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STRESZCZENIE / ABSTRACT

Artykuł stanowi głęboką analizę kosmologicznych koncepcji Stephena Hawkinga, koncentrując się na
zasadzie antropicznej oraz fenomenie strzałek czasu. Autor bada, dlaczego parametry fizyczne naszego

Wszechświata wydają się idealnie dostrojone do powstania inteligentnego życia, rozważając przy tym
teorię multiwersum i krajobraz teorii strun. Tekst szczegółowo opisuje trzy rodzaje strzałek czasu –
termodynamiczną, psychologiczną i kosmologiczną – wyjaśniając ich rolę w ewolucji kosmosu od

Wielkiego Wybuchu po horyzont zdarzeń czarnych dziur. To fascynująca podróż przez granice ogólnej
teorii względności i mechaniki kwantowej, która rzuca nowe światło na epistemologiczne pytania o nasze

miejsce w rzeczywistości oraz naturę nieporządku kształtującego bieg historii wszechświata.

This article provides a deep analysis of Stephen Hawking's cosmological concepts, focusing on the

anthropic principle and the phenomenon of arrows of time. The author explores why the physical
parameters of our universe seem perfectly tuned for the emergence of intelligent life, considering the

multiverse theory and the landscape of string theory. The text details three types of arrows of time—
thermodynamic, psychological, and cosmological—explaining their role in the evolution of the cosmos
from the Big Bang to the event horizon of black holes. This is a fascinating journey through the frontiers of

general relativity and quantum mechanics, shedding new light on epistemological questions about our place
in reality and the nature of disorder that shapes the course of universal history.

Wszechświat, który spojrzał w lustro. O zasadzie antropicznej i innych kosmicznych

zdziwieniach Na początku był chaos, potem Wielki Wybuch, a na końcu pojawiliśmy się my –

istoty zdolne podrapać się po głowie i zadać fundamentalne pytanie: dlaczego Wszechświat

wygląda tak, jakby ktoś starannie przygotował go do naszego istnienia? Właśnie w tym

zdumieniu kryje się cała moc zasady antropicznej – idei jednocześnie urzekającej i irytującej,
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która prowadzi do wniosku tyleż prostego, co głęboko prowokującego. Wszechświat jest taki,

jaki jest, ponieważ gdyby był inny, nie byłoby nas tutaj, by o nim dyskutować. Sam termin

„zasada antropiczna” został ukuty przez kosmologa Brandona Cartera w 1973 roku, podczas

konferencji zorganizowanej z okazji pięćsetlecia urodzin Kopernika. W miejscu, które

symbolicznie zdetronizowało ludzkość, Carter odważył się postawić tezę przeciwną,

stwierdzając, że nasza pozycja we Wszechświecie jest w pewnym sensie uprzywilejowana. Jest

to bowiem jedyna pozycja, która jest zgodna z naszym istnieniem jako obserwatorów. Innymi

słowy, jesteśmy tutaj, bo mogliśmy tu być, i tylko dlatego zadajemy pytanie o to, gdzie

właściwie jest „tutaj”. Carter rozróżnił przy tym dwie wersje swojej zasady: słabą i silną. Słaba

zasada antropiczna stwierdza jedynie, że warunki, które obserwujemy we Wszechświecie, muszą

pozwalać na istnienie obserwatora, co jest banałem o potężnych, kosmicznych

konsekwencjach....

SŁOWA KLUCZOWE

zasada antropiczna strzałki czasu kosmologia Hawkinga multiwersum entropia osobliwość

Wielki Wybuch teoria strun horyzont zdarzeń stałe fizyczne mechanika kwantowa

ogólna teoria względności ekspansja wszechświata epistemologia nieporządek

Słaba vs silna zasada antropiczna: warunek obserwacji

Wszechświat, który spojrzał w lustro. O zasadzie antropicznej i innych kosmicznych zdziwieniach

Na początku był chaos, potem Wielki Wybuch, a na końcu pojawiliśmy się my – istoty zdolne podrapać się

po głowie i zadać fundamentalne pytanie: dlaczego Wszechświat wygląda tak, jakby ktoś starannie

przygotował go do naszego istnienia? Właśnie w tym zdumieniu kryje się cała moc zasady antropicznej –

idei jednocześnie urzekającej i irytującej, która prowadzi do wniosku tyleż prostego, co głęboko

prowokującego. Wszechświat jest taki, jaki jest, ponieważ gdyby był inny, nie byłoby nas tutaj, by o nim

dyskutować.

Sam termin „zasada antropiczna” został ukuty przez kosmologa Brandona Cartera w 1973 roku, podczas

konferencji zorganizowanej z okazji pięćsetlecia urodzin Kopernika. W miejscu, które symbolicznie

zdetronizowało ludzkość, Carter odważył się postawić tezę przeciwną, stwierdzając, że nasza pozycja we

Wszechświecie jest w pewnym sensie uprzywilejowana. Jest to bowiem jedyna pozycja, która jest zgodna z
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naszym istnieniem jako obserwatorów. Innymi słowy, jesteśmy tutaj, bo mogliśmy tu być, i tylko dlatego

zadajemy pytanie o to, gdzie właściwie jest „tutaj”.

Carter rozróżnił przy tym dwie wersje swojej zasady: słabą i silną. Słaba zasada antropiczna stwierdza

jedynie, że warunki, które obserwujemy we Wszechświecie, muszą pozwalać na istnienie obserwatora, co

jest banałem o potężnych, kosmicznych konsekwencjach. Znacznie bardziej kontrowersyjna jest wersja silna,

która sugeruje, że Wszechświat po prostu musiał mieć takie właściwości, aby na pewnym etapie ewolucji

mogło w nim powstać życie. Jak ujął to fizyk Freeman Dyson: „Im więcej o Wszechświecie się dowiaduję,

tym bardziej wygląda na to, że w jakiś sposób wiedział, że przyjdziemy”.

Multiwersum wyjaśnia precyzyjne dostrojenie kosmosu

Gdy zasada antropiczna wkroczyła na kosmiczną scenę, część naukowców odetchnęła z ulgą. Wreszcie

pojawiło się narzędzie pozwalające uzasadnić precyzyjne dostrojenie naszego Wszechświata: dlaczego stała

Plancka ma taką, a nie inną wartość, czemu proton jest 1836 razy cięższy od elektronu i jakim cudem

grawitacja nie rozjechała wszystkiego niczym walec. Inni jednak łapali się za głowę, twierdząc, że to nie

wyjaśnienie, lecz intelektualny wybieg. Dla przeciwników była to po prostu naukowa wersja odpowiedzi „bo

tak”.

I wtedy z odsieczą przybyła teoria wielu wszechświatów, znana szerzej jako multiwersum. Jeśli pojedynczy

wszechświat to gra o astronomiczną stawkę, to multiwersum jest całym kasynem – nieskończoną liczbą prób,

kombinacji i rozdań. W tej perspektywie fakt, że trafiliśmy akurat do tego jednego uniwersum, w którym

można zjeść jabłko, napisać sonet i przeprowadzić operację na otwartym mózgu, przestaje wyglądać na

kosmiczny cud. Staje się statystyczną nieuchronnością.

Max Tegmark, fizyk z MIT i czołowy orędownik tej koncepcji, ujął to dosadnie: „W multiwersum nie pytasz,

dlaczego parametry są takie, jakie są. Pytasz, dlaczego jesteś akurat w tym wszechświecie, a nie w innym?

Odpowiedź brzmi: bo w innych by cię nie było”.

Jesteśmy tu, ponieważ gdzie indziej nie moglibyśmy zaistnieć. To już nie jest zasada antropiczna w wersji

słabej, to jej wersja turbo. To zasada antropiczna na sterydach teorii strun, rozciągnięta na nieskończonym

płótnie możliwości, gdzie nasze istnienie jest jednym z dopuszczalnych wzorów.

W ramach tak zwanego krajobrazu teorii strun, czyli mapy wszystkich możliwych konfiguracji fizyki,

szacuje się istnienie nawet 10¹⁰⁰⁰⁰ różnych wszechświatów. Każdy z nich ma własny zestaw stałych

fizycznych i praw natury. A my, rzecz jasna, wygraliśmy los na tej kosmicznej loterii, trafiając do tego, w

którym da się ugotować zupę i prowadzić seminaria z ontologii.
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Teoria wielu światów: bariery weryfikacji empirycznej

No dobrze – powie sceptyk, odstawiając na chwilę herbatę – ale co z tego wszystkiego wynika? Czy teoria,

której nie da się w żaden sposób przetestować, w ogóle zasługuje na miano naukowej, czy jest to już tylko

elegancka opowieść na dobranoc dla fizyków? I tu na scenę wkracza epistemologia, czyli gałąź filozofii,

która od wieków próbuje ustalić, czym jest wiedza, co możemy uznać za uzasadnione i jak odróżnić

sensowne twierdzenie od spekulacji. W duchu Karla Poppera, który wyznaczył wyraźną granicę

demarkacyjną, pytanie brzmi: czy zasada antropiczna i teoria multiwersum są falsyfikowalne? Czy można

zaprojektować eksperyment, który mógłby je obalić? Odpowiedź jest kłopotliwa. Przynajmniej dziś – nie.

Niektórzy, jak filozof nauki Richard Dawid, sugerują jednak, że wielkie teorie fizyki zaczynają rządzić się

innymi regułami, przekraczając klasyczne kryteria naukowości. Ich siła ma tkwić w wewnętrznej spójności,

matematycznej elegancji i zdolności do wyjaśniania z poczuciem nieuchronności. Dawid pisze: „W

przypadku teorii strun mamy do czynienia z sytuacją, w której sama niemożność znalezienia alternatywy

może być postrzegana jako argument empiryczny”. To odwrócenie klasycznej logiki. Skoro nie dysponujemy

lepszym wyjaśnieniem, to może właśnie to – nawet jeśli nieweryfikowalne w warunkach laboratoryjnych –

stanowi jedyny sensowny sposób na uporządkowanie rzeczywistości.

Oczywiście nie brakuje głosów krytycznych. Lee Smolin, wspomniany już z lekką zgryźliwością, zarzuca

zwolennikom zasady antropicznej ucieczkę w intelektualną rezygnację. Twierdzi on, że zamiast próbować

zrozumieć, dlaczego Wszechświat jest taki, jaki jest, wielu fizyków zadowala się myślą, że gdzieś istnieje

nieskończony zbiór wszechświatów z losowo dobranymi parametrami. „To nie wyjaśnienie. To rezygnacja” –

kwituje Smolin. Czy zasada antropiczna wyjaśnia więc wszystko, czy może zupełnie nic? Pytanie pozostaje

otwarte, dzieląc fizyków na dwa obozy.

Dla jednych jest to konieczna rama epistemologiczna, przypominająca, że każde nasze „dlaczego” zaczyna

się od faktu, iż w ogóle istniejemy, by móc je zadać. Dla innych to filozoficzna bańka, w której błądzimy, bo

po prostu nie mamy nic lepszego pod ręką. A może, jak żartobliwie podsumował fizyk John Barrow, zasada

antropiczna to po prostu najdoskonalsze usprawiedliwienie dla naszej egzystencji, głosząca, że:

„Wszechświat musi być taki, by istniały konferencje, na których naukowcy mogą się nawzajem

przekonywać, że to wszystko ma sens”.



5

Strzałka termodynamiczna definiuje psychologiczny

czas

W kosmologii Einsteina czas przestał być leniwą rzeką o jednym wspólnym nurcie. Zapomnijmy o

uniwersalnej wstędze, na której można by zaznaczyć jedno „teraz” obowiązujące od Andromedy po naszą

kuchnię. Każdy obserwator nosi przy sobie własny zegarek, a jego wskazówki poruszają się w unikalnym

lokalnym rytmie. Dla astronauty, który spada na gwiazdę neutronową, jedna sekunda rozciąga się w

wieczność, podczas gdy dla jego kolegi na odległej stacji kosmicznej jest zaledwie mgnieniem oka. Oto

kosmos, w którym nas osadzono: miejsce, gdzie „teraz” jest kwestią umowy, a „przedtem” i „potem” zależą

od tego, gdzie stoisz.

Jednak to nie względność czasu jest jego największą tajemnicą. Znacznie dziwniejszy jest fakt, że czas w

ogóle płynie. I to uparcie w jedną stronę. Równania fundamentalnej fizyki działają równie dobrze do przodu,

jak i wstecz; są idealnie symetryczne. Mimo to nasze życie przypomina film odtwarzany bez opcji

przewijania do tyłu. Fizycy, próbując wyjaśnić tę egzystencjalną jednostronność, mówią o „strzałkach czasu”

– kilku koncepcjach wskazujących ten sam nieodwracalny kierunek.

Najsłynniejsza z nich, strzałka termodynamiczna, jest w istocie miarą rosnącego nieporządku we

Wszechświecie. Porcelanowy kubek stojący na stole reprezentuje stan uporządkowany; jego skorupy

rozsypane na podłodze to chaos. Wszechświat zdaje się nieustannie dążyć do rozbicia tego kubka, a powód

jest brutalnie statystyczny: istnieje nieporównywalnie więcej sposobów, by coś było zepsute, niż by było

idealne. Druga zasada termodynamiki, która to opisuje, jest niemal metafizycznym dekretem: rzeczy psują

się znacznie chętniej, niż się naprawiają. Brzmi znajomo, prawda?

Stephen Hawking posunął tę ideę dalej, sugerując, że ten sam wzrost nieporządku jest fundamentem naszej

pamięci. Każdy bit informacji zapisany w komputerze nieznacznie zwiększa entropię otoczenia. Nasz mózg,

tworząc wspomnienia, działa na tej samej zasadzie – pamiętamy przeszłość, a nie przyszłość, ponieważ

każde wspomnienie jest termodynamiczną inwestycją w nieporządek. Gdyby Wszechświat zmierzał ku

porządkowi, a entropia malała, teoretycznie moglibyśmy pamiętać przyszłe wydarzenia. Tak się jednak nie

dzieje. Nasze życie pozostaje więc nieustannym marszem w jednym kierunku, a pamięć jest zapisem tej

podróży. To golgota tylko w jedną stronę.

Wzrost entropii warunkuje proces zapamiętywania

Pierwsza z nich, strzałka termodynamiczna, jest zakorzeniona w drugiej zasadzie termodynamiki. Głosi ona,

że entropia, czyli miara nieuporządkowania w układzie izolowanym, nigdy spontanicznie nie maleje.
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Upuszczony na podłogę kubek rozpada się na setki kawałków, a układ cząsteczek szkła i powietrza zyskuje

znacznie więcej możliwych konfiguracji niż wtedy, gdy naczynie stało nienaruszone na stole. Obserwujemy

więc procesy nieodwracalne – to, co zniszczone, nie składa się samo z siebie z powrotem. Ludwig

Boltzmann ujął to celnie, pisząc, że „entropia jest miarą naszej niewiedzy o stanie układu”, wskazując tym

samym, że strzałka czasu jest nierozerwalnie spleciona z probabilistycznym charakterem praw przyrody.

Druga strzałka, psychologiczna, odnosi się do naszego subiektywnego doświadczenia. Pamiętamy

przeszłość, nigdy przyszłość, i odczuwamy nieustanny, jednokierunkowy przepływ teraźniejszości. Stephen

Hawking zasugerował, że jest ona jedynie pochodną tej pierwszej, termodynamicznej. Aby bowiem zapisać

jakąkolwiek informację – czy to w sieci neuronowej mózgu, czy na twardym dysku komputera – musimy

zużyć energię, a tym samym zwiększyć globalny nieporządek we Wszechświecie. Każde wspomnienie,

każdy ślad naszej tożsamości jest więc naznaczony piętnem rosnącej entropii. To niezwykle sugestywne

powiązanie, które stawia psychologię i neurobiologię w ścisłym związku z fizyką statystyczną. Jak

podsumował to noblista Ilya Prigogine: „strzałka czasu nie jest iluzją świadomości; to świadomość jest

dzieckiem strzałki czasu”.

Kontrakcja wszechświata nie odwraca biegu czasu

Trzecia strzałka, kosmologiczna, wydaje się echem największego ruchu, jaki znamy: ekspansji

Wszechświata. Odkąd Edwin Hubble wykazał kosmiczną ucieczkę galaktyk, wiadomo, że sama przestrzeń

się rozszerza. To zrodziło w umyśle Hawkinga przewrotne pytanie: czy gdyby Kosmos zahamował ekspansję

i zaczął się kurczyć, czas również by zawrócił, a entropia zaczęła maleć? Początkowo intuicja podpowiadała

mu, że tak. Jednak wspólne prace z Donem Page’em i Raymondem Laflamme’em zweryfikowały tę

elegancką symetrię. Nawet podczas kosmicznego kolapsu nieporządek wciąż by wzrastał. Strzałka czasu nie

jest więc zależna od losów Kosmosu – jest zakorzeniona w głębszych zasadach.

Osobliwości: kres stosowalności praw fizyki klasycznej

|be_thought|Historia badań nad początkiem Wszechświata jest w istocie historią intelektualnych zmagań z

pojęciem osobliwości. W klasycznej ogólnej teorii względności Einsteina osobliwość to punkt, w którym

mapa rzeczywistości się kończy; miejsce, gdzie krzywizna czasoprzestrzeni staje się nieskończona, a znane

nam prawa fizyki bezradnie milkną. Oznacza to sytuację ostateczną: fizyka traci zdolność przewidywania, a

matematyka sygnalizuje, że sam model uległ załamaniu. Wielki Wybuch byłby w tym ujęciu absolutnym

początkiem – punktem, poza którym nie tylko nie było „niczego”, ale samo pytanie o „przedtem” traciło

jakikolwiek sens.
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Dopiero rozwój astronomii XX wieku pozwolił tej abstrakcyjnej idei zejść na ziemię, a raczej wznieść się ku

gwiazdom. W 1929 roku Edwin Hubble, obserwując odległe galaktyki, odkrył, że wszystkie uciekają, a ich

światło jest rozciągnięte ku czerwieni. Wszechświat nie był zatem statycznym, wiecznym bytem, lecz

dynamiczną, rozszerzającą się strukturą. Jeśli puścimy ten kosmiczny film od tyłu, zobaczymy, jak w

przeszłości był on coraz mniejszy, gęstszy i gorętszy, aż w końcu cała jego materia i energia skupiły się w

stanie o nieskończonej gęstości i temperaturze. To był początek czasu i przestrzeni – moment, w którym

historia kosmosu w ogóle mogła się rozpocząć.

Równania Einsteina, rozwinięte przez Aleksandra Friedmanna, naszkicowały trzy możliwe scenariusze

kosmologicznej przyszłości. W modelu zamkniętym ekspansja kiedyś się zatrzyma, a grawitacja ściągnie

wszystko z powrotem do punktu o zerowym rozmiarze, prowadząc do powrotu do osobliwości, tym razem

końcowej. W modelu otwartym ekspansja trwa wiecznie, a galaktyki oddalają się od siebie w

nieskończoność. Model płaski, krytyczny, zakłada z kolei, że Wszechświat rozszerza się coraz wolniej, ale

nigdy się nie zatrzymuje. Każdy z tych scenariuszy, niczym drogi prowadzące z Rzymu, wskazuje jednak na

wspólny punkt wyjścia: chwilę, gdy odległość między dowolnymi punktami była zerowa.

Osobliwość Wielkiego Wybuchu nie była jednak jedynym tego typu potworem czającym się w równaniach

Einsteina. Również czarne dziury, powstające w wyniku grawitacyjnego kolapsu masywnych gwiazd,

zawierają w swoim sercu punkt, gdzie gęstość staje się nieskończona. Granicę tego obszaru stanowi horyzont

zdarzeń – jednokierunkowa membrana, zza której nic, nawet światło, nie może uciec. Stephen Hawking i

Roger Penrose dowiedli matematycznie, że osobliwości nie są jakimś patologicznym wyjątkiem, lecz

nieuniknioną konsekwencją ogólnej teorii względności, o ile tylko materia spełnia rozsądne warunki

energetyczne. W tym sensie osobliwości stały się integralną częścią logiki teorii.

Powstaje jednak fundamentalne pytanie: jak rozumieć miejsca, w których nasze najlepsze prawa fizyki

kapitulują? Czy są to realne punkty w kosmosie, czy raczej sygnał, że nasza teoria jest niekompletna?

Większość fizyków skłania się ku drugiej odpowiedzi. Osobliwość jest raczej granicą poznania niż bytu. To

drogowskaz wskazujący na potrzebę głębszej, bardziej fundamentalnej teorii kwantowej grawitacji, która

potrafiłaby opisać zjawiska w ekstremalnych warunkach, gdzie grawitacja i mechanika kwantowa muszą

wreszcie zacząć ze sobą rozmawiać.

Problem ten odsłania także głębszy wymiar filozoficzny. Już święty Augustyn zauważył, że pytanie o to, co

Bóg
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Modele Friedmanna: trzy scenariusze ewolucji kosmosu

Zanim kosmiczna kurtyna opadnie, warto wiedzieć, że scenariusz końca oferuje trzy warianty: model

zamknięty, w którym wszystko wraca do punktu wyjścia w Wielkim Kolapsie; otwarty, czyli niekończącą się

ucieczkę w pustkę; oraz płaski – rozszerzanie zwalniające do tempa lodowca, ale nigdy nieustające.

Wszystkie te wizje wyłoniły się z matematycznych rozwiązań ogólnej teorii względności, które już w 1922

roku zaproponował Aleksander Friedmann. Einstein, początkowo sceptyczny, ostatecznie przyznał mu rację,

nazywając swój własny pomysł – tak zwaną stałą kosmologiczną – największą pomyłką w karierze.

Wprowadził ją, by siłą uratować elegancki, statyczny Wszechświat; własnoręcznie wyprostował kosmos

tylko po to, by za chwilę musieć go z powrotem zakrzywiać.

Czas urojony Hawkinga: eliminacja osobliwości

Kluczowym narzędziem okazała się tu koncepcja sumy po historiach, którą Richard Feynman obdarzył

fizykę kwantową. Zgodnie z nią cząstka nie jest zdyscyplinowanym piechurem maszerującym po jednej,

wyznaczonej trasie. Przeciwnie, bada wszystkie możliwe drogi jednocześnie, a to, co obserwujemy, jest

jedynie probabilistyczną wypadkową tych niezliczonych podróży. Hawking dokonał tu skoku o skali

kosmologicznej: potraktował cały wszechświat jak pojedynczy obiekt kwantowy, którego ewolucja jest sumą

wszystkich możliwych historii czasoprzestrzeni.

Aby ominąć zdradliwe mielizny osobliwości, Hawking sięgnął po genialny wybieg: czas urojony.

Matematycy od dawna posługują się liczbami zespolonymi, które obok części rzeczywistej mają też część

urojoną, opartą na jednostce „i” – absurdalnym z pozoru pierwiastku z minus jeden. Hawking zapytał: A co,

jeśli czas również potraktować jako wielkość „urojoną”? W takim ujęciu granica między czasem a

przestrzenią zaciera się, a cała czasoprzestrzeń staje się gładką, czterowymiarową powierzchnią. W tej

spokojnej, euklidesowej geometrii osobliwości tracą swój groźny, nieskończony charakter; stają się zaledwie

punktami brzegowymi, które można opisać bez sięgania po matematyczny armagedon.

Hawking zilustrował to analogią do powierzchni Ziemi. Nasza planeta jest skończona, a jednak nie posiada

krawędzi. Idąc uparcie na północ, dotrzemy do bieguna, ale nigdzie nie znajdziemy tabliczki z napisem

„koniec świata”. Podobnie wszechświat opisany w języku czasu urojonego jest bytem skończonym, lecz

pozbawionym granic i osobliwości. To elegancko usuwa pytanie o to, kto zapalił światło. Pytanie o to, co

było „przed” Wielkim Wybuchem, staje się równie bezsensowne, jak pytanie o to, co leży kilometr na północ

od bieguna północnego. Sam początek przestaje być gwałtowną wyrwą w prawach fizyki, a staje się po

prostu gładkim punktem w strukturze kosmosu.
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Warunek braku granic eliminuje moment stworzenia

Jednym z najśmielszych i najbardziej oryginalnych wkładów Stephena Hawkinga w kosmologię była

propozycja, która radykalnie zmienia sposób postrzegania początku istnienia. Klasyczna ogólna teoria

względności, choć potężna, załamuje się w obliczu osobliwości – punktów, w których gęstość i krzywizna

czasoprzestrzeni dążą do nieskończoności, a znane prawa fizyki przestają obowiązywać. Hawking,

zainspirowany mechaniką kwantową, postanowił poszukać wyjścia z tego teoretycznego impasu.

Narzędziem stała się koncepcja sumy po historiach, rozwinięta przez Richarda Feynmana. W tym ujęciu

cząstka nie przemieszcza się z punktu A do punktu B jedną, ściśle wyznaczoną ścieżką, lecz eksploruje

wszystkie możliwe trajektorie jednocześnie. Hawking przeniósł tę kwantową zasadę do skali kosmicznej,

zakładając, że cały Wszechświat można potraktować jako obiekt kwantowy, którego ewolucja stanowi sumę

prawdopodobieństw wszystkich możliwych historii czasoprzestrzeni. To już nie pojedynczy film, lecz cała

biblioteka scenariuszy odgrywanych symultanicznie.

Aby jednak uniknąć problemu osobliwości, Hawking sięgnął po matematyczny zabieg: czas urojony. W

matematyce liczby zespolone posiadają część urojoną, opartą na jednostce urojonej „i”, będącej

pierwiastkiem z minus jeden. Analogicznie, w fizyce można przekształcić czas, mnożąc go przez tę samą

jednostkę. Dzięki temu zabiegowi granica między czasem a przestrzenią zaciera się, a osobliwa

czasoprzestrzeń staje się gładką, czterowymiarową powierzchnią. W tej nowej, euklidesowej geometrii

osobliwości tracą swój nieskończony charakter; stają się po prostu punktami na mapie.

Hawking zilustrował to analogią do powierzchni Ziemi. Nasza planeta jest skończona, ale nie posiada

krawędzi. Wędrując na północ, dotrzemy do bieguna, lecz nie znajdziemy tam granicy świata. Podobnie

Wszechświat w opisie z czasem urojonym jest skończony, lecz pozbawiony granic i osobliwości. W takim

modelu pytanie: „co było przed Wielkim Wybuchem?” staje się równie bezzasadne, jak pytanie: „co znajduje

się na północ od bieguna północnego?”. Początek nie jest już gwałtownym załamaniem praw fizyki, lecz

gładkim punktem geometrycznym w strukturze kosmosu.

Taki Wszechświat staje się bytem samowystarczalnym i domkniętym. Nie wymaga zewnętrznego impulsu

ani aktu stworzenia. Jak ujął to Hawking podczas konferencji w Watykanie w 1981 roku, Wszechświat w

modelu braku granic „nie jest ani stworzony, ani zniszczony” – on po prostu istnieje. Konsekwencje

filozoficzne tej koncepcji są dalekosiężne. Jeśli kosmos nie wymaga początku w sensie metafizycznym, rola

Boga jako pierwszej przyczyny zostaje podważona. Propozycja ta usuwa pytanie o to, kto zainicjował

istnienie. Choć niektórzy odczytali to jako próbę wyeliminowania Stwórcy z równania, sam Hawking

podkreślał, że jego celem nie była polemika teologiczna, lecz poszukiwanie kompletnej teorii przyrody.
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Fluktuacje kwantowe: mechanizm powstawania

galaktyk

Czas urojony rzuca też nowe światło na inflację kosmologiczną, czyli teorię Alana Gutha opisującą

gwałtowną ekspansję Wszechświata w jego najwcześniejszej fazie. Warunek braku granic idealnie pasuje do

tego scenariusza, sugerując, że Kosmos zaczął się w stanie maksymalnej gładkości, dopuszczalnej jedynie

przez zasadę nieoznaczoności Heisenberga. Te mikroskopijne fluktuacje kwantowe, niczym drobne

zmarszczki na idealnie gładkiej tafli, zostały następnie rozciągnięte przez inflację do astronomicznych

rozmiarów. Stały się one zarodkami przyszłych struktur: galaktyk, gwiazd i planet, co oznacza, że nasze

istnienie jest odległym echem kwantowej losowości.

Trzy wymiary przestrzenne: warunek stabilności orbit

Zasada antropiczna sięga jednak znacznie głębiej, dotykając samej architektury rzeczywistości. Teoria strun,

w swojej matematycznej elegancji, postuluje istnienie dziesięciu, a nawet dwudziestu sześciu wymiarów, z

których większość pozostaje zwinięta do mikroskopijnych rozmiarów. Dlaczego więc nasze doświadczenie

ogranicza się do zaledwie trzech wymiarów przestrzennych i jednego czasowego? Odpowiedź jest chłodno

pragmatyczna: ponieważ tylko w takiej konfiguracji fizyka pozwala na stabilne orbity planetarne i trwałe

atomy. W czterech wymiarach przestrzennych planety spiralowałyby w stronę swoich słońc, a w dwóch –

grawitacja nie miałaby dość swobody, by je w ogóle związać. Nawet sama scena, na której istniejemy, mogła

więc przejść przez swoisty wszechświatowy casting na istnienie.

Teoria strun uzasadnia stosowanie zasady antropicznej

Wszechświat wydaje się być skalibrowany z precyzją, która wprawia w zakłopotanie. Weźmy tempo jego

ekspansji tuż po Wielkim Wybuchu: gdyby było minimalnie wolniejsze, grawitacja zdusiłaby wszystko w

zarodku, zwijając kosmos w gęstą kulę materii, zanim zdążyłaby zapłonąć pierwsza gwiazda. Gdyby z kolei

było odrobinę szybsze, materia rozproszyłaby się tak bardzo, że nigdy nie zdołałaby uformować galaktyk,

planet czy czegokolwiek trwałego. W obu scenariuszach życie, jakie znamy, nie miałoby szansy zaistnieć.

Podobne, niemal cudowne dostrojenie dotyczy relacji między fundamentalnymi siłami natury. Wystarczyłaby

kosmetyczna zmiana w sile elektromagnetycznej, grawitacyjnej czy jądrowej, by zniszczyć delikatną

równowagę pozwalającą na istnienie stabilnych atomów węgla – podstawowej cegiełki chemii organicznej.

To stawia nas przed fundamentalnym pytaniem: czy ta precyzja jest dowodem na istnienie jakiegoś planu,

czy raczej statystyczną konsekwencją ogromu możliwości? Hawking zdecydowanie skłaniał się ku drugiemu
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wyjaśnieniu. W ramach teorii strun i kosmologii inflacyjnej narodziła się bowiem koncepcja multiwersum –

zbioru niezliczonych wszechświatów, z których każdy losuje własny zestaw praw fizyki i stałych

fundamentalnych. W tej perspektywie wszechświat staje się czymś w rodzaju kosmicznej selekcji do

istnienia. Nie ma nic dziwnego w tym, że żyjemy akurat w tym jednym, który pozwala na świadomość,

podobnie jak nie dziwi nas, że wędrując po pustyni, znajdujemy życie w oazie, a nie na bezkresnym piasku.

Po prostu tylko w oazie możemy się zatrzymać, by zadać sobie to pytanie.

W ramach teorii strun i kosmologii inflacyjnej narodziła się bowiem koncepcja multiwersum –

zbioru niezliczonych wszechświatów, z których każdy losuje własny zestaw praw fizyki i stałych

fundamentalnych. W tej perspektywie wszechświat staje się czymś w rodzaju kosmicznej

selekcji do istnienia. Nie ma nic dziwnego w tym, że żyjemy akurat w tym jednym, który

pozwala na świadomość, podobnie jak nie dziwi nas, że wędrując po pustyni, znajdujemy życie

w oazie, a nie na bezkresnym piasku. Po prostu tylko w oazie możemy się zatrzymać, by zadać

sobie to pytanie.

Inspiracje

[1] "The theory of everything" Stephen W. Hawking

2002 | New Millennium Press

Stephen Hawking (1942-2018) był brytyjskim fizykiem teoretycznym i kosmologiem. Wniósł znaczący
wkład w zrozumienie czarnych dziur i Wielkiego Wybuchu. Hawking był profesorem matematyki im.
Lucasa na Uniwersytecie Cambridge i autorem książek popularnonaukowych, takich jak „Krótka
historia czasu”.

Stephen Hawking (1942-2018) was a British theoretical physicist and cosmologist. He made significant
contributions to understanding black holes and the Big Bang. Hawking was the Lucasian Professor of
Mathematics at Cambridge, and authored popular science books like 'A Brief History of Time'.

University of Cambridge

Literatura uzupełniająca

Książki



12

Autorzy przywoływani w artykule:

[1] "A Brief History of Time"

Stephen W. Hawking

1988 | Bantam Books

[2] "The Universe in a Nutshell"

Stephen W. Hawking

2001 | Bantam Books

[3] "Black Holes and Baby Universes and Other Essays"

Stephen W. Hawking

1993 | Bantam Books

Literatura pokrewna (Google Scholar):

[4] "Gravitation in astrophysics, Cargese, 1986"

Brandon Carter

1987 | Plenum Press

[5] "The Open Society and Its Enemies"

Karl Popper

1945 | G. Routledge & Sons

[6] "Time Reborn: From the Crisis in Physics to the Future of the Universe"

Lee Smolin

2013

Artykuły naukowe

Autorzy przywoływani:

[1] "Finite-time Cosmological Singularities and the Possible Fate of the Universe"

Jaume de Haro, Shin'ichi Nojiri, S. D. Odintsov, V. K. Oikonomou, Supriya Pan

2023 | arXiv

Google Scholar

[2] "Global structure of the Kerr family of gravitational fields"

Brandon Carter

1968 | Physical Review

https://arxiv.org/abs/2309.07465


13

[3] "An axisymmetric black hole has only two degrees of freedom"

Brandon Carter

1971 | Physical Review Letters

[4] "The Anthropic Principle Is Testable And Appears Weak"

Stuart Kauffman

2022 | arXiv

Google Scholar

[5] "Search for Artificial Stellar Sources of Infrared Radiation"

Freeman Dyson

1960 | Science

[6] "Energy in the Universe"

Freeman Dyson

1971 | Scientific American

[7] "Parallel Universes"

Max Tegmark

2003 | Scientific American

Google Scholar

[8] "How unitary cosmology generalizes thermodynamics and solves the inflationary entropy problem"

Max Tegmark

2012

Google Scholar

[9] "Review of Recent (2015–2024) Popular Entropy Definitions Applied to Physiological Signals"

Multiple Authors

2025 | Entropy

Google Scholar

[10] "On the problem of demarcation between science and metaphysics"

Karl Popper

1963 | Conjectures and Refutations

[11] "The Propensity Interpretation of Probability"

Karl Popper

1959

https://arxiv.org/abs/2205.12896
https://space.mit.edu/home/tegmark/multiverse.pdf
https://arxiv.org/abs/1108.3080
https://www.mdpi.com/1099-4300/27/9/983


14

[12] "Scientific realism in string theory"

Richard Dawid

2007 | Philosophy of Science

Google Scholar

[13] "Scientific alternatives to the anthropic principle"

Lee Smolin

2004 | arXiv

Google Scholar

[14] "Testing the Anthropic Principle: A Critical Evaluation of Cosmological Evidence"

Boris (Bruce) Kriger

2024 | GLOBAL SCIENCE NEWS

Google Scholar

[15] "The anthropic principle and the duration of the cosmological past"

M. Ćirković, John D. Barrow

2004 | Astronomical & Astrophysical Transactions

Google Scholar

[16] "The beginning of the end of the anthropic principle"

G. Kane, M. Perry, A. Żytkow, John D. Barrow

2000 | New Astronomy

Google Scholar

[17] "Cosmological Considerations in the General Theory of Relativity"

Albert Einstein

1917 | Preussische Akademie der Wissenschaften

[18] "Zum kosmologischen Problem der allgemeinen Relativitätstheorie"

Albert Einstein

1931

[19] "On the Relationship between the Second Fundamental Theorem of the Mechanical Theory of Heat

and Probability Calculations Regarding the Conditions for Thermal Equilibrium"

Ludwig Boltzmann

1877 | Sitzungberichte der Kaiserlichen Akademie der Wissenschaften

Google Scholar

https://philpapers.org/rec/DAWSRS
https://arxiv.org/abs/hep-th/0407213
https://medium.com/global-science-news/testing-the-anthropic-principle-a-critical-evaluation-of-cosmological-evidence-63490594caf1
https://vertexaisearch.cloud.google.com/grounding-api-redirect/AUZIYQFlRQJBplpEXuu0HUecLUM90KiAVIRNNav9iOd80-jFdJIrAY922Wf4cOOfbFyKlJdt9dCtx4uqIc7ZnRYUqBEXGbcNPSEu6RzZMIuNiyWlihAoZ5MMMn32qra5pJ51rrmBEw4ncvXeV49qtD2NXmrsO2CjqwZ8H7Jo9W-0uXTBEgA_-pyiEWoN1LRMnoEhMSDSXooJOw29DSMIPSSRNEKwF0Dr7t62sBkQuAc81Dj1cKZMN5Qz_IH76t-CqFHJyi84TFY=
https://vertexaisearch.cloud.google.com/grounding-api-redirect/AUZIYQH_Zsk5Z3zLF0VYk7GDLf9AsU0raiXAM9qHNmtNi1gz4pQGZmKOFzTl9RT7dbgpsco3CZQvrYFhD11J4zbrYy5BYVmZBgfQlHCzBnAE2h-Df7nHAn5X_LbfcROyuBcCnlFYdcMh3aDSw85XEbaZA-cQDOiWwZsgl8MKfxXXfKWMVaO-8A8drz8hJMEQ0G-UVFtBnoblw2C__m06TMb2_6ALKmgqLBWuBV0tflJXr4eQUkYH7PskQjJuP6zQ0Iag50hPHCKlMSivkgc=
https://www.researchgate.net/publication/355185388_Translation_of_Ludwig_Boltzmann's_Paper_On_the_Relationship_between_the_Second_Fundamental_Theorem_of_the_Mechanical_Theory_of_Heat_and_Probability_Calculations_Regarding_the_Conditions_for_Thermal_Equilibrium_Sitzungberichte_der_Kaiserlichen_Akademie_der_Wissenschaften_Mathematisch-Naturwissen_Classe_Abt_II_LXXVI_1877_pp_373-435_Wien_Ber_1877_76373-435


15

[20] "Weitere Studien über das Wärmegleichgewicht unter Gasmolekülen"

Ludwig Boltzmann

1872 | Kaiserlichen Akademie der Wissenschaften

[21] "Non-equilibrium statistical mechanics"

Ilya Prigogine

1962 | Interscience Publishers

[22] "Thermodynamic theory of structure, stability and fluctuations"

P. Glansdorff, I. Prigogine

1971 | Wiley

[23] "A relation between distance and radial velocity among extra-galactic nebulae"

Edwin Hubble

1929 | Proceedings of the National Academy of Sciences

Google Scholar

[24] "Mass-to-Horizon Entropic Cosmology: A Unified Thermodynamic Pathway to Cosmic Acceleration"

Javiera Rey, Eleonora Di Valentino, Olga Mena

2025 | arXiv

Google Scholar

[25] "Will Entropy Decrease if the Universe Recollapses?"

Don N. Page

1985 | Phys. Rev. D

[26] "Harmony for 2-Qubit Entanglement"

Kento Osuga, Don N. Page

2019

Google Scholar

[27] "Different aspects of entropic cosmology"

S. Nojiri, S. Odintsov, Tanmoy Paul

2024 | arXiv

Google Scholar

[28] "Perfect quantum error-correcting code"

Raymond Laflamme, Cesar Miquel, Juan Pablo Paz, Wojciech H. Zurek

1996 | Physical Review Letters

Google Scholar

https://www.pnas.org/doi/pdf/10.1073/pnas.15.3.168
https://arxiv.org/abs/2512.17116
https://arxiv.org/abs/1906.09273
https://vertexaisearch.cloud.google.com/grounding-api-redirect/AUZIYQGqPw69WKBq-w3RBvVaQFxtfa0rhCpjfKmEb_l1WxYOrrBEw2_4XFEnJR30FMP_8hdfG1CG-A7Zk4aHvag5SWpIfxSaOS28S_CHW38xsKWTL4EJ62gF5mql8K_U
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.77.198


16

[29] "The Instability of Charged Black Strings and p-Branes"

Ruth Gregory, Raymond Laflamme

1994 | Nuclear Physics B

Google Scholar

[30] "Quantum computational advantage via high-dimensional encoding"

D. Su, S. Bravyi, J. M. Chow, R. de Sousa, A. D. Corcoles

2017 | Physical Review A

Google Scholar

[31] "Über die Krümmung des Raumes"

A. Friedmann

1922 | Zeitschrift für Physik

[32] "Über die Möglichkeit einer Welt mit konstanter negativer Krümmung des Raumes"

A. Friedmann

1924 | Zeitschrift für Physik

[33] "New entropy, thermodynamics of apparent horizon and cosmology"

S. I. Kruglov

2025 | arXiv

Google Scholar

[34] "Gravitational Collapse and Space-Time Singularities"

Roger Penrose

1965 | Physical Review Letters

Google Scholar

[35] "Singularities and time-asymmetry"

R. Penrose

LSE

Google Scholar

[36] "Recent advances in cosmological singularities"

Oem Trivedi

2023 | Symmetry

Google Scholar

https://www.sciencedirect.com/science/article/abs/pii/0550321394902062
https://journals.aps.org/pra/abstract/10.1103/PhysRevA.95.032305
https://arxiv.org/abs/2502.12165
https://vertexaisearch.cloud.google.com/grounding-api-redirect/AUZIYQEGIyPhK85bwPKPNdAEECrN5ATQaqaztExpV_6xFfOv1gaab1tSapayZNGwn44oh3bJPConcWg8QMTXoQ5xcADAWsHzXPBhuJyqm2ZnUXlrScLP2eb0NrA-bJgiNYBabvfcthyYzp4cbB1S0jkVrxBjYYn5G3jK_rhuZB53-uchHR6R4Er9ULTW2VJd6sEhAozNOw91Qv75zcoEg2CzSz-_A2Bp4jwUDblcPmMhFFdrQyKjH5Z08ubNhn6vB4C-
https://vertexaisearch.cloud.google.com/grounding-api-redirect/AUZIYQFOJcwTt097Pmc1K7l1AkX1_qd_Tz6byImOuhboGqrbHjbUgMJVl4pgUM22fmQMbdS7OSkerJ5Jd_O0UpGyOPXez7bjydqWcIQHBoUeKkXwF1LrVOI81UZeIt6aaTb-1VPYsTdVLFnlc99S3OI-j5Bk5xg3urj6CQ==
https://arxiv.org/abs/2309.08954


17

[37] "A Measurement of Excess Antenna Temperature at 4080 Mc/s"

A. A. Penzias, R. W. Wilson

1965 | Astrophysical Journal

[38] "Carbon monoxide in the Orion Nebula"

R. W. Wilson, K. Jefferts, A. A. Penzias

1970 | Astrophysical Journal

[39] "Atomic Carbon Observations of Southern Hemisphere H II Regions"

Maohai Huang, T. M. Bania, Alberto D. Bolatto, Robert W. Wilson, et al.

2009 | The Astrophysical Journal

Google Scholar

[40] "Tracing Out the Universe: No Boundary Condition for the Density Matrix"

Andreas Albrecht, Arthur Hebecker, Joao Pedro Pinto-Neto, Lucas Pinheiro, Marco Schillo

2024 | arXiv

Google Scholar

[41] "The anthropic principle and the structure of the physical world"

Bernard J. Carr, Martin J. Rees

1979 | Nature

Google Scholar

[42] "Cosmology and High Energy Astrophysics: A 50 year Perspective on Personality, Progress, and

Prospects"

Martin Rees

2022 | Annual Review of Astronomy and Astrophysics

[43] "Space-Time Approach to Non-Relativistic Quantum Mechanics"

Richard Feynman

1948 | Reviews of Modern Physics

[44] "The Theory of Positrons"

Richard Feynman

1949 | Physical Review

[45] "Imaginary Time and the Arrow of Time: Interplay Between Relativity and Quantum Mechanics"

Wen-Xiang Chen

2025

Google Scholar

https://vertexaisearch.cloud.google.com/grounding-api-redirect/AUZIYQHr8q3YRGSraTI2IoW9CbG2P6aPGYbwrUh0nxKeXje83CRahZ3-EzTSAQmQs6csYjohWKzdyHn_W8e13TFnFUc0IS4MRABIYQb2iG-0dv8nw2dCzqcYV9UwF3gvTZ5vGHUFccP4Ll5oTpzjbs3C3lH-UryHJ6YhCLpYWm0HTVArT1P58B4IREnT
https://vertexaisearch.cloud.google.com/grounding-api-redirect/AUZIYQGfr4S48vCZgyuQLpB6nTkDDS6eRUsd3KMuboFH5qHFacK-2Kz_gLZ7ouIjH_RyTQ_o6cBkOzm3mzCAxNE06evvRzzT0Px0IJ4ywhW1ADjg0dWdDhVeQvLA30r3
https://api.semanticscholar.org/CorpusID:4363262
https://vertexaisearch.cloud.google.com/grounding-api-redirect/AUZIYQFXJh1l2-pD15LJGpd0V0UAc-xnxzTTrwazE_nLG6i1wzqrI-oPrs64jZaM7d6rwtUlPkHdeUZqcXuhulI4GMRLzg3iGYHNod102MJ2Bg8OyvzpDx159N6-1bXeg-cHc7gigMIpvoe03wxec4x-e4kn7aq8i8bSIUn2YxxUlzp8HekRmDP0peiUj8bby0SDb48J0sbY6Y-rt7ENH0wG5KBP0LY-UYghrNBGZztS56T8ndqRTruVrLLnld1OFuHj1z6k8tBtLqqGr0glEDUrlstL8IGqnV_LttYMWq8HU-7lfag-u8ei9Y1D_ruHcdh9oaT9Sw_eVjpTaemLpqXDfw6WSYQP


18

[46] "Inflationary universe: A possible solution to the horizon and flatness problems"

Alan H. Guth

1981 | Physical Review D

Google Scholar

[47] "Quantum-mechanical reinterpretation of kinematic and mechanical relations"

Werner Heisenberg

1925 | Zeitschrift für Physik

[48] "Zur Quantenmechanik"

M. Born, W. Heisenberg, P. Jordan

1926 | Zeitschrift für Physik

Artykuły pokrewne (Google Scholar):

[49] "Singularities in Collapsing Stars and Expanding Universes"

Stephen W. Hawking

1966 | Proceedings of the Royal Society of London. Series A, Mathematical and Physical Sciences

[50] "Black hole explosions?"

Stephen W. Hawking

1974 | Nature

[51] "The Anisotropy of the Universe at Large Times"

Stephen W. Hawking

1969 | Monthly Notices of the Royal Astronomical Society

APA ONE Publishing System

Fundacja Dobre Państwo © 2026

Article ID: 01a7bafe-ea7e-495f-b3d6-dcf1952dd912

https://vertexaisearch.cloud.google.com/grounding-api-redirect/AUZIYQF9sQdtfVCjlO2vXJZgvhmhg9WsgjIfEmmWgYNHRcGsGAraoQ_M5W9ye2AAUB5l-q-Pzy7wtB1wh-bp11X5hOainqrtiNLk2bmGbgczY8p1ojvHv4uLPkUHe6ZY-rLw5Ci4cyvUVjVTdblVJE19-RSkaWtSBtmEaCZi_FLhcETxtERy1LA3LjtwewccX6t6UhVtiuO7EKPVwjmTEQSstbfJGQfn1OZL8byEg0NSQJmz


{
  "name": "Zasada antropiczna i strzałki czasu w kosmologii Hawkinga",
  "@type": "Article",
  "author": {
    "url": "https://dobrepanstwo.org",
    "name": "Fundacja Dobre Państwo",
    "@type": "Organization"
  },
  "@context": "https://schema.org",
  "citation": [
    {
      "name": "Stephen W. Hawking",
      "@type": "Person",
      "identifier": "A1",
      "affiliation": {
        "name": "University of Cambridge",
        "@type": "Organization"
      },
      "description": {
        "@value": "Stephen Hawking (1942-2018) was a British theoretical physicist and cosmologist. He made significant contributions to understanding black holes and the Big Bang. Hawking was the Lucasian Professor of Mathematics at Cambridge, and authored popular science books like 'A Brief History of Time'.",
        "@language": "en"
      },
      "additionalType": "InspirationAuthor",
      "description_pl": {
        "@value": "Stephen Hawking (1942-2018) był brytyjskim fizykiem teoretycznym i kosmologiem. Wniósł znaczący wkład w zrozumienie czarnych dziur i Wielkiego Wybuchu. Hawking był profesorem matematyki im. Lucasa na Uniwersytecie Cambridge i autorem książek popularnonaukowych, takich jak „Krótka historia czasu”.",
        "@language": "pl"
      }
    },
    {
      "name": "Aleksander Friedmann",
      "@type": "Person",
      "identifier": "A2",
      "affiliation": {
        "name": "Main Geophysical Observatory",
        "@type": "Organization"
      },
      "description": {
        "@value": "Aleksander Aleksandrovich Friedmann (1888-1925) was a Russian and Soviet physicist and mathematician who made groundbreaking contributions to cosmology. He is best known for his pioneering theory of the expanding universe, which he developed from Einstein's field equations of general relativity. His work provided the theoretical foundation for both the Big Bang and Steady State theories. Friedmann's equations, which describe the expansion of the universe, are fundamental to modern cosmology. Despite initial resistance from Einstein, Friedmann's ideas were later recognized as correct and crucial to understanding the universe's evolution. He also made contributions to meteorology and aerodynamics.",
        "@language": "en"
      },
      "additionalType": "CitedAuthor"
    },
    {
      "name": "Werner Heisenberg",
      "@type": "Person",
      "identifier": "A2",
      "affiliation": {
        "name": "University of Leipzig; University of Berlin; University of Munich",
        "@type": "Organization"
      },
      "description": {
        "@value": "Werner Karl Heisenberg (1901-1976) was a German theoretical physicist and one of the key pioneers of quantum mechanics. He is best known for the uncertainty principle, articulated in 1927, which states that the position and velocity of an object cannot both be measured exactly at the same time. Heisenberg received the Nobel Prize in Physics in 1932 for the creation of quantum mechanics. He also made contributions to nuclear physics, ferromagnetism, cosmic rays, and subatomic particles. During World War II, he was involved in Germany's nuclear research efforts.",
        "@language": "en"
      },
      "additionalType": "CitedAuthor"
    },
    {
      "name": "Mikołaj Kopernik",
      "@type": "Person",
      "identifier": "A2",
      "affiliation": {
        "name": "Canon of Frombork Cathedral",
        "@type": "Organization"
      },
      "description": {
        "@value": "Mikołaj Kopernik, also known as Nicolaus Copernicus, was a Polish astronomer and mathematician who revolutionized scientific thought with his heliocentric theory. Born in Toruń, Poland, in 1473, he studied at the University of Kraków and later in Italy, focusing on canon law, medicine, and astronomy. He proposed that the planets, including Earth, revolve around the Sun, challenging the long-held geocentric view. His major work, *De revolutionibus orbium coelestium* (On the Revolutions of the Heavenly Spheres), published in 1543, presented mathematical proofs for this heliocentric model. Kopernik's work marked a turning point in the history of science, initiating what is known as the Copernican Revolution. He died in Frombork in 1543.",
        "@language": "en"
      },
      "additionalType": "CitedAuthor"
    },
    {
      "name": "Ludwig Boltzmann",
      "@type": "Person",
      "identifier": "A2",
      "affiliation": {
        "name": "University of Vienna",
        "@type": "Organization"
      },
      "description": {
        "@value": "Ludwig Eduard Boltzmann (1844-1906) was an Austrian physicist and philosopher renowned for his groundbreaking contributions to statistical mechanics and thermodynamics. He is best known for his statistical interpretation of the second law of thermodynamics and the development of the Boltzmann equation, which describes the statistical behavior of gases. Boltzmann's work established a crucial link between the microscopic properties of atoms and the macroscopic properties of matter, explaining how the behavior of atoms determines visible properties such as viscosity and thermal conductivity. His formulation of entropy, expressed as S = k logW, where S is entropy, k is the Boltzmann constant, and W is the number of microstates, is engraved on his tombstone. Despite facing criticism during his lifetime, Boltzmann's work laid the foundation for modern physics and continues to influence scientific thought.",
        "@language": "en"
      },
      "additionalType": "CitedAuthor"
    },
    {
      "name": "Raymond Laflamme",
      "@type": "Person",
      "identifier": "A2",
      "affiliation": {
        "name": "University of Waterloo",
        "@type": "Organization"
      },
      "description": {
        "@value": "Raymond Julien Joseph Laflamme (1960-2025) was a Canadian theoretical physicist renowned for his significant contributions to quantum information science and for establishing the Institute for Quantum Computing (IQC) at the University of Waterloo. He earned his PhD at the University of Cambridge under Stephen Hawking, initially focusing on quantum cosmology and the arrow of time. Laflamme's research later shifted to quantum computing, where he pioneered theoretical and experimental approaches to quantum information processing and quantum error correction. His work was instrumental in demonstrating the possibility of fault-tolerant quantum computation. He held positions at Los Alamos National Laboratory, the University of Waterloo, and the Perimeter Institute for Theoretical Physics.",
        "@language": "en"
      },
      "additionalType": "CitedAuthor"
    },
    {
      "name": "Albert Einstein",
      "@type": "Person",
      "identifier": "A2",
      "affiliation": {
        "name": "Institute for Advanced Study, Princeton",
        "@type": "Organization"
      },
      "description": {
        "@value": "Albert Einstein (1879-1955) was a German-born theoretical physicist who revolutionized our understanding of the universe. He is best known for developing the theory of relativity, which includes special relativity (1905) and general relativity (1915). Einstein's work also significantly contributed to quantum theory, particularly his explanation of the photoelectric effect, for which he received the Nobel Prize in Physics in 1921. His famous equation E=mc² demonstrates the equivalence of mass and energy. He held professorships at various universities, including Zurich, Prague, and Berlin, before immigrating to the United States in 1933 and joining the Institute for Advanced Study in Princeton. Einstein's work continues to influence modern physics and cosmology.",
        "@language": "en"
      },
      "additionalType": "CitedAuthor"
    },
    {
      "name": "Święty Augustyn",
      "@type": "Person",
      "identifier": "A2",
      "affiliation": {
        "name": "Bishop of Hippo",
        "@type": "Organization"
      },
      "description": {
        "@value": "Aurelius Augustinus, commonly known as Saint Augustine, was a philosopher and theologian of the late Roman Empire, born in Tagaste (present-day Algeria) in 354 AD and died in Hippo Regius (also in present-day Algeria) in 430 AD. His mother, Saint Monica, was a devout Christian, while his father was a pagan. Augustine's intellectual journey led him through Manicheism and skepticism before his conversion to Christianity in 386 AD. He became the Bishop of Hippo in 396 AD, where he remained until his death. Augustine's works profoundly influenced the development of Western philosophy and Christian theology, earning him the title of Doctor of Grace. His key contributions include his exploration of free will, divine grace, and the nature of time, as well as his articulation of the concept of the City of God.",
        "@language": "en"
      },
      "additionalType": "CitedAuthor"
    },
    {
      "name": "Richard Feynman",
      "@type": "Person",
      "identifier": "A2",
      "affiliation": {
        "name": "California Institute of Technology",
        "@type": "Organization"
      },
      "description": {
        "@value": "Richard Phillips Feynman was an American theoretical physicist renowned for his contributions to quantum mechanics, quantum electrodynamics, and particle physics. He developed the path integral formulation of quantum mechanics and Feynman diagrams, a pictorial representation of particle interactions. Feynman shared the 1965 Nobel Prize in Physics with Julian Schwinger and Shin'ichirō Tomonaga for his work on quantum electrodynamics. Beyond his research, Feynman was a celebrated educator and communicator, known for his engaging lectures and popular science books, making complex topics accessible to a broad audience. He held the Richard Chace Tolman professorship in theoretical physics at the California Institute of Technology. Feynman also participated in the Manhattan Project during World War II.",
        "@language": "en"
      },
      "additionalType": "CitedAuthor"
    },
    {
      "name": "Brandon Carter",
      "@type": "Person",
      "identifier": "A2",
      "affiliation": {
        "name": "Laboratoire Univers et Théories, CNRS",
        "@type": "Organization"
      },
      "description": {
        "@value": "Brandon Carter, born in Australia in 1942, is a theoretical physicist renowned for his contributions to the study of black holes and for formulating the anthropic principle. He obtained his Ph.D. from Cambridge University in 1968 and later joined the Centre National de la Recherche Scientifique (CNRS) in France. Carter's work significantly advanced the understanding of black hole mechanics, including the no-hair theorem and the concept of tidal disruption events. His introduction of the anthropic principle in 1973 sparked considerable debate, positing that the observed universe must be compatible with the existence of intelligent observers. Carter's work has had a lasting impact on cosmology and astrophysics.",
        "@language": "en"
      },
      "additionalType": "CitedAuthor"
    },
    {
      "name": "Ilya Prigogine",
      "@type": "Person",
      "identifier": "A2",
      "affiliation": {
        "name": "Université Libre de Bruxelles; University of Texas at Austin",
        "@type": "Organization"
      },
      "description": {
        "@value": "Ilya Prigogine (1917-2003) was a Belgian physical chemist and Nobel laureate known for his work on dissipative structures, complex systems, and irreversibility. Born in Moscow, Russia, he later fled with his family and eventually settled in Belgium, becoming a Belgian citizen in 1949. He studied at the Université Libre de Bruxelles, earning his doctorate in 1941. Prigogine's key contributions include the theory of dissipative structures, which explains how systems far from equilibrium can self-organize. He was awarded the Nobel Prize in Chemistry in 1977 for his work in non-equilibrium thermodynamics. He held professorships at the Université Libre de Bruxelles and the University of Texas at Austin, where he founded the Center for Studies in Statistical Mechanics and Complex Systems.",
        "@language": "en"
      },
      "additionalType": "CitedAuthor"
    },
    {
      "name": "Freeman Dyson",
      "@type": "Person",
      "identifier": "A2",
      "affiliation": {
        "name": "Institute for Advanced Study, Princeton",
        "@type": "Organization"
      },
      "description": {
        "@value": "Freeman John Dyson (1923-2020) was a British-American theoretical physicist and mathematician renowned for his contributions to quantum field theory, astrophysics, random matrices, and nuclear physics. Dyson's work notably unified the quantum electrodynamics theories of Feynman, Schwinger, and Tomonaga. He served as a professor at the Institute for Advanced Study in Princeton for most of his career. Dyson explored diverse areas, including nuclear reactors, solid-state physics, ferromagnetism, and biology, seeking applications for mathematical elegance. He also speculated on the possibilities of extraterrestrial life, including the concept of the Dyson sphere. Dyson was a fellow of the American Physical Society, a member of the National Academy of Sciences, and a fellow of the Royal Society of London.",
        "@language": "en"
      },
      "additionalType": "CitedAuthor"
    },
    {
      "name": "Richard Dawid",
      "@type": "Person",
      "identifier": "A2",
      "affiliation": {
        "name": "Stockholm University",
        "@type": "Organization"
      },
      "description": {
        "@value": "Richard Dawid is a professor of philosophy of science at Stockholm University. He holds a PhD in theoretical physics from the University of Vienna. After working as a physicist at the TU Munich and the Lawrence Berkeley Laboratory, he transitioned to philosophy in 2000. Dawid's research focuses on the philosophical aspects of contemporary theories in high-energy physics and cosmology. He is known for his work on non-empirical theory confirmation, particularly in the context of string theory. His work also touches upon Everettian quantum mechanics, data analysis in high-energy physics, the philosophical impact of string dualities, the cosmological multiverse, and anthropic reasoning.",
        "@language": "en"
      },
      "additionalType": "CitedAuthor"
    },
    {
      "name": "Roger Penrose",
      "@type": "Person",
      "identifier": "A2",
      "affiliation": {
        "name": "University of Oxford",
        "@type": "Organization"
      },
      "description": {
        "@value": "Sir Roger Penrose, born on August 8, 1931, is an English mathematician, mathematical physicist, and philosopher of science. He is Emeritus Rouse Ball Professor of Mathematics at the University of Oxford and an emeritus fellow of Wadham College, Oxford. Penrose has made significant contributions to the mathematical physics of general relativity and cosmology. His work in the 1960s was a major influence behind the renaissance in general relativity and cosmology, leading to the current understanding of the Big Bang and black holes. Penrose is also known for his work on Penrose tiling, twistors, and his theories on consciousness. He shared the 1988 Wolf Prize in Physics with Stephen Hawking for their work on singularity theorems and the 2020 Nobel Prize in Physics for the discovery that black hole formation is a robust prediction of the general theory of relativity.",
        "@language": "en"
      },
      "additionalType": "CitedAuthor"
    },
    {
      "name": "Robert Wilson",
      "@type": "Person",
      "identifier": "A2",
      "affiliation": {
        "name": "Harvard-Smithsonian Center for Astrophysics",
        "@type": "Organization"
      },
      "description": {
        "@value": "Robert Woodrow Wilson (born January 10, 1936) is an American radio astronomer who, along with Arno Allan Penzias, discovered the cosmic microwave background radiation (CMB) in 1964. This discovery provided critical evidence supporting the Big Bang theory. Wilson and Penzias were awarded the Nobel Prize in Physics in 1978 for their groundbreaking work. Wilson's work at Bell Labs involved using a horn-shaped radio antenna to detect weak signals from space, leading to the accidental discovery of the CMB. He later became head of Bell's Radio Physics Research Department and, in 1994, joined the Harvard-Smithsonian Center for Astrophysics.",
        "@language": "en"
      },
      "additionalType": "CitedAuthor"
    },
    {
      "name": "Edwin Hubble",
      "@type": "Person",
      "identifier": "A2",
      "affiliation": {
        "name": "Mount Wilson Observatory",
        "@type": "Organization"
      },
      "description": {
        "@value": "Edwin Powell Hubble (1889-1953) was an American astronomer who revolutionized the field of extragalactic astronomy and observational cosmology. He earned a Bachelor of Science degree from the University of Chicago in 1910, focusing on mathematics, astronomy, and philosophy, and later studied jurisprudence at Oxford as a Rhodes Scholar. After a brief stint teaching, he obtained his Ph.D. in astronomy in 1921. Hubble's key contributions include establishing that many nebulae are galaxies beyond the Milky Way and formulating Hubble's Law, which states that galaxies are moving away from us with a speed proportional to their distance, indicating the expansion of the universe. He worked at the Mount Wilson Observatory and played a central role in the design of the Hale 200-inch Telescope.",
        "@language": "en"
      },
      "additionalType": "CitedAuthor"
    },
    {
      "name": "Arno Penzias",
      "@type": "Person",
      "identifier": "A2",
      "affiliation": {
        "name": "Bell Laboratories",
        "@type": "Organization"
      },
      "description": {
        "@value": "Arno Allan Penzias (1933-2024) was a German-born American physicist and radio astronomer. He is most known for his co-discovery of the cosmic microwave background radiation (CMB) with Robert Woodrow Wilson in 1964, a finding that strongly supported the Big Bang theory. For this discovery, Penzias and Wilson shared the 1978 Nobel Prize in Physics. Penzias earned a Ph.D. in physics from Columbia University in 1962 and then joined Bell Laboratories, where he spent 37 years, eventually becoming the chief scientist and vice president of research. Beyond the CMB, Penzias contributed to radio astronomy by detecting interstellar molecules and later transitioned to venture capital, advising on technology investments.",
        "@language": "en"
      },
      "additionalType": "CitedAuthor"
    },
    {
      "name": "Max Tegmark",
      "@type": "Person",
      "identifier": "A2",
      "affiliation": {
        "name": "Massachusetts Institute of Technology (MIT)",
        "@type": "Organization"
      },
      "description": {
        "@value": "Max Erik Tegmark, born on May 5, 1967, is a Swedish-American physicist, cosmologist, and machine learning researcher. He earned a B.Sc. in Physics from the Royal Institute of Technology and a B.A. in Economics from the Stockholm School of Economics before moving to the University of California, Berkeley, where he obtained an M.A. in 1992 and a Ph.D. in 1994. Currently, he is a professor at the Massachusetts Institute of Technology (MIT). Tegmark is also the scientific director of the Foundational Questions Institute and co-founder of the Future of Life Institute. His research spans precision cosmology, quantum foundations, and the physics of intelligence, focusing on both biological and artificial systems. He is known for his work on multiverse models and the mathematical universe hypothesis.",
        "@language": "en"
      },
      "additionalType": "CitedAuthor"
    },
    {
      "name": "Karl Popper",
      "@type": "Person",
      "identifier": "A2",
      "affiliation": {
        "name": "London School of Economics",
        "@type": "Organization"
      },
      "description": {
        "@value": "Sir Karl Raimund Popper (1902-1994) was an Austrian-British philosopher, academic, and social commentator, renowned as one of the 20th century's most influential philosophers of science. He is best known for his rejection of classical inductivist views on the scientific method, advocating instead for empirical falsification through his falsifiability criterion. Popper argued that a scientific theory can never be proven, but it can be falsified through decisive experiments. He championed critical rationalism, emphasizing the importance of testing theories to identify conditions under which they are false. Popper made significant contributions to the philosophy of science, political philosophy, and the defense of liberal democracy.",
        "@language": "en"
      },
      "additionalType": "CitedAuthor"
    },
    {
      "name": "John Barrow",
      "@type": "Person",
      "identifier": "A2",
      "affiliation": {
        "name": "University of Cambridge",
        "@type": "Organization"
      },
      "description": {
        "@value": "John David Barrow (1952-2020) was a British cosmologist, theoretical physicist, and mathematician renowned for his work on the anthropic principle and the fine-tuning of physical constants. He earned his doctorate in astrophysics from Oxford University in 1977. Barrow held positions at the University of Sussex and later became a professor at the University of Cambridge. He directed the Millennium Mathematics Project. Barrow's research spanned cosmology, general relativity, and the philosophy of science, resulting in over 550 peer-reviewed papers. He received the Templeton Prize in 2006 for his contributions to the dialogue between science and spirituality.",
        "@language": "en"
      },
      "additionalType": "CitedAuthor"
    },
    {
      "name": "Martin Rees",
      "@type": "Person",
      "identifier": "A2",
      "affiliation": {
        "name": "University of Cambridge",
        "@type": "Organization"
      },
      "description": {
        "@value": "Martin John Rees, Baron Rees of Ludlow, born on June 23, 1942, is a prominent British cosmologist and astrophysicist. He served as the Astronomer Royal from 1995 to 2025. Rees has held various distinguished positions, including Master of Trinity College, Cambridge (2004-2012), and President of the Royal Society (2005-2010). His research spans galaxy formation, cosmic jets, black holes, and gamma-ray bursts. Rees is also known for his work on the anthropic principle and the possibility of a multiverse. He has written extensively on existential risks facing humanity in the 21st century.",
        "@language": "en"
      },
      "additionalType": "CitedAuthor"
    },
    {
      "name": "Lee Smolin",
      "@type": "Person",
      "identifier": "A2",
      "affiliation": {
        "name": "Perimeter Institute for Theoretical Physics",
        "@type": "Organization"
      },
      "description": {
        "@value": "Lee Smolin, born on June 6, 1955, is an American theoretical physicist known for his work in quantum gravity and cosmology. He is a faculty member at the Perimeter Institute for Theoretical Physics and an adjunct professor at the University of Waterloo, as well as a member of the graduate faculty of the philosophy department at the University of Toronto. Smolin is a proponent of loop quantum gravity and has contributed to various approaches to quantum gravity, including causal dynamical triangulations. He is also known for his cosmological natural selection theory, applying Darwinian principles to cosmology. Smolin has written extensively on the philosophy of physics, particularly concerning the nature of time and the limitations of string theory.",
        "@language": "en"
      },
      "additionalType": "CitedAuthor"
    },
    {
      "name": "Alan Guth",
      "@type": "Person",
      "identifier": "A2",
      "affiliation": {
        "name": "Massachusetts Institute of Technology (MIT)",
        "@type": "Organization"
      },
      "description": {
        "@value": "Alan Harvey Guth, born on February 27, 1947, is an American theoretical physicist and cosmologist renowned for his pioneering work on cosmic inflation. He is the Victor Weisskopf Professor of Physics at the Massachusetts Institute of Technology (MIT). Guth proposed the inflationary universe model in 1980, suggesting a period of exponential expansion in the early universe to solve the horizon and flatness problems of the standard Big Bang theory. His research bridges elementary particle theory and the early universe, exploring the implications of particle physics for cosmology. Guth's work has significantly influenced our understanding of the universe's origins and evolution, earning him the 2014 Kavli Prize in Astrophysics.",
        "@language": "en"
      },
      "additionalType": "CitedAuthor"
    },
    {
      "name": "Don Page",
      "@type": "Person",
      "identifier": "A2",
      "affiliation": {
        "name": "University of Alberta",
        "@type": "Organization"
      },
      "description": {
        "@value": "Don Nelson Page, born on December 31, 1948, is an American-born Canadian theoretical physicist renowned for his work in quantum cosmology and theoretical gravitational physics. He earned his Ph.D. from Caltech in 1976 under the supervision of Kip Thorne and Stephen Hawking. Page's career includes positions at the University of Cambridge, Penn State University, and the University of Alberta, where he is currently a professor. His research focuses on understanding the universe within the framework of quantum theory, exploring topics such as the quantum state of the universe and the origin of its observed features. Page is also known for his contributions to the black hole information paradox, particularly the concept of the Page curve.",
        "@language": "en"
      },
      "additionalType": "CitedAuthor"
    },
    {
      "name": "Alberto D. Bolatto",
      "@type": "Person",
      "identifier": "A3",
      "additionalType": "CoAuthor"
    },
    {
      "name": "Robert B. Leighton",
      "@type": "Person",
      "identifier": "A3",
      "additionalType": "CoAuthor"
    },
    {
      "name": "Isabelle Stengers",
      "@type": "Person",
      "identifier": "A3",
      "additionalType": "CoAuthor"
    },
    {
      "name": "Wojciech H. Zurek",
      "@type": "Person",
      "identifier": "A3",
      "additionalType": "CoAuthor"
    },
    {
      "name": "Leonard Mlodinow",
      "@type": "Person",
      "identifier": "A3",
      "additionalType": "CoAuthor"
    },
    {
      "name": "Frank J. Tipler",
      "@type": "Person",
      "identifier": "A3",
      "additionalType": "CoAuthor"
    },
    {
      "name": "Bernard J. Carr",
      "@type": "Person",
      "identifier": "A3",
      "additionalType": "CoAuthor"
    },
    {
      "name": "Leopold Infeld",
      "@type": "Person",
      "identifier": "A3",
      "additionalType": "CoAuthor"
    },
    {
      "name": "Juan Pablo Paz",
      "@type": "Person",
      "identifier": "A3",
      "additionalType": "CoAuthor"
    },
    {
      "name": "P. Glansdorff",
      "@type": "Person",
      "identifier": "A3",
      "additionalType": "CoAuthor"
    },
    {
      "name": "Michele Mosca",
      "@type": "Person",
      "identifier": "A3",
      "additionalType": "CoAuthor"
    },
    {
      "name": "Shayan Majidy",
      "@type": "Person",
      "identifier": "A3",
      "additionalType": "CoAuthor"
    },
    {
      "name": "Matthew Sands",
      "@type": "Person",
      "identifier": "A3",
      "additionalType": "CoAuthor"
    },
    {
      "name": "Phillip Kaye",
      "@type": "Person",
      "identifier": "A3",
      "additionalType": "CoAuthor"
    },
    {
      "name": "Cesar Miquel",
      "@type": "Person",
      "identifier": "A3",
      "additionalType": "CoAuthor"
    },
    {
      "name": "Ruth Gregory",
      "@type": "Person",
      "identifier": "A3",
      "additionalType": "CoAuthor"
    },
    {
      "name": "Maohai Huang",
      "@type": "Person",
      "identifier": "A3",
      "additionalType": "CoAuthor"
    },
    {
      "name": "M. Ćirković",
      "@type": "Person",
      "identifier": "A3",
      "additionalType": "CoAuthor"
    },
    {
      "name": "Kento Osuga",
      "@type": "Person",
      "identifier": "A3",
      "additionalType": "CoAuthor"
    },
    {
      "name": "K. Jefferts",
      "@type": "Person",
      "identifier": "A3",
      "additionalType": "CoAuthor"
    },
    {
      "name": "T. M. Bania",
      "@type": "Person",
      "identifier": "A3",
      "additionalType": "CoAuthor"
    },
    {
      "name": "A. Żytkow",
      "@type": "Person",
      "identifier": "A3",
      "additionalType": "CoAuthor"
    },
    {
      "name": "P. Jordan",
      "@type": "Person",
      "identifier": "A3",
      "additionalType": "CoAuthor"
    },
    {
      "name": "M. Perry",
      "@type": "Person",
      "identifier": "A3",
      "additionalType": "CoAuthor"
    },
    {
      "name": "G. Kane",
      "@type": "Person",
      "identifier": "A3",
      "additionalType": "CoAuthor"
    },
    {
      "name": "M. Born",
      "@type": "Person",
      "identifier": "A3",
      "additionalType": "CoAuthor"
    },
    {
      "name": "et al.",
      "@type": "Person",
      "identifier": "A3",
      "additionalType": "CoAuthor"
    },
    {
      "name": "The theory of everything",
      "@type": "Book",
      "author": [
        {
          "name": "Stephen W. Hawking",
          "@type": "Person"
        }
      ],
      "publisher": {
        "name": "New Millennium Press",
        "@type": "Organization"
      },
      "identifier": "B1",
      "inLanguage": "en",
      "datePublished": "2002",
      "additionalType": "InspirationBook"
    },
    {
      "name": "A Brief History of Time",
      "@type": "Book",
      "genre": "[]",
      "author": [
        {
          "name": "Stephen W. Hawking",
          "@type": "Person"
        }
      ],
      "abstract": "A popular science book that explores the history of the universe, from the Big Bang to black holes, making complex concepts accessible to a general audience.",
      "publisher": {
        "name": "Bantam Books",
        "@type": "Organization"
      },
      "identifier": "B2",
      "datePublished": "1988",
      "additionalType": "AuthorOtherWork"
    },
    {
      "name": "The Universe in a Nutshell",
      "@type": "Book",
      "genre": "[]",
      "author": [
        {
          "name": "Stephen W. Hawking",
          "@type": "Person"
        }
      ],
      "abstract": "Hawking explores complex topics such as supergravity, quantum mechanics, string theory, and M-theory in an accessible way with the use of illustrations.",
      "publisher": {
        "name": "Bantam Books",
        "@type": "Organization"
      },
      "identifier": "B2",
      "datePublished": "2001",
      "additionalType": "AuthorOtherWork"
    },
    {
      "name": "Black Holes and Baby Universes and Other Essays",
      "@type": "Book",
      "genre": "[]",
      "author": [
        {
          "name": "Stephen W. Hawking",
          "@type": "Person"
        }
      ],
      "abstract": "A collection of essays by Stephen Hawking on various topics related to physics, cosmology, and his personal life.",
      "publisher": {
        "name": "Bantam Books",
        "@type": "Organization"
      },
      "identifier": "B2",
      "datePublished": "1993",
      "additionalType": "AuthorOtherWork"
    },
    {
      "name": "Gravitation in astrophysics, Cargese, 1986",
      "@type": "Book",
      "genre": "[]",
      "author": [
        {
          "name": "Brandon Carter",
          "@type": "Person"
        }
      ],
      "abstract": "Proceedings of a workshop",
      "publisher": {
        "name": "Plenum Press",
        "@type": "Organization"
      },
      "identifier": "B3",
      "datePublished": "1987",
      "additionalType": "CitedAuthorBook"
    },
    {
      "name": "The Open Society and Its Enemies",
      "@type": "Book",
      "genre": "[]",
      "author": [
        {
          "name": "Karl Popper",
          "@type": "Person"
        }
      ],
      "abstract": "A detailed criticism of historicism and totalitarianism, defending the principles of a democratic society. Popper penned his political masterpiece: The Open Society and Its Enemies: The Spell of the Totalitarian Style.",
      "publisher": {
        "name": "G. Routledge & Sons",
        "@type": "Organization"
      },
      "identifier": "B3",
      "datePublished": "1945",
      "additionalType": "CitedAuthorBook"
    },
    {
      "name": "Time Reborn: From the Crisis in Physics to the Future of the Universe",
      "@type": "Book",
      "genre": "[]",
      "author": [
        {
          "name": "Lee Smolin",
          "@type": "Person"
        }
      ],
      "abstract": "In this book, Smolin challenges the conventional notion of time in physics.",
      "identifier": "B3",
      "datePublished": "2013",
      "additionalType": "CitedAuthorBook"
    },
    {
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Stephen W. Hawking",
          "@type": "Person"
        }
      ],
      "abstract": "Hawking's work on singularities in collapsing stars and expanding universes contributed significantly to the understanding of black holes and the Big Bang theory.",
      "headline": "Singularities in Collapsing Stars and Expanding Universes",
      "isPartOf": {
        "name": "Proceedings of the Royal Society of London. Series A, Mathematical and Physical Sciences",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "Proceedings of the Royal Society of London. Series A, Mathematical and Physical Sciences",
        "@type": "Organization"
      },
      "identifier": "P1",
      "datePublished": "1966",
      "additionalType": "AuthorPaper"
    },
    {
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Stephen W. Hawking",
          "@type": "Person"
        }
      ],
      "abstract": "This paper presents Hawking's groundbreaking theory that black holes emit radiation, now known as Hawking radiation.",
      "headline": "Black hole explosions?",
      "isPartOf": {
        "name": "Nature",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "Nature",
        "@type": "Organization"
      },
      "identifier": "P1",
      "datePublished": "1974",
      "additionalType": "AuthorPaper"
    },
    {
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Stephen W. Hawking",
          "@type": "Person"
        }
      ],
      "abstract": "Hawking's research on the anisotropy of the universe explores the large-scale structure and evolution of the cosmos.",
      "headline": "The Anisotropy of the Universe at Large Times",
      "isPartOf": {
        "name": "Monthly Notices of the Royal Astronomical Society",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "Monthly Notices of the Royal Astronomical Society",
        "@type": "Organization"
      },
      "identifier": "P1",
      "datePublished": "1969",
      "additionalType": "AuthorPaper"
    },
    {
      "url": "https://arxiv.org/abs/2309.07465",
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Jaume de Haro",
          "@type": "Person"
        },
        {
          "name": "Shin'ichi Nojiri",
          "@type": "Person"
        },
        {
          "name": "S. D. Odintsov",
          "@type": "Person"
        },
        {
          "name": "V. K. Oikonomou",
          "@type": "Person"
        },
        {
          "name": "Supriya Pan",
          "@type": "Person"
        }
      ],
      "abstract": "This review provides an overview of cosmological theories constructed in the context of Einstein's General Relativity and modified gravity theories that may lead to finite-time cosmological singularities. It discusses various approaches suggested in the literature that could potentially prevent or mitigate finite-time singularities within the cosmological scenarios.",
      "headline": "Finite-time Cosmological Singularities and the Possible Fate of the Universe",
      "isPartOf": {
        "name": "arXiv",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "arXiv",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "2023",
      "additionalType": "RelatedPaper"
    },
    {
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Brandon Carter",
          "@type": "Person"
        }
      ],
      "abstract": "This paper discusses the global structure of the Kerr family of gravitational fields.",
      "headline": "Global structure of the Kerr family of gravitational fields",
      "isPartOf": {
        "name": "Physical Review",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "Physical Review",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "1968",
      "additionalType": "RelatedPaper"
    },
    {
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Brandon Carter",
          "@type": "Person"
        }
      ],
      "abstract": "This paper discusses the degrees of freedom of an axisymmetric black hole.",
      "headline": "An axisymmetric black hole has only two degrees of freedom",
      "isPartOf": {
        "name": "Physical Review Letters",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "Physical Review Letters",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "1971",
      "additionalType": "RelatedPaper"
    },
    {
      "url": "https://arxiv.org/abs/2205.12896",
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Stuart Kauffman",
          "@type": "Person"
        }
      ],
      "abstract": "This paper argues that the Anthropic Principle is testable and that its explanatory power is weak.",
      "headline": "The Anthropic Principle Is Testable And Appears Weak",
      "isPartOf": {
        "name": "arXiv",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "arXiv",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "2022",
      "additionalType": "RelatedPaper"
    },
    {
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Freeman Dyson",
          "@type": "Person"
        }
      ],
      "abstract": "Speculated that a technologically advanced extraterrestrial civilization might surround its native star with artificial structures to maximize the capture of the star's energy.",
      "headline": "Search for Artificial Stellar Sources of Infrared Radiation",
      "isPartOf": {
        "name": "Science",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "Science",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "1960",
      "additionalType": "RelatedPaper"
    },
    {
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Freeman Dyson",
          "@type": "Person"
        }
      ],
      "headline": "Energy in the Universe",
      "isPartOf": {
        "name": "Scientific American",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "Scientific American",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "1971",
      "additionalType": "RelatedPaper"
    },
    {
      "url": "https://space.mit.edu/home/tegmark/multiverse.pdf",
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Max Tegmark",
          "@type": "Person"
        }
      ],
      "abstract": "This article surveys physics theories involving parallel universes, which form a natural four-level hierarchy of multiverses allowing progressively greater diversity. Level I describes an infinite ergodic universe, Level II describes other thermalized regions with different physical constants, Level III describes other branches of the wavefunction, and Level IV describes other mathematical structures giving different fundamental equations of physics.",
      "headline": "Parallel Universes",
      "isPartOf": {
        "name": "Scientific American",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "Scientific American",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "2003",
      "additionalType": "RelatedPaper"
    },
    {
      "url": "https://arxiv.org/abs/1108.3080",
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Max Tegmark",
          "@type": "Person"
        }
      ],
      "abstract": "This paper analyzes cosmology assuming unitary quantum mechanics, using a tripartite partition into system, observer, and environment degrees of freedom. It generalizes the second law of thermodynamics, stating that the system's entropy can't decrease unless it interacts with the observer, and it can't increase unless it interacts with the environment. The paper argues that almost all sentient observers will find themselves in a post-inflationary low-entropy Hubble volume, solving the inflationary entropy problem.",
      "headline": "How unitary cosmology generalizes thermodynamics and solves the inflationary entropy problem",
      "identifier": "P2",
      "datePublished": "2012",
      "additionalType": "RelatedPaper"
    },
    {
      "url": "https://www.mdpi.com/1099-4300/27/9/983",
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Multiple Authors",
          "@type": "Person"
        }
      ],
      "abstract": "This paper reviews and compares prominent entropy definitions that have appeared in the last decade (2015–2024) and their applications to physiological signals. It adopts the PRISMA methodology for systematic literature reviews and presents statistical results on the number of citations for each method and the application domains.",
      "headline": "Review of Recent (2015–2024) Popular Entropy Definitions Applied to Physiological Signals",
      "isPartOf": {
        "name": "Entropy",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "Entropy",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "2025",
      "additionalType": "RelatedPaper"
    },
    {
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Karl Popper",
          "@type": "Person"
        }
      ],
      "abstract": "Popper's early work attempts to solve the problem of demarcation and offer a clear criterion that distinguishes scientific theories from metaphysical or mythological claims. Popper's falsificationist methodology holds that scientific theories are characterized by entailing predictions that future observations might reveal to be false.",
      "headline": "On the problem of demarcation between science and metaphysics",
      "isPartOf": {
        "name": "Conjectures and Refutations",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "Conjectures and Refutations",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "1963",
      "additionalType": "RelatedPaper"
    },
    {
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Karl Popper",
          "@type": "Person"
        }
      ],
      "abstract": "Popper worked on a variety of issues relating to the philosophy of science, including quantum mechanics, entropy, evolution, and the realism vs. anti-realism debate, along with the issues already mentioned. His major works from this period include “The Propensity Interpretation of Probability” (1959) and Conjectures and Refutations (1963).",
      "headline": "The Propensity Interpretation of Probability",
      "identifier": "P2",
      "datePublished": "1959",
      "additionalType": "RelatedPaper"
    },
    {
      "url": "https://philpapers.org/rec/DAWSRS",
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Richard Dawid",
          "@type": "Person"
        }
      ],
      "abstract": "String theory is often described as a theory that has a high potential to revolutionize our understanding of nature but that is empirically unconfirmed. The paper analyzes the implications of string theory for the debate on scientific realism. It is argued that the specific situation of string theory can offer new perspectives for the scientific realism debate. The paper focuses on the issue of underdetermination of theory choice and on the question of how to assess the viability of a theory.",
      "headline": "Scientific realism in string theory",
      "isPartOf": {
        "name": "Philosophy of Science",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "Philosophy of Science",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "2007",
      "additionalType": "RelatedPaper"
    },
    {
      "url": "https://arxiv.org/abs/hep-th/0407213",
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Lee Smolin",
          "@type": "Person"
        }
      ],
      "abstract": "The paper explains why the Anthropic Principle (AP) cannot yield any falsifiable predictions and proposes cosmological natural selection as a falsifiable multiverse theory.",
      "headline": "Scientific alternatives to the anthropic principle",
      "isPartOf": {
        "name": "arXiv",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "arXiv",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "2004",
      "additionalType": "RelatedPaper"
    },
    {
      "url": "https://medium.com/global-science-news/testing-the-anthropic-principle-a-critical-evaluation-of-cosmological-evidence-63490594caf1",
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Boris (Bruce) Kriger",
          "@type": "Person"
        }
      ],
      "abstract": "This paper examines the scientific potential of testing the Anthropic Principle through phenomena such as cosmic inflation, dark matter, and primordial gravitational waves.",
      "headline": "Testing the Anthropic Principle: A Critical Evaluation of Cosmological Evidence",
      "isPartOf": {
        "name": "GLOBAL SCIENCE NEWS",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "GLOBAL SCIENCE NEWS",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "2024",
      "additionalType": "RelatedPaper"
    },
    {
      "url": "https://vertexaisearch.cloud.google.com/grounding-api-redirect/AUZIYQFlRQJBplpEXuu0HUecLUM90KiAVIRNNav9iOd80-jFdJIrAY922Wf4cOOfbFyKlJdt9dCtx4uqIc7ZnRYUqBEXGbcNPSEu6RzZMIuNiyWlihAoZ5MMMn32qra5pJ51rrmBEw4ncvXeV49qtD2NXmrsO2CjqwZ8H7Jo9W-0uXTBEgA_-pyiEWoN1LRMnoEhMSDSXooJOw29DSMIPSSRNEKwF0Dr7t62sBkQuAc81Dj1cKZMN5Qz_IH76t-CqFHJyi84TFY=",
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "M. Ćirković",
          "@type": "Person"
        },
        {
          "name": "John D. Barrow",
          "@type": "Person"
        }
      ],
      "abstract": "The place of an anthropic argument in the discrimination between various cosmological models is to be reconsidered following the classic criticisms of Paul C. W. Davies and Frank J. Tipler. Different versions of the anthropic argument against cosmologies involving an infinite series of past events are analysed and applied to several instructive instances.",
      "headline": "The anthropic principle and the duration of the cosmological past",
      "isPartOf": {
        "name": "Astronomical & Astrophysical Transactions",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "Astronomical & Astrophysical Transactions",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "2004",
      "additionalType": "RelatedPaper"
    },
    {
      "url": "https://vertexaisearch.cloud.google.com/grounding-api-redirect/AUZIYQH_Zsk5Z3zLF0VYk7GDLf9AsU0raiXAM9qHNmtNi1gz4pQGZmKOFzTl9RT7dbgpsco3CZQvrYFhD11J4zbrYy5BYVmZBgfQlHCzBnAE2h-Df7nHAn5X_LbfcROyuBcCnlFYdcMh3aDSw85XEbaZA-cQDOiWwZsgl8MKfxXXfKWMVaO-8A8drz8hJMEQ0G-UVFtBnoblw2C__m06TMb2_6ALKmgqLBWuBV0tflJXr4eQUkYH7PskQjJuP6zQ0Iag50hPHCKlMSivkgc=",
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "G. Kane",
          "@type": "Person"
        },
        {
          "name": "M. Perry",
          "@type": "Person"
        },
        {
          "name": "A. Żytkow",
          "@type": "Person"
        },
        {
          "name": "John D. Barrow",
          "@type": "Person"
        }
      ],
      "headline": "The beginning of the end of the anthropic principle",
      "isPartOf": {
        "name": "New Astronomy",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "New Astronomy",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "2000",
      "additionalType": "RelatedPaper"
    },
    {
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Albert Einstein",
          "@type": "Person"
        }
      ],
      "abstract": "This paper applies general relativity to the universe, laying the foundations for modern theories of the universe.",
      "headline": "Cosmological Considerations in the General Theory of Relativity",
      "isPartOf": {
        "name": "Preussische Akademie der Wissenschaften",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "Preussische Akademie der Wissenschaften",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "1917",
      "additionalType": "RelatedPaper"
    },
    {
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Albert Einstein",
          "@type": "Person"
        }
      ],
      "abstract": "In this paper, Einstein proposes a cosmic model in which the universe undergoes an expansion followed by a contraction, quite different to the monotonically expanding Einstein-de Sitter model of 1932.",
      "headline": "Zum kosmologischen Problem der allgemeinen Relativitätstheorie",
      "identifier": "P2",
      "datePublished": "1931",
      "additionalType": "RelatedPaper"
    },
    {
      "url": "https://www.researchgate.net/publication/355185388_Translation_of_Ludwig_Boltzmann's_Paper_On_the_Relationship_between_the_Second_Fundamental_Theorem_of_the_Mechanical_Theory_of_Heat_and_Probability_Calculations_Regarding_the_Conditions_for_Thermal_Equilibrium_Sitzungberichte_der_Kaiserlichen_Akademie_der_Wissenschaften_Mathematisch-Naturwissen_Classe_Abt_II_LXXVI_1877_pp_373-435_Wien_Ber_1877_76373-435",
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Ludwig Boltzmann",
          "@type": "Person"
        }
      ],
      "abstract": "In this seminal paper, Boltzmann demonstrated that entropy (S) is proportional to the logarithm of the number of microstates (Ω) corresponding to a given macrostate, formalized as S ∝ ln Ω. This groundbreaking insight bridged thermodynamics with mechanics by linking the thermodynamic property of entropy to the combinatorial multiplicity of molecular configurations.",
      "headline": "On the Relationship between the Second Fundamental Theorem of the Mechanical Theory of Heat and Probability Calculations Regarding the Conditions for Thermal Equilibrium",
      "isPartOf": {
        "name": "Sitzungberichte der Kaiserlichen Akademie der Wissenschaften",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "Sitzungberichte der Kaiserlichen Akademie der Wissenschaften",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "1877",
      "additionalType": "RelatedPaper"
    },
    {
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Ludwig Boltzmann",
          "@type": "Person"
        }
      ],
      "abstract": "In this influential paper, Boltzmann introduced groundbreaking concepts such as the transport equation that bears his name and the statistical interpretation of entropy. His incorporation of probabilistic reasoning into physics revolutionized our comprehension of thermodynamics, entropy, and transport theory and provided insights into the second law of thermodynamics, which is central to modern physics, facilitating subsequent scientific advancements that continue to shape the various disciplines.",
      "headline": "Weitere Studien über das Wärmegleichgewicht unter Gasmolekülen",
      "isPartOf": {
        "name": "Kaiserlichen Akademie der Wissenschaften",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "Kaiserlichen Akademie der Wissenschaften",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "1872",
      "additionalType": "RelatedPaper"
    },
    {
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Ilya Prigogine",
          "@type": "Person"
        }
      ],
      "abstract": "This work likely explores statistical mechanics in systems not in equilibrium.",
      "headline": "Non-equilibrium statistical mechanics",
      "isPartOf": {
        "name": "Interscience Publishers",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "Interscience Publishers",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "1962",
      "additionalType": "RelatedPaper"
    },
    {
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "P. Glansdorff",
          "@type": "Person"
        },
        {
          "name": "I. Prigogine",
          "@type": "Person"
        }
      ],
      "abstract": "This paper likely discusses the thermodynamic theory behind structure, stability, and fluctuations in systems.",
      "headline": "Thermodynamic theory of structure, stability and fluctuations",
      "isPartOf": {
        "name": "Wiley",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "Wiley",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "1971",
      "additionalType": "RelatedPaper"
    },
    {
      "url": "https://www.pnas.org/doi/pdf/10.1073/pnas.15.3.168",
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Edwin Hubble",
          "@type": "Person"
        }
      ],
      "abstract": "This paper presents the evidence for the expanding universe, showing that galaxies recede from us in all directions and more distant ones recede more rapidly.",
      "headline": "A relation between distance and radial velocity among extra-galactic nebulae",
      "isPartOf": {
        "name": "Proceedings of the National Academy of Sciences",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "Proceedings of the National Academy of Sciences",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "1929",
      "additionalType": "RelatedPaper"
    },
    {
      "url": "https://arxiv.org/abs/2512.17116",
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Javiera Rey",
          "@type": "Person"
        },
        {
          "name": "Eleonora Di Valentino",
          "@type": "Person"
        },
        {
          "name": "Olga Mena",
          "@type": "Person"
        }
      ],
      "abstract": "We investigate the observational tests of generalized mass-to-horizon entropic cosmology by incorporating large-scale structure growth data in addition to purely geometric probes.",
      "headline": "Mass-to-Horizon Entropic Cosmology: A Unified Thermodynamic Pathway to Cosmic Acceleration",
      "isPartOf": {
        "name": "arXiv",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "arXiv",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "2025",
      "additionalType": "RelatedPaper"
    },
    {
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Don N. Page",
          "@type": "Person"
        }
      ],
      "headline": "Will Entropy Decrease if the Universe Recollapses?",
      "isPartOf": {
        "name": "Phys. Rev. D",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "Phys. Rev. D",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "1985",
      "additionalType": "RelatedPaper"
    },
    {
      "url": "https://arxiv.org/abs/1906.09273",
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Kento Osuga",
          "@type": "Person"
        },
        {
          "name": "Don N. Page",
          "@type": "Person"
        }
      ],
      "headline": "Harmony for 2-Qubit Entanglement",
      "identifier": "P2",
      "datePublished": "2019",
      "additionalType": "RelatedPaper"
    },
    {
      "url": "https://vertexaisearch.cloud.google.com/grounding-api-redirect/AUZIYQGqPw69WKBq-w3RBvVaQFxtfa0rhCpjfKmEb_l1WxYOrrBEw2_4XFEnJR30FMP_8hdfG1CG-A7Zk4aHvag5SWpIfxSaOS28S_CHW38xsKWTL4EJ62gF5mql8K_U",
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "S. Nojiri",
          "@type": "Person"
        },
        {
          "name": "S. Odintsov",
          "@type": "Person"
        },
        {
          "name": "Tanmoy Paul",
          "@type": "Person"
        }
      ],
      "abstract": "This paper reviews recent developments in entropic cosmology based on the first and second laws of thermodynamics applied to the apparent horizon.",
      "headline": "Different aspects of entropic cosmology",
      "isPartOf": {
        "name": "arXiv",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "arXiv",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "2024",
      "additionalType": "RelatedPaper"
    },
    {
      "url": "https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.77.198",
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Raymond Laflamme",
          "@type": "Person"
        },
        {
          "name": "Cesar Miquel",
          "@type": "Person"
        },
        {
          "name": "Juan Pablo Paz",
          "@type": "Person"
        },
        {
          "name": "Wojciech H. Zurek",
          "@type": "Person"
        }
      ],
      "abstract": "A simple quantum error-correcting code that can correct an arbitrary error on a single qubit is presented. The code is perfect in the sense that it achieves the quantum Hamming bound.",
      "headline": "Perfect quantum error-correcting code",
      "isPartOf": {
        "name": "Physical Review Letters",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "Physical Review Letters",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "1996",
      "additionalType": "RelatedPaper"
    },
    {
      "url": "https://www.sciencedirect.com/science/article/abs/pii/0550321394902062",
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Ruth Gregory",
          "@type": "Person"
        },
        {
          "name": "Raymond Laflamme",
          "@type": "Person"
        }
      ],
      "abstract": "The stability of charged black strings and p-branes is investigated. We find that near extremal black strings are unstable to linear perturbations, similar to the uncharged case. We also show that the instability persists for charged p-branes.",
      "headline": "The Instability of Charged Black Strings and p-Branes",
      "isPartOf": {
        "name": "Nuclear Physics B",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "Nuclear Physics B",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "1994",
      "additionalType": "RelatedPaper"
    },
    {
      "url": "https://journals.aps.org/pra/abstract/10.1103/PhysRevA.95.032305",
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "D. Su",
          "@type": "Person"
        },
        {
          "name": "S. Bravyi",
          "@type": "Person"
        },
        {
          "name": "J. M. Chow",
          "@type": "Person"
        },
        {
          "name": "R. de Sousa",
          "@type": "Person"
        },
        {
          "name": "A. D. Corcoles",
          "@type": "Person"
        }
      ],
      "abstract": "We propose a hybrid quantum-classical algorithm to solve computationally hard problems using a quantum processor with a small number of qubits. The key idea is to encode a large amount of classical data into a high-dimensional quantum state. We show that even a noisy quantum processor can outperform the best-known classical algorithms.",
      "headline": "Quantum computational advantage via high-dimensional encoding",
      "isPartOf": {
        "name": "Physical Review A",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "Physical Review A",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "2017",
      "additionalType": "RelatedPaper"
    },
    {
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "A. Friedmann",
          "@type": "Person"
        }
      ],
      "abstract": "In this paper, Friedmann demonstrated that Einstein's general theory of relativity admits nonstatic solutions, describing a cosmos that expands, contracts, collapses, and might even have been born in a singularity.",
      "headline": "Über die Krümmung des Raumes",
      "isPartOf": {
        "name": "Zeitschrift für Physik",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "Zeitschrift für Physik",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "1922",
      "additionalType": "RelatedPaper"
    },
    {
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "A. Friedmann",
          "@type": "Person"
        }
      ],
      "abstract": "Demonstrated all three Friedmann models describing positive, zero and negative curvature respectively, a decade before Robertson and Walker published their analysis.",
      "headline": "Über die Möglichkeit einer Welt mit konstanter negativer Krümmung des Raumes",
      "isPartOf": {
        "name": "Zeitschrift für Physik",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "Zeitschrift für Physik",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "1924",
      "additionalType": "RelatedPaper"
    },
    {
      "url": "https://arxiv.org/abs/2502.12165",
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "S. I. Kruglov",
          "@type": "Person"
        }
      ],
      "abstract": "Considers new nonadditive entropy of the apparent horizon S_K=S_{BH}/(1+\\gamma S_{BH}) with S_{BH} being the Bekenstein--Hawking entropy. This is an alternative of the Rényi and Tsallis entropies, that allows us, by utilising the holographic principle, to develop entropic (holographic) dark energy.",
      "headline": "New entropy, thermodynamics of apparent horizon and cosmology",
      "isPartOf": {
        "name": "arXiv",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "arXiv",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "2025",
      "additionalType": "RelatedPaper"
    },
    {
      "url": "https://vertexaisearch.cloud.google.com/grounding-api-redirect/AUZIYQEGIyPhK85bwPKPNdAEECrN5ATQaqaztExpV_6xFfOv1gaab1tSapayZNGwn44oh3bJPConcWg8QMTXoQ5xcADAWsHzXPBhuJyqm2ZnUXlrScLP2eb0NrA-bJgiNYBabvfcthyYzp4cbB1S0jkVrxBjYYn5G3jK_rhuZB53-uchHR6R4Er9ULTW2VJd6sEhAozNOw91Qv75zcoEg2CzSz-_A2Bp4jwUDblcPmMhFFdrQyKjH5Z08ubNhn6vB4C-",
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Roger Penrose",
          "@type": "Person"
        }
      ],
      "abstract": "Penrose proves that singularities (such as black holes) occur after the collapse of massive stars, which is essential for the modern understanding of black holes and general relativity, with profound implications for the Big Bang Model.",
      "headline": "Gravitational Collapse and Space-Time Singularities",
      "isPartOf": {
        "name": "Physical Review Letters",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "Physical Review Letters",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "1965",
      "additionalType": "RelatedPaper"
    },
    {
      "url": "https://vertexaisearch.cloud.google.com/grounding-api-redirect/AUZIYQFOJcwTt097Pmc1K7l1AkX1_qd_Tz6byImOuhboGqrbHjbUgMJVl4pgUM22fmQMbdS7OSkerJ5Jd_O0UpGyOPXez7bjydqWcIQHBoUeKkXwF1LrVOI81UZeIt6aaTb-1VPYsTdVLFnlc99S3OI-j5Bk5xg3urj6CQ==",
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "R. Penrose",
          "@type": "Person"
        }
      ],
      "abstract": "Penrose discusses the inevitability of singularities in the general theory of relativity and their relation to the arrow of time. He suggests that the structure of spacetime singularities contains the key to the solution to the origin of the arrow of time.",
      "headline": "Singularities and time-asymmetry",
      "isPartOf": {
        "name": "LSE",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "LSE",
        "@type": "Organization"
      },
      "identifier": "P2",
      "additionalType": "RelatedPaper"
    },
    {
      "url": "https://arxiv.org/abs/2309.08954",
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Oem Trivedi",
          "@type": "Person"
        }
      ],
      "abstract": "This review discusses recent developments in the field of cosmological singularities, including different forms of singularities and methods to avoid or moderate them. It explores how these singularities occur in non-conventional cosmologies and presents a dynamical systems approach to deal with them.",
      "headline": "Recent advances in cosmological singularities",
      "isPartOf": {
        "name": "Symmetry",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "Symmetry",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "2023",
      "additionalType": "RelatedPaper"
    },
    {
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "A. A. Penzias",
          "@type": "Person"
        },
        {
          "name": "R. W. Wilson",
          "@type": "Person"
        }
      ],
      "abstract": "Penzias and Wilson published a paper announcing their findings. Their discovery of the cosmic background radiation at the Bell Telephone Laboratories, for which they received the 1978 Nobel Prize in Physics, started a new field of precision cosmology.",
      "headline": "A Measurement of Excess Antenna Temperature at 4080 Mc/s",
      "isPartOf": {
        "name": "Astrophysical Journal",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "Astrophysical Journal",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "1965",
      "additionalType": "RelatedPaper"
    },
    {
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "R. W. Wilson",
          "@type": "Person"
        },
        {
          "name": "K. Jefferts",
          "@type": "Person"
        },
        {
          "name": "A. A. Penzias",
          "@type": "Person"
        }
      ],
      "abstract": "Penzias and Wilson joined by Keith Jefferts made the first detection of the millimeter-wave radiation from interstellar carbon monoxide, thus opening another new field of research—radio spectroscopy and interstellar chemistry.",
      "headline": "Carbon monoxide in the Orion Nebula",
      "isPartOf": {
        "name": "Astrophysical Journal",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "Astrophysical Journal",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "1970",
      "additionalType": "RelatedPaper"
    },
    {
      "url": "https://vertexaisearch.cloud.google.com/grounding-api-redirect/AUZIYQHr8q3YRGSraTI2IoW9CbG2P6aPGYbwrUh0nxKeXje83CRahZ3-EzTSAQmQs6csYjohWKzdyHn_W8e13TFnFUc0IS4MRABIYQb2iG-0dv8nw2dCzqcYV9UwF3gvTZ5vGHUFccP4Ll5oTpzjbs3C3lH-UryHJ6YhCLpYWm0HTVArT1P58B4IREnT",
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Maohai Huang",
          "@type": "Person"
        },
        {
          "name": "T. M. Bania",
          "@type": "Person"
        },
        {
          "name": "Alberto D. Bolatto",
          "@type": "Person"
        },
        {
          "name": "Robert W. Wilson",
          "@type": "Person"
        },
        {
          "name": "et al.",
          "@type": "Person"
        }
      ],
      "abstract": "We report observations of atomic carbon (C I [3P1→3P0]) for a sample of 49 southern hemisphere H II regions using the Antarctic Submillimeter Telescope and Remote Observatory. The sources are compact and isolated members of the Wilson et al. H109alpha radio recombination line (RRL) catalog. The fourth Galactic quadrant is well covered by the sample. Atomic carbon emission is detected toward all of the regions, with multiple C I emission components found toward most sources. The RRL velocity is used to identify the C I emission associated with the H II region.",
      "headline": "Atomic Carbon Observations of Southern Hemisphere H II Regions",
      "isPartOf": {
        "name": "The Astrophysical Journal",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "The Astrophysical Journal",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "2009",
      "additionalType": "RelatedPaper"
    },
    {
      "url": "https://vertexaisearch.cloud.google.com/grounding-api-redirect/AUZIYQGfr4S48vCZgyuQLpB6nTkDDS6eRUsd3KMuboFH5qHFacK-2Kz_gLZ7ouIjH_RyTQ_o6cBkOzm3mzCAxNE06evvRzzT0Px0IJ4ywhW1ADjg0dWdDhVeQvLA30r3",
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Andreas Albrecht",
          "@type": "Person"
        },
        {
          "name": "Arthur Hebecker",
          "@type": "Person"
        },
        {
          "name": "Joao Pedro Pinto-Neto",
          "@type": "Person"
        },
        {
          "name": "Lucas Pinheiro",
          "@type": "Person"
        },
        {
          "name": "Marco Schillo",
          "@type": "Person"
        }
      ],
      "abstract": "We provide a simple extension of the no boundary proposal for the case that we observe only a finite region of the universe, and we trace out over the rest of the universe. For this reason, it is naturally a proposal for the density matrix for the observable region of the universe. The process that traces out the unobserved region of the universe imposes an effective boundary condition that implies that we can forget about the unobserved region. In a sense, we can think of these boundary conditions as another “no-boundary”.",
      "headline": "Tracing Out the Universe: No Boundary Condition for the Density Matrix",
      "isPartOf": {
        "name": "arXiv",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "arXiv",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "2024",
      "additionalType": "RelatedPaper"
    },
    {
      "url": "https://api.semanticscholar.org/CorpusID:4363262",
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Bernard J. Carr",
          "@type": "Person"
        },
        {
          "name": "Martin J. Rees",
          "@type": "Person"
        }
      ],
      "headline": "The anthropic principle and the structure of the physical world",
      "isPartOf": {
        "name": "Nature",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "Nature",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "1979",
      "additionalType": "RelatedPaper"
    },
    {
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Martin Rees",
          "@type": "Person"
        }
      ],
      "headline": "Cosmology and High Energy Astrophysics: A 50 year Perspective on Personality, Progress, and Prospects",
      "isPartOf": {
        "name": "Annual Review of Astronomy and Astrophysics",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "Annual Review of Astronomy and Astrophysics",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "2022",
      "additionalType": "RelatedPaper"
    },
    {
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Richard Feynman",
          "@type": "Person"
        }
      ],
      "abstract": "This paper introduces the path integral formulation of quantum mechanics. It presents an alternative approach to quantum mechanics using the principle of least action.",
      "headline": "Space-Time Approach to Non-Relativistic Quantum Mechanics",
      "isPartOf": {
        "name": "Reviews of Modern Physics",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "Reviews of Modern Physics",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "1948",
      "additionalType": "RelatedPaper"
    },
    {
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Richard Feynman",
          "@type": "Person"
        }
      ],
      "abstract": "This paper discusses the behavior of positrons as electrons moving backward in time. It contributes to the understanding of quantum electrodynamics.",
      "headline": "The Theory of Positrons",
      "isPartOf": {
        "name": "Physical Review",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "Physical Review",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "1949",
      "additionalType": "RelatedPaper"
    },
    {
      "url": "https://vertexaisearch.cloud.google.com/grounding-api-redirect/AUZIYQFXJh1l2-pD15LJGpd0V0UAc-xnxzTTrwazE_nLG6i1wzqrI-oPrs64jZaM7d6rwtUlPkHdeUZqcXuhulI4GMRLzg3iGYHNod102MJ2Bg8OyvzpDx159N6-1bXeg-cHc7gigMIpvoe03wxec4x-e4kn7aq8i8bSIUn2YxxUlzp8HekRmDP0peiUj8bby0SDb48J0sbY6Y-rt7ENH0wG5KBP0LY-UYghrNBGZztS56T8ndqRTruVrLLnld1OFuHj1z6k8tBtLqqGr0glEDUrlstL8IGqnV_LttYMWq8HU-7lfag-u8ei9Y1D_ruHcdh9oaT9Sw_eVjpTaemLpqXDfw6WSYQP",
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Wen-Xiang Chen",
          "@type": "Person"
        }
      ],
      "abstract": "This paper analyzes how the requirement of imaginary numbers in quantum theory and the postulates of relativity together imply the existence of a one-way time axis associated with the imaginary direction. It reviews the role of imaginary time in relativistic geometry and quantum dynamics, discusses the thermodynamic arrow of time and its link to entropy increase.",
      "headline": "Imaginary Time and the Arrow of Time: Interplay Between Relativity and Quantum Mechanics",
      "identifier": "P2",
      "datePublished": "2025",
      "additionalType": "RelatedPaper"
    },
    {
      "url": "https://vertexaisearch.cloud.google.com/grounding-api-redirect/AUZIYQF9sQdtfVCjlO2vXJZgvhmhg9WsgjIfEmmWgYNHRcGsGAraoQ_M5W9ye2AAUB5l-q-Pzy7wtB1wh-bp11X5hOainqrtiNLk2bmGbgczY8p1ojvHv4uLPkUHe6ZY-rLw5Ci4cyvUVjVTdblVJE19-RSkaWtSBtmEaCZi_FLhcETxtERy1LA3LjtwewccX6t6UhVtiuO7EKPVwjmTEQSstbfJGQfn1OZL8byEg0NSQJmz",
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Alan H. Guth",
          "@type": "Person"
        }
      ],
      "abstract": "The standard model of hot big-bang cosmology requires initial conditions which are problematic in two ways: (1) The early universe is assumed to be highly homogeneous, in spite of the fact that separated regions were causally disconnected (horizon problem); and (2) the initial value of the Hubble constant must be fine tuned to extraordinary accuracy to produce a universe as flat (i.e., near critical mass density) as the one we see today (flatness problem).",
      "headline": "Inflationary universe: A possible solution to the horizon and flatness problems",
      "isPartOf": {
        "name": "Physical Review D",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "Physical Review D",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "1981",
      "additionalType": "RelatedPaper"
    },
    {
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Werner Heisenberg",
          "@type": "Person"
        }
      ],
      "abstract": "This paper introduced a new way of understanding quantum mechanics.",
      "headline": "Quantum-mechanical reinterpretation of kinematic and mechanical relations",
      "isPartOf": {
        "name": "Zeitschrift für Physik",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "Zeitschrift für Physik",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "1925",
      "additionalType": "RelatedPaper"
    },
    {
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "M. Born",
          "@type": "Person"
        },
        {
          "name": "W. Heisenberg",
          "@type": "Person"
        },
        {
          "name": "P. Jordan",
          "@type": "Person"
        }
      ],
      "abstract": "Further developments in quantum mechanics.",
      "headline": "Zur Quantenmechanik",
      "isPartOf": {
        "name": "Zeitschrift für Physik",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "Zeitschrift für Physik",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "1926",
      "additionalType": "RelatedPaper"
    }
  ],
  "headline": "Zasada antropiczna i strzałki czasu w kosmologii Hawkinga",
  "publisher": {
    "url": "https://dobrepanstwo.org",
    "logo": {
      "url": "https://dobrepanstwo.org/logo.png",
      "@type": "ImageObject"
    },
    "name": "Fundacja Dobre Państwo",
    "@type": "Organization"
  },
  "inLanguage": [
    "pl-PL",
    "en-US"
  ],
  "dateModified": "2026-01-06",
  "datePublished": "2026-01-06",
  "sourceOrganization": [
    {
      "url": "https://scholar.google.com",
      "name": "Google Scholar",
      "@type": "WebSite",
      "usedFor": "Author biographies, scholarly articles, citation data",
      "description": "Academic database for scholarly articles and author citations"
    },
    {
      "url": "https://books.google.com",
      "name": "Google Books",
      "@type": "WebSite",
      "usedFor": "Book enrichment, ISBN verification, cover images, descriptions",
      "description": "Digital library for book metadata and previews"
    },
    {
      "url": "https://www.perplexity.ai",
      "name": "Perplexity AI",
      "@type": "WebSite",
      "usedFor": "Enhanced biographical research (bilingual EN/PL)",
      "description": "AI-powered research assistant"
    },
    {
      "url": "https://isbndb.com",
      "name": "ISBNdb",
      "@type": "WebSite",
      "usedFor": "Book metadata enrichment, publisher verification",
      "description": "Comprehensive ISBN database"
    }
  ]
}


{
  "name": "The Anthropic Principle and the Arrow of Time in Hawking's Cosmology",
  "@type": "Article",
  "author": {
    "url": "https://dobrepanstwo.org",
    "name": "Fundacja Dobre Państwo",
    "@type": "Organization"
  },
  "@context": "https://schema.org",
  "citation": [
    {
      "name": "Stephen W. Hawking",
      "@type": "Person",
      "identifier": "A1",
      "affiliation": {
        "name": "University of Cambridge",
        "@type": "Organization"
      },
      "description": {
        "@value": "Stephen Hawking (1942-2018) was a British theoretical physicist and cosmologist. He made significant contributions to understanding black holes and the Big Bang. Hawking was the Lucasian Professor of Mathematics at Cambridge, and authored popular science books like 'A Brief History of Time'.",
        "@language": "en"
      },
      "additionalType": "InspirationAuthor",
      "description_pl": {
        "@value": "Stephen Hawking (1942-2018) był brytyjskim fizykiem teoretycznym i kosmologiem. Wniósł znaczący wkład w zrozumienie czarnych dziur i Wielkiego Wybuchu. Hawking był profesorem matematyki im. Lucasa na Uniwersytecie Cambridge i autorem książek popularnonaukowych, takich jak „Krótka historia czasu”.",
        "@language": "pl"
      }
    },
    {
      "name": "Aleksander Friedmann",
      "@type": "Person",
      "identifier": "A2",
      "affiliation": {
        "name": "Main Geophysical Observatory",
        "@type": "Organization"
      },
      "description": {
        "@value": "Aleksander Aleksandrovich Friedmann (1888-1925) was a Russian and Soviet physicist and mathematician who made groundbreaking contributions to cosmology. He is best known for his pioneering theory of the expanding universe, which he developed from Einstein's field equations of general relativity. His work provided the theoretical foundation for both the Big Bang and Steady State theories. Friedmann's equations, which describe the expansion of the universe, are fundamental to modern cosmology. Despite initial resistance from Einstein, Friedmann's ideas were later recognized as correct and crucial to understanding the universe's evolution. He also made contributions to meteorology and aerodynamics.",
        "@language": "en"
      },
      "additionalType": "CitedAuthor"
    },
    {
      "name": "Werner Heisenberg",
      "@type": "Person",
      "identifier": "A2",
      "affiliation": {
        "name": "University of Leipzig; University of Berlin; University of Munich",
        "@type": "Organization"
      },
      "description": {
        "@value": "Werner Karl Heisenberg (1901-1976) was a German theoretical physicist and one of the key pioneers of quantum mechanics. He is best known for the uncertainty principle, articulated in 1927, which states that the position and velocity of an object cannot both be measured exactly at the same time. Heisenberg received the Nobel Prize in Physics in 1932 for the creation of quantum mechanics. He also made contributions to nuclear physics, ferromagnetism, cosmic rays, and subatomic particles. During World War II, he was involved in Germany's nuclear research efforts.",
        "@language": "en"
      },
      "additionalType": "CitedAuthor"
    },
    {
      "name": "Mikołaj Kopernik",
      "@type": "Person",
      "identifier": "A2",
      "affiliation": {
        "name": "Canon of Frombork Cathedral",
        "@type": "Organization"
      },
      "description": {
        "@value": "Mikołaj Kopernik, also known as Nicolaus Copernicus, was a Polish astronomer and mathematician who revolutionized scientific thought with his heliocentric theory. Born in Toruń, Poland, in 1473, he studied at the University of Kraków and later in Italy, focusing on canon law, medicine, and astronomy. He proposed that the planets, including Earth, revolve around the Sun, challenging the long-held geocentric view. His major work, *De revolutionibus orbium coelestium* (On the Revolutions of the Heavenly Spheres), published in 1543, presented mathematical proofs for this heliocentric model. Kopernik's work marked a turning point in the history of science, initiating what is known as the Copernican Revolution. He died in Frombork in 1543.",
        "@language": "en"
      },
      "additionalType": "CitedAuthor"
    },
    {
      "name": "Ludwig Boltzmann",
      "@type": "Person",
      "identifier": "A2",
      "affiliation": {
        "name": "University of Vienna",
        "@type": "Organization"
      },
      "description": {
        "@value": "Ludwig Eduard Boltzmann (1844-1906) was an Austrian physicist and philosopher renowned for his groundbreaking contributions to statistical mechanics and thermodynamics. He is best known for his statistical interpretation of the second law of thermodynamics and the development of the Boltzmann equation, which describes the statistical behavior of gases. Boltzmann's work established a crucial link between the microscopic properties of atoms and the macroscopic properties of matter, explaining how the behavior of atoms determines visible properties such as viscosity and thermal conductivity. His formulation of entropy, expressed as S = k logW, where S is entropy, k is the Boltzmann constant, and W is the number of microstates, is engraved on his tombstone. Despite facing criticism during his lifetime, Boltzmann's work laid the foundation for modern physics and continues to influence scientific thought.",
        "@language": "en"
      },
      "additionalType": "CitedAuthor"
    },
    {
      "name": "Raymond Laflamme",
      "@type": "Person",
      "identifier": "A2",
      "affiliation": {
        "name": "University of Waterloo",
        "@type": "Organization"
      },
      "description": {
        "@value": "Raymond Julien Joseph Laflamme (1960-2025) was a Canadian theoretical physicist renowned for his significant contributions to quantum information science and for establishing the Institute for Quantum Computing (IQC) at the University of Waterloo. He earned his PhD at the University of Cambridge under Stephen Hawking, initially focusing on quantum cosmology and the arrow of time. Laflamme's research later shifted to quantum computing, where he pioneered theoretical and experimental approaches to quantum information processing and quantum error correction. His work was instrumental in demonstrating the possibility of fault-tolerant quantum computation. He held positions at Los Alamos National Laboratory, the University of Waterloo, and the Perimeter Institute for Theoretical Physics.",
        "@language": "en"
      },
      "additionalType": "CitedAuthor"
    },
    {
      "name": "Albert Einstein",
      "@type": "Person",
      "identifier": "A2",
      "affiliation": {
        "name": "Institute for Advanced Study, Princeton",
        "@type": "Organization"
      },
      "description": {
        "@value": "Albert Einstein (1879-1955) was a German-born theoretical physicist who revolutionized our understanding of the universe. He is best known for developing the theory of relativity, which includes special relativity (1905) and general relativity (1915). Einstein's work also significantly contributed to quantum theory, particularly his explanation of the photoelectric effect, for which he received the Nobel Prize in Physics in 1921. His famous equation E=mc² demonstrates the equivalence of mass and energy. He held professorships at various universities, including Zurich, Prague, and Berlin, before immigrating to the United States in 1933 and joining the Institute for Advanced Study in Princeton. Einstein's work continues to influence modern physics and cosmology.",
        "@language": "en"
      },
      "additionalType": "CitedAuthor"
    },
    {
      "name": "Święty Augustyn",
      "@type": "Person",
      "identifier": "A2",
      "affiliation": {
        "name": "Bishop of Hippo",
        "@type": "Organization"
      },
      "description": {
        "@value": "Aurelius Augustinus, commonly known as Saint Augustine, was a philosopher and theologian of the late Roman Empire, born in Tagaste (present-day Algeria) in 354 AD and died in Hippo Regius (also in present-day Algeria) in 430 AD. His mother, Saint Monica, was a devout Christian, while his father was a pagan. Augustine's intellectual journey led him through Manicheism and skepticism before his conversion to Christianity in 386 AD. He became the Bishop of Hippo in 396 AD, where he remained until his death. Augustine's works profoundly influenced the development of Western philosophy and Christian theology, earning him the title of Doctor of Grace. His key contributions include his exploration of free will, divine grace, and the nature of time, as well as his articulation of the concept of the City of God.",
        "@language": "en"
      },
      "additionalType": "CitedAuthor"
    },
    {
      "name": "Richard Feynman",
      "@type": "Person",
      "identifier": "A2",
      "affiliation": {
        "name": "California Institute of Technology",
        "@type": "Organization"
      },
      "description": {
        "@value": "Richard Phillips Feynman was an American theoretical physicist renowned for his contributions to quantum mechanics, quantum electrodynamics, and particle physics. He developed the path integral formulation of quantum mechanics and Feynman diagrams, a pictorial representation of particle interactions. Feynman shared the 1965 Nobel Prize in Physics with Julian Schwinger and Shin'ichirō Tomonaga for his work on quantum electrodynamics. Beyond his research, Feynman was a celebrated educator and communicator, known for his engaging lectures and popular science books, making complex topics accessible to a broad audience. He held the Richard Chace Tolman professorship in theoretical physics at the California Institute of Technology. Feynman also participated in the Manhattan Project during World War II.",
        "@language": "en"
      },
      "additionalType": "CitedAuthor"
    },
    {
      "name": "Brandon Carter",
      "@type": "Person",
      "identifier": "A2",
      "affiliation": {
        "name": "Laboratoire Univers et Théories, CNRS",
        "@type": "Organization"
      },
      "description": {
        "@value": "Brandon Carter, born in Australia in 1942, is a theoretical physicist renowned for his contributions to the study of black holes and for formulating the anthropic principle. He obtained his Ph.D. from Cambridge University in 1968 and later joined the Centre National de la Recherche Scientifique (CNRS) in France. Carter's work significantly advanced the understanding of black hole mechanics, including the no-hair theorem and the concept of tidal disruption events. His introduction of the anthropic principle in 1973 sparked considerable debate, positing that the observed universe must be compatible with the existence of intelligent observers. Carter's work has had a lasting impact on cosmology and astrophysics.",
        "@language": "en"
      },
      "additionalType": "CitedAuthor"
    },
    {
      "name": "Ilya Prigogine",
      "@type": "Person",
      "identifier": "A2",
      "affiliation": {
        "name": "Université Libre de Bruxelles; University of Texas at Austin",
        "@type": "Organization"
      },
      "description": {
        "@value": "Ilya Prigogine (1917-2003) was a Belgian physical chemist and Nobel laureate known for his work on dissipative structures, complex systems, and irreversibility. Born in Moscow, Russia, he later fled with his family and eventually settled in Belgium, becoming a Belgian citizen in 1949. He studied at the Université Libre de Bruxelles, earning his doctorate in 1941. Prigogine's key contributions include the theory of dissipative structures, which explains how systems far from equilibrium can self-organize. He was awarded the Nobel Prize in Chemistry in 1977 for his work in non-equilibrium thermodynamics. He held professorships at the Université Libre de Bruxelles and the University of Texas at Austin, where he founded the Center for Studies in Statistical Mechanics and Complex Systems.",
        "@language": "en"
      },
      "additionalType": "CitedAuthor"
    },
    {
      "name": "Freeman Dyson",
      "@type": "Person",
      "identifier": "A2",
      "affiliation": {
        "name": "Institute for Advanced Study, Princeton",
        "@type": "Organization"
      },
      "description": {
        "@value": "Freeman John Dyson (1923-2020) was a British-American theoretical physicist and mathematician renowned for his contributions to quantum field theory, astrophysics, random matrices, and nuclear physics. Dyson's work notably unified the quantum electrodynamics theories of Feynman, Schwinger, and Tomonaga. He served as a professor at the Institute for Advanced Study in Princeton for most of his career. Dyson explored diverse areas, including nuclear reactors, solid-state physics, ferromagnetism, and biology, seeking applications for mathematical elegance. He also speculated on the possibilities of extraterrestrial life, including the concept of the Dyson sphere. Dyson was a fellow of the American Physical Society, a member of the National Academy of Sciences, and a fellow of the Royal Society of London.",
        "@language": "en"
      },
      "additionalType": "CitedAuthor"
    },
    {
      "name": "Richard Dawid",
      "@type": "Person",
      "identifier": "A2",
      "affiliation": {
        "name": "Stockholm University",
        "@type": "Organization"
      },
      "description": {
        "@value": "Richard Dawid is a professor of philosophy of science at Stockholm University. He holds a PhD in theoretical physics from the University of Vienna. After working as a physicist at the TU Munich and the Lawrence Berkeley Laboratory, he transitioned to philosophy in 2000. Dawid's research focuses on the philosophical aspects of contemporary theories in high-energy physics and cosmology. He is known for his work on non-empirical theory confirmation, particularly in the context of string theory. His work also touches upon Everettian quantum mechanics, data analysis in high-energy physics, the philosophical impact of string dualities, the cosmological multiverse, and anthropic reasoning.",
        "@language": "en"
      },
      "additionalType": "CitedAuthor"
    },
    {
      "name": "Roger Penrose",
      "@type": "Person",
      "identifier": "A2",
      "affiliation": {
        "name": "University of Oxford",
        "@type": "Organization"
      },
      "description": {
        "@value": "Sir Roger Penrose, born on August 8, 1931, is an English mathematician, mathematical physicist, and philosopher of science. He is Emeritus Rouse Ball Professor of Mathematics at the University of Oxford and an emeritus fellow of Wadham College, Oxford. Penrose has made significant contributions to the mathematical physics of general relativity and cosmology. His work in the 1960s was a major influence behind the renaissance in general relativity and cosmology, leading to the current understanding of the Big Bang and black holes. Penrose is also known for his work on Penrose tiling, twistors, and his theories on consciousness. He shared the 1988 Wolf Prize in Physics with Stephen Hawking for their work on singularity theorems and the 2020 Nobel Prize in Physics for the discovery that black hole formation is a robust prediction of the general theory of relativity.",
        "@language": "en"
      },
      "additionalType": "CitedAuthor"
    },
    {
      "name": "Robert Wilson",
      "@type": "Person",
      "identifier": "A2",
      "affiliation": {
        "name": "Harvard-Smithsonian Center for Astrophysics",
        "@type": "Organization"
      },
      "description": {
        "@value": "Robert Woodrow Wilson (born January 10, 1936) is an American radio astronomer who, along with Arno Allan Penzias, discovered the cosmic microwave background radiation (CMB) in 1964. This discovery provided critical evidence supporting the Big Bang theory. Wilson and Penzias were awarded the Nobel Prize in Physics in 1978 for their groundbreaking work. Wilson's work at Bell Labs involved using a horn-shaped radio antenna to detect weak signals from space, leading to the accidental discovery of the CMB. He later became head of Bell's Radio Physics Research Department and, in 1994, joined the Harvard-Smithsonian Center for Astrophysics.",
        "@language": "en"
      },
      "additionalType": "CitedAuthor"
    },
    {
      "name": "Edwin Hubble",
      "@type": "Person",
      "identifier": "A2",
      "affiliation": {
        "name": "Mount Wilson Observatory",
        "@type": "Organization"
      },
      "description": {
        "@value": "Edwin Powell Hubble (1889-1953) was an American astronomer who revolutionized the field of extragalactic astronomy and observational cosmology. He earned a Bachelor of Science degree from the University of Chicago in 1910, focusing on mathematics, astronomy, and philosophy, and later studied jurisprudence at Oxford as a Rhodes Scholar. After a brief stint teaching, he obtained his Ph.D. in astronomy in 1921. Hubble's key contributions include establishing that many nebulae are galaxies beyond the Milky Way and formulating Hubble's Law, which states that galaxies are moving away from us with a speed proportional to their distance, indicating the expansion of the universe. He worked at the Mount Wilson Observatory and played a central role in the design of the Hale 200-inch Telescope.",
        "@language": "en"
      },
      "additionalType": "CitedAuthor"
    },
    {
      "name": "Arno Penzias",
      "@type": "Person",
      "identifier": "A2",
      "affiliation": {
        "name": "Bell Laboratories",
        "@type": "Organization"
      },
      "description": {
        "@value": "Arno Allan Penzias (1933-2024) was a German-born American physicist and radio astronomer. He is most known for his co-discovery of the cosmic microwave background radiation (CMB) with Robert Woodrow Wilson in 1964, a finding that strongly supported the Big Bang theory. For this discovery, Penzias and Wilson shared the 1978 Nobel Prize in Physics. Penzias earned a Ph.D. in physics from Columbia University in 1962 and then joined Bell Laboratories, where he spent 37 years, eventually becoming the chief scientist and vice president of research. Beyond the CMB, Penzias contributed to radio astronomy by detecting interstellar molecules and later transitioned to venture capital, advising on technology investments.",
        "@language": "en"
      },
      "additionalType": "CitedAuthor"
    },
    {
      "name": "Max Tegmark",
      "@type": "Person",
      "identifier": "A2",
      "affiliation": {
        "name": "Massachusetts Institute of Technology (MIT)",
        "@type": "Organization"
      },
      "description": {
        "@value": "Max Erik Tegmark, born on May 5, 1967, is a Swedish-American physicist, cosmologist, and machine learning researcher. He earned a B.Sc. in Physics from the Royal Institute of Technology and a B.A. in Economics from the Stockholm School of Economics before moving to the University of California, Berkeley, where he obtained an M.A. in 1992 and a Ph.D. in 1994. Currently, he is a professor at the Massachusetts Institute of Technology (MIT). Tegmark is also the scientific director of the Foundational Questions Institute and co-founder of the Future of Life Institute. His research spans precision cosmology, quantum foundations, and the physics of intelligence, focusing on both biological and artificial systems. He is known for his work on multiverse models and the mathematical universe hypothesis.",
        "@language": "en"
      },
      "additionalType": "CitedAuthor"
    },
    {
      "name": "Karl Popper",
      "@type": "Person",
      "identifier": "A2",
      "affiliation": {
        "name": "London School of Economics",
        "@type": "Organization"
      },
      "description": {
        "@value": "Sir Karl Raimund Popper (1902-1994) was an Austrian-British philosopher, academic, and social commentator, renowned as one of the 20th century's most influential philosophers of science. He is best known for his rejection of classical inductivist views on the scientific method, advocating instead for empirical falsification through his falsifiability criterion. Popper argued that a scientific theory can never be proven, but it can be falsified through decisive experiments. He championed critical rationalism, emphasizing the importance of testing theories to identify conditions under which they are false. Popper made significant contributions to the philosophy of science, political philosophy, and the defense of liberal democracy.",
        "@language": "en"
      },
      "additionalType": "CitedAuthor"
    },
    {
      "name": "John Barrow",
      "@type": "Person",
      "identifier": "A2",
      "affiliation": {
        "name": "University of Cambridge",
        "@type": "Organization"
      },
      "description": {
        "@value": "John David Barrow (1952-2020) was a British cosmologist, theoretical physicist, and mathematician renowned for his work on the anthropic principle and the fine-tuning of physical constants. He earned his doctorate in astrophysics from Oxford University in 1977. Barrow held positions at the University of Sussex and later became a professor at the University of Cambridge. He directed the Millennium Mathematics Project. Barrow's research spanned cosmology, general relativity, and the philosophy of science, resulting in over 550 peer-reviewed papers. He received the Templeton Prize in 2006 for his contributions to the dialogue between science and spirituality.",
        "@language": "en"
      },
      "additionalType": "CitedAuthor"
    },
    {
      "name": "Martin Rees",
      "@type": "Person",
      "identifier": "A2",
      "affiliation": {
        "name": "University of Cambridge",
        "@type": "Organization"
      },
      "description": {
        "@value": "Martin John Rees, Baron Rees of Ludlow, born on June 23, 1942, is a prominent British cosmologist and astrophysicist. He served as the Astronomer Royal from 1995 to 2025. Rees has held various distinguished positions, including Master of Trinity College, Cambridge (2004-2012), and President of the Royal Society (2005-2010). His research spans galaxy formation, cosmic jets, black holes, and gamma-ray bursts. Rees is also known for his work on the anthropic principle and the possibility of a multiverse. He has written extensively on existential risks facing humanity in the 21st century.",
        "@language": "en"
      },
      "additionalType": "CitedAuthor"
    },
    {
      "name": "Lee Smolin",
      "@type": "Person",
      "identifier": "A2",
      "affiliation": {
        "name": "Perimeter Institute for Theoretical Physics",
        "@type": "Organization"
      },
      "description": {
        "@value": "Lee Smolin, born on June 6, 1955, is an American theoretical physicist known for his work in quantum gravity and cosmology. He is a faculty member at the Perimeter Institute for Theoretical Physics and an adjunct professor at the University of Waterloo, as well as a member of the graduate faculty of the philosophy department at the University of Toronto. Smolin is a proponent of loop quantum gravity and has contributed to various approaches to quantum gravity, including causal dynamical triangulations. He is also known for his cosmological natural selection theory, applying Darwinian principles to cosmology. Smolin has written extensively on the philosophy of physics, particularly concerning the nature of time and the limitations of string theory.",
        "@language": "en"
      },
      "additionalType": "CitedAuthor"
    },
    {
      "name": "Alan Guth",
      "@type": "Person",
      "identifier": "A2",
      "affiliation": {
        "name": "Massachusetts Institute of Technology (MIT)",
        "@type": "Organization"
      },
      "description": {
        "@value": "Alan Harvey Guth, born on February 27, 1947, is an American theoretical physicist and cosmologist renowned for his pioneering work on cosmic inflation. He is the Victor Weisskopf Professor of Physics at the Massachusetts Institute of Technology (MIT). Guth proposed the inflationary universe model in 1980, suggesting a period of exponential expansion in the early universe to solve the horizon and flatness problems of the standard Big Bang theory. His research bridges elementary particle theory and the early universe, exploring the implications of particle physics for cosmology. Guth's work has significantly influenced our understanding of the universe's origins and evolution, earning him the 2014 Kavli Prize in Astrophysics.",
        "@language": "en"
      },
      "additionalType": "CitedAuthor"
    },
    {
      "name": "Don Page",
      "@type": "Person",
      "identifier": "A2",
      "affiliation": {
        "name": "University of Alberta",
        "@type": "Organization"
      },
      "description": {
        "@value": "Don Nelson Page, born on December 31, 1948, is an American-born Canadian theoretical physicist renowned for his work in quantum cosmology and theoretical gravitational physics. He earned his Ph.D. from Caltech in 1976 under the supervision of Kip Thorne and Stephen Hawking. Page's career includes positions at the University of Cambridge, Penn State University, and the University of Alberta, where he is currently a professor. His research focuses on understanding the universe within the framework of quantum theory, exploring topics such as the quantum state of the universe and the origin of its observed features. Page is also known for his contributions to the black hole information paradox, particularly the concept of the Page curve.",
        "@language": "en"
      },
      "additionalType": "CitedAuthor"
    },
    {
      "name": "Alberto D. Bolatto",
      "@type": "Person",
      "identifier": "A3",
      "additionalType": "CoAuthor"
    },
    {
      "name": "Robert B. Leighton",
      "@type": "Person",
      "identifier": "A3",
      "additionalType": "CoAuthor"
    },
    {
      "name": "Isabelle Stengers",
      "@type": "Person",
      "identifier": "A3",
      "additionalType": "CoAuthor"
    },
    {
      "name": "Wojciech H. Zurek",
      "@type": "Person",
      "identifier": "A3",
      "additionalType": "CoAuthor"
    },
    {
      "name": "Leonard Mlodinow",
      "@type": "Person",
      "identifier": "A3",
      "additionalType": "CoAuthor"
    },
    {
      "name": "Frank J. Tipler",
      "@type": "Person",
      "identifier": "A3",
      "additionalType": "CoAuthor"
    },
    {
      "name": "Bernard J. Carr",
      "@type": "Person",
      "identifier": "A3",
      "additionalType": "CoAuthor"
    },
    {
      "name": "Leopold Infeld",
      "@type": "Person",
      "identifier": "A3",
      "additionalType": "CoAuthor"
    },
    {
      "name": "Juan Pablo Paz",
      "@type": "Person",
      "identifier": "A3",
      "additionalType": "CoAuthor"
    },
    {
      "name": "P. Glansdorff",
      "@type": "Person",
      "identifier": "A3",
      "additionalType": "CoAuthor"
    },
    {
      "name": "Michele Mosca",
      "@type": "Person",
      "identifier": "A3",
      "additionalType": "CoAuthor"
    },
    {
      "name": "Shayan Majidy",
      "@type": "Person",
      "identifier": "A3",
      "additionalType": "CoAuthor"
    },
    {
      "name": "Matthew Sands",
      "@type": "Person",
      "identifier": "A3",
      "additionalType": "CoAuthor"
    },
    {
      "name": "Phillip Kaye",
      "@type": "Person",
      "identifier": "A3",
      "additionalType": "CoAuthor"
    },
    {
      "name": "Cesar Miquel",
      "@type": "Person",
      "identifier": "A3",
      "additionalType": "CoAuthor"
    },
    {
      "name": "Ruth Gregory",
      "@type": "Person",
      "identifier": "A3",
      "additionalType": "CoAuthor"
    },
    {
      "name": "Maohai Huang",
      "@type": "Person",
      "identifier": "A3",
      "additionalType": "CoAuthor"
    },
    {
      "name": "M. Ćirković",
      "@type": "Person",
      "identifier": "A3",
      "additionalType": "CoAuthor"
    },
    {
      "name": "Kento Osuga",
      "@type": "Person",
      "identifier": "A3",
      "additionalType": "CoAuthor"
    },
    {
      "name": "K. Jefferts",
      "@type": "Person",
      "identifier": "A3",
      "additionalType": "CoAuthor"
    },
    {
      "name": "T. M. Bania",
      "@type": "Person",
      "identifier": "A3",
      "additionalType": "CoAuthor"
    },
    {
      "name": "A. Żytkow",
      "@type": "Person",
      "identifier": "A3",
      "additionalType": "CoAuthor"
    },
    {
      "name": "P. Jordan",
      "@type": "Person",
      "identifier": "A3",
      "additionalType": "CoAuthor"
    },
    {
      "name": "M. Perry",
      "@type": "Person",
      "identifier": "A3",
      "additionalType": "CoAuthor"
    },
    {
      "name": "G. Kane",
      "@type": "Person",
      "identifier": "A3",
      "additionalType": "CoAuthor"
    },
    {
      "name": "M. Born",
      "@type": "Person",
      "identifier": "A3",
      "additionalType": "CoAuthor"
    },
    {
      "name": "et al.",
      "@type": "Person",
      "identifier": "A3",
      "additionalType": "CoAuthor"
    },
    {
      "name": "The theory of everything",
      "@type": "Book",
      "author": [
        {
          "name": "Stephen W. Hawking",
          "@type": "Person"
        }
      ],
      "publisher": {
        "name": "New Millennium Press",
        "@type": "Organization"
      },
      "identifier": "B1",
      "inLanguage": "en",
      "datePublished": "2002",
      "additionalType": "InspirationBook"
    },
    {
      "name": "A Brief History of Time",
      "@type": "Book",
      "genre": "[]",
      "author": [
        {
          "name": "Stephen W. Hawking",
          "@type": "Person"
        }
      ],
      "abstract": "A popular science book that explores the history of the universe, from the Big Bang to black holes, making complex concepts accessible to a general audience.",
      "publisher": {
        "name": "Bantam Books",
        "@type": "Organization"
      },
      "identifier": "B2",
      "datePublished": "1988",
      "additionalType": "AuthorOtherWork"
    },
    {
      "name": "The Universe in a Nutshell",
      "@type": "Book",
      "genre": "[]",
      "author": [
        {
          "name": "Stephen W. Hawking",
          "@type": "Person"
        }
      ],
      "abstract": "Hawking explores complex topics such as supergravity, quantum mechanics, string theory, and M-theory in an accessible way with the use of illustrations.",
      "publisher": {
        "name": "Bantam Books",
        "@type": "Organization"
      },
      "identifier": "B2",
      "datePublished": "2001",
      "additionalType": "AuthorOtherWork"
    },
    {
      "name": "Black Holes and Baby Universes and Other Essays",
      "@type": "Book",
      "genre": "[]",
      "author": [
        {
          "name": "Stephen W. Hawking",
          "@type": "Person"
        }
      ],
      "abstract": "A collection of essays by Stephen Hawking on various topics related to physics, cosmology, and his personal life.",
      "publisher": {
        "name": "Bantam Books",
        "@type": "Organization"
      },
      "identifier": "B2",
      "datePublished": "1993",
      "additionalType": "AuthorOtherWork"
    },
    {
      "name": "Gravitation in astrophysics, Cargese, 1986",
      "@type": "Book",
      "genre": "[]",
      "author": [
        {
          "name": "Brandon Carter",
          "@type": "Person"
        }
      ],
      "abstract": "Proceedings of a workshop",
      "publisher": {
        "name": "Plenum Press",
        "@type": "Organization"
      },
      "identifier": "B3",
      "datePublished": "1987",
      "additionalType": "CitedAuthorBook"
    },
    {
      "name": "The Open Society and Its Enemies",
      "@type": "Book",
      "genre": "[]",
      "author": [
        {
          "name": "Karl Popper",
          "@type": "Person"
        }
      ],
      "abstract": "A detailed criticism of historicism and totalitarianism, defending the principles of a democratic society. Popper penned his political masterpiece: The Open Society and Its Enemies: The Spell of the Totalitarian Style.",
      "publisher": {
        "name": "G. Routledge & Sons",
        "@type": "Organization"
      },
      "identifier": "B3",
      "datePublished": "1945",
      "additionalType": "CitedAuthorBook"
    },
    {
      "name": "Time Reborn: From the Crisis in Physics to the Future of the Universe",
      "@type": "Book",
      "genre": "[]",
      "author": [
        {
          "name": "Lee Smolin",
          "@type": "Person"
        }
      ],
      "abstract": "In this book, Smolin challenges the conventional notion of time in physics.",
      "identifier": "B3",
      "datePublished": "2013",
      "additionalType": "CitedAuthorBook"
    },
    {
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Stephen W. Hawking",
          "@type": "Person"
        }
      ],
      "abstract": "Hawking's work on singularities in collapsing stars and expanding universes contributed significantly to the understanding of black holes and the Big Bang theory.",
      "headline": "Singularities in Collapsing Stars and Expanding Universes",
      "isPartOf": {
        "name": "Proceedings of the Royal Society of London. Series A, Mathematical and Physical Sciences",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "Proceedings of the Royal Society of London. Series A, Mathematical and Physical Sciences",
        "@type": "Organization"
      },
      "identifier": "P1",
      "datePublished": "1966",
      "additionalType": "AuthorPaper"
    },
    {
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Stephen W. Hawking",
          "@type": "Person"
        }
      ],
      "abstract": "This paper presents Hawking's groundbreaking theory that black holes emit radiation, now known as Hawking radiation.",
      "headline": "Black hole explosions?",
      "isPartOf": {
        "name": "Nature",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "Nature",
        "@type": "Organization"
      },
      "identifier": "P1",
      "datePublished": "1974",
      "additionalType": "AuthorPaper"
    },
    {
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Stephen W. Hawking",
          "@type": "Person"
        }
      ],
      "abstract": "Hawking's research on the anisotropy of the universe explores the large-scale structure and evolution of the cosmos.",
      "headline": "The Anisotropy of the Universe at Large Times",
      "isPartOf": {
        "name": "Monthly Notices of the Royal Astronomical Society",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "Monthly Notices of the Royal Astronomical Society",
        "@type": "Organization"
      },
      "identifier": "P1",
      "datePublished": "1969",
      "additionalType": "AuthorPaper"
    },
    {
      "url": "https://arxiv.org/abs/2309.07465",
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Jaume de Haro",
          "@type": "Person"
        },
        {
          "name": "Shin'ichi Nojiri",
          "@type": "Person"
        },
        {
          "name": "S. D. Odintsov",
          "@type": "Person"
        },
        {
          "name": "V. K. Oikonomou",
          "@type": "Person"
        },
        {
          "name": "Supriya Pan",
          "@type": "Person"
        }
      ],
      "abstract": "This review provides an overview of cosmological theories constructed in the context of Einstein's General Relativity and modified gravity theories that may lead to finite-time cosmological singularities. It discusses various approaches suggested in the literature that could potentially prevent or mitigate finite-time singularities within the cosmological scenarios.",
      "headline": "Finite-time Cosmological Singularities and the Possible Fate of the Universe",
      "isPartOf": {
        "name": "arXiv",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "arXiv",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "2023",
      "additionalType": "RelatedPaper"
    },
    {
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Brandon Carter",
          "@type": "Person"
        }
      ],
      "abstract": "This paper discusses the global structure of the Kerr family of gravitational fields.",
      "headline": "Global structure of the Kerr family of gravitational fields",
      "isPartOf": {
        "name": "Physical Review",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "Physical Review",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "1968",
      "additionalType": "RelatedPaper"
    },
    {
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Brandon Carter",
          "@type": "Person"
        }
      ],
      "abstract": "This paper discusses the degrees of freedom of an axisymmetric black hole.",
      "headline": "An axisymmetric black hole has only two degrees of freedom",
      "isPartOf": {
        "name": "Physical Review Letters",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "Physical Review Letters",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "1971",
      "additionalType": "RelatedPaper"
    },
    {
      "url": "https://arxiv.org/abs/2205.12896",
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Stuart Kauffman",
          "@type": "Person"
        }
      ],
      "abstract": "This paper argues that the Anthropic Principle is testable and that its explanatory power is weak.",
      "headline": "The Anthropic Principle Is Testable And Appears Weak",
      "isPartOf": {
        "name": "arXiv",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "arXiv",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "2022",
      "additionalType": "RelatedPaper"
    },
    {
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Freeman Dyson",
          "@type": "Person"
        }
      ],
      "abstract": "Speculated that a technologically advanced extraterrestrial civilization might surround its native star with artificial structures to maximize the capture of the star's energy.",
      "headline": "Search for Artificial Stellar Sources of Infrared Radiation",
      "isPartOf": {
        "name": "Science",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "Science",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "1960",
      "additionalType": "RelatedPaper"
    },
    {
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Freeman Dyson",
          "@type": "Person"
        }
      ],
      "headline": "Energy in the Universe",
      "isPartOf": {
        "name": "Scientific American",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "Scientific American",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "1971",
      "additionalType": "RelatedPaper"
    },
    {
      "url": "https://space.mit.edu/home/tegmark/multiverse.pdf",
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Max Tegmark",
          "@type": "Person"
        }
      ],
      "abstract": "This article surveys physics theories involving parallel universes, which form a natural four-level hierarchy of multiverses allowing progressively greater diversity. Level I describes an infinite ergodic universe, Level II describes other thermalized regions with different physical constants, Level III describes other branches of the wavefunction, and Level IV describes other mathematical structures giving different fundamental equations of physics.",
      "headline": "Parallel Universes",
      "isPartOf": {
        "name": "Scientific American",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "Scientific American",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "2003",
      "additionalType": "RelatedPaper"
    },
    {
      "url": "https://arxiv.org/abs/1108.3080",
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Max Tegmark",
          "@type": "Person"
        }
      ],
      "abstract": "This paper analyzes cosmology assuming unitary quantum mechanics, using a tripartite partition into system, observer, and environment degrees of freedom. It generalizes the second law of thermodynamics, stating that the system's entropy can't decrease unless it interacts with the observer, and it can't increase unless it interacts with the environment. The paper argues that almost all sentient observers will find themselves in a post-inflationary low-entropy Hubble volume, solving the inflationary entropy problem.",
      "headline": "How unitary cosmology generalizes thermodynamics and solves the inflationary entropy problem",
      "identifier": "P2",
      "datePublished": "2012",
      "additionalType": "RelatedPaper"
    },
    {
      "url": "https://www.mdpi.com/1099-4300/27/9/983",
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Multiple Authors",
          "@type": "Person"
        }
      ],
      "abstract": "This paper reviews and compares prominent entropy definitions that have appeared in the last decade (2015–2024) and their applications to physiological signals. It adopts the PRISMA methodology for systematic literature reviews and presents statistical results on the number of citations for each method and the application domains.",
      "headline": "Review of Recent (2015–2024) Popular Entropy Definitions Applied to Physiological Signals",
      "isPartOf": {
        "name": "Entropy",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "Entropy",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "2025",
      "additionalType": "RelatedPaper"
    },
    {
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Karl Popper",
          "@type": "Person"
        }
      ],
      "abstract": "Popper's early work attempts to solve the problem of demarcation and offer a clear criterion that distinguishes scientific theories from metaphysical or mythological claims. Popper's falsificationist methodology holds that scientific theories are characterized by entailing predictions that future observations might reveal to be false.",
      "headline": "On the problem of demarcation between science and metaphysics",
      "isPartOf": {
        "name": "Conjectures and Refutations",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "Conjectures and Refutations",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "1963",
      "additionalType": "RelatedPaper"
    },
    {
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Karl Popper",
          "@type": "Person"
        }
      ],
      "abstract": "Popper worked on a variety of issues relating to the philosophy of science, including quantum mechanics, entropy, evolution, and the realism vs. anti-realism debate, along with the issues already mentioned. His major works from this period include “The Propensity Interpretation of Probability” (1959) and Conjectures and Refutations (1963).",
      "headline": "The Propensity Interpretation of Probability",
      "identifier": "P2",
      "datePublished": "1959",
      "additionalType": "RelatedPaper"
    },
    {
      "url": "https://philpapers.org/rec/DAWSRS",
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Richard Dawid",
          "@type": "Person"
        }
      ],
      "abstract": "String theory is often described as a theory that has a high potential to revolutionize our understanding of nature but that is empirically unconfirmed. The paper analyzes the implications of string theory for the debate on scientific realism. It is argued that the specific situation of string theory can offer new perspectives for the scientific realism debate. The paper focuses on the issue of underdetermination of theory choice and on the question of how to assess the viability of a theory.",
      "headline": "Scientific realism in string theory",
      "isPartOf": {
        "name": "Philosophy of Science",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "Philosophy of Science",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "2007",
      "additionalType": "RelatedPaper"
    },
    {
      "url": "https://arxiv.org/abs/hep-th/0407213",
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Lee Smolin",
          "@type": "Person"
        }
      ],
      "abstract": "The paper explains why the Anthropic Principle (AP) cannot yield any falsifiable predictions and proposes cosmological natural selection as a falsifiable multiverse theory.",
      "headline": "Scientific alternatives to the anthropic principle",
      "isPartOf": {
        "name": "arXiv",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "arXiv",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "2004",
      "additionalType": "RelatedPaper"
    },
    {
      "url": "https://medium.com/global-science-news/testing-the-anthropic-principle-a-critical-evaluation-of-cosmological-evidence-63490594caf1",
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Boris (Bruce) Kriger",
          "@type": "Person"
        }
      ],
      "abstract": "This paper examines the scientific potential of testing the Anthropic Principle through phenomena such as cosmic inflation, dark matter, and primordial gravitational waves.",
      "headline": "Testing the Anthropic Principle: A Critical Evaluation of Cosmological Evidence",
      "isPartOf": {
        "name": "GLOBAL SCIENCE NEWS",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "GLOBAL SCIENCE NEWS",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "2024",
      "additionalType": "RelatedPaper"
    },
    {
      "url": "https://vertexaisearch.cloud.google.com/grounding-api-redirect/AUZIYQFlRQJBplpEXuu0HUecLUM90KiAVIRNNav9iOd80-jFdJIrAY922Wf4cOOfbFyKlJdt9dCtx4uqIc7ZnRYUqBEXGbcNPSEu6RzZMIuNiyWlihAoZ5MMMn32qra5pJ51rrmBEw4ncvXeV49qtD2NXmrsO2CjqwZ8H7Jo9W-0uXTBEgA_-pyiEWoN1LRMnoEhMSDSXooJOw29DSMIPSSRNEKwF0Dr7t62sBkQuAc81Dj1cKZMN5Qz_IH76t-CqFHJyi84TFY=",
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "M. Ćirković",
          "@type": "Person"
        },
        {
          "name": "John D. Barrow",
          "@type": "Person"
        }
      ],
      "abstract": "The place of an anthropic argument in the discrimination between various cosmological models is to be reconsidered following the classic criticisms of Paul C. W. Davies and Frank J. Tipler. Different versions of the anthropic argument against cosmologies involving an infinite series of past events are analysed and applied to several instructive instances.",
      "headline": "The anthropic principle and the duration of the cosmological past",
      "isPartOf": {
        "name": "Astronomical & Astrophysical Transactions",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "Astronomical & Astrophysical Transactions",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "2004",
      "additionalType": "RelatedPaper"
    },
    {
      "url": "https://vertexaisearch.cloud.google.com/grounding-api-redirect/AUZIYQH_Zsk5Z3zLF0VYk7GDLf9AsU0raiXAM9qHNmtNi1gz4pQGZmKOFzTl9RT7dbgpsco3CZQvrYFhD11J4zbrYy5BYVmZBgfQlHCzBnAE2h-Df7nHAn5X_LbfcROyuBcCnlFYdcMh3aDSw85XEbaZA-cQDOiWwZsgl8MKfxXXfKWMVaO-8A8drz8hJMEQ0G-UVFtBnoblw2C__m06TMb2_6ALKmgqLBWuBV0tflJXr4eQUkYH7PskQjJuP6zQ0Iag50hPHCKlMSivkgc=",
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "G. Kane",
          "@type": "Person"
        },
        {
          "name": "M. Perry",
          "@type": "Person"
        },
        {
          "name": "A. Żytkow",
          "@type": "Person"
        },
        {
          "name": "John D. Barrow",
          "@type": "Person"
        }
      ],
      "headline": "The beginning of the end of the anthropic principle",
      "isPartOf": {
        "name": "New Astronomy",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "New Astronomy",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "2000",
      "additionalType": "RelatedPaper"
    },
    {
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Albert Einstein",
          "@type": "Person"
        }
      ],
      "abstract": "This paper applies general relativity to the universe, laying the foundations for modern theories of the universe.",
      "headline": "Cosmological Considerations in the General Theory of Relativity",
      "isPartOf": {
        "name": "Preussische Akademie der Wissenschaften",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "Preussische Akademie der Wissenschaften",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "1917",
      "additionalType": "RelatedPaper"
    },
    {
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Albert Einstein",
          "@type": "Person"
        }
      ],
      "abstract": "In this paper, Einstein proposes a cosmic model in which the universe undergoes an expansion followed by a contraction, quite different to the monotonically expanding Einstein-de Sitter model of 1932.",
      "headline": "Zum kosmologischen Problem der allgemeinen Relativitätstheorie",
      "identifier": "P2",
      "datePublished": "1931",
      "additionalType": "RelatedPaper"
    },
    {
      "url": "https://www.researchgate.net/publication/355185388_Translation_of_Ludwig_Boltzmann's_Paper_On_the_Relationship_between_the_Second_Fundamental_Theorem_of_the_Mechanical_Theory_of_Heat_and_Probability_Calculations_Regarding_the_Conditions_for_Thermal_Equilibrium_Sitzungberichte_der_Kaiserlichen_Akademie_der_Wissenschaften_Mathematisch-Naturwissen_Classe_Abt_II_LXXVI_1877_pp_373-435_Wien_Ber_1877_76373-435",
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Ludwig Boltzmann",
          "@type": "Person"
        }
      ],
      "abstract": "In this seminal paper, Boltzmann demonstrated that entropy (S) is proportional to the logarithm of the number of microstates (Ω) corresponding to a given macrostate, formalized as S ∝ ln Ω. This groundbreaking insight bridged thermodynamics with mechanics by linking the thermodynamic property of entropy to the combinatorial multiplicity of molecular configurations.",
      "headline": "On the Relationship between the Second Fundamental Theorem of the Mechanical Theory of Heat and Probability Calculations Regarding the Conditions for Thermal Equilibrium",
      "isPartOf": {
        "name": "Sitzungberichte der Kaiserlichen Akademie der Wissenschaften",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "Sitzungberichte der Kaiserlichen Akademie der Wissenschaften",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "1877",
      "additionalType": "RelatedPaper"
    },
    {
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Ludwig Boltzmann",
          "@type": "Person"
        }
      ],
      "abstract": "In this influential paper, Boltzmann introduced groundbreaking concepts such as the transport equation that bears his name and the statistical interpretation of entropy. His incorporation of probabilistic reasoning into physics revolutionized our comprehension of thermodynamics, entropy, and transport theory and provided insights into the second law of thermodynamics, which is central to modern physics, facilitating subsequent scientific advancements that continue to shape the various disciplines.",
      "headline": "Weitere Studien über das Wärmegleichgewicht unter Gasmolekülen",
      "isPartOf": {
        "name": "Kaiserlichen Akademie der Wissenschaften",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "Kaiserlichen Akademie der Wissenschaften",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "1872",
      "additionalType": "RelatedPaper"
    },
    {
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Ilya Prigogine",
          "@type": "Person"
        }
      ],
      "abstract": "This work likely explores statistical mechanics in systems not in equilibrium.",
      "headline": "Non-equilibrium statistical mechanics",
      "isPartOf": {
        "name": "Interscience Publishers",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "Interscience Publishers",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "1962",
      "additionalType": "RelatedPaper"
    },
    {
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "P. Glansdorff",
          "@type": "Person"
        },
        {
          "name": "I. Prigogine",
          "@type": "Person"
        }
      ],
      "abstract": "This paper likely discusses the thermodynamic theory behind structure, stability, and fluctuations in systems.",
      "headline": "Thermodynamic theory of structure, stability and fluctuations",
      "isPartOf": {
        "name": "Wiley",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "Wiley",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "1971",
      "additionalType": "RelatedPaper"
    },
    {
      "url": "https://www.pnas.org/doi/pdf/10.1073/pnas.15.3.168",
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Edwin Hubble",
          "@type": "Person"
        }
      ],
      "abstract": "This paper presents the evidence for the expanding universe, showing that galaxies recede from us in all directions and more distant ones recede more rapidly.",
      "headline": "A relation between distance and radial velocity among extra-galactic nebulae",
      "isPartOf": {
        "name": "Proceedings of the National Academy of Sciences",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "Proceedings of the National Academy of Sciences",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "1929",
      "additionalType": "RelatedPaper"
    },
    {
      "url": "https://arxiv.org/abs/2512.17116",
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Javiera Rey",
          "@type": "Person"
        },
        {
          "name": "Eleonora Di Valentino",
          "@type": "Person"
        },
        {
          "name": "Olga Mena",
          "@type": "Person"
        }
      ],
      "abstract": "We investigate the observational tests of generalized mass-to-horizon entropic cosmology by incorporating large-scale structure growth data in addition to purely geometric probes.",
      "headline": "Mass-to-Horizon Entropic Cosmology: A Unified Thermodynamic Pathway to Cosmic Acceleration",
      "isPartOf": {
        "name": "arXiv",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "arXiv",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "2025",
      "additionalType": "RelatedPaper"
    },
    {
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Don N. Page",
          "@type": "Person"
        }
      ],
      "headline": "Will Entropy Decrease if the Universe Recollapses?",
      "isPartOf": {
        "name": "Phys. Rev. D",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "Phys. Rev. D",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "1985",
      "additionalType": "RelatedPaper"
    },
    {
      "url": "https://arxiv.org/abs/1906.09273",
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Kento Osuga",
          "@type": "Person"
        },
        {
          "name": "Don N. Page",
          "@type": "Person"
        }
      ],
      "headline": "Harmony for 2-Qubit Entanglement",
      "identifier": "P2",
      "datePublished": "2019",
      "additionalType": "RelatedPaper"
    },
    {
      "url": "https://vertexaisearch.cloud.google.com/grounding-api-redirect/AUZIYQGqPw69WKBq-w3RBvVaQFxtfa0rhCpjfKmEb_l1WxYOrrBEw2_4XFEnJR30FMP_8hdfG1CG-A7Zk4aHvag5SWpIfxSaOS28S_CHW38xsKWTL4EJ62gF5mql8K_U",
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "S. Nojiri",
          "@type": "Person"
        },
        {
          "name": "S. Odintsov",
          "@type": "Person"
        },
        {
          "name": "Tanmoy Paul",
          "@type": "Person"
        }
      ],
      "abstract": "This paper reviews recent developments in entropic cosmology based on the first and second laws of thermodynamics applied to the apparent horizon.",
      "headline": "Different aspects of entropic cosmology",
      "isPartOf": {
        "name": "arXiv",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "arXiv",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "2024",
      "additionalType": "RelatedPaper"
    },
    {
      "url": "https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.77.198",
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Raymond Laflamme",
          "@type": "Person"
        },
        {
          "name": "Cesar Miquel",
          "@type": "Person"
        },
        {
          "name": "Juan Pablo Paz",
          "@type": "Person"
        },
        {
          "name": "Wojciech H. Zurek",
          "@type": "Person"
        }
      ],
      "abstract": "A simple quantum error-correcting code that can correct an arbitrary error on a single qubit is presented. The code is perfect in the sense that it achieves the quantum Hamming bound.",
      "headline": "Perfect quantum error-correcting code",
      "isPartOf": {
        "name": "Physical Review Letters",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "Physical Review Letters",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "1996",
      "additionalType": "RelatedPaper"
    },
    {
      "url": "https://www.sciencedirect.com/science/article/abs/pii/0550321394902062",
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Ruth Gregory",
          "@type": "Person"
        },
        {
          "name": "Raymond Laflamme",
          "@type": "Person"
        }
      ],
      "abstract": "The stability of charged black strings and p-branes is investigated. We find that near extremal black strings are unstable to linear perturbations, similar to the uncharged case. We also show that the instability persists for charged p-branes.",
      "headline": "The Instability of Charged Black Strings and p-Branes",
      "isPartOf": {
        "name": "Nuclear Physics B",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "Nuclear Physics B",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "1994",
      "additionalType": "RelatedPaper"
    },
    {
      "url": "https://journals.aps.org/pra/abstract/10.1103/PhysRevA.95.032305",
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "D. Su",
          "@type": "Person"
        },
        {
          "name": "S. Bravyi",
          "@type": "Person"
        },
        {
          "name": "J. M. Chow",
          "@type": "Person"
        },
        {
          "name": "R. de Sousa",
          "@type": "Person"
        },
        {
          "name": "A. D. Corcoles",
          "@type": "Person"
        }
      ],
      "abstract": "We propose a hybrid quantum-classical algorithm to solve computationally hard problems using a quantum processor with a small number of qubits. The key idea is to encode a large amount of classical data into a high-dimensional quantum state. We show that even a noisy quantum processor can outperform the best-known classical algorithms.",
      "headline": "Quantum computational advantage via high-dimensional encoding",
      "isPartOf": {
        "name": "Physical Review A",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "Physical Review A",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "2017",
      "additionalType": "RelatedPaper"
    },
    {
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "A. Friedmann",
          "@type": "Person"
        }
      ],
      "abstract": "In this paper, Friedmann demonstrated that Einstein's general theory of relativity admits nonstatic solutions, describing a cosmos that expands, contracts, collapses, and might even have been born in a singularity.",
      "headline": "Über die Krümmung des Raumes",
      "isPartOf": {
        "name": "Zeitschrift für Physik",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "Zeitschrift für Physik",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "1922",
      "additionalType": "RelatedPaper"
    },
    {
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "A. Friedmann",
          "@type": "Person"
        }
      ],
      "abstract": "Demonstrated all three Friedmann models describing positive, zero and negative curvature respectively, a decade before Robertson and Walker published their analysis.",
      "headline": "Über die Möglichkeit einer Welt mit konstanter negativer Krümmung des Raumes",
      "isPartOf": {
        "name": "Zeitschrift für Physik",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "Zeitschrift für Physik",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "1924",
      "additionalType": "RelatedPaper"
    },
    {
      "url": "https://arxiv.org/abs/2502.12165",
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "S. I. Kruglov",
          "@type": "Person"
        }
      ],
      "abstract": "Considers new nonadditive entropy of the apparent horizon S_K=S_{BH}/(1+\\gamma S_{BH}) with S_{BH} being the Bekenstein--Hawking entropy. This is an alternative of the Rényi and Tsallis entropies, that allows us, by utilising the holographic principle, to develop entropic (holographic) dark energy.",
      "headline": "New entropy, thermodynamics of apparent horizon and cosmology",
      "isPartOf": {
        "name": "arXiv",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "arXiv",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "2025",
      "additionalType": "RelatedPaper"
    },
    {
      "url": "https://vertexaisearch.cloud.google.com/grounding-api-redirect/AUZIYQEGIyPhK85bwPKPNdAEECrN5ATQaqaztExpV_6xFfOv1gaab1tSapayZNGwn44oh3bJPConcWg8QMTXoQ5xcADAWsHzXPBhuJyqm2ZnUXlrScLP2eb0NrA-bJgiNYBabvfcthyYzp4cbB1S0jkVrxBjYYn5G3jK_rhuZB53-uchHR6R4Er9ULTW2VJd6sEhAozNOw91Qv75zcoEg2CzSz-_A2Bp4jwUDblcPmMhFFdrQyKjH5Z08ubNhn6vB4C-",
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Roger Penrose",
          "@type": "Person"
        }
      ],
      "abstract": "Penrose proves that singularities (such as black holes) occur after the collapse of massive stars, which is essential for the modern understanding of black holes and general relativity, with profound implications for the Big Bang Model.",
      "headline": "Gravitational Collapse and Space-Time Singularities",
      "isPartOf": {
        "name": "Physical Review Letters",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "Physical Review Letters",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "1965",
      "additionalType": "RelatedPaper"
    },
    {
      "url": "https://vertexaisearch.cloud.google.com/grounding-api-redirect/AUZIYQFOJcwTt097Pmc1K7l1AkX1_qd_Tz6byImOuhboGqrbHjbUgMJVl4pgUM22fmQMbdS7OSkerJ5Jd_O0UpGyOPXez7bjydqWcIQHBoUeKkXwF1LrVOI81UZeIt6aaTb-1VPYsTdVLFnlc99S3OI-j5Bk5xg3urj6CQ==",
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "R. Penrose",
          "@type": "Person"
        }
      ],
      "abstract": "Penrose discusses the inevitability of singularities in the general theory of relativity and their relation to the arrow of time. He suggests that the structure of spacetime singularities contains the key to the solution to the origin of the arrow of time.",
      "headline": "Singularities and time-asymmetry",
      "isPartOf": {
        "name": "LSE",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "LSE",
        "@type": "Organization"
      },
      "identifier": "P2",
      "additionalType": "RelatedPaper"
    },
    {
      "url": "https://arxiv.org/abs/2309.08954",
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Oem Trivedi",
          "@type": "Person"
        }
      ],
      "abstract": "This review discusses recent developments in the field of cosmological singularities, including different forms of singularities and methods to avoid or moderate them. It explores how these singularities occur in non-conventional cosmologies and presents a dynamical systems approach to deal with them.",
      "headline": "Recent advances in cosmological singularities",
      "isPartOf": {
        "name": "Symmetry",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "Symmetry",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "2023",
      "additionalType": "RelatedPaper"
    },
    {
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "A. A. Penzias",
          "@type": "Person"
        },
        {
          "name": "R. W. Wilson",
          "@type": "Person"
        }
      ],
      "abstract": "Penzias and Wilson published a paper announcing their findings. Their discovery of the cosmic background radiation at the Bell Telephone Laboratories, for which they received the 1978 Nobel Prize in Physics, started a new field of precision cosmology.",
      "headline": "A Measurement of Excess Antenna Temperature at 4080 Mc/s",
      "isPartOf": {
        "name": "Astrophysical Journal",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "Astrophysical Journal",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "1965",
      "additionalType": "RelatedPaper"
    },
    {
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "R. W. Wilson",
          "@type": "Person"
        },
        {
          "name": "K. Jefferts",
          "@type": "Person"
        },
        {
          "name": "A. A. Penzias",
          "@type": "Person"
        }
      ],
      "abstract": "Penzias and Wilson joined by Keith Jefferts made the first detection of the millimeter-wave radiation from interstellar carbon monoxide, thus opening another new field of research—radio spectroscopy and interstellar chemistry.",
      "headline": "Carbon monoxide in the Orion Nebula",
      "isPartOf": {
        "name": "Astrophysical Journal",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "Astrophysical Journal",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "1970",
      "additionalType": "RelatedPaper"
    },
    {
      "url": "https://vertexaisearch.cloud.google.com/grounding-api-redirect/AUZIYQHr8q3YRGSraTI2IoW9CbG2P6aPGYbwrUh0nxKeXje83CRahZ3-EzTSAQmQs6csYjohWKzdyHn_W8e13TFnFUc0IS4MRABIYQb2iG-0dv8nw2dCzqcYV9UwF3gvTZ5vGHUFccP4Ll5oTpzjbs3C3lH-UryHJ6YhCLpYWm0HTVArT1P58B4IREnT",
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Maohai Huang",
          "@type": "Person"
        },
        {
          "name": "T. M. Bania",
          "@type": "Person"
        },
        {
          "name": "Alberto D. Bolatto",
          "@type": "Person"
        },
        {
          "name": "Robert W. Wilson",
          "@type": "Person"
        },
        {
          "name": "et al.",
          "@type": "Person"
        }
      ],
      "abstract": "We report observations of atomic carbon (C I [3P1→3P0]) for a sample of 49 southern hemisphere H II regions using the Antarctic Submillimeter Telescope and Remote Observatory. The sources are compact and isolated members of the Wilson et al. H109alpha radio recombination line (RRL) catalog. The fourth Galactic quadrant is well covered by the sample. Atomic carbon emission is detected toward all of the regions, with multiple C I emission components found toward most sources. The RRL velocity is used to identify the C I emission associated with the H II region.",
      "headline": "Atomic Carbon Observations of Southern Hemisphere H II Regions",
      "isPartOf": {
        "name": "The Astrophysical Journal",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "The Astrophysical Journal",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "2009",
      "additionalType": "RelatedPaper"
    },
    {
      "url": "https://vertexaisearch.cloud.google.com/grounding-api-redirect/AUZIYQGfr4S48vCZgyuQLpB6nTkDDS6eRUsd3KMuboFH5qHFacK-2Kz_gLZ7ouIjH_RyTQ_o6cBkOzm3mzCAxNE06evvRzzT0Px0IJ4ywhW1ADjg0dWdDhVeQvLA30r3",
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Andreas Albrecht",
          "@type": "Person"
        },
        {
          "name": "Arthur Hebecker",
          "@type": "Person"
        },
        {
          "name": "Joao Pedro Pinto-Neto",
          "@type": "Person"
        },
        {
          "name": "Lucas Pinheiro",
          "@type": "Person"
        },
        {
          "name": "Marco Schillo",
          "@type": "Person"
        }
      ],
      "abstract": "We provide a simple extension of the no boundary proposal for the case that we observe only a finite region of the universe, and we trace out over the rest of the universe. For this reason, it is naturally a proposal for the density matrix for the observable region of the universe. The process that traces out the unobserved region of the universe imposes an effective boundary condition that implies that we can forget about the unobserved region. In a sense, we can think of these boundary conditions as another “no-boundary”.",
      "headline": "Tracing Out the Universe: No Boundary Condition for the Density Matrix",
      "isPartOf": {
        "name": "arXiv",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "arXiv",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "2024",
      "additionalType": "RelatedPaper"
    },
    {
      "url": "https://api.semanticscholar.org/CorpusID:4363262",
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Bernard J. Carr",
          "@type": "Person"
        },
        {
          "name": "Martin J. Rees",
          "@type": "Person"
        }
      ],
      "headline": "The anthropic principle and the structure of the physical world",
      "isPartOf": {
        "name": "Nature",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "Nature",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "1979",
      "additionalType": "RelatedPaper"
    },
    {
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Martin Rees",
          "@type": "Person"
        }
      ],
      "headline": "Cosmology and High Energy Astrophysics: A 50 year Perspective on Personality, Progress, and Prospects",
      "isPartOf": {
        "name": "Annual Review of Astronomy and Astrophysics",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "Annual Review of Astronomy and Astrophysics",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "2022",
      "additionalType": "RelatedPaper"
    },
    {
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Richard Feynman",
          "@type": "Person"
        }
      ],
      "abstract": "This paper introduces the path integral formulation of quantum mechanics. It presents an alternative approach to quantum mechanics using the principle of least action.",
      "headline": "Space-Time Approach to Non-Relativistic Quantum Mechanics",
      "isPartOf": {
        "name": "Reviews of Modern Physics",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "Reviews of Modern Physics",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "1948",
      "additionalType": "RelatedPaper"
    },
    {
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Richard Feynman",
          "@type": "Person"
        }
      ],
      "abstract": "This paper discusses the behavior of positrons as electrons moving backward in time. It contributes to the understanding of quantum electrodynamics.",
      "headline": "The Theory of Positrons",
      "isPartOf": {
        "name": "Physical Review",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "Physical Review",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "1949",
      "additionalType": "RelatedPaper"
    },
    {
      "url": "https://vertexaisearch.cloud.google.com/grounding-api-redirect/AUZIYQFXJh1l2-pD15LJGpd0V0UAc-xnxzTTrwazE_nLG6i1wzqrI-oPrs64jZaM7d6rwtUlPkHdeUZqcXuhulI4GMRLzg3iGYHNod102MJ2Bg8OyvzpDx159N6-1bXeg-cHc7gigMIpvoe03wxec4x-e4kn7aq8i8bSIUn2YxxUlzp8HekRmDP0peiUj8bby0SDb48J0sbY6Y-rt7ENH0wG5KBP0LY-UYghrNBGZztS56T8ndqRTruVrLLnld1OFuHj1z6k8tBtLqqGr0glEDUrlstL8IGqnV_LttYMWq8HU-7lfag-u8ei9Y1D_ruHcdh9oaT9Sw_eVjpTaemLpqXDfw6WSYQP",
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Wen-Xiang Chen",
          "@type": "Person"
        }
      ],
      "abstract": "This paper analyzes how the requirement of imaginary numbers in quantum theory and the postulates of relativity together imply the existence of a one-way time axis associated with the imaginary direction. It reviews the role of imaginary time in relativistic geometry and quantum dynamics, discusses the thermodynamic arrow of time and its link to entropy increase.",
      "headline": "Imaginary Time and the Arrow of Time: Interplay Between Relativity and Quantum Mechanics",
      "identifier": "P2",
      "datePublished": "2025",
      "additionalType": "RelatedPaper"
    },
    {
      "url": "https://vertexaisearch.cloud.google.com/grounding-api-redirect/AUZIYQF9sQdtfVCjlO2vXJZgvhmhg9WsgjIfEmmWgYNHRcGsGAraoQ_M5W9ye2AAUB5l-q-Pzy7wtB1wh-bp11X5hOainqrtiNLk2bmGbgczY8p1ojvHv4uLPkUHe6ZY-rLw5Ci4cyvUVjVTdblVJE19-RSkaWtSBtmEaCZi_FLhcETxtERy1LA3LjtwewccX6t6UhVtiuO7EKPVwjmTEQSstbfJGQfn1OZL8byEg0NSQJmz",
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Alan H. Guth",
          "@type": "Person"
        }
      ],
      "abstract": "The standard model of hot big-bang cosmology requires initial conditions which are problematic in two ways: (1) The early universe is assumed to be highly homogeneous, in spite of the fact that separated regions were causally disconnected (horizon problem); and (2) the initial value of the Hubble constant must be fine tuned to extraordinary accuracy to produce a universe as flat (i.e., near critical mass density) as the one we see today (flatness problem).",
      "headline": "Inflationary universe: A possible solution to the horizon and flatness problems",
      "isPartOf": {
        "name": "Physical Review D",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "Physical Review D",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "1981",
      "additionalType": "RelatedPaper"
    },
    {
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "Werner Heisenberg",
          "@type": "Person"
        }
      ],
      "abstract": "This paper introduced a new way of understanding quantum mechanics.",
      "headline": "Quantum-mechanical reinterpretation of kinematic and mechanical relations",
      "isPartOf": {
        "name": "Zeitschrift für Physik",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "Zeitschrift für Physik",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "1925",
      "additionalType": "RelatedPaper"
    },
    {
      "@type": "ScholarlyArticle",
      "author": [
        {
          "name": "M. Born",
          "@type": "Person"
        },
        {
          "name": "W. Heisenberg",
          "@type": "Person"
        },
        {
          "name": "P. Jordan",
          "@type": "Person"
        }
      ],
      "abstract": "Further developments in quantum mechanics.",
      "headline": "Zur Quantenmechanik",
      "isPartOf": {
        "name": "Zeitschrift für Physik",
        "@type": "Periodical"
      },
      "publisher": {
        "name": "Zeitschrift für Physik",
        "@type": "Organization"
      },
      "identifier": "P2",
      "datePublished": "1926",
      "additionalType": "RelatedPaper"
    }
  ],
  "headline": "The Anthropic Principle and the Arrow of Time in Hawking's Cosmology",
  "keywords": "[\"anthropic principle\",\"arrows of time\",\"Hawking's cosmology\",\"multiverse\",\"entropy\",\"singularity\",\"Big Bang\",\"string theory\",\"event horizon\",\"physical constants\",\"quantum mechanics\",\"general theory of relativity\",\"expansion of the universe\",\"epistemology\",\"disorder\"]",
  "publisher": {
    "url": "https://dobrepanstwo.org",
    "logo": {
      "url": "https://dobrepanstwo.org/logo.png",
      "@type": "ImageObject"
    },
    "name": "Fundacja Dobre Państwo",
    "@type": "Organization"
  },
  "inLanguage": [
    "en-US",
    "pl-PL"
  ],
  "description": "Explore the fascinating anthropic principle and the arrow of time in Hawking's cosmology. Discover why the universe supports life. Read and delve into the secrets...",
  "dateModified": "2026-01-06",
  "datePublished": "2026-01-06",
  "sourceOrganization": [
    {
      "url": "https://scholar.google.com",
      "name": "Google Scholar",
      "@type": "WebSite",
      "usedFor": "Author biographies, scholarly articles, citation data",
      "description": "Academic database for scholarly articles and author citations"
    },
    {
      "url": "https://books.google.com",
      "name": "Google Books",
      "@type": "WebSite",
      "usedFor": "Book enrichment, ISBN verification, cover images, descriptions",
      "description": "Digital library for book metadata and previews"
    },
    {
      "url": "https://www.perplexity.ai",
      "name": "Perplexity AI",
      "@type": "WebSite",
      "usedFor": "Enhanced biographical research (bilingual EN/PL)",
      "description": "AI-powered research assistant"
    },
    {
      "url": "https://isbndb.com",
      "name": "ISBNdb",
      "@type": "WebSite",
      "usedFor": "Book metadata enrichment, publisher verification",
      "description": "Comprehensive ISBN database"
    }
  ]
}


[
  {
    "name": "Stephen W. Hawking",
    "@type": "Person",
    "identifier": "A1",
    "affiliation": {
      "name": "University of Cambridge",
      "@type": "Organization"
    },
    "description": {
      "@value": "Stephen Hawking (1942-2018) was a British theoretical physicist and cosmologist. He made significant contributions to understanding black holes and the Big Bang. Hawking was the Lucasian Professor of Mathematics at Cambridge, and authored popular science books like 'A Brief History of Time'.",
      "@language": "en"
    },
    "additionalType": "InspirationAuthor",
    "description_pl": {
      "@value": "Stephen Hawking (1942-2018) był brytyjskim fizykiem teoretycznym i kosmologiem. Wniósł znaczący wkład w zrozumienie czarnych dziur i Wielkiego Wybuchu. Hawking był profesorem matematyki im. Lucasa na Uniwersytecie Cambridge i autorem książek popularnonaukowych, takich jak „Krótka historia czasu”.",
      "@language": "pl"
    }
  },
  {
    "name": "Aleksander Friedmann",
    "@type": "Person",
    "identifier": "A2",
    "affiliation": {
      "name": "Main Geophysical Observatory",
      "@type": "Organization"
    },
    "description": {
      "@value": "Aleksander Aleksandrovich Friedmann (1888-1925) was a Russian and Soviet physicist and mathematician who made groundbreaking contributions to cosmology. He is best known for his pioneering theory of the expanding universe, which he developed from Einstein's field equations of general relativity. His work provided the theoretical foundation for both the Big Bang and Steady State theories. Friedmann's equations, which describe the expansion of the universe, are fundamental to modern cosmology. Despite initial resistance from Einstein, Friedmann's ideas were later recognized as correct and crucial to understanding the universe's evolution. He also made contributions to meteorology and aerodynamics.",
      "@language": "en"
    },
    "additionalType": "CitedAuthor"
  },
  {
    "name": "Werner Heisenberg",
    "@type": "Person",
    "identifier": "A2",
    "affiliation": {
      "name": "University of Leipzig; University of Berlin; University of Munich",
      "@type": "Organization"
    },
    "description": {
      "@value": "Werner Karl Heisenberg (1901-1976) was a German theoretical physicist and one of the key pioneers of quantum mechanics. He is best known for the uncertainty principle, articulated in 1927, which states that the position and velocity of an object cannot both be measured exactly at the same time. Heisenberg received the Nobel Prize in Physics in 1932 for the creation of quantum mechanics. He also made contributions to nuclear physics, ferromagnetism, cosmic rays, and subatomic particles. During World War II, he was involved in Germany's nuclear research efforts.",
      "@language": "en"
    },
    "additionalType": "CitedAuthor"
  },
  {
    "name": "Mikołaj Kopernik",
    "@type": "Person",
    "identifier": "A2",
    "affiliation": {
      "name": "Canon of Frombork Cathedral",
      "@type": "Organization"
    },
    "description": {
      "@value": "Mikołaj Kopernik, also known as Nicolaus Copernicus, was a Polish astronomer and mathematician who revolutionized scientific thought with his heliocentric theory. Born in Toruń, Poland, in 1473, he studied at the University of Kraków and later in Italy, focusing on canon law, medicine, and astronomy. He proposed that the planets, including Earth, revolve around the Sun, challenging the long-held geocentric view. His major work, *De revolutionibus orbium coelestium* (On the Revolutions of the Heavenly Spheres), published in 1543, presented mathematical proofs for this heliocentric model. Kopernik's work marked a turning point in the history of science, initiating what is known as the Copernican Revolution. He died in Frombork in 1543.",
      "@language": "en"
    },
    "additionalType": "CitedAuthor"
  },
  {
    "name": "Ludwig Boltzmann",
    "@type": "Person",
    "identifier": "A2",
    "affiliation": {
      "name": "University of Vienna",
      "@type": "Organization"
    },
    "description": {
      "@value": "Ludwig Eduard Boltzmann (1844-1906) was an Austrian physicist and philosopher renowned for his groundbreaking contributions to statistical mechanics and thermodynamics. He is best known for his statistical interpretation of the second law of thermodynamics and the development of the Boltzmann equation, which describes the statistical behavior of gases. Boltzmann's work established a crucial link between the microscopic properties of atoms and the macroscopic properties of matter, explaining how the behavior of atoms determines visible properties such as viscosity and thermal conductivity. His formulation of entropy, expressed as S = k logW, where S is entropy, k is the Boltzmann constant, and W is the number of microstates, is engraved on his tombstone. Despite facing criticism during his lifetime, Boltzmann's work laid the foundation for modern physics and continues to influence scientific thought.",
      "@language": "en"
    },
    "additionalType": "CitedAuthor"
  },
  {
    "name": "Raymond Laflamme",
    "@type": "Person",
    "identifier": "A2",
    "affiliation": {
      "name": "University of Waterloo",
      "@type": "Organization"
    },
    "description": {
      "@value": "Raymond Julien Joseph Laflamme (1960-2025) was a Canadian theoretical physicist renowned for his significant contributions to quantum information science and for establishing the Institute for Quantum Computing (IQC) at the University of Waterloo. He earned his PhD at the University of Cambridge under Stephen Hawking, initially focusing on quantum cosmology and the arrow of time. Laflamme's research later shifted to quantum computing, where he pioneered theoretical and experimental approaches to quantum information processing and quantum error correction. His work was instrumental in demonstrating the possibility of fault-tolerant quantum computation. He held positions at Los Alamos National Laboratory, the University of Waterloo, and the Perimeter Institute for Theoretical Physics.",
      "@language": "en"
    },
    "additionalType": "CitedAuthor"
  },
  {
    "name": "Albert Einstein",
    "@type": "Person",
    "identifier": "A2",
    "affiliation": {
      "name": "Institute for Advanced Study, Princeton",
      "@type": "Organization"
    },
    "description": {
      "@value": "Albert Einstein (1879-1955) was a German-born theoretical physicist who revolutionized our understanding of the universe. He is best known for developing the theory of relativity, which includes special relativity (1905) and general relativity (1915). Einstein's work also significantly contributed to quantum theory, particularly his explanation of the photoelectric effect, for which he received the Nobel Prize in Physics in 1921. His famous equation E=mc² demonstrates the equivalence of mass and energy. He held professorships at various universities, including Zurich, Prague, and Berlin, before immigrating to the United States in 1933 and joining the Institute for Advanced Study in Princeton. Einstein's work continues to influence modern physics and cosmology.",
      "@language": "en"
    },
    "additionalType": "CitedAuthor"
  },
  {
    "name": "Święty Augustyn",
    "@type": "Person",
    "identifier": "A2",
    "affiliation": {
      "name": "Bishop of Hippo",
      "@type": "Organization"
    },
    "description": {
      "@value": "Aurelius Augustinus, commonly known as Saint Augustine, was a philosopher and theologian of the late Roman Empire, born in Tagaste (present-day Algeria) in 354 AD and died in Hippo Regius (also in present-day Algeria) in 430 AD. His mother, Saint Monica, was a devout Christian, while his father was a pagan. Augustine's intellectual journey led him through Manicheism and skepticism before his conversion to Christianity in 386 AD. He became the Bishop of Hippo in 396 AD, where he remained until his death. Augustine's works profoundly influenced the development of Western philosophy and Christian theology, earning him the title of Doctor of Grace. His key contributions include his exploration of free will, divine grace, and the nature of time, as well as his articulation of the concept of the City of God.",
      "@language": "en"
    },
    "additionalType": "CitedAuthor"
  },
  {
    "name": "Richard Feynman",
    "@type": "Person",
    "identifier": "A2",
    "affiliation": {
      "name": "California Institute of Technology",
      "@type": "Organization"
    },
    "description": {
      "@value": "Richard Phillips Feynman was an American theoretical physicist renowned for his contributions to quantum mechanics, quantum electrodynamics, and particle physics. He developed the path integral formulation of quantum mechanics and Feynman diagrams, a pictorial representation of particle interactions. Feynman shared the 1965 Nobel Prize in Physics with Julian Schwinger and Shin'ichirō Tomonaga for his work on quantum electrodynamics. Beyond his research, Feynman was a celebrated educator and communicator, known for his engaging lectures and popular science books, making complex topics accessible to a broad audience. He held the Richard Chace Tolman professorship in theoretical physics at the California Institute of Technology. Feynman also participated in the Manhattan Project during World War II.",
      "@language": "en"
    },
    "additionalType": "CitedAuthor"
  },
  {
    "name": "Brandon Carter",
    "@type": "Person",
    "identifier": "A2",
    "affiliation": {
      "name": "Laboratoire Univers et Théories, CNRS",
      "@type": "Organization"
    },
    "description": {
      "@value": "Brandon Carter, born in Australia in 1942, is a theoretical physicist renowned for his contributions to the study of black holes and for formulating the anthropic principle. He obtained his Ph.D. from Cambridge University in 1968 and later joined the Centre National de la Recherche Scientifique (CNRS) in France. Carter's work significantly advanced the understanding of black hole mechanics, including the no-hair theorem and the concept of tidal disruption events. His introduction of the anthropic principle in 1973 sparked considerable debate, positing that the observed universe must be compatible with the existence of intelligent observers. Carter's work has had a lasting impact on cosmology and astrophysics.",
      "@language": "en"
    },
    "additionalType": "CitedAuthor"
  },
  {
    "name": "Ilya Prigogine",
    "@type": "Person",
    "identifier": "A2",
    "affiliation": {
      "name": "Université Libre de Bruxelles; University of Texas at Austin",
      "@type": "Organization"
    },
    "description": {
      "@value": "Ilya Prigogine (1917-2003) was a Belgian physical chemist and Nobel laureate known for his work on dissipative structures, complex systems, and irreversibility. Born in Moscow, Russia, he later fled with his family and eventually settled in Belgium, becoming a Belgian citizen in 1949. He studied at the Université Libre de Bruxelles, earning his doctorate in 1941. Prigogine's key contributions include the theory of dissipative structures, which explains how systems far from equilibrium can self-organize. He was awarded the Nobel Prize in Chemistry in 1977 for his work in non-equilibrium thermodynamics. He held professorships at the Université Libre de Bruxelles and the University of Texas at Austin, where he founded the Center for Studies in Statistical Mechanics and Complex Systems.",
      "@language": "en"
    },
    "additionalType": "CitedAuthor"
  },
  {
    "name": "Freeman Dyson",
    "@type": "Person",
    "identifier": "A2",
    "affiliation": {
      "name": "Institute for Advanced Study, Princeton",
      "@type": "Organization"
    },
    "description": {
      "@value": "Freeman John Dyson (1923-2020) was a British-American theoretical physicist and mathematician renowned for his contributions to quantum field theory, astrophysics, random matrices, and nuclear physics. Dyson's work notably unified the quantum electrodynamics theories of Feynman, Schwinger, and Tomonaga. He served as a professor at the Institute for Advanced Study in Princeton for most of his career. Dyson explored diverse areas, including nuclear reactors, solid-state physics, ferromagnetism, and biology, seeking applications for mathematical elegance. He also speculated on the possibilities of extraterrestrial life, including the concept of the Dyson sphere. Dyson was a fellow of the American Physical Society, a member of the National Academy of Sciences, and a fellow of the Royal Society of London.",
      "@language": "en"
    },
    "additionalType": "CitedAuthor"
  },
  {
    "name": "Richard Dawid",
    "@type": "Person",
    "identifier": "A2",
    "affiliation": {
      "name": "Stockholm University",
      "@type": "Organization"
    },
    "description": {
      "@value": "Richard Dawid is a professor of philosophy of science at Stockholm University. He holds a PhD in theoretical physics from the University of Vienna. After working as a physicist at the TU Munich and the Lawrence Berkeley Laboratory, he transitioned to philosophy in 2000. Dawid's research focuses on the philosophical aspects of contemporary theories in high-energy physics and cosmology. He is known for his work on non-empirical theory confirmation, particularly in the context of string theory. His work also touches upon Everettian quantum mechanics, data analysis in high-energy physics, the philosophical impact of string dualities, the cosmological multiverse, and anthropic reasoning.",
      "@language": "en"
    },
    "additionalType": "CitedAuthor"
  },
  {
    "name": "Roger Penrose",
    "@type": "Person",
    "identifier": "A2",
    "affiliation": {
      "name": "University of Oxford",
      "@type": "Organization"
    },
    "description": {
      "@value": "Sir Roger Penrose, born on August 8, 1931, is an English mathematician, mathematical physicist, and philosopher of science. He is Emeritus Rouse Ball Professor of Mathematics at the University of Oxford and an emeritus fellow of Wadham College, Oxford. Penrose has made significant contributions to the mathematical physics of general relativity and cosmology. His work in the 1960s was a major influence behind the renaissance in general relativity and cosmology, leading to the current understanding of the Big Bang and black holes. Penrose is also known for his work on Penrose tiling, twistors, and his theories on consciousness. He shared the 1988 Wolf Prize in Physics with Stephen Hawking for their work on singularity theorems and the 2020 Nobel Prize in Physics for the discovery that black hole formation is a robust prediction of the general theory of relativity.",
      "@language": "en"
    },
    "additionalType": "CitedAuthor"
  },
  {
    "name": "Robert Wilson",
    "@type": "Person",
    "identifier": "A2",
    "affiliation": {
      "name": "Harvard-Smithsonian Center for Astrophysics",
      "@type": "Organization"
    },
    "description": {
      "@value": "Robert Woodrow Wilson (born January 10, 1936) is an American radio astronomer who, along with Arno Allan Penzias, discovered the cosmic microwave background radiation (CMB) in 1964. This discovery provided critical evidence supporting the Big Bang theory. Wilson and Penzias were awarded the Nobel Prize in Physics in 1978 for their groundbreaking work. Wilson's work at Bell Labs involved using a horn-shaped radio antenna to detect weak signals from space, leading to the accidental discovery of the CMB. He later became head of Bell's Radio Physics Research Department and, in 1994, joined the Harvard-Smithsonian Center for Astrophysics.",
      "@language": "en"
    },
    "additionalType": "CitedAuthor"
  },
  {
    "name": "Edwin Hubble",
    "@type": "Person",
    "identifier": "A2",
    "affiliation": {
      "name": "Mount Wilson Observatory",
      "@type": "Organization"
    },
    "description": {
      "@value": "Edwin Powell Hubble (1889-1953) was an American astronomer who revolutionized the field of extragalactic astronomy and observational cosmology. He earned a Bachelor of Science degree from the University of Chicago in 1910, focusing on mathematics, astronomy, and philosophy, and later studied jurisprudence at Oxford as a Rhodes Scholar. After a brief stint teaching, he obtained his Ph.D. in astronomy in 1921. Hubble's key contributions include establishing that many nebulae are galaxies beyond the Milky Way and formulating Hubble's Law, which states that galaxies are moving away from us with a speed proportional to their distance, indicating the expansion of the universe. He worked at the Mount Wilson Observatory and played a central role in the design of the Hale 200-inch Telescope.",
      "@language": "en"
    },
    "additionalType": "CitedAuthor"
  },
  {
    "name": "Arno Penzias",
    "@type": "Person",
    "identifier": "A2",
    "affiliation": {
      "name": "Bell Laboratories",
      "@type": "Organization"
    },
    "description": {
      "@value": "Arno Allan Penzias (1933-2024) was a German-born American physicist and radio astronomer. He is most known for his co-discovery of the cosmic microwave background radiation (CMB) with Robert Woodrow Wilson in 1964, a finding that strongly supported the Big Bang theory. For this discovery, Penzias and Wilson shared the 1978 Nobel Prize in Physics. Penzias earned a Ph.D. in physics from Columbia University in 1962 and then joined Bell Laboratories, where he spent 37 years, eventually becoming the chief scientist and vice president of research. Beyond the CMB, Penzias contributed to radio astronomy by detecting interstellar molecules and later transitioned to venture capital, advising on technology investments.",
      "@language": "en"
    },
    "additionalType": "CitedAuthor"
  },
  {
    "name": "Max Tegmark",
    "@type": "Person",
    "identifier": "A2",
    "affiliation": {
      "name": "Massachusetts Institute of Technology (MIT)",
      "@type": "Organization"
    },
    "description": {
      "@value": "Max Erik Tegmark, born on May 5, 1967, is a Swedish-American physicist, cosmologist, and machine learning researcher. He earned a B.Sc. in Physics from the Royal Institute of Technology and a B.A. in Economics from the Stockholm School of Economics before moving to the University of California, Berkeley, where he obtained an M.A. in 1992 and a Ph.D. in 1994. Currently, he is a professor at the Massachusetts Institute of Technology (MIT). Tegmark is also the scientific director of the Foundational Questions Institute and co-founder of the Future of Life Institute. His research spans precision cosmology, quantum foundations, and the physics of intelligence, focusing on both biological and artificial systems. He is known for his work on multiverse models and the mathematical universe hypothesis.",
      "@language": "en"
    },
    "additionalType": "CitedAuthor"
  },
  {
    "name": "Karl Popper",
    "@type": "Person",
    "identifier": "A2",
    "affiliation": {
      "name": "London School of Economics",
      "@type": "Organization"
    },
    "description": {
      "@value": "Sir Karl Raimund Popper (1902-1994) was an Austrian-British philosopher, academic, and social commentator, renowned as one of the 20th century's most influential philosophers of science. He is best known for his rejection of classical inductivist views on the scientific method, advocating instead for empirical falsification through his falsifiability criterion. Popper argued that a scientific theory can never be proven, but it can be falsified through decisive experiments. He championed critical rationalism, emphasizing the importance of testing theories to identify conditions under which they are false. Popper made significant contributions to the philosophy of science, political philosophy, and the defense of liberal democracy.",
      "@language": "en"
    },
    "additionalType": "CitedAuthor"
  },
  {
    "name": "John Barrow",
    "@type": "Person",
    "identifier": "A2",
    "affiliation": {
      "name": "University of Cambridge",
      "@type": "Organization"
    },
    "description": {
      "@value": "John David Barrow (1952-2020) was a British cosmologist, theoretical physicist, and mathematician renowned for his work on the anthropic principle and the fine-tuning of physical constants. He earned his doctorate in astrophysics from Oxford University in 1977. Barrow held positions at the University of Sussex and later became a professor at the University of Cambridge. He directed the Millennium Mathematics Project. Barrow's research spanned cosmology, general relativity, and the philosophy of science, resulting in over 550 peer-reviewed papers. He received the Templeton Prize in 2006 for his contributions to the dialogue between science and spirituality.",
      "@language": "en"
    },
    "additionalType": "CitedAuthor"
  },
  {
    "name": "Martin Rees",
    "@type": "Person",
    "identifier": "A2",
    "affiliation": {
      "name": "University of Cambridge",
      "@type": "Organization"
    },
    "description": {
      "@value": "Martin John Rees, Baron Rees of Ludlow, born on June 23, 1942, is a prominent British cosmologist and astrophysicist. He served as the Astronomer Royal from 1995 to 2025. Rees has held various distinguished positions, including Master of Trinity College, Cambridge (2004-2012), and President of the Royal Society (2005-2010). His research spans galaxy formation, cosmic jets, black holes, and gamma-ray bursts. Rees is also known for his work on the anthropic principle and the possibility of a multiverse. He has written extensively on existential risks facing humanity in the 21st century.",
      "@language": "en"
    },
    "additionalType": "CitedAuthor"
  },
  {
    "name": "Lee Smolin",
    "@type": "Person",
    "identifier": "A2",
    "affiliation": {
      "name": "Perimeter Institute for Theoretical Physics",
      "@type": "Organization"
    },
    "description": {
      "@value": "Lee Smolin, born on June 6, 1955, is an American theoretical physicist known for his work in quantum gravity and cosmology. He is a faculty member at the Perimeter Institute for Theoretical Physics and an adjunct professor at the University of Waterloo, as well as a member of the graduate faculty of the philosophy department at the University of Toronto. Smolin is a proponent of loop quantum gravity and has contributed to various approaches to quantum gravity, including causal dynamical triangulations. He is also known for his cosmological natural selection theory, applying Darwinian principles to cosmology. Smolin has written extensively on the philosophy of physics, particularly concerning the nature of time and the limitations of string theory.",
      "@language": "en"
    },
    "additionalType": "CitedAuthor"
  },
  {
    "name": "Alan Guth",
    "@type": "Person",
    "identifier": "A2",
    "affiliation": {
      "name": "Massachusetts Institute of Technology (MIT)",
      "@type": "Organization"
    },
    "description": {
      "@value": "Alan Harvey Guth, born on February 27, 1947, is an American theoretical physicist and cosmologist renowned for his pioneering work on cosmic inflation. He is the Victor Weisskopf Professor of Physics at the Massachusetts Institute of Technology (MIT). Guth proposed the inflationary universe model in 1980, suggesting a period of exponential expansion in the early universe to solve the horizon and flatness problems of the standard Big Bang theory. His research bridges elementary particle theory and the early universe, exploring the implications of particle physics for cosmology. Guth's work has significantly influenced our understanding of the universe's origins and evolution, earning him the 2014 Kavli Prize in Astrophysics.",
      "@language": "en"
    },
    "additionalType": "CitedAuthor"
  },
  {
    "name": "Don Page",
    "@type": "Person",
    "identifier": "A2",
    "affiliation": {
      "name": "University of Alberta",
      "@type": "Organization"
    },
    "description": {
      "@value": "Don Nelson Page, born on December 31, 1948, is an American-born Canadian theoretical physicist renowned for his work in quantum cosmology and theoretical gravitational physics. He earned his Ph.D. from Caltech in 1976 under the supervision of Kip Thorne and Stephen Hawking. Page's career includes positions at the University of Cambridge, Penn State University, and the University of Alberta, where he is currently a professor. His research focuses on understanding the universe within the framework of quantum theory, exploring topics such as the quantum state of the universe and the origin of its observed features. Page is also known for his contributions to the black hole information paradox, particularly the concept of the Page curve.",
      "@language": "en"
    },
    "additionalType": "CitedAuthor"
  },
  {
    "name": "Alberto D. Bolatto",
    "@type": "Person",
    "identifier": "A3",
    "additionalType": "CoAuthor"
  },
  {
    "name": "Robert B. Leighton",
    "@type": "Person",
    "identifier": "A3",
    "additionalType": "CoAuthor"
  },
  {
    "name": "Isabelle Stengers",
    "@type": "Person",
    "identifier": "A3",
    "additionalType": "CoAuthor"
  },
  {
    "name": "Wojciech H. Zurek",
    "@type": "Person",
    "identifier": "A3",
    "additionalType": "CoAuthor"
  },
  {
    "name": "Leonard Mlodinow",
    "@type": "Person",
    "identifier": "A3",
    "additionalType": "CoAuthor"
  },
  {
    "name": "Frank J. Tipler",
    "@type": "Person",
    "identifier": "A3",
    "additionalType": "CoAuthor"
  },
  {
    "name": "Bernard J. Carr",
    "@type": "Person",
    "identifier": "A3",
    "additionalType": "CoAuthor"
  },
  {
    "name": "Leopold Infeld",
    "@type": "Person",
    "identifier": "A3",
    "additionalType": "CoAuthor"
  },
  {
    "name": "Juan Pablo Paz",
    "@type": "Person",
    "identifier": "A3",
    "additionalType": "CoAuthor"
  },
  {
    "name": "P. Glansdorff",
    "@type": "Person",
    "identifier": "A3",
    "additionalType": "CoAuthor"
  },
  {
    "name": "Michele Mosca",
    "@type": "Person",
    "identifier": "A3",
    "additionalType": "CoAuthor"
  },
  {
    "name": "Shayan Majidy",
    "@type": "Person",
    "identifier": "A3",
    "additionalType": "CoAuthor"
  },
  {
    "name": "Matthew Sands",
    "@type": "Person",
    "identifier": "A3",
    "additionalType": "CoAuthor"
  },
  {
    "name": "Phillip Kaye",
    "@type": "Person",
    "identifier": "A3",
    "additionalType": "CoAuthor"
  },
  {
    "name": "Cesar Miquel",
    "@type": "Person",
    "identifier": "A3",
    "additionalType": "CoAuthor"
  },
  {
    "name": "Ruth Gregory",
    "@type": "Person",
    "identifier": "A3",
    "additionalType": "CoAuthor"
  },
  {
    "name": "Maohai Huang",
    "@type": "Person",
    "identifier": "A3",
    "additionalType": "CoAuthor"
  },
  {
    "name": "M. Ćirković",
    "@type": "Person",
    "identifier": "A3",
    "additionalType": "CoAuthor"
  },
  {
    "name": "Kento Osuga",
    "@type": "Person",
    "identifier": "A3",
    "additionalType": "CoAuthor"
  },
  {
    "name": "K. Jefferts",
    "@type": "Person",
    "identifier": "A3",
    "additionalType": "CoAuthor"
  },
  {
    "name": "T. M. Bania",
    "@type": "Person",
    "identifier": "A3",
    "additionalType": "CoAuthor"
  },
  {
    "name": "A. Żytkow",
    "@type": "Person",
    "identifier": "A3",
    "additionalType": "CoAuthor"
  },
  {
    "name": "P. Jordan",
    "@type": "Person",
    "identifier": "A3",
    "additionalType": "CoAuthor"
  },
  {
    "name": "M. Perry",
    "@type": "Person",
    "identifier": "A3",
    "additionalType": "CoAuthor"
  },
  {
    "name": "G. Kane",
    "@type": "Person",
    "identifier": "A3",
    "additionalType": "CoAuthor"
  },
  {
    "name": "M. Born",
    "@type": "Person",
    "identifier": "A3",
    "additionalType": "CoAuthor"
  },
  {
    "name": "et al.",
    "@type": "Person",
    "identifier": "A3",
    "additionalType": "CoAuthor"
  },
  {
    "name": "The theory of everything",
    "@type": "Book",
    "author": [
      {
        "name": "Stephen W. Hawking",
        "@type": "Person"
      }
    ],
    "publisher": {
      "name": "New Millennium Press",
      "@type": "Organization"
    },
    "identifier": "B1",
    "inLanguage": "en",
    "datePublished": "2002",
    "additionalType": "InspirationBook"
  },
  {
    "name": "A Brief History of Time",
    "@type": "Book",
    "genre": "[]",
    "author": [
      {
        "name": "Stephen W. Hawking",
        "@type": "Person"
      }
    ],
    "abstract": "A popular science book that explores the history of the universe, from the Big Bang to black holes, making complex concepts accessible to a general audience.",
    "publisher": {
      "name": "Bantam Books",
      "@type": "Organization"
    },
    "identifier": "B2",
    "datePublished": "1988",
    "additionalType": "AuthorOtherWork"
  },
  {
    "name": "The Universe in a Nutshell",
    "@type": "Book",
    "genre": "[]",
    "author": [
      {
        "name": "Stephen W. Hawking",
        "@type": "Person"
      }
    ],
    "abstract": "Hawking explores complex topics such as supergravity, quantum mechanics, string theory, and M-theory in an accessible way with the use of illustrations.",
    "publisher": {
      "name": "Bantam Books",
      "@type": "Organization"
    },
    "identifier": "B2",
    "datePublished": "2001",
    "additionalType": "AuthorOtherWork"
  },
  {
    "name": "Black Holes and Baby Universes and Other Essays",
    "@type": "Book",
    "genre": "[]",
    "author": [
      {
        "name": "Stephen W. Hawking",
        "@type": "Person"
      }
    ],
    "abstract": "A collection of essays by Stephen Hawking on various topics related to physics, cosmology, and his personal life.",
    "publisher": {
      "name": "Bantam Books",
      "@type": "Organization"
    },
    "identifier": "B2",
    "datePublished": "1993",
    "additionalType": "AuthorOtherWork"
  },
  {
    "name": "Gravitation in astrophysics, Cargese, 1986",
    "@type": "Book",
    "genre": "[]",
    "author": [
      {
        "name": "Brandon Carter",
        "@type": "Person"
      }
    ],
    "abstract": "Proceedings of a workshop",
    "publisher": {
      "name": "Plenum Press",
      "@type": "Organization"
    },
    "identifier": "B3",
    "datePublished": "1987",
    "additionalType": "CitedAuthorBook"
  },
  {
    "name": "The Open Society and Its Enemies",
    "@type": "Book",
    "genre": "[]",
    "author": [
      {
        "name": "Karl Popper",
        "@type": "Person"
      }
    ],
    "abstract": "A detailed criticism of historicism and totalitarianism, defending the principles of a democratic society. Popper penned his political masterpiece: The Open Society and Its Enemies: The Spell of the Totalitarian Style.",
    "publisher": {
      "name": "G. Routledge & Sons",
      "@type": "Organization"
    },
    "identifier": "B3",
    "datePublished": "1945",
    "additionalType": "CitedAuthorBook"
  },
  {
    "name": "Time Reborn: From the Crisis in Physics to the Future of the Universe",
    "@type": "Book",
    "genre": "[]",
    "author": [
      {
        "name": "Lee Smolin",
        "@type": "Person"
      }
    ],
    "abstract": "In this book, Smolin challenges the conventional notion of time in physics.",
    "identifier": "B3",
    "datePublished": "2013",
    "additionalType": "CitedAuthorBook"
  },
  {
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Stephen W. Hawking",
        "@type": "Person"
      }
    ],
    "abstract": "Hawking's work on singularities in collapsing stars and expanding universes contributed significantly to the understanding of black holes and the Big Bang theory.",
    "headline": "Singularities in Collapsing Stars and Expanding Universes",
    "isPartOf": {
      "name": "Proceedings of the Royal Society of London. Series A, Mathematical and Physical Sciences",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "Proceedings of the Royal Society of London. Series A, Mathematical and Physical Sciences",
      "@type": "Organization"
    },
    "identifier": "P1",
    "datePublished": "1966",
    "additionalType": "AuthorPaper"
  },
  {
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Stephen W. Hawking",
        "@type": "Person"
      }
    ],
    "abstract": "This paper presents Hawking's groundbreaking theory that black holes emit radiation, now known as Hawking radiation.",
    "headline": "Black hole explosions?",
    "isPartOf": {
      "name": "Nature",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "Nature",
      "@type": "Organization"
    },
    "identifier": "P1",
    "datePublished": "1974",
    "additionalType": "AuthorPaper"
  },
  {
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Stephen W. Hawking",
        "@type": "Person"
      }
    ],
    "abstract": "Hawking's research on the anisotropy of the universe explores the large-scale structure and evolution of the cosmos.",
    "headline": "The Anisotropy of the Universe at Large Times",
    "isPartOf": {
      "name": "Monthly Notices of the Royal Astronomical Society",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "Monthly Notices of the Royal Astronomical Society",
      "@type": "Organization"
    },
    "identifier": "P1",
    "datePublished": "1969",
    "additionalType": "AuthorPaper"
  },
  {
    "url": "https://arxiv.org/abs/2309.07465",
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Jaume de Haro",
        "@type": "Person"
      },
      {
        "name": "Shin'ichi Nojiri",
        "@type": "Person"
      },
      {
        "name": "S. D. Odintsov",
        "@type": "Person"
      },
      {
        "name": "V. K. Oikonomou",
        "@type": "Person"
      },
      {
        "name": "Supriya Pan",
        "@type": "Person"
      }
    ],
    "abstract": "This review provides an overview of cosmological theories constructed in the context of Einstein's General Relativity and modified gravity theories that may lead to finite-time cosmological singularities. It discusses various approaches suggested in the literature that could potentially prevent or mitigate finite-time singularities within the cosmological scenarios.",
    "headline": "Finite-time Cosmological Singularities and the Possible Fate of the Universe",
    "isPartOf": {
      "name": "arXiv",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "arXiv",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "2023",
    "additionalType": "RelatedPaper"
  },
  {
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Brandon Carter",
        "@type": "Person"
      }
    ],
    "abstract": "This paper discusses the global structure of the Kerr family of gravitational fields.",
    "headline": "Global structure of the Kerr family of gravitational fields",
    "isPartOf": {
      "name": "Physical Review",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "Physical Review",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "1968",
    "additionalType": "RelatedPaper"
  },
  {
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Brandon Carter",
        "@type": "Person"
      }
    ],
    "abstract": "This paper discusses the degrees of freedom of an axisymmetric black hole.",
    "headline": "An axisymmetric black hole has only two degrees of freedom",
    "isPartOf": {
      "name": "Physical Review Letters",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "Physical Review Letters",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "1971",
    "additionalType": "RelatedPaper"
  },
  {
    "url": "https://arxiv.org/abs/2205.12896",
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Stuart Kauffman",
        "@type": "Person"
      }
    ],
    "abstract": "This paper argues that the Anthropic Principle is testable and that its explanatory power is weak.",
    "headline": "The Anthropic Principle Is Testable And Appears Weak",
    "isPartOf": {
      "name": "arXiv",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "arXiv",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "2022",
    "additionalType": "RelatedPaper"
  },
  {
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Freeman Dyson",
        "@type": "Person"
      }
    ],
    "abstract": "Speculated that a technologically advanced extraterrestrial civilization might surround its native star with artificial structures to maximize the capture of the star's energy.",
    "headline": "Search for Artificial Stellar Sources of Infrared Radiation",
    "isPartOf": {
      "name": "Science",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "Science",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "1960",
    "additionalType": "RelatedPaper"
  },
  {
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Freeman Dyson",
        "@type": "Person"
      }
    ],
    "headline": "Energy in the Universe",
    "isPartOf": {
      "name": "Scientific American",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "Scientific American",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "1971",
    "additionalType": "RelatedPaper"
  },
  {
    "url": "https://space.mit.edu/home/tegmark/multiverse.pdf",
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Max Tegmark",
        "@type": "Person"
      }
    ],
    "abstract": "This article surveys physics theories involving parallel universes, which form a natural four-level hierarchy of multiverses allowing progressively greater diversity. Level I describes an infinite ergodic universe, Level II describes other thermalized regions with different physical constants, Level III describes other branches of the wavefunction, and Level IV describes other mathematical structures giving different fundamental equations of physics.",
    "headline": "Parallel Universes",
    "isPartOf": {
      "name": "Scientific American",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "Scientific American",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "2003",
    "additionalType": "RelatedPaper"
  },
  {
    "url": "https://arxiv.org/abs/1108.3080",
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Max Tegmark",
        "@type": "Person"
      }
    ],
    "abstract": "This paper analyzes cosmology assuming unitary quantum mechanics, using a tripartite partition into system, observer, and environment degrees of freedom. It generalizes the second law of thermodynamics, stating that the system's entropy can't decrease unless it interacts with the observer, and it can't increase unless it interacts with the environment. The paper argues that almost all sentient observers will find themselves in a post-inflationary low-entropy Hubble volume, solving the inflationary entropy problem.",
    "headline": "How unitary cosmology generalizes thermodynamics and solves the inflationary entropy problem",
    "identifier": "P2",
    "datePublished": "2012",
    "additionalType": "RelatedPaper"
  },
  {
    "url": "https://www.mdpi.com/1099-4300/27/9/983",
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Multiple Authors",
        "@type": "Person"
      }
    ],
    "abstract": "This paper reviews and compares prominent entropy definitions that have appeared in the last decade (2015–2024) and their applications to physiological signals. It adopts the PRISMA methodology for systematic literature reviews and presents statistical results on the number of citations for each method and the application domains.",
    "headline": "Review of Recent (2015–2024) Popular Entropy Definitions Applied to Physiological Signals",
    "isPartOf": {
      "name": "Entropy",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "Entropy",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "2025",
    "additionalType": "RelatedPaper"
  },
  {
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Karl Popper",
        "@type": "Person"
      }
    ],
    "abstract": "Popper's early work attempts to solve the problem of demarcation and offer a clear criterion that distinguishes scientific theories from metaphysical or mythological claims. Popper's falsificationist methodology holds that scientific theories are characterized by entailing predictions that future observations might reveal to be false.",
    "headline": "On the problem of demarcation between science and metaphysics",
    "isPartOf": {
      "name": "Conjectures and Refutations",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "Conjectures and Refutations",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "1963",
    "additionalType": "RelatedPaper"
  },
  {
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Karl Popper",
        "@type": "Person"
      }
    ],
    "abstract": "Popper worked on a variety of issues relating to the philosophy of science, including quantum mechanics, entropy, evolution, and the realism vs. anti-realism debate, along with the issues already mentioned. His major works from this period include “The Propensity Interpretation of Probability” (1959) and Conjectures and Refutations (1963).",
    "headline": "The Propensity Interpretation of Probability",
    "identifier": "P2",
    "datePublished": "1959",
    "additionalType": "RelatedPaper"
  },
  {
    "url": "https://philpapers.org/rec/DAWSRS",
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Richard Dawid",
        "@type": "Person"
      }
    ],
    "abstract": "String theory is often described as a theory that has a high potential to revolutionize our understanding of nature but that is empirically unconfirmed. The paper analyzes the implications of string theory for the debate on scientific realism. It is argued that the specific situation of string theory can offer new perspectives for the scientific realism debate. The paper focuses on the issue of underdetermination of theory choice and on the question of how to assess the viability of a theory.",
    "headline": "Scientific realism in string theory",
    "isPartOf": {
      "name": "Philosophy of Science",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "Philosophy of Science",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "2007",
    "additionalType": "RelatedPaper"
  },
  {
    "url": "https://arxiv.org/abs/hep-th/0407213",
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Lee Smolin",
        "@type": "Person"
      }
    ],
    "abstract": "The paper explains why the Anthropic Principle (AP) cannot yield any falsifiable predictions and proposes cosmological natural selection as a falsifiable multiverse theory.",
    "headline": "Scientific alternatives to the anthropic principle",
    "isPartOf": {
      "name": "arXiv",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "arXiv",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "2004",
    "additionalType": "RelatedPaper"
  },
  {
    "url": "https://medium.com/global-science-news/testing-the-anthropic-principle-a-critical-evaluation-of-cosmological-evidence-63490594caf1",
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Boris (Bruce) Kriger",
        "@type": "Person"
      }
    ],
    "abstract": "This paper examines the scientific potential of testing the Anthropic Principle through phenomena such as cosmic inflation, dark matter, and primordial gravitational waves.",
    "headline": "Testing the Anthropic Principle: A Critical Evaluation of Cosmological Evidence",
    "isPartOf": {
      "name": "GLOBAL SCIENCE NEWS",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "GLOBAL SCIENCE NEWS",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "2024",
    "additionalType": "RelatedPaper"
  },
  {
    "url": "https://vertexaisearch.cloud.google.com/grounding-api-redirect/AUZIYQFlRQJBplpEXuu0HUecLUM90KiAVIRNNav9iOd80-jFdJIrAY922Wf4cOOfbFyKlJdt9dCtx4uqIc7ZnRYUqBEXGbcNPSEu6RzZMIuNiyWlihAoZ5MMMn32qra5pJ51rrmBEw4ncvXeV49qtD2NXmrsO2CjqwZ8H7Jo9W-0uXTBEgA_-pyiEWoN1LRMnoEhMSDSXooJOw29DSMIPSSRNEKwF0Dr7t62sBkQuAc81Dj1cKZMN5Qz_IH76t-CqFHJyi84TFY=",
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "M. Ćirković",
        "@type": "Person"
      },
      {
        "name": "John D. Barrow",
        "@type": "Person"
      }
    ],
    "abstract": "The place of an anthropic argument in the discrimination between various cosmological models is to be reconsidered following the classic criticisms of Paul C. W. Davies and Frank J. Tipler. Different versions of the anthropic argument against cosmologies involving an infinite series of past events are analysed and applied to several instructive instances.",
    "headline": "The anthropic principle and the duration of the cosmological past",
    "isPartOf": {
      "name": "Astronomical & Astrophysical Transactions",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "Astronomical & Astrophysical Transactions",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "2004",
    "additionalType": "RelatedPaper"
  },
  {
    "url": "https://vertexaisearch.cloud.google.com/grounding-api-redirect/AUZIYQH_Zsk5Z3zLF0VYk7GDLf9AsU0raiXAM9qHNmtNi1gz4pQGZmKOFzTl9RT7dbgpsco3CZQvrYFhD11J4zbrYy5BYVmZBgfQlHCzBnAE2h-Df7nHAn5X_LbfcROyuBcCnlFYdcMh3aDSw85XEbaZA-cQDOiWwZsgl8MKfxXXfKWMVaO-8A8drz8hJMEQ0G-UVFtBnoblw2C__m06TMb2_6ALKmgqLBWuBV0tflJXr4eQUkYH7PskQjJuP6zQ0Iag50hPHCKlMSivkgc=",
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "G. Kane",
        "@type": "Person"
      },
      {
        "name": "M. Perry",
        "@type": "Person"
      },
      {
        "name": "A. Żytkow",
        "@type": "Person"
      },
      {
        "name": "John D. Barrow",
        "@type": "Person"
      }
    ],
    "headline": "The beginning of the end of the anthropic principle",
    "isPartOf": {
      "name": "New Astronomy",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "New Astronomy",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "2000",
    "additionalType": "RelatedPaper"
  },
  {
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Albert Einstein",
        "@type": "Person"
      }
    ],
    "abstract": "This paper applies general relativity to the universe, laying the foundations for modern theories of the universe.",
    "headline": "Cosmological Considerations in the General Theory of Relativity",
    "isPartOf": {
      "name": "Preussische Akademie der Wissenschaften",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "Preussische Akademie der Wissenschaften",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "1917",
    "additionalType": "RelatedPaper"
  },
  {
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Albert Einstein",
        "@type": "Person"
      }
    ],
    "abstract": "In this paper, Einstein proposes a cosmic model in which the universe undergoes an expansion followed by a contraction, quite different to the monotonically expanding Einstein-de Sitter model of 1932.",
    "headline": "Zum kosmologischen Problem der allgemeinen Relativitätstheorie",
    "identifier": "P2",
    "datePublished": "1931",
    "additionalType": "RelatedPaper"
  },
  {
    "url": "https://www.researchgate.net/publication/355185388_Translation_of_Ludwig_Boltzmann's_Paper_On_the_Relationship_between_the_Second_Fundamental_Theorem_of_the_Mechanical_Theory_of_Heat_and_Probability_Calculations_Regarding_the_Conditions_for_Thermal_Equilibrium_Sitzungberichte_der_Kaiserlichen_Akademie_der_Wissenschaften_Mathematisch-Naturwissen_Classe_Abt_II_LXXVI_1877_pp_373-435_Wien_Ber_1877_76373-435",
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Ludwig Boltzmann",
        "@type": "Person"
      }
    ],
    "abstract": "In this seminal paper, Boltzmann demonstrated that entropy (S) is proportional to the logarithm of the number of microstates (Ω) corresponding to a given macrostate, formalized as S ∝ ln Ω. This groundbreaking insight bridged thermodynamics with mechanics by linking the thermodynamic property of entropy to the combinatorial multiplicity of molecular configurations.",
    "headline": "On the Relationship between the Second Fundamental Theorem of the Mechanical Theory of Heat and Probability Calculations Regarding the Conditions for Thermal Equilibrium",
    "isPartOf": {
      "name": "Sitzungberichte der Kaiserlichen Akademie der Wissenschaften",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "Sitzungberichte der Kaiserlichen Akademie der Wissenschaften",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "1877",
    "additionalType": "RelatedPaper"
  },
  {
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Ludwig Boltzmann",
        "@type": "Person"
      }
    ],
    "abstract": "In this influential paper, Boltzmann introduced groundbreaking concepts such as the transport equation that bears his name and the statistical interpretation of entropy. His incorporation of probabilistic reasoning into physics revolutionized our comprehension of thermodynamics, entropy, and transport theory and provided insights into the second law of thermodynamics, which is central to modern physics, facilitating subsequent scientific advancements that continue to shape the various disciplines.",
    "headline": "Weitere Studien über das Wärmegleichgewicht unter Gasmolekülen",
    "isPartOf": {
      "name": "Kaiserlichen Akademie der Wissenschaften",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "Kaiserlichen Akademie der Wissenschaften",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "1872",
    "additionalType": "RelatedPaper"
  },
  {
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Ilya Prigogine",
        "@type": "Person"
      }
    ],
    "abstract": "This work likely explores statistical mechanics in systems not in equilibrium.",
    "headline": "Non-equilibrium statistical mechanics",
    "isPartOf": {
      "name": "Interscience Publishers",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "Interscience Publishers",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "1962",
    "additionalType": "RelatedPaper"
  },
  {
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "P. Glansdorff",
        "@type": "Person"
      },
      {
        "name": "I. Prigogine",
        "@type": "Person"
      }
    ],
    "abstract": "This paper likely discusses the thermodynamic theory behind structure, stability, and fluctuations in systems.",
    "headline": "Thermodynamic theory of structure, stability and fluctuations",
    "isPartOf": {
      "name": "Wiley",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "Wiley",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "1971",
    "additionalType": "RelatedPaper"
  },
  {
    "url": "https://www.pnas.org/doi/pdf/10.1073/pnas.15.3.168",
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Edwin Hubble",
        "@type": "Person"
      }
    ],
    "abstract": "This paper presents the evidence for the expanding universe, showing that galaxies recede from us in all directions and more distant ones recede more rapidly.",
    "headline": "A relation between distance and radial velocity among extra-galactic nebulae",
    "isPartOf": {
      "name": "Proceedings of the National Academy of Sciences",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "Proceedings of the National Academy of Sciences",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "1929",
    "additionalType": "RelatedPaper"
  },
  {
    "url": "https://arxiv.org/abs/2512.17116",
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Javiera Rey",
        "@type": "Person"
      },
      {
        "name": "Eleonora Di Valentino",
        "@type": "Person"
      },
      {
        "name": "Olga Mena",
        "@type": "Person"
      }
    ],
    "abstract": "We investigate the observational tests of generalized mass-to-horizon entropic cosmology by incorporating large-scale structure growth data in addition to purely geometric probes.",
    "headline": "Mass-to-Horizon Entropic Cosmology: A Unified Thermodynamic Pathway to Cosmic Acceleration",
    "isPartOf": {
      "name": "arXiv",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "arXiv",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "2025",
    "additionalType": "RelatedPaper"
  },
  {
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Don N. Page",
        "@type": "Person"
      }
    ],
    "headline": "Will Entropy Decrease if the Universe Recollapses?",
    "isPartOf": {
      "name": "Phys. Rev. D",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "Phys. Rev. D",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "1985",
    "additionalType": "RelatedPaper"
  },
  {
    "url": "https://arxiv.org/abs/1906.09273",
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Kento Osuga",
        "@type": "Person"
      },
      {
        "name": "Don N. Page",
        "@type": "Person"
      }
    ],
    "headline": "Harmony for 2-Qubit Entanglement",
    "identifier": "P2",
    "datePublished": "2019",
    "additionalType": "RelatedPaper"
  },
  {
    "url": "https://vertexaisearch.cloud.google.com/grounding-api-redirect/AUZIYQGqPw69WKBq-w3RBvVaQFxtfa0rhCpjfKmEb_l1WxYOrrBEw2_4XFEnJR30FMP_8hdfG1CG-A7Zk4aHvag5SWpIfxSaOS28S_CHW38xsKWTL4EJ62gF5mql8K_U",
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "S. Nojiri",
        "@type": "Person"
      },
      {
        "name": "S. Odintsov",
        "@type": "Person"
      },
      {
        "name": "Tanmoy Paul",
        "@type": "Person"
      }
    ],
    "abstract": "This paper reviews recent developments in entropic cosmology based on the first and second laws of thermodynamics applied to the apparent horizon.",
    "headline": "Different aspects of entropic cosmology",
    "isPartOf": {
      "name": "arXiv",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "arXiv",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "2024",
    "additionalType": "RelatedPaper"
  },
  {
    "url": "https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.77.198",
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Raymond Laflamme",
        "@type": "Person"
      },
      {
        "name": "Cesar Miquel",
        "@type": "Person"
      },
      {
        "name": "Juan Pablo Paz",
        "@type": "Person"
      },
      {
        "name": "Wojciech H. Zurek",
        "@type": "Person"
      }
    ],
    "abstract": "A simple quantum error-correcting code that can correct an arbitrary error on a single qubit is presented. The code is perfect in the sense that it achieves the quantum Hamming bound.",
    "headline": "Perfect quantum error-correcting code",
    "isPartOf": {
      "name": "Physical Review Letters",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "Physical Review Letters",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "1996",
    "additionalType": "RelatedPaper"
  },
  {
    "url": "https://www.sciencedirect.com/science/article/abs/pii/0550321394902062",
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Ruth Gregory",
        "@type": "Person"
      },
      {
        "name": "Raymond Laflamme",
        "@type": "Person"
      }
    ],
    "abstract": "The stability of charged black strings and p-branes is investigated. We find that near extremal black strings are unstable to linear perturbations, similar to the uncharged case. We also show that the instability persists for charged p-branes.",
    "headline": "The Instability of Charged Black Strings and p-Branes",
    "isPartOf": {
      "name": "Nuclear Physics B",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "Nuclear Physics B",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "1994",
    "additionalType": "RelatedPaper"
  },
  {
    "url": "https://journals.aps.org/pra/abstract/10.1103/PhysRevA.95.032305",
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "D. Su",
        "@type": "Person"
      },
      {
        "name": "S. Bravyi",
        "@type": "Person"
      },
      {
        "name": "J. M. Chow",
        "@type": "Person"
      },
      {
        "name": "R. de Sousa",
        "@type": "Person"
      },
      {
        "name": "A. D. Corcoles",
        "@type": "Person"
      }
    ],
    "abstract": "We propose a hybrid quantum-classical algorithm to solve computationally hard problems using a quantum processor with a small number of qubits. The key idea is to encode a large amount of classical data into a high-dimensional quantum state. We show that even a noisy quantum processor can outperform the best-known classical algorithms.",
    "headline": "Quantum computational advantage via high-dimensional encoding",
    "isPartOf": {
      "name": "Physical Review A",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "Physical Review A",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "2017",
    "additionalType": "RelatedPaper"
  },
  {
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "A. Friedmann",
        "@type": "Person"
      }
    ],
    "abstract": "In this paper, Friedmann demonstrated that Einstein's general theory of relativity admits nonstatic solutions, describing a cosmos that expands, contracts, collapses, and might even have been born in a singularity.",
    "headline": "Über die Krümmung des Raumes",
    "isPartOf": {
      "name": "Zeitschrift für Physik",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "Zeitschrift für Physik",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "1922",
    "additionalType": "RelatedPaper"
  },
  {
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "A. Friedmann",
        "@type": "Person"
      }
    ],
    "abstract": "Demonstrated all three Friedmann models describing positive, zero and negative curvature respectively, a decade before Robertson and Walker published their analysis.",
    "headline": "Über die Möglichkeit einer Welt mit konstanter negativer Krümmung des Raumes",
    "isPartOf": {
      "name": "Zeitschrift für Physik",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "Zeitschrift für Physik",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "1924",
    "additionalType": "RelatedPaper"
  },
  {
    "url": "https://arxiv.org/abs/2502.12165",
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "S. I. Kruglov",
        "@type": "Person"
      }
    ],
    "abstract": "Considers new nonadditive entropy of the apparent horizon S_K=S_{BH}/(1+\\gamma S_{BH}) with S_{BH} being the Bekenstein--Hawking entropy. This is an alternative of the Rényi and Tsallis entropies, that allows us, by utilising the holographic principle, to develop entropic (holographic) dark energy.",
    "headline": "New entropy, thermodynamics of apparent horizon and cosmology",
    "isPartOf": {
      "name": "arXiv",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "arXiv",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "2025",
    "additionalType": "RelatedPaper"
  },
  {
    "url": "https://vertexaisearch.cloud.google.com/grounding-api-redirect/AUZIYQEGIyPhK85bwPKPNdAEECrN5ATQaqaztExpV_6xFfOv1gaab1tSapayZNGwn44oh3bJPConcWg8QMTXoQ5xcADAWsHzXPBhuJyqm2ZnUXlrScLP2eb0NrA-bJgiNYBabvfcthyYzp4cbB1S0jkVrxBjYYn5G3jK_rhuZB53-uchHR6R4Er9ULTW2VJd6sEhAozNOw91Qv75zcoEg2CzSz-_A2Bp4jwUDblcPmMhFFdrQyKjH5Z08ubNhn6vB4C-",
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Roger Penrose",
        "@type": "Person"
      }
    ],
    "abstract": "Penrose proves that singularities (such as black holes) occur after the collapse of massive stars, which is essential for the modern understanding of black holes and general relativity, with profound implications for the Big Bang Model.",
    "headline": "Gravitational Collapse and Space-Time Singularities",
    "isPartOf": {
      "name": "Physical Review Letters",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "Physical Review Letters",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "1965",
    "additionalType": "RelatedPaper"
  },
  {
    "url": "https://vertexaisearch.cloud.google.com/grounding-api-redirect/AUZIYQFOJcwTt097Pmc1K7l1AkX1_qd_Tz6byImOuhboGqrbHjbUgMJVl4pgUM22fmQMbdS7OSkerJ5Jd_O0UpGyOPXez7bjydqWcIQHBoUeKkXwF1LrVOI81UZeIt6aaTb-1VPYsTdVLFnlc99S3OI-j5Bk5xg3urj6CQ==",
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "R. Penrose",
        "@type": "Person"
      }
    ],
    "abstract": "Penrose discusses the inevitability of singularities in the general theory of relativity and their relation to the arrow of time. He suggests that the structure of spacetime singularities contains the key to the solution to the origin of the arrow of time.",
    "headline": "Singularities and time-asymmetry",
    "isPartOf": {
      "name": "LSE",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "LSE",
      "@type": "Organization"
    },
    "identifier": "P2",
    "additionalType": "RelatedPaper"
  },
  {
    "url": "https://arxiv.org/abs/2309.08954",
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Oem Trivedi",
        "@type": "Person"
      }
    ],
    "abstract": "This review discusses recent developments in the field of cosmological singularities, including different forms of singularities and methods to avoid or moderate them. It explores how these singularities occur in non-conventional cosmologies and presents a dynamical systems approach to deal with them.",
    "headline": "Recent advances in cosmological singularities",
    "isPartOf": {
      "name": "Symmetry",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "Symmetry",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "2023",
    "additionalType": "RelatedPaper"
  },
  {
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "A. A. Penzias",
        "@type": "Person"
      },
      {
        "name": "R. W. Wilson",
        "@type": "Person"
      }
    ],
    "abstract": "Penzias and Wilson published a paper announcing their findings. Their discovery of the cosmic background radiation at the Bell Telephone Laboratories, for which they received the 1978 Nobel Prize in Physics, started a new field of precision cosmology.",
    "headline": "A Measurement of Excess Antenna Temperature at 4080 Mc/s",
    "isPartOf": {
      "name": "Astrophysical Journal",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "Astrophysical Journal",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "1965",
    "additionalType": "RelatedPaper"
  },
  {
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "R. W. Wilson",
        "@type": "Person"
      },
      {
        "name": "K. Jefferts",
        "@type": "Person"
      },
      {
        "name": "A. A. Penzias",
        "@type": "Person"
      }
    ],
    "abstract": "Penzias and Wilson joined by Keith Jefferts made the first detection of the millimeter-wave radiation from interstellar carbon monoxide, thus opening another new field of research—radio spectroscopy and interstellar chemistry.",
    "headline": "Carbon monoxide in the Orion Nebula",
    "isPartOf": {
      "name": "Astrophysical Journal",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "Astrophysical Journal",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "1970",
    "additionalType": "RelatedPaper"
  },
  {
    "url": "https://vertexaisearch.cloud.google.com/grounding-api-redirect/AUZIYQHr8q3YRGSraTI2IoW9CbG2P6aPGYbwrUh0nxKeXje83CRahZ3-EzTSAQmQs6csYjohWKzdyHn_W8e13TFnFUc0IS4MRABIYQb2iG-0dv8nw2dCzqcYV9UwF3gvTZ5vGHUFccP4Ll5oTpzjbs3C3lH-UryHJ6YhCLpYWm0HTVArT1P58B4IREnT",
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Maohai Huang",
        "@type": "Person"
      },
      {
        "name": "T. M. Bania",
        "@type": "Person"
      },
      {
        "name": "Alberto D. Bolatto",
        "@type": "Person"
      },
      {
        "name": "Robert W. Wilson",
        "@type": "Person"
      },
      {
        "name": "et al.",
        "@type": "Person"
      }
    ],
    "abstract": "We report observations of atomic carbon (C I [3P1→3P0]) for a sample of 49 southern hemisphere H II regions using the Antarctic Submillimeter Telescope and Remote Observatory. The sources are compact and isolated members of the Wilson et al. H109alpha radio recombination line (RRL) catalog. The fourth Galactic quadrant is well covered by the sample. Atomic carbon emission is detected toward all of the regions, with multiple C I emission components found toward most sources. The RRL velocity is used to identify the C I emission associated with the H II region.",
    "headline": "Atomic Carbon Observations of Southern Hemisphere H II Regions",
    "isPartOf": {
      "name": "The Astrophysical Journal",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "The Astrophysical Journal",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "2009",
    "additionalType": "RelatedPaper"
  },
  {
    "url": "https://vertexaisearch.cloud.google.com/grounding-api-redirect/AUZIYQGfr4S48vCZgyuQLpB6nTkDDS6eRUsd3KMuboFH5qHFacK-2Kz_gLZ7ouIjH_RyTQ_o6cBkOzm3mzCAxNE06evvRzzT0Px0IJ4ywhW1ADjg0dWdDhVeQvLA30r3",
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Andreas Albrecht",
        "@type": "Person"
      },
      {
        "name": "Arthur Hebecker",
        "@type": "Person"
      },
      {
        "name": "Joao Pedro Pinto-Neto",
        "@type": "Person"
      },
      {
        "name": "Lucas Pinheiro",
        "@type": "Person"
      },
      {
        "name": "Marco Schillo",
        "@type": "Person"
      }
    ],
    "abstract": "We provide a simple extension of the no boundary proposal for the case that we observe only a finite region of the universe, and we trace out over the rest of the universe. For this reason, it is naturally a proposal for the density matrix for the observable region of the universe. The process that traces out the unobserved region of the universe imposes an effective boundary condition that implies that we can forget about the unobserved region. In a sense, we can think of these boundary conditions as another “no-boundary”.",
    "headline": "Tracing Out the Universe: No Boundary Condition for the Density Matrix",
    "isPartOf": {
      "name": "arXiv",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "arXiv",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "2024",
    "additionalType": "RelatedPaper"
  },
  {
    "url": "https://api.semanticscholar.org/CorpusID:4363262",
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Bernard J. Carr",
        "@type": "Person"
      },
      {
        "name": "Martin J. Rees",
        "@type": "Person"
      }
    ],
    "headline": "The anthropic principle and the structure of the physical world",
    "isPartOf": {
      "name": "Nature",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "Nature",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "1979",
    "additionalType": "RelatedPaper"
  },
  {
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Martin Rees",
        "@type": "Person"
      }
    ],
    "headline": "Cosmology and High Energy Astrophysics: A 50 year Perspective on Personality, Progress, and Prospects",
    "isPartOf": {
      "name": "Annual Review of Astronomy and Astrophysics",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "Annual Review of Astronomy and Astrophysics",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "2022",
    "additionalType": "RelatedPaper"
  },
  {
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Richard Feynman",
        "@type": "Person"
      }
    ],
    "abstract": "This paper introduces the path integral formulation of quantum mechanics. It presents an alternative approach to quantum mechanics using the principle of least action.",
    "headline": "Space-Time Approach to Non-Relativistic Quantum Mechanics",
    "isPartOf": {
      "name": "Reviews of Modern Physics",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "Reviews of Modern Physics",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "1948",
    "additionalType": "RelatedPaper"
  },
  {
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Richard Feynman",
        "@type": "Person"
      }
    ],
    "abstract": "This paper discusses the behavior of positrons as electrons moving backward in time. It contributes to the understanding of quantum electrodynamics.",
    "headline": "The Theory of Positrons",
    "isPartOf": {
      "name": "Physical Review",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "Physical Review",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "1949",
    "additionalType": "RelatedPaper"
  },
  {
    "url": "https://vertexaisearch.cloud.google.com/grounding-api-redirect/AUZIYQFXJh1l2-pD15LJGpd0V0UAc-xnxzTTrwazE_nLG6i1wzqrI-oPrs64jZaM7d6rwtUlPkHdeUZqcXuhulI4GMRLzg3iGYHNod102MJ2Bg8OyvzpDx159N6-1bXeg-cHc7gigMIpvoe03wxec4x-e4kn7aq8i8bSIUn2YxxUlzp8HekRmDP0peiUj8bby0SDb48J0sbY6Y-rt7ENH0wG5KBP0LY-UYghrNBGZztS56T8ndqRTruVrLLnld1OFuHj1z6k8tBtLqqGr0glEDUrlstL8IGqnV_LttYMWq8HU-7lfag-u8ei9Y1D_ruHcdh9oaT9Sw_eVjpTaemLpqXDfw6WSYQP",
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Wen-Xiang Chen",
        "@type": "Person"
      }
    ],
    "abstract": "This paper analyzes how the requirement of imaginary numbers in quantum theory and the postulates of relativity together imply the existence of a one-way time axis associated with the imaginary direction. It reviews the role of imaginary time in relativistic geometry and quantum dynamics, discusses the thermodynamic arrow of time and its link to entropy increase.",
    "headline": "Imaginary Time and the Arrow of Time: Interplay Between Relativity and Quantum Mechanics",
    "identifier": "P2",
    "datePublished": "2025",
    "additionalType": "RelatedPaper"
  },
  {
    "url": "https://vertexaisearch.cloud.google.com/grounding-api-redirect/AUZIYQF9sQdtfVCjlO2vXJZgvhmhg9WsgjIfEmmWgYNHRcGsGAraoQ_M5W9ye2AAUB5l-q-Pzy7wtB1wh-bp11X5hOainqrtiNLk2bmGbgczY8p1ojvHv4uLPkUHe6ZY-rLw5Ci4cyvUVjVTdblVJE19-RSkaWtSBtmEaCZi_FLhcETxtERy1LA3LjtwewccX6t6UhVtiuO7EKPVwjmTEQSstbfJGQfn1OZL8byEg0NSQJmz",
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Alan H. Guth",
        "@type": "Person"
      }
    ],
    "abstract": "The standard model of hot big-bang cosmology requires initial conditions which are problematic in two ways: (1) The early universe is assumed to be highly homogeneous, in spite of the fact that separated regions were causally disconnected (horizon problem); and (2) the initial value of the Hubble constant must be fine tuned to extraordinary accuracy to produce a universe as flat (i.e., near critical mass density) as the one we see today (flatness problem).",
    "headline": "Inflationary universe: A possible solution to the horizon and flatness problems",
    "isPartOf": {
      "name": "Physical Review D",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "Physical Review D",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "1981",
    "additionalType": "RelatedPaper"
  },
  {
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Werner Heisenberg",
        "@type": "Person"
      }
    ],
    "abstract": "This paper introduced a new way of understanding quantum mechanics.",
    "headline": "Quantum-mechanical reinterpretation of kinematic and mechanical relations",
    "isPartOf": {
      "name": "Zeitschrift für Physik",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "Zeitschrift für Physik",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "1925",
    "additionalType": "RelatedPaper"
  },
  {
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "M. Born",
        "@type": "Person"
      },
      {
        "name": "W. Heisenberg",
        "@type": "Person"
      },
      {
        "name": "P. Jordan",
        "@type": "Person"
      }
    ],
    "abstract": "Further developments in quantum mechanics.",
    "headline": "Zur Quantenmechanik",
    "isPartOf": {
      "name": "Zeitschrift für Physik",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "Zeitschrift für Physik",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "1926",
    "additionalType": "RelatedPaper"
  }
]


[
  {
    "name": "Stephen W. Hawking",
    "@type": "Person",
    "identifier": "A1",
    "affiliation": {
      "name": "University of Cambridge",
      "@type": "Organization"
    },
    "description": {
      "@value": "Stephen Hawking (1942-2018) was a British theoretical physicist and cosmologist. He made significant contributions to understanding black holes and the Big Bang. Hawking was the Lucasian Professor of Mathematics at Cambridge, and authored popular science books like 'A Brief History of Time'.",
      "@language": "en"
    },
    "additionalType": "InspirationAuthor",
    "description_pl": {
      "@value": "Stephen Hawking (1942-2018) był brytyjskim fizykiem teoretycznym i kosmologiem. Wniósł znaczący wkład w zrozumienie czarnych dziur i Wielkiego Wybuchu. Hawking był profesorem matematyki im. Lucasa na Uniwersytecie Cambridge i autorem książek popularnonaukowych, takich jak „Krótka historia czasu”.",
      "@language": "pl"
    }
  },
  {
    "name": "Aleksander Friedmann",
    "@type": "Person",
    "identifier": "A2",
    "affiliation": {
      "name": "Main Geophysical Observatory",
      "@type": "Organization"
    },
    "description": {
      "@value": "Aleksander Aleksandrovich Friedmann (1888-1925) was a Russian and Soviet physicist and mathematician who made groundbreaking contributions to cosmology. He is best known for his pioneering theory of the expanding universe, which he developed from Einstein's field equations of general relativity. His work provided the theoretical foundation for both the Big Bang and Steady State theories. Friedmann's equations, which describe the expansion of the universe, are fundamental to modern cosmology. Despite initial resistance from Einstein, Friedmann's ideas were later recognized as correct and crucial to understanding the universe's evolution. He also made contributions to meteorology and aerodynamics.",
      "@language": "en"
    },
    "additionalType": "CitedAuthor"
  },
  {
    "name": "Werner Heisenberg",
    "@type": "Person",
    "identifier": "A2",
    "affiliation": {
      "name": "University of Leipzig; University of Berlin; University of Munich",
      "@type": "Organization"
    },
    "description": {
      "@value": "Werner Karl Heisenberg (1901-1976) was a German theoretical physicist and one of the key pioneers of quantum mechanics. He is best known for the uncertainty principle, articulated in 1927, which states that the position and velocity of an object cannot both be measured exactly at the same time. Heisenberg received the Nobel Prize in Physics in 1932 for the creation of quantum mechanics. He also made contributions to nuclear physics, ferromagnetism, cosmic rays, and subatomic particles. During World War II, he was involved in Germany's nuclear research efforts.",
      "@language": "en"
    },
    "additionalType": "CitedAuthor"
  },
  {
    "name": "Mikołaj Kopernik",
    "@type": "Person",
    "identifier": "A2",
    "affiliation": {
      "name": "Canon of Frombork Cathedral",
      "@type": "Organization"
    },
    "description": {
      "@value": "Mikołaj Kopernik, also known as Nicolaus Copernicus, was a Polish astronomer and mathematician who revolutionized scientific thought with his heliocentric theory. Born in Toruń, Poland, in 1473, he studied at the University of Kraków and later in Italy, focusing on canon law, medicine, and astronomy. He proposed that the planets, including Earth, revolve around the Sun, challenging the long-held geocentric view. His major work, *De revolutionibus orbium coelestium* (On the Revolutions of the Heavenly Spheres), published in 1543, presented mathematical proofs for this heliocentric model. Kopernik's work marked a turning point in the history of science, initiating what is known as the Copernican Revolution. He died in Frombork in 1543.",
      "@language": "en"
    },
    "additionalType": "CitedAuthor"
  },
  {
    "name": "Ludwig Boltzmann",
    "@type": "Person",
    "identifier": "A2",
    "affiliation": {
      "name": "University of Vienna",
      "@type": "Organization"
    },
    "description": {
      "@value": "Ludwig Eduard Boltzmann (1844-1906) was an Austrian physicist and philosopher renowned for his groundbreaking contributions to statistical mechanics and thermodynamics. He is best known for his statistical interpretation of the second law of thermodynamics and the development of the Boltzmann equation, which describes the statistical behavior of gases. Boltzmann's work established a crucial link between the microscopic properties of atoms and the macroscopic properties of matter, explaining how the behavior of atoms determines visible properties such as viscosity and thermal conductivity. His formulation of entropy, expressed as S = k logW, where S is entropy, k is the Boltzmann constant, and W is the number of microstates, is engraved on his tombstone. Despite facing criticism during his lifetime, Boltzmann's work laid the foundation for modern physics and continues to influence scientific thought.",
      "@language": "en"
    },
    "additionalType": "CitedAuthor"
  },
  {
    "name": "Raymond Laflamme",
    "@type": "Person",
    "identifier": "A2",
    "affiliation": {
      "name": "University of Waterloo",
      "@type": "Organization"
    },
    "description": {
      "@value": "Raymond Julien Joseph Laflamme (1960-2025) was a Canadian theoretical physicist renowned for his significant contributions to quantum information science and for establishing the Institute for Quantum Computing (IQC) at the University of Waterloo. He earned his PhD at the University of Cambridge under Stephen Hawking, initially focusing on quantum cosmology and the arrow of time. Laflamme's research later shifted to quantum computing, where he pioneered theoretical and experimental approaches to quantum information processing and quantum error correction. His work was instrumental in demonstrating the possibility of fault-tolerant quantum computation. He held positions at Los Alamos National Laboratory, the University of Waterloo, and the Perimeter Institute for Theoretical Physics.",
      "@language": "en"
    },
    "additionalType": "CitedAuthor"
  },
  {
    "name": "Albert Einstein",
    "@type": "Person",
    "identifier": "A2",
    "affiliation": {
      "name": "Institute for Advanced Study, Princeton",
      "@type": "Organization"
    },
    "description": {
      "@value": "Albert Einstein (1879-1955) was a German-born theoretical physicist who revolutionized our understanding of the universe. He is best known for developing the theory of relativity, which includes special relativity (1905) and general relativity (1915). Einstein's work also significantly contributed to quantum theory, particularly his explanation of the photoelectric effect, for which he received the Nobel Prize in Physics in 1921. His famous equation E=mc² demonstrates the equivalence of mass and energy. He held professorships at various universities, including Zurich, Prague, and Berlin, before immigrating to the United States in 1933 and joining the Institute for Advanced Study in Princeton. Einstein's work continues to influence modern physics and cosmology.",
      "@language": "en"
    },
    "additionalType": "CitedAuthor"
  },
  {
    "name": "Święty Augustyn",
    "@type": "Person",
    "identifier": "A2",
    "affiliation": {
      "name": "Bishop of Hippo",
      "@type": "Organization"
    },
    "description": {
      "@value": "Aurelius Augustinus, commonly known as Saint Augustine, was a philosopher and theologian of the late Roman Empire, born in Tagaste (present-day Algeria) in 354 AD and died in Hippo Regius (also in present-day Algeria) in 430 AD. His mother, Saint Monica, was a devout Christian, while his father was a pagan. Augustine's intellectual journey led him through Manicheism and skepticism before his conversion to Christianity in 386 AD. He became the Bishop of Hippo in 396 AD, where he remained until his death. Augustine's works profoundly influenced the development of Western philosophy and Christian theology, earning him the title of Doctor of Grace. His key contributions include his exploration of free will, divine grace, and the nature of time, as well as his articulation of the concept of the City of God.",
      "@language": "en"
    },
    "additionalType": "CitedAuthor"
  },
  {
    "name": "Richard Feynman",
    "@type": "Person",
    "identifier": "A2",
    "affiliation": {
      "name": "California Institute of Technology",
      "@type": "Organization"
    },
    "description": {
      "@value": "Richard Phillips Feynman was an American theoretical physicist renowned for his contributions to quantum mechanics, quantum electrodynamics, and particle physics. He developed the path integral formulation of quantum mechanics and Feynman diagrams, a pictorial representation of particle interactions. Feynman shared the 1965 Nobel Prize in Physics with Julian Schwinger and Shin'ichirō Tomonaga for his work on quantum electrodynamics. Beyond his research, Feynman was a celebrated educator and communicator, known for his engaging lectures and popular science books, making complex topics accessible to a broad audience. He held the Richard Chace Tolman professorship in theoretical physics at the California Institute of Technology. Feynman also participated in the Manhattan Project during World War II.",
      "@language": "en"
    },
    "additionalType": "CitedAuthor"
  },
  {
    "name": "Brandon Carter",
    "@type": "Person",
    "identifier": "A2",
    "affiliation": {
      "name": "Laboratoire Univers et Théories, CNRS",
      "@type": "Organization"
    },
    "description": {
      "@value": "Brandon Carter, born in Australia in 1942, is a theoretical physicist renowned for his contributions to the study of black holes and for formulating the anthropic principle. He obtained his Ph.D. from Cambridge University in 1968 and later joined the Centre National de la Recherche Scientifique (CNRS) in France. Carter's work significantly advanced the understanding of black hole mechanics, including the no-hair theorem and the concept of tidal disruption events. His introduction of the anthropic principle in 1973 sparked considerable debate, positing that the observed universe must be compatible with the existence of intelligent observers. Carter's work has had a lasting impact on cosmology and astrophysics.",
      "@language": "en"
    },
    "additionalType": "CitedAuthor"
  },
  {
    "name": "Ilya Prigogine",
    "@type": "Person",
    "identifier": "A2",
    "affiliation": {
      "name": "Université Libre de Bruxelles; University of Texas at Austin",
      "@type": "Organization"
    },
    "description": {
      "@value": "Ilya Prigogine (1917-2003) was a Belgian physical chemist and Nobel laureate known for his work on dissipative structures, complex systems, and irreversibility. Born in Moscow, Russia, he later fled with his family and eventually settled in Belgium, becoming a Belgian citizen in 1949. He studied at the Université Libre de Bruxelles, earning his doctorate in 1941. Prigogine's key contributions include the theory of dissipative structures, which explains how systems far from equilibrium can self-organize. He was awarded the Nobel Prize in Chemistry in 1977 for his work in non-equilibrium thermodynamics. He held professorships at the Université Libre de Bruxelles and the University of Texas at Austin, where he founded the Center for Studies in Statistical Mechanics and Complex Systems.",
      "@language": "en"
    },
    "additionalType": "CitedAuthor"
  },
  {
    "name": "Freeman Dyson",
    "@type": "Person",
    "identifier": "A2",
    "affiliation": {
      "name": "Institute for Advanced Study, Princeton",
      "@type": "Organization"
    },
    "description": {
      "@value": "Freeman John Dyson (1923-2020) was a British-American theoretical physicist and mathematician renowned for his contributions to quantum field theory, astrophysics, random matrices, and nuclear physics. Dyson's work notably unified the quantum electrodynamics theories of Feynman, Schwinger, and Tomonaga. He served as a professor at the Institute for Advanced Study in Princeton for most of his career. Dyson explored diverse areas, including nuclear reactors, solid-state physics, ferromagnetism, and biology, seeking applications for mathematical elegance. He also speculated on the possibilities of extraterrestrial life, including the concept of the Dyson sphere. Dyson was a fellow of the American Physical Society, a member of the National Academy of Sciences, and a fellow of the Royal Society of London.",
      "@language": "en"
    },
    "additionalType": "CitedAuthor"
  },
  {
    "name": "Richard Dawid",
    "@type": "Person",
    "identifier": "A2",
    "affiliation": {
      "name": "Stockholm University",
      "@type": "Organization"
    },
    "description": {
      "@value": "Richard Dawid is a professor of philosophy of science at Stockholm University. He holds a PhD in theoretical physics from the University of Vienna. After working as a physicist at the TU Munich and the Lawrence Berkeley Laboratory, he transitioned to philosophy in 2000. Dawid's research focuses on the philosophical aspects of contemporary theories in high-energy physics and cosmology. He is known for his work on non-empirical theory confirmation, particularly in the context of string theory. His work also touches upon Everettian quantum mechanics, data analysis in high-energy physics, the philosophical impact of string dualities, the cosmological multiverse, and anthropic reasoning.",
      "@language": "en"
    },
    "additionalType": "CitedAuthor"
  },
  {
    "name": "Roger Penrose",
    "@type": "Person",
    "identifier": "A2",
    "affiliation": {
      "name": "University of Oxford",
      "@type": "Organization"
    },
    "description": {
      "@value": "Sir Roger Penrose, born on August 8, 1931, is an English mathematician, mathematical physicist, and philosopher of science. He is Emeritus Rouse Ball Professor of Mathematics at the University of Oxford and an emeritus fellow of Wadham College, Oxford. Penrose has made significant contributions to the mathematical physics of general relativity and cosmology. His work in the 1960s was a major influence behind the renaissance in general relativity and cosmology, leading to the current understanding of the Big Bang and black holes. Penrose is also known for his work on Penrose tiling, twistors, and his theories on consciousness. He shared the 1988 Wolf Prize in Physics with Stephen Hawking for their work on singularity theorems and the 2020 Nobel Prize in Physics for the discovery that black hole formation is a robust prediction of the general theory of relativity.",
      "@language": "en"
    },
    "additionalType": "CitedAuthor"
  },
  {
    "name": "Robert Wilson",
    "@type": "Person",
    "identifier": "A2",
    "affiliation": {
      "name": "Harvard-Smithsonian Center for Astrophysics",
      "@type": "Organization"
    },
    "description": {
      "@value": "Robert Woodrow Wilson (born January 10, 1936) is an American radio astronomer who, along with Arno Allan Penzias, discovered the cosmic microwave background radiation (CMB) in 1964. This discovery provided critical evidence supporting the Big Bang theory. Wilson and Penzias were awarded the Nobel Prize in Physics in 1978 for their groundbreaking work. Wilson's work at Bell Labs involved using a horn-shaped radio antenna to detect weak signals from space, leading to the accidental discovery of the CMB. He later became head of Bell's Radio Physics Research Department and, in 1994, joined the Harvard-Smithsonian Center for Astrophysics.",
      "@language": "en"
    },
    "additionalType": "CitedAuthor"
  },
  {
    "name": "Edwin Hubble",
    "@type": "Person",
    "identifier": "A2",
    "affiliation": {
      "name": "Mount Wilson Observatory",
      "@type": "Organization"
    },
    "description": {
      "@value": "Edwin Powell Hubble (1889-1953) was an American astronomer who revolutionized the field of extragalactic astronomy and observational cosmology. He earned a Bachelor of Science degree from the University of Chicago in 1910, focusing on mathematics, astronomy, and philosophy, and later studied jurisprudence at Oxford as a Rhodes Scholar. After a brief stint teaching, he obtained his Ph.D. in astronomy in 1921. Hubble's key contributions include establishing that many nebulae are galaxies beyond the Milky Way and formulating Hubble's Law, which states that galaxies are moving away from us with a speed proportional to their distance, indicating the expansion of the universe. He worked at the Mount Wilson Observatory and played a central role in the design of the Hale 200-inch Telescope.",
      "@language": "en"
    },
    "additionalType": "CitedAuthor"
  },
  {
    "name": "Arno Penzias",
    "@type": "Person",
    "identifier": "A2",
    "affiliation": {
      "name": "Bell Laboratories",
      "@type": "Organization"
    },
    "description": {
      "@value": "Arno Allan Penzias (1933-2024) was a German-born American physicist and radio astronomer. He is most known for his co-discovery of the cosmic microwave background radiation (CMB) with Robert Woodrow Wilson in 1964, a finding that strongly supported the Big Bang theory. For this discovery, Penzias and Wilson shared the 1978 Nobel Prize in Physics. Penzias earned a Ph.D. in physics from Columbia University in 1962 and then joined Bell Laboratories, where he spent 37 years, eventually becoming the chief scientist and vice president of research. Beyond the CMB, Penzias contributed to radio astronomy by detecting interstellar molecules and later transitioned to venture capital, advising on technology investments.",
      "@language": "en"
    },
    "additionalType": "CitedAuthor"
  },
  {
    "name": "Max Tegmark",
    "@type": "Person",
    "identifier": "A2",
    "affiliation": {
      "name": "Massachusetts Institute of Technology (MIT)",
      "@type": "Organization"
    },
    "description": {
      "@value": "Max Erik Tegmark, born on May 5, 1967, is a Swedish-American physicist, cosmologist, and machine learning researcher. He earned a B.Sc. in Physics from the Royal Institute of Technology and a B.A. in Economics from the Stockholm School of Economics before moving to the University of California, Berkeley, where he obtained an M.A. in 1992 and a Ph.D. in 1994. Currently, he is a professor at the Massachusetts Institute of Technology (MIT). Tegmark is also the scientific director of the Foundational Questions Institute and co-founder of the Future of Life Institute. His research spans precision cosmology, quantum foundations, and the physics of intelligence, focusing on both biological and artificial systems. He is known for his work on multiverse models and the mathematical universe hypothesis.",
      "@language": "en"
    },
    "additionalType": "CitedAuthor"
  },
  {
    "name": "Karl Popper",
    "@type": "Person",
    "identifier": "A2",
    "affiliation": {
      "name": "London School of Economics",
      "@type": "Organization"
    },
    "description": {
      "@value": "Sir Karl Raimund Popper (1902-1994) was an Austrian-British philosopher, academic, and social commentator, renowned as one of the 20th century's most influential philosophers of science. He is best known for his rejection of classical inductivist views on the scientific method, advocating instead for empirical falsification through his falsifiability criterion. Popper argued that a scientific theory can never be proven, but it can be falsified through decisive experiments. He championed critical rationalism, emphasizing the importance of testing theories to identify conditions under which they are false. Popper made significant contributions to the philosophy of science, political philosophy, and the defense of liberal democracy.",
      "@language": "en"
    },
    "additionalType": "CitedAuthor"
  },
  {
    "name": "John Barrow",
    "@type": "Person",
    "identifier": "A2",
    "affiliation": {
      "name": "University of Cambridge",
      "@type": "Organization"
    },
    "description": {
      "@value": "John David Barrow (1952-2020) was a British cosmologist, theoretical physicist, and mathematician renowned for his work on the anthropic principle and the fine-tuning of physical constants. He earned his doctorate in astrophysics from Oxford University in 1977. Barrow held positions at the University of Sussex and later became a professor at the University of Cambridge. He directed the Millennium Mathematics Project. Barrow's research spanned cosmology, general relativity, and the philosophy of science, resulting in over 550 peer-reviewed papers. He received the Templeton Prize in 2006 for his contributions to the dialogue between science and spirituality.",
      "@language": "en"
    },
    "additionalType": "CitedAuthor"
  },
  {
    "name": "Martin Rees",
    "@type": "Person",
    "identifier": "A2",
    "affiliation": {
      "name": "University of Cambridge",
      "@type": "Organization"
    },
    "description": {
      "@value": "Martin John Rees, Baron Rees of Ludlow, born on June 23, 1942, is a prominent British cosmologist and astrophysicist. He served as the Astronomer Royal from 1995 to 2025. Rees has held various distinguished positions, including Master of Trinity College, Cambridge (2004-2012), and President of the Royal Society (2005-2010). His research spans galaxy formation, cosmic jets, black holes, and gamma-ray bursts. Rees is also known for his work on the anthropic principle and the possibility of a multiverse. He has written extensively on existential risks facing humanity in the 21st century.",
      "@language": "en"
    },
    "additionalType": "CitedAuthor"
  },
  {
    "name": "Lee Smolin",
    "@type": "Person",
    "identifier": "A2",
    "affiliation": {
      "name": "Perimeter Institute for Theoretical Physics",
      "@type": "Organization"
    },
    "description": {
      "@value": "Lee Smolin, born on June 6, 1955, is an American theoretical physicist known for his work in quantum gravity and cosmology. He is a faculty member at the Perimeter Institute for Theoretical Physics and an adjunct professor at the University of Waterloo, as well as a member of the graduate faculty of the philosophy department at the University of Toronto. Smolin is a proponent of loop quantum gravity and has contributed to various approaches to quantum gravity, including causal dynamical triangulations. He is also known for his cosmological natural selection theory, applying Darwinian principles to cosmology. Smolin has written extensively on the philosophy of physics, particularly concerning the nature of time and the limitations of string theory.",
      "@language": "en"
    },
    "additionalType": "CitedAuthor"
  },
  {
    "name": "Alan Guth",
    "@type": "Person",
    "identifier": "A2",
    "affiliation": {
      "name": "Massachusetts Institute of Technology (MIT)",
      "@type": "Organization"
    },
    "description": {
      "@value": "Alan Harvey Guth, born on February 27, 1947, is an American theoretical physicist and cosmologist renowned for his pioneering work on cosmic inflation. He is the Victor Weisskopf Professor of Physics at the Massachusetts Institute of Technology (MIT). Guth proposed the inflationary universe model in 1980, suggesting a period of exponential expansion in the early universe to solve the horizon and flatness problems of the standard Big Bang theory. His research bridges elementary particle theory and the early universe, exploring the implications of particle physics for cosmology. Guth's work has significantly influenced our understanding of the universe's origins and evolution, earning him the 2014 Kavli Prize in Astrophysics.",
      "@language": "en"
    },
    "additionalType": "CitedAuthor"
  },
  {
    "name": "Don Page",
    "@type": "Person",
    "identifier": "A2",
    "affiliation": {
      "name": "University of Alberta",
      "@type": "Organization"
    },
    "description": {
      "@value": "Don Nelson Page, born on December 31, 1948, is an American-born Canadian theoretical physicist renowned for his work in quantum cosmology and theoretical gravitational physics. He earned his Ph.D. from Caltech in 1976 under the supervision of Kip Thorne and Stephen Hawking. Page's career includes positions at the University of Cambridge, Penn State University, and the University of Alberta, where he is currently a professor. His research focuses on understanding the universe within the framework of quantum theory, exploring topics such as the quantum state of the universe and the origin of its observed features. Page is also known for his contributions to the black hole information paradox, particularly the concept of the Page curve.",
      "@language": "en"
    },
    "additionalType": "CitedAuthor"
  },
  {
    "name": "Alberto D. Bolatto",
    "@type": "Person",
    "identifier": "A3",
    "additionalType": "CoAuthor"
  },
  {
    "name": "Robert B. Leighton",
    "@type": "Person",
    "identifier": "A3",
    "additionalType": "CoAuthor"
  },
  {
    "name": "Isabelle Stengers",
    "@type": "Person",
    "identifier": "A3",
    "additionalType": "CoAuthor"
  },
  {
    "name": "Wojciech H. Zurek",
    "@type": "Person",
    "identifier": "A3",
    "additionalType": "CoAuthor"
  },
  {
    "name": "Leonard Mlodinow",
    "@type": "Person",
    "identifier": "A3",
    "additionalType": "CoAuthor"
  },
  {
    "name": "Frank J. Tipler",
    "@type": "Person",
    "identifier": "A3",
    "additionalType": "CoAuthor"
  },
  {
    "name": "Bernard J. Carr",
    "@type": "Person",
    "identifier": "A3",
    "additionalType": "CoAuthor"
  },
  {
    "name": "Leopold Infeld",
    "@type": "Person",
    "identifier": "A3",
    "additionalType": "CoAuthor"
  },
  {
    "name": "Juan Pablo Paz",
    "@type": "Person",
    "identifier": "A3",
    "additionalType": "CoAuthor"
  },
  {
    "name": "P. Glansdorff",
    "@type": "Person",
    "identifier": "A3",
    "additionalType": "CoAuthor"
  },
  {
    "name": "Michele Mosca",
    "@type": "Person",
    "identifier": "A3",
    "additionalType": "CoAuthor"
  },
  {
    "name": "Shayan Majidy",
    "@type": "Person",
    "identifier": "A3",
    "additionalType": "CoAuthor"
  },
  {
    "name": "Matthew Sands",
    "@type": "Person",
    "identifier": "A3",
    "additionalType": "CoAuthor"
  },
  {
    "name": "Phillip Kaye",
    "@type": "Person",
    "identifier": "A3",
    "additionalType": "CoAuthor"
  },
  {
    "name": "Cesar Miquel",
    "@type": "Person",
    "identifier": "A3",
    "additionalType": "CoAuthor"
  },
  {
    "name": "Ruth Gregory",
    "@type": "Person",
    "identifier": "A3",
    "additionalType": "CoAuthor"
  },
  {
    "name": "Maohai Huang",
    "@type": "Person",
    "identifier": "A3",
    "additionalType": "CoAuthor"
  },
  {
    "name": "M. Ćirković",
    "@type": "Person",
    "identifier": "A3",
    "additionalType": "CoAuthor"
  },
  {
    "name": "Kento Osuga",
    "@type": "Person",
    "identifier": "A3",
    "additionalType": "CoAuthor"
  },
  {
    "name": "K. Jefferts",
    "@type": "Person",
    "identifier": "A3",
    "additionalType": "CoAuthor"
  },
  {
    "name": "T. M. Bania",
    "@type": "Person",
    "identifier": "A3",
    "additionalType": "CoAuthor"
  },
  {
    "name": "A. Żytkow",
    "@type": "Person",
    "identifier": "A3",
    "additionalType": "CoAuthor"
  },
  {
    "name": "P. Jordan",
    "@type": "Person",
    "identifier": "A3",
    "additionalType": "CoAuthor"
  },
  {
    "name": "M. Perry",
    "@type": "Person",
    "identifier": "A3",
    "additionalType": "CoAuthor"
  },
  {
    "name": "G. Kane",
    "@type": "Person",
    "identifier": "A3",
    "additionalType": "CoAuthor"
  },
  {
    "name": "M. Born",
    "@type": "Person",
    "identifier": "A3",
    "additionalType": "CoAuthor"
  },
  {
    "name": "et al.",
    "@type": "Person",
    "identifier": "A3",
    "additionalType": "CoAuthor"
  },
  {
    "name": "The theory of everything",
    "@type": "Book",
    "author": [
      {
        "name": "Stephen W. Hawking",
        "@type": "Person"
      }
    ],
    "publisher": {
      "name": "New Millennium Press",
      "@type": "Organization"
    },
    "identifier": "B1",
    "inLanguage": "en",
    "datePublished": "2002",
    "additionalType": "InspirationBook"
  },
  {
    "name": "A Brief History of Time",
    "@type": "Book",
    "genre": "[]",
    "author": [
      {
        "name": "Stephen W. Hawking",
        "@type": "Person"
      }
    ],
    "abstract": "A popular science book that explores the history of the universe, from the Big Bang to black holes, making complex concepts accessible to a general audience.",
    "publisher": {
      "name": "Bantam Books",
      "@type": "Organization"
    },
    "identifier": "B2",
    "datePublished": "1988",
    "additionalType": "AuthorOtherWork"
  },
  {
    "name": "The Universe in a Nutshell",
    "@type": "Book",
    "genre": "[]",
    "author": [
      {
        "name": "Stephen W. Hawking",
        "@type": "Person"
      }
    ],
    "abstract": "Hawking explores complex topics such as supergravity, quantum mechanics, string theory, and M-theory in an accessible way with the use of illustrations.",
    "publisher": {
      "name": "Bantam Books",
      "@type": "Organization"
    },
    "identifier": "B2",
    "datePublished": "2001",
    "additionalType": "AuthorOtherWork"
  },
  {
    "name": "Black Holes and Baby Universes and Other Essays",
    "@type": "Book",
    "genre": "[]",
    "author": [
      {
        "name": "Stephen W. Hawking",
        "@type": "Person"
      }
    ],
    "abstract": "A collection of essays by Stephen Hawking on various topics related to physics, cosmology, and his personal life.",
    "publisher": {
      "name": "Bantam Books",
      "@type": "Organization"
    },
    "identifier": "B2",
    "datePublished": "1993",
    "additionalType": "AuthorOtherWork"
  },
  {
    "name": "Gravitation in astrophysics, Cargese, 1986",
    "@type": "Book",
    "genre": "[]",
    "author": [
      {
        "name": "Brandon Carter",
        "@type": "Person"
      }
    ],
    "abstract": "Proceedings of a workshop",
    "publisher": {
      "name": "Plenum Press",
      "@type": "Organization"
    },
    "identifier": "B3",
    "datePublished": "1987",
    "additionalType": "CitedAuthorBook"
  },
  {
    "name": "The Open Society and Its Enemies",
    "@type": "Book",
    "genre": "[]",
    "author": [
      {
        "name": "Karl Popper",
        "@type": "Person"
      }
    ],
    "abstract": "A detailed criticism of historicism and totalitarianism, defending the principles of a democratic society. Popper penned his political masterpiece: The Open Society and Its Enemies: The Spell of the Totalitarian Style.",
    "publisher": {
      "name": "G. Routledge & Sons",
      "@type": "Organization"
    },
    "identifier": "B3",
    "datePublished": "1945",
    "additionalType": "CitedAuthorBook"
  },
  {
    "name": "Time Reborn: From the Crisis in Physics to the Future of the Universe",
    "@type": "Book",
    "genre": "[]",
    "author": [
      {
        "name": "Lee Smolin",
        "@type": "Person"
      }
    ],
    "abstract": "In this book, Smolin challenges the conventional notion of time in physics.",
    "identifier": "B3",
    "datePublished": "2013",
    "additionalType": "CitedAuthorBook"
  },
  {
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Stephen W. Hawking",
        "@type": "Person"
      }
    ],
    "abstract": "Hawking's work on singularities in collapsing stars and expanding universes contributed significantly to the understanding of black holes and the Big Bang theory.",
    "headline": "Singularities in Collapsing Stars and Expanding Universes",
    "isPartOf": {
      "name": "Proceedings of the Royal Society of London. Series A, Mathematical and Physical Sciences",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "Proceedings of the Royal Society of London. Series A, Mathematical and Physical Sciences",
      "@type": "Organization"
    },
    "identifier": "P1",
    "datePublished": "1966",
    "additionalType": "AuthorPaper"
  },
  {
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Stephen W. Hawking",
        "@type": "Person"
      }
    ],
    "abstract": "This paper presents Hawking's groundbreaking theory that black holes emit radiation, now known as Hawking radiation.",
    "headline": "Black hole explosions?",
    "isPartOf": {
      "name": "Nature",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "Nature",
      "@type": "Organization"
    },
    "identifier": "P1",
    "datePublished": "1974",
    "additionalType": "AuthorPaper"
  },
  {
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Stephen W. Hawking",
        "@type": "Person"
      }
    ],
    "abstract": "Hawking's research on the anisotropy of the universe explores the large-scale structure and evolution of the cosmos.",
    "headline": "The Anisotropy of the Universe at Large Times",
    "isPartOf": {
      "name": "Monthly Notices of the Royal Astronomical Society",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "Monthly Notices of the Royal Astronomical Society",
      "@type": "Organization"
    },
    "identifier": "P1",
    "datePublished": "1969",
    "additionalType": "AuthorPaper"
  },
  {
    "url": "https://arxiv.org/abs/2309.07465",
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Jaume de Haro",
        "@type": "Person"
      },
      {
        "name": "Shin'ichi Nojiri",
        "@type": "Person"
      },
      {
        "name": "S. D. Odintsov",
        "@type": "Person"
      },
      {
        "name": "V. K. Oikonomou",
        "@type": "Person"
      },
      {
        "name": "Supriya Pan",
        "@type": "Person"
      }
    ],
    "abstract": "This review provides an overview of cosmological theories constructed in the context of Einstein's General Relativity and modified gravity theories that may lead to finite-time cosmological singularities. It discusses various approaches suggested in the literature that could potentially prevent or mitigate finite-time singularities within the cosmological scenarios.",
    "headline": "Finite-time Cosmological Singularities and the Possible Fate of the Universe",
    "isPartOf": {
      "name": "arXiv",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "arXiv",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "2023",
    "additionalType": "RelatedPaper"
  },
  {
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Brandon Carter",
        "@type": "Person"
      }
    ],
    "abstract": "This paper discusses the global structure of the Kerr family of gravitational fields.",
    "headline": "Global structure of the Kerr family of gravitational fields",
    "isPartOf": {
      "name": "Physical Review",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "Physical Review",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "1968",
    "additionalType": "RelatedPaper"
  },
  {
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Brandon Carter",
        "@type": "Person"
      }
    ],
    "abstract": "This paper discusses the degrees of freedom of an axisymmetric black hole.",
    "headline": "An axisymmetric black hole has only two degrees of freedom",
    "isPartOf": {
      "name": "Physical Review Letters",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "Physical Review Letters",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "1971",
    "additionalType": "RelatedPaper"
  },
  {
    "url": "https://arxiv.org/abs/2205.12896",
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Stuart Kauffman",
        "@type": "Person"
      }
    ],
    "abstract": "This paper argues that the Anthropic Principle is testable and that its explanatory power is weak.",
    "headline": "The Anthropic Principle Is Testable And Appears Weak",
    "isPartOf": {
      "name": "arXiv",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "arXiv",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "2022",
    "additionalType": "RelatedPaper"
  },
  {
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Freeman Dyson",
        "@type": "Person"
      }
    ],
    "abstract": "Speculated that a technologically advanced extraterrestrial civilization might surround its native star with artificial structures to maximize the capture of the star's energy.",
    "headline": "Search for Artificial Stellar Sources of Infrared Radiation",
    "isPartOf": {
      "name": "Science",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "Science",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "1960",
    "additionalType": "RelatedPaper"
  },
  {
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Freeman Dyson",
        "@type": "Person"
      }
    ],
    "headline": "Energy in the Universe",
    "isPartOf": {
      "name": "Scientific American",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "Scientific American",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "1971",
    "additionalType": "RelatedPaper"
  },
  {
    "url": "https://space.mit.edu/home/tegmark/multiverse.pdf",
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Max Tegmark",
        "@type": "Person"
      }
    ],
    "abstract": "This article surveys physics theories involving parallel universes, which form a natural four-level hierarchy of multiverses allowing progressively greater diversity. Level I describes an infinite ergodic universe, Level II describes other thermalized regions with different physical constants, Level III describes other branches of the wavefunction, and Level IV describes other mathematical structures giving different fundamental equations of physics.",
    "headline": "Parallel Universes",
    "isPartOf": {
      "name": "Scientific American",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "Scientific American",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "2003",
    "additionalType": "RelatedPaper"
  },
  {
    "url": "https://arxiv.org/abs/1108.3080",
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Max Tegmark",
        "@type": "Person"
      }
    ],
    "abstract": "This paper analyzes cosmology assuming unitary quantum mechanics, using a tripartite partition into system, observer, and environment degrees of freedom. It generalizes the second law of thermodynamics, stating that the system's entropy can't decrease unless it interacts with the observer, and it can't increase unless it interacts with the environment. The paper argues that almost all sentient observers will find themselves in a post-inflationary low-entropy Hubble volume, solving the inflationary entropy problem.",
    "headline": "How unitary cosmology generalizes thermodynamics and solves the inflationary entropy problem",
    "identifier": "P2",
    "datePublished": "2012",
    "additionalType": "RelatedPaper"
  },
  {
    "url": "https://www.mdpi.com/1099-4300/27/9/983",
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Multiple Authors",
        "@type": "Person"
      }
    ],
    "abstract": "This paper reviews and compares prominent entropy definitions that have appeared in the last decade (2015–2024) and their applications to physiological signals. It adopts the PRISMA methodology for systematic literature reviews and presents statistical results on the number of citations for each method and the application domains.",
    "headline": "Review of Recent (2015–2024) Popular Entropy Definitions Applied to Physiological Signals",
    "isPartOf": {
      "name": "Entropy",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "Entropy",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "2025",
    "additionalType": "RelatedPaper"
  },
  {
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Karl Popper",
        "@type": "Person"
      }
    ],
    "abstract": "Popper's early work attempts to solve the problem of demarcation and offer a clear criterion that distinguishes scientific theories from metaphysical or mythological claims. Popper's falsificationist methodology holds that scientific theories are characterized by entailing predictions that future observations might reveal to be false.",
    "headline": "On the problem of demarcation between science and metaphysics",
    "isPartOf": {
      "name": "Conjectures and Refutations",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "Conjectures and Refutations",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "1963",
    "additionalType": "RelatedPaper"
  },
  {
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Karl Popper",
        "@type": "Person"
      }
    ],
    "abstract": "Popper worked on a variety of issues relating to the philosophy of science, including quantum mechanics, entropy, evolution, and the realism vs. anti-realism debate, along with the issues already mentioned. His major works from this period include “The Propensity Interpretation of Probability” (1959) and Conjectures and Refutations (1963).",
    "headline": "The Propensity Interpretation of Probability",
    "identifier": "P2",
    "datePublished": "1959",
    "additionalType": "RelatedPaper"
  },
  {
    "url": "https://philpapers.org/rec/DAWSRS",
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Richard Dawid",
        "@type": "Person"
      }
    ],
    "abstract": "String theory is often described as a theory that has a high potential to revolutionize our understanding of nature but that is empirically unconfirmed. The paper analyzes the implications of string theory for the debate on scientific realism. It is argued that the specific situation of string theory can offer new perspectives for the scientific realism debate. The paper focuses on the issue of underdetermination of theory choice and on the question of how to assess the viability of a theory.",
    "headline": "Scientific realism in string theory",
    "isPartOf": {
      "name": "Philosophy of Science",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "Philosophy of Science",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "2007",
    "additionalType": "RelatedPaper"
  },
  {
    "url": "https://arxiv.org/abs/hep-th/0407213",
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Lee Smolin",
        "@type": "Person"
      }
    ],
    "abstract": "The paper explains why the Anthropic Principle (AP) cannot yield any falsifiable predictions and proposes cosmological natural selection as a falsifiable multiverse theory.",
    "headline": "Scientific alternatives to the anthropic principle",
    "isPartOf": {
      "name": "arXiv",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "arXiv",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "2004",
    "additionalType": "RelatedPaper"
  },
  {
    "url": "https://medium.com/global-science-news/testing-the-anthropic-principle-a-critical-evaluation-of-cosmological-evidence-63490594caf1",
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Boris (Bruce) Kriger",
        "@type": "Person"
      }
    ],
    "abstract": "This paper examines the scientific potential of testing the Anthropic Principle through phenomena such as cosmic inflation, dark matter, and primordial gravitational waves.",
    "headline": "Testing the Anthropic Principle: A Critical Evaluation of Cosmological Evidence",
    "isPartOf": {
      "name": "GLOBAL SCIENCE NEWS",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "GLOBAL SCIENCE NEWS",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "2024",
    "additionalType": "RelatedPaper"
  },
  {
    "url": "https://vertexaisearch.cloud.google.com/grounding-api-redirect/AUZIYQFlRQJBplpEXuu0HUecLUM90KiAVIRNNav9iOd80-jFdJIrAY922Wf4cOOfbFyKlJdt9dCtx4uqIc7ZnRYUqBEXGbcNPSEu6RzZMIuNiyWlihAoZ5MMMn32qra5pJ51rrmBEw4ncvXeV49qtD2NXmrsO2CjqwZ8H7Jo9W-0uXTBEgA_-pyiEWoN1LRMnoEhMSDSXooJOw29DSMIPSSRNEKwF0Dr7t62sBkQuAc81Dj1cKZMN5Qz_IH76t-CqFHJyi84TFY=",
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "M. Ćirković",
        "@type": "Person"
      },
      {
        "name": "John D. Barrow",
        "@type": "Person"
      }
    ],
    "abstract": "The place of an anthropic argument in the discrimination between various cosmological models is to be reconsidered following the classic criticisms of Paul C. W. Davies and Frank J. Tipler. Different versions of the anthropic argument against cosmologies involving an infinite series of past events are analysed and applied to several instructive instances.",
    "headline": "The anthropic principle and the duration of the cosmological past",
    "isPartOf": {
      "name": "Astronomical & Astrophysical Transactions",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "Astronomical & Astrophysical Transactions",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "2004",
    "additionalType": "RelatedPaper"
  },
  {
    "url": "https://vertexaisearch.cloud.google.com/grounding-api-redirect/AUZIYQH_Zsk5Z3zLF0VYk7GDLf9AsU0raiXAM9qHNmtNi1gz4pQGZmKOFzTl9RT7dbgpsco3CZQvrYFhD11J4zbrYy5BYVmZBgfQlHCzBnAE2h-Df7nHAn5X_LbfcROyuBcCnlFYdcMh3aDSw85XEbaZA-cQDOiWwZsgl8MKfxXXfKWMVaO-8A8drz8hJMEQ0G-UVFtBnoblw2C__m06TMb2_6ALKmgqLBWuBV0tflJXr4eQUkYH7PskQjJuP6zQ0Iag50hPHCKlMSivkgc=",
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "G. Kane",
        "@type": "Person"
      },
      {
        "name": "M. Perry",
        "@type": "Person"
      },
      {
        "name": "A. Żytkow",
        "@type": "Person"
      },
      {
        "name": "John D. Barrow",
        "@type": "Person"
      }
    ],
    "headline": "The beginning of the end of the anthropic principle",
    "isPartOf": {
      "name": "New Astronomy",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "New Astronomy",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "2000",
    "additionalType": "RelatedPaper"
  },
  {
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Albert Einstein",
        "@type": "Person"
      }
    ],
    "abstract": "This paper applies general relativity to the universe, laying the foundations for modern theories of the universe.",
    "headline": "Cosmological Considerations in the General Theory of Relativity",
    "isPartOf": {
      "name": "Preussische Akademie der Wissenschaften",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "Preussische Akademie der Wissenschaften",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "1917",
    "additionalType": "RelatedPaper"
  },
  {
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Albert Einstein",
        "@type": "Person"
      }
    ],
    "abstract": "In this paper, Einstein proposes a cosmic model in which the universe undergoes an expansion followed by a contraction, quite different to the monotonically expanding Einstein-de Sitter model of 1932.",
    "headline": "Zum kosmologischen Problem der allgemeinen Relativitätstheorie",
    "identifier": "P2",
    "datePublished": "1931",
    "additionalType": "RelatedPaper"
  },
  {
    "url": "https://www.researchgate.net/publication/355185388_Translation_of_Ludwig_Boltzmann's_Paper_On_the_Relationship_between_the_Second_Fundamental_Theorem_of_the_Mechanical_Theory_of_Heat_and_Probability_Calculations_Regarding_the_Conditions_for_Thermal_Equilibrium_Sitzungberichte_der_Kaiserlichen_Akademie_der_Wissenschaften_Mathematisch-Naturwissen_Classe_Abt_II_LXXVI_1877_pp_373-435_Wien_Ber_1877_76373-435",
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Ludwig Boltzmann",
        "@type": "Person"
      }
    ],
    "abstract": "In this seminal paper, Boltzmann demonstrated that entropy (S) is proportional to the logarithm of the number of microstates (Ω) corresponding to a given macrostate, formalized as S ∝ ln Ω. This groundbreaking insight bridged thermodynamics with mechanics by linking the thermodynamic property of entropy to the combinatorial multiplicity of molecular configurations.",
    "headline": "On the Relationship between the Second Fundamental Theorem of the Mechanical Theory of Heat and Probability Calculations Regarding the Conditions for Thermal Equilibrium",
    "isPartOf": {
      "name": "Sitzungberichte der Kaiserlichen Akademie der Wissenschaften",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "Sitzungberichte der Kaiserlichen Akademie der Wissenschaften",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "1877",
    "additionalType": "RelatedPaper"
  },
  {
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Ludwig Boltzmann",
        "@type": "Person"
      }
    ],
    "abstract": "In this influential paper, Boltzmann introduced groundbreaking concepts such as the transport equation that bears his name and the statistical interpretation of entropy. His incorporation of probabilistic reasoning into physics revolutionized our comprehension of thermodynamics, entropy, and transport theory and provided insights into the second law of thermodynamics, which is central to modern physics, facilitating subsequent scientific advancements that continue to shape the various disciplines.",
    "headline": "Weitere Studien über das Wärmegleichgewicht unter Gasmolekülen",
    "isPartOf": {
      "name": "Kaiserlichen Akademie der Wissenschaften",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "Kaiserlichen Akademie der Wissenschaften",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "1872",
    "additionalType": "RelatedPaper"
  },
  {
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Ilya Prigogine",
        "@type": "Person"
      }
    ],
    "abstract": "This work likely explores statistical mechanics in systems not in equilibrium.",
    "headline": "Non-equilibrium statistical mechanics",
    "isPartOf": {
      "name": "Interscience Publishers",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "Interscience Publishers",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "1962",
    "additionalType": "RelatedPaper"
  },
  {
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "P. Glansdorff",
        "@type": "Person"
      },
      {
        "name": "I. Prigogine",
        "@type": "Person"
      }
    ],
    "abstract": "This paper likely discusses the thermodynamic theory behind structure, stability, and fluctuations in systems.",
    "headline": "Thermodynamic theory of structure, stability and fluctuations",
    "isPartOf": {
      "name": "Wiley",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "Wiley",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "1971",
    "additionalType": "RelatedPaper"
  },
  {
    "url": "https://www.pnas.org/doi/pdf/10.1073/pnas.15.3.168",
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Edwin Hubble",
        "@type": "Person"
      }
    ],
    "abstract": "This paper presents the evidence for the expanding universe, showing that galaxies recede from us in all directions and more distant ones recede more rapidly.",
    "headline": "A relation between distance and radial velocity among extra-galactic nebulae",
    "isPartOf": {
      "name": "Proceedings of the National Academy of Sciences",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "Proceedings of the National Academy of Sciences",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "1929",
    "additionalType": "RelatedPaper"
  },
  {
    "url": "https://arxiv.org/abs/2512.17116",
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Javiera Rey",
        "@type": "Person"
      },
      {
        "name": "Eleonora Di Valentino",
        "@type": "Person"
      },
      {
        "name": "Olga Mena",
        "@type": "Person"
      }
    ],
    "abstract": "We investigate the observational tests of generalized mass-to-horizon entropic cosmology by incorporating large-scale structure growth data in addition to purely geometric probes.",
    "headline": "Mass-to-Horizon Entropic Cosmology: A Unified Thermodynamic Pathway to Cosmic Acceleration",
    "isPartOf": {
      "name": "arXiv",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "arXiv",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "2025",
    "additionalType": "RelatedPaper"
  },
  {
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Don N. Page",
        "@type": "Person"
      }
    ],
    "headline": "Will Entropy Decrease if the Universe Recollapses?",
    "isPartOf": {
      "name": "Phys. Rev. D",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "Phys. Rev. D",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "1985",
    "additionalType": "RelatedPaper"
  },
  {
    "url": "https://arxiv.org/abs/1906.09273",
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Kento Osuga",
        "@type": "Person"
      },
      {
        "name": "Don N. Page",
        "@type": "Person"
      }
    ],
    "headline": "Harmony for 2-Qubit Entanglement",
    "identifier": "P2",
    "datePublished": "2019",
    "additionalType": "RelatedPaper"
  },
  {
    "url": "https://vertexaisearch.cloud.google.com/grounding-api-redirect/AUZIYQGqPw69WKBq-w3RBvVaQFxtfa0rhCpjfKmEb_l1WxYOrrBEw2_4XFEnJR30FMP_8hdfG1CG-A7Zk4aHvag5SWpIfxSaOS28S_CHW38xsKWTL4EJ62gF5mql8K_U",
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "S. Nojiri",
        "@type": "Person"
      },
      {
        "name": "S. Odintsov",
        "@type": "Person"
      },
      {
        "name": "Tanmoy Paul",
        "@type": "Person"
      }
    ],
    "abstract": "This paper reviews recent developments in entropic cosmology based on the first and second laws of thermodynamics applied to the apparent horizon.",
    "headline": "Different aspects of entropic cosmology",
    "isPartOf": {
      "name": "arXiv",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "arXiv",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "2024",
    "additionalType": "RelatedPaper"
  },
  {
    "url": "https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.77.198",
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Raymond Laflamme",
        "@type": "Person"
      },
      {
        "name": "Cesar Miquel",
        "@type": "Person"
      },
      {
        "name": "Juan Pablo Paz",
        "@type": "Person"
      },
      {
        "name": "Wojciech H. Zurek",
        "@type": "Person"
      }
    ],
    "abstract": "A simple quantum error-correcting code that can correct an arbitrary error on a single qubit is presented. The code is perfect in the sense that it achieves the quantum Hamming bound.",
    "headline": "Perfect quantum error-correcting code",
    "isPartOf": {
      "name": "Physical Review Letters",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "Physical Review Letters",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "1996",
    "additionalType": "RelatedPaper"
  },
  {
    "url": "https://www.sciencedirect.com/science/article/abs/pii/0550321394902062",
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Ruth Gregory",
        "@type": "Person"
      },
      {
        "name": "Raymond Laflamme",
        "@type": "Person"
      }
    ],
    "abstract": "The stability of charged black strings and p-branes is investigated. We find that near extremal black strings are unstable to linear perturbations, similar to the uncharged case. We also show that the instability persists for charged p-branes.",
    "headline": "The Instability of Charged Black Strings and p-Branes",
    "isPartOf": {
      "name": "Nuclear Physics B",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "Nuclear Physics B",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "1994",
    "additionalType": "RelatedPaper"
  },
  {
    "url": "https://journals.aps.org/pra/abstract/10.1103/PhysRevA.95.032305",
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "D. Su",
        "@type": "Person"
      },
      {
        "name": "S. Bravyi",
        "@type": "Person"
      },
      {
        "name": "J. M. Chow",
        "@type": "Person"
      },
      {
        "name": "R. de Sousa",
        "@type": "Person"
      },
      {
        "name": "A. D. Corcoles",
        "@type": "Person"
      }
    ],
    "abstract": "We propose a hybrid quantum-classical algorithm to solve computationally hard problems using a quantum processor with a small number of qubits. The key idea is to encode a large amount of classical data into a high-dimensional quantum state. We show that even a noisy quantum processor can outperform the best-known classical algorithms.",
    "headline": "Quantum computational advantage via high-dimensional encoding",
    "isPartOf": {
      "name": "Physical Review A",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "Physical Review A",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "2017",
    "additionalType": "RelatedPaper"
  },
  {
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "A. Friedmann",
        "@type": "Person"
      }
    ],
    "abstract": "In this paper, Friedmann demonstrated that Einstein's general theory of relativity admits nonstatic solutions, describing a cosmos that expands, contracts, collapses, and might even have been born in a singularity.",
    "headline": "Über die Krümmung des Raumes",
    "isPartOf": {
      "name": "Zeitschrift für Physik",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "Zeitschrift für Physik",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "1922",
    "additionalType": "RelatedPaper"
  },
  {
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "A. Friedmann",
        "@type": "Person"
      }
    ],
    "abstract": "Demonstrated all three Friedmann models describing positive, zero and negative curvature respectively, a decade before Robertson and Walker published their analysis.",
    "headline": "Über die Möglichkeit einer Welt mit konstanter negativer Krümmung des Raumes",
    "isPartOf": {
      "name": "Zeitschrift für Physik",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "Zeitschrift für Physik",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "1924",
    "additionalType": "RelatedPaper"
  },
  {
    "url": "https://arxiv.org/abs/2502.12165",
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "S. I. Kruglov",
        "@type": "Person"
      }
    ],
    "abstract": "Considers new nonadditive entropy of the apparent horizon S_K=S_{BH}/(1+\\gamma S_{BH}) with S_{BH} being the Bekenstein--Hawking entropy. This is an alternative of the Rényi and Tsallis entropies, that allows us, by utilising the holographic principle, to develop entropic (holographic) dark energy.",
    "headline": "New entropy, thermodynamics of apparent horizon and cosmology",
    "isPartOf": {
      "name": "arXiv",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "arXiv",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "2025",
    "additionalType": "RelatedPaper"
  },
  {
    "url": "https://vertexaisearch.cloud.google.com/grounding-api-redirect/AUZIYQEGIyPhK85bwPKPNdAEECrN5ATQaqaztExpV_6xFfOv1gaab1tSapayZNGwn44oh3bJPConcWg8QMTXoQ5xcADAWsHzXPBhuJyqm2ZnUXlrScLP2eb0NrA-bJgiNYBabvfcthyYzp4cbB1S0jkVrxBjYYn5G3jK_rhuZB53-uchHR6R4Er9ULTW2VJd6sEhAozNOw91Qv75zcoEg2CzSz-_A2Bp4jwUDblcPmMhFFdrQyKjH5Z08ubNhn6vB4C-",
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Roger Penrose",
        "@type": "Person"
      }
    ],
    "abstract": "Penrose proves that singularities (such as black holes) occur after the collapse of massive stars, which is essential for the modern understanding of black holes and general relativity, with profound implications for the Big Bang Model.",
    "headline": "Gravitational Collapse and Space-Time Singularities",
    "isPartOf": {
      "name": "Physical Review Letters",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "Physical Review Letters",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "1965",
    "additionalType": "RelatedPaper"
  },
  {
    "url": "https://vertexaisearch.cloud.google.com/grounding-api-redirect/AUZIYQFOJcwTt097Pmc1K7l1AkX1_qd_Tz6byImOuhboGqrbHjbUgMJVl4pgUM22fmQMbdS7OSkerJ5Jd_O0UpGyOPXez7bjydqWcIQHBoUeKkXwF1LrVOI81UZeIt6aaTb-1VPYsTdVLFnlc99S3OI-j5Bk5xg3urj6CQ==",
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "R. Penrose",
        "@type": "Person"
      }
    ],
    "abstract": "Penrose discusses the inevitability of singularities in the general theory of relativity and their relation to the arrow of time. He suggests that the structure of spacetime singularities contains the key to the solution to the origin of the arrow of time.",
    "headline": "Singularities and time-asymmetry",
    "isPartOf": {
      "name": "LSE",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "LSE",
      "@type": "Organization"
    },
    "identifier": "P2",
    "additionalType": "RelatedPaper"
  },
  {
    "url": "https://arxiv.org/abs/2309.08954",
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Oem Trivedi",
        "@type": "Person"
      }
    ],
    "abstract": "This review discusses recent developments in the field of cosmological singularities, including different forms of singularities and methods to avoid or moderate them. It explores how these singularities occur in non-conventional cosmologies and presents a dynamical systems approach to deal with them.",
    "headline": "Recent advances in cosmological singularities",
    "isPartOf": {
      "name": "Symmetry",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "Symmetry",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "2023",
    "additionalType": "RelatedPaper"
  },
  {
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "A. A. Penzias",
        "@type": "Person"
      },
      {
        "name": "R. W. Wilson",
        "@type": "Person"
      }
    ],
    "abstract": "Penzias and Wilson published a paper announcing their findings. Their discovery of the cosmic background radiation at the Bell Telephone Laboratories, for which they received the 1978 Nobel Prize in Physics, started a new field of precision cosmology.",
    "headline": "A Measurement of Excess Antenna Temperature at 4080 Mc/s",
    "isPartOf": {
      "name": "Astrophysical Journal",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "Astrophysical Journal",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "1965",
    "additionalType": "RelatedPaper"
  },
  {
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "R. W. Wilson",
        "@type": "Person"
      },
      {
        "name": "K. Jefferts",
        "@type": "Person"
      },
      {
        "name": "A. A. Penzias",
        "@type": "Person"
      }
    ],
    "abstract": "Penzias and Wilson joined by Keith Jefferts made the first detection of the millimeter-wave radiation from interstellar carbon monoxide, thus opening another new field of research—radio spectroscopy and interstellar chemistry.",
    "headline": "Carbon monoxide in the Orion Nebula",
    "isPartOf": {
      "name": "Astrophysical Journal",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "Astrophysical Journal",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "1970",
    "additionalType": "RelatedPaper"
  },
  {
    "url": "https://vertexaisearch.cloud.google.com/grounding-api-redirect/AUZIYQHr8q3YRGSraTI2IoW9CbG2P6aPGYbwrUh0nxKeXje83CRahZ3-EzTSAQmQs6csYjohWKzdyHn_W8e13TFnFUc0IS4MRABIYQb2iG-0dv8nw2dCzqcYV9UwF3gvTZ5vGHUFccP4Ll5oTpzjbs3C3lH-UryHJ6YhCLpYWm0HTVArT1P58B4IREnT",
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Maohai Huang",
        "@type": "Person"
      },
      {
        "name": "T. M. Bania",
        "@type": "Person"
      },
      {
        "name": "Alberto D. Bolatto",
        "@type": "Person"
      },
      {
        "name": "Robert W. Wilson",
        "@type": "Person"
      },
      {
        "name": "et al.",
        "@type": "Person"
      }
    ],
    "abstract": "We report observations of atomic carbon (C I [3P1→3P0]) for a sample of 49 southern hemisphere H II regions using the Antarctic Submillimeter Telescope and Remote Observatory. The sources are compact and isolated members of the Wilson et al. H109alpha radio recombination line (RRL) catalog. The fourth Galactic quadrant is well covered by the sample. Atomic carbon emission is detected toward all of the regions, with multiple C I emission components found toward most sources. The RRL velocity is used to identify the C I emission associated with the H II region.",
    "headline": "Atomic Carbon Observations of Southern Hemisphere H II Regions",
    "isPartOf": {
      "name": "The Astrophysical Journal",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "The Astrophysical Journal",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "2009",
    "additionalType": "RelatedPaper"
  },
  {
    "url": "https://vertexaisearch.cloud.google.com/grounding-api-redirect/AUZIYQGfr4S48vCZgyuQLpB6nTkDDS6eRUsd3KMuboFH5qHFacK-2Kz_gLZ7ouIjH_RyTQ_o6cBkOzm3mzCAxNE06evvRzzT0Px0IJ4ywhW1ADjg0dWdDhVeQvLA30r3",
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Andreas Albrecht",
        "@type": "Person"
      },
      {
        "name": "Arthur Hebecker",
        "@type": "Person"
      },
      {
        "name": "Joao Pedro Pinto-Neto",
        "@type": "Person"
      },
      {
        "name": "Lucas Pinheiro",
        "@type": "Person"
      },
      {
        "name": "Marco Schillo",
        "@type": "Person"
      }
    ],
    "abstract": "We provide a simple extension of the no boundary proposal for the case that we observe only a finite region of the universe, and we trace out over the rest of the universe. For this reason, it is naturally a proposal for the density matrix for the observable region of the universe. The process that traces out the unobserved region of the universe imposes an effective boundary condition that implies that we can forget about the unobserved region. In a sense, we can think of these boundary conditions as another “no-boundary”.",
    "headline": "Tracing Out the Universe: No Boundary Condition for the Density Matrix",
    "isPartOf": {
      "name": "arXiv",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "arXiv",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "2024",
    "additionalType": "RelatedPaper"
  },
  {
    "url": "https://api.semanticscholar.org/CorpusID:4363262",
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Bernard J. Carr",
        "@type": "Person"
      },
      {
        "name": "Martin J. Rees",
        "@type": "Person"
      }
    ],
    "headline": "The anthropic principle and the structure of the physical world",
    "isPartOf": {
      "name": "Nature",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "Nature",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "1979",
    "additionalType": "RelatedPaper"
  },
  {
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Martin Rees",
        "@type": "Person"
      }
    ],
    "headline": "Cosmology and High Energy Astrophysics: A 50 year Perspective on Personality, Progress, and Prospects",
    "isPartOf": {
      "name": "Annual Review of Astronomy and Astrophysics",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "Annual Review of Astronomy and Astrophysics",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "2022",
    "additionalType": "RelatedPaper"
  },
  {
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Richard Feynman",
        "@type": "Person"
      }
    ],
    "abstract": "This paper introduces the path integral formulation of quantum mechanics. It presents an alternative approach to quantum mechanics using the principle of least action.",
    "headline": "Space-Time Approach to Non-Relativistic Quantum Mechanics",
    "isPartOf": {
      "name": "Reviews of Modern Physics",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "Reviews of Modern Physics",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "1948",
    "additionalType": "RelatedPaper"
  },
  {
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Richard Feynman",
        "@type": "Person"
      }
    ],
    "abstract": "This paper discusses the behavior of positrons as electrons moving backward in time. It contributes to the understanding of quantum electrodynamics.",
    "headline": "The Theory of Positrons",
    "isPartOf": {
      "name": "Physical Review",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "Physical Review",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "1949",
    "additionalType": "RelatedPaper"
  },
  {
    "url": "https://vertexaisearch.cloud.google.com/grounding-api-redirect/AUZIYQFXJh1l2-pD15LJGpd0V0UAc-xnxzTTrwazE_nLG6i1wzqrI-oPrs64jZaM7d6rwtUlPkHdeUZqcXuhulI4GMRLzg3iGYHNod102MJ2Bg8OyvzpDx159N6-1bXeg-cHc7gigMIpvoe03wxec4x-e4kn7aq8i8bSIUn2YxxUlzp8HekRmDP0peiUj8bby0SDb48J0sbY6Y-rt7ENH0wG5KBP0LY-UYghrNBGZztS56T8ndqRTruVrLLnld1OFuHj1z6k8tBtLqqGr0glEDUrlstL8IGqnV_LttYMWq8HU-7lfag-u8ei9Y1D_ruHcdh9oaT9Sw_eVjpTaemLpqXDfw6WSYQP",
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Wen-Xiang Chen",
        "@type": "Person"
      }
    ],
    "abstract": "This paper analyzes how the requirement of imaginary numbers in quantum theory and the postulates of relativity together imply the existence of a one-way time axis associated with the imaginary direction. It reviews the role of imaginary time in relativistic geometry and quantum dynamics, discusses the thermodynamic arrow of time and its link to entropy increase.",
    "headline": "Imaginary Time and the Arrow of Time: Interplay Between Relativity and Quantum Mechanics",
    "identifier": "P2",
    "datePublished": "2025",
    "additionalType": "RelatedPaper"
  },
  {
    "url": "https://vertexaisearch.cloud.google.com/grounding-api-redirect/AUZIYQF9sQdtfVCjlO2vXJZgvhmhg9WsgjIfEmmWgYNHRcGsGAraoQ_M5W9ye2AAUB5l-q-Pzy7wtB1wh-bp11X5hOainqrtiNLk2bmGbgczY8p1ojvHv4uLPkUHe6ZY-rLw5Ci4cyvUVjVTdblVJE19-RSkaWtSBtmEaCZi_FLhcETxtERy1LA3LjtwewccX6t6UhVtiuO7EKPVwjmTEQSstbfJGQfn1OZL8byEg0NSQJmz",
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Alan H. Guth",
        "@type": "Person"
      }
    ],
    "abstract": "The standard model of hot big-bang cosmology requires initial conditions which are problematic in two ways: (1) The early universe is assumed to be highly homogeneous, in spite of the fact that separated regions were causally disconnected (horizon problem); and (2) the initial value of the Hubble constant must be fine tuned to extraordinary accuracy to produce a universe as flat (i.e., near critical mass density) as the one we see today (flatness problem).",
    "headline": "Inflationary universe: A possible solution to the horizon and flatness problems",
    "isPartOf": {
      "name": "Physical Review D",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "Physical Review D",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "1981",
    "additionalType": "RelatedPaper"
  },
  {
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "Werner Heisenberg",
        "@type": "Person"
      }
    ],
    "abstract": "This paper introduced a new way of understanding quantum mechanics.",
    "headline": "Quantum-mechanical reinterpretation of kinematic and mechanical relations",
    "isPartOf": {
      "name": "Zeitschrift für Physik",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "Zeitschrift für Physik",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "1925",
    "additionalType": "RelatedPaper"
  },
  {
    "@type": "ScholarlyArticle",
    "author": [
      {
        "name": "M. Born",
        "@type": "Person"
      },
      {
        "name": "W. Heisenberg",
        "@type": "Person"
      },
      {
        "name": "P. Jordan",
        "@type": "Person"
      }
    ],
    "abstract": "Further developments in quantum mechanics.",
    "headline": "Zur Quantenmechanik",
    "isPartOf": {
      "name": "Zeitschrift für Physik",
      "@type": "Periodical"
    },
    "publisher": {
      "name": "Zeitschrift für Physik",
      "@type": "Organization"
    },
    "identifier": "P2",
    "datePublished": "1926",
    "additionalType": "RelatedPaper"
  }
]


{
  "h2_headers": [
    {
      "h2": "S艂aba vs silna zasada antropiczna: warunek obserwacji",
      "concepts_used": [
        "zasada antropiczna",
        "warunek obserwacji"
      ],
      "hidden_question": "Czym r贸偶ni si臋 s艂aba zasada antropiczna od jej silnej wersji?"
    },
    {
      "h2": "Multiwersum wyja艣nia precyzyjne dostrojenie kosmosu",
      "concepts_used": [
        "multiwersum",
        "precyzyjne dostrojenie"
      ],
      "hidden_question": "W jaki spos贸b teoria multiwersum wyja艣nia precyzyjne dostrojenie wszech艣wiata?"
    },
    {
      "h2": "Teoria wielu 艣wiat贸w: bariery weryfikacji empirycznej",
      "concepts_used": [
        "teoria wielu 艣wiat贸w",
        "epistemologia"
      ],
      "hidden_question": "Jakie s膮 g艂贸wne argumenty epistemologiczne przeciwko teorii wielu 艣wiat贸w?"
    },
    {
      "h2": "Strza艂ka termodynamiczna definiuje psychologiczny czas",
      "concepts_used": [
        "strza艂ka termodynamiczna",
        "czas psychologiczny"
      ],
      "hidden_question": "Dlaczego strza艂ka termodynamiczna jest uwa偶ana za fundamentaln膮 dla naszego odczuwania czasu?"
    },
    {
      "h2": "Wzrost entropii warunkuje proces zapami臋tywania",
      "concepts_used": [
        "pami臋膰",
        "entropia"
      ],
      "hidden_question": "Jaki jest zwi膮zek mi臋dzy pami臋ci膮 ludzk膮 a wzrostem entropii?"
    },
    {
      "h2": "Kontrakcja wszech艣wiata nie odwraca biegu czasu",
      "concepts_used": [
        "ekspansja wszech艣wiata",
        "bieg czasu"
      ],
      "hidden_question": "Czy odwr贸cenie ekspansji wszech艣wiata mog艂oby cofn膮膰 bieg czasu?"
    },
    {
      "h2": "Osobliwo艣ci: kres stosowalno艣ci praw fizyki klasycznej",
      "concepts_used": [
        "osobliwo艣ci",
        "fizyka klasyczna"
      ],
      "hidden_question": "Czym s膮 osobliwo艣ci i dlaczego stanowi膮 granic臋 dla klasycznej fizyki?"
    },
    {
      "h2": "Modele Friedmanna: trzy scenariusze ewolucji kosmosu",
      "concepts_used": [
        "modele Friedmanna",
        "ewolucja kosmosu"
      ],
      "hidden_question": "Jakie trzy scenariusze ewolucji kosmosu wynikaj膮 z modeli Friedmanna?"
    },
    {
      "h2": "Czas urojony Hawkinga: eliminacja osobliwo艣ci",
      "concepts_used": [
        "czas urojony",
        "Hawking"
      ],
      "hidden_question": "Na czym polega koncepcja czasu urojonego w uj臋ciu Hawkinga?"
    },
    {
      "h2": "Warunek braku granic eliminuje moment stworzenia",
      "concepts_used": [
        "warunek braku granic",
        "stworzenie"
      ],
      "hidden_question": "Czym jest warunek braku granic i jakie ma konsekwencje dla idei stworzenia?"
    },
    {
      "h2": "Fluktuacje kwantowe: mechanizm powstawania galaktyk",
      "concepts_used": [
        "fluktuacje kwantowe",
        "galaktyki"
      ],
      "hidden_question": "W jaki spos贸b fluktuacje kwantowe sta艂y si臋 zarodkami galaktyk?"
    },
    {
      "h2": "Trzy wymiary przestrzenne: warunek stabilno艣ci orbit",
      "concepts_used": [
        "wymiary przestrzenne",
        "stabilno艣膰 orbit"
      ],
      "hidden_question": "Dlaczego obserwujemy akurat trzy wymiary przestrzenne?"
    },
    {
      "h2": "Teoria strun uzasadnia stosowanie zasady antropicznej",
      "concepts_used": [
        "teoria strun",
        "zasada antropiczna"
      ],
      "hidden_question": "Jak teoria strun wp艂ywa na rozumienie zasady antropicznej?"
    }
  ],
  "sections": [
    {
      "h2": "S艂aba vs silna zasada antropiczna: warunek obserwacji",
      "position": 1,
      "end_marker": "Silna wersja jest znacznie bardziej kontrowersyjna. Sugeruje, 偶e wszech艣wiat musia艂 mie膰 takie w艂a艣ciwo艣ci, aby powsta艂o 偶ycie. Czyli, jak pisa艂 Freeman Dyson 鈥濱m wi臋cej o wszech艣wiecie si臋 dowiaduj臋, tym bardziej wygl膮da na to, 偶e w jaki艣 spos贸b wiedzia艂, 偶e przyjdziemy鈥�.",
      "section_id": "sec-1",
      "start_marker": "Wszech艣wiat, kt贸ry spojrza艂 w lustro. O Zasadzie Antropicznej i innych kosmicznych zdziwieniach\n\nNa pocz膮tku by艂 chaos. Potem by艂 Wielki Wybuch.",
      "hidden_question": "Czym r贸偶ni si臋 s艂aba zasada antropiczna od jej silnej wersji?"
    },
    {
      "h2": "Multiwersum wyja艣nia precycyjne dostrojenie kosmosu",
      "position": 2,
      "end_marker": "A my, oczywi艣cie wygrali艣my, trafiaj膮c na ten, w kt贸rym mo偶na ugotowa膰 zup臋 i prowadzi膰 seminaria o ontologii.",
      "section_id": "sec-2",
      "start_marker": "Zasada Antropiczna i teoria wielu 艣wiat贸w, czyli wszech艣wiat jako casting na istnienie\n\nGdy zasada antropiczna w艣lizgn臋艂a si臋 na kosmiczn膮 scen臋, wielu naukowc贸w odetchn臋艂o.",
      "hidden_question": "W jaki spos贸b teoria multiwersum wyja艣nia precycyjne dostrojenie wszech艣wiata?"
    },
    {
      "h2": "Teoria wielu 艣wiat贸w: bariery weryfikacji empirycznej",
      "position": 3,
      "end_marker": "鈥濿szech艣wiat musi by膰 taki, by istnia艂y konferencje, na kt贸rych naukowcy mog膮 si臋 nawzajem przekonywa膰, 偶e to wszystko ma sens.鈥�",
      "section_id": "sec-3",
      "start_marker": "Epistemologia kontra kosmiczna inflacja, co jeszcze mo偶emy wiedzie膰?\n\nNo dobrze, m贸wi sceptyk, ale co z tego? Czy teoria, kt贸rej nie da si臋 przetestowa膰, w og贸le zas艂uguje na miano naukowej?",
      "hidden_question": "Jakie s膮 g艂贸wne argumenty epistemologiczne przeciwko teorii wielu 艣wiat贸w?"
    },
    {
      "h2": "Strza艂ka termodynamiczna definiuje psychologiczny czas",
      "position": 4,
      "end_marker": "Gdyby entropia mala艂a, mogliby艣my pami臋ta膰 to, co dopiero nast膮pi. Ale tak nie jest. 呕ycie to nieustanny marsz w stron臋 zapomnienia, golgota tylko w jedn膮 stron臋.",
      "section_id": "sec-4",
      "start_marker": "W 艣wiecie Einsteina czas nie p艂ynie jak leniwa rzeka. Nie ma jednej wst臋gi, na kt贸rej zaznaczyliby艣my \"tu\" i \"teraz\" dla wszystkich obserwator贸w.",
      "hidden_question": "Dlaczego strza艂ka termodynamiczna jest uwa偶ana za fundamentaln膮 dla naszego odczuwania czasu?"
    },
    {
      "h2": "Wzrost entropii warunkuje proces zapami臋tywania",
      "position": 5,
      "end_marker": "Jak zauwa偶y艂 Ilya Prigogine, laureat Nagrody Nobla, 鈥瀞trza艂ka czasu nie jest iluzj膮 艣wiadomo艣ci; to 艣wiadomo艣膰 jest dzickiem strza艂ki czasu鈥�.",
      "section_id": "sec-5",
      "start_marker": "Pierwsz膮 z nich jest strza艂ka termodynamiczna, zwi膮zana z drug膮 zasad膮 termodynamiki. Zasada ta g艂osi, 偶e entropia, czyli miara nieuporz膮dkowania uk艂adu izolowanego, nigdy spontanicznie nie maleje.",
      "hidden_question": "Jaki jest zwi膮zek mi臋dzy pami臋ci膮 ludzk膮 a wzrostem entropii?"
    },
    {
      "h2": "Kontrakcja wszech艣wiata nie odwraca biegu czasu",
      "position": 6,
      "end_marker": "Kosmologiczna strza艂ka czasu nie odwraca si臋 wi臋c wraz ze zmian膮 los贸w kosmosu 鈥� jest zakorzeniona w g艂臋bszych zasadach.",
      "section_id": "sec-6",
      "start_marker": "Trzeci膮 jest strza艂ka kosmologiczna, uto偶samiana z kierunkiem ekspansji wszech艣wiata. Od momentu odkrycia Edwina Hubble鈥檃 wiemy, 偶e galaktyki oddalaj膮 si臋 od siebie, a przestrze艅 sama w sobie ulega rozszerzeniu.",
      "hidden_question": "Czy odwr贸cenie ekspansji wszech艣wiata mog艂oby cofn膮膰 bieg czasu?"
    },
    {
      "h2": "Osobliwo艣ci: kres stosowalno艣ci praw fizyki klasycznej",
      "position": 7,
      "end_marker": "Osobliwo艣ci s膮 miejscem, gdzie te dwa poj臋cia 鈥� niesko艅czona g臋sto艣膰 i brak czasu 鈥� spotykaj膮 si臋, zmuszaj膮c nas do przekroczenia granic tradycyjnego poznania.",
      "section_id": "sec-7",
      "start_marker": "POCZ膭TEK WSZECH艢WIATA I OSOBLIWO艢CI\n\nHistoria bada艅 nad pocz膮tkiem wszech艣wiata jest r贸wnocze艣nie histori膮 zmaga艅 z poj臋ciem osobliwo艣ci.",
      "hidden_question": "Czym s膮 osobliwo艣ci i dlaczego stanowi膮 granic臋 dla klasycznej fizyki?"
    },
    {
      "h2": "Modele Friedmanna: trzy scenariusze ewolucji kosmosu",
      "position": 8,
      "end_marker": "W艂asnor臋cznie wyprostowa艂 wszech艣wiat tylko po to, by musie膰 go potem zn贸w zakrzywia膰.",
      "section_id": "sec-8",
      "start_marker": "Model Friedmanna, czyli trzy sposoby na 艣mier膰 wszech艣wiata\n\nZanim wszystko si臋 zapadnie, warto wiedzie膰, 偶e mamy do wyboru trzy opcje.",
      "hidden_question": "Jakie trzy scenariusze ewolucji kosmosu wynikaj膮 z modeli Friedmanna?"
    },
    {
      "h2": "Czas urojony Hawkinga: eliminacja osobliwo艣ci",
      "position": 9,
      "end_marker": "Oznacza to, 偶e pytanie o to, co by艂o 鈥瀙rzed鈥� Wielkim Wybuchem, traci sens, poniewa偶 sam pocz膮tek nie jest wyrw膮 w prawach fizyki, lecz punktem geometrycznym w g艂adkiej strukturze kosmosu.",
      "section_id": "sec-9",
      "start_marker": "Zasadniczym narz臋dziem by艂a tu koncepcja sumy po historiach, rozwini臋ta przez Richarda Feynmana. Wedle niej cz膮stki nie pod膮偶aj膮 jedn膮, wybran膮 drog膮 w przestrzeni i czasie, lecz wszystkimi mo偶liwymi trajektoriami jednocze艣nie,",
      "hidden_question": "Na czym polega koncepcja czasu urojonego w uj臋ciu Hawkinga?"
    },
    {
      "h2": "Warunek braku granic eliminuje moment stworzenia",
      "position": 10,
      "end_marker": "Niekt贸rzy odczytali t臋 propozycj臋 jako pr贸b臋 鈥瀠suni臋cia Boga z r贸wnania鈥�, cho膰 sam Hawking podkre艣la艂, 偶e jego celem by艂o raczej znalezienie kompletnej teorii przyrody, nie za艣 rozstrzyganie spor贸w religijnych.",
      "section_id": "sec-10",
      "start_marker": "Jednym z najbardziej oryginalnych i zarazem 艣mia艂ych wk艂ad贸w Stephena Hawkinga w kosmologi臋 by艂a koncepcja tzw. warunku braku granic (no boundary condition), kt贸ra radykalnie zmienia spos贸b my艣lenia o pocz膮tku wszech艣wiata.",
      "hidden_question": "Czym jest warunek braku granic i jakie ma konsekwencje dla idei stworzenia?"
    },
    {
      "h2": "Fluktuacje kwantowe: mechanizm powstawania galaktyk",
      "position": 11,
      "end_marker": "Tym samym nasze istnienie jest po艣rednim skutkiem kwantowych przypadkowo艣ci, kt贸re uros艂y do rozmiar贸w kosmologicznych.",
      "section_id": "sec-11",
      "start_marker": "Czas urojony pozwala r贸wnie偶 lepiej zrozumie膰 proces inflacji kosmologicznej. Wed艂ug teorii Alana Gutha wszech艣wiat w bardzo wczesnej fazie swojego istnienia przeszed艂 kr贸tki, ale niezwykle intensywny okres gwa艂townej ekspansji.",
      "hidden_question": "W jaki spos贸b fluktuacje kwantowe sta艂y si臋 zarodkami galaktyk?"
    },
    {
      "h2": "Trzy wymiary przestrzenne: warunek stabilno艣ci orbit",
      "position": 12,
      "end_marker": "W czterech wymiarach przestrzennych orbity planet by艂yby niestabilne, a w dw贸ch 鈥� niemo偶liwe. Wida膰 wi臋c, 偶e nawet sam wymiar, w kt贸rym 偶yjemy, mo偶e by膰 wynikiem selekcji kosmicznej.",
      "section_id": "sec-12",
      "start_marker": "Warto doda膰, 偶e antropiczne pytania pojawiaj膮 si臋 tak偶e w kontek艣cie wymiar贸w przestrzeni. Teoria strun sugeruje, 偶e czasoprzestrze艅 mo偶e mie膰 dziesi臋膰 lub nawet dwadzie艣cia sze艣膰 wymiar贸w, z kt贸rych wi臋kszo艣膰 jest zwini臋ta do mikroskopijnych rozmiar贸w.",
      "hidden_question": "Dlaczego obserwujemy akurat trzy wymiary przestrzenne?"
    },
    {
      "h2": "Teoria strun uzasadnia stosowanie zasady antropicznej",
      "position": 13,
      "end_marker": "W takiej perspektywie nie ma nic dziwnego, 偶e 偶yjemy akurat w tym, kt贸ry pozwala na istnienie 偶ycia, tak jak nie dziwi fakt, 偶e w臋druj膮c po pustyni, natrafiamy na oaz臋, a nie na niesko艅czon膮 przestrze艅 piasku 鈥� bo tylko w oazie mo偶emy si臋 zatrzyma膰 i prze偶y膰.",
      "section_id": "sec-13",
      "start_marker": "Jednym z najcz臋艣ciej przywo艂ywanych przyk艂ad贸w jest tempo ekspansji wszech艣wiata po Wielkim Wybuchu. Gdyby by艂o minimalnie wolniejsze, grawitacja doprowadzi艂aby do szybkiego zapadni臋cia si臋 kosmosu w g臋st膮 kul臋 materii, zanim powsta艂yby gwiazdy i planety.",
      "hidden_question": "Jak teoria strun wp艂ywa na rozumienie zasady antropicznej?"
    }
  ],
  "dna_profile": null,
  "global_structure": null,
  "humanized_sections": [
    {
      "section_index": 0,
      "humanized_text": "Wszech艣wiat, kt贸ry spojrza艂 w lustro. O zasadzie antropicznej i innych kosmicznych zdziwieniach\n\nNa pocz膮tku by艂 chaos, potem Wielki Wybuch, a na ko艅cu pojawili艣my si臋 my 鈥� istoty zdolne podrapa膰 si臋 po g艂owie i zada膰 fundamentalne pytanie: dlaczego Wszech艣wiat wygl膮da tak, jakby kto艣 starannie przygotowa艂 go do naszego istnienia? W艂a艣nie w tym zdumieniu kryje si臋 ca艂a moc zasady antropicznej 鈥� idei jednocze艣nie urzekaj膮cej i irytuj膮cej, kt贸ra prowadzi do wniosku tyle偶 prostego, co g艂臋boko prowokuj膮cego. Wszech艣wiat jest taki, jaki jest, poniewa偶 gdyby by艂 inny, nie by艂oby nas tutaj, by o nim dyskutowa膰.\n\nSam termin 鈥瀦asada antropiczna鈥� zosta艂 ukuty przez kosmologa Brandona Cartera w 1973 roku, podczas konferencji zorganizowanej z okazji pi臋膰setlecia urodzin Kopernika. W miejscu, kt贸re symbolicznie zdetronizowa艂o ludzko艣膰, Carter odwa偶y艂 si臋 postawi膰 tez臋 przeciwn膮, stwierdzaj膮c, 偶e nasza pozycja we Wszech艣wiecie jest w pewnym sensie uprzywilejowana. Jest to bowiem jedyna pozycja, kt贸ra jest zgodna z naszym istnieniem jako obserwator贸w. Innymi s艂owy, jeste艣my tutaj, bo mogli艣my tu by膰, i tylko dlatego zadajemy pytanie o to, gdzie w艂a艣ciwie jest 鈥瀟utaj鈥�.\n\nCarter rozr贸偶ni艂 przy tym dwie wersje swojej zasady: s艂ab膮 i siln膮. S艂aba zasada antropiczna stwierdza jedynie, 偶e warunki, kt贸re obserwujemy we Wszech艣wiecie, musz膮 pozwala膰 na istnienie obserwatora, co jest bana艂em o pot臋偶nych, kosmicznych konsekwencjach. Znacznie bardziej kontrowersyjna jest wersja silna, kt贸ra sugeruje, 偶e Wszech艣wiat po prostu musia艂 mie膰 takie w艂a艣ciwo艣ci, aby na pewnym etapie ewolucji mog艂o w nim powsta膰 偶ycie. Jak uj膮艂 to fizyk Freeman Dyson: 鈥濱m wi臋cej o Wszech艣wiecie si臋 dowiaduj臋, tym bardziej wygl膮da na to, 偶e w jaki艣 spos贸b wiedzia艂, 偶e przyjdziemy鈥�.",
      "humanized_length": 1759,
      "start_marker": "Wszech艣wiat, kt贸ry spojrza艂 w lustro. O zasadzie antropicznej i innych kosmicznych zdziwieniach\n\nNa pocz膮tku by艂 chaos, potem Wielki Wybuch, a na ko艅c",
      "end_marker": "Jak uj膮艂 to fizyk Freeman Dyson: 鈥濱m wi臋cej o Wszech艣wiecie si臋 dowiaduj臋, tym bardziej wygl膮da na to, 偶e w jaki艣 spos贸b wiedzia艂, 偶e przyjdziemy鈥�.",
      "flesch_score": 13.3,
      "tone_score": 0,
      "humanized_at": "2026-01-06 02:06:03"
    },
    {
      "section_index": 1,
      "humanized_text": "Gdy zasada antropiczna wkroczy艂a na kosmiczn膮 scen臋, cz臋艣膰 naukowc贸w odetchn臋艂a z ulg膮. Wreszcie pojawi艂o si臋 narz臋dzie pozwalaj膮ce uzasadni膰 precyzyjne dostrojenie naszego Wszech艣wiata: dlaczego sta艂a Plancka ma tak膮, a nie inn膮 warto艣膰, czemu proton jest 1836 razy ci臋偶szy od elektronu i jakim cudem grawitacja nie rozjecha艂a wszystkiego niczym walec. Inni jednak 艂apali si臋 za g艂ow臋, twierdz膮c, 偶e to nie wyja艣nienie, lecz intelektualny wybieg. Dla przeciwnik贸w by艂a to po prostu naukowa wersja odpowiedzi 鈥瀊o tak鈥�.\n\nI wtedy z odsiecz膮 przyby艂a teoria wielu wszech艣wiat贸w, znana szerzej jako multiwersum. Je艣li pojedynczy wszech艣wiat to gra o astronomiczn膮 stawk臋, to multiwersum jest ca艂ym kasynem 鈥� niesko艅czon膮 liczb膮 pr贸b, kombinacji i rozda艅. W tej perspektywie fakt, 偶e trafili艣my akurat do tego jednego uniwersum, w kt贸rym mo偶na zje艣膰 jab艂ko, napisa膰 sonet i przeprowadzi膰 operacj臋 na otwartym m贸zgu, przestaje wygl膮da膰 na kosmiczny cud. Staje si臋 statystyczn膮 nieuchronno艣ci膮.\n\nMax Tegmark, fizyk z MIT i czo艂owy or臋downik tej koncepcji, uj膮艂 to dosadnie: 鈥濿 multiwersum nie pytasz, dlaczego parametry s膮 takie, jakie s膮. Pytasz, dlaczego jeste艣 akurat w tym wszech艣wiecie, a nie w innym? Odpowied藕 brzmi: bo w innych by ci臋 nie by艂o鈥�.\n\nJeste艣my tu, poniewa偶 gdzie indziej nie mogliby艣my zaistnie膰. To ju偶 nie jest zasada antropiczna w wersji s艂abej, to jej wersja turbo. To zasada antropiczna na sterydach teorii strun, rozci膮gni臋ta na niesko艅czonym p艂贸tnie mo偶liwo艣ci, gdzie nasze istnienie jest jednym z dopuszczalnych wzor贸w.\n\nW ramach tak zwanego krajobrazu teorii strun, czyli mapy wszystkich mo偶liwych konfiguracji fizyki, szacuje si臋 istnienie nawet 10鹿鈦扳伆鈦扳伆 r贸偶nych wszech艣wiat贸w. Ka偶dy z nich ma w艂asny zestaw sta艂ych fizycznych i praw natury. A my, rzecz jasna, wygrali艣my los na tej kosmicznej loterii, trafiaj膮c do tego, w kt贸rym da si臋 ugotowa膰 zup臋 i prowadzi膰 seminaria z ontologii.",
      "humanized_length": 1908,
      "start_marker": "Gdy zasada antropiczna wkroczy艂a na kosmiczn膮 scen臋, cz臋艣膰 naukowc贸w odetchn臋艂a z ulg膮. Wreszcie pojawi艂o si臋 narz臋dzie pozwalaj膮ce uzasadni膰 precyzyj",
      "end_marker": "A my, rzecz jasna, wygrali艣my los na tej kosmicznej loterii, trafiaj膮c do tego, w kt贸rym da si臋 ugotowa膰 zup臋 i prowadzi膰 seminaria z ontologii.",
      "flesch_score": 27.56,
      "tone_score": 0,
      "humanized_at": "2026-01-06 02:06:03"
    },
    {
      "section_index": 2,
      "humanized_text": "No dobrze 鈥� powie sceptyk, odstawiaj膮c na chwil臋 herbat臋 鈥� ale co z tego wszystkiego wynika? Czy teoria, kt贸rej nie da si臋 w 偶aden spos贸b przetestowa膰, w og贸le zas艂uguje na miano naukowej, czy jest to ju偶 tylko elegancka opowie艣膰 na dobranoc dla fizyk贸w? I tu na scen臋 wkracza epistemologia, czyli ga艂膮藕 filozofii, kt贸ra od wiek贸w pr贸buje ustali膰, czym jest wiedza, co mo偶emy uzna膰 za uzasadnione i jak odr贸偶ni膰 sensowne twierdzenie od spekulacji. W duchu Karla Poppera, kt贸ry wyznaczy艂 wyra藕n膮 granic臋 demarkacyjn膮, pytanie brzmi: czy zasada antropiczna i teoria multiwersum s膮 falsyfikowalne? Czy mo偶na zaprojektowa膰 eksperyment, kt贸ry m贸g艂by je obali膰? Odpowied藕 jest k艂opotliwa. Przynajmniej dzi艣 鈥� nie.\n\nNiekt贸rzy, jak filozof nauki Richard Dawid, sugeruj膮 jednak, 偶e wielkie teorie fizyki zaczynaj膮 rz膮dzi膰 si臋 innymi regu艂ami, przekraczaj膮c klasyczne kryteria naukowo艣ci. Ich si艂a ma tkwi膰 w wewn臋trznej sp贸jno艣ci, matematycznej elegancji i zdolno艣ci do wyja艣niania z poczuciem nieuchronno艣ci. Dawid pisze: 鈥濿 przypadku teorii strun mamy do czynienia z sytuacj膮, w kt贸rej sama niemo偶no艣膰 znalezienia alternatywy mo偶e by膰 postrzegana jako argument empiryczny鈥�. To odwr贸cenie klasycznej logiki. Skoro nie dysponujemy lepszym wyja艣nieniem, to mo偶e w艂a艣nie to 鈥� nawet je艣li nieweryfikowalne w warunkach laboratoryjnych 鈥� stanowi jedyny sensowny spos贸b na uporz膮dkowanie rzeczywisto艣ci.\n\nOczywi艣cie nie brakuje g艂os贸w krytycznych. Lee Smolin, wspomniany ju偶 z lekk膮 zgry藕liwo艣ci膮, zarzuca zwolennikom zasady antropicznej ucieczk臋 w intelektualn膮 rezygnacj臋. Twierdzi on, 偶e zamiast pr贸bowa膰 zrozumie膰, dlaczego Wszech艣wiat jest taki, jaki jest, wielu fizyk贸w zadowala si臋 my艣l膮, 偶e gdzie艣 istnieje niesko艅czony zbi贸r wszech艣wiat贸w z losowo dobranymi parametrami. 鈥濼o nie wyja艣nienie. To rezygnacja鈥� 鈥� kwituje Smolin. Czy zasada antropiczna wyja艣nia wi臋c wszystko, czy mo偶e zupe艂nie nic? Pytanie pozostaje otwarte, dziel膮c fizyk贸w na dwa obozy.\n\nDla jednych jest to konieczna rama epistemologiczna, przypominaj膮ca, 偶e ka偶de nasze 鈥瀌laczego鈥� zaczyna si臋 od faktu, i偶 w og贸le istniejemy, by m贸c je zada膰. Dla innych to filozoficzna ba艅ka, w kt贸rej b艂膮dzimy, bo po prostu nie mamy nic lepszego pod r臋k膮. A mo偶e, jak 偶artobliwie podsumowa艂 fizyk John Barrow, zasada antropiczna to po prostu najdoskonalsze usprawiedliwienie dla naszej egzystencji, g艂osz膮ca, 偶e: 鈥濿szech艣wiat musi by膰 taki, by istnia艂y konferencje, na kt贸rych naukowcy mog膮 si臋 nawzajem przekonywa膰, 偶e to wszystko ma sens鈥�.",
      "humanized_length": 2487,
      "start_marker": "No dobrze 鈥� powie sceptyk, odstawiaj膮c na chwil臋 herbat臋 鈥� ale co z tego wszystkiego wynika? Czy teoria, kt贸rej nie da si臋 w 偶aden spos贸b przetestowa膰",
      "end_marker": "tencji, g艂osz膮ca, 偶e: 鈥濿szech艣wiat musi by膰 taki, by istnia艂y konferencje, na kt贸rych naukowcy mog膮 si臋 nawzajem przekonywa膰, 偶e to wszystko ma sens鈥�.",
      "flesch_score": 14.32,
      "tone_score": 0,
      "humanized_at": "2026-01-06 02:06:03"
    },
    {
      "section_index": 3,
      "humanized_text": "W kosmologii Einsteina czas przesta艂 by膰 leniw膮 rzek膮 o jednym wsp贸lnym nurcie. Zapomnijmy o uniwersalnej wst臋dze, na kt贸rej mo偶na by zaznaczy膰 jedno 鈥瀟eraz鈥� obowi膮zuj膮ce od Andromedy po nasz膮 kuchni臋. Ka偶dy obserwator nosi przy sobie w艂asny zegarek, a jego wskaz贸wki poruszaj膮 si臋 w unikalnym lokalnym rytmie. Dla astronauty, kt贸ry spada na gwiazd臋 neutronow膮, jedna sekunda rozci膮ga si臋 w wieczno艣膰, podczas gdy dla jego kolegi na odleg艂ej stacji kosmicznej jest zaledwie mgnieniem oka. Oto kosmos, w kt贸rym nas osadzono: miejsce, gdzie 鈥瀟eraz鈥� jest kwesti膮 umowy, a 鈥瀙rzedtem鈥� i 鈥瀙otem鈥� zale偶膮 od tego, gdzie stoisz.\n\nJednak to nie wzgl臋dno艣膰 czasu jest jego najwi臋ksz膮 tajemnic膮. Znacznie dziwniejszy jest fakt, 偶e czas w og贸le p艂ynie. I to uparcie w jedn膮 stron臋. R贸wnania fundamentalnej fizyki dzia艂aj膮 r贸wnie dobrze do przodu, jak i wstecz; s膮 idealnie symetryczne. Mimo to nasze 偶ycie przypomina film odtwarzany bez opcji przewijania do ty艂u. Fizycy, pr贸buj膮c wyja艣ni膰 t臋 egzystencjaln膮 jednostronno艣膰, m贸wi膮 o 鈥瀞trza艂kach czasu鈥� 鈥� kilku koncepcjach wskazuj膮cych ten sam nieodwracalny kierunek.\n\nNajs艂ynniejsza z nich, strza艂ka termodynamiczna, jest w istocie miar膮 rosn膮cego nieporz膮dku we Wszech艣wiecie. Porcelanowy kubek stoj膮cy na stole reprezentuje stan uporz膮dkowany; jego skorupy rozsypane na pod艂odze to chaos. Wszech艣wiat zdaje si臋 nieustannie d膮偶y膰 do rozbicia tego kubka, a pow贸d jest brutalnie statystyczny: istnieje niepor贸wnywalnie wi臋cej sposob贸w, by co艣 by艂o zepsute, ni偶 by by艂o idealne. Druga zasada termodynamiki, kt贸ra to opisuje, jest niemal metafizycznym dekretem: rzeczy psuj膮 si臋 znacznie ch臋tniej, ni偶 si臋 naprawiaj膮. Brzmi znajomo, prawda?\n\nStephen Hawking posun膮艂 t臋 ide臋 dalej, sugeruj膮c, 偶e ten sam wzrost nieporz膮dku jest fundamentem naszej pami臋ci. Ka偶dy bit informacji zapisany w komputerze nieznacznie zwi臋ksza entropi臋 otoczenia. Nasz m贸zg, tworz膮c wspomnienia, dzia艂a na tej samej zasadzie 鈥� pami臋tamy przesz艂o艣膰, a nie przysz艂o艣膰, poniewa偶 ka偶de wspomnienie jest termodynamiczn膮 inwestycj膮 w nieporz膮dek. Gdyby Wszech艣wiat zmierza艂 ku porz膮dkowi, a entropia mala艂a, teoretycznie mogliby艣my pami臋ta膰 przysz艂e wydarzenia. Tak si臋 jednak nie dzieje. Nasze 偶ycie pozostaje wi臋c nieustannym marszem w jednym kierunku, a pami臋膰 jest zapisem tej podr贸偶y. To golgota tylko w jedn膮 stron臋.",
      "humanized_length": 2324,
      "start_marker": "W kosmologii Einsteina czas przesta艂 by膰 leniw膮 rzek膮 o jednym wsp贸lnym nurcie. Zapomnijmy o uniwersalnej wst臋dze, na kt贸rej mo偶na by zaznaczy膰 jedno",
      "end_marker": "Nasze 偶ycie pozostaje wi臋c nieustannym marszem w jednym kierunku, a pami臋膰 jest zapisem tej podr贸偶y. To golgota tylko w jedn膮 stron臋.",
      "flesch_score": 23.79,
      "tone_score": 0,
      "humanized_at": "2026-01-06 02:06:03"
    },
    {
      "section_index": 4,
      "humanized_text": "Pierwsza z nich, strza艂ka termodynamiczna, jest zakorzeniona w drugiej zasadzie termodynamiki. G艂osi ona, 偶e entropia, czyli miara nieuporz膮dkowania w uk艂adzie izolowanym, nigdy spontanicznie nie maleje. Upuszczony na pod艂og臋 kubek rozpada si臋 na setki kawa艂k贸w, a uk艂ad cz膮steczek szk艂a i powietrza zyskuje znacznie wi臋cej mo偶liwych konfiguracji ni偶 wtedy, gdy naczynie sta艂o nienaruszone na stole. Obserwujemy wi臋c procesy nieodwracalne 鈥� to, co zniszczone, nie sk艂ada si臋 samo z siebie z powrotem. Ludwig Boltzmann uj膮艂 to celnie, pisz膮c, 偶e 鈥瀍ntropia jest miar膮 naszej niewiedzy o stanie uk艂adu鈥�, wskazuj膮c tym samym, 偶e strza艂ka czasu jest nierozerwalnie spleciona z probabilistycznym charakterem praw przyrody.\n\nDruga strza艂ka, psychologiczna, odnosi si臋 do naszego subiektywnego do艣wiadczenia. Pami臋tamy przesz艂o艣膰, nigdy przysz艂o艣膰, i odczuwamy nieustanny, jednokierunkowy przep艂yw tera藕niejszo艣ci. Stephen Hawking zasugerowa艂, 偶e jest ona jedynie pochodn膮 tej pierwszej, termodynamicznej. Aby bowiem zapisa膰 jak膮kolwiek informacj臋 鈥� czy to w sieci neuronowej m贸zgu, czy na twardym dysku komputera 鈥� musimy zu偶y膰 energi臋, a tym samym zwi臋kszy膰 globalny nieporz膮dek we Wszech艣wiecie. Ka偶de wspomnienie, ka偶dy 艣lad naszej to偶samo艣ci jest wi臋c naznaczony pi臋tnem rosn膮cej entropii. To niezwykle sugestywne powi膮zanie, kt贸re stawia psychologi臋 i neurobiologi臋 w 艣cis艂ym zwi膮zku z fizyk膮 statystyczn膮. Jak podsumowa艂 to noblista Ilya Prigogine: 鈥瀞trza艂ka czasu nie jest iluzj膮 艣wiadomo艣ci; to 艣wiadomo艣膰 jest dzieckiem strza艂ki czasu鈥�.",
      "humanized_length": 1538,
      "start_marker": "Pierwsza z nich, strza艂ka termodynamiczna, jest zakorzeniona w drugiej zasadzie termodynamiki. G艂osi ona, 偶e entropia, czyli miara nieuporz膮dkowania w",
      "end_marker": "Jak podsumowa艂 to noblista Ilya Prigogine: 鈥瀞trza艂ka czasu nie jest iluzj膮 艣wiadomo艣ci; to 艣wiadomo艣膰 jest dzieckiem strza艂ki czasu鈥�.",
      "flesch_score": 4.04,
      "tone_score": 0,
      "humanized_at": "2026-01-06 02:06:03"
    },
    {
      "section_index": 5,
      "humanized_text": "Trzecia strza艂ka, kosmologiczna, wydaje si臋 echem najwi臋kszego ruchu, jaki znamy: ekspansji Wszech艣wiata. Odk膮d Edwin Hubble wykaza艂 kosmiczn膮 ucieczk臋 galaktyk, wiadomo, 偶e sama przestrze艅 si臋 rozszerza. To zrodzi艂o w umy艣le Hawkinga przewrotne pytanie: czy gdyby Kosmos zahamowa艂 ekspansj臋 i zacz膮艂 si臋 kurczy膰, czas r贸wnie偶 by zawr贸ci艂, a entropia zacz臋艂a male膰? Pocz膮tkowo intuicja podpowiada艂a mu, 偶e tak. Jednak wsp贸lne prace z Donem Page鈥檈m i Raymondem Laflamme鈥檈m zweryfikowa艂y t臋 eleganck膮 symetri臋. Nawet podczas kosmicznego kolapsu nieporz膮dek wci膮偶 by wzrasta艂. Strza艂ka czasu nie jest wi臋c zale偶na od los贸w Kosmosu 鈥� jest zakorzeniona w g艂臋bszych zasadach.",
      "humanized_length": 669,
      "start_marker": "Trzecia strza艂ka, kosmologiczna, wydaje si臋 echem najwi臋kszego ruchu, jaki znamy: ekspansji Wszech艣wiata.",
      "end_marker": "zas kosmicznego kolapsu nieporz膮dek wci膮偶 by wzrasta艂. Strza艂ka czasu nie jest wi臋c zale偶na od los贸w Kosmosu 鈥� jest zakorzeniona w g艂臋bszych zasadach.",
      "flesch_score": 30.01,
      "tone_score": 0,
      "humanized_at": "2026-01-06 02:06:03"
    },
    {
      "section_index": 6,
      "humanized_text": "|be_thought|Historia bada艅 nad pocz膮tkiem Wszech艣wiata jest w istocie histori膮 intelektualnych zmaga艅 z poj臋ciem osobliwo艣ci. W klasycznej og贸lnej teorii wzgl臋dno艣ci Einsteina osobliwo艣膰 to punkt, w kt贸rym mapa rzeczywisto艣ci si臋 ko艅czy; miejsce, gdzie krzywizna czasoprzestrzeni staje si臋 niesko艅czona, a znane nam prawa fizyki bezradnie milkn膮. Oznacza to sytuacj臋 ostateczn膮: fizyka traci zdolno艣膰 przewidywania, a matematyka sygnalizuje, 偶e sam model uleg艂 za艂amaniu. Wielki Wybuch by艂by w tym uj臋ciu absolutnym pocz膮tkiem 鈥� punktem, poza kt贸rym nie tylko nie by艂o 鈥瀗iczego鈥�, ale samo pytanie o 鈥瀙rzedtem鈥� traci艂o jakikolwiek sens.\n\nDopiero rozw贸j astronomii XX wieku pozwoli艂 tej abstrakcyjnej idei zej艣膰 na ziemi臋, a raczej wznie艣膰 si臋 ku gwiazdom. W 1929 roku Edwin Hubble, obserwuj膮c odleg艂e galaktyki, odkry艂, 偶e wszystkie uciekaj膮, a ich 艣wiat艂o jest rozci膮gni臋te ku czerwieni. Wszech艣wiat nie by艂 zatem statycznym, wiecznym bytem, lecz dynamiczn膮, rozszerzaj膮c膮 si臋 struktur膮. Je艣li pu艣cimy ten kosmiczny film od ty艂u, zobaczymy, jak w przesz艂o艣ci by艂 on coraz mniejszy, g臋stszy i gor臋tszy, a偶 w ko艅cu ca艂a jego materia i energia skupi艂y si臋 w stanie o niesko艅czonej g臋sto艣ci i temperaturze. To by艂 pocz膮tek czasu i przestrzeni 鈥� moment, w kt贸rym historia kosmosu w og贸le mog艂a si臋 rozpocz膮膰.\n\nR贸wnania Einsteina, rozwini臋te przez Aleksandra Friedmanna, naszkicowa艂y trzy mo偶liwe scenariusze kosmologicznej przysz艂o艣ci. W modelu zamkni臋tym ekspansja kiedy艣 si臋 zatrzyma, a grawitacja 艣ci膮gnie wszystko z powrotem do punktu o zerowym rozmiarze, prowadz膮c do powrotu do osobliwo艣ci, tym razem ko艅cowej. W modelu otwartym ekspansja trwa wiecznie, a galaktyki oddalaj膮 si臋 od siebie w niesko艅czono艣膰. Model p艂aski, krytyczny, zak艂ada z kolei, 偶e Wszech艣wiat rozszerza si臋 coraz wolniej, ale nigdy si臋 nie zatrzymuje. Ka偶dy z tych scenariuszy, niczym drogi prowadz膮ce z Rzymu, wskazuje jednak na wsp贸lny punkt wyj艣cia: chwil臋, gdy odleg艂o艣膰 mi臋dzy dowolnymi punktami by艂a zerowa.\n\nOsobliwo艣膰 Wielkiego Wybuchu nie by艂a jednak jedynym tego typu potworem czaj膮cym si臋 w r贸wnaniach Einsteina. R贸wnie偶 czarne dziury, powstaj膮ce w wyniku grawitacyjnego kolapsu masywnych gwiazd, zawieraj膮 w swoim sercu punkt, gdzie g臋sto艣膰 staje si臋 niesko艅czona. Granic臋 tego obszaru stanowi horyzont zdarze艅 鈥� jednokierunkowa membrana, zza kt贸rej nic, nawet 艣wiat艂o, nie mo偶e uciec. Stephen Hawking i Roger Penrose dowiedli matematycznie, 偶e osobliwo艣ci nie s膮 jakim艣 patologicznym wyj膮tkiem, lecz nieuniknion膮 konsekwencj膮 og贸lnej teorii wzgl臋dno艣ci, o ile tylko materia spe艂nia rozs膮dne warunki energetyczne. W tym sensie osobliwo艣ci sta艂y si臋 integraln膮 cz臋艣ci膮 logiki teorii.\n\nPowstaje jednak fundamentalne pytanie: jak rozumie膰 miejsca, w kt贸rych nasze najlepsze prawa fizyki kapituluj膮? Czy s膮 to realne punkty w kosmosie, czy raczej sygna艂, 偶e nasza teoria jest niekompletna? Wi臋kszo艣膰 fizyk贸w sk艂ania si臋 ku drugiej odpowiedzi. Osobliwo艣膰 jest raczej granic膮 poznania ni偶 bytu. To drogowskaz wskazuj膮cy na potrzeb臋 g艂臋bszej, bardziej fundamentalnej teorii kwantowej grawitacji, kt贸ra potrafi艂aby opisa膰 zjawiska w ekstremalnych warunkach, gdzie grawitacja i mechanika kwantowa musz膮 wreszcie zacz膮膰 ze sob膮 rozmawia膰.\n\nProblem ten ods艂ania tak偶e g艂臋bszy wymiar filozoficzny. Ju偶 艣wi臋ty Augustyn zauwa偶y艂, 偶e pytanie o to, co B贸g",
      "humanized_length": 3323,
      "start_marker": "|be_thought|Historia bada艅 nad pocz膮tkiem Wszech艣wiata jest w istocie histori膮 intelektualnych zmaga艅 z poj臋ciem osobliwo艣ci.",
      "end_marker": "Problem ten ods艂ania tak偶e g艂臋bszy wymiar filozoficzny. Ju偶 艣wi臋ty Augustyn zauwa偶y艂, 偶e pytanie o to, co B贸g",
      "flesch_score": 14.45,
      "tone_score": 0,
      "humanized_at": "2026-01-06 02:06:03"
    },
    {
      "section_index": 7,
      "humanized_text": "Zanim kosmiczna kurtyna opadnie, warto wiedzie膰, 偶e scenariusz ko艅ca oferuje trzy warianty: model zamkni臋ty, w kt贸rym wszystko wraca do punktu wyj艣cia w Wielkim Kolapsie; otwarty, czyli nieko艅cz膮c膮 si臋 ucieczk臋 w pustk臋; oraz p艂aski 鈥� rozszerzanie zwalniaj膮ce do tempa lodowca, ale nigdy nieustaj膮ce. Wszystkie te wizje wy艂oni艂y si臋 z matematycznych rozwi膮za艅 og贸lnej teorii wzgl臋dno艣ci, kt贸re ju偶 w 1922 roku zaproponowa艂 Aleksander Friedmann. Einstein, pocz膮tkowo sceptyczny, ostatecznie przyzna艂 mu racj臋, nazywaj膮c sw贸j w艂asny pomys艂 鈥� tak zwan膮 sta艂膮 kosmologiczn膮 鈥� najwi臋ksz膮 pomy艂k膮 w karierze. Wprowadzi艂 j膮, by si艂膮 uratowa膰 elegancki, statyczny Wszech艣wiat; w艂asnor臋cznie wyprostowa艂 kosmos tylko po to, by za chwil臋 musie膰 go z powrotem zakrzywia膰.",
      "humanized_length": 760,
      "start_marker": "Zanim kosmiczna kurtyna opadnie, warto wiedzie膰, 偶e scenariusz ko艅ca oferuje trzy warianty: model zamkni臋ty, w kt贸rym wszystko wraca do punktu wyj艣cia",
      "end_marker": "zi艂 j膮, by si艂膮 uratowa膰 elegancki, statyczny Wszech艣wiat; w艂asnor臋cznie wyprostowa艂 kosmos tylko po to, by za chwil臋 musie膰 go z powrotem zakrzywia膰.",
      "flesch_score": 6.74,
      "tone_score": 0,
      "humanized_at": "2026-01-06 02:06:03"
    },
    {
      "section_index": 8,
      "humanized_text": "Kluczowym narz臋dziem okaza艂a si臋 tu koncepcja sumy po historiach, kt贸r膮 Richard Feynman obdarzy艂 fizyk臋 kwantow膮. Zgodnie z ni膮 cz膮stka nie jest zdyscyplinowanym piechurem maszeruj膮cym po jednej, wyznaczonej trasie. Przeciwnie, bada wszystkie mo偶liwe drogi jednocze艣nie, a to, co obserwujemy, jest jedynie probabilistyczn膮 wypadkow膮 tych niezliczonych podr贸偶y. Hawking dokona艂 tu skoku o skali kosmologicznej: potraktowa艂 ca艂y wszech艣wiat jak pojedynczy obiekt kwantowy, kt贸rego ewolucja jest sum膮 wszystkich mo偶liwych historii czasoprzestrzeni.\n\nAby omin膮膰 zdradliwe mielizny osobliwo艣ci, Hawking si臋gn膮艂 po genialny wybieg: czas urojony. Matematycy od dawna pos艂uguj膮 si臋 liczbami zespolonymi, kt贸re obok cz臋艣ci rzeczywistej maj膮 te偶 cz臋艣膰 urojon膮, opart膮 na jednostce 鈥瀒鈥� 鈥� absurdalnym z pozoru pierwiastku z minus jeden. Hawking zapyta艂: A co, je艣li czas r贸wnie偶 potraktowa膰 jako wielko艣膰 鈥瀠rojon膮鈥� W takim uj臋ciu granica mi臋dzy czasem a przestrzeni膮 zaciera si臋, a ca艂a czasoprzestrze艅 staje si臋 g艂adk膮, czterowymiarow膮 powierzchni膮. W tej spokojnej, euklidesowej geometrii osobliwo艣ci trac膮 sw贸j gro藕ny, niesko艅czony charakter; staj膮 si臋 zaledwie punktami brzegowymi, kt贸re mo偶na opisa膰 bez si臋gania po matematyczny armagedon.\n\nHawking zilustrowa艂 to analogi膮 do powierzchni Ziemi. Nasza planeta jest sko艅czona, a jednak nie posiada kraw臋dzi. Id膮c uparcie na p贸艂noc, dotrzemy do bieguna, ale nigdzie nie znajdziemy tabliczki z napisem 鈥瀔oniec 艣wiata鈥�. Podobnie wszech艣wiat opisany w j臋zyku czasu urojonego jest bytem sko艅czonym, lecz pozbawionym granic i osobliwo艣ci. To elegancko usuwa pytanie o to, kto zapali艂 艣wiat艂o. Pytanie o to, co by艂o 鈥瀙rzed鈥� Wielkim Wybuchem, staje si臋 r贸wnie bezsensowne, jak pytanie o to, co le偶y kilometr na p贸艂noc od bieguna p贸艂nocnego. Sam pocz膮tek przestaje by膰 gwa艂town膮 wyrw膮 w prawach fizyki, a staje si臋 po prostu g艂adkim punktem w strukturze kosmosu.",
      "humanized_length": 1895,
      "start_marker": "Kluczowym narz臋dziem okaza艂a si臋 tu koncepcja sumy po historiach, kt贸r膮 Richard Feynman obdarzy艂 fizyk臋 kwantow膮.",
      "end_marker": "Sam pocz膮tek przestaje by膰 gwa艂town膮 wyrw膮 w prawach fizyki, a staje si臋 po prostu g艂adkim punktem w strukturze kosmosu.",
      "flesch_score": 10.95,
      "tone_score": 0,
      "humanized_at": "2026-01-06 02:06:03"
    },
    {
      "section_index": 9,
      "humanized_text": "Jednym z naj艣mielszych i najbardziej oryginalnych wk艂ad贸w Stephena Hawkinga w kosmologi臋 by艂a propozycja, kt贸ra radykalnie zmienia spos贸b postrzegania pocz膮tku istnienia. Klasyczna og贸lna teoria wzgl臋dno艣ci, cho膰 pot臋偶na, za艂amuje si臋 w obliczu osobliwo艣ci 鈥� punkt贸w, w kt贸rych g臋sto艣膰 i krzywizna czasoprzestrzeni d膮偶膮 do niesko艅czono艣ci, a znane prawa fizyki przestaj膮 obowi膮zywa膰. Hawking, zainspirowany mechanik膮 kwantow膮, postanowi艂 poszuka膰 wyj艣cia z tego teoretycznego impasu.\n\nNarz臋dziem sta艂a si臋 koncepcja sumy po historiach, rozwini臋ta przez Richarda Feynmana. W tym uj臋ciu cz膮stka nie przemieszcza si臋 z punktu A do punktu B jedn膮, 艣ci艣le wyznaczon膮 艣cie偶k膮, lecz eksploruje wszystkie mo偶liwe trajektorie jednocze艣nie. Hawking przeni贸s艂 t臋 kwantow膮 zasad臋 do skali kosmicznej, zak艂adaj膮c, 偶e ca艂y Wszech艣wiat mo偶na potraktowa膰 jako obiekt kwantowy, kt贸rego ewolucja stanowi sum臋 prawdopodobie艅stw wszystkich mo偶liwych historii czasoprzestrzeni. To ju偶 nie pojedynczy film, lecz ca艂a biblioteka scenariuszy odgrywanych symultanicznie.\n\nAby jednak unikn膮膰 problemu osobliwo艣ci, Hawking si臋gn膮艂 po matematyczny zabieg: czas urojony. W matematyce liczby zespolone posiadaj膮 cz臋艣膰 urojon膮, opart膮 na jednostce urojonej 鈥瀒鈥�, b臋d膮cej pierwiastkiem z minus jeden. Analogicznie, w fizyce mo偶na przekszta艂ci膰 czas, mno偶膮c go przez t臋 sam膮 jednostk臋. Dzi臋ki temu zabiegowi granica mi臋dzy czasem a przestrzeni膮 zaciera si臋, a osobliwa czasoprzestrze艅 staje si臋 g艂adk膮, czterowymiarow膮 powierzchni膮. W tej nowej, euklidesowej geometrii osobliwo艣ci trac膮 sw贸j niesko艅czony charakter; staj膮 si臋 po prostu punktami na mapie.\n\nHawking zilustrowa艂 to analogi膮 do powierzchni Ziemi. Nasza planeta jest sko艅czona, ale nie posiada kraw臋dzi. W臋druj膮c na p贸艂noc, dotrzemy do bieguna, lecz nie znajdziemy tam granicy 艣wiata. Podobnie Wszech艣wiat w opisie z czasem urojonym jest sko艅czony, lecz pozbawiony granic i osobliwo艣ci. W takim modelu pytanie: 鈥瀋o by艂o przed Wielkim Wybuchem?鈥� staje si臋 r贸wnie bezzasadne, jak pytanie: 鈥瀋o znajduje si臋 na p贸艂noc od bieguna p贸艂nocnego?鈥�. Pocz膮tek nie jest ju偶 gwa艂townym za艂amaniem praw fizyki, lecz g艂adkim punktem geometrycznym w strukturze kosmosu.\n\nTaki Wszech艣wiat staje si臋 bytem samowystarczalnym i domkni臋tym. Nie wymaga zewn臋trznego impulsu ani aktu stworzenia. Jak uj膮艂 to Hawking podczas konferencji w Watykanie w 1981 roku, Wszech艣wiat w modelu braku granic 鈥瀗ie jest ani stworzony, ani zniszczony鈥� 鈥� on po prostu istnieje. Konsekwencje filozoficzne tej koncepcji s膮 dalekosi臋偶ne. Je艣li kosmos nie wymaga pocz膮tku w sensie metafizycznym, rola Boga jako pierwszej przyczyny zostaje podwa偶ona. Propozycja ta usuwa pytanie o to, kto zainicjowa艂 istnienie. Cho膰 niekt贸rzy odczytali to jako pr贸b臋 wyeliminowania Stw贸rcy z r贸wnania, sam Hawking podkre艣la艂, 偶e jego celem nie by艂a polemika teologiczna, