! Dnes na Into the Impossible
zkoumame fascinujici Fisi Casu s nikym jinym nez samotnym casomericem — Chadem Orzelem.
Chad je profesor fyziky a védecky komunikator znamy svymi populdarné védeckymi knihami
Jak naucit svého psa kvantovou fyziku, Snidané s Einsteinem a Jak naucit svého psa relativite.
Je také pravidelnym prispévatelem na Forbes.com. Ve své nejnovejsi knize Strucna historie
meéreni casu se Chad vraci k choulostivym jednanim spojenym s reformou gregorianského
kalendare, ke slozitéemu a zcela jedinecnému systému pouzivanému Mayi a k tomu, jak
problém synchronizace hodin na ruznych mistech nakonec vyzadoval, abychom opustili
predstava casu jako absolutni a univerzalni veliciny. Od slunecnich hodin po presypaci bryle
a mechanické hodiny, tento ostry a poutavy pribéh neni jen o védé o méreni casu — je t0
strhujici pribéh zahrnujici politiku, filozofii a samotnou podstatu prostoru a casu. Vyladit!
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(01)- Today on in the possible we're exploring the fascinating realm of time but none other
than the master timekeeper himself Chad orzel renowned for captivating books such as how to
teach quantum physics to your dog and breakfast with Einstein Chad is here to unveil the
mesmerizing narrative woven into his latest Masterpiece a brief history of timee keeping you
find that time passes at different rates when people are moving relative (!) to one another in
the book he revisits delicate negotiations involved in the Gregorian calendar reform the
intricate and entirely unique system employed by the Mayans and how the problem of
synchronizing clocks at different locations ultimately required us to abandon the idea of time
as an absolute and Universal quantity from Su dials to sand glasses and mechanical clocks this
sharp and engaging story isn't just about the science of timekeeping it's a riveting tale
encompassing politics philosophy and the very essence of space and time itself how do those
two things coexist how does that linear March into the future and the cyclical rep | how do
those play with each other so right now it's about that time let's get started so Chad you've
written this wonderful uh book it's not new it's two years old now A Judging a book by its
cover Brief History of timekeeping | bought the you were kind enough to send me the the
hard cover the soft cover rather with a beautiful illustration and we're going to go through it |
listened to it on audiobook as well | really enjoyed it as we do on this podcast one thing is uh
mandatory for authors such as yourself who grace us and that's to judge the book by its cover
you're never supposed to do it but you got to do it and that's to do the following chat so please
take us through the title The subtitle and the delightful intricate modern times looking gears
and the artwork so those three features of the book help us judge this book by its cover so
yeah the the title is is a brief history of timekeeping and it's very much what what it sounds
like it's it's a a book about the Science and Technology of of tracking time over the last
several thousand years | don't remember the exact wording of the subtitle but something like
the science of keeping time from Stonehenge to atomic clocks and that sort of gets you the



sense sense of the scale uh so it's from kind of Bronze Age Neolithic kind of of monuments
all the way up to the current state of-the-art and atomic clocks and even a little bit about sort
of speculative atomic clocks that uh will go to even higher level of precision than than we can
manage now the gears on the on the cover that was the work of the the art department at uh
Ben Bella books who's the publisher for this and the minute we saw that that those popped uh
| don't know what that gear train is actually from uh but it it looks really great and you know
jumps off the off the blue cover and like yes that's the the one tweak I think they they I think
they may have rotated the the the picture slightly just to get the the words the the very first
pass at it it it ended up looking like a history brief of timekeeping and uh so they they turned
it a little so it was a little clearer what order the words go in it's impossible not toh note the
direct correlation with uh the most famous book the third book that I've written according to
chat GPT if you ask it what books is Brian Keon written he's written uh losing the Nobel Prize
into the impossible in A Brief History of Time | heard the great Steven Hawking at the Royal
Society in 1994 or five and he couldn't talk but he could use a speech synthesizer yeah and at
the end he graciously accepted questions and there was a member of the audience who asked
him Stephen uh you've written this book almost nobody has read it anyone who has read it
doesn't understand it you even claim in the book that every equation reduces The Audience by
half tell me Stephen the questioner asked Hawking why did you write this book and after five
minutes of you know kind of uh just just painstaking silence we're all just waiting for him to
move his eyes across the computer generating his voice and he said because | needed to pay
for my daughter's College Chad you've got two kids you're obviously devoted to your kids
and your pets you write this book for the money to pay for them to go to college it's nice to
have a little extra money but uh you know | work at a college so uh so getting them uh getting
them through is is going to be not as as difficult as it might be in in some other circumstances
yeah if you were at UC San Diego you know what we get here we don't we don't get free
tuition we get instate tuition that's all um so I really enjoyed this book and and part of the
reason we're talking today although | wanted to talk to you for a while we met in person about

(01)- Dnes v ramci moznosti prozkoumavame fascinujici fi$i ¢asu, ale nikdo jiny nez sam
mistr ¢asomé&fi¢ Chad orzel prosluly svymi strhujicimi knihami, jako je naptiklad jak naucit
svého psa kvantovou fyziku a snidani s Einsteinem Chadem, je tu, aby odhalte fascinujici
vypraveéni vetkané do jeho nejnovéjSiho mistrovského dila struénou historii udrZzovani Casu a
zjistite, Ze cas plyne ruznym tempem, kdyz se lidé vzajemné pohybuji, Pozor ! | Nejdiive
musite pochopit, Z¢ Vesmir ma (ziejmé) 01) v kazdé d&jinné historii rizné tempo plynuti casul
(pro dané misto = Zemi). Pak musite jest¢ pochopit, Ze v pribehu rozpinani = rozbalovani
Vesmiru = ¢asoprostoru jsou lokality ( galaxie, mezery mezy galaxiemi, ¢erné diry ) kde m
je jind kiivost dimenzi ,,toho baliku = lokality* a tudiZ i v ném jiné to tempo plynuti casu.
Cili: ve stop-stavu ..... a pak jesté musite pochopit, Ze kdyz si zvolite pozorovatele a pasujete
ho do ,.klidu* (v némz nelze ménit to tempo plynuti casu, je totiz >endemické<, mistni
lokalita jako je galaxie, ) tak plynuti Casu se neméni na raketé (na kvasaru) ani pii zméné
rychlosti v & c, ale méni ,,pro Pozorovatele v Klidu, pii v = konst.*, on to tak pozoruje ve své
pozorovatelné, ,,na pozorovacim snimku®, ¢ili ve stop-historii a stop-stavu mistni lokality se
neméni plynuti u Pozorovatele, (a ani se neméni tempo na raket¢), ale méni se
POZOROVANE tempo plynuti v informacich z rakety. Opakuji: Pozorovatel sam sebe
pasovany do klidu, POZORUIJE zménu plynuti ¢asu na raketé, protoze dostava z ni pootocené




informace (dle STR ; pooteCend soustava vlastni té rakety), ale na vlastni raketé se tempo

nebo 3+1 dimenzi, kde ta dilatace v raketé neexistuje, ale existuje na snimku Pozorovatele.
Proc¢? Protoze Pozorovatel dostava ,,cinknuté pootocené hodnoty z rakety (k zvasaru...rudy
posuv je dikazem pootoceni soustavy toho kvasaru).

Suma-sumarum: Tempo plynuti casu je >neprozkoumatelné = neuchopitelné< Jednak se méni
pootacenim soustav Pozorovatele a rakety=kvasaru, a druhak se méni v d¢jinach vesmirného
globéalniho rozbalovani ¢asoprostoru tj. v ¢azdé éfe vyvoje je tempo plynuti ¢asu jiné (v éfe
plazmy je jiné, v éfe po reliktové je jiné a v éfe ,,stiedniho veku® je jiné a v éfe ,,dnes™ je jiné (
muzete si to dat do predstavy vyvoje po parabole). A pak navic je tempo plynuti ¢asu jiné,
vsude jiné v kazdé¢ lokalité¢ = galaxii, ¢erné dife, nebo gravitatnim poli, a...a my to pak ,,ve
stop-stavu‘ pozorujeme. To pozorovani je ,,stop-udaj* o plynuti ¢asu ,,tam* a ,,zde*... v
knize znovu navstivi delikétni jednani spojena s reformou gregorianského kalendare, slozity a
zcela jedinecny systém zaméstnavali Mayové a jak problém synchronizace hodin na rtiznych
mistech nakonec vyzadoval, abychom opustili mySlenku ¢asu jako absolutni a univerzalni
veli¢iny od ¢iselnikd Su po piskové sklenice a mechanické hodiny, tento ostry a poutavy
ptib&h neni jen o védé o méfeni Casu je to strhujici piibéh zahrnujici politickou filozofii a
samotnou podstatu prostoru a ¢asu samotného, jak tyto dvé véci koexistuji, jak ten linedrni
pochod do budoucnosti a cyklické opakovani, jak si tyhle hraji, takZe pravée ted’ je to o tom
Casu, za¢néme, takze Chade, napsal jsi tuhle uZasnou knihu, neni to novinka, uz jsou to dva
roky. Posuzuji knihu podle obalu Strucnd historie méreni casu. Koupil jsem, byl jsi tak laskav
a poslal jsi mi pevnou vazbu, mekkou vazbu spiSe s krasnou ilustraci a projdeme si to.
Poslouchal jsem to i na audioknize, moc se mi to libilo, stejné jako na tomto podcastu jedna
véc je povinna pro autory, jako jste vy, ktefi nas zdobi, a to je posoudit knihu podle obalu to
nikdy nemate délat, ale musite to ud¢lat, a to ud¢lat nasledujici chat, takze nés prosim
proved’te ndzvem Podtitul a nddherné slozitd moderni ozubena kola a kresba, takze tyto tfi
vlastnosti kniha ndm pomaha posuzovat tuto knihu podle obalu, takZe ano, nazev je stru¢na
historie méfeni Casu a je to velmi podobné tomu, jak to zni, je to kniha o védé€ a technologii
sledovani ¢asu za poslednich nékolik tisic let Nepamatuji si piesné znéni podtitulku, ale néco
jako véda o udrzovani ¢asu od Stonehenge po atomové hodiny a to vam da smysl pro méfitko,
takze je to z doby bronzové, neolit, druhy paméatek. Cestu k sou¢asnému stavu techniky a
atomovym hodinam a dokonce i néco malo o jakychsi spekulativnich atomovych hodinach,
které ptijdou na jesté vyssi uroven piesnosti, Je tu vidét jak védci si rozdvojili sve mysleni >0
Case< a 0 poznavani ¢asu na (témeft zbytecny)

= smér A) vylepSovani piesného, superptfesného intervalu tempa plynuti ¢asu >pozemského<
a

= B) sméru (velmi dilezitého zdkladniho nezbytného) tj. ivahy po samotné podstaté ¢asu:
kde se vzal (?), kde se vzalo tempo plynuti ¢asu, pro¢ plyne (?) proc je tempo prave takoveé
jakeé je (?), pro¢ ma €as jen jednu Cipku toku (?) a ,,co to je ten as* viibec (?) Odpovéedi ba B)
jsou trapné slabé, ale méteni ,,zvoleného intervalu = etalonu je super superidzni na desitky
desetinnych mist™... neZ jakou nyni dokdZeme zvladnout, ozubena kola na obélce, kterd byla
prace uméleckého oddéleni uh Ben Bella books, kdo je vydavatelem této a v tu chvili, kdy
jsme vidéli, ze ty vyskocily, nevim, z ¢eho vlastné je to ozubené soukoli, ale vypada to
opravdu skvéle a na ho*no...a vi§ sesko¢i z modrého obalu a jako ano, to je ta jedina Gprava.
Myslim, Ze oni si myslim, Ze mohli trochu pootocit obrazek, jen aby dostali slova, GpIn€ prvni
pruchod na to skoncilo to jako historie kratky asomér a uh, takze to trochu otocili, takze bylo




trochu jasnégjsi, v jakém potadi slova jdou, neni mozné si nevSimnout piimé korelace s
nejslavngj$i knihou, tieti knihou, kterou jsem napsal podle chatu GPT, pokud se ptate, jaké
knihy napsal Brian Keon, napsal ho uh ztrata Nobelovy ceny na nemozné v Stru¢né historii
Society v roce 1994 nebo pét a nemohl mluvit, ale mohl pouzivejte feCovy syntetizér jo a na
konci laskav¢ ptijal otazky a byl tu jeden ¢len publika, ktery se ho zeptal Stephene eh ty jsi
napsal tuto knihu skoro nikdo ji necetl, kdo ji &etl, nerozumi tomu|, tak tohle je konecné
odpovéd’ na muj uzas ,,pro€ za 40 let mé teorie, tedy hypotézy HDV, ji nikdo necetl* a dalSich
40 let ¢ist nebude. Pottebuji dobrovolnika fyzika, ktery by se obétoval a udélal se mnou You
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kdybych m¢l milion, tak se dodnes takovy fyzik = popularizator jako je Robert Lawrence
Kuhn nenasel, dokonce tvrdis v knize, ze ‘kaidé rovnice snizuje Publikum o polovinu| fekni
mi Stephen, tazatel se zeptal Hawkinga, pro¢ jsi napsal tuto knihu, a po péti minutach uz vis,
jaksi uh, jen imorné ticho, vSichni jen cekdme, az pohne o€ima pies pocita¢ vygeneroval jeho
hlas a fekl, protoze jsem potteboval zaplatit své dcefi vysokou Skolu no vida, ja za 40 let diiny
do HDV [jsem nedostal od nikoho ani p&tnik], naopak mé naklady byly v desitkéch tisic, a
hlavné v potup¢ a posméchu do fantasmagoru...ktefi maji skocit z okna. (to neni nadsazka, to
je realna pravda). Chad, mas dvé déti, evidentné se vénujes svym détem a svym mazlickim,
pises tuto knihu za penize, které zaplatis, aby Sly na vysoké skole, je hezké mit trochu pen¢z
navic, ale viS, pracuji na vysoké skole, takze dostat je, uh, prosadit je nebude tak té¢zké, jak by
to mohlo byt za jinych okolnosti, ano, kdybys tam byl UC San Diego vis, co tady dostavame,
my ne, nedostdvame Skolné zdarma, dostavame statni skolné, to je vSechno, takze se mi tato
kniha opravdu libila a ¢ast divodu, proc si dnes povidame, i kdyZ jsem chtél mluvit vas na
chvili jsme se osobné setkali o

(02)- five years ago now at an APS meeting in Denver Colorado it was great to meet you at a
an event for authors and and popularizers as as we're sometimes called but you're also a
hardcore scientist and uh contribute a lot to um cold Adams and we'll get into some of those
techniques had Bill Phillips on who you must know from your time in Maryland oh yeah bill
bill was my thesis adviser yes | was gonna say | suspected it given the uh I tried to look up
some papers that you written uh with him but Galileo’s telescope helmet it was uh I only had
so much time but Bill was on about a year and a half ago just a delight love talking to him he's
fabulous and we'll get into some uh some topics in the future of timekeeping and and where
do we go from here and why do we go from here why why do we need clocks that can do you
know fto at seconds and whatnot but the one of the reasons that talking today is because of a
uh somewhat uh brushed comment that | made or maybe you made on Twitter which is that |
was on The Joe Rogan Experience last summer and uh | was talking about my hero Galileo
who's around here somewhere in puppet form and I I claimed that he had you know tried to
solve this time Problem by inventing this you know Apple Vision Pro like device with instead
of you know one camera had two telescopes attached to it and uh the court rejected it or the
the you know the the people in charge rejected it uh because you know you could only see
Jupiter nine months of the year and you could only see it at night where was | wrong you
know how should I be shamed publicly what did | say wrong to to Dr Rogan that uh that
raised your ey if anything | don't remember exactly the the details the the telescope helmet
thing that he he drew up is is uh is is wonderfully steampunk looking it's it's really uh quite a



quite a device you the idea there is that if you could observe the eclipses of the moons of
Jupiter you can get very accurate uh measurement of what time it is and those are are very
reliably predictable and you can use that to set a clock uh and in fact people did that a lot in
the 1600s you know the technology for doing that on shipboard just wasn't wasn't there it's it's
not it's not stable enough even with the even with the helmet to be able to to Really zoom in
and and see those eclipses and get the timing that you need to to do a good measurement of
longitude people were doing that on land and and you could do uh you know travel across the
ocean then set up your telescope on land and figure out the longitude very accurately that way
that that worked pretty well but on shipboard it was pretty hopeless Galileo is also usually
credited with inventing the pendulum clock uh and he did have the idea to do the the
pendulum clock but by the time he had the idea he was he was uh rather elderly and and
basically blind so um they never got it to work one of his son his son and uh one of his his
students worked at it for a little while but never never made a a working prototype so it was
uh chrisan hins uh almost you know 30 40 years later who who got it to work designed the
first working pendulum clock and had it made by a clock maker uh named Solomon Coster
um who's one of those these these people who no actual picture of him exists uh which is sort
of interesting is from that per that that time period you know hyans you can find lots of
Engravings of hyans but Coster is a is a complete loss yeah looking at that um Al although
there is some lore there's so much lore with timekeeping | mean it's so important so integral to
everything we do in life and and so forth but and you gave it a definition which is in
congruence with what Frank wilch told me when we talked as well about time and that's you
know time is what a clock measures uh but that's sort of you know tautological you know if |
said you know length is what a ruler measures or or it wouldn't be as satisfying right so we
somehow will accept that uh for time but nothing else why why is that why is time why does
time get a free pass the phrasing I like to use I think | lifted from Bill Phillips actually is that a
clock is a thing that ticks and it it does some regular repeated action that you can count so you
know the the pendulum on a pendulum clock swinging back and forth that happens in a very
regular way and you count how many times that happens and that's the thing you use as the
clock I think the reason that that time kind of gets uh a little bit of a a pass there is it's unlike
length uh you know unlike space it we only experience it in One Direction right we we move
from the past to the Future and we do that in a in a rather inexurable way you can't you can't
go back in time um and so it it has this quality that well it only goes in One Direction uh and

(02)- pted péti lety na setkani APS v Denveru Colorado bylo skvé€lé, Ze jsem se s vami setkal
na akci pro autory a popularizatory, jak se nam n€kdy tika, ale jste také zaryty védec a hodné
pfispivate k chladnému Adamsovi a dostaneme se k nékterym z téch technik, na kterych m¢l
Bill Phillips, kterého musite znat ze svého ¢asu v Marylandu, ach jo, Bill Bill byl mij
poradce pro diplomovou praci ano, chtél jsem fict, Ze jsem to tusil, protoze jsem se snazil
podivat sepsal néjaké papiry, které jsi s nim sepsal, ...zatim jsou tu jen samé kecy namisto
védy ..., ale Galileova teleskopicka helma to bylo uh, mél jsem jen tolik ¢asu, ale Bill mél asi
pted rokem a ptil jen rozkos, miloval jsem si s nim povidat, je Gzasny a dostaneme se do
né¢jakého uh Nekterd témata v budoucnosti méfeni ¢asu a a kam jdeme odtud a pro¢ jdeme
odtud, pro¢ potiebujeme hodiny, ?? protoze veskeché technické i1 ptirodni déje se deji,, v
Case* a dokonce si troufnu fici, Ze ,,vSe kolem nas v piirod¢ i v technice a véd¢ SiplotiEebo
Mawva cas, tj. dimenzi ¢asovou“ (vSechny tii ¢asové dimenze) ... které dokazou védét fto v
sekundach a podobné, ale jeden z divodii, pro¢ dnes mluvime uh, trochu uh, opraseny



komentaf, ktery jsem udé€lal ja nebo mozna ty na Twitteru, ktery je ten, Ze jsem byl na The
Joe Rogan Experience minulé léto a uh, mluvil jsem o mém hrdinovi Galileovi, ktery je tady
n¢kde v loutkové podobé, a ja jsem tvrdil, ze mél tebe vim, Ze se tentokrat pokusil vytesit
problém vynalezenim tohoto, znate zatizeni podobné Apple Vision Pro, misto abyste védéli,
7e jedna kamera méla k sobé¢ pfipojené dva dalekohledy a uh soud to zamitl nebo to zamitli
lidé, kteti to méli na starosti. vite, ze jste mohli vidét Jupiter pouze devét mésicli v roce a
mohli jste ho vidét pouze v noci, kde jsem se mylil, vite, jak bych se mél vetejné stydét, co
jsem fekl Spatné doktoru Roganovi, ze to zvedlo vas zrak nepamatuji si pfesné ty detaily, ta
véc s helmou dalekohledu, kterou nakreslil, je uh, vypada uzasné steampunkové, je to opravdu
docela dost zafizeni, mate predstavu, Zze kdybyste mohli pozorovat zatméni mésict Jupiteru
muzete ziskat velmi presné méfeni, kolik je hodin, a ty jsou velmi spolehlivé predvidatelné a
muzete to pouzit k nastaveni hodin a ve skutecnosti to lidé délali hodné v 1600, znate
technologii, jak to udélat na lod’” prosté nebyla nebyla tam neni to neni, neni dostatecné
stabilni ani s helmou, aby bylo mozné opravdu pfiblizit a vidét ta zatméni a ziskat naasovani,
které potiebujete, abyste provedli dobré méfeni Zemépisna délka to lidé délali na sousi, a vy
jste mohli cestovat pies ocean, pak nastavit svlij dalekohled na sousi a urcit zemépisnou délku
velmi pfesné, takze to fungovalo docela dobte, ale na lodi to bylo docela beznadéjné. Galileo
je také obvykle se pfipisoval vynaleziim kyvadlovych hodin a mél napad udélat kyvadloveé
hodiny, ale v dob¢, kdy na to pfisel, byl ponékud star$i a v zasadé slepy, takze nikdy se jim to
nepodafilo. syn, jeho syn a jeden z jeho studentd na tom chvili pracovali, ale nikdy nevytvofili
funkéni prototyp, takze to byl chrisan hins uh skoro vite, o 30 40 let pozdé&ji, kdo to uvedl do
prace, navrhl prvni funkéni kyvadlové hodiny a nechal to vyrobit vyrobcem hodin jménem
Solomon Coster, ehm, ktery je jednim z t&ch lidi, u kterych neexistuje Zadna jeho skute¢na
fotka, coz je docela zajimavé, Ze z toho obdobi, vite, hyans, miiZzete najit spoustu rytin hyans,
ale Coster je naprosta ztrata, jo, kdyz se na to divam, hm, Al, i kdyz je tu n¢jaka tradice, je tu
tolik tradice s méfenim ¢asu, myslim, Ze je tak dulezita, tak integralni ke vSemu, co v zivoté
délame a tak dale, ale a ty jsi tomu dal definice, ktera je v souladu s tim, co mi fekl Frank
Wilch, kdyz jsme mluvili také o ¢ase, a to vite, ¢as je to, co méfi hodiny, to byl vyrok pana
Vojtécha Haly ktery se jim py$nil jako s neochvéjnou doktrinou a védeckym poznanim... ale
to je néco, co znate , vite, kdyz jsem tekl, ze vite, ze délka je to, co méti pravitko
nebo nebo by to nebylo tak uspokojivé spravné, takZe to néjak pfijmeme uh pro cas, ale nic
jiného, proc proc je to, pro¢ je ¢as, pro¢ ¢as dostava volny prichod fraze, kterou rad pouzivam
Myslim, ze jsem zvedl od Billa Phillipse ve skute¢nosti je Ze hodiny jsou véc, ktera tika a
déla n&jakou pravidelnou opakovanou akci, kterou miizete spocitat, abyste véd¢li, ze kyvadlo
na kyvadlovych hodinach se kyve tam a zpét, coz se d¢je velmi pravidelné, a pocitate, kolikrat
se to stane v pométeni s cyklem obéhu Zemé kolem Slunce .., tady se zrodil etalon = interval
pro tempo plynuti ¢asu ,,na Zemi®... a to je véc, kterou pouzivate jako hodiny, myslim, ze
davod, proc se ten Cas tak trochu ubiha, je to nepodobna délka, vite, na rozdil od vesmiru to
zazivame pouze v One Direction, praveé jsme se piesunuli z minulosti do budoucnosti a
délame to dost neuprosnym zpiisobem, nemuzete, nemuzete se vratit v Case, a tak to ma
takovou kvalitu, Ze to jde pouze v One Direction uh a

(03)- so there's sort of a more of a Simplicity to the to the experience of time that that lets
you get away with a very operational definition like you know time is what you measure with
a clock and a clock is the thing that ticks hey there guess what time it is yes it's time for you to
finally subscribe to the show that you've been listening to and enjoying all this time | found



that only about 50% of You Are subscribed or following the podcast video or audio so
wherever you're here just take a quick second to subscribe hit the follow button or the plus
button or subscribe on YouTube wherever you are watching or enjoying this content it really
makes a huge difference and allows me to continue getting great guests like Chad on the
podcast so go ahead hit that button and thank you so much for your support let's get back to
the episode the kind of other notion is that uh you know the origin of time in conjunction and
the The connection between time and astronomy measurement of time in aure ason omy is
incredibly intermingled and I think it be it would be useful to kind of go over these and what
you know at first glance you might not think well I'm going to talk to some an expert about
time and then talk to an astronomer but of course they're intimately related and I | kind of
want to uh get you know the historical sweep | hate it when I go on as an author and the
podcast house say you know explain your book and great details so we don't even need to buy
the short form you know brilliant summary of it we just need to listen to the podcast so um
why is astronomy so you know irrevocably associated with the measurement of time well |
mean the most obvious uh things in the natural world that tick in a in a really continued way
are the the Motions of objects in the sky right so the Sun every day uh if you're you're in
California so I'm assuming it's sunny uh it's it's pretty dreary here too cloudy I think it's
warmer where you are today in SK the uh the the sun you know R es in the the East and
moves across the sky and sets in the west and that happens every day with with amazing
regularity and that's a thing you can count you can you know say okay well the sun rose and
then it moved across the sky and it's set and and now it's risen again and that's a tick that's one
day you can make it a little more fine grained by doing something like you know Hammer
stick in the ground and then you look at where the shadow points and you can say well that
gives you a little more resolution you know finer resolution to subdivide the day um and that
that works very well there's also you know at night there's the the second most obvious
moving thing in the sky is the moon and that has the the really nice property that it also
changes shape on a very human kind of time scale right over over the course of several days
you see it go from you know a tiny little crescent to uh you know the the the quarter moon
and then the and then the full moon and you see that evolution that follows a very regular
pattern small Crescent gets bigger shrinks down disappears small Crescent gets bigger shrinks
down disappeared right that that happens over and over and that gives you another kind of
clock and so it's the what is the origin of timekeeping is trying to use those patterns to Mark
the passage of time and to sort of predict when is uh when is this going to happen again right
how many days will it be before the moon is full again or more importantly like how many
days will it be before its planting season again right before we need to to do agrarian things to
ensure that we have enough food to carry on as a as a civilization the other thing that kind of
resonates throughout here is the application of the measurement of time uh to navigation Why
is longitude so hard to measure? which again you know is not immediately obvious to a lay
person perhaps so why don't you speak a little bit about that it's easy to measure latitude with
a telescope and uh an ability to see at least close to Polaris or other stars even you can you can
measure it with any Star but but in particular uh but why is longitude such a difficult
proposition to measure yeah longitude is tricky because the you know the Earth is a sphere
and it's rotating and there isn't the same uh fixed Point latitude is easy because you know you
can look at the height of the Sun at noon or you can look at the the elevation of the the North
Star uh at night and uh pretty directly do a little tiny bit of trigonometry and get what the you
what your latitude is uh very very easily there isn't that kind of fixed point with longitude



because that's the direction in which the Earth is rotating so everything is constantly moving
in in the longitudinal Direction and that

(03)- takze v prozivani ¢asu je trochu vice jednoduchosti, ktera vam umozni dostat se pry¢ s
velmi operativni definici, jako kdyz vite, [Ze Cas je to, co métite hodinami, a hodiny jsou véc,
ktera tika, ahoj, hadej, kolik je hodin, ano, je ¢as, abys se kone¢né piihlasil k odbéru potadu,
ktery jsi celou tu dobu poslouchal a uzival si ho. Zjistil jsem, Ze jen asi 50 % z vas je
piihlaseno nebo sleduje video nebo zvuk podcastu, takze kdekoli jste tady, staci se jen kratce
piihlasit k odbéru stisknéte tlacitko Sledovat nebo tla¢itko plus nebo se piihlaste k odbéru na
YouTube, at’ uz sledujete nebo si uzivate tento obsah, je to opravdu obrovsky rozdil a
umoziuje mi i nadale dostavat do podcastu skvélé hosty, jako je Chad tak pokracujte,
stisknéte to tlacitko a moc vam dekuji za vasi podporu, vratme se k epizod€. Druhou
predstavou je, [Zel znate pivod Casu v konjunkci a spojeni mezi Casem a astronomickym
meéfenim Casu v aure aure omy je neuvetitelné propletené a myslim, ze by bylo uZzitecné si je
néjak projit a to, co na prvni pohled vite, vam mozna nebude myslet dobie, promluvim si s
néjakym odbornikem na €as a pak s astronomem, ale samoziejmée jsou divérné piibuzni a ja
tak trochu chci, abyste se seznamili s historickym pfedmetem, nesnasim, kdyz pokracuji jako
autor a podcast house tika, Ze vite vysvétlit svou knihu a skvél¢é detaily, takze je ani
nepotiebujeme. Abychom si koupili kratkou formu, kterou znate, brilantni shrnuti, staci si
poslechnout podcast, takZze hm, pro¢ je astronomie, abyste védéli, neodvolatelné spojena s
meéfenim ¢asu, mdm na mysli ty nejziejméjsi véci v piirodnim svéte, které tikaji opravdu
pokracujici jsou pohyby objektii na obloze spravné, takze slunce kazdy den uh, pokud jste,
jste v Kalifornii, takze ptfedpokladam, ze je slunecno, uh, je to docela ponuré, pfili§ zatazeno,
myslim, Ze je tam tepleji jsi dnes na SK, slunce, které znas R es na vychodé a pohybuje se po
obloze a zapada na zapadg, a to se d¢je kazdy den s uzasnou pravidelnosti a to je véc, kterou
muzes spocitat, mizes védet, fikat dobfe no slunce vyslo a pak se pohnulo po obloze a
zapadlo a ted’ zase vyslo a to je klisté, které jednoho dne miZete udélat trochu
jemnozrnnéjSim tim, Ze ud€late néco jako vite, ze kladivo zabodne do zemé a pak vy
podivejte se, kam sméfuje stin, a mizete dobfe fici, Ze vam to dava trochu vétsi rozliseni,
znate jemn¢&jsi rozliSeni na rozdéleni dne, a ze to funguje velmi dobfe, také vite, Ze v noci je
druha nejztetelnéji se pohybujici véc na obloze je mésic a ma tu opravdu péknou vlastnost, Ze
také méni tvar na velmi lidském ¢asovém méfitku pifimo v prubéhu ne€kolika dni, vidite, jak to
jde od vas, znate maly maly srpek, aZ po uh, vite, Ze ¢tvrtmeésic a pak a pak Gpln€k a uvidite,
ze evoluce, ktera se fidi velmi pravidelnym vzorem, maly srpek se zvétSuje, zmensSuje se mizi
maly srpek se zvétSuje, zmensuje se mizi spravng, ze se to déje znovu a znovu a to vam dava

jiny druh hodin a tak to, co je ptivodem , se snazi pouZit tyto vzorce k oznaceni

a k pfedpovédi, kdy se to stane znovu, kolik dni bude trvat, nez bude mésic
budeme muset udélat agrarni véci, abychom zajistili, Ze budeme mit dostatek jidla, abychom
mohli pokracovat jako civilizace. Dalsi véc, kterd zde rezonuje, je aplikace méfeni ¢asu uh na
navigaci. Pro¢ je tak tézké méfit zemepisnou délku?, coz opét vite, neni hned ziejmé laikovi,
mozna, tak pro¢ se trochu nezminite o tom, Ze je snadné méfit zemeépisnou Sirku
dalekohledem a uh schopnost vidét alespon blizko Polarky nebo jinych hvézd i vy mtzete
muZete to zméfit s jakoukoli hvézdou, ale zv1ast€ uh, ale pro¢ je zemépisna délka tak obtizny
navrh méfit ano, zemépisna délka je slozita, protoze vite, Ze Zeme je koule a otaci se a neni



tam stejny uh, pevny bod zemépisna Sitka je snadné, protoze vite, ze se muzete podivat na
vysku Slunce v poledne nebo se mizete podivat na nadmotskou vysku Polarky v noci a uh
docela ptimo udélat maly kousek trigonometrie a zjistit, co mate, jakou mate zemépisnou
Sitku je velmi snadné, Ze neexistuje takovy pevny bod se zemépisnou délkou, protoze to je
smér, ve kterém se Zemé¢ otaci, takze se vSe neustale pohybuje v podélném sméru a to

(04)- makes it a lot more complicated the only way to to figure out you can figure out a
difference in longitude if you know a difference in time right and time is measured by say the
position of the sun if the sun is directly overhead for me here on the East Coast then it's going
to be you know 3 hours Short of directly overhead for you on the west coast and that
difference tells us the longitude right the how that the difference in where we see the sun at
the same instant in time tells us our difference in longitude so you need to be able to to know
the time at two widely separated locations to be able to determine longitude if your fastest
mode of travel is foot or horseback it doesn't really matter very much cuz you're never going
to go far enough that that you you have to worry about that but if you're going you know
many thousands of miles on on relatively fast moving ships trying to make a glob spanning
Empire or later on when you get to things like like railroad trains uh and then eventually
airplanes right you can experience these changes in time in a very real way and then it
becomes really important to know when you are as well as in order to determine where you
are and of course the you know the Notions of so many of these things are both familiar and
The relativity of simultaneity terrifyingly you know abstract to many people and throughout
the book you do an excellent job kind of explaining the mindset of the time and what was
thought to be the prevailing you know best measurements of time and then all of a sudden
comes this guy in 1905 with his paper on relativistic Dynam electrodynamics which we don't
normally associate with relativity and all hell breaks loose talk about the challenge of what we
just described in a in on a a moving framework on a planet that's moving around a star that's
moving and a Galaxy that's moving talk about the relative relativity of simultaneity and how
that was a philosophical uh you know upheaval as well as a scientific upheaval there's a really
good uh paper | mentioned it in the book it's available online uh you know in a trans ated free
form by HRI panker called the measure of time uh and he he makes a really good point that
that like sort of essentially everything we do when we're talking about measuring time is a
matter of convention and and sort of uh choice for convenience right we we can determine
what time it is by looking at the eclipses of the moons of Jupiter but when we do that we say
well we can predict the eclipses because we assume Newton's Laws of of gravity and that
describes the orbit of those moons and so we know where that's going to be and we assume
that the speed of light between here and there is is finite and very large and we we know what
it is and you put all that stuff together and then you get something that works as a clock but
you could make very different assumptions about the world we're just choosing to use those
ones because they're convenient to us right and so that gets you sort of time has this sort of
necessarily has this kind of Relativity to it that that everybody's experienc is a little different
and and we obtain some kind of commonality by making a choice of convention what
Einstein pointed out is that you know you if you look at the behavior of of things you would
say the laws of electrodynamics predict that there's one and only one speed of light and if you
um you know look into that you can arrange it so that there is in fact one and only one speed
of light at the cost of changing uh our Notions of time and that the time has to pass at a
different rate if you're moving uh in order to ensure that there's one and only one speed of



light and this this is a thing that is an idea that a number of people sort of encountered this
issue with the speed of light and electrodynamics and how do we explain this and that sort of
thing and Einstein's uh big point was to to point out sort of going back to what we said at the
very beginning that you know you can't talk about time unless you talk about how you're
measuring the passage of time you can't talk about time in two widely separated places unless
you talk about how you synchronize those clocks at those widely separated places and when
you go through the details of how would you do that how would you synchronize clocks how
would you you get that you find that time passes at different rates when people are moving
relative to one another and then the whole theory of special relativity unfolds from that can
you talk about gravity and it's not immediately obvious to probably most people that gravity
should affect a clock and yet it does and can you EXP explain the notion separate from the
effects of special relativity on which gravitational fields can affect the passage of time for for
different observers you know one of my favorite Einstein stories is he he described you know
the happiest thought of his life is a day he was in the patent office and he was thinking about

(04)- dela to mnohem slozitéjsi, jediny zptisob, jak zjistit, Ze mlizete zjistit rozdil v
zemepisné délce, pokud znate rozdil v Case spravné a Cas se méii feknéme polohou slunce,
pokud je slunce pfimo nad hlavou pro mé tady na vychodnim pobtezi to bude, Ze to budete
védét 3 hodiny. Kratce do toho, abyste pfimo nad hlavou na zapadnim pobiezi a ten rozdil
nam fiké zemépisnou délku, jak ten rozdil v tom, kde vidime slunce ve stejny okamzik Cas
nam fiké nas rozdil v zemépisné délce, takze musite byt schopni znat ¢as na dvou Siroce
oddélenych mistech, abyste mohli urcit zemépisnou délku, jestli je vas nejrychlejsi zplisob
cestovani pésky nebo na koni, na tom opravdu moc nezalezi, protoze jste nikdy nedojdes tak
daleko, ze se o to bude$ muset starat, ale pokud jedes, zna$ mnoho tisic mil dal na relativné
rychle se pohybujicich lodich, které se snazi vytvofit globus zahrnujici Impérium nebo
pozdé&ji, kdyz se dostanes k vécem jako jako Zelezni¢ni vlaky, a pak nakonec letadla, spravne,
muZzete tyto zmény v Case zazit velmi redlnym zplisobem a pak je opravdu dileZzité védét,
, stejné jako pro urceni, , a samoziejme, ze znate pojmy z tolika téchto véci jsou
obé€ zndmé a Relativita simultannosti désivé znas abstraktni pro mnoho lidi a v celé knize
odvadis skvélou praci, kdyz vysvétlujes tehdejsi mysleni a to, co bylo povazovano za
ptrevladajici, ty znas ty nejlepsi miry ¢asu a pak najednou prichazi tento chlapik v roce
1905 se svou praci o relativistické elektrodynamice, kterou normalné nespojujeme s
relativitou, a peklo se rozpoutalo fe¢i o vyzvée toho, co jsme prave popsali v pohyblivém ramci
na planeté, kterd se pohybuje kolem hvézdy, ktera se pohybuje, a galaxie, kterd se pohybuje,
mluvte o relativni relativité simultdnnosti a o tom, jak to bylo filozofické, vite, ptfevrat, stejné
jako védecky prevrat, existuje opravdu dobry ¢lanek, o kterém jsem se zminil v knize je k
dispozici online, vite, v pfeloZzené bezplatné formé od HRI pankera, které se fika mira Casu, a
ik opravdu dobfte, Ze jako v podstaté vSechno, co déldme, kdyz mluvime o méteni Casu, je
otazkou konvenci a uréitym druhem volby pro pohodli miZeme urcit, kolik je hodin
pohledem na zatméni mésict Jupitera, ale kdyZ to udélame, fikame dobte, ze mizeme
zatmeéni predpovédet, protoze predpokladame Newtonovy zdkony gravitace a ktery popisuje
obéznou drdhu téch mésici, a tak vime, kde to bude, a predpokladdme, Ze rychlost svétla mezi
tady a tam je konecnd a velmi velka a my vime, co to je, a vy date vSechny ty véci dohromady
a pak ziskate néco, co funguje jako hodiny, mechanizmy které funguji jako hodiny, tedy kterée
»porcuji Cas, porcuji pohyb po Case, pohyb objektu po ¢asové dimenzi®, kterd ,,stoji“ (!).



