Rozhovor s Jamesem Peeblesem po NC
Jejich rozhovor sem si pielozil google-piekladacem....jak asi bude vypadat kosmologie za 20
let ?

https://www.aip.org/history-programs/niels-bohr-library/oral-histories/33957

Lightman:

| wanted to start with your childhood and find out a little bit how you got interested in
science, particularly, if you read anything or talked to any people who had a particular
influence on you early on.

Chtél jsem zacit s vasim détstvim a zjistit, jak se o védu zajimate, zvlasté pokud ¢tes
néco, nebo si promluvil s lidmi, ktefi na tebe méli konkrétni vliv jiz brzy.

Peebles:

I've always been interested in mechanical things. | think | must have been heavily
influenced by my father, who is also very good with his hands. He liked to build
things. | always loved to watch him do it, and | loved to build things on my own. | was
never exposed as a kid to any real science. | read the occasional popular science
book, and I loved Mechanics lllustrated, which had a lot of pseudo-science in it: It
wasn't until | got to college that | began to appreciate what physics is all about, and
that was really an accident also. | started in engineering, where | think | could have
happily remained and, who knows, made a bundle as a civil engineer or mechanical
engineer. But more of my friends happened to be majoring in physics than
engineering, so | switched over. No more compelling reason than that. But | then
decided, once | was in physics, that it was great stuff and stuck there ever since.

Vzdycky mé zajimaly mechanické véci. Myslim, Ze jsem musel byt silné ovlivnén
mym otcem, ktery je také velmi dobry s rukama. Rad stavél véci. Vzdy jsem rada
sledovala, jak to déla, a rad jsem stavél véci sam. Nikdy jsem nebyl jako dité
vystaven zadné skuteéné védé. Cetl jsem ob&asnou popularni védeckou knihu a
miloval jsem Mechanics lllustrated, ktery v ni mél spoustu pseudovédy: Teprve kdyz
jsem se dostal na vysokou Skolu, za€al jsem si uvédomovat, o co fyzika jde, a to bylo
opravdu nehoda také. Zacal jsem ve strojirenstvi, kde si myslim, Ze jsem mohl
Stastné zastat a kdo vi, vytvofil svazek jako stavebni inzenyr nebo strojni inzenyr. Ale
vic mych pratel se nahodou specializoval na fyziku nez na strojirenstvi, takZe jsem

Vv,

Ze to byly skveélé véci a od té doby tam zlstaly.
Lightman:

When you were younger, before college, do you remember any particular books or
authors that you read that had an impression on you?

KdyzZ jste byli mladSi, pamatujete si pfed vysokou Skolou né&jaké konkrétni knihy nebo
autory, které jste Cetli a které na vas pusobily?
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Peebles:

No, not a one. As | say, | did read the occasional book on popular science, but they
were never of any great depth. So, | can't say that | had any idea what science was
all about before | got to college. In fact, | didn't know what engineering was all about
before | went to college. | just wandered in. | came from a very small high school in
which there was no guidance and not any appreciable amount of physics taught, nor
much mathematics. So | didn't know what academia was all about until | got to
college.

Ne, ani jeden. Jak fikam, Cetl jsem ob&asnou knihu o popularni védé, ale nikdy
nebyly tak hluboké. TakZze nemohu fFici, Ze jsem mél tuSeni, o ¢em véda byla, nez
jsem se dostal na vysokou Skolu. Ve skute€nosti jsem nevédél, o ¢em je inzenyrstvi,
nez jsem Sel na vysokou Skolu. Pravé jsem se bloudil. Pochézel jsem z velmi malé
stfedni Skoly, ve které neexistovalo vedeni a Zzadné znacné mnozstvi ucené fyziky,
ani mnoho matematiky. Takze jsem nevédél, o cem je akademie, dokud jsem se
nedostal na vysokou Skolu.

Lightman:

Did you build things when you were young?
Stavél jsi véci, kdyz jsi byl mlady?

Peebles:

| built things, yes, mechanical things. | built slingshots, electric motors, long yo-yo
strings, that sort of thing.

Stavél jsem véci, ano, mechanicke véci. Postavil jsem praky, elektrické motory,
dlouhé yo-yo struny, takoveé véci.

Lightman:

Did you enter science fair projects?
Zadali jste védecké veletrzni projekty?

Peebles:

Oh no, there was no such concept where | was situated.
Ach ne, neexistoval zadny takovy koncept, kde jsem se nachazel.

Lightman:

You probably weren't thinking about cosmology at all, or even the universe at all, at
that age then?

Pravdépodobné jste v tom véku vibec nemysleli na kosmologii nebo vibec na
vesmir?



Peebles:

| had no idea what cosmology was.
Netusil jsem, co je to kosmologie.

Lightman:

Let me talk a little about your undergraduate education, when you did begin finding
out what physics was. Can you tell me about that?

Dovolte mi, abych si trochu promluvil o vaSem vysokoskolském vzdélani, kdyz jste
zacali zjistit, co je fyzika. Mize$ mi o tom Fict?

Peebles:

At that time, the University of Manitoba was quite strong in classical physics, but
pretty weak in modern theory. So | came away from the University of Manitoba with a
pretty good grounding [in what] | would need in astrophysics, in the sense that it was
broad and strong on the classical parts, but weak on modern physics. | didn't know
any relativistic quantum mechanics although | did know a fair amount of non-
relativistic quantum [mechanics].

V té dobé byla University of Manitoba v klasické fyzice pomérné silna, ale v moderni
teorii docela slaba. TakzZe jsem odjel z University of Manitoba s docela dobrym
zakladem v tom, co bych potfeboval v astrofyzice, v tom smyslu, Ze to bylo Siroké a
silné na klasické Casti, ale slabé na moderni fyziku. Neznal jsem zadnou
relativistickou kvantovou mechaniku, i kdyz jsem védél, Ze je to pomérné malo
relativistické kvantové mechaniky.

Lightman:

| don't think many undergraduates learn relativistic quantum mechanics.
Nemyslim si, Ze mnoho vysokoSkolaku se ugi relativistickou kvantovou mechaniku.

Peebles:

| think they do these days. We hit them with a little of the Dirac equation and we
certainly go further into non-relativistic quantum mechanics than | did. It was, as you
can imagine, quite a shock to come from the University of Manitoba, as it was in the
1950s, to Princeton University — to come from being top dog in my class [and]
getting all the honors to being totally bewildered and totally surrounded by all these
people who knew so much more than | [did]. So that was a shock that lasted for
maybe a year, until | managed to catch up and to find out what was going on in
physics. Again, because Manitoba was not strong in modern physics, | didn't have a
very clear idea what modern physics was all about or what the research possibilities
were. That was something | had to learn when | came to Princeton. As is inevitable,
my first interest was particle theory. It was the glamorous subject then as it is now,
and | started working in that direction. Particularly, | was very inspired by some of the
people here at the time. Murph Goldberger was doing his dispersion theory game at



the time. He gave a brilliant series of lectures that | was totally overwhelmed by and
totally grabbed by. So for some time | was dreaming of being a particle theorist. Many
of us must go through that phase — it's so glamorous. But then | ran into Bob Dicke,
who had a weekly evening meeting on his research on gravity physics. | dropped in
on it mainly because | knew some of the people in the group — fellow graduate
students — but | soon came to attend because of the subject, which is fascinating. In
gravity physics then, as now, one had to look at many different subjects, from the
structure of the planets to the structure of the galaxy to cosmology. That's where |
first began to see a little of what cosmology is and to become very fascinated by it
and also to become fascinated in general with gravity physics and all of the physics it
brought in to research projects. So | deflected my interest [and] wrote a thesis with
Bob Dicke on the possibility of variability in the fine structure constant, a topic that
has come and gone so many times during the years. | placed empirical limits on how
much alpha [the fine structure constant] could have varied through radioactive decay
[and the ages] of meteorites. Then it was [when | was] a post-doc that he and |
moved in the direction of cosmology as a way to do gravity physics.

Myslim, Ze to délaji dnes. Zasahli jsme je trochou Diracova rovnice a urcité jdeme
dale do nedemivivistické kvantové mechaniky nez ja. Jak si dokazete predstavit, byl
to docela Sok z univerzity v Manitobé, jako tomu bylo v padesatych letech, do
Princetonské univerzity - z toho, Ze jsem byl Spickovym psem v mé tfidé [a] ziskanim
vSech vyznamenani, abych byl Upiné zmaten. a Uplné obklopen vSemi t&mi lidmi,
ktefi védéli mnohem vic nez ja. TakzZe to byl Sok, ktery trval mozna rok, dokud se mi
nepodafilo dohnat a zjistit, co se dé&je ve fyzice. Znovu, protoze Manitoba nebyl v
moderni fyzice silny, nemél jsem jasnou pfedstavu o tom, o €¢em moderni fyzika je
nebo jaké jsou moznosti vyzkumu. Kdyz jsem pfiSel do Princetonu, musel jsem se to
naucit. Jak je nevyhnutelné, mym prvnim zajmem byla teorie ¢astic. Tehdy to bylo
okouzlujici téma, jak je tomu nyni, a ja jsem zacal timto smérem pracovat. Zejména
jsem byl velmi inspirovan nékterymi lidmi v tu dobu. Murph Goldberger v té dobé
délal svou hru teorie disperze. Udélal skvélou sérii pfednasek, které jsem byl
naprosto ohromen a naprosto popad|. N&jakou dobu jsem tedy snil o tom, Ze jsem
teoretikem €astic. Mnoho z nas musi projit touto fazi - je to tak okouzlujici. Ale pak
jsem narazil na Boba Dickeho, ktery mél tydenni vecerni setkani na svém vyzkumu
gravitacni fyziky. Zapadl jsem do toho hlavné proto, Zze jsem znal nékteré lidi ve
skupiné - kolegy z postgradualnich studentd -, ale brzy jsem pfisel navstivit kvali
tématu, které je fascinujici. V gravitacni fyzice se pak, stejné jako nyni, musel podivat
na mnoho rdznych pfedmétu, od struktury planet po strukturu galaxie az po
kosmologii. Tam jsem poprveé zacal vidét, co je to kosmologie, a stal jsem se tim
velmi fascinovan a také fascinovan obecné gravitacni fyzikou a veskerou fyzikou,
kterou pfinesl do vyzkumnych projektd. Odvratil jsem tedy svij zajem [a] napsal jsem
disertacni praci s Bobem Dickem o moznosti variabilnosti konstanty jemné struktury,
coz je téma, které v prubéhu let tolikrat pfichazelo a odchazelo. Polozil jsem
empirické limity na to, kolik alfa [konstanty jemné struktury] se mohlo ménit
radioaktivnim rozpadem [a véky] meteorit(. Pak to byl [kdyzZ jsem byl] postdoktorem,
Ze jsme se spole¢né pohybovali ve sméru kosmologie jako zpUsob, jak délat
gravitacni fyziku.

Lightman:

Let's see, the Brans-Dicke theory! | was around at this time.
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Podivejme se, Brans-Dickeova teorie [1] Byl jsem v tuto chuvili.

Peebles:

The Brans-Dicke theory was around at that time, right. That's not something | ever
worked on very much, although there was then, as you know, great interest in the
possibility that the precession of the perihelion of Mercury might have been wrongly
interpreted.

Teorie Brans-Dicke byla v té dobé asi v pofadku. To neni néco, na ¢em jsem kdy
hodné pracoval, ackoli, jak vite, byl velky zajem o moznost, Ze by mohla byt precese
pertuhel Merkuru nespravné interpretovana.

Lightman:
Yes. Ano

Peebles:

Part of the contribution to the precession [might] come from an oblate [flattened] sun.
So I did spend a long time looking at solar physics and the constraints one might
have in a differentially rotating sun. | guess you could say that was an introduction to
cosmology, although it was all strictly local solar system physics that we were dealing
with at that time. Bob Dicke had found cosmological solutions for his theory. | don't
know how much attention he paid to them. | didn't think they were very exciting at the
time because | didn't appreciate really the excitement of cosmology. It seemed to me,
at the time, to be rather a limited subject — a subject, as it used to be advertised,
with two or three numbers. A science with two or three numbers always seemed to
me to be pretty dismal. [It was] a science with Hubble's constant, the deceleration
parameter, and the density parameter. If that's all there were to cosmology, | wouldn't
have found it very interesting.

Cast prispévku na precesi mize pochézet z planéného [zplostélého] slunce. Takze
jsem stravil dlouhou dobu pohledem na slunecni fyziku a omezeni, ktera by mohla
mit v jinak rotujicim slunci. Myslim, Ze byste mohli fici, Ze to byl uvod do kosmologie,
ackoli to bylo vSechno striktné lokalni fyzika slunecni soustavy, se kterou jsme se
tehdy zabyvali. Bob Dicke naSel pro svou teorii kosmologicka feSeni. Nevim, jak
velkou pozornost jim vénoval. Nemyslel jsem si, ze v té dobé byli velmi vzrusujici,
protoZe jsem opravdu neocenil vzru$eni z kosmologie. V té dobé se mi zdalo, Ze je to
spiSe omezeny predmét - pfedmét, jak byvala inzerovan, se dvéma nebo tfemi Cisly.
Véda se dvéma nebo tfemi Cisly mi vzdy pfipadala docela skli€ujici. [Byla to] véda s
Hubbleovou konstantou, parametrem zpomaleni a parametrem hustoty. Kdyby to
bylo v8e, co by bylo v kosmologii, nebylo by mi to zajimavé.

Lightman:

And that's all that people were talking about at that time?
A to je v8echno, o ¢em lidé tehdy mluvili?



Peebles:

At the time, much of the subject was concentrating on that. Of course, there was the
other great topic, which was the debate between the steady state theory and
conventional big bang cosmology.

V té dobé se na to hodné soustfedila. Samoziejmé existovalo dalSi skvélé téma,
kterym byla debata mezi teorii ustdleného stavu a konvenéni kosmologii velkého
tfesku.

Lightman:

Can you tell me a little about your thoughts on that debate.
MuZzete mi fici néco o svych mySlenkach na tuto debatu.

Peebles:

Well, mainly | was scandalized that there should be such intense debate over what
seemed to me to be such a vacuous question. At the time, | found that, if anything,
cosmology was not appealing because it based so much on an assumption that the
universe is homogeneous, which seemed to me to be highly questionable. Of course,
| hadn't looked into the observational basis for why one believed in homogeneity,
which even then was not by any means insignificant. It seemed to me just unrealistic
on the-face of it to think that you could make a theory of the universe. It seems to me
still to be a reasonable first guess — how can you make a theory for the universe? |
guess | remember first thinking that the assumption of homogeneity was unrealistic
when | was preparing for general exams as a graduate student here — you know
about the general exams that replaced course requirements. Among other things,
you could anticipate that there might be a question in the relativity part on cosmology,
and all sensible graduate students knew this and prepared themselves by learning
about the standard solutions to Einstein's field equations for a homogeneous
expanding universe. So | dutifully learned them, but | remember thinking to myself,
"Boy, this is silly. Who could imagine the universe would be so simple?"

Hlavné jsem byl skandalizovan, ze by méla probihat tak intenzivni debata o tom, co
se mi zdalo byt tak prazdnou otazkou. V té dobé jsem zjistil, Zze kosmologie, pokud
vUibec néco, neni pfitazliva, protoze se tolik opirala o prfedpoklad, ze vesmir je
homogenni, coz se mi zdalo velmi sporné. Samozifejmé jsem se nedival do
observacniho zéakladu, pro¢ ¢lovék véfil v homogenitu, coz ani tehdy nebylo nijak
nevyznamné. Pfipadalo mi to jako nerealné, kdyz jsem si myslel, Zze dokazete vytvorit
teorii vesmiru. Zda se mi, Ze je to stale rozumny prvni odhad - jak mGzete vytvorit
teorii pro vesmir? Myslim, Ze si pamatuji prvni myslenku, Ze pfedpoklad homogenity
byl nerealisticky, kdyz jsem se zde pfipravoval na vSeobecné zkousky jako
postgradualni student - vite o obecnych zkouskach, které nahradily pozadavky na
kurz. Kromé jiného byste mohli oCekavat, Ze by v otazce relativity o kosmologii mohla
existovat otazka, a vSichni rozumni postgradualni studenti to védéli a pfipravili se tim,
Ze se dozvédéli o standardnich feSenich Einsteinovych polnich rovnic pro
homogenni expandujici vesmir. Takze jsem je poslusné naucil, ale vzpominam si, Ze
jsem si myslel: ,Chlapce, tohle je hloupé. Kdo by si dokazal pfedstavit, Ze vesmir
bude tak jednoduchy?“



Lightman:

That's what you mean when you say that you can't imagine anybody making a theory
of the universe?

To mate na mysli, kdyZ fikate, Ze si neumite pfedstavit, Ze by nékdo vytvofril teorii
vesmiru?

Peebles:

Right. The universe surely is — | guess | would have said at the time if | had thought
it through — a hierarchy of complexity. One could imagine making a theory of
galaxies, a theory of clusters of galaxies, and so on, but to have a theory of the
universe as a whole sounds to me more like a meta theory rather than physics as |
know it.

Ze jo. Vesmir je jistd - myslim, Ze bych tehdy Fekl, kdybych si to promyslel -
hierarchie slozitosti. Dalo by se pfedstavit vytvoreni teorie galaxii, teorie shluku
galaxii atd., Ale mit teorii vesmiru jako celku mi pfipada spiSe jako meta teorie nez
fyzika, jak ji znam.

Lightman:

And yet that's what Einstein himself did in 1917.2
A presto to udélal sam Einstein v roce 1917. [2]

Peebles:

Yes, yes. In fact, I've often wondered how he could ever bring himself to make such a
simple assumption, and I've wondered also why people like de Sitter let him get away
with it. De Sitter was pretty cautious, in fact...

Ano ano. Ve skute¢nosti jsem Casto premyslel, jak by se nékdy mohl pfivést k tak
jednoduchému pfedpokladu, a pfemyslel jsem také o tom, pro€ ho lidé jako de Sitter
nechali s tim uniknout. De Sitter byl opravdu opatrny, ve skute¢nosti ...

Lightman:

De Sitter argued a lot with him.!
De Sitter se s nim hodné hadal. [3]

Peebles:

Right, on that point. Other sensible astronomers and many physicists quickly
accepted his idea as the way it has to be. The universe has to be so simple that we
can analyze it in a one-dimensional differential equation - everything a function of
time alone. Of course, Einstein had brilliant intuition and he surely was awfully close
to the truth — that's the way the universe looks.
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Spravné, v tomto bodé. Jini rozumni astronomové a mnoho fyzikd rychle pfijali jeho
myslenku jako zpUsob, jakym musi byt. Vesmir musi byt tak jednoduchy, Zze ho
muazeme analyzovat v jednorozmérné diferencialni rovnici - vSechno je funkci ¢asu.
Einstein mél samoziejmé skveélou intuici a byl urcité strasné blizko pravdeé - tak
vypada vesmir.

Lightman:

So have you changed your view about whether it's silly to make theories of the
universe?

TakZze jste zménili svlj nazor na to, zda je hloupé vytvéaret teorie vesmiru?
Peebles:

| think it's amazing still, but | have to agree that it does make sense to make theories
of the universe. They work so very well First, | think the observations pretty clearly
show us that in the large-scale average — on scales comparable to the Hubble
distance now — the universe is remarkably isotropic. And more indirectly, but I think;
still pretty convincingly, the universe is remarkably close to homogeneous. So, if one
should believe general relativity theory, you have it. The universe is simple. It's
expanding in a computable way — which is an amazing thing. | never would have
anticipated it could have worked out so easily, but there it is.

