Four Golden lessons as an advice from Steven Weinberg:
Ctyfi zlaté lekce jako rada od Stevena Weinberga + my com 19.07.2023

When | received my undergraduate degree — about a hundred years ago — the physics
literature seemed to me a vast, unexplored ocean, every part of which I had to chart before
beginning any research of my own. How could I do anything without knowing everything that
had already been done? Fortunately, in my first year of graduate school, | had the good luck to
fall into the hands of senior physicists who insisted, over my anxious objections, that | must
start doing research, and pick up what | needed to know as | went along. It was sink or swim.
To my surprise, | found that this works. | managed to get a quick PhD — though when | got it
| knew almost nothing about physics. But | did learn one big thing: that no one knows
everything, and you don't have to.

Another lesson to be learned, to continue using my oceanographic metaphor, is that while you
are swimming and not sinking you should aim for rough water. When | was teaching at the
Massachusetts Institute of Technology in the late 1960s, a student told me that he wanted to
go into general relativity rather than the area | was working on, elementary particle physics,
because the principles of the former were well known, while the latter seemed like a mess to
him. It struck me that he had just given a perfectly good reason for doing the opposite.
Particle physics was an area where creative work could still be done. It really was a mess in
the 1960s, but since that time the work of many theoretical and experimental physicists has
been able to sort it out, and put everything (well, almost everything) together in a beautiful
theory known as the standard model. My advice is to go for the messes — that's where the
action is.

My third piece of advice is probably the hardest to take. It is to forgive yourself for wasting
time. Students are only asked to solve problems that their professors (unless unusually cruel)
know to be solvable. In addition, it doesn't matter if the problems are scientifically important
— they have to be solved to pass the course. But in the real world, it's very hard to know
which problems are important, and you never know whether at a given moment in history a
problem is solvable. At the beginning of the twentieth century, several leading physicists,
including Lorentz and Abraham, were trying to work out a theory of the electron. This was
partly in order to understand why all attempts to detect effects of Earth's motion through the
ether had failed. We now know that they were working on the wrong problem. At that time,
no one could have developed a successful theory of the electron, because quantum mechanics
had not yet been discovered. It took the genius of Albert Einstein in 1905 to realize that the
right problem on which to work was the effect of motion on measurements of space and time.
This led him to the special theory of relativity. As you will never be sure which are the right
problems to work on, most of the time that you spend in the laboratory or at your desk will be
wasted. If you want to be creative, then you will have to get used to spending most of your
time not being creative, to being becalmed on the ocean of scientific knowledge.

Finally, learn something about the history of science, or at a minimum the history of your own
branch of science. The least important reason for this is that the history may actually be of
some use to you in your own scientific work. For instance, now and then scientists are
hampered by believing one of the over-simplified models of science that have been proposed



by philosophers from Francis Bacon to Thomas Kuhn and Karl Popper. The best antidote to
the philosophy of science is a knowledge of the history of science. >