Hodiny nejsou vysvétlenim pojmu CAS. Dokonce ani nevysvétluji ,,dané tempo plynuti
Casu®, ani zda ¢as plyne nam anebo my Ze plyneme jemu, tj. ,,po ¢ase®... ale miZete si
vytvoftit velmi odlisné predpoklady o svété, které jsme se praveé rozhodli pouZit, protoze jsou
pro nas vhodné, a diky tomu ziskate ur¢ity druh ¢asu. ?? Druh relativity k tomu, Ze zkuSenost
kazdého je trochu jina, a my ziskavame urcity druh shody volbou konvence, na kterou
poukazal Einstein, je, Ze poznate sami sebe, kdyz se podivate na chovani véci, které byste
fekli zakony elektrodynamiky piedpovidaji, Ze existuje jedna a pouze jedna rychlost]
, a divodem pro tu,jednu“ rychlost c = 1/1, je to, ze ona existuje pouze
V narovnaném ¢asoprostoru, v euklidovsky plochém casoprostoru, kde ,,rozpinani* je stejné
rychlé jako rychlost svétla, ¢as na fotyonu stoji a foton stoji na ¢asové dimenzi..., vSechno
ostatni ,,bézi“, vSude je zakfiveny Casoprostor, ve kterém musi platit v < c, protoze vSude
Vv zakfiveném Casoprostoru je hmota..., hmota vytvifi kfivost dimenzi, kiivost 3+3D
casoprostoru, a kiivy casoprostor je pak spojen s hmotou tak, zZe ,,balickovanim* dimenzi se
hmota vyrabi, doslova a do pismene. Pro veSkerou baryonovou hmotul, kterou komem sebe
méame (od protonu, ptes atomy, molekuly, slou¢eniny, chemii, biologii, az k DNA) nam
postati|dva kvarky U, D, a jeden elektron| 111! _...!!! A supertiizasné, ze ty
tii elementy jsou oby&ejnym jednoduchym klubickem| dimenzi Sasti (ti dimenzi Casu) a
dimenzi délek (tfi dimenzi délek), Ze pro veskeré elementarni Castice ndm postaci jen nékolik
dimenzi ¢asu a n¢kolik extradimenzi délek @ http://www.hypothesis-of-
universe.com/index.php?nav=ea ; http://www.hypothesis-of-
universe.com/docs/ea/ea_006.pdf ; a Gizasné, kolik je v atomu mista, prostoru mezi jidrem a
elektronem = vodik, tj. vodik je 99,96% prazdného prostoru, té€émet plochého, nekiiveého a
tou kiivosti se ,,chlubi jen ty tfi balicky* zakladnich elementti @ proton, neutron a elektron...;
a pokud vite, podivejte se na to, mizete to zafidit tak, aby ve skute¢nosti existovala jedna a
pouze jedna rychlost svétla ¢ = 1/1 ; Poté, co si lidé zvolili ,,svou jednotku, sviij interval na
¢asové dimenzi a dékové dimenzi®, tak jim vyslo ¢ =2,9979246 . 108/10° protoze Zijeme v
lokalné néjak zaktivené lokalité vesmiru, ¢asdoprostoru 3+3D. za cenu zmény nasich predstav
o &ase a tom. Cas musi plynout jinym tempem, pokud se pohybujete, uh, laby bylo zajiténo
7e existuje jedna a pouze jedna rychlost svétla, my nezname vlastni tempo plynuti ,,naSeho
¢asu, my volime interval ,,na ¢asové dimenzi a pak ho porovnadvame s rychlosti svétla, ktera
je v plochém ¢asoprostoru stale stejna. Sam vesmir, kdyby navrhoval jednotkovy interval =
etalon ( ¢asu nebo délky), musel !! by! ho navrhnout libovolné velky, ale vzdy pro ,,prvni
veli¢inu® (napf. Cas) takovy, tak, aby vyslo ¢ = 1/1, tj. , aby se druha veli¢ina pfizpusobila
haoméru etalonu ¢asu ku etalonu délkyl, aby muselo vyjit ¢ = 1/1. Pokud by se Vesmir spletl a
zvolil pro ,,c* — rychlost svétla, etalony xy =1aty =1, tak by to musel ,,obhajit zavedenim*
ktivosti dimenzi asoprostoru, prosté by musel bud’ pokftivit ¢p anebo vyrobit v<c. Ve
fyzice plati |m.v2 = mo . c¥; ale pozor, neni to rigorézni pravda. Mélo by byt _
... ; tady je o tom vyklad http://www.hypothesis-of-
universe.com/docs/f/f 008.pdf ; http://www.hypothesis-of-universe.com/docs/f/f 033.pdf ;
http://www.hypothesis-of-universe.com/docs/f/f_008.pdf ... opraveny Heisengeruv princip
neurcitosti a to je véc, ktera je myslenkou, Ze se s timto problémem setkalo mnoho lidi.
Rychlost svétla a elektrodynamika a jak vysvétlime to a ono, a Einsteinovym velkym cilem
bylo poukdzat na to, abychom se vratili k tomu, co jsme fekli na samém zacatku, zZe vite, Ze
nemuZete mluvit o ¢ase, pokud mluvit o tom, jak méftite plynuti ¢asu, nemtzete mluvit o Case
na dvou Siroce oddélenych mistech, pokud nemluvite o tom, jak synchronizujete tyto hodiny
na téchto Siroce oddélenych mistech, a kdyz si projdete detaily, jak byste to udélali jak byste



http://www.hypothesis-of-universe.com/index.php?nav=ea
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http://www.hypothesis-of-universe.com/docs/f/f_033.pdf
http://www.hypothesis-of-universe.com/docs/f/f_008.pdf

synchronizovali hodiny, jak byste dosli k tomu, Ze zjistite, ze ¢as plyne riiznymi rychlostmi,
kdyz se lidé pohybuji viéi sobé navzajem a pak se odviji cela teorie specialni relativity,
Pozorovatel, sdm sebe pasovany do klidu, POZORUIJE zménu plynuti ¢asu na raketé, protoze
dostavé z ni pootocené informace (dle STR ; poote¢ena soustava vlastni té rakety vici
soustave v klidu = soustavée zakladniho Pozorovatele jenz je pasovan do klidu), ale na vlastni

soustavu 3+3dimenzi, nebo 3+1 dimenzi, kde ta dilatace v raketé neexistuje, ale existuje na
snimku Pozorovatele. Pro¢? ProtoZze Pozorovatel dostava ,,cinknuté* pooto¢ené hodnoty

z rakety (k zvasaru...rudy posuv je diikazem pootoCeni soustavy toho kvasaru)...

muzete mluvit o gravitaci a neni to hned zfejmé, pravdépodobné vétsina lidi tvrdi, Ze
gravitace by méla ovlivitovat hodiny, hodiny ne, ale ¢as ano, tempo c¢asu ano. Hodiny jsou
mechanizmus nastaveny na ,,dané“ (nebo volen¢) tempo plynuti a nesmi se jim tempo ménit,
at’ na n€ piisobi cokoliv. Hodinama méfime zmény tempa nikoliv obracené, aby zmény

Vv prostfedi ménily tempo hodin... a pfesto to déla a mizete EXP vysvétlit pojem oddélené od
ucink specidlni teorie relativity, na které mohou gravitacni pole ovliviiovat béh €asu pro
rizné pozorovatele, vite, jeden z mych oblibenych Einsteinovych pfib&ht je on popsal, vite,
ze nejst’astnéj$i myslenkou jeho Zivota je den, kdy byl v patentovém tfadu a na ktery
premyslel

(05)- somebody falling from a high place and you know the the thing that separates a genius
like Einstein from normal people is he was not imagining a specific annoying coworker being
pushed out a window he was thinking you know very generally about the physics of
somebody falling and realized that when you're falling you feel weightless like as you're
falling you don't feel a sensation of weight and that led him to realize that there's this
connection between gravity and acceleration and at the time he had been trying to extend
special relativity the the theory that that governs uh people in motion relative to one another
to include motion that was changing uh changing direction changing speed uh accelerate in
physics terms and he realized that that there's this connection between gravity and
acceleration so in the same way that thinking about how do you synchronize clocks in
separated locations uh leads you to the notion that people moving at constant speed relative to
one another experience time passing at different rates when you start to factor in the effect of
acceleration and say okay it can't be possible to tell the difference between accelerating in
One Direction and having gravity pull in the opposite direction then uh that leads inexorably
to the conclusion that gravity affects the passage of time and and this is a thing that we can
directly measure you can uh there's a famous experiment done at uh MIT in the in the 50s or
60s where they they shot uh light up a uh they call it a tower but it's really a stairwell in the in
the physics building at at Harvard and and showed that the frequency of the light reaching a
detector at the top was very slightly different than the frequency when it left the source at the
bottom and that difference is exactly accounted for by the effect of gravity on time that that
Einstein predicted general relativity yeah that happiest thought of Einstein actually as a segue
gives me opportunity to move into education because when I think about what artificial
intelligence may or may not do to us uh as a species | think of that quote often because in
what sense could a computer you know uh visualize the visceral sensation of free and
furthermore in what sense could it have a happiest thought I mean what is its happiest thought
when it's fully charged | mean how how is it how is it going to relate to these Notions of of



the great gonan experiments that einon and others practicing and so you're Master educator
you're known for um special attention to the craft of being a professor you and | can talk shop
now uh now that we passed the 20 minute Mark which is the average view duration for my
videos shame on you out there you should watch the whole thing actually if you're if you
heard me shame you you're actually listening so I love you're doing you're doing great keep it
up keep listening stay till the end um by either that or you're you're playing it on double speed
that's right so uh when we The future of education after COVID think about being a professor
| thought you know part of the the book that was written during covid as | understand your
book and um I thought covid would be the death nail for our profession in some sense |
thought zoom and paying full tuition which I assume is you know similar here there at
Harvard I just talked to uh Eric mouri yesterday $57,200 at Harvard look these are kind of
you know cartel level price tags and yet nothing really happened differently we emerged from
covid uh basically doing the same thing uh you and | scrape on a big piece of Rock with a
little piece of rock and uh and that's the same as was done in the University of bolognia in the
year 1080 when the first Western uh University started so um are we you know basically safe
from Al overlords what do you think do the profession look like uh for master Educators such
as yourself one of the things that that Co revealed and that that that having to make that really
rapid transition into online education revealed is that there there's really a a crucial in-person
sort of live element to it that's that's hard to do without that you you really need the ability to
to sort of have give and take and conversations and adjust on the Fly that's that's hard to do
online you know | did uh the book came out during a covid surge so like | did a bunch of
speaking events but they were all remote because it was it was the | think the Omron or Delta
one of one of those variants and you know every all the inperson stuff was canceled and it's
really hard to do like uh talks for an audience when you can't see them directly and you can't
interact live in the the way you know you see the little tiny faces on the side of the zoom
window but you can't really get much from that and so you know we did uh we did a a term of
fully remote we did um a term you know | taught a course on Quantum Computing in a

(05)- né¢kdo spadl z vyvyseného mista a vy vite, Ze génia jako Einstein odd¢luje od
normalnich lidi tim, Ze si nepfedstavoval konkrétniho otravného spolupracovnika vystréeného
z okna, o kterém si myslel, Ze vite velmi obecné o fyzice n€kdo padal a uvédomil si, Ze kdyz
padate, citite se bez tize, jako kdyz padate, necitite pocit tihy a to ho vedlo k tomu, ze si
uvédomil, Ze existuje spojeni mezi gravitaci a zrychlenim a v dobé, kdy se snazil rozsifit
specialni teorii relativity teorii, Ze se fidi 1idé pohybujici se viici sobé navzajem, aby
zahrnovala pohyb, ktery se ménil uh ménici se smér ménici se rychlost uh zrychlit ve
fyzikalnich terminech a uvédomil si, Ze existuje toto spojeni mezi gravitaci a zrychlenim,
takze ve stejném zpusobu, jakym premysleni o tom, jak synchronizujete hodiny na
oddélenych mistech, vas vede k predstave, ze lidé pohybujici se konstantni rychlosti viici sobé
zazivaji ¢as plynouci riznou rychlosti, ?? kdyZ za¢nete zohlediiovat ucinek zrychleni a
feknete dobfe, mize. Neni mozné rozeznat rozdil mezi zrychlovanim v jednom sméru a
plsobenim gravitace v opaéném sméru, coz vede neuprosné k zaveru, ze gravitace ovliviiuje
béh = tempo plynuti ¢asu a to je vée, kterou muzeme piimo zméfit, O.K., muzete uh slavny
experiment provedeny na MIT v 50. nebo 60. letech, kdy strileli, rozsvitili a fikali tomu véz,
ale ve skutecnosti je to schodisté v budové fyziky na Harvardu a ukazalo se, ze frekvence
svétlo dopadajici na detektor nahote se velmi mirné liSilo od frekvence, kdyz opustilo zdroj
dole, a tento rozdil je presné vysvétlen vlivem gravitace na €as, tempo plynuti ¢asu se méni



Vv riizné zakiiveném Casoprostoru (ovsem hodiny méfi stale stejné nastavené tempo tikotu =
ukrajovani intervalt) kterym Einstein pfedpovédél obecnou relativitu, ano, ta nej$t’astnéjsi
mysSlenka na Einsteina ve skute¢nosti jako Segue mi dava prilezitost pfesunout se do
vzdélavani, protoze kdyz pfemyslim o tom, co s ndmi umélé inteligence mtize nebo nemusi
udélat, uh, jako druhu, myslim na ten citat Casto, protoze v jakém smyslu by mohl pocitac,
ktery znate, vizualizovat visceralni pocit svobody a dale v jakém smyslu by mohla mit
nejst’astnéjsi myslenku, myslim, co je jeji nejst'astnéjsi myslenka, kdyz je pln€ nabita,
myslim, jak to je, jak to bude souviset s témito predstavami o velkych gonanovych
experimentech, které einon a jini praktikuji atd., jsi hlavni vychovatel, je o vas znamo, Ze
vénujete zvlastni pozornost femeslu byt profesorem, vy a ja si mizeme promluvit, ted’, kdyz
jsme piekrocili hranici 20 minut, 20 minut nesrozumitelnych blaboli... coz je primérna délka
sledovani mych videi,ano, chapu ,,pro¢®.. .stydite se tam venku mél bys to vlastné celé
sledovat, jestli jsi, jestli jsi mée slysel, stydim se, ze vlastné poslouchas, takze to miluji, d€las
to skvéle pokracuj v tom pokracuj poslouchej zlistan az do konce um bud’ tim, nebo ty' hrajes
to dvojnasobnou rychlosti, tak je to spravné, tak kdyZ se budoucnost vzdélavani po COVID
zamyslime nad tim byt profesorem. Myslel jsem, Ze znate ¢ast knihy, ktera byla napsana
behem covidu, protoze rozumim vasi knize a myslel jsem si covid by to byl hiebik smrti pro
nasi profesi v uritém smyslu. Myslel jsem, Ze zoom a zaplaceni plného $kolného, coz
predpokladam, Ze znate néco podobného tady na Harvardu. Pravé jsem véera mluvil s Ericem
Mourim, $57 200 na Harvardu, podivejte se, jak vite, ceny na urovni kartelu tagy a ptesto se
vlastné nic nestalo jinak, vynofili jsme se z covidu uh v podstaté jsme délali to samé uh ty a ja
Skrabeme na velky kus skaly malym kusem skély a uh a to je to samé, co se d¢lalo na
univerzité¢ v Bolognii v roce 1080, kdy zacala prvni Western uh University, takze vime, Ze v
podstaté v bezpeci pied vladci Al jak si myslite, Ze ta profese vypada uh pro mistry
pedagogy, jako jste vy, jedna z véci, které Co odhalil a Ze to musi Skute¢né rychly prechod do
online vzdélavani odhalil, Ze je zde skutecné zasadni osobni prvek Zivého vysilani, bez
kterého je t€zké se obejit, no, ehm, pro meé ucho, oko, je toto zmatenost horsi nez samomluva
Vv blazinci... opravdu opravdu potiebujete schopnost davat a brat a konverzovat a
prizptisobovat se on the Fly, to je t€Zké udélat online, vite, Ze jsem to udélal uh, kniha vysla
béhem néavalu COVID, takZe jako bych dé€lal spoustu fe¢nickych akei, ale vSechny byly
vzdalené, protoZe to byl, myslim, Omron nebo Delta jedna z téchto variant a vy vite, Ze
vSechny osobni véci byly zrusSeny a je opravdu tézke delat takové feci pro publikum, kdyz
je nevidite pfimo a nemuzete komunikovat nazivo tak, jak vite, ze to vidite. Malé malické
obliceje na strané zoomového okna, ale ve skutecnosti se z toho moc nedostanete, a tak vite,
ze jsme udélali semestr plné na dalku, udélali jsme termin, o kterém vite, Ze jsem ucil kurz
kvantového pocitani v

(06)- hybrid format and that you know sort of worked but it's really hard to have people in in
the the different places you know and have that that kind of interactivity and that that read the
RO room and and and adjust things as needed you know if I'm going too slow I can sort of tell
and | can speed up or if I'm if I'm losing the audience and like okay clearly this isn't Landing |
can you know do this on the Fly and it's it's a lot harder to do that in the kind of asynchronous
video way that you you tend to on on the internet you know when we opened back up in
person in the the fall of of 2020 um you know we we had started bringing students back on on
campus in September it was really something to see how grateful people were to be back in
person in school and uh the length that students were willing to go to like the the restrictions



on masking and socialization and and all sorts of of activities that they that they were willing
to put up with for the sake of being in in person because people really value that that content
and that that in-person interaction the tech is almost there but it's not it's not yet maybe some
you know VR kind of thing uh eventually gets you there but you know as it is it's still not
there's still something about being in the same room with people that's kind of that feels really
essential to to making progress in education you know friend Galileo and Einstein and Carl
Sean and The standard definition of time many others you know practiced this this um you
know craft for for so long but yeah I do think that there could be some potential opportunities
also because why talk to you know uh me you know Brian keing and learn you know
cosmology when you could talk to some Avatar of Edwin Hubble uh and so I | do worry
about it and actually speaking to Eric yesterday was quite terrifying because you know his
whole um shtick is that we should flip the classroom and have basically the the students read
the book the night before and uh catch up and do some problem solving and then come to
class and then debate with their other students and that actually has a two-fold purpose it it
actually you know um rewards the the uh the students that are highest performing because
they get to teach and when you teach you learn as you and | know better than just reading and
consumption and it benefits the lower performing students at Harvard they have a lot of low
performing student they're they're known for that at least half of them are below average |
mean | | know that for sure so you know they they get the benefit from the students that are
highly engaged and and have a future in it whereas you know you and | you know we we we
may have our days numbered | guess but getting back to timekeeping you know and | thought
about this book I interviewed Um Zack weiners Smith last week about his book a city on
Mars | actually spoke to Elon Musk on Twitter spaces X bases rather a couple of weeks ago
and | asked him look man you can't be serious about going to Mars it's it's basic Al a one-way
death trip if you make it the best case is that you die on the way you know and and and you
may like it uh you know but the people traveling with you you know when they're as rich as
you on the spaceship it doesn't matter that you had $250 billion US Dollars you know who
cares when you're you know in the middle of uh you know the halfway point to get to Mars he
still have six months left with this guy so I said are you really serious about this I mean which
you know he has 10 11 12 kids we don't know for sure uh but you know what what are you
what are you doing here buddy and he really couldn't answer and as mom broke in and said
well we don't have to worry about that for a while and uh but uh made me think about
interplanetary timekeeping let's say we do get there Mars could be as close as | think four
light minutes from Earth it could be as far as 20 imagine civilizations set up there it's
impossible for any real-time you know guidance activities but um what would be sort of a
standard let's make the standard now instead of the peace meal network of you know that was
set by railroad Architects that you depict in the book and uh and the other ways of keeping
time what would be you know if you were musk or you were on his board how would you
partition the uh the timing and coordination of time so | we have in uh you know a very deep
Way Gone to uh a sort of universal standard for time right we currently don't Define time
anymore in terms of the rotation of the earth | mean colloquially we do but you know the
official SI definition of time is that the second is it's uh 9,192,631,770 oscillations of the light
emitted as uh cesium atoms move between two particular uh hyperfine States and that is a a
fixed definition that we use for you know to Define what is 1 second and then you can just use
seconds as the basis for whatever completely decoupled from from the U the rotation of the



(06)- hybridni format, o kterém vite, ze fungoval, ale je opravdu tézké mit lidi na riznych
mistech, kterd znate a mate takovy druh interaktivity a ktery ¢tou mistnost RO a a upravuji
véci podle potieby vim, jestli jdu pfili§ pomalu, mtizu to néjak fict a mizu zrychlit, nebo jestli
ano, jestli ztracim publikum gukas a pomatenost vykladu ,,0 ¢emsi* a jako v potadku, jasné,
tohle neni pfistani, umim, vite, Ze to ud¢late za letu a je to je mnohem t€zsi to udélat
zpusobem asynchronniho videa, ktery obvykle pouzivate na internetu, vite, kdyz jsme se na
podzim roku 2020 znovu otevieli osobné, vite, Ze jsme zacali privadét studenty zpét na
akademické ptd¢ v zati bylo opravdu néco vidét, jak vdécni jsou lidé za to, ze jsou zpatky
osobné ve $kole, a jak dlouho byli studenti ochotni jit, aby se jim libilo omezeni maskovani a
socializace a vSechny druhy aktivit, které byli ochotni se s tim smifit, aby mohli byt osobné,
protoze lidé opravdu oceniuji, ze ten obsah a ta osobni interakce, technologie je téméf tam, ale
neni to jesté neni moznd néco, co znate z VR, uh nakonec dostane vas tam, ale vite, jak to je,
stale to neni, stale je néco na tom, to je Silena fec... byt v jedné mistnosti s lidmi, coz je tak
trochu zdsadni pro pokrok ve vzdélavani vis, ptitel Galileo a Einstein a Carl Sean a standardni
definice mnoho dalsich, které¢ znate, to praktikovalo tak dlouho, ale ano, myslim si, Ze by tu
mohly byt n¢jaké potencialni ptilezitosti také proto, Ze pro¢ s vami mluvit, znate még, znate
Briana Keinga a ucite se, ze znate kosmologii, kdyz muzete mluvit néjakému Avatarovi
Edwina Hubblea, a tak se o to bojim a vlastné v¢erajsi rozhovor s Ericem byl docela désivy,
nyni jesté désivejsi, protoze vis, Ze cely jeho hacek je, Ze bychom méli prevratit tiidu a nechat
studenty, aby si knihu pfecetli pfedchoziho vecdera a dohnat a vyfesit néjaké problémy a pak
ptijit do tfidy a pak debatovat se svymi ostatnimi studenty a to ma vlastné dvoji ucel, ve
skute¢nosti to vite, odménuje ty studenty, ktefi maji nejvyssi vykon, protoze dostanou ucit a
kdyZ ucite, ucite se tak, jak vy a j4 umime lépe nez jen ¢ist a konzumovat, a prospiva to
studentlim s niz§imi vysledky na Harvardu, ktefi maji spoustu studentt s nizkymi vysledky,
jsou znami tim, ze nejmén¢ polovina z nich je pod urovni priméru, myslim ja vim, ze urcite,
takze vite, Ze maji prospéch ze studenti, ktefi jsou vysoce angazovani a maji v tom
budoucnost, zatimco vy znate vas a ja vime, my my, mozna mame své dny sectené, jo, ano,
asi tak... myslim, ale stale zpét k méfeni Casu vi§ a pfemyslel jsem o této knize Minuly tyden
jsem délal rozhovor s Um Zackem weiners Smithem o jeho knize mésto na Marsu. Ve
skute¢nosti jsem mluvil s Elonem Muskem na Twitteru na zakladnach X pied par tydny a
zeptal jsem se ho, podivej se chlape nemiizete to myslet vazné s cestou na Mars, to je
zakladni, Al jednosmérny vylet smrti, to je prvnich par slov které tu davaji smysl...pokud to
udélate, nejlepsi ptipad je, Ze zemiete cestou, kterou znate, a a mize se vam to libit, vite, ale
lidé, ktefi cestuji s vi$, kdyz jsou na vesmirné lodi bohati jako ty, nezaleZi na tom, Ze jsi mél
250 miliard dolarti, vis, koho to zajima, kdyz jsi, vi§ uprostted uh, znés polovinu cesty, jak se
dostat na Mars jest¢ mu zbyva Sest mésicii s tim chlapem, tak jsem fekl, myslis to vazné
vazné, myslim, které vi$, Ze ma 10 11 12 déti, nevime to jisté, ale vis co jsi, co tady délas,
kamaréade a opravdu nemohl odpovédét, a kdyZ se do toho vloupala mama a fekla dobfe,
nemusime si s tim chvili d¢lat starosti a uh, ale pfimél mé pfemyslet o meziplanetarnim
méteni Casu, feknéme, Ze se tam dostaneme. Mars by mohl byt tak blizko jako ja predstavte si
Ctyfi svételné minuty od Zemé, mohlo by to byt az 20, pfedstavte si, Ze se tam usadily
civilizace, neni mozné provadét Zadné navadéci Cinnosti v realném case, ale co by bylo
jakymsi standardem, udélejme nyni standard namisto sit€ mirového jidla vis, Ze to bylo
nastaveno Zelezni¢nimi architekty, které popisujes v knize a uh a dalsi zptisoby, jak udrzet
¢as, co bys védél, kdybys byl pizmo ?? nebo jsi byl na jeho palubég, jak bys rozd¢lil uh
nacasovani a koordinaci ¢asu tak ja mame v uh, znate velmi hlubokou Way Gone to uh,
jakysi univerzalni standard pro spravny cas, proc fyzikové nevoli lepsi slova ? Pro¢ nefikaji



tempo plynuti ¢asu ?? v soucasné dob¢ jiz nedefinujeme Cas z hlediska rotace Zemé
nedefinujeme tempo plynuti casu Myslim hovorové ano, ale znate oficidlni SI definice ¢asu
je, ze druha je, ze je to 9 192 631 770 oscilaci svétla emitovaného, intervaly na ¢asové
dimenzi porovnavaneé s intervaly ??? ¢eho ??? kdyZ se atomy cesia pohybuji mezi dvéma
konkrétnimi hyperjemnymi stavy, a to je pevna definice, pocet tiki- kmitu- thozi co se
vejdou do sekundy jakozto >zvoleného intervalu lidmi<... kterou pouzivame, abyste védéli,
co je 1 sekunda, uptesiujete velikost intervalu na ¢asové dimenzi, ale neprovadite ,,definici
casu®. Pocet tikil neni definice Gasu... a pak miZete jen pouzijte sekundy jako zéklad
etalonovy interval ,,pro tempo, pro pocet tikii-kmitt, které se vejdou do jedné sekundy* pro
cokoliv, co se zcela oddé€lilo od rotace.

(07)- earth there's a really good um series of science fiction novels uh by verer Veni uh the
um the the one that I'm thinking of in is a deepness in the sky which has uh civilization as
they they Interstellar Travelers and then uh they talk about everything in terms of uh
kiloseconds and megas seconds and you know so multiples of so many, seconds and that that
works uh actually you know surprisingly well so if you going to start organizing things on an
30:00

interplanetary scale probably you would go for for completely decoupling from any of the
planets and just say look we a second is a second is a second you got a cesium atom you
measure a hyper fine splitting you know what a second is now just count those right and um
and that's that's the way to go probably uh you know make it not tied to to to hours as we
currently know them but some multiple of seconds as we currently know hey back one last
time to ask you for something special which will give you something special you'd like a real
piece of space schuts real life medor right or if you just like to find out about the insights that
we can glean from Nobel laurates billionaires astronauts and in claimed authors in space
science and technology you can with my free Monday magic newsletter please go to briank
king.com list and sign up now as a token of my gratitude | give away a real live piece of space
dust a 4 billion year old meteorite to one lucky subscriber each month | also provide them
guaranteed if you have a edu email address and you live in the United States go to brian.com
edu for that special offer now back to the remaining moments of this wonderful episode about
time yeah you mentioned verer vingi | can't resist Attosecond clocks mentioning he's a Alum
a proud Alum of UCSD and math department we have a surprising number of of great
illustrious uh science fiction authors from David brck and past guest on the podcast Greg
Benford also a guest on the podcast Kim Stanley Robinson past guest and uh non-graduate but
he um he went on to some success a guy by the name of Andy Weir they all did time here at
UC San Diego he did he's done well for himself yeah | mean can you imagine what kind of
career he had if he actually had a ba from UCSD can you imagine what he could have got on
to yeah God we could use that that Weir wing of the Astron yeah exactly let's talk about uh
your your training your research before we get back to some timekeeping which is intimately
related as | mentioned uh we had uh Bill Phillips on last year the sense that I got is this is
great and and and it's wonderful technology Atomic fountains and uh and and going Way
Beyond the cesium but I mean as you say in the book light travels one foot per nanc you know
so you're talking about billions of nanc billions of feet | mean we can't even conceive of using
such a there are other system atic effects that come into play that you know the Earth's
magnetic field and and others that will have bigger effects if you try to use it as a clock so
what's the point of it other than Gathering and garnering Nobel Prize is there is there a



technological implic not that all science must have technology Downstream from it but what
you know taking your thesis work on forward what types of of Technology could result from
you know having atosc clocks for example there are these uh experiments that have been done
in a couple of places in uh at nist and Boulder and then there's also there's a group in in Tokyo
uh more recently they're doing these experimental clocks uh and you can start to do Exotic
physics things with them so one of my favorite demonstration experiments ever is this uh
experiment with aluminum ion clocks at uh nist and Boulder where they they made two
identical clocks using a a transition in aluminum ions as the basis of their their measurement
of frequency and then they they raised one of them about one foot above the other they just
used hydraulic jacks to lift the whole laser table up a foot higher and they could see that these
tick at distinctly different rates right and this is the effect of gravity on time um and you can
start to exploit that to to do very sensitive tests of general relativity or you can use it for uh
geodyssey for uh looking at at the gravitational profile of the earth basically move to different
places and compare uh these these Ultra precise atomic clocks if you want to get really pardon
the expression Pi in the sky you can put these things on satellites and and make a detector for
gravitational waves so if you had a network of satellites with ultraprecise atomic clocks in
them we know from ligo as you know a gravitational wave comes in the the uh space expands
and contracts a little bit and you see the mirrors in your inner therometer move you could also

(07)- U Zemég je opravdu dobra série sci-fi romant od verera Veniho, ten, o kterém
pfemyslim, je hlubina na obloze, kterd ma civilizaci jako oni mezihvézdni cestovatelé a pak
uh mluvi o v§em v terminech uh kilosekundach a megasekundach, a vy znéate tolik ndsobkt
tolika sekund a ze to funguje, uh vlastné vite ptekvapiveé dobie, takze pokud zacnete
organizovat véci na 30:00h meziplanetarni métitko pravdépodobné byste zvolili uplné
odd¢leni od kterékoli z planet a feknéte, podivejte se, sekunda je sekunda je sekunda, mate
atom cesia, zmé&fite velmi jemné Stépeni, vite, co je sekunda, ted’ to spocitejte spravné a ehm,
a to je cesta, jak jit, myslim je to malo, co chcete védét o ¢ase, o dimenzich ¢asu, 0 tempu
plynuti ¢asu, a o samotné fyzikalni veli¢ing CAS... pravdépodobné, vite, at’ to neni vazano na
hodiny, jak je aktualn€ zname, ale na n€kolik sekund, jak v sou€asné dob& vime, ahoj zpé&t,
abych vas naposledy pozadal o néco specialniho, co vam da néco specialniho, co byste chtéli
opravdovy kousek vesmiru schuts real life medor right, nebo pokud se jen chcete dozvédét o
postiehech, které mizeme ziskat od laureath Nobelovy ceny miliardafi, astronautti a
patentovanych autorti v oblasti vesmirné védy a technologie, miiZete s mym zdarma PondéIni
magicky zpravodaj, piejdéte prosim na seznam briank king.com a zaregistrujte se nyni jako
projev své vdécnosti daruji skutecny Zivy kus vesmirného prachu 4 miliardy let stary meteorit
jednomu $tastnému predplatiteli kazdy mésic a také je poskytnu zarucené, pokud budete mate
e-mailovou adresu pro pedagogy a zijete ve Spojenych statech, ?? prejdéte na stranku
brian.com edu pro tuto specialni nabidku nyni zpét ke zbyvajicim okamziktim této nadherné
epizody o Case, ano, zminil jste verer vingi. Nemohu odolat Attosekundovym hodinam
zminujicim, ze je Alum hrdy alum z UCSD ?? a matematického oddé€leni mame piekvapivé
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Grega Benforda také hosta podcastu Kim Stanley Robinson minuly host a neabsolvent, ale
on ehm pokracoval k n¢jakému uspéchu, chlap jménem Andy Weir, vsichni to udélali tady na
UC San Diego udé¢lal to dobte, jo, dovedes si piedstavit, jakou mél kariéru, kdyby mél
bakalarsky titul? UCSD umis si ptedstavit, na co se mohl dostat, jo BoZe, mohli bychom
pouzit to Weirovo kiidlo Astronu ?? jo pfesn¢, pojd'me si promluvit o uh vasem tréninku



vaSem vyzkumu, nez se vratime k né¢jakému méfeni ¢asu, méieni tempa plynuti casu neni az
tak dulezité jako to, kde se vzalo?, (to tempo a pro¢ je na Zemi pravé takové) ; nebo otdzka :
¢as nebéZi sam o sob¢, ¢as neb&zi nam, ale my béZime po dimenzi (stoické dimenzi) ¢asu, my
ukrajujeme svym pohybem, posunem intervaly (pak je porovnavame napt. s cesiem, nebo
rychlosti svétla), které spolu tizce souvisi, jak jsem zminil, uh my Minuly rok jsem mél u
Billa Phillipse pocit, Ze je to skv€lé a je to uzasna technologie: Atomové fontany a uh a a jit
dal ptes cesium, ?? ale myslim, jak tikate v knize, svétlo se pohybuje jednou stopou za nanc,
vite takze mluvite o miliardach nanc miliardach stop, myslim tim, Ze si ani nedokazeme
predstavit pouziti takovych, Ze do hry vstupuji dalsi systémové efekty, ze znate magnetické
pole Zem¢ a dalsi, které budou mit vétsi ucinky, pokud snazite se to pouzit jako hodiny, takze
k &emu to je kromé shirani a shirani Nobelovy ceny Jje tam n&jaky technologicky implikace,
ne ze veskera véda musi mit technologii po proudu od ni, ale to, co vite, kdyz posouvate svou
praci vpred, jaké typy of Technology by mohlo vyplyvat z toho, Ze vite, ze mate naptiklad
hodiny Atosc, existuji tyto experimenty, které byly provedeny na nékolika mistech v Uh, Nist
a Boulder, a pak je tu také skupina v Tokiu, uh, nedavno to délaji tyto experimentalni hodiny
a muzete s nimi zacit délat véci z exotické fyziky, s hodinama se neda délat nic, pochopte to,
ze hodiny jsou jen ,,nastaveny mechanizmus* sttihani = ukrajovani intervali = tikd na ¢asové
dimenzi...hodinama dynamika zmén slozitosti interakci hmoty a ¢asoprostoru,
predevsim interakci v mikrokosmu... takZe jednim z mych nejoblibengjSich demonstra¢nich
experimentl je tento experiment s hodinami s hlinikovymi ionty boze, pro¢ zkoumate

hodiny pomoci piechodu v hlinikovych iontech jako na zaklad¢ jejich méteni frekvence a pak
zvedli jednu z nich asi jednu stopu nad druhou, jen pomoci hydraulickych zvedaki zvedli cely
laserovy stil o stopu vys avideli, ze tikaji zretelne odlisSnymi rychlostmi, no konecné tu je
veéda, fyzika, konecné¢ je tu zkoumani ,,pozic hmoty a gravitacnich potencialti od Zemé
vzhiru®, chovani ¢asu v riznych potencialnich hladindch od Zemé... spravné a to je vliv
gravitace na ¢as a miiZete to zacit vyuZivat k provadéni velmi citlivych testli obecné teorie
relativity nebo to muzete pouzit pro geodyseu, abyste se podivali na gravitacni profil Zemé v
podstaté se presunuli na rlizna mista a porovnejte tyto ultra presné atomové hodiny, pokud
chcete skutecné ziskat vyraz Pi na obloze, miiZete tyto v€ci umistit na satelity a vyrobit
detektor gravitacnich vin, takZe pokud jste méli sit’ satelit s ultrapfesnymi atomovymi
hodinami v nich jak vite z LIGO, gravita¢ni vlna piichazi do casoprostoru uh, ktery se trochu
roz§ifuje a smrStuje a vidite, jak se zrcadla ve vaSem vnitinim teploméru pohybuyji,

(08)- with a network of atomic clocks you know space and time are different aspects of the
same thing in relativity time would speed up and slow down slightly and you could see that as
sort of a Rippling through your network of ultra precise clocks and that would give you an
ability to to measure uh gravitational waves in a in a regime of you know sort of wavelengths
and frequency of those those waves that you can't access uh readily other ways um which
would be really interesting and then there's even more like wild stuff stuff that we aren't sure
exists like U possibility that the constants of nature change over time so all of these atomic
clocks are based on the energy splitting between two uh two levels in an atom and those are
set by things like the ratio of the electric uh charge on an electron to Plank’s constant and the
speed of light and uh the different transitions in different atoms uh depend differently on that
that ratio so some will get bigger if the this collection of constants called the fine structure



constant if that gets bigger uh some of these transitions will uh move to higher frequencies
and others will move to lower frequencies so if you compare to uh atomic clocks using
different kinds of atoms and you look over time if your clocks are precise enough you can tell
is the fine structure constant getting bigger or smaller uh over time and there are some really
exotic theories in the sort of string theory uh and other extensions beyond the standard model
that that predict that that is a thing that could happen that the the you know ratio of the electric
charge and the speed of light and planks constant would be getting bigger or smaller over uh
over time uh and you could test that directly with sufficiently precise atomic clocks just
comparing their frequencies over the course of you know a year five years 10 years uh you
can do that at at a level where you really test some of these theories so when we look Why
time is so much more perplexing than space going backwards in time starting with Einstein
and the you know relativity of simultaneity and the Newtonian Clockwork universe and then
going back even further back to you know these ancient sorts of calendars that you talk about
U along with their concomitant predictions of Doom what is it about time especially that uh
that kind of hearkens terrifies um you know maybe maybe in ins Stills fear in mankind that so
much so that when we have these paradigmatic you know shifts like Newtonian or uh uh and
even changing calendars that you have these kind of almost existential effects on humanities
can you speculate you're a physicist not a psychologist but nevertheless what what is it about
time and not space | mean you know space is is equally you mysterious and and may have
aspects of quantization and and philosophical ramifications but why is it time time in
particular since the time of the Mayans and even before I'm sure that has so uh imprinted on
the psychology of man uh that we can't seem to escape it yeah | think it's you know uh
ultimately it comes down to you know thing | said at the beginning that that we experience
time in One Direction only right we we move inexorably from the past to the present to the
future or you know we're sort of eternally in the present but we only see time moving in One
Direction Right space you know I can I can go outside | can walk East | can walk west | can |
can you know walk North and South I can I can jump uh not all that high anymore but you
know I can I can get up in the air a little bit or climb upstairs go downstairs right | can move
all sorts of different directions in space time you you really only it's a one-way trip right none
of us are getting any younger we're we're moving forward into the future at 1 second per
second at the same time there's sort of this this tension that that time necessarily involves
these Cycles right we measure Time by counting the repeated ticks of something that's doing
the same thing over and over we Mark the passage of of days and years through these these
cycles and so there's this this tension between sort of the cyclical nature of things right
everything comes around again it's it's winter now soon it'll be spring then it'll be summer and
you know eventually it'll be winter again and we repeat that cycle of seasons over and over uh
not so much in California but uh you know we we we have the the these this cyclical thing
that's going on but at the same time we we move forward into the future in a in an irreversible
kind of way and that tension | think really you know brings in a certain amount of Fascination
S0 you you have these you know sort of competing and there there's threads in in all different

(08)- muzete také se siti atomovych hodin vite, Ze prostor a ¢as jsou rizné aspekty stejné
véci ano, 3+3D casoprostor V relativité by se ¢as mirn¢ zrychlil a zpomalil a vy byste to mohli
vidét jako jakési vinéni vasi sit€ vinéni samotného 3+3D casoprostoru ultra ptesnych hodin a
to by vdm dalo moZnost méfit gravitacni viny v reZimu, kdy znate jakési vinovée délky a
frekvence téch vln, to samo o sob¢, to méfeni, jesté neni az tak zajimavy poznatek, jako to, Ze



kfivenim dimenzi miZeme vyrabét hmotu, (pfipadné fyzikalni pole). Bali¢kovani dimenzi je
ona podstata jak Vesmir sam realizuje hmotu... ke kterym nemate snadny pfistup, jinymi
zpusoby, coz by bylo opravdu zajimavé a pak je toho jesté vic jako divoké véci, o kterych si
nejsme jisti, ze existuji, jako je moznost, ze se ptirodni konstanty v pribéhu c¢asu méni, O.K.
to uz je hodné zajimavé ; které konstanty piipadaji v vahu, co by se ménily ? (v d¢jinach
vesmiru od velkého tresku ke dnesku, Ze by se ménily ?)...nevim... takze v§echny tyto
atomové hodiny jsou zalozeny na rozdé¢leni energie mezi dvé uh dveé irovné v atomu a ty jsou
nastaveny vécmi jako elektrického néboje uh na elektronu k Plankové konstant¢ a
rychlost svétla a rtizné piechody v riiznych atomech zavisi na tomto poméru riizné, takze
nekteré se zvetsi, pokud tato sbirka konstant nazyvana konstanta jemné struktury, pokud to se
zvetsi, nekteré z téchto prechodl se presunou na vyssi frekvence a jiné se pfesunou na nizsi
frekvence, takze pokud porovnate atomové hodiny pouzivajici rizné druhy atomi a Casem se
podivate, zda jsou vase hodiny destatecné presné, dostatecna presnost ,,tikani hodin nema
vlivna veskerou dynamiku promén, zmén interakci, ani gravitace mizete fict, Ze je to v
poradku konstanta struktury se postupem ¢asu zvétSuje Nebo zmensuje a existuje nékolik
opravdu exotickych teorii typu teorie strun a dalSich rozsifeni nad ramec standardniho
modelu, které predpovidaji, Ze to je véc, ktera se mize stat, ze vas znamy pom¢ér elektr.
nabijeni a konstantni rychlost svétla a prken by se postupem ¢asu zvétSovala nebo zmensovala
uh a miZete to otestovat ptimo s dostate¢né pifesnymi atomovymi hodinami jen porovnanim
jejich frekvenci v priibéhu znate rok, 5 let 10 let uh muizete, udélejte to na trovni, kde
skuteénd otestujete nékteré z tdchto teorii, takze kdyz se podivame, [pro¢ Jje &as o tolik matouci
ReZprostor, ano, to je dulezité a zajimavé se dozvédet. Myslim si, Ze hodné podstatné je, ze
veéda zatim moc nebadala, nezkoumala >Cas< jako fyzikalni artefakt. A je hodn¢ podstatné, ze
my lidé spolu se zemé&kouli se nachazime (kdesi ve vesmiru) v takové poloze posunuté od
,fovnovazné osy ¢asoprostoru® ¢ = 108/10° http://www.hypothesis-of-
universe.com/docs/c/c_017.jpg Ze vnimame fkaly velikosti] délkovych o 8 fadii citlivéji nez

vyklad ke skalové nerovnosti délek a Casii *)

ktery jde zpét v Case, pocinaje Einsteinem a vis, relativitou simultannosti a vesmirem
Newtonian Clockwork a pak se vratit zpét jesté dale zpét k vam znate tyto starodavné druhy
kalendart, o kterych mluvite spolu s jejich doprovodnymi ptedpovédi zkazy, co je na Case,
zvlasté ze uh, takovy druh naslouchani dési, vite mozna mozna v ins Stilliv strach v lidstvu,
ze tolik takze kdyz mame tyto paradigmatické, znate posuny jako newtonovské nebo uh, a
dokonce i ménici se kalendare, Ze mate takové témet existencialni u€inky na humanitni védy,
muzete spekulovat, Ze jste fyzik, ne psycholog, ale pfesto, co je to o Case a ne prostor,
myslim, Ze vite, Ze prostor je, jste stejné tajemny a mize mit aspekty kvantizace a filozofické
disledky, ale proc je ¢as pravé od dob Mayi a dokonce i1 predtim, jsem si jisty, Ze se to tak uh
vtisklo do psychologie ¢lovéka uh, Ze se zda, ze tomu nemiizeme uniknout jo, myslim, Ze to
ty vi§, nakonec to pfijde na tebe, viS to, co jsem fekl na zacatku, Ze kdyZ zazivame Cas v One
Direction, jen spravné se neiprosn¢ pohybujeme od z minulosti do souc¢asnosti do
budoucnosti nebo vis, Ze jsme tak né€jak vécné v pfitomnosti, ale ¢as vidime, jak se pohybuje
v One Direction Spravném prostoru, vis, ze mizu, muzu jit ven, mizu jit na vychod, mtzu jit
na zépad, mizu vis, chod’ na sever a na jih, mtizu skakat, uz ne tak vysoko, ale vis, Ze mlizu,
muzu se trochu zvednout do vzduchu nebo vylézt nahoru, jit dold, spravné, mizu se
pohybovat riznymi sméry v ¢asoprostoru ty vy opravdu jen je to jednosmérna cesta, nikdo z
nas nemladne, pohybujeme se kuptedu do budoucnosti rychlosti 1 sekundu za sekundu ve
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stejnou dobu je tu takové napéti, které ten Cas nutné zahrnuje tyto cykly spravné méiime Cas
pocitanim opakovanych tikotli néceho, co déla totéz znovu a znovu, oznaujeme plynuti dni a
let témito cykly, a tak je zde toto napéti mezi jakousi cyklickou povahou véci, to sou jen kecy
a kecy, .. a kecy od Bozeny Némcové...vSechno se déje kolem znovu je zima, ted’ brzy bude
jaro, pak 1éto a vis, ze nakonec bude zase zima a opakujeme ten cyklus ro¢nich obdobi znovu
a znovu uh ne tak moc v Kalifornii, ale uh vi§, my my mit tyto tyto cyklické véci, které se
déji, ale zaroven se nevratnym zpisobem posouvame vpied do budoucnosti a to napéti, o
kterém si myslim, Ze opravdu vite, pfinasi jistou davku fascinace, takze mate tyto vite, jak si
konkurovat a tam jsou vldkna ve vSech riznych

(09)- cultures a sort of competition between you know the the very Christians sort of of
worldview where you know the the world has a beginning and it moves forward to you know
the Book of Revelations and then it comes to an end uh and it's a linear progression from
point A to you know from point Alpha to point Omega and then we're done versus sort of a
more cyclical kind of thing like you see in some of the the Eastern uh cultures where you have
ideas of rebirth and repetition the Mayan calendar was really all about these uh these cycles
that repeat over and over and over and and and uh go you know come back around many
times again and there's that tension between those two things that that drives a lot of of
Science and philosophy and culture and just thinking about how do how do those two things
coexist how does that linear March into the future and this cyclical repetition how do those
play with each other looking at uh you know back towards the How to teach students new
things uh the career that you've had and working with someone like Bill Phillips um read a
quote that you paraphrase from him on Twitter everyone should follow Chad on Twitter well
as well uh you said in his name most people are very happy to be reminded of things that they
already know you rarely lose by including too much background information how do you
apply that kind of advice that's for seminars but when you're teaching something
fundamentally new of course it's something they don't know so how do you remind them of
something when it's abono you know it's a it's completely new for them as in your wonderful
book yeah it's it's a tricky balance right | teaching this term I'm teaching Newtonian
Mechanics for uh for you know first year college students that's really a mix of of that sort of
thing because we we rely a lot on you know look you're you know we're talking about the
physics of the motion of everyday objects you know you know how these things work right if
| take a ball and I throw it to you know in your general direction you can make a pretty good
prediction of where that ball is going to be and you know most students can at least make a
good effort catching the the ball right we know how things tend to move but at the same time
we don't know the the physics we don't know how to how to quantitatively predict some of
these things and and so there's a a you know going back and forth between okay you have an
intuition for how this this works uh and also now I'm going to do something that that is
unexpected that follows from the principles of physics that that lead to the the thing that you
you did understand and then sure to trying to show people that that no these are these are
consistent right you know one of my my favorite demo demos that's you know Dum you can
do it at your your own house is you know you get like a a basketball or a soccer ball a heavy
ball that'll bounce and and a light one like a racket ball or a tennis ball and you you know hold
the light ball right on top of the of the heavy one and drop it uh you know if you drop either
one from sort of you know chest height it'll bounce back maybe to your waist uh but if you



drop one on top of the the light one on top of the heavy one when it hits the ground it'll kick
way up into the into the air and you know bounce off the ceiling um and you can explain that
really easily using the the physics of of momentum uh and just understanding the the
principles that are involved in collisions very unexpected uh you know always gets a gets a
good reaction from a a class or you know do it with elementary school kids uh they they love
that and then they're always you know do do the do the heavy one see if you can put it
through the ceiling but but um you know but understanding that that um that idea you know
gets you some some new understanding of of principles of physics that you can go on and
apply to unfamiliar things and | should point out On education you know speaking of time
and uh and branding I think that you know pek phelip should Rebrand at least one watch
should be a PCH Philips and they should partner with Bill uh maybe they can get him a free
watch you know he he needs it I'm sure he's he's doing okay so let's uh finish up by talking
talking about education you're Ren now not only for your books you're uh you know one of
the few people U that | know um who hasn't | don't think you've been on Jeopardy but you've
been a Jeopardy question or Jeopardy answer | have a a a short video clip in which Alex TC
says my name uh which is is that's that's bucket list stuff what in terms of um you how you
divide your time between teaching you know keeping research in mind writing popular books

(09)- kultury, jakasi soutéz mezi vami, znate ten samy kiestansky pohled na svét, kde vite,
7e svét ma pocatek a pohybuje se vpied, znate Knihu Zjeveni zname, ale nezname védecky
pokrok od pravych fyziki... a pak to skon¢i a je to linearni postup z bodu A do bodu, ktery
znate z bodu Alfa do bodu Omega, a pak jsme hotovi oproti cykli¢téjSimu druhu véci, jako
vidite v nékterych vychodnich kulturach, kde mate predstavy o znovuzrozeni a opakovani
Maysky kalendai byl opravdu cely o téchto cyklech, které se opakuji znovu a znovu a znovu a
a uh, vite, vrat'te se mnohokrat znovu a mezi témito dvéma vécmi je napéti, které pohani
mnoho védy, filozofie a kultury a jen pfemyslet o tom, jak tyhle dvé véci koexistuji, jak ten
linearni pochod do budoucnosti a toto cyklické opakovani, jak si tyhle hraji mezi sebou pii
pohledu na ehm, vi§ zpét smérem k Jak ucit studenty nové véci ehm kariéru, kterou si Mél
jsem a pracoval jsem s n€kym, jako je Bill Phillips, pfecetl jsem si citat, ktery od néj
parafrazujes na Twitteru, kazdy by mél Chada na Twitteru také sledovat, uh, fekl jsi jeho
jménem, vétsina lidi je velmi rada, kdyZ jim pfipomenou véci, které uz znaji malokdy
prohrajete kecy, kecy, kecy tim, ze zahrnete pfili§ mnoho zakladnich informaci, jak pouzijete
tento druh rad, které jsou pro seminate, ale kdyZz ucite néco zasadn€ nového, samoziejmé je to
néco, co neznaji, tak jak jim néco ptipomenete, kdyz je to pro vas dobré vim, Ze je to pro né
uplné nové, jako ve vasi Gizasné knize, ano, je to slozita rovnovaha spravné U¢im tento termin
U¢im newtonovskou mechaniku pro studenty prvniho ro¢niku vysokych skol, to je opravdu
smes takovych véci, protoze hodné se na vas spoléhame, vite, podivejte se, vite, mluvime o
fyzice pohybu kazdodennich pfedméta, vite, vite, jak tyto véci funguji spravné, kdyz vezmu
mic a hodim vam ho. Obecny smér, mizete udélat docela dobrou predpovéd’, kde bude mic, a
vite, ze vétSina studentli se miize alespont dobte snazit mic chytit spravné, vime, jak se véci
maji tendenci hybat, ale zaroven ne znat fyziku, nevime, jak kvantitativné predvidat nékteré z
téchto véci, a tak je tu a vite, Ze pfechazite tam a zpét mezi dobfe, mate intuici, jak to funguje,
a také ted’ budu udelejte néco, co je neocekavané, co vyplyva z principt fyziky, které vede k
véci, které jste rozuméli, a pak se urcité pokuste lidem ukazat, ze ne, tohle jsou konzistentni,
vite, jedno z mych oblibenych dem ukazky, které znate, Dum, mizete to udélat u vas doma,
vite, ze dostanete jako basketbalovy nebo fotbalovy mic tézky mic, ktery bude odrazet a lehky



jako raketovy micek nebo tenisovy micek a vite drzte lehkou kouli pfimo na vrcholu té€zké
koule a upust’te ji, vite, kdyz kteroukoli shodite z jakési znamé vysky hrudniku, odrazi se zpét
mozna k vasemu pasu, ale pokud jednu shodite na vrchol ten lehky na vrcholu toho tézkého,
kdyz dopadne na zem, vykopne se to do vzduchu a vis, Ze se odrazi od stropu a mizes to
vysvétlit opravdu snadno pomoci fyziky hybnosti uh a prosté pochopeni principt, které se
podileji na kolizich velmi nec¢ekané uh vite, vzdy dostanete dobrou reakci od tfidy nebo vite,
ze to délejte s détmi ze zékladni Skoly uh, oni to miluji a pak vzdy vite, ze to udélejte ten
tézky uvidi, jestli to dokazes protahnout stropem, ale hm, vis, ale pochopeni toho, ze ten
napad, ktery znas, ti da n¢jaké nové pochopeni principu fyziky, ha-ha které mtizes pokracovat
a aplikovat na neznamé véci a ja bych mél upozornit Na vzdé€lani, které znate, kdyz mluvite o
Case a uh, a branding Myslim, Ze vite, Ze pek phelip by m¢l Rebrand alespon jedny hodinky
by mély byt PCH Philips a méli by byt partnerem Billa, mozna mu daji hodinky zdarma, vite,
on potiebuje to Jsem si jisty, ze se mu dafi dobie, takze zakon¢ime mluvenim o vzdé€lani, ted’
jsi Ren, nejen kvtli svym knihdm, jsi jednim z mala lidi, které znam. Nemyslim si, ze jste byli
na Jeopardy, ale byli jste na Jeopardy otazce nebo Jeopardy odpovédi Mam kratky videoklip,
ve kterém Alex TC fika mé jméno uh, coz je to, co je to bucket list co se ty¢e um vas jak
rozdélite sviyj ¢as mezi vyuku, vite, Ze budete mit na paméti vyzkum psani popularnich knih

(10)- um and also you know technical mentorship how do you divide your time and and
what is your uh what is kind of your philosophy overall and how you keep uh balance
between these different aspects of of your life it changes uh year to year and term to term in
the course of the Academic Year you know it depends a lot on what I'm teaching at any given
time This this term you know January through now has been really heavy teaching just
because of the nature of the particular course I'm doing but you know I try to make a point to
block out a few hours a day in the morning I've to my chagrin I've turned into a morning
person in my middle age and so I'm | get up really early because you know I get up at like 5:
and | walk the dog and feed the dog and and then you know get the kids up and and you know
off to school and then I'm in the office at like 7:30 so I block out some time in the morning for
working on my own stuff for working on on on books and and blog posts and and you know
articles and and that kind of thing and that's that's really important to sort of separate out that
that particular time you know and then the the teaching is you know that that's on a relatively
rigid schedule and you know in the summer it's more focused on Research frequently have
students working in my in my lab on on various projects and you know that's more of a you
know meet with them daily and okay what are you doing okay you know try this thing next
and you know do this and and talk about what you know what the future of the project is and
so that's a that's a its own process so you know these things go in Cycles uh you know the
academic years September to to June and you know we're in in session at a session and things
things move around a little bit but yeah that's the most important calendar that you don't
mention in the book you mention Gregorian Mayan but you don't mentioned the academic the
academic calendar yeah the you know the the you know starts in September everybody freaks
out at you know uh at the end of the the term and you know and then there's a sort of a period
in May where everybody's mad because it's coming to the end of the year and everybody's
nerves are shot and then uh you know we got we got two weeks to graduation and
everybody's SN snippy at each other and then you know and then there's a big you know sigh
of relief and then we're into the summer so when you were writing | don't think you're still as
active writing for Forbes as you were once uh several years ago but um you published a



wonderful little article uh which basically becomes part of the uh the book but talk about the
five biggest surprises so maybe you can end with of all the biggest surprises in the history of
timee keeping the characters the tools the uh the kind of existential dread that came about in
many ways tell me Chad what was sort of the greatest you know surprise to you right wrting
this book it's always kind of a form of me search when you do this type of research right so
what was your favorite surprise as we wrap up the thing that that | was most surprised to learn
and and the the book started as a course that | offered a couple of times at at Union uh with
the same title brief history of timekeeping which I was stunned that nobody had used the most
surprising thing was learning that uh mechanical clocks and sand glasses are of comparable
vintage right that you know you think of s you know an hourglass you know with the like you
know Sands in an hourglass or the Days of Our Lives kind of thing you you think that would
be like a technology that's just 10,000 years old people have been doing this forever but it's
actually they don't the first verified reference to that is in the early 1300s there's a mural on a
on on a wall in a church in Sienna Italy that um that shows an hourglass in in recognizable
form and that's the first time that one of one of those is unambiguously depicted and at around
the same time you have mechanical clocks uh people had invented those two things those two
technologies at about the same time and the other interesting thing about them is that uh
nobody knows who invented either uh they just sort of show up right there are just um
hourglasses are a thing in Europe people have them they're using them to to measure time and
it and it's just kind of everywhere and mechan IAL clocks just start showing up in churches at
at you know in that like you know 12300 kind of range they just start appearing and there's no
like one inventor that we can point at and say this guy did you know is the one who came up
with the idea of the mechanical clock it's just suddenly they everywhere um so it's a really
interesting uh Testament to sort of the power of of anonymous tinkerers right somebody

(10)- hm a také znate technické mentorstvi, jak rozdélujete sviij Cas a jaké je vase uh, jaka je
vaSe celkova filozofie a jak udrzujete rovnovahu mezi témito riiznymi aspekty vaseho Zivota,
méni se to rok od roku a semestr od semestru v pribéhu akademického roku, vite, ze to hodné
z&visi na tom, co v kterou dobu u¢im Tento semestr, ktery znate od ledna do ted’, byl opravdu
naro¢ny na vyuku praveé kvuli povaze konkrétniho kurzu. Délam, ale vis, Ze se snazim dat si
zélezet na tom, ze si rdno zablokuji nékolik hodin denné brzy, protoze vis, ze vstdvam v 5: a
ven¢im psa a krmim psa a pak vi§, vstan déti a vis do Skoly a pak jsem v kancelafi asi v 7:30,
takze takze je to dobré povidani do televizni ranni rozcvicky ,,jedna pani povidala...bla-bla
povidala“...Zablokuji si rano néjaky ¢as, abych pracoval na svych vlastnich vécech, abych na
nich pracoval na knihéch a na pfispévcich na blogu, a vy znate ¢lanky a podobné véci, a to je
opravdu dulezité, abych oddélil ten konkrétni ¢as vis, a pak vyuka je, ze vis, Ze je to na
relativné pevném rozvrhu a vis, Ze v 1ét€ je to vice zaméfené na Vyzkum c¢asto maji studenti,
ktefi pracuji v mé laboratofi na riznych projektech, a ty vis, Ze je to spiSe setkani, které znate
s nimi denn¢ a dobfe, co d¢€las, dobie, vis, zkus to dal a vis, ud€lej tohle a mluv o tom, co vis,
jaka je budoucnost projektu, takZe to je jeho vlastni proces, takze vite, Ze tyto véci jdou v
cyklech, znate akademické roky zaii az Cerven a vite, Ze se U¢astnime zasedéani a véci se
zminujete Gregorian Mayan, ale nezminil jsi akademicky kalendat, jo, ty vi§, ty vis, zac¢ina v
z4ii, kazdy z toho §ili vis, uh na konci semestru a vi$ a pak je tu jakési obdobi v Kvéten, kde
jsou vSichni nastvani, protoZe se bliZi konec roku a vSichni maji nervy usttelené a pak, vite,
mame, mame dva tydny do promoce a vSichni na sebe stiidaji SN a pak vite a pak je tu velky,



vite, povzdech tleva a pak jsme v 1été, takze kdyz jsi psal, nemyslim si, Ze stale pisSes pro
Forbes tak aktivné jako kdysi pfed n¢kolika lety, ale publikoval jsi uzasny maly ¢lanek, ktery
se v podstaté stava soucasti z té knihy, ale mluvte o péti nejvétsich ptekvapenich, takze mozna
muzete skoncit se vSemi nejvetSimi prekvapenimi v historii ¢asu, kdyZ postavam ponechate
nastroje, ten druh existencialniho désu, ktery se objevil mnoha zpisoby, fekni mi Chad, co
bylo pro vas to nejvétsi prekvapeni, které znate, praveé pii psani této knihy je to vzdy urcita
forma mého hledani, kdyz délate tento typ ha-ha vyyyzkum spravng, takze jaké
bylo vase oblibené prekvapeni, kdyz uzavirdme véc, ktera mé nejvice prekvapila ucit se a
kniha zacala jako kurz, ktery jsem nékolikrat nabizel v Union uh se stejnym nazvem Strucénd
historie méreni casu, to nemusi psat fyzik, to miize napsat 1 kostelnik nebo archivar...,
meéieni Casu, ( presypacimi hodinami nebo céziovymi, to je jedno) neni fyzika... ktery mé
ohromil, Ze ho nikdo nepouzil. Nejptekvapivejsi véci bylo naucit se, Ze mechanické hodiny a
piskové bryle jsou srovnatelné rocnikové prava, o kterych vite, ze na né myslite s znate
presypaci hodiny, které znate, s podobnymi, jako kdyz znate Pisky v piesypacich hodinach
nebo Dny naSich zivotl, néco, o ¢em si myslite, Ze by to byla technologie stara pouhych 10
000 let 1idé to délali odjakziva, ale ve skutecnosti to neni prvni ovéfend zminka o tom, ze na
pocatku 14. stoleti je na zdi v kostele v Sienn¢ v Italii nasténna malba, ktera ukazuje
presypaci hodiny v rozeznatelné podobé a to je poprvé, co je jeden z nich jednoznacné
zobrazen a zhruba ve stejnou dobu mate mechanické hodiny, lidé vynalezli ty dvé véci, ty dvé
technologie piiblizné ve stejnou dobu a dalsi zajimava véc na nich je, ze nikdo nevi kdo
vynalezl bud’ uh, prosté€ se tak néjak objevuji, jsou tam jen ehm, ptesypaci hodiny jsou véc v
Evropé, 1idé je maji, k ¢emu je pouzivaji k méfeni Casu a je to prosté tak néjak vSude a
mechanické hodiny se zac¢inaji objevovat v kostely ve vas vite v takovém rozsahu, jako byste
znali 12300, prosté se zacnou objevovat a neexistuje jediny vynalezce, na kterého bychom
mohli ukdzat a fict, Ze ten chlap, co jste védéli, je ten, kdo pfisel s mySlenkou téch
mechanickych hodin prosté najednou jsou vSude ehm, takZe je to opravdu zajimavé svédectvi
o jakési sile anonymnich kutila

(11)- somebody figured out how to make this work and it succeeded so well that nobody
remembers who they are anymore Chad orzel Professor Union

Outro College and good old SKC New York my former homeland of New York at least
although I was more in the deep south of uh of New York | want to thank you for your time in
this wonderful book and sending me a copy and I've uh I've got my own audio copy which |
devoured as well Chad thank you so much for spending so much of your time your valuable
time oh I just want to say one last thing if uh if it's true that you believe that it's true that uh a
man who has one clock knows what time it is but a man with two clocks never is sure that
always confused one must make you one of the most you know confused people in the world
but this book is incredibly easy to read clear and just a delight to read and listen to Chad thank
you so much for sending your time today yeah thank you for having me on this was fun if you
watch all the way to the end I know you'll love this interview with Nobel Prize winner Bill
Phillips who's Chad orel's the PHD adviser and click here for a playlist of the best episodes
from the past few weeks see you next time on

50:01

into the impossible



(11)- n¢kdo ptisel na to, jak to udé€lat, aby to fungovalo a podafilo se to tak dobfe, Ze si uz
nikdo nepamatuje, kdo jsou Chad orzel Profesor Union Outro College a stary dobry SKC New
York, moje byvala vlast, pfinejmenSim New York, i kdyZ jsem byl vice na hlubokém jihu uh
New Yorku, chei vam podekovat za vas Cas v této uzasné knize a za zaslani vytisku a ja jsem
uh, mam svou vlastni zvukovou kopii, kterou jsem také zhltl, Chade, moc ti d€kuji za to, Ze jsi
travil tolik ¢asu, tvilj drahocenny Cas, oh, chci fict jesté jednu posledni véc, jestli je pravda, ze
hodinami si nikdy neni jisty, ze vzdy zmatena jedna z vas musi ud¢lat jednoho z nejvice
zmatenych lidi na svété, ale tato kniha se ¢te neuvéfitelné snadno, jasné a jednoduse je radost
Cist a poslouchat Chada, mockrat vam dékuji za vas ¢as, ktery jste mi dnes poslali, ano,
dékuji, ze jste me u toho méli, byla to zabava, pokud to budete sledovat az do konce. Vim, ze
se vdm tento rozhovor s nositelem Nobelovy ceny Billem Phillipsem bude libit kdo je Chad
orel je poradce PHD a kliknutim sem zobrazite seznam nejlepSich epizod z poslednich tydnii,
uvidime se piiSté na

50:01 do nemozného
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Citace z jiného zdroje]: Cas je jednim z nejzahadngjsich aspektii naseho teoretického ramce
a znate prvni osobu, o které vim, Ze napsala _,
byl to Andrej Sacharov. To bylo pted teorii strun, ale dal$i dimenze ¢asu sahaji zpét do
Kaluza a Kleina ve dvacatych letech minulého stoleti a kazdy o tom pfemyslel, véetné Zeca,
ma to problémy,....

Moje reakce|: ( Problémy nema Vesmir, ale |problémy maiji lidé-fyzikové s pochopenim|
L.pro&“ by mély existovat extra navic dimenze &asuJ Lidem sta&i 3+1D asoprostor. ..,
ovsem do t¢ doby, dokud nepochopi ideu HDV, tj. Ze dalsi dimenze potiebujeme k pochopeni
,vzniku hmoty*, nikoliv ,,ze strun z Niceho, ale pravé z téch zabalenych tii dimenzi ¢asu a
délek 3+3D. http://www.hypothesis-of-universe.com/docs/c/c_426.jpg ;
http://www.hypothesis-of-universe.com/docs/c/c_421.gif ; http://www.hypothesis-of-
universe.com/docs/c/c_416.jpg ; http://www.hypothesis-of-universe.com/docs/c/c_415.qgif ;
http://www.hypothesis-of-universe.com/docs/c/c_411.jpg ; http://www.hypothesis-of-
universe.com/docs/c/c_358.jpg . Fyzikiim sta¢i dodnes ¢asoprostor 3+1 D, protoze jsou stale
Vv zajeti ptedstavy ,,skaldrniho vSesmérného casu®. Pro¢? ProtozZe tu na Zemi

Ze by &as béZel [riiznym tempem) do t¥i os....Pozorujeme ,,-“ stejny Cas t= ti=t2=
3, napf. napt. jedna hodina

t1 = 3600,000000032 sekund ; t> = 3600,000000030 sec. ; tz = 3600,000000030 sec. (Cisilka
32 nebo 30 jsem si vymyslel do vykladu ), PrestoZemvime, 7 v mnoha fyzikalnich situacich

,rovnomérného 1 nerovnomérného pohybu, zmén energie®, atd., je plynuti ¢asu rizné, napf.

t: = 3600,000000036 sekund ; t> = 3600,000000030 sec. ; t3 = 3600,000000030 sec.

- nam staci ten ,,skalar* Zemékoule je ,,umisténa v ¢asoprostoru tak Sikovné®, ze

tem p o plynuti ¢asu je do vSech tii slozek — dimenzi téméf stejné, respektive rozdily jsou
fadové az na osmém misté za desetinnou ¢arkou. ¢ = 108/10° ; Bytost-¢lovek je 0 osm Fadia
citlivéjsi na vnimani délkovych intervalit nez casovych intervalii. Pojede-li auto ferrari po
autodromu, budeme vnimat jeho pohyb ( po piimce ,,x“), tj. rychlost v1 = X1/ty = 250


http://www.hypothesis-of-universe.com/docs/c/c_426.jpg
http://www.hypothesis-of-universe.com/docs/c/c_421.gif
http://www.hypothesis-of-universe.com/docs/c/c_416.jpg
http://www.hypothesis-of-universe.com/docs/c/c_416.jpg
http://www.hypothesis-of-universe.com/docs/c/c_415.gif
http://www.hypothesis-of-universe.com/docs/c/c_411.jpg
http://www.hypothesis-of-universe.com/docs/c/c_358.jpg
http://www.hypothesis-of-universe.com/docs/c/c_358.jpg

km/hod. = 250 000m / 3600 sec. Pfepsano do sloZzek 3+3 dimenzionalniho rastru bude
zapsano méfeni velikosti dimenzi B X =250 000m ; y =0m ; z=0m ( jenze pozor,
zemékoule je kulata a tak bude ptesnéji x = 250000,0m ; y = 0, 00000002m ; z = 0,00000003
m..., prakticky zanedbavame tyto malé hodnoty uy az ) ; dtto s ¢asem ti;t2 ; t3 ; po méfeni
jsou : t1 = 3600,000000036 sekund ; t> = 3600,000000030 sec. ; t> = 3600,000000030 sec.
(¢isilka 36 nebo 30 jsem si vymyslel do vykladu) . Cili v soustavé soufadné x, y, z, t1, to, t3
méfime zmény jen v 0se X ab 0se t1

Kdyby se ferrari pfemeénilo na kosmickou raketu, ktera zvySuje rychlost az...az na
v =08c..,

- priklady jsou zde http://www.ktf.upol.cz/joch/priklady/dilatacep.html ; https://www.walter-
fendt.de/htmI5/phcz/timedilation_cz.htm a jinde taktéz jsou - ...pak by pry podle STR na
raketé dilatoval ¢as, ovSem !!!! dilatoval by v soustavé 3+3D pouze ve sméru pohybu !!!!,
¢ili t1 = 9,0 sec. t2 =500,0 sec. ; ts= 500,0 sec. Coz nevnima velitel rakety, ale vnima
Pozorovatel ze zékladni soustavy a to jen a jen z dtivodu, ze signal-informace pfiletéla
,pootocena®, tedy letéla po pokiiveném Casoprostoru. Proto snimdme onu STR dilataci tady
na Zemi jako ,,dilataci®, ale na raketé¢ zadna dilatace neni, je tam stale t= t1 =th =13 .
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