Myslim, Ze je to stale uzasné, ale musim souhlasit s tim, Ze ma smysl| vytvaret teorie
vesmiru. Funguji tak velmi dobfe Zaprvé si myslim, Ze pozorovani jasné ukazuji, ze
ve velkém méfitku - na stupnici srovnatelnych s Hubbleovou vzdalenosti - je vesmir
pozoruhodné izotropni. A nepfimo, ale myslim; stale docela presvédcivé je vesmir
pozoruhodné blizky homogennimu. Pokud tedy nékdo véfi obecné teorii relativity,
mate to. Vesmir je jednoduchy. RozSifuje se to vycislitelnym zplsobem - coz je
uzasna véc. Nikdy bych necekal, Ze by to tak snadno fungovalo, ale je to tak.

Lightman:

Do you think the observations between then and now have made you stop thinking
that it's a silly idea to make these theories?

Myslite si, Ze pozorovani mezi tim a nyni vas pfinutila pfestat si myslet, Ze je to
hloupy napad vytvofit tyto teorie?

Peebles:

Yes. Remember at the time | wasn't aware of the observations. | could have known
then that the faint radio sources are quite isotropically distributed — that was known.
| guess that was the main observational datum that showed homogeneity in the large
scale. There were the galaxy counts but they were always very questionable — still
are — because it's so hard to make the k-correction and to correct for local mass
concentrations, the local galaxy concentrations. As you know, in the simplest model,
you would expect the galaxy counts to vary as flux density to the -2/3 [power],
apparent magnitude to the 0.6, isn't it? The [actual] plot of [the] logarithm [of the]



galaxy counts against apparent magnitude is remarkably close to a straight line, but
with the wrong slope, going all the way from the bright end to the faintest end, which
one thinks is a conspiracy of two corrections: the k-correction of the faint end and the
local concentration of galaxies in the local super cluster on the bright end. Given that
fact, it's hard to argue that we have much evidence of homogeneity there. Isotropy, of
course, is wildly improved in the last twenty to thirty years. But, as | say, even in the
late 1950s | could have looked at the radio source counts and | could have been
impressed at how isotropic they are, but | didn't know about them.

Ano. Pamatujte si, Ze v té dobé jsem nevédél o pozorovanich. Tehdy jsem mohl
védét, Ze slabé radiové zdroje jsou docela izotropné rozmistény - to bylo znamo.
Myslim, Ze to byl hlavni pozorovaci udaj, ktery ukazal homogenitu ve velkém méfitku.
Byly pocty galaxii, ale vzdy byly velmi sporné - stéle jsou - protoze je tak tézké
provést k-korekci a korigovat lokalni hmotnostni koncentrace, lokalni koncentrace
galaxii. Jak vite, v nejjednodussim modelu byste oCekavali, Ze se pocty galaxii budou
meénit jako hustota toku do -2/3 [sila], zdanliva velikost do 0,6, Ze? [Skute¢ny] graf
logaritmu [galaxie] pocitany proti zdanlivé velikosti je pozoruhodné blizky pfimce, ale
se Spatnym sklonem jde od jasného konce k nejslabSimu konci, coz si ¢lovék mysili,
Ze je spiknuti dvou korekci: k-korekce slabého konce a lokélni koncentrace galaxii v
mistnim super clusteru na jasném konci. Vzhledem k této skutecnosti je tézké tvrdit,
Ze mame mnoho dukazu o homogenité. 1zotropy se samozifejmé za poslednich
dvacet az tficet let vyrazné zlepSila. Ale jak fikdm, i na konci padesatych let jsem se
mohl podivat na pocty zdrojd radia a mohl jsem byt ohromen tim, jak jsou izotropni,
ale nevédél jsem o nich.

Lightman:

You mentioned that going to Dicke's evening meetings got you very interested in
relativity theory. Do you remember when it was that you got interested in cosmology
in particular?

Zminil jste, ze jste se na Dickeho vecerni schuzky té velmi zajimali o teorii relativity.
Pamatujete si, kdy jste se zajimal zejména o kosmologii?

Peebles:

Yes, | guess | can pretty definitely date that. This was the famous idea of Bob Dicke's
to look for the microwave radiation left over from a hot big bang. | can't give you a
year. | took no notes. He probably could tell you. It would be around 1964. It was in
the summer, | do remember — a very hot day. We met in his usual evening group,
but with a small number of people. | don't remember why, perhaps because it was
the summer. For some reason, we met in the attic [in Palmer lab]. It was really
ridiculously hot, | remember. He explained to us first why one might want to think that
the universe was hot in its early phases. | don't know how widely this is described,
[but] his thought at that time - and one that he does keep returning to — is that the
universe might oscillate.

Ano, myslim, Ze to dokazu docela urcité randit. To byl slavny napad Boba Dickeho
hledat mikrovinné zéareni, které zbylo z horkého velkého tfesku. Nemohu ti dat rok.
Nezaznamenal jsem zadné poznamky. Asi vam to mohl Fict. Bylo by kolem roku



1964. Bylo to v lété, pamatuji si - velmi horky den. Potkali jsme se v jeho obvyklé
vecerni skuping, ale s malym poctem lidi. Nepamatuiji si pro¢, snad proto, ze to bylo
léto. Z néjakého duvodu jsme se setkali v podkrovi [v Palmerové laboratofi]. Bylo to
opravdu smésné horké, pamatuji si. Nejprve nam vysveétlil, pro€¢ bychom si mohli
myslet, Ze vesmir byl v jeho ranych fazich horky. Nevim, jak je to podrobné popséano,
ale jeho myslenka - a ta, k niZ se neustale vraci - je, ze vesmir by mohl kmitat.

Lightman:

Yes, that's certainly described in the beginning of your paper in 1965.%4! And an
oscillating universe does require something to destroy heavy elements so one could
start again with hydrogen. The way you destroy heavy elements is to thermally
decompose them in blackbody radiation. So he explained to us then why you would
like a universe that's filled with blackbody radiation. He explained to us how this
blackbody radiation would remember its thermal spectrum as the universe expanded
[and] would cool off. He explained to us that a good window for looking at this was
around 3 centimeters wavelength, and in pretty short order, he had Dave Wilkinson
and Peter Roll looking into the design of a radiometer to look for this radiation. |
remember his off-handed but very inspiring remark to me, "Why don't you go think
about the theoretical consequences?" — which is a sign, | guess, of a great physicist.
You can throw off these remarks that can move mountains. And it certainly gave me
an awful lot to think about.

Ano, to je urcité popsano na zacatku prispévku v roce 1965. [4] A oscila¢ni vesmir
vyzaduje néco, aby znicil tézké prvky, takze ¢lovék muze zacit znovu vodikem.
Zpusob, jak znicit tézké prvky, je jejich tepelné rozlozeni v Eerném téle. Vysvétlil nAm
tedy, pro¢ byste chtéli vesmir, ktery je plny zafeni erného téla. Vysvétlil nam, jak si
toto Cerné zafeni zapamatuje jeho tepelné spektrum, jak se vesmir rozsifoval [a]
ochladil. Vysvétlil nam, ze dobré okno pro pozorovani toho bylo kolem 3 centimetrd
vinovych délek, a v docela kratkém pofadi nechal Dave Wilkinson a Peter Roll, aby
hledali design radiometru, aby hledal toto zareni. Vzpominam si na jeho off-handed,
ale velmi inspirativni poznamku ke mné: "Pro€ nejde$ myslet na teoretické
dasledky?" - coz je podle mé znameni velkého fyzika. MUzete zahodit tyto poznamky,
které mohou hybat horami. A rozhodné mi to dalo spoustu premysleni.

Lightman:

That turned you on?
To vas zaplo?

Peebles:

That turned me on. He and | wrote a paper, | think before the discovery of the
microwave background, in which we expressed many of the theoretical ideas that
had come up as a consequence of thinking about the microwave background. |
guess that was my first paper in cosmology, and it was really a lot of fun to write it.
We could see so many things to be done.

To mé zapnulo. On a ja jsme psali referat, [5] Myslim pfed objevenim mikrovinného
pozadi, ve kterém jsme vyjadfili mnoho teoretickych myslenek, které vznikly v
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dusledku pfemysleni o mikrovinném pozadi. Myslim, Ze to byl mdj prvni ¢lanek v
kosmologii, a bylo opravdu zdbavné psat to. Vidéli jsme tolik véci, které je tfeba
udélat.

Lightman:

Was that 1964? Bylo to v roce 19647
Peebles:

That would be about 1964. To by bylo asi 1964.

Lightman:

Do you remember at that time, when you were just beginning to think about
cosmology — and obviously you had taken relativity by then and you knew the
relativistic background — having a preference for any particular cosmological model,
say, open versus closed or homogeneous versus inhomogeneous?

Pamatujete si v té dobé, kdyz jste pravé zacali pfemyslet o kosmologii - a zjevné jste
vzali relativitu a vy jste znali relativistické pozadi - preferujete jakykoli konkrétni
kosmologicky model, feknéme otevieny versus uzavieny nebo homogenni versus
nehomogenni ?

Peebles:

| guess my reaction there was consistent with my initial reaction to cosmology as a
subject. Again, | said, suppose someone told me whether the universe was open or
closed. I think it would be a great let-down because what would | do with that
knowledge? I've always assumed that we won't know whether the universe is closed
or open until the information becomes, so to speak, irrelevant because it will have
been enmeshed in a much larger picture in which it's obvious that the universe has to
be the way it is on other, deeper grounds. So, | could never bring myself to get very
excited about the question of open versus closed. It always seemed to me to be
really a side issue. You'll find that in the book | wrote a few years afterwards,
Physical Cosmology,® | was very cautious about this question and didn't address it in
any detail because it didn't seem to me to be very interesting. In fact, | think that's still
the case. Now, with inflation, we have a reason, of course, to look for open versus
closed, and within inflation suddenly this question becomes very dramatic and very
compelling. So now, we can see that if we knew that the universe was not
cosmologically flat, it would be of overwhelming interest because it would knock
down a beautiful idea of inflation.

Myslim, Ze moje reakce byla v souladu s mou pocatecni reakci na vesmir jako
predmét. Opét jsem Fekl, pfedpokladejme, ze mi nékdo fekl, zda byl vesmir otevieny
nebo uzavieny. Myslim, Zze by to byl velky pokles, protoZe co bych s tim védomim
udélal? Vzdy jsem prfedpokladal, ze nebudeme védét, zda je vesmir uzavieny nebo
otevieny, dokud se informace nestane, tak fe¢eno, irelevantni, protoze to bude
zahrnuto do mnohem vétsSiho obrazu, na kterém je zfejmé, Ze vesmir musi byt tak je
to z jinych, hlubSich divodl. Takze jsem se nikdy nemohl dostat, abych byl nadSeny
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otazkou otevieného versus uzavieného. Vzdy se mi zdalo, Ze je to opravdu vedlejsi
problém. Zjistite, ze v knize, kterou jsem napsal nékolik let poté, Fyzikalni
kosmologie, jsem byl na tuto otazku velmi opatrny a nezabyval jsem se ji podrobnég,
protoze se mi nezdalo byt velmi zajimavé. Ve skute€nosti si myslim, Ze je tomu tak
stale. Nyni s inflaci mame samoziejmé duvod hledat otevieny versus uzavieny a v
ramci inflace se tato otdzka néhle stava velmi dramatickou a velmi pfesvédcivou.
Takze nyni vidime, ze kdybychom védeéli, Ze vesmir nebyl kosmologicky plochy, bylo
by to nesmirné zajimavé, protozZe by to srazilo krasnou myslenku inflace.

Lightman:

And bring back all the problems that it answered.
A privést zpét vdechny problémy, na které odpovédél.

Peebles:

And bring back all the problems that inflation promised to answer. Which would also
be fun, of course. It's always fun to have problems.

A privést zpét vSdechny problémy, na které slibovala inflace. Coz by samoziejmé bylo
také zabavné. Je vzdy zabavné mit problémy.

Lightman:

Did you give much credibility to the steady state universe at this time, in the mid-
1960's?

V poloviné Sedesatych let jste vénovali ustdlenému stavu vesmiru velkou
davéryhodnost?

Peebles:

No. | must confess | hadn't looked at it closely. | had heard a talk on the subject. In
fact, | heard the talk while | was still an undergraduate. | remember being amazed
that grown people could get excited about such speculative ideas. By the time the
blackbody radiation came along, it became clear that if this radiation was found, then,
of course, it had to be an expanding universe. Shortly thereafter, the radiation did
seem to have been found so the steady state theory very quickly drifted away before
| had a chance really to think about it long enough to decide whether or not it would
have been a theory | would have fought for.

Ne. Musim se pfiznat, Ze jsem se na to nedival podrobné. SlySel jsem mluvit na toto
téma. Ve skute€nosti jsem slySel fe¢, kdyz jsem byl jesté vysokoskolak. Vzpominam
si, Ze jsem ohromen, ze dospéli lidé se mohli t&sit z takovych spekulativnich ndpadu.
Nez se objevilo zareni ¢erného téla, vyslo najevo, ze pokud se toto zareni najde,
musi to samoziejmé byt rozSifujici se vesmir. Kratce nato se zdalo, ze zafeni bylo
nalezeno, takze teorie ustaleného stavu se velmi rychle unasela, nez jsem mél Sanci
na to opravdu pfemyslet dostateéné dlouho, abych se rozhodl, zda by to byla teorie,
za kterou bych bojoval.



Lightman:

Let me ask you about the work on the microwave background which you had
mentioned a minute ago. You mentioned that Dicke had talked about this problem in
an evening seminar. Do you remember what your motivation was in thinking about
this?

Dovolte mi zeptat se na praci na mikrovinném pozadi, o které jste se zminili pred
minutou. Zminil jste, Ze Dicke o tomto problému hovofil na ve€ernim seminafi.
Pamatujete si, jaka byla vase motivace o tom pfemyslet?

Peebles:

Well, as | say, it was very direct motivation from Bob Dicke — "You go think about
this." [In response to] whether | found that an exciting challenge, yes, | certainly did. |
could think of lots of physics to be done here. If you have radiation, you have
radiation drag; you have thermal history so you can think about reaction rates; you
can think of turning a plasma into atomic hydrogen, into molecular hydrogen; you can
think of turning a gas of protons and neutrons into helium and so on. So that was fun
because it was cross-sections, it was thermodynamics, it was something you could
compute and .relate to observations. So | got very excited about it very quickly.

No, jak fikdm, byla to velmi pfim& motivace od Bob Dicke - ,Jdi na to myslet.“ [V
reakci nal], zda jsem zjistil, ze vzrusujici vyzva, ano, urcité ano. Vzpomnél jsem si na
spoustu fyziky, kterou je tfeba udélat. Pokud mate zafeni, mate zafeni; méate
tepelnou historii, takze mizete pfemyslet o rychlosti reakce; mizete premyslet o
pfeméné plazmy na atomovy vodik, na molekularni vodik; mazete pfemyslet o
pfeméné plynu protond a neutrond na helium a tak dale. Byla to zabava, protoze to
byly prafezy, byla to termodynamika, bylo to néco, co jste mohli spocitat a tykat se
pozorovani. Takze jsem se velmi rychle nadchl.

Lightman:

Did you buy [Dicke's] theoretical motivation for the whole thing, that is, the oscillating
universe idea?

Koupili jste [Dickeho] teoretickou motivaci pro celou véc, tj. MySlenku oscilaéniho
vesmiru?

Peebles:

No. That was fine. | was willing to go along with it, but | couldn't get excited about the
idea. | think it seemed to me then, as it does now, [to be] a possibility that we'd better
pay attention to because it is an alternative to the standard lore now of inflation. And
since inflation isn't all that firmly established, we'd better consider the alternatives,
and that certainly is one of them that | would want to think about. But, in fact, | have
never gone beyond that view — that it is an alternative and we better bear it in mind. |
don't think I've ever written a paper exploring the possibilities of an oscillating
universe. | have no idea how you invent physics that will make a universe oscillate



and maintain its homogeneity — that's a real trick. It's an attractive idea, | must say.
It's not as elegant as the inflationary picture, but | think it could be borne in mind.

Ne. To bylo v pofadku. Byl jsem ochoten s tim jit, ale nemohl jsem se z toho ndpadu
tésit. Myslim, Ze se mi poté, stejné jako nyni, zdalo, ze je to moznost, které bychom
meéli Iépe vénovat pozornost, protozZe je to alternativa ke standardni tradici inflace. A
protoze inflace neni tak pevné zavedena, méli bychom radéji zvazit alternativy, a to je
urcité jedna z nich, na kterou bych chtél myslet. Ale ve skutecnosti jsem nikdy
neprekrocil tento nazor - Ze je to alternativa a méli bychom ji mit na paméti.
Nemyslim si, ze jsem nékdy napsal ¢lanek zkoumajici moznosti oscilacniho vesmiru.
Nemam ponéti, jak vymyslite fyziku, ktera zpusobi, Ze vesmir bude kmitat a udrZzovat
jeho homogenitu - to je skute¢ny trik. Je to atraktivni ndpad, musim Fict. Neni to tak
elegantni jako inflacni obraz, ale myslim si, Ze by to mohlo mit na paméti.

Lightman:

One of the things | was curious about and the reason | was asking about this is
because in your 1965 paper, you have the statement that if the universe is oscillating,
then one does not have to worry about the initial determination of the matter to
antimatter ratio at any finite time in the past. That's part of your reason for believing in
the oscillating universe, which then leads to the prediction of the microwave
background or the black body radiation.

Jednou z véci, na které jsem byl zvédavy, a duvodem, pro€ jsem se na to ptal, je to,
Ze ve svem dokumentu z roku 1965 mate prohlaseni, Zze pokud vesmir osciluje, pak
se nemusite starat o pocatecni uréeni zalezitosti antihmoty. pomér kdykoli v
minulosti. To je ¢ast vaSeho duvodu k vife ve oscilaéni vesmir, coz pak vede k
predikci mikrovinného pozadi nebo zareni ¢erného téla.

Peebles:

| see. | wonder how clearly | was thinking when | wrote that. Of course, | don't
remember all of my opinions from that long back. | think 1'd recognized pretty quickly
that one could not have a universe that oscillates indefinitely into the past because
one would have an entropy catastrophe. You would imagine that you will make
entropy on each phase of the oscillation, but [since] the universe now has a finite
amount of entropy, then one knows that it could have had only a finite number of
previous oscillations. I think | remember computing fairly early — but perhaps after
the paper you've mentioned — that the universe could have oscillated 100 times up
to the present, starting from dead cold and with the present content of baryons.
That's the number of oscillations that would be required to turn the radiation from
stars into the energy density of the radiation from the microwave background. Of
course, one recognizes that if you have only 100 oscillations, that makes the universe
exceedingly old indeed, but none the less a finite age.

Chapu. Zajimalo by mé, jak jasné jsem prfemyslel, kdyz jsem to psal. Samoziejmé si
nepamatuji vSechny své nazory z toho dlouhého zadku. Myslim, Ze jsem docela
rychle poznal, Ze ¢lovék nemlze mit vesmir, ktery by neurcité kmital do minulosti,
protoze by jedna méla katastrofu entropie. Pfedstavovali byste si, ze udélate entropii
v kazdé fazi oscilace, ale protoze vesmir ma nyni omezené mnozstvi entropie, pak



Clovék vi, Zze mohl mit pouze koneény pocet pfedchozich oscilaci. Myslim, Ze si
vzpomindm na vypolty pomérné brzy - ale snad po papiru, ktery jste zminil -, ze
vesmir mohl oscilovat 100krat az do soucasnosti, po€inaje mrtvou zimou a
soucasnym obsahem baryond. To je pocCet oscilaci, které by byly potfebné k
pfeméné zareni z hvézd na energetickou hustotu zafeni z mikrovinného pozadi.
Samoziejmé si ¢lovék uvédomuje, Ze pokud mate pouze 100 kmitd, je vesmir
opravdu nesmirné stary, ale pfesto koneény vék.

Lightman:

You still have to worry about this initial...
Stale si musite délat starosti s timto pocatecnim ...

Peebles:

You still have the initial condition problem, that's for sure. Light man: But maybe that
kind of thinking about the entropy problem was after your thinking in 1964.

Stale mate problém s pocatecnim stavem, to je jisté. Lehky muz: Ale mozna ten druh
premysleni o entropickém problému byl az po tvém mysleni v roce 1964.

Peebles:

That could well be. Remember my thinking in 1964 was heavily conditioned on the
thinking of the guy next door, Robert Henry Dicke. | think it is true to say that he was
motivated by this thought that a universe that's oscillating at least pushes back the
crisis of initial conditions from the standard big bang case — which is perhaps a step
in the right direction.

To by mohlo byt. Vzpomerite si, Ze moje mysleni v roce 1964 bylo silné podminéno
mysSlenkou na chlapa od vedle, Robert Henry Dicke. Myslim, Ze je pravda, Ze byl
motivovan touto myslenkou, Zze vesmir, ktery osciluje, alespon tlaCi zpét krizi
pocatecnich podminek ze standardniho pfipadu velkého tfesku - coz je mozna krok
spravnym smérem.

Lightman:

| guess I'll have to ask him about that.
Myslim, ze se na to musim zeptat.

Peebles:

Yes, it will be fascinating to see what he says.
Ano, bude fascinujici vidét, co fika.

Lightman:

Let me ask you a little about the flatness problem that you posed with Dicke in 1979
in the Einstein Centenary volume, although | understand it had a history before that.
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That is a particularly interesting issue to me because Alan Guth claims that that was
a key motivating factor in his development of the inflationary universe model. So,
historically, the clarification of that problem, the articulation of it by you and Dicke had
a very big effect. Can you tell me when it was that [the flatness] puzzle first occurred
to you?

Dovolte mi, abych se vas trochu zeptal na problém rovinnosti, ktery jste s Dickem v
roce 1979 predstavil v Einsteinové sté vyroci [7], i kdyz chapu, ze pfed tim méla
historii. To je pro mé obzvlasté zajimava zaleZitost, protoze Alan Guth tvrdi, Zze to byl
kliC¢ovy motivujici faktor v jeho vyvoji modelu inflaéniho vesmiru. Historicky tedy
objasnéni tohoto problému, jeho artikulace vami a Dickem, mélo velmi velky ucinek.
Muzete mi fict, kdy se vam to poprvé stalo [puzzle]?

Peebles:

Again, to be honest, it didn't occur to me. It occurred to Bob Dicke. You know it's hard
to remember when you learned to tie your shoes, and it's hard for me to remember
when | didn't know and believe that as a good argument. | think Bob Dicke must have
been presenting it to us back in the days when we were in Palmer Lab and when we
met in the evenings in these gravity research group meetings. It always seemed to
me to be a very obvious argument, and | was amazed when it suddenly became
canonical conventional wisdom because the argument hadn't changed any from one
that Bob had been giving for years and | had been giving in colloquia for years. It was
an argument, an argument of reasonableness and of coincidence, but it was never a
geometrical demonstration and, of course, still isn't.

Abych byl upfimny, znovu mi to nevzniklo. DoSlo k Bobovi Dickemu. Vite, Ze je tézkeé
si pamatovat, kdyz jste se naucili svazat boty, a je pro mé tézké si pamatovat, kdyz
jsem to nevédél a nevéfil jsem tomu jako dobry argument. Myslim, Ze nam to Bob
Dicke musel pfedstavit ve dnech, kdy jsme byli v Palmer Lab, a kdyZ jsme se setkali
ve vecernich hodinach na téchto setkanich gravitacnich vyzkumnych skupin. Vzdy se
mi zdalo, Ze je to velmi zfejmy argument, a byl jsem ohromen, kdyz se najednou
stala kanonickou konvenéni moudrosti, protoZe se tento argument nezménil od toho,
ktery Bob daval roky a ja jsem daval v kolokviich let. Byl to argument, argument
pfiméfenosti a nahody, ale nikdy to nebyla geometricka demonstrace a samoziejmé
to tak stale neni.

Lightman:

No, but it seems to me that for the argument to be compelling, to sort of sweep you
away, you have to imagine that the universe could have been made in many different
kinds of ways, with lots of different initial conditions.

Ne, ale zda se mi, ze aby byl tento argument pfesvédcCivy, aby vas tak néjak zametl,
musite si predstavit, ze vesmir mohl byt vytvofen mnoha rdznymi zpasoby, se

spoustou rliznych pocatec¢nich podminek.

Peebles:



Yes, and of course that recalls to us another of Bob Dicke's ideas — the
anthropomorphic universe idea [the weak anthropic principle]. 8

Ano, a to nam samoziejmeé pfipomina dalSi myslenky Boba Dickeho - myslenku
antropomorfniho vesmiru [slaby antropicky princip]. [8]

Lightman:

Yes, but he seemed to explain that in a much more natural way. | mean [his idea]
wasn't intended as a puzzle that needed an explanation. He gave the explanation.
Whereas [the flatness problem] is something that poses a puzzle which is very
compelling if you can believe that our initial conditions are a set of measure zero
[highly unlikely] out of a very large number of possible initial conditions. If you think of
it that way, then you realize that you require a physical explanation.

Ano, ale zdalo se, Ze to vysvétluje mnohem pfirozenéjSim zpusobem. Myslim, ze
[leho napad] nebyl zamyslen jako hadanka, ktera potfebovala vysvétleni. Vysvétlil.
Zatimco [problém rovinnosti] je néco, co predstavuje hadanku, ktera je velmi
presvédciva, pokud mizete uveéfit, Ze nase pocate€ni podminky jsou sadou opatfeni
nula [vysoce nepravdépodobné] z velmi velkého po¢tu moznych pocatecnich
podminek. Pokud o tom tak pfemyslite, pak si uvédomite, ze potrebujete fyzické
vysvétleni.

Peebles:

Let me see if | understand what you're getting at. There are two parts to this.
Uvidime, jestli chapu, k €¢emu to jde. K tomu jsou dvé ¢asti.

Lightman:

Yes, | don't want to phrase it incorrectly.
Ano, nechci to Fikat nespravné.

Peebles:

One part is the coincidence argument that if the universe has an appreciable
cosmological constant or if it has space curvature that's appreciably contributing to
the expansion rate, then. There was a special epoch at which this contribution to the
expansion rate by the lambda term [the cosmological constant] or by space curvature
became comparable to the contribution by the mass density, [leading to an omega of
about one]. That special epoch then exists and there are two problems with that.
First, initial conditions in the very early universe, whenever classical physics became
applicable, had to have set an enormous time scale, which seems a little difficult to
arrange. Second, we have to have come on the scene just as the epoch reached that
preferred time. Then you have to ask, could the second be only a coincidence or
could it be such an unlikely event that this characteristic time, if it exists, in fact, is in
the indefinite future — very far off in the future. [In that case], the space curvature
cannot have been important, and lambda cannot have been important, and we
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arrived on the scene at some randomly chosen time so far as the evolution of the
universe is considered. So, if space curvature is negligibly small and lambda is
negligibly small, then we have a problem indeed. How did the universe arrange these
initial conditions?

Jednou €asti je argument nahody, Zze pokud ma vesmir znatelnou kosmologickou
konstantu nebo pokud ma prostorové zakfiveni, které vyrazné pfispiva k rychlosti
expanze. Tam byl zvlastni epocha u kterého tento pfispévek k rychlosti expanze
lambda terminem (kosmologicka konstanta) nebo zakfivenim prostoru stal se
srovnatelny s prispévkem hustoty hmoty, [vést k omega asi jeden]. Tato zvlastni
epocha pak existuje a s tim jsou dva problémy. Za prvé, pocatecni podminky ve
velmi raném vesmiru, kdykoli se klasicka fyzika stala pouzitelnou, musely stanovit
obrovskou ¢asovou stupnici, coz se zda byt trochu obtizné uspofadat. Zadruhé
musime na scénu pfijit, jakmile epocha dosahla toho preferovaného ¢asu. Pak se
musite zeptat, mohl by byt druhy nahodou ndhoda, nebo by to mohla byt takova
nepravdépodobna udalost, Zze tento charakteristicky ¢as, pokud existuje, je ve
skute¢nosti v neurcité budoucnosti - velmi daleko v budoucnosti. [V tom pfipadé],
prostorové zakfiveni nemohlo byt dulezité, a lambda nemohlo byt dilezité, a my jsme
dorazili na scénu v nahodné zvoleném &ase, pokud se uvazuje o vyvoji vesmiru.
Pokud je tedy zakfiveni prostoru zanedbatelné malé a lambda je zanedbatelné malé,
pak mame skutecné problém. Jak vesmir zajistil tyto pocatecni podminky?

Lightman:

That's the version of the problem that I've been discussing.
To je verze problému, o kterém jsem diskutoval.

Peebles:

Right, and of course we have a problem no matter what the space curvature is, since
the universe is so dramatically homogeneous and we know that it began as separate
pieces.

Spravné a samoziejmé mame problém bez ohledu na to, jaké je zakfiveni prostoru,
protoZe vesmir je tak dramaticky homogenni a vime, Ze to zacalo jako samostatnée
kusy.

Lightman:
Yes, that's another problem. Ano, to je dalSi problém.
Peebles:

Right. So, all along there was a deep problem — how did the universe get to be so
homogeneous? And that certainly is something that worried me a lot through the
years. I've written papers on that, and | must say that the inflationary idea certainly is
a brilliant way to solve the problem. A separate problem is what is the space
curvature value now and could it be appreciable in its contribution to the expansion
rate compared to the mass density's contribution. Another aspect of the Dicke
argument is that you would be surprised to find that space curvature is appreciable



now since- that would require, as | say, that we came on the scene just as space
curvature was becoming important, which is a coincidence argument. It seems to me
that the second argument that space curvature has to be negligibly small is a weaker
one because, of course, we had to come on the scene at some time or another and
that meant that there had to be some sort of configuration of events and any specific
configuration of events always is wildly improbable. How do you judge which is more
improbable — that we should have come on the scene now or at some other time?

Ze jo. Po celou dobu tedy existoval hluboky problém - jak se vesmir stal tak
homogennim? A to je urcité néco, co mé v prabéhu let hodné znepokojovalo. Napsal
jsem o tom ¢lanky a musim Fici, Ze inflaCni napad je urcité skvély zpUsob, jak
problém vyfesit. Samostatnym problémem je to, co je nyni hodnota prostorového
zakfiveni a mohlo by byt znatelné jeho pfispévkem k rychlosti expanze ve srovnani s
prispévkem hmotnostni hustoty. DalSim aspektem Dickeho argumentu je, Zze byste
byli pfekvapeni, kdyz zjistite, Ze prostorové zakfiveni je nyni znatelné, protoze to by
vyzadovalo, jak fikam, Ze jsme pfisli na scénu stejné jako se zakfiveni prostoru stalo
dulezitym, coz je argument nahody. Zda se mi, ze druhy argument, Ze prostorové
zakfiveni musi byt zanedbatelné malé, je slabsi, protoze jsme samoziejmé museli
pfijit na scénu v urcitém €ase nebo jiny, coz znamenalo, Ze musela existovat néjaka
konfigurace udélosti a jakakoli konkrétni konfigurace udalosti je vzdy velmi
nepravdépodobna. Jak posuzujete, co je nepravdépodobnégjsi - ze jsme méli na
scénu pfijit ted nebo jindy?

Lightman:

That anthropic element was not a part of the way that you stated [the flatness
problem] in the Einstein Centenary volume.

Tento antropicky prvek nebyl sou&asti zpusobu, jakym jste uvedli [problém plochosti]
v Einsteinové sté vyroci.

Peebles:

Right. | don't remember in fact what we put in the Einstein Centenary volume. |
presume we emphasized both sides of this question - how did the universe get to be
homogeneous, which is very deep, and second, could we imagine that space
curvature is appreciable now?

Ze jo. Ve skuteénosti si nepamatuiji, co jsme vlozili do svazku sté vyroéi Einsteina.
Predpokladam, ze jsme zdUraznili obé strany této otazky - jak se vesmir stal
homogennim, coz je velmi hluboké a za druhé, muzeme si predstavit, ze zakfiveni
prostoru je nyni znatelné?

Lightman:

Yes. The reason why | would like to separate the anthropic part is because Alan Guth
tells me — and I've interviewed him — that he is completely turned off by all
anthropic arguments. But he was still overwhelmingly influenced by the flatness
puzzle as stated by you and Bob Dicke.



Ano. Duvod, pro€ bych chtél oddélit antropickou ¢ast, je ten, Ze Alan Guth mi fika - a
ja jsem s nim vedl rozhovor -, Ze je Uplné vypnuty vSemi antropickymi argumenty. Ale
stale byl ohromné ovlivnén logikou rovinnosti, jak jste uvedli vy a Bob Dicke.

Peebles:

Now, by flatness puzzle you are not referring to the homogeneity puzzle. That's a
separate puzzle.

Nyni hddankou pro rovinnost nemyslite hadanku homogenity. To je samostatna
skladacka.

Lightman:

No, not the homogeneity puzzle — [Guth] distinguishes the flatness problem from the
horizon problem, which goes back to Rindler® or somebody like that. But he's
speaking of the fact that for omega to be so close to one now, it had to be incredibly
close to unity at either a Planck time or, as you put it in your article, one second. So
that argument by itself, without the anthropic principle, apparently has a lot of power
to some people — Guth in particular.

Ne, nikoliv puzzle homogenity - [Guth] odliSuje problém plochosti od problému
horizont, ktery se vraci zpét k Rindlerovi [9] nebo nékomu jinému. Mluvi vSak o tom,
Ze aby omega byla ted tak blizko jedné, muselo to byt neuvérfitelné blizké jednoté
bud v Planckové €ase, nebo jak jste to uvedli ve svém ¢lanku, jednu sekundu. Takze
tento argument sam o sobé&, bez antropického principu, méa zjevné hodné lidi pro
nékteré lidi - zejména Guth.

Peebles:

Yes. We know it has a lot of power because very quickly the argument that space
curvature must be negligibly small now was taken up by the community, and | think in
many circles [it] is now considered to be gospel — a geometrical demonstration of
the way things must be — which | think is over-stating the case. As | say, it really
does boil down to a coincidence argument, isn't that right?

Ano. Vime, Zze ma spoustu sily, protoze velmi rychle se ujal argument, Zze prostorové
zakfiveni musi byt zanedbatelné malé, nyni komunita pfevzala, a myslim si, Ze v
mnoha kruzich je nyni povazovano za evangelium - geometrickd demonstrace cesty
véci musi byt - coZ myslim, Ze tento pfipad pfecenuje. Jak fikam, opravdu se to
scvrkava na argument nahody, ze?

Lightman:

Yes, whether you're willing to accept the coincidence or not accept it.
Ano, at’ uz jste ochotni pfijmout ndhoda nebo ne.

Peebles:
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That's right. That we came on the scene as omega started to drop away [from] unity.
Actually, one can approach this from another direction and ask what the observations
say. As you know, there is still the terrible problem that it's awfully hard to find this
extra mass that's required to make omega equal to unity — which [is something] |
tend to pay more attention to than these philosophical arguments.

To je spravné. Ze jsme prisli na scénu, kdyZ omega zadala upadat z jednoty. Ve
skute€nosti Ize k tomu pfistupovat z jiného sméru a zeptat se, co fikaji pozorovani.
Jak vite, stale existuje hrozny problém, Ze je strasné tézkeé najit tuto extra hmotu,
kterd je nutnd k tomu, aby se omega rovnalo jednoté - coz je néco, ¢emu vénuiji vice
pozornosti nez témto filosofickym argumentam.

Lightman:

For some reason, these puzzles stated in your article in 1979, although they had
been around for a long time, ignited the community at that time. | don't know exactly
why. Do you have any opinion as to why those arguments suddenly took hold at that
particular time and how people responded to them?

Z néjakého divodu tyto hadanky uvedené ve vasem ¢€lanku v roce 1979, ackoli byly
uz dlouho, komunitu v té dobé zapalily. Nevim pfesné pro¢. Mate néjaky nazor na to,
pro¢ se tyto argumenty najednou zmocnily a jak na né lidé reagovali?

Peebles:

I've often wondered why the arguments took hold so rapidly from that one article
since, as you observed; these arguments all were known — at least to many
professional cosmologists — well before the article. | have the feeling that the ground
had become fertile for these arguments, that particle physics was coming with the
ingredients needed for the inflationary concept, and | suppose you could argue that
the particle theorists needed some philosophical motivation for their ideas on inflation
and here they were, ready-made, at just the right time. | could imagine it's as simple
as that.

Jak jsem si vSiml, ¢asto jsem pfemyslel, pro¢ se argumenty tak rychle uchytily od
toho jednoho Clanku. vSechny tyto argumenty byly znamy - pfinejmenSim mnoha
profesionalnim kosmologlm - jesté pfed ¢lankem. Mam pocit, Ze plda se stala pro
tyto argumenty urodna, ze Casticova fyzika pfichazela s pfisadami potfebnymi pro
inflacni koncept, a myslim, Zze byste mohli tvrdit, Ze teoretici ¢astic potfebovali urcitou
filozofickou motivaci pro své predstavy o inflaci a tady byli pfipraveni ve spravny ¢as.
Dokazal jsem si pfedstavit, Ze je to tak jednoduché.

Lightman:
You call them philosophical. Rikéate jim filosofie.
Peebles:

Well, philosophical in the sense that one is arguing that a reasonable universe ought
to have zero space curvature — | call that philosophy. It's not quite philosophy,



perhaps, but you know what | mean. In other words, I'm wondering if perhaps our
article wasn't window-dressing for ideas that the particle theorists would have put
forward anyway. In fact, wasn't Alan Guth mainly, and in the first instance, motivated
by the need to get rid of monopoles?

Filosoficky v tom smyslu, Ze Clovék tvrdi, Ze rozumny vesmir by mé&l mit nulové
kosmické zakfiveni - tuto filozofii nazyvam. Mozna to neni docela filosofie, ale vite, co
tim myslim. Jinymi slovy, zajimalo by mé, jestli by snad nas ¢lanek nemél oblékani
do oken pro myslenky, které by teoretici ¢astice stejné navrhli. Ve skute¢nosti nebyla
Alan Guth hlavné a v prvni fadé motivovana potfebou zbavit se monopolu?

Lightman:

That was something that he'd thought about, and [the inflationary universe model]
solves that problem, too. But after talking to him, that doesn't seem to have been the
thing that stimulated him most.

To bylo néco, o ¢em premyslel, a [model inflaéniho vesmiru] tento problém také fesi.
Ale po rozhovoru s nim se to nezdalo, Ze by ho to nejvice stimulovalo.

Peebles:

The other thing I've often wondered is whether he used the name inflation because at
the time he invented this idea, we were just going into the hyper-inflation, or stag-
flation, era. | was wondering if he was being led, at least in inventing the name, by
the economic situation of our country.

Druhou véci, kterou jsem Casto pfemyslel, je, zda pouzil jméno inflace, protoze v
dobé, kdy vynalezl tuto myslenku, jsme praveé sli do hyperinflace, nebo stag-flace,
éry. Zajimalo by mé, jestli byl veden, alespon pfi vymysSleni jména, ekonomickou
situaci nasi zemé.

Lightman:

| don't know. | haven't asked him about that. Do you remember any of the initial
reactions of people to the flatness problem after your article in 1979 came out? |
know that some astronomers and some people that I've talked to dismissed the
argument on the grounds that the universe is as we observe it, and it makes no
sense to talk about an ensemble of universes. There is only one universe. They
dismiss [the flatness problem] as being not a serious argument or not something that
required us to go out and look for physical processes. So it definitely polarized the
community.

Nevim. O to jsem se ho neptal. Pamatujete si nékterou z pocatecnich reakci lidi na
problém rovinnosti pote€, co vySel vas ¢lanek v roce 19797 Vim, Ze néktefi
astronomové a néktefi lidé, s nimiz jsem hovofil, odmitli argument z toho ddvodu, ze
vesmir je, jak jej pozorujeme, a nema smysl mluvit o souboru vesmiru. Existuje
pouze jeden vesmir. Odmitaji [problém plochosti] jako vazny argument nebo ne
néco, co od nas vyzadovalo, abychom $li ven a hledali fyzické procesy. Takze to
urcité polarizovalo komunitu.



Peebles:

| don't know that it polarized the community at that [time]. Perhaps it did, because the
arguments were made visible. Certainly responses of the sort you mentioned were
familiar to me. I'd heard them earlier many times from sensible people. So | can't say
that | noticed any difference in response to these arguments before and after the
publication of the paper. The only thing | can recall noticing is a gradual drift toward
acceptance of the arguments. One that, as | say, became very surprising to me, as it
became such a strong current opinion — these arguments had to be the way it is. It
would be fun to ask Bob Dicke how seriously he took these arguments when we
presented them in the 1979 paper. | thought they were good arguments, but | never
felt that we were laying down the law the way the world has to be.

Nevim, Ze to v té dobé polarizovalo komunitu. MozZna ano, protoZe argumenty byly
zviditelnény. Urcité mi byly odpovédi typu, které jste zminili, znamé. Slysel jsem je uz
mnohokrat od rozumnych lidi. Takze nemohu fici, Ze jsem zaznamenal néjaky rozdil
v reakci na tyto argumenty pfed a po zverejnéni pfispévku. Jedina véc, na kterou si
vzpominam, je postupny posun k pfijeti argumentU. Ten, ktery, jak fikdm, se pro mé
stal velmi pfekvapujicim, protozZe se stal tak silnym sou¢asnym nazorem - tyto
argumenty musely byt takoveé, jaké jsou. Bylo by zdbavné se zeptat Boba Dickeho,
jak vazné vzal tyto argumenty, kdyz jsme je prezentovali v papiru z roku 1979. Myslel
jsem, Ze to byly dobré argumenty, ale nikdy jsem necitil, Ze stanovujeme zakon tak,
jak musi byt svét.

Lightman:

Well, you weren't giving a physical explanation.
Dobfe, nedal jsi fyzické vysvétleni.

Peebles:
No, we weren't. Ne, nebyli jsme.
Lightman:

You were presenting an argument that there needed to be some physical
explanation.

Predkladali jste argument, Ze je tfeba né&jake fyzické vysvétleni.
Peebles:

Right. And, of course, at the time | was pretty convinced by the argument, say, that
omega really ought to be unity if the universe is at all rationally constructed. It still
seems to me to be a good argument for omega to be equal to one, but | don't think |
thought then, and | don't know, that it was a demonstration that omega has to be
unity. What | found a little surprising was the fact that many people took these
arguments to be demonstrations for the way the universe had to be — that omega
had to be unity.



Ze jo. A samoziejmé, v té dobé& jsem byl docela pfesvéd&en argumentem, feknéme,
Ze omega by opravdu méla byt jednota, pokud je vesmir vibec racionalné
konstruovan. Stale se mi zda, Ze je dobrym argumentem pro to, aby se omega rovna
jedné, ale nemyslim si, Ze jsem si tehdy myslel, a nevim, Ze to byla demonstrace, Ze
omega musi byt jednota. Trochu mé prekvapilo, Ze mnozi lidé povazovali tyto
argumenty za demonstrace zpUsobu, jakym musi byt vesmir - Ze omega musi byt
jednota.

Lightman:

Let me ask you a little bit about your reactions to some of the new discoveries, both
theoretical and observational, in the last ten years. We've talked a little bit about this
already. Do you remember your initial reaction to the inflationary universe model2%
when you heard it?

Dovolte mi, abych se vas trochu zeptal na vase reakce na nékteré noveé objevy,
teoretické i observacni, za poslednich deset let. Uz jsme o tom trochu mluuvili.
Pamatujete si svou pocatecni reakci na model inflaéniho vesmiru, kdyz jste ho
slySeli?

Peebles:

Yes, | remember great skepticism because of a simple point. In the original
inflationary picture, one goes through a phase in which the universe is almost
Einstein-de Sitter. One knows that an Einstein-de Sitter universe is invariant not only
under translation in space and time but also under change of velocity. It seemed to
me to be an amazing thing that the universe could have made the phase transition
back to a Friedmann-Lemaitre phase in such a way that all the parts were moving in
the same direction. How did part "A and part B know to be moving relative to each
other such as to have the general expansion we observe if locally they have no
signal from the geometry as to how they should move? It took me a long time to
appreciate that there is that scalar field phi floating around, and it does have a
gradient that does define a preferred direction, that does define hypersurfaces. So |
remember for a long time screaming at people, "This just doesn't make sense." |
remember some of the responses. | remember Ed Witten saying, "Well, perhaps
Lorentz invariance is violated in the early universe. It's a possibility." | remember
asking Alan Guth about this in some detail. He didn't think it was a problem. | guess |
now understand why | was misled. As | say, one does have this scalar field. It does
have a gradient always, even in the almost Einstein-de Sitler phase.

Ano, vzpominam si na skepticismus kvuli jednoduchému bodu. Na pavodnim
inflaénim snimku prochazi faze, ve které je vesmir témér Einstein-de Sitter. Jeden vi,
Ze vesmir Einstein-de Sitter je invariantni nejen pod pfekladem v prostoru a ¢ase, ale
také za zmény rychlosti. Zdalo se mi, ze je Uzasna véc, ze vesmir mohl udélat fazovy
prechod zpét do Friedmann-Lemaitre faze takovym zpuisobem, Zze vSechny ¢asti se
pohybovaly stejnym smérem. Jak védéla, ze se ¢ast ,A a ¢ast B pohybuji vzajemné
vuci sobé tak, Ze maji obecnou expanzi, kterou pozorujeme, pokud lokalné nemaji
Zadny signal z geometrie o tom, jak by se mély pohybovat? Trvalo mi dlouho, nez
jsem si uvédomil, Ze tam je to skalarni pole phi vznasejici se kolem, a to ma gradient,
ktery definuje preferovany smér, ktery definuje hypersurfaces. Takze si pamatuji na
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dlouhou dobu kfi¢i na lidi: "To prosté nedava smysl." Vzpominam si Vzpominam si
na Eda Wittena, jak fika: ,No, mozna je Lorentzova invence v raném vesmiru
porusena. Je to moznost. "Pamatuji si na to, Ze se na to ptam Alan Guth do né&jakého
detailu. Nemyslel si, Ze to byl problém. Myslim, Ze ted chapu, pro¢ jsem byl uveden v
omyl. Jak fikam, jeden ma toto skalarni pole. Ma gradient vzdy, dokonce i v témér
Einstein-de Sitlerové fazi.

Lightman:

| thought the gradient was randomly distributed outside of the horizon?
Myslel jsem, Ze gradient byl nahodné distribuovan mimo horizont?

Peebles:

That's the gradient in the fluctuating part. So one has an inflation field that has an
almost classical part and a small fluctuating part on top of that. So I'm talking about
the gradient of the classical part which | think does rationally define hyper-surfaces
on which you can have re-heating such as to make the universe almost exactly
homogeneous. I'm only giving you my uninformed opinion. At the time, | was stuck on
that point. | gradually came to see that it is not a problem and at the same time |
could see how beautifully [the inflation model] so Ived what seemed to me to be the
essential puzzle, how did the universe get to be homogeneous. On the basis of those
two realizations, | was glad to adopt the inflationary picture as a good possibility. |
was not — and still am not — convinced that it has to be the way the universe
started, but | certainly had to agree that it was a wonderfully elegant idea and so
certainly should be pushed harder.

To je gradient v kolisavé Casti. Takze jeden ma inflaéni pole, které ma témér
klasickou ¢ast a malou kolisavou €ast navic. Takze mluvim o gradientu klasické
Casti, o které si myslim, Ze racionalné definuje hyper-povrchy, na kterych se mizete
znovu zahrat, aby byl vesmir témér pfesné homogenni. Davam ti jen muj
neinformovany nazor. V té dobé jsem byl v tom bodé. Postupné jsem vidél, Ze to neni
problém, a zaroven jsem vidél, jak krasné [inflacni model] tak Ilve, co mi pfipadalo
jako zakladni hadanka, jak se vesmir stal homogennim. Na zakladé téchto dvou
realizaci jsem rada pfijala inflaéni obraz jako dobrou moznost. Nebyl jsem - a stale
nejsem - presvédcen, ze to musi byt zpusob, jakym vesmir zacal, ale rozhodné jsem
musel souhlasit s tim, Ze to byl uZzasné elegantni napad, a tak by rozhodné mél byt
tlacen tvrdéji.

Lightman:

I'm personally amazed at how rapidly and how widely it caught on.
Osobné jsem ohromen tim, jak rychle a jak Siroce to dopadlo.

Peebles:

Yes, but that's the way physics operates, isn't it? In the absence of any other idea, a
good idea will capture the field. And before inflation, we really had a blank. One could
extrapolate the conventional models back in time to a singularity, which is a very ugly
thing. So we all knew that we had this horrible problem, and I think it's no surprise



that the first idea that seemed to make some sense that came along would capture
the field and become the canonical, standard model. Of course, it doesn't mean that
the idea is right. It means that we didn't have any options. So, as | say, I'm not
surprised. | think we should be careful. | think there's a reasonable chance we've
been led down the wrong path. It certainly has happened before. I've heard
comparisons of the steady state idea with the inflationary idea, and indeed they have
some similarities. In both cases, we had problems — in fact, the same problem. What
do you do about initial conditions? In the absence of any very hard evidence — in
fact in the absence of any great movement in the canonical model — a new idea
came along and because it was new and provocative and accounted for some of the
known problems, it captured a lot of attention. Certainly the steady state theory2l did
in the 1950s. It soon became at least a co-equal in credibility with the expanding
universe model, and that wasn't because of any observational evidence as far as |
know. There were a few bits and pieces of evidence that the steady state theory
might do better. One had a time scale problem [with the big bang model]. But | think
sensible people didn't think the time scale problem was really serious. | think it was
more a question that it was a new idea, not manifestly wrong, and worth exploring.
And I think we saw much the same thing happen with inflation. A new idea came
along, solved some known problems, so people jumped at it and started exploring it.

Ano, ale tak fyzika funguje, ze? Pfi absenci jakéhokoli jiného napadu by dobry napad
zachytil pole. A pfed inflaci jsme méli opravdu prazdné. Dalo by se extrapolovat
konvencni modely zpét v Case na jedine¢nost, coz je velmi oSkliva véc. VSichni jsme
tedy védéli, Ze mame tento hrozny problém, a nemyslim si, Ze neni divu, Ze prvni
mysSlenka, ktera méla néjaky smysl, ktery pfiSel, by zachytila pole a stala se
kanonickym standardnim modelem. To samoziejmé neznamena, Ze je tento napad
spravny. To znamena, ze jsme neméli zadné moznosti. Takze, jak fikam, nejsem
prekvapeny. Myslim, ze bychom méli byt opatrni. Myslim, Zze existuje rozumna Sance,
Ze jsme byli vedeni Spatnou cestou. Urcité se to stalo predtim. SlySel jsem srovnani
mysSlenky ustaleného stavu s mysSlenkou inflace a skute¢né maji urcité podobnosti. V
obou pfipadech jsme méli problémy - ve skute€nosti stejny problém. Co délate s
pocatecnim stavem? Vzhledem k tomu, Ze neexistuji Zzadné velmi tvrdé ddkazy - ve
skute¢nosti pfi neexistenci jakéhokoli velkého pohybu v kanonickém modelu - pfisla
nova mysSlenka, a protoZe byla nova a provokativni a odpovidala za nékteré znamé
problémy, upoutala velkou pozornost . Teorie ustaleného stavu [11] se zajisté
objevila v 50. letech 20. stoleti. Brzy se stal pfinejmensim rovnocennym v
dbvéryhodnosti s rozsifujicim se vesmirnym modelem, a to nebylo kvuli néjakym
pozorovacim ddkazim, pokud vim. Existovalo nékolik bith a dikazu, Ze teorie
ustaleného stavu by mohla délat Iépe. Jeden mél problém s ¢asovym méritkem [s
modelem velkého tfesku]. Ale myslim, Ze rozumni lidé si nemysleli, Ze problém
C¢asového méritka byl opravdu vazny. Myslim, Ze to byla spiSe otazka, ze to byl novy
napad, ne zjevné Spatny a stoji za to prozkoumat. A myslim, Ze jsme vidéli, ze se to
samé stane s inflaci. PfiSel novy napad, vyresil nékteré znamé problémy, takze lidé
na néj skocili a zacali jej zkoumat.

Lightman:

You mentioned that both models had in common some kind of a treatment of the
initial conditions. Do you think physicists like to avoid specifying initial conditions?
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Zminili jste se, Ze oba modely maji spolecné néjaké oSetieni pocatecnich stava.
Myslite si, ze fyzici nechté&ji upfesnovat pocatecni podminky?

Peebles:

| remember a remark of Eugene P. Wigner many years ago, [commenting on
astronomy], in which he said, "We used to think that the interest was in the physics,
the laws of physics, and that initial conditions could be left to engineers."” | think that
is an attitude that pervades much of physics. | don't find the same attitude nearly as
strongly in astronomy, interestingly. | don't find there the nervousness with initial
conditions that | do notice among many physicists.

Vzpominam si na poznamku Eugena P. Wignera pfed mnoha lety, [fekl k astronomii],
ve které fekl: ,Mysleli jsme si, Ze je zajem o fyziku, fyzikalni zakony a Ze pocatecni
podminky mohou byt ponechany inzenyfi. “ Myslim, Ze to je postoj, ktery prostupuje
hodné z fyziky. Zajimavé je, Ze v astronomii nemam stejny postoj témeér stejné silné.
Nenajdu tam nervozitu s pocateCnimi podminkami, které si vSimnu mezi mnoha
fyziky.

Lightman:

Why do you think that is? Proc¢ si myslite, Ze to je?

Peebles:

Well, as Eugene P. Wigner remarked, one thinks of the interesting part of physics as
being the laws of physics, and the initial conditions as being the province of
engineers who set things up.

Jak poznamenal Eugene P. Wigner, jeden si mysli, Ze zajimavou &asti fyziky jsou
zakony fyziky a po¢atecni podminky jako provincie inzenyru, ktefi véci nastavili.
Lightman:

Pro¢ jsme tedy vynaloZili tolik usili jak v ustaleném stavu, tak v inflacnich modelech,
abychom se obesli tim, Zze jsme museli urcit po¢ate¢ni podminky?

Lightman:

Then why have we gone to so much effort in both the steady state and the
inflationary models to get around having to specify the initial conditions?

Peebles:

| guess we didn't trust the engineers.
Myslim, Ze jsme nedUveérovali technikim.

Lightman:

| guess not. [Laughter] Myslim, Ze ne. [Smich]



Peebles:

| would draw another analogy to steady state, and that is that the invention was not
motivated, in the first instance, by observation. Instead, it was a beautiful idea that
solved some problems possibly, but not something that was guided [by observations].
For example, when Lemaitre22 was re-introducing the expanding universe idea, |
think he was strongly driven by the observations — by the red shift, the receding
nebulae. That was sharply in focus. So | would say that here is an example where
someone was led to a revolutionary picture by fairly direct observations that prodded
him in that direction. | don't think there are any observations that prodded people into
inventing the steady state theory. That was just a beautiful idea. | think it's true to say
that there were no very close observations that led to the inflationary concept. That
was theory, a heavy dose of it. Well-motivated theory, to be sure, and I think it could
very well be right. In fact, we have another example of that in Einstein's introduction
of the homogeneity assumption in cosmology. He certainly wasn't motivated by any
observations — quite the opposite. He deliberately ignored them. So that path can
work. Of course, it's not guaranteed to.

K ustalenému stavu bych nakreslil dalSi analogii, a to, Ze vynalez nebyl v prvni fadé
motivovan pozorovanim. Misto toho to byl krdsny napad, ktery vyfesil nékteré
problémy mozna, ale ne néco, co bylo vedeno [pozorovanim]. Napfiklad kdyz
Lemaitre [12] znovu pfedstavoval rozSifujici se vesmirnou myslenku, myslim, Ze byl
silné pohanén pozorovanim - ¢ervenym posunem, ustupujici mlhovinou. To bylo
ostfe zaméfené. Rekl bych, Ze tady je pfiklad, kdy byl nékdo veden k revoluénimu
obrazu docela pfimymi pozorovanimi, ktera ho v tomto sméru prosazovala.
Nemyslim si, Ze existuji néjaka pozorovani, ktera nutila lidi k vymysleni teorie
ustaleného stavu. To byl jen krasny napad. Myslim, Ze je pravda, Ze neexistuji zadna
velmi blizka pozorovani, ktera by vedla k inflacnimu konceptu. To byla teorie, tézka
davka. Dobfe motivovana teorie, abych si byl jisty, a myslim, Ze by to mohlo byt velmi
dobre. Ve skuteCnosti mame dalSi pfiklad toho, Ze Einstein zaved| pfedpoklad
homogenity v kosmologii. Urc€ité nebyl motivovan zadnymi pozorovanimi - pravé
naopak. Zamérné je ignoroval. Takze tato cesta mize fungovat. Samoziejmé to neni
zaruceno.

Lightman:

This is getting to some more recent discoveries, but do you remember your initial
reactions to the work3l of de Lapparent and Huchra and Geller on large-scale
structure?

Tim se dostavame k nékterym novéjSim objevim, ale pamatujete si své pocatecni
reakce na praci [13] de Lapparent a Huchra a Geller na rozsahlé strukture?

Peebles:

Yes, that was a case of the curtain opening. We had before then hints that galaxies
tended to be in sheet-like distributions, but | was very nervous about believing those
hints because | was so aware of the tendency of the eye to pick patterns out of noise.
In fact, | wrote some pretty vitriolic papers with examples in the past of how
astronomers had been misled by just this tendency. When | saw the Geller et ale
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map, | was just flabbergasted. Here it is. The window had been cleared and one
could see the three-dimensional distribution, and there it was -linear. So | accepted it,
| think without regrets. It certainly helped that at just about the same time, we saw the
red shift maps of Martha Haynes and Riccardo Giovanelli,24 which looked awfully
similar. So there it is — reproducibility. What more could you want?

Ano, to byl pfipad otevieni zavésu. Pfedtim jsme méli naznaky, Ze galaxie maji
tendenci byt v listovém rozdéleni, ale byl jsem velmi nervozni véfit témto radam,
protoze jsem si byl tak védom tendence oka vybirat vzory z hluku. Ve skute€nosti
jsem v minulosti napsal nékolik pékné vitriolovych papirt s pfiklady toho, jak
astronomoveé byli pravé touto tendenci uvedeni v omyl. Kdyz jsem vidél mapu Geller
et ale, byl jsem jen ochromeny. Tady to je. Okno bylo vycisténo a ¢loveék vidél
trojrozmérné rozlozeni, a tam to bylo - linearni. TakZe jsem to pfijal, myslim bez
litosti. UrCité to pomohlo, Ze jsme pfiblizné ve stejnou dobu vidéli mapy Cervené
smény Martha Haynesové a Riccarda Giovanelliho [14], které vypadaly strasné
podobné. Tak to je - reprodukovatelnost. Co vic byste mohli chtit?

Lightman:

Did this change your thinking about the large-scale structure?
Zmenilo to vase mysleni o rozsahlé strukture?

Peebles:

It certainly did. Previously, | had in mind the notion of a rather chaotic process that
would lead to large-scale structure without much pattern formation. With these linear
structures, it was clear you need a pattern-forming mechanism, which is not an
element I'd ever given much attention to before. So, yes, | was quite strongly
deflected in the way | thought of theories of origin of large-scale structure.

Urcité ano. Dfive jsem mél na mysli ponékud chaoticky proces, ktery by vedl k
rozsahlé struktufe bez pfiliSného vytvareni vzorld. S témito linearnimi strukturami bylo
jasné, ze potfebujete mechanismus formovani vzora, ktery neni prvkem, kterému
jsem predtim vénoval velkou pozornost. Ano, byl jsem docela silné vychylen ve
zpusobu, jakym jsem myslel na teorie plvodu rozsahlé struktury.

Lightman:

You were already accepting the possibility of large-scale structure to begin with.
Uz jste akceptovali moznost zacit rozsahlou strukturou.

Peebles:

Oh sure. Large-scale structure but not with a pattern in it.
Jisté. Struktura ve velkém méfitku, ale ne se vzorem v ni.

Lightman:

No, not with a pattern.
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Ne, ne se vzorem.
Peebles:

For example, Ray Soneira and | had made models!22 for realizations of the large-
scale structure that reproduced the low-order galaxy correlation functions. In these
models, we had no patterns on large scales. It was a hierarchy of clusters within
clusters within clusters. When we made maps analogous to the Lick map from these
models for space distribution of galaxies, we were delighted to be able to point to
regions where we saw little lines of galaxies — again just statistical accidents that the
eye is very efficient at picking out. But | tended to think of such lines of galaxies as
just that — accidents and not something to which we should pay dynamic attention.
Then with the Geller et. ale map, it became clear you need a way to form not only
large-scale structure but also patterns in that large-scale structure-linear patterns —
which seems quite a trick of nature to me. I'm still not confident we know how those
patterns [were produced or] the origin of large-scale structure. I'm not so confident |
know what the clue is yet.

Napfiklad jsme s Rayem Soneirou vytvofili modely [15] pro realizaci rozsahlé
struktury, ktera reprodukovala korela¢ni funkce galaxii nizkého fadu. U téchto
modell jsme neméli zadné vzory ve velkém méfitku. Byla to hierarchie klastra uvnitf
klastrt uvnitf klastrd. Kdyz jsme z téchto modell vytvofili mapy analogické Lickové
mapeé pro prostorovée rozlozeni galaxii, byli jsme radi, ze jsme mohli ukazat na
regiony, kde jsme vidéli malé linie galaxii - opét jen statistické nehody, které oko pfi
vytrzeni velmi ucinné sleduje. Mél jsem ale sklon myslet na takové linie galaxii jako
na to - nehody a ne néco, ¢emu bychom méli vénovat dynamickou pozornost. Pak s
Gellerem et. Ale mapa, vySlo najevo, zZe potiebujete zpusob, jak vytvofit nejen
strukturu ve velkém méfitku, ale také vzory v téchto rozsahlych strukturné-linearnich
vzorcich - coz se mi zda docela trik pfirody. Stale si nejsem jisty, ze vime, jak byly
tyto vzory vytvofeny nebo Ze vznik struktury ve velkem méFitku. Nejsem tak
sebevédomy, ze vim, co je kliCem, zatim.

Lightman:

Can you think of any other example that has' really altered your thinking in the last
ten years? Have | missed something that was a big watershed for you personally?

Dokazete vymyslet néjaky jiny pfiklad, ktery ,zménil vaSe mysleni v poslednich deseti
letech? Zmeskal jste néco, co pro vas bylo osobné velké povodi?

Peebles:

No, I think not. Of course, the dramatic watershed was the discovery of the
microwave background and then very slowly the evidence accumulating that it does
have the spectrum you would want for blackbody radiation. | couldn't give you a date
at which | had decided that the spectrum had to be blackbody and, therefore, that this
radiation had to have come from the early universe. Certainly that didn't happen very
quickly because, although the long wavelength part of the spectrum was shown to be
pretty close to Rayleigh-Jeans in a couple of years — or perhaps more than a couple
years, but surely within five years we knew that — it was considerably longer before
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we knew that the spectrum turned over, broke away from the Rayleigh-Jeans power
law at short wavelengths as it ought to. In fact, for quite a while there were contrary
indications, weren't there? Well-conceived rocket and balloon flights that gave excess
signal [which] we now know — or think we know — [is] because of earth leak. But it
wasn't obvious that these early experiments were contaminated by systematic errors
and so there was a considerable period, | would say close [to] ten years, when there
was a real possibility that this radiation wasn't blackbody. | guess that it became clear
around about 1975 that the stuff was really pretty close to thermal black body. That
would fall just outside your ten-year interval. In the last ten years, the two big steps
forward have surely been the inflationary concept and linearity ... And | don't know
how much the former has altered my thinking. I've been very excited with this
concept. I'm willing to pay attention to its predictions, but | don't feel bound to those
predictions. And | certainly am a little skeptical that those predictions are even right.
As for the linearity, the redshift maps in general have been very important as
revealing in more detail what the large-scale structure is. And certainly among the
results of the redshift mapping, the one dramatic thing has been the revelation that
linear structures are so common.

Ne, myslim, Ze ne. Dramatickym povodim byl samozifejmé objev mikrovinného
pozadi a pak se velmi pomalu hromadil dikaz, Ze ma spektrum, které byste chtéli pro
vyzarovani ¢ernych téles. Nemohl jsem vam dat datum, kdy jsem se rozhodl, ze
spektrum musi byt ¢erné, a proto toto zafeni muselo pochazet z raného vesmiru.
Urcité se to nestalo velmi rychle, protoze ackoli se ukazalo, ze Cast spektra s dlouhou
vinovou délkou byla docela blizko Rayleigh-Jeans za par let - nebo mozna vice nez
za par let, ale jisté do péti let jsme to védéli - Bylo to mnohem déle, nez jsme védéli,
Ze se spektrum obratilo, odtrhlo se od Rayleigh-Jeansova zakona o moci na kratkych
vinovych délkach, jak mélo. Ve skute¢nosti na néjakou dobu existovaly opacné
naznaky, ze? Dobfe pojaté lety raket a balona, které vydavaly nadmérny signal
[ktery] nyni vime - nebo si myslime, Ze vime - [je] kvuli Uniku Zemé. Nebylo vSak
zfejme, Ze tyto rané experimenty byly kontaminovany systematickymi chybami, a tak
bylo zna¢né obdobi, Fekl bych blizko [az] deseti let, kdy existovala realna moznost,
Ze toto zareni nebude CernoSské. Myslim, Ze kolem roku 1975 bylo jasné, Ze se véci
opravdu dostaly do termalniho ¢erného téla. To by spadlo tésné mimo vas desetilety
interval. Za poslednich deset let byly dva velké kroky vpred jisté inflaénim konceptem
a linearitou ... A nevim, jak moc ten prvni zménil mé mysleni. S timto konceptem
jsem byl velmi nadSeny. Jsem ochoten vénovat pozornost jeho pfedpovédim, ale
necitim se na tyto prfedpovédi vazan. A urcité jsem trochu skepticky, ze tyto
predpovédi jsou dokonce spravné. Pokud jde o linearitu, mapy redshift obecné byly
velmi dalezité, protoze podrobnéji odhaluji, co je struktura ve velkém méritku. A
ur€ité mezi vysledky mapovani ¢erveneého posunu je jednou dramatickou véci
zjeveni, ze linearni struktury jsou tak bézné.

Lightman:

One of the things that I'm interested in is how scientists use metaphors and visual
images in their work — if at all. Apparently some do and some don't. | guess one of
the most successful metaphors or images in cosmology has been the expanding
balloon model that [Arthur] Eddington first introduced. Do you remember when you
were first introduced to that image or metaphor of the expansion of the universe?



Jednou z véci, které mé zajimaji, je to, jak védci ve své praci pouzivaji metafory a
vizualni obrazy - pokud vlabec. Zda se, Zze néktefi to délaji a jini ne. Myslim, ze
balénku, ktery [Arthur] Eddington poprvé pfedstavil. Pamatujete si, kdy jste byl
poprvé pfedstaven tomuto obrazu nebo metafofe expanze vesmiru?

Peebles:

No, I don't. | suppose it's like many things — | must have heard it as a graduate
student and slowly become aware that it is a very useful picture, not only for me but
also as a means of communicating to others what one has in mind. | suppose it might
have first become apparent to me that this is a very powerful metaphor with the
discovery of the microwave background because a lot of people were puzzled. If
there was a big bang, and it did produce radiation, why don't we see this radiation
streaming away from the site of the big bang? [This was] always a great puzzle. |
remember Arno Penzias was very puzzled about this, and | remember telling him
about the balloon picture. So | guess | was very familiar with it then and certainly |
found it awfully helpful.

Ne, nemam. Pfedpokladam, Ze je to jako mnoho véci - musel jsem to slySet jako
postgradualni student a pomalu si uvédomit, Zze je to velmi uzite€ny obraz, nejen pro
mé, ale také jako prostfedek pro komunikaci s ostatnimi, co ma na mysli.
Predpokladam, ze mi to mohlo nejprve ukazat, Zze se jedna o velmi mocnou metaforu
s objevem mikrovinného pozadi, protoze mnoho lidi bylo zmatenych. Pokud existoval
velky tfesk a vyzarovalo to zareni, pro¢ nevidime, jak toto zareni proudi pry¢ z mista
velkého tfesku? [To byla] vzdy skvéla hadanka. Pamatuiji si, Ze o tom byl Arno
Penzias velmi zmateny, a vzpominam si, jak jsem mu vypravél o obrazku balénku.
Myslim, Ze jsem s tim byl velmi dobfe obeznamen a urcité mi to pfipadalo strasné
uzite€né.

Lightman:

And when you told him, did it begin to make sense to him?
A kdyz jsi mu to fekl, zaCalo mu to davat smys|?

Peebles:

He said, "Oh, all right. Sure, | understand now."
Rekl: ,Oh, dobfe. Jasné, uz tomu rozumim.*

Lightman:

And he's the guy who discovered microwave radiation. That's amazing. Do you use
visual images much in your own work?

A je to Clovék, ktery objevil mikrovinné zafeni. To je Uzasny. Pouzivate vizualni
obrazy hodné ve své vlastni praci?

Peebles:



Yes | do. | tend to think visually, | believe, rather than, say, in equations. | don't know
— how else do you think, besides in images? Perhaps some people think in words. |
can't imagine thinking in words. For example, when | got into the game of studying
large-scale structure, | pictured the distribution of galaxies on large scales as much
like the distribution of surface height in water in a choppy pond. | was very interested
to know what would be the characteristics of these waves on large scales. In the
case of the choppy pond, one has a physical interpretation. This is a result of a
competition between wind and dissipation. | wondered if there might not be some
similar case for the large-scale fluctuations on the distribution of galaxies. It was
strictly a metaphor that drove me to think about galaxy space distributions.

Ano. Mam sklon myslet vizualng, véfim spiSe nez feknéme v rovnicich. Nevim - jak
jinak si mysli§, kromé obrazkd? Mozna néktefi lidé mysli slovy. Nedokazu si
predstavit mysleni slovy. Napfiklad, kdyz jsem se dostal do hry na studium rozsahlé
struktury, pfedstavil jsem si rozloZeni galaxii ve velkych méfitcich stejné jako
rozlozeni vysky hladiny ve vodé v trhané rybnice. Velmi mé zajimalo, jaké by byly
vlastnosti téchto vin ve velkém méFitku. V pfipadé trhaného rybnika ma ¢lovék
fyzicky vyklad. Je to vysledek soutéze mezi vétrem a rozptylem. Zajimalo by mé,
jestli by neexistoval podobny pfipad pro velké vykyvy distribuce galaxii. Byla to
striktné metafora, kterd mé nutila pfemyslet o rozdéleni vesmiru v galaxii.

Lightman:

That's an interesting metaphor. Have you ever tried to picture the very, very early
universe?

To je zajimava metafora. Uz jste se nékdy pokusili pfedstavit si velmi, velmi rany
vesmir?

Peebles:

Yes. All | get is a very hot, hot region. [Laughs] Of course, we think of these density
fluctuations that must have been present at fantastically low levels, so | try to think
about that, but it doesn't really grab me too much.

Ano. VS8e, co dostanu, je velmi horka a horka oblast. [Sméje se] Samoziejmé,
myslime na tyto vykyvy hustoty, které musely byt pfitomny na fantasticky nizkych
urovnich, takze se o to snazim premyslet, ale ve skute¢nosti mé to moc nepochopi.

Lightman:

You can't get a fix on anything? NemuzZete nic napravit?

Peebles:

| can't get a fix. | suppose we don't need to have much of a picture of the early
universe if we can believe the conventional ideas. All of the length scales we're
interested in were enormous compared to the horizon in the early universe. So

apparently we have a very simple situation. Take what you see now, extrapolate back
[with] linear perturbation theory, and you've got it. Until you get into quantum



fluctuations. | don't know how | think about quantum fluctuations. In fact, | think | have
sneaking ideas of waves coming in and out of many regions of space which | know |
shouldn't do but I...

Nemohu dostat opravu. Pfedpokladam, Zze abychom véfili konvenénim myslenkam,
nemusime mit mnoho obrazkd z raného vesmiru. V8echny méfitka délky, o které se
zajimame, byly obrovskeé ve srovnani s horizontem v ranném vesmiru. Takze zjevné
méme velmi jednoduchou situaci. Vezméte si to, co vidite, extrapolovat zpét s
linearni poruchovou teorii a mate to. Dokud se nedostanete do kvantovych vykyvu.
Nevim, jak si myslim o kvantovych vykyvech. Ve skute¢nosti si myslim, Zze mam tajné
predstavy o vinach pfichazejicich a vystupujicich z mnoha oblasti vesmiru, které vim,
Ze bych nemél délat, ale ...

Lightman:

Waves — you mean probability waves? VIny - mate na mysli pravdépodobnostni
viny?

Peebles:

Probability. For example, in inflation we think of the energy density in any large
region of space as it leaves the horizon having a fluctuating component. Those
fluctuations we compute in quantum field theory. We ask why does the energy in this
region fluctuate? Well, | have to think of waves of phi — of the inflation — running in
and out of that region. | guess that's legitimate.

Pravdépodobnost. Napfiklad pfi inflaci uvazujeme o energetické hustoté v jakékoli
velké oblasti vesmiru, protoze opousti horizont s kolisajici slozkou. Tyto vykyvy
pocitame v teorii kvantového pole. Ptame se, pro€ kolisa energie v této oblasti? No,
musim myslet na viny phi - inflace - bézici dovnitf a ven z této oblasti. Myslim, ze je
to legitimni.

Lightman:

And then maybe root N statistics. A pak mozna rootova statistika N.

Peebles:

And maybe root N statistics, right. And then | write down the equations and compute.
A mozna kofenova statistika N, spravné. A pak si zapiSu rovnice a spocitam.

Lightman:

How do you think that theory and observations have worked together in the last
fifteen years in cosmology? How well or how poorly?



Jak si myslite, Ze teorie a postiehy v kosmologii za poslednich patnact let
spolupracovaly? Jak dobfe nebo jak Spatné?

Peebles:

And to what extent have they gone their separate ways?
A do jaké miry $li svymi samostatnymi zpUlsoby?

Lightman:

And to what extent have they gone their separate ways.
A do jaké miry Sli svou vlastni cestou.

Peebles:

| think we're at a very interesting time. | think that theory has not been very strongly
constrained by observation or guided by observation. That's because, at least in
large part, the observational situation has been pretty shaky, pretty confusing. But |
think that situation is dramatically changing for two reasons. People are getting very
detailed models of galaxy formation now. For example, the canonical cold dark
matter, scale-invariant model makes a large number of predictions that I think are
starting to become firmed up and testable. At the same time, people are starting to
observe galaxies at high redshifts. It's impressive that galaxies at a redshift of 1 are
now observed and [their] spectrums are measured. That's a galaxy at an appreciably
younger age than you see now, and so you can infer quite a bit about how galaxies
have been evolving and how galaxies must have formed. So | see a crisis coming up
in which surely a lot of our popular theories of how galaxies formed are going to be
shown to be wrong. | say surely because we have at least four lively models and at
most one can be shown to be right. As | say, | don't think that any of these models
were invented on particularly phenomenological grounds, and of course, that's the
way it has to be in any particularly rich science. You don't invent theories on
phenomenological ground often. But, in cosmology, | think it's been the case that
these theories have had a pretty free run, unconstrained by observations — in part,
because the observations have been both and I think, in part, because people tend
not to be as interested in the observations as they might be. But | think also that
we're going to see an interesting clearance of theories in the next five years. |
certainly hope we will because the present situation is really wildly confused — both
in the sense that we have so many options to consider and that we have so many
confident statements of theoretical, successes, all of which can't be right.

Myslim, Ze jsme ve velmi zajimavém €ase. Myslim si, Ze teorie nebyla pfiliS silné
omezena pozorovanim ani vedena pozorovanim. To proto, Ze pfinejmensim z velké
Casti byla pozorovaci situace dost nejistd a docela matouci. Myslim si vSak, Ze se
situace dramaticky méni ze dvou divodu. Lidé nyni ziskavaji velmi podrobné modely
formovani galaxii. Napfiklad kanonicky model chladné temné hmoty, méfitko
invariantni zpusobuje velké mnozstvi pfedpovédi, o kterych si myslim, ze se zaCinaji
zpevnovat a testovat. Soucasné lidé zacinaji pozorovat galaxie pfi vysokych
¢ervenych posunech. Je plsobivé, ze galaxie v ¢erveném posunu 1 jsou nyni
pozorovany a [jejich] spektra jsou méfena. To je galaxie ve znatelné mladSim véku,
nez vidite nyni, a tak si mazete trochu odvodit, jak se galaxie vyvijely a jak se galaxie



musely formovat. Takze vidim, jak se blizi krize, ve které se urcité ukaze mnoho
nasich popularnich teorii o tom, jak se formovaly galaxie. Rikam jist&, protoze mame
alespon Ctyfi Zivé modely a nanejvys jeden |ze ukazat jako spravny. Jak fikam,
nemyslim si, Zze Zzadny z téchto modell byl vynalezen na zakladé zvlasté
fenomenalnich ddvodu, a samoziejmeé je to takovy, jaky musi byt v Zzadné zvlasté
bohaté védé. Teorie ¢asto nevymyslite na fenomenologickém zakladé. Ale v
kosmologii si myslim, Ze to byl pfipad, Ze tyto teorie mély docela volny béh,
neomezeny pozorovanim - ¢astecné proto, ze pozorovani byla oboji a myslim si,
castecné, protoze lidé nemaji tendenci se o to nezajimat pozorovani, jak by mohla
byt. Ale také si myslim, Ze v pfiStich péti letech uvidime zajimavou revizi teorii. Ur¢ité
doufam, Ze budeme, protoZe soucasna situace je opravdu divoce zmatena - ato v
tom smyslu, Ze mame tolik moznosti, abychom zvaZzili, a ze mame tolik
sebevédomych prohlaseni o teoretickych uspésich, z nichz vdechny nemohou byt
spravné.

Lightman:

Do you accept this whole idea of extrapolating our theories back to the first few
seconds or so of the universe?

Prijimate celou tuto myslenku extrapolace nasich teorii zpét na prvnich par sekund
vesmiru?

Peebles:

It's awfully brave, isn't it? On the other hand, it worked so wonderfully well with
nucleosynthesis — unless, of course, it didn't. Perhaps it was an unfortunate accident
that the naive calculation worked so well. Perhaps these ideas we heard today at
lunch are right, and indeed the heavy elements were made by conventional physics,
only slightly modified when the universe was only a few minutes old. In that case, the
present observations are to be reproduced not in the naive way, by ignoring any new
processes operating back then, but through a combination of different parameters
and a little new physics — such as decaying inos or inhomogeneities in the neutron
distribution — that led by another route from the standard nucleosynthesis calculation
to the observed abundances. | could imagine that happening. And, of course, if you
can imagine that happening, | guess you can imagine that physics back then was
wildly different from what we suppose, and by some other accidental route we ended
up with the observed abundances. | guess I'm loath to think that the universe would
have been so unkind as to give that a possible chance. | guess | feel fairly
comfortable with the notion that the physics of the universe when it was one second
old can be traced back from the physics of the present epoch. It seems at least a
reasonable possibility. If we go back another factor of 1010 in expansion to approach
the epoch of inflation, then | feel very skeptical that we can know enough physics to
be very confident in predicting what can have gone on. | have no idea how that
situation can be improved, because now we're talking about energies that are
reached only in the most energetic cosmic ray events, 1020 volts. So it's going to be
very difficult to have an experimental check of physics of those energies. Actually one
nightmare | can imagine is that as particle theory advances, particle theorists [will] hit
upon a convincing story - convincing to them — of high-energy physics from which
they derive a cosmology of the early universe, of which there are no observational



tests, aside from the standard ones that, say, the universe is homogeneous. We
knew that already, so it's not really a prediction. Or that space curvature is negligibly
small. Well, we didn't know that already, but a lot of us were hoping it would be true.
So, if out of this complete theory of particle physics and complete theory of the early
universe, we get no predictions other than things we already knew or were hoping
for, will we be entitled to think that we have a physical theory here? How will we know
it's right? It would be very frustrating. Light man: Yes, it would be.

Je to stradné stateCné, ze? Na druhé strané to fungovalo tak uzasné dobfe s
nukleosyntézou - pokud to samoziejmé neslo. Mozna to byla neStastna nehoda, Ze
naivni vypocet fungoval tak dobfe. Mozna, Ze tyto myslenky, které jsme dnes pfi
obédé slyseli, maji pravdu a tézké prvky byly vytvofeny konvenéni fyzikou, jen mirné
upravené, kdyz byl vesmir jen par minut stary. V tomto pfipadé se tato pozorovani
nesmi reprodukovat naivnim zpasobem, ignorovanim jakychkoli novych procesu,
které fungovaly tehdy, ale kombinaci rdznych parametrd a trochu nové fyziky - jako je
rozpad inos nebo nehomogenity v distribuci neutronu - ktera vedla jinou cestou od
standardniho vypoctu nukleosyntézy k pozorovanym hojnostem. To jsem si dokazal
predstavit. A samozfejmé, pokud si dokazZete predstavit, Ze se to déje, myslim, Ze si
dokazete predstavit, Zze fyzika byla tehdy velmi odliSna od toho, co pfedpokladame, a
néjakou jinou ndhodnou cestou jsme skoncili s pozorovanymi hojnostmi. Myslim, Ze
jsem nerad si myslet, Ze vesmir by byl tak laskavy, Ze by to dalo moznou Sanci.
Myslim, Ze se citim docela dobfe s predstavou, Ze fyzika vesmiru, kdyz byla jedna
vtefina, Ize vysledovat z fyziky sou€asné epochy. Zda se to pfinejmensim rozumna
moznost. Pokud se vratime k dalSimu faktoru 1010 v expanzi, abychom se pfiblizili
epoché inflace, pak se citim velmi skepticky, Ze muzeme védét dost fyziky, abychom
byli velmi sebevédomi pfi pfedpovidani toho, co se mohlo stat. Nemam ponéti, jak
Ize tuto situaci zlepsit, protoze ted mluvime o energiich, kterych je dosazeno pouze v
obtizné provadét experimentalni kontrolu fyziky téchto energii. Jednu no¢ni maru si
vlastné dokazu predstavit tak, Ze s postupuijici teorii ¢astic, teoretici ¢astic [zasahnou]
presvédcivy pFibéh - presvédduijici je - o vysoce energetické fyzice, z niz odvozuji
kosmologii raného vesmiru, z niz neexistuji pozorovaci kromé standardnich zkousi,
Zze vesmir je homogenni. To jsme uz védéli, takze to ve skute€nosti neni pfedpovéd.
Nebo je toto zakfiveni prostoru zanedbatelné malé. Uz jsme to nevédéli, ale mnozi z
nas doufali, Ze to bude pravda. Pokud tedy z této Uplné teorie Casticové fyziky a
uplné teorie raného vesmiru nedostaneme zadné jiné pfedpovédi nez véci, které
jsme jiz znali nebo doufali, budeme mit pravo si myslet, ze zde mame fyzikalni teorii?
Jak budeme védét, Ze je to spravné? Bylo by to velmi frustrujici. Lehky muz: Ano,
bude.

Peebles:
Of course, nature could have presented us with this frustration many times previously
in the history of physics. It hasn't. Always it seems that as physics has advanced,

we've been able to test.

Pfiroda nam samoziejmé mohla tuto frustraci mnohokrat predstavit v historii fyziky.
Ne. Vzdy se zda, Ze s postupuijici fyzikou jsme byli schopni testovat.

Lightman:



We've able to make experimental contact. Dokazali jsme navazat experimentalni
kontakt.

Peebles:

And the contact has always seemed to be rather convincing. Such a spectacular
thing as the discovery of the Wand Z [particles]. It's just a remarkable thing. So | have
hopes that it will continue that way and that, as our ideas mature and develop, we will
be led to predictions that are sufficiently startling and different from what people had
expected when they invented the theory that the predictions will be testable and will
be considered convincing if they work. And so the subject will develop.

A kontakt se vzdy jevil jako docela pfesvédcivy. Tak velkolepa véc jako objev Castic
Wand Z [Castice]. Je to jen pozoruhodna véc. Doufam tedy, Ze to bude pokraCovat
timto zplsobem a Ze, jak nase napady dozravaji a rozvijeji se, budeme vedeni k
predpovédim, které jsou dostatecné prekvapivé a lisi se od toho, co lidé ocekéavali,
kdyz vymysleli teorii, ze pfedpovédi budou testovatelné a budou byt presvédcivy,
pokud funguji. A tak se pfedmét bude rozvijet.

Lightman:

Let me end with a couple of questions even more speculative than the ones I've
asked you so far. Let me ask you to take a big step backwards, maybe putting some
of your natural scientific caution aside. If you could design the universe any way that
you wanted to, how would you do it?

Dovolte mi zakon it nékolika otazkami, které jsou jesté spekulativngjsi nez ty, které
jsem vam doposud polozil. Dovolte, abych vas pozadal, abyste udélali velky krok

zpét, mozna odlozZte ¢ast své pfirozené védecké opatrnosti stranou. Pokud byste
mohli navrhnout vesmir jakymkoli zpusobem, jak byste chtéli, jak byste to udélali?

Peebles:

| would make space curvature negligibly small, and | would make the cosmological
constant...

Prostoroveé zakfiveni by bylo zanedbatelné malé a kosmologicka konstanta by byla ...
Lightman:

So you mean you'd make omega very close to the critical value?
Takze myslite, Ze byste omega udélali velmi blizko kritické hodnoté?

Peebles:
Right. | would make omega close to unity, zero space curvature, and zero

cosmological constant. | would make the universe out of particles we can see, that is,
baryons, but then | would be a little embarrassed because I'm not so sure that my



universe is going to agree with the real one. So just how do you mean this question?
Are you asking how am | betting the real universe is constructed?

Ze jo. Omega bych se pfiblizil jednot&, nulovému zakfiveni prostoru a nulové
kosmologické konstanté. Udélal bych vesmir z ¢astic, které vidime, to je baryony, ale
pak bych byl trochu v rozpacich, protozZe si nejsem tak jisty, Ze maj vesmir souhlasi
se skute¢nym. Jak tedy mysli$ tuto otazku? Ptate se, jak sazim, ze je vytvoren
skute¢ny vesmir?

Lightman:

No, it has nothing to do with the real universe. You can design the universe any way
that you want to, and it doesn't have to look at all like our universe does.

Ne, nema to nic spoleéného se skute¢nym vesmirem. Mlzete navrhnout vesmir
jakymkoli zplsobem, ktery chcete, a nemusi se na néj divat jako na nas vesmir.

Peebles:

Okay. | have to admit that whoever designed the universe did a good job in making
the universe homogeneous, because it gave us a kindergarten problem to work —
everyone can analyze the evolution of the homogeneous expanding universe. Also,
an expanding universe has a lot of attractions in the sense that we can start from
something compact, where it's easy to imagine that the material is forced to be
almost pure hydrogen, which is very useful for making stars. As the universe
expands, it's easy to imagine how this material got collected up into galaxies, which
are very useful for making stars and collecting the debris from stellar explosions to
make planets to make people to look at the universe. So | approve of an expanding
universe.

Dobfe. Musim pfiznat, Zze ten, kdo vytvofil vesmir, odved| dobrou praci pfi vytvareni
vesmiru homogenniho, protoze nam to umoznilo pracovat ve skolce - kazdy mize
analyzovat vyvoj homogenniho rozS$ifujiciho se vesmiru. RozSifujici se vesmir ma
také spoustu atrakci v tom smyslu, ze muzeme zacit od né€eho kompaktniho, kde je
snadné si predstavit, Ze material je nucen byt témér Cisty vodik, coz je velmi uziteéne
pro vyrobu hvézd. Jak se vesmir rozSifuje, je snadné si predstavit, jak se tento
material shromazdil do galaxii, coz je velmi uziteCné pro vyrobu hvézd a
shromazdovani zbytka z hvézdnych explozi, aby planety pfimély lidi, aby se podivali
na vesmir. Proto souhlasim s rozSifujicim se vesmirem.

Lightman:
You like the idea of having people. Libi se vam mysSlenka mit lidi.

Peebles:

| like the idea of having people around, yes. | hope there are even a few tribes in the
universe — in case we happen to knock ourselves off. | dislike the idea of making the



dominant component of the universe some material that is undetectable. So | would
make the universe out of baryons, of course, with radiation. It's awfully useful to have
that radiation not only to control galaxy formation but also to give us — the
inhabitants of this universe — some evidence that the universe really is there and
expanding. As | say, | wouldn't put in a cosmological constant because it's ugly, and |
wouldn't put in any space curvature because it's ugly. I'd have an Einstein-de Sitter
universe. | think it would be Einstein-de Sitter, and | don't really care whether it
recollapses at some distant time in the future or keeps expanding forever. One shot
is good enough for me.

Libi se mi myslenka mit lidi kolem, ano. Doufam, Ze ve vesmiru je i nékolik kmenu -
pro pfipad, ze bychom se srazili. Nelibi se mi mysSlenka vytvofit z dominantni slozky
vesmiru material, ktery je nezjistitelny. Takze bych udélal vesmir z baryond,
samoziejmeé, zafenim. Je nesmirné uzite¢né mit toto z&feni nejen k Fizeni formace
galaxie, ale také k tomu, abychom nam - obyvatelum tohoto vesmiru - poskytli néjaky
ddkaz, ze vesmir tam skute€né existuje a rozsifuje se. Jak fikam, nedal bych
kosmologickou konstantu, protoze je to osklivé, a nechtél bych dat zadné kosmickeé
zakfiveni, protoze je to osklivé. Mél bych vesmir Einstein-de Sitter. Myslim, ze by to
byl Einstein-de Sitter, a opravdu mi nezalezi na tom, zda se to v néjakém vzdaleném
¢ase v budoucnu vzpamatuje nebo se neustale rozsifuje. Jeden vystiel je pro mé
dost dobry.

Lightman:

Let me ask you another question. Somewhere in Steven Weinberg's gravitation and
cosmology bookl he has this interesting statement that the more that we learn
about the universe, the less it seems that the universe has a purpose.

Dovolte mi polozit dalSi otazku. Nékde v knize gravitace a kosmologie Stevena
Weinberga [16] ma toto zajimavé tvrzeni, ze ¢im vice se o vesmiru dozvime, tim
méneé se zda, ze vesmir ma svuj ucel.

Peebles:

Oh. That's seems an awfully egotistical remark.
Ach. To se zda byt strasné egotisticka poznamka.

Lightman:

Have you have ever thought about this question?
Uz jste nékdy pfemysleli o této otazce?

Peebles:

Yes, in fact, | remember that comment, and | remember puzzling as to why he made
it.

Ano, ve skute€nosti si vzpominam na tuto poznamku a pamatuiji si zdhadou, proc€ to
udélal.
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Lightman:

Yes, it sort of stands out, doesn't it?
Ano, je to trochu vynikajici, ze?

Peebles:

| think he must have been feeling a little down that day, perhaps a little tired, a little
discouraged, a fight with his wife.

Myslim, Ze ten den musel byt trochu dole, mozna trochu unaveny, trochu odradény,
bojovat se svou Zenou.

Lightman:

| can't remember what part of the section on cosmology it is. It might be towards the
end, | think.

Nevzpominam si, co je to za ¢ast kosmologie. Myslim, Ze by to mohlo byt ke konci.
Peebles:

Yes, we could look it up. But | remember reading it, and | remember being a little
surprised to see it. | have never demanded that the universe explain to me why it's
doing what it's doing.

Ano, mohli bychom to vyhledat. Ale vzpominam si, Zze jsem si to precetl, a
vzpominam si, Ze jsem trochu prekvapeny, kdyz jsem to vidél. Nikdy jsem
nepozadoval, aby mi vesmir vysvétlil, pro¢ déla to, co déla.

Lightman:

Have you ever worried about or wondered whether it has any kind of purpose?
Uz jste se nékdy obavali nebo premysleli, zda to ma néjaky ucel?

Peebles:

That's such an anthropomorphic remark, and not in the sense of the
anthropomorphism of Bob Dicke, but | think in a much more naive sense. I'm willing
to believe that we are flotsam or jetsam — I'm not sure which is the appropriate term
— in a much larger scene. And I'm willing to believe that in the lifetime of the human
race, we won't discover the full meaning of this larger scene.

To je takova antropomorfni poznamka, a ne ve smyslu antropomorfismu Boba
Dickeho, ale myslim, Ze v mnohem naivné&jSim smyslu. Jsem ochoten uvéfit, Ze jsme
flotsam nebo jetsam - nejsem si jisty, jaky je vhodny termin - na mnohem vétsi
scéné. A jsem ochoten uvéfit, Ze v Zivoté lidské rasy nezjistime plny vyznam této
vetsi scény.
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Lightman:

Chteél jsem zacit s vasim détstvim a zjistit, jak se 0 védu zajimate, zvlasté pokud étes néco,
nebo si promluvil s lidmi, kteti na tebe méli konkrétni vliv jiz brzy.
Peebles:

Vzdycky mé zajimaly mechanické véci. Myslim, Ze jsem musel byt siln¢ ovlivnén mym
otcem, ktery je také velmi dobry s rukama. Rad stavél véci. Vzdy jsem rada sledovala, jak to
déla, a rad jsem stavél véci sam. Nikdy jsem nebyl jako dité vystaven zadné skutecné veédé.
Cetl jsem ob&asnou popularni védeckou knihu a miloval jsem Mechanics Illustrated, ktery v
ni mél spoustu pseudovédy: Teprve kdyz jsem se dostal na vysokou Skolu, zacal jsem si
uvédomovat, o co fyzika jde, a to bylo opravdu nehoda také. Zacal jsem ve strojirenstvi, kde
si myslim, ze jsem mohl §t'astn¢ ztstat a kdo vi, vyrobil svazek jako stavebni inzenyr nebo
strojni inZenyr. Ale vic mych ptatel se nahodou specializoval na fyziku neZz na strojirenstvi,
rozhodl, ze to byly skvélé véci a od té doby tam zastavam.

Lightman:
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Kdyz jste byli mladsi, pamatujete si pred vysokou §kolou né¢jaké konkrétni knihy nebo autory,
ktereé jste cetli a které na vas pasobily?
Peebles:

Ne, ani jeden. Jak tikam, cetl jsem obc¢asnou knihu o popularni védeé, ale nikdy nebyly tak
hluboké. TakZe nemohu fici, Ze jsem m¢l tuSeni, o cem véda byla, nez jsem se dostal na
vysokou $kolu. Ve skute¢nosti jsem neveédél, o ¢em je inzenyrstvi, nez jsem Sel na vysokou
Skolu. Prave jsem se bloudil. Pochazel jsem z velmi malé stiedni Skoly, v niZ neexistovalo
vedeni a zadné zna¢né mnozstvi fyziky, ani mnoho matematiky. Takze jsem nevédél, o cem je
akademie, dokud jsem se nedostal na vysokou skolu.

Lightman:

Stavél jsi véci, kdyz jsi byl mlady?
Peebles:

Stavél jsem véci, ano, mechanické véci. Postavil jsem praky, elektrické motory, dlouhé yo-yo
struny, takové véci.
Lightman:

Zadali jste védecké veletrzni projekty?
Peebles:

Ach ne, neexistoval zadny takovy koncept, kde jsem se nachézel.
Lightman:

Pravdépodobné jste v tom véku viibec nemysleli na kosmologii nebo vibec na vesmir?
Peebles:

Netusil jsem, co je to kosmologie.
Lightman:

Dovolte mi, abych si trochu promluvil o vasem vysokoskolském vzdélani, kdyz jste zacali
zjistit, co je fyzika. Mze$ mi o tom fict?
Peebles:

V té dob¢ byla University of Manitoba v klasické fyzice pomérné silng, ale v moderni teorii
docela slaba. TakZe jsem odjel z University of Manitoba s docela dobrym zakladem v tom, co
bych potieboval v astrofyzice, v tom smyslu, Ze to bylo $iroké a silné na klasické ¢asti, ale
slabé na moderni fyziku. Neznal jsem zadnou relativistickou kvantovou mechaniku, 1 kdyz
jsem vedél, ze je to pomérné malo relativistické kvantové mechaniky.

Lightman:

Nemyslim si, Ze mnoho vysokoskolaki se u¢i relativistickou kvantovou mechaniku.
Peebles:

Peebles:

Myslim, Ze to délaji dnes. Zasahli jsme je trochou Diracova rovnice a urcité jdeme dale do
nedemivivistické kvantové mechaniky nez ja. Jak si dokazete ptredstavit, byl to docela Sok z



univerzity v Manitobg¢, jako tomu bylo v padesatych letech, do Princetonské univerzity - z
toho, Ze jsem byl $pickovym psem v mé t¥id¢ [a] ziskanim v§ech vyznamenani, abych byl
UpIn¢é zmaten. a UplIné obklopen vSemi témi lidmi, ktefi védéli mnohem vic nez ja. Takze to
byl Sok, ktery trval mozna rok, dokud se mi nepodafilo dohnat a zjistit, co se d¢je ve fyzice.
Znovu, protoze Manitoba nebyl v moderni fyzice silny, nemé&l jsem jasnou piedstavu o tom, o
¢em moderni fyzika je nebo jaké jsou moznosti vyzkumu. Kdyz jsem pfiSel do Princetonu,
musel jsem se to naucit. Jak je nevyhnutelné, mym prvnim zajmem byla teorie castic. Tehdy
to bylo okouzlujici téma, jak je tomu nyni, a ja jsem zac¢al timto smérem pracovat. Zejména
jsem byl velmi inspirovan nékterymi lidmi v tu dobu. Murph Goldberger v té dobé délal svou
hru teorie disperze. Ud¢lal skvélou sérii pfednasek, které jsem byl naprosto ohromen a
naprosto popadl. N&jakou dobu jsem tedy snil o tom, ze jsem teoretikem ¢astic. Mnoho z nas
musi projit touto fazi - je to tak okouzlujici. Ale pak jsem narazil na Boba Dickeho, ktery mél
tydenni vecerni setkani na svém vyzkumu gravitaéni fyziky. Zapadl jsem do toho hlavné
proto, Ze jsem znal nékteré lidi ve skuping - kolegy z postgraduélnich studenta -, ale brzy
jsem piiSel navstivit kvali tématu, které je fascinujici. V gravita¢ni fyzice se pak, stejné jako
nyni, musel podivat na mnoho raznych predméta, od struktury planet po strukturu galaxie az
po kosmologii. Tam jsem poprvé zacal vidét, co je to kosmologie, a stal jsem se tim velmi
fascinovan a také fascinovan obecné gravitacni fyzikou a veSkerou fyzikou, kterou ptinesl do
vyzkumnych projektt. Odvratil jsem tedy sviij zajem [a] napsal jsem disertacni praci s Bobem
Dickem o moznosti variabilnosti konstanty jemné struktury, coz je t¢éma, které v prabéhu let
tolikrat prichazelo a odchazelo. Polozil jsem empirické limity na to, kolik alfa [konstanty
jemné struktury] se mohlo ménit radioaktivnim rozpadem [a véky] meteoritt. Pak to byl
[kdyZ jsem byl] postdoktorem, Zze jsme se spolecné pohybovali ve sméru kosmologie jako
zpusob, jak délat gravitacni fyziku.

Lightman:

Podivejme se, Brans-Dickeova teorie [1] Byl jsem v tuto chvili.
Peebles:

Teorie Brans-Dicke byla v té dob¢ asi v poradku. To neni néco, na ¢em jsem kdy hodné
pracoval, ackoli, jak vite, byl velky zdjem o moznost, ze by mohla byt precese pertuhel
Merkuru nespravn¢ interpretovana.

Lightman:

Ano.
Peebles:

Cast prispévku na precesi mize pochazet z planéného [zplostélého] slunce. TakZe jsem stravil
dlouhou dobu pohledem na slune¢ni fyziku a omezeni, ktera by mohla mit v jinak rotujicim
slunci. Myslim, ze byste mohli fici, Ze to byl ivod do kosmologie, ackoli to bylo vSechno
striktné lokalni fyzika sluneéni soustavy, se kterou jsme se tehdy zabyvali. Bob Dicke nasel
pro svou teorii kosmologické feseni. Nevim, jak velkou pozornost jim vénoval. Nemyslel
jsem si, ze v t& dobé€ byli velmi vzrusujici, protoze jsem opravdu neocenil vzruseni z
kosmologie. V te dobé se mi zdalo, Ze je to spise omezeny predmét - predmét, jak byvala
inzerovan, se dvéma nebo tremi ¢isly. Véda se dvéma nebo tiemi ¢isly mi vzdy piipadala
docela sklicujici. [Byla to] véda s Hubbleovou konstantou, parametrem zpomaleni a
parametrem hustoty. Kdyby to bylo vSe, co by bylo v kosmologii, nebylo by mi to zajimavé.
Lightman:

A to je vSechno, o ¢em lidé tehdy mluvili?



Peebles:

V té dobé se na to hodné soustiedila. Samoziejmeé existovalo dalsi skvelé téma, kterym byla
debata mezi teorii ustaleneho stavu a konvenéni kosmologii velkého tiesku.
Lightman:

Muzete mi fici néco 0 svych myslenkach na tuto debatu.
Peebles:
Lightman:

Muzete mi fici néco o svych myslenkach na tuto debatu.
Peebles:

Hlavné jsem byl skandalizovan, Ze by méla probihat tak intenzivni debata o tom, co se mi
zdéalo byt tak prazdnou otazkou. V té dob¢ jsem zjistil, ze kosmologie, pokud viibec néco,
neni ptitazliva, protoze se tolik opirala o pfedpoklad, ze vesmir je homogenni, coz se mi zdalo
velmi sporné. Samoziejm¢ jsem se nedival do observa¢niho zakladu, pro¢ ¢lovek veril v
homogenitu, coZ ani tehdy nebylo nijak nevyznamné. Pfipadalo mi to jako nerealné, kdyz
jsem si myslel, ze dokazete vytvofit teorii vesmiru. Zda se mi, ze je to stale rozumny prvni
odhad - jak mtzete vytvotit teorii pro vesmir? Myslim, Ze si pamatuji prvni myslenku, ze
piedpoklad homogenity byl nerealisticky, kdyZ jsem se zde piipravoval na v§eobecné zkousky
jako postgradudlni student - vite o obecnych zkouskach, které nahradily pozadavky na kurz.
Kromeg jiného byste mohli o¢ekavat, ze by v otazce relativity o kosmologii mohla existovat
otdzka, a vSichni rozumni postgradualni studenti to védéli a pfipravili se tim, Ze se dozvédéli o
standardnich fesenich Einsteinovych polnich rovnic pro homogenni expandujici vesmir.
Takze jsem je poslusné naucil, ale vzpominam si, Ze jsem si myslel: ,,Chlapce, tohle je
hloupé. Kdo by si dokazal piedstavit, ze vesmir bude tak jednoduchy?*

Lightman:

To mate na mysli, kdyz Fikate, ze si neumite piedstavit, ze by nékdo vytvoril teorii vesmiru?
Peebles:

Ze jo. Vesmir je jist - myslim, Ze bych tehdy fekl, kdybych si to promyslel - hierarchie
slozitosti. Dalo by se predstavit vytvoreni teorie galaxii, teorie shlukt galaxii atd., Ale mit
teorii vesmiru jako celku mi ptipada spiSe jako meta teorie nez fyzika, jak ji znam.
Lightman:

A presto to udélal sém Einstein v roce 1917. [2]
Peebles:

Ano ano. Ve skute¢nosti jsem ¢asto piemyslel, jak by se nékdy mohl piivést k tak
jednoduchému piedpokladu, a premyslel jsem také o tom, pro¢ ho lidé jako de Sitter nechali s
tim uniknout. De Sitter byl opravdu opatrny, ve skute¢nosti ...

Lightman:

De Sitter se s nim hodné hadal. [3]
Peebles:

Spravng, v tomto bod¢. Jini rozumni astronomové a mnoho fyzika rychle ptijali jeho
myslenku jako zpiisob, jakym musi byt. Vesmir musi byt tak jednoduchy, ze ho mizeme



analyzovat v jednorozmérne diferencialni rovnici - vSechno je funkci ¢asu. Einstein mél
samoziejmé skvélou intuici a byl urcité strasné blizko pravdé - tak vypada vesmir.
Lightman:

Takze jste zménili sviij ndzor na to, zda je hloupé vytvaret teorie vesmiru?
Peebles:

Myslim, Ze je to stale Gizasné, ale musim souhlasit s tim, ze ma smysl vytvaiet teorie vesmiru.
Funguji tak velmi dobie Zaprvé si myslim, ze pozorovani jasn¢ ukazuji, ze ve velkém métitku
- na stupnici srovnatelnych s Hubbleovou vzdalenosti - je vesmir pozoruhodnég izotropni. A
nepiimo, ale myslim; stale docela piesveédéive je vesmir pozoruhodné blizky homogennimu.
Pokud tedy nékdo véri obecné teorii relativity, mate to. Vesmir je jednoduchy. Rozsifuje se to
vycislitelnym zpasobem - coz je uzasna véc. Nikdy bych neéekal, Ze by to tak snadno
fungovalo, ale je to tak.

Lightman:

Myslite si, Ze pozorovani mezi tim a nyni vas piinutila piestat si myslet, Ze je to hloupy napad
vytvorit tyto teorie?
Peebles:

Ano. Pamatujte si, Ze v t¢ dobé jsem nevédél o pozorovanich. Tehdy jsem mohl védét, ze
slabé radiové zdroje jsou docela izotropné rozmistény - to bylo znamo. Myslim, Ze to byl
hlavni pozorovaci Udaj, ktery ukazal homogenitu ve velkém méfitku. Byly pocty galaxii, ale
vzdy byly velmi sporné - stle jsou - protoze je tak t€zké provést k-korekci a korigovat lokalni
hmotnostni koncentrace, lokélni koncentrace galaxii. Jak vite, v nejjednodussim modelu byste
oc¢ekavali, ze se pocty galaxii budou ménit jako hustota toku do -2/3 [sila], zdanliva velikost
do 0,6, ze? [Skutecny] graf logaritmu [galaxie] pocitany proti zdanlivé velikosti je
pozoruhodné blizky piimce, ale se $patnym sklonem jde od jasného konce k nejslabsimu
konci, coz si ¢loveék mysli, Ze je spiknuti dvou korekci: k-korekce slabého konce a lokalni
koncentrace galaxii v mistnim super clusteru na jasném konci. Vzhledem k této skutecnosti je
teézké tvrdit, Ze mame mnoho diikazti 0 homogenité. Izotropy se samoziejmé za poslednich
dvacet az tricet let vyrazné zlepsila. Ale jak ¥ikam, i na konci padesatych let jsem se mohl
podivat na pocty zdroja radia a mohl jsem byt ohromen tim, jak jsou izotropni, ale nevéd¢l
jsem o nich.

Lightman:

Zminil jste, Ze jste se na Dickeho vecéerni schizky té velmi zajimali o teorii relativity.
Pamatujete si, kdy vas to zajimalo

Peebles:

Ano, myslim, Ze to dokazu docela ur¢ité randit. To byl slavny ndpad Boba Dickeho hledat
mikrovinné zareni, které zbylo z horkého velkého tresku. Nemohu ti dat rok. Nezaznamenal
jsem zadné poznamky. Asi vam to mohl fict. Bylo by kolem roku 1964. Bylo to v lét¢,
pamatuji si - velmi horky den. Potkali jsme se v jeho obvyklé vecerni skuping, ale s malym
poctem lidi. Nepamatuji si pro¢, snad proto, ze to bylo 1éto. Z néjakého davodu jsme se
setkali v podkrovi [v Palmeroveé laboratofi]. Bylo to opravdu smésné horké, pamatuji si.
Nejprve nam vysvétlil, pro¢ bychom si mohli myslet, Ze vesmir byl v jeho ranych fazich
horky. Nevim, jak je to podrobné¢ popsano, ale jeho myslenka - a ta, k niZ se neustale vraci -
je, ze vesmir by mohl kmitat.

Lightman:

Ano, to je urcité popsano na zacatku prispévku v roce 1965. [4] A oscilaéni vesmir vyzaduje



néco, aby znicil tézké prvky, takze ¢lovék muze zac¢it znovu vodikem. Zpusob, jak znicit
teézké prvky, je jejich tepelné rozlozeni v cerném téle. Vysvétlil ndm tedy, pro¢ byste chtéli
vesmir, ktery je plny zaieni ¢erného téla. Vysvétlil nam, jak si toto cerné zaieni zapamatuje
jeho tepelné spektrum, jak se vesmir rozsifoval [a] ochladil. Vysvétlil nam, ze dobré okno pro
pozorovani toho bylo kolem 3 centimetra vinovych délek, a v docela kratkém poradi nechal
Dave Wilkinson a Peter Roll, aby hledali design radiometru, aby hledal toto z&ieni.
Vzpominam si na jeho off-handed, ale velmi inspirativni poznamku ke mné: "Pro¢ nejdes
myslet na teoretickeé dusledky?" - coz je podle mé znameni velkého fyzika. Muzete zahodit
tyto pozndmky, které mohou hybat horami. A rozhodné mi to dalo spoustu piemysleni.
Lightman:

To vas zaplo?

Peebles:

To mé zapnulo. On a ja jsme psali referat, [5] Myslim pied objevenim mikrovinného pozadi,
ve kterém jsme vyjadfili mnoho teoretickych myslenek, které vznikly v dusledku pfemysleni
o mikrovlnném pozadi. Myslim, Ze to byl muj prvni ¢lanek v kosmologii, a bylo opravdu
zabavné psat to. Vidéli jsme tolik véci, které je treba udélat.

Lightman:

Bylo to v roce 1964?

Peebles:

To by bylo asi 1964.

Lightman:

Pamatujete si v té dobé, kdyz jste pravé zacali piemyslet o kosmologii - a zjevné jste vzali
relativitu a vy jste znali relativistické pozadi - preferujete jakykoli konkrétni kosmologicky
model, feknéme otevieny versus uzavieny nebo homogenni versus nehomogenni ?

Peebles:

Myslim, Ze moje reakce byla v souladu s mou pocateéni reakci na vesmir jako piredmét. Opét
jsem tekl, pfedpokladejme, Ze mi nékdo fekl, zda byl vesmir otevieny nebo uzavieny.
Myslim, Ze by to byl velky pokles, protoze co bych s tim védomim udélal? Vzdy jsem
piedpokladal, Ze nebudeme védét, zda je vesmir uzavieny nebo otevieny, dokud se informace
nestane, tak feceno, irelevantni, protoze to bude zahrnuto do mnohem vétsiho obrazu, na
kterém je zfejmé, ze vesmir musi byt tak je to z jinych, hlubsich divodi. Takze jsem se nikdy
nemohl dostat, abych byl nadSeny otazkou otevieného versus uzavieného. Vzdy se mi zdalo,
ze je to opravdu vedlejsi problém. Zjistite, ze v knize, kterou jsem napsal nékolik let poté,
Fyzikalni kosmologie, jsem byl na tuto otazku velmi opatrny a nezabyval jsem se ji podrobng,
protoZe se mi nezdalo byt velmi zajimavé. Ve skute¢nosti si myslim, Ze je tomu tak stale.
Nyni s inflaci mame samoziejmé divod hledat otevieny versus uzavieny a v ramci inflace se
tato otazka nahle stava velmi dramatickou a velmi piesvéd¢ivou. Takze nyni vidime, ze
kdybychom védéli, ze vesmir nebyl kosmologicky plochy, bylo by to nesmirné zajimavé,
protoZe by to srazilo krasnou myslenku inflace.

Lightman:

A privést zpét vsechny problémy, na které odpoveédél.

Peebles:

A privést zpét vSechny problémy, na které slibovala inflace. Coz by samoziejmé bylo také
zabavné. Je vzdy zdbavné mit problémy.

Lightman:

V poloving Sedesatych let jste vénovali ustdlenému stavu vesmiru velkou davéryhodnost?

Peebles:

Ne. Musim se ptiznat, Ze jsem se na to nedival podrobng. SlySel jsem mluvit na toto téma. Ve



skutec¢nosti jsem slySel fe¢, kdyZ jsem byl jesté vysokoskolak. Vzpominam si, Ze jsem
ohromen, ze dospéli lidé se mohli t&sit z takovych spekulativnich napadi. Nez se objevilo
zareni ¢erného téla, vyslo najevo, Ze pokud se toto zareni najde, musi to samoziejmé byt
roz$ifujici se vesmir. Kratce nato se zdélo, ze zafeni bylo nalezeno, takze teorie ustalené¢ho
stavu se velmi rychle unasela, nez jsem mél Sanci na to opravdu pfremyslet dostate¢né dlouho,
abych se rozhodl, zda by to byla teorie, za kterou bych bojoval.

Lightman:

Dovolte mi zeptat se na praci na mikrovinném pozadi, o které jste se zminili pted minutou.
Zminil jste, ze Dicke o tomto problému hovofil na ve¢ernim seminati. Pamatujete si, jaké byla
vaSe motivace o tom piemyslet?

Peebles:

No, jak fikam, byla to velmi p#ima motivace od Bob Dicke - ,,Jdi na to myslet.” [V reakci nal],
zda jsem zjistil, Ze vzruSujici vyzva, ano, ur¢ité ano. Vzpomnél jsem si na spoustu fyziky,
kterou je tieba ud¢lat. Pokud méte zateni, mate zaieni; mate tepelnou historii, takze muazete
piemyslet o rychlosti reakce; mizete pifemyslet o preméné plazmy na atomovy vodik, na
molekularni vodik; mazete piemyslet o pieméné plynu protonu a neutroni na helium a tak
dale. Byla to zabava, protoZe to byly prifezy, byla to termodynamika, bylo to néco, co jste
mohli spocitat a tykat se pozorovani. Takze jsem se velmi rychle nadchl.

Lightman:

Koupili jste [Dickeho] teoretickou motivaci pro celou véc, tj. Myslenku oscila¢niho vesmiru?
Peebles:

Ne. To bylo v potadku. Byl jsem ochoten s tim jit, ale nemohl jsem se z toho ndpadu tésit.
Myslim, Ze se mi poté, stejné jako nyni, zdalo, ze je to moznost, které bychom méli 1épe
vénovat pozornost, protoze je to alternativa ke standardni tradici inflace. A protoze inflace
neni tak pevné zavedend, méli bychom radgji zvazit alternativy, a to je urcité jedna z nich, na
kterou bych chtél myslet. Ale ve skute¢nosti jsem nikdy nepiekrocil tento nazor - Ze je to
alternativa a méli bychom ji mit na paméti. Nemyslim si, Ze jsem nékdy napsal ¢lanek
zkoumajici moznosti oscilaéniho vesmiru. Nemam ponéti, jak vymyslite fyziku, ktera
zpusobi, Ze vesmir bude kmitat a udrzovat jeho homogenitu - to je skutecny trik. Je to
atraktivni ndpad, musim fict. Neni to tak elegantni jako infla¢ni obraz, ale myslim si, Ze by to
mohlo mit na paméti.

Lightman:

Jednou z véci, na které jsem byl zvédavy, a davodem, pro¢ jsem se na to ptal, je to, ze ve
svém dokumentu z roku 1965 mate prohlaseni, ze pokud vesmir osciluje, pak se nemusite
starat 0 pocatecni uréeni zalezitosti antihmoty. pomér kdykoli v minulosti. To je ¢ast vaseho
davodu k vite ve oscila¢ni vesmir, coz pak vede k predikci mikrovinného pozadi nebo zafeni
cerného téla.

Peebles:

Chépu. Zajimalo by mg, jak jasné jsem piemyslel, kdyz jsem to psal. Samoziejmé si
nepamatuji vSechny své nazory z toho dlouhého zadku. Myslim, Ze jsem docela rychle poznal,
ze ¢lovek nemuaze mit vesmir, ktery by neurcité kmital do minulosti, protoze by jedna méla
katastrofu entropie. Pfedstavovali byste si, Ze udélate entropii v kazdé fazi oscilace, ale
protoze vesmir ma nyni omezené mnozstvi entropie, pak ¢lovek vi, ze mohl mit pouze
konecny pocet piedchozich oscilaci. Myslim, Ze si vzpominam na vypoc¢ty pomérné brzy - ale



snad po papiru, ktery jste zminil -, Ze vesmir mohl oscilovat 100krat az do soucasnosti,
pocinaje mrtvou zimou a sou¢asnym obsahem baryonu. To je pocet oscilaci, které by byly
potiebné k pireméné zareni z hvézd na energetickou hustotu zareni z mikrovinného pozadi.
Samoziejmé si ¢loveék uvédomuje, ze pokud mate pouze 100 kmitu, je vesmir opravdu
nesmirn¢ stary, ale piesto kone¢ny vek.

Lightman:

Stale si musite délat starosti s timto poc¢atecnim ...
Peebles:

Stale mate problém s poc¢atecnim stavem, to je jisté. Lehky muz: Ale mozZna ten druh
premysleni o entropickém problému byl az po tvém mysleni v roce 1964.
Peebles:

To by mohlo byt. Vzpomeiite si, Ze moje mysleni v roce 1964 bylo silné podminéno
myslenkou na chlapa od vedle, Robert Henry Dicke. Myslim, Ze je pravda, ze byl motivovan
touto myslenkou, ze vesmir, ktery osciluje, alespon tla¢i zpét krizi poc¢ate¢nich podminek ze
standardniho pfipadu velkého tresku - coz je mozna krok spravnym smérem.

Lightman:

Myslim, Ze se na to musim zeptat.
Peebles:

Ano, bude fascinujici vidét, co fika.
Lightman:

Dovolte mi, abych se vas trochu zeptal na problém rovinnosti, ktery jste s Dickem v roce
1979 piedstavil v Einsteinoveé sté vyroc¢i [7], i kdyz chapu, ze pied tim méla historii. To je pro
m¢ obzvlasté zajimava zalezitost, protoze Alan Guth tvrdi, Ze to byl klicovy motivujici faktor
v jeho vyvoji modelu infla¢niho vesmiru. Historicky tedy objasnéni tohoto problému, jeho
artikulace vdmi a Dickem, m¢lo velmi velky G¢inek. Muazete mi fict, kdy se vam to poprvé
stalo [puzzle]?

Peebles:

Abych byl upfimny, znovu mi to nevzniklo. Doslo k Bobovi Dickemu. Vite, Ze je tézke si
pamatovat, kdyz jste se naucili svazat boty, a je pro me tézké si pamatovat, kdyz jsem to
neveédél a neveéfil jsem tomu jako dobry argument. Myslim, ze ndm to Bob Dicke musel
piedstavit ve dnech, kdy jsme byli v Palmer Lab, a kdyz jsme se setkali ve vecernich
hodinach na téchto setkanich gravita¢nich vyzkumnych skupin. Vzdy se mi zdalo, Ze je to
velmi ziejmy argument, a byl jsem ohromen, kdyZ se najednou stala kanonickou konvenéni
moudrosti, protoze se tento argument nezménil od toho, ktery Bob daval roky a ja jsem daval
v kolokviich let. Byl to argument, argument piiméienosti a nahody, ale nikdy to nebyla
geometrickd demonstrace a samoziejme to tak stale neni.

Lightman:

Ne, ale zda se mi, ze aby byl tento argument piesvédcivy, aby vas tak n¢jak zametl, musite si
piedstavit, ze vesmir mohl byt vytvoren mnoha riznymi zpisoby, se spoustou riznych
pocatec¢nich podminek.

Peebles:



Ano, a to nam samoziejmé pripomina dalsi mySlenky Boba Dickeho - mySlenku
antropomorfniho vesmiru [slaby antropicky princip]. [8]
Lightman:

Ano, ale zdalo se, Ze to vysvétluje mnohem piirozenéjsim zptiisobem. Myslim, Ze [jeho napad]
nebyl zamyslen jako hadanka, ktera potiebovala vysvétleni. Vysvétlil. Zatimco [problém
rovinnosti] je néco, co predstavuje hadanku, ktera je velmi presvédciva, pokud muzete uvérit,
Ze nase pocatecni podminky jsou sadou opatieni nula [vysoce nepravdépodobné] z velmi
velkého poétu moznych pocate¢nich podminek. Pokud o tom tak piemyslite, pak si
uvédomite, ze potiebujete fyzické vysvétleni.

Peebles:

Uvidime, jestli chapu, k ¢emu to jde. K tomu jsou dveé ¢asti.
Lightman:

Ano, nechci to tikat nespravné.
Peebles:

Jednou ¢asti je argument nahody, Ze pokud ma vesmir znatelnou kosmologickou konstantu
nebo pokud ma prostoroveé zaktiveni, které vyrazné prispiva k rychlosti expanze. Tam byl
zvlastni epocha u kterého tento piispévek k rychlosti expanze lambda terminem
(kosmologicka konstanta) nebo zaktivenim prostoru stal se srovnatelny s piispévkem hustoty
hmoty, [vést k omega asi jeden]. Tato zvIastni epocha pak existuje a s tim jsou dva problémy.
Za prve, pocatecni podminky ve velmi raném vesmiru, kdykoli se klasickéa fyzika stala
pouzitelnou, musely stanovit obrovskou ¢asovou stupnici, coz se zda byt trochu obtizné
usporadat. Zadruhé musime na scénu pfijit, jakmile epocha doséhla toho preferovaného ¢asu.
Pak se musite zeptat, mohl by byt druhy nahodou nadhoda, nebo by to mohla byt takova
nepravdépodobna udalost, Ze tento charakteristicky ¢as, pokud existuje, je ve skute¢nosti v
neurcité budoucnosti - velmi daleko v budoucnosti. [V tom piipadé], prostorové zakiiveni
nemohlo byt dilezité, a lambda nemohlo byt dulezité, a my jsme dorazili na scénu v nahodné
zvoleném case, pokud se uvazuje o vyvoji vesmiru. Pokud je tedy zakiiveni prostoru
zanedbateln¢ malé a lambda je zanedbatelné malé, pak mame skuteé¢né problém. Jak vesmir
zajistil tyto pocateéni podminky?

Lightman:

To je verze problému, o kterém jsem diskutoval.
Peebles:

Spravné a samoziejmeé mame problém bez ohledu na to, jaké je zaktiveni prostoru, protoze
vesmir je tak dramaticky homogenni a vime, Ze to zacalo jako samostatné kusy.
Lightman:

Ano, to je dalsi problém.
Peebles:

Ze jo. Po celou dobu tedy existoval hluboky problém - jak se vesmir stal tak homogennim? A
to je urcité néco, co mé v prabéhu let hodné znepokojovalo. Napsal jsem o tom ¢lanky a
musim fici, ze infla¢ni ndpad je urcité skvély zptsob, jak problém vyiesit. Samostatnym
problémem je to, co je nyni hodnota prostorového zakiiveni a mohlo by byt znatelné jeho
piispévkem k rychlosti expanze ve srovnani s piispévkem hmotnostni hustoty. Dal$im



aspektem Dickeho argumentu je, Ze byste byli ptekvapeni, kdyz zjistite, Ze prostorové
zaktiveni je nyni znatelné, protoze to by vyzadovalo, jak fikam, ze jsme pfisli na scénu stejné
jako se zakiiveni prostoru stalo dulezitym, coz je argument nahody. Zda se mi, ze druhy
argument, Ze prostorové zakiiveni musi byt zanedbatelné malé, je slabsi, protoze jsme
samoziejm¢e museli pfijit na scénu nékdy o

Peebles:

Ano, bude fascinujici vidét, co fika.
Lightman:

Dovolte mi, abych se vas trochu zeptal na problém rovinnosti, ktery jste s Dickem v roce
1979 predstavil v Einsteinove¢ sté vyroci [7], i kdyz chapu, ze pied tim méla historii. To je pro
mé obzvlasté zajimava zalezitost, protoze Alan Guth tvrdi, ze to byl kli¢ovy motivujici faktor
v jeho vyvoji modelu infla¢niho vesmiru. Historicky tedy objasnéni tohoto problému, jeho
artikulace vdmi a Dickem, mélo velmi velky G¢inek. Muzete mi fict, kdy se vam to poprvé
stalo [puzzle]?

Peebles:

Abych byl uptimny, znovu mi to nevzniklo. Doslo k Bobovi Dickemu. Vite, ze je tézké si
pamatovat, kdyz jste se naucili svazat boty, a je pro me tézké si pamatovat, kdyz jsem to
neveédél a neveéril jsem tomu jako dobry argument. Myslim, Ze nam to Bob Dicke musel
piedstavit ve dnech, kdy jsme byli v Palmer Lab, a kdyZ jsme se setkali ve veéernich
hodinéch na téchto setkanich gravita¢nich vyzkumnych skupin. Vzdy se mi zdalo, Ze je to
velmi ziejmy argument, a byl jsem ohromen, kdyZ se najednou stala kanonickou konvenéni
moudrosti, protoZe se tento argument nezménil od toho, ktery Bob daval roky a ja jsem daval
v kolokviich let. Byl to argument, argument primérenosti a ndhody, ale nikdy to nebyla
geometrickd demonstrace a samoziejmé to tak stale neni.

Lightman:

Ne, ale zda se mi, Ze aby byl tento argument piesvédcivy, aby vas tak néjak zametl, musite si
piedstavit, ze vesmir mohl byt vytvoren mnoha riznymi zpisoby, se spoustou riznych
poc¢atecnich podminek.

Peebles:

Ano, a to ndm samoziejmé piipomina dalsi myslenky Boba Dickeho - myslenku
antropomorfniho vesmiru [slaby antropicky princip]. [8]
Lightman:

Ano, ale zdalo se, Ze to vysvétluje mnohem prirozengjsim zptiisobem. Myslim, Ze [jeho napad]
nebyl zamyslen jako h&danka, ktera potrebovala vysvétleni. Vysvétlil. Zatimco [problém
rovinnosti] je néco, co predstavuje hadanku, ktera je velmi presvédciva, pokud muzete uvetit,
Ze nase pocatecni podminky jsou sadou opatieni nula [vysoce nepravdépodobné] z velmi
velkého poétu moznych pocatecnich podminek. Pokud o tom tak pfemyslite, pak si
uvédomite, ze potiebujete fyzické vysvétleni.

Peebles:

Uvidime, jestli chapu, k ¢emu to jde. K tomu jsou dveé ¢asti.
Lightman:



Ano, nechci to fikat nespravng.
Peebles:

Jednou ¢asti je argument nahody, Ze pokud ma vesmir znatelnou kosmologickou konstantu
nebo pokud maé prostoroveé zakiiveni, které vyrazné prispiva k rychlosti expanze. Tam byl
zvlastni epocha u kterého tento piispévek k rychlosti expanze lambda terminem
(kosmologicka konstanta) nebo zaktivenim prostoru stal se srovnatelny s prispévkem hustoty
hmoty, [vést k omega asi jeden]. Tato zvIastni epocha pak existuje a s tim jsou dva problémy.
Za prve, pocatec¢ni podminky ve velmi raném vesmiru, kdykoli se klasicka fyzika stala
pouzitelnou, musely stanovit obrovskou ¢asovou stupnici, coz se zda byt trochu obtizné
usporadat. Zadruhé musime na scénu pfijit, jakmile epocha dosahla toho preferovaného casu.
Pak se musite zeptat, mohl by byt druhy nahodou nédhoda, nebo by to mohla byt takova
nepravdépodobna udalost, Ze tento charakteristicky ¢as, pokud existuje, je ve skute¢nosti v
neurcité budoucnosti - velmi daleko v budoucnosti. [V tom ptipadé¢], prostorové zakfiveni
nemohlo byt dilezité, a lambda nemohlo byt dulezité, a my jsme dorazili na scénu v nahodné
zvoleném ¢ase, pokud se uvazuje o vyvoji vesmiru. Pokud je tedy zaktiveni prostoru
zanedbateln¢ malé a lambda je zanedbatelné malé, pak mame skute¢né problém. Jak vesmir
zajistil tyto pocatecéni podminky?

Lightman:

Lightman:

Ano, to je dalsi problém.
Peebles:

Ze jo. Po celou dobu tedy existoval hluboky problém - jak se vesmir stal tak homogennim? A
to je urcité néco, co me v prabehu let hodné znepokojovalo. Napsal jsem o tom ¢lanky a
musim fici, ze inflaéni ndpad je urcité skvely zpisob, jak problém vyfesit. Samostatnym
problémem je to, co je nyni hodnota prostorového zakiiveni a mohlo by byt znatelné jeho
piispévkem k rychlosti expanze ve srovnani s ptispévkem hmotnostni hustoty. Dal$im
aspektem Dickeho argumentu je, Ze byste byli piekvapeni, kdyz zjistite, ze prostorové
zaktiveni je nyni znatelné, protoze to by vyzadovalo, jak fikam, ze jsme pfisli na scénu stejné
jako se zakiiveni prostoru stalo dulezitym, coz je argument nahody. Zda se mi, ze druhy
argument, Ze prostorové zakiiveni musi byt zanedbatelné malé, je slabsi, protoze jsme
samoziejme museli pfijit na scénu v urcitém ¢ase nebo jiny, coz znamenalo, Ze musela
existovat né¢jaka konfigurace udalosti a jakakoli konkrétni konfigurace udalosti je vzdy velmi
nepravdépodobnd. Jak soudite, co je nepravdépodobngjsi - ze bychom méli na scénu piijit ted’
nebo na

Lightman:

Osobné jsem ohromen tim, jak rychle a jak Siroce to dopadlo.
Peebles:

Ano, ale tak fyzika funguje, ze? Pti absenci jakéhokoli jiného ndpadu by dobry napad zachytil
pole. A pied inflaci jsme m¢li opravdu prazdne. Dalo by se extrapolovat konvencni modely
zpét v ¢ase na jedinec¢nost, coz je velmi oskliva véc. VSichni jsme tedy veédeli, ze mame tento
hrozny problém, a nemyslim si, Ze neni divu, Ze prvni myslenka, ktera méla néjaky smysl,
ktery ptisel, by zachytila pole a stala se kanonickym standardnim modelem. To samoziejmé
neznamena, Ze je tento napad spravny. To znamena, Ze jsme neméli Zadné moznosti. Takze,



jak fikam, nejsem ptekvapeny. Myslim, Ze bychom méli byt opatrni. Myslim, Ze existuje
rozumna $ance, ze jsme byli vedeni $patnou cestou. Urcite se to stalo predtim. Slysel jsem
srovnani myslenky ustaleného stavu s mySlenkou inflace a skute¢né maji urcité podobnosti. V
obou piipadech jsme méli problémy - ve skutec¢nosti stejny problém. Co délate s po¢atecnim
stavem? Vzhledem k tomu, Ze neexistuji zadné velmi tvrdé dikazy - ve skutecnosti pri
neexistenci jakéhokoli velkého pohybu v kanonickém modelu - ptisla nova myslenka, a
protoze byla nova a provokativni a odpovidala za n¢které znamé problémy, upoutala velkou
pozornost . Teorie ustaleného stavu [11] se zajisté objevila v 50. letech 20. stoleti. Brzy se stal
piinejmensim rovnocennym v davéryhodnosti s rozsifujicim se vesmirnym modelem, a to
nebylo kvuli n¢jakym pozorovacim dukazam, pokud vim. Existovalo nékolik bita a dikaza,
7e teorie ustalené¢ho stavu by mohla délat 1épe. Jeden mél problém s ¢asovym meéritkem [s
modelem velkého tresku]. Ale myslim, Ze rozumni lidé si nemysleli, Ze problém ¢asového
méftitka byl opravdu vazny. Myslim, Ze to byla spisSe otdzka, ze to byl novy napad, ne zjevné
Spatny a stoji za to prozkoumat. A myslim, ze jsme vidé€li, Ze se to samé stane s inflaci. Pfisel
novy népad, vyiesil nékteré znamé problémy, takze lidé na n¢j skocili a zacali jej zkoumat.
Lightman:

Zminili jste se, Ze oba modely maji spole¢né né&jaké osetreni pocatecnich stavi. Myslite si, Ze
fyzici nechtéji upfesinovat pocatecni podminky?
Peebles:

Vzpomindm si na poznamku Eugena P. Wignera pied mnoha lety, [fekl k astronomii], ve
které tekl: ,,Mysleli jsme si, Ze je zajem o fyziku, fyzikalni zakony a Ze pocateé¢ni podminky
mohou byt ponechany inzenyfi. ©“ Myslim, Ze to je postoj, ktery prostupuje hodné z fyziky.
Zajimavé je, ze v astronomii nemam stejny postoj téméef stejné silné. Nenajdu tam nervozitu s
pocatecnimi podminkami, které si v§imnu mezi mnoha fyziky.

Lightman:

Proc si myslite, Ze to je?
Peebles:

Jak poznamenal Eugene P. Wigner, jeden si mysli, Ze zajimavou ¢asti fyziky jsou zakony
fyziky a pocate¢ni podminky jako provincie inzenyrd, ktefi véci nastavili.
Lightman:

Pro¢ jsme tedy vynalozili tolik usili jak v ustdleném stavu, tak v inflaénich modelech,
abychom se obesli tim, ze jsme museli urcit poc¢ate¢ni podminky?
Peebles:

Myslim, Ze jsme nedtvérovali technikam.
Lightman:

Myslim, Ze ne. [Smich]
Peebles:

K ustalenému stavu bych nakreslil dal$i analogii, a to, ze vynalez nebyl v prvni fadé
motivovan pozorovanim. Misto toho to byl krasny népad, ktery vyiesil nékteré problémy
mozna, ale ne néco, co bylo vedeno [pozorovanim]. Naptiklad kdyz Lemaitre [12] znovu
piedstavoval rozsitfujici se vesmirnou myslenku, myslim, Ze byl silné¢ poh&nén pozorovanim -
gervenym posunem, ustupujici mlhovinou. To bylo ostie zaméiené. Rekl bych, Ze tady je



piiklad, kdy byl nékdo veden k revolu¢nimu obrazu docela ptimymi pozorovanimi, kterd ho v
tomto sméru prosazovala. Nemyslim si, Ze existuji néjakd pozorovani, ktera nutila lidi k
vymysleni teorie ustaleného stavu. To byl jen krasny napad. Myslim, Ze je pravda, Ze
neexistuji zadna velmi blizka pozorovani, ktera by vedla k inflacnimu konceptu. To byla
teorie, tézka davka. Dobfe motivovana teorie, abych si byl jisty, a myslim, Ze by to mohlo byt
velmi dobie. Ve skute¢nosti mame dalsi ptiklad toho, Ze Einstein zavedl predpoklad
homogenity v kosmologii. Ur¢ité nebyl motivovan Zadnymi pozorovanimi - pravé naopak.
Z&merng je ignoroval. Takze tato cesta muze fungovat. Samoziejmé to neni zaruceno.
Lightman:

Tim se dostdvame k n¢kterym noveéjsim objevam, ale pamatujete si své pocateéni reakce na
praci [13] de Lapparent a Huchra a Geller na rozsahlé struktuie?
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