Vypravi Steven Weinberg : Kdyz jsem ziskal bakalaisky titul — asi pied sto lety — fyzikalni
literatura mi piipadala jako obrovsky, neprobadany ocean, jehoz kazdou ¢ast jsem si musel
zmapovat, nez jsem zacal s jakymkoliv vlastnim vyzkumem. Jak bych mohl néco udé¢lat, aniz
bych védél, co vSechno uz bylo udélano? Nastésti jsem mél v prvnim ro¢niku na
postgradualni Skole to $tésti, ze jsem se dostal do rukou zkusenych fyzika, ktefi pies své
uzkostné namitky trvali na tom, Ze musim zacit s vyzkumem a zjistit, co jsem potieboval
védet, za pochodu. Bylo to umyvadlo nebo plavani. Ke svému prekvapeni jsem zjistil, Ze to
funguje. Podafilo se mi rychle ziskat doktorat — ackoli kdyZ jsem ho ziskal, nevédél jsem o
fyzice témef nic. Ale naucil jsem se jednu velkou véc: Ze nikdo nevi vSechno a vy ani v§echno
védét nemusite. Dalsi lekcei, kterou je tieba se naudit, abychom mohli pokraovat v pouzivani
mé oceanografické metafory, je, ze zatimco plavete a ne se potapite, méli byste mifit na
rozboutfenou vodu. Kdyz jsem koncem 60. let u¢il na Massachusettském technologickém
institutu, jeden student mi fekl, Ze by se chtél vénovat obecné teorii relativity spise nez
oblasti, na které jsem pracoval, tedy fyzice elementarnich ¢astic, protoze principy té prvni
byly dobfe zndmé, zatimco to druhé mu ptipadalo jako neporadek. Zarazilo mé¢, ze prave
uvedl naprosto dobry diivod, pro¢ udélal opak. Casticova fyzika byla oblasti, kde se jesté dalo
délat kreativni prace. V 60. letech to byl opravdu prasvih, ale od té doby to prace mnoha
teoretickych a experimentalnich fyzikt dokazala uttidit a dat v§echno (no, skoro v§echno)
dohromady do krasné teorie znamé jako standardni model. Moje rada je jit do nepofadku -
Studenti jsou pozadani pouze o feSeni problémui, o kterych jejich profesofi (pokud nejsou
neobvykle kruti) védi, Ze jsou fesitelné. Kromé toho nezélezi na tom, zda jsou problémy
védecky dileZzité — pro absolvovani kurzu je tfeba je vyftesit. Ale v redlném svéte je velmi
téZké poznat, které problémy jsou dulezité, a nikdy nevite, zda je v daném okamziku historie
problém fesitelny. Na zac¢atku dvacatého stoleti se n€kolik pfednich fyzikd, véetné Lorentze a
Abrahama, pokouselo vypracovat teorii elektronu. Bylo to ¢aste¢né proto, abychom pochopili,
pro¢€ vSechny pokusy odhalit u¢inky pohybu Zemé ptes éter selhaly. Nyni vime, Ze pracovali
na Spatném problému. V té dobé nemohl nikdo vyvinout tspéSnou teorii elektronu, protoze
kvantova mechanika jesté nebyla objevena. Genialitu Alberta Einsteina v roce 1905 trvalo,
nez pochopil, Ze tim spravnym problémem, na kterém je ti‘eba pracovat, je vliv pohybu
na méreni prostoru a ¢asu. To ho privedlo ke specidlni teorii relativity. Vzhledem k tomu,
ze si nikdy nebudete jisti, které problémy jsou spravné, budete vétSinu Casu straveného v
laboratofi nebo u svého stolu promarnit. Pokud chcete byt kreativni, pak si budete muset
zvyknout na to, ze vétSinu Casu travite tim, Ze nejste kreativni, na to, Ze budete zklidnéni
ocednem védeckého poznani. Naucte se konecné néco o historii védy, nebo alespoii o historii
svého vlastniho védniho oboru. Nejméné dulezitym divodem je, ze historie vam muze byt ve
skutecnosti k né€emu uZitecna ve vasi vlastni védeckeé praci. Védci jsou napitiklad tu a tam
brzdéni tim, Ze véti jednomu z pfili§ zjednodusenych modela védy, viz Hubbleho zakon
http://www.hypothesis-of-universe.com/docs/c/c_239.jpg které navrhli filozofové od
Francise Bacona po Thomase Kuhna a Karla Poppera. Nejlepsim 1ékem na filozofii védy
je znalost d&jin vedy.
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More importantly, the history of science can make your work seem more worthwhile to you.
As a scientist, you're probably not going to get rich. Your friends and relatives probably won't
understand what you're doing. And if you work in a field like elementary particle physics, you
won't even have the satisfaction of doing something that is immediately useful. But you can
get great satisfaction by recognizing that your work in science is a part of history.

Look back 100 years, to 1903. How important is it now who was Prime Minister of Great
Britain in 1903, or President of the United States? What stands out as really important is that
at McGill University, Ernest Rutherford and Frederick Soddy were working out the nature of
radioactivity. This work (of course!) had practical applications, but much more important
were its cultural implications. The understanding of radioactivity allowed physicists to
explain how the Sun and Earth's cores could still be hot after millions of years. In this way, it
removed the last scientific objection to what many geologists and paleontologists thought was
the great age of the Earth and the Sun. After this, Christians and Jews either had to give up
belief in the literal truth of the Bible or resign themselves to intellectual irrelevance. This was
just one step in a sequence of steps from Galileo through Newton and Darwin to the present
that, time after time, has weakened the hold of religious dogmatism. Reading any newspaper
nowadays is enough to show you that this work is not yet complete. But it is civilizing work,
of which scientists are able to feel proud. >

Jeste dulezitéjsi je, Ze diky historii védy se vam vaSe prace miize zdat hodnotnégjsi. Jako védec
pravdépodobné nezbohatnete. Vasi ptatelé a piibuzni pravdépodobné nebudou rozumét tomu,
co délate. A pokud pracujete v oboru, jako je fyzika elementdrnich Castic, nebudete mit ani
uspokojeni z toho, Ze délate néco, co je okamzité uzitecné. Ale mizete ziskat velké
uspokojeni, kdyZ uznate, Ze vase prace ve véde je soucasti historie. Podivejte se o 100 let
zpét, do roku 1903. Jak dilezité je nyni, kdo byl premiérem Velké Britanie v roce 1903 nebo
prezidentem Spojenych statti? Skute¢né dulezité je, ze na McGillove€ univerzité Ernest
Rutherford a Frederick Soddy zjistovali povahu radioaktivity. Tato prace (samoziejmé!)
radioaktivity umoznilo fyzikiim vysvétlit, jak mohou byt jadra Slunce a Zemé po milionech
let stale horkd. Timto zptisobem odstranila posledni védeckou namitku proti tomu, co mnozi
geologové a paleontologoveé povazovali za vysoky vék Zemé a Slunce. Poté se kiestané a
Zidé museli bud’ vzdat viry v doslovnou pravdu Bible, nebo rezignovat na intelektudlni
bezvyznamnost. To byl jen jeden krok v fad¢ kroki od Galilea pies Newtona a Darwina az po
soucasnost, ktera as od &asu oslabila vladu nabozenského dogmatismu. Cteni jakychkoli
novin v dnesni dob¢ staci k tomu, abyste ukazali, Ze tato prace jesté neni dokoncena. Ale je to
civilizaéni prace, na kterou mohou byt védci hrdi.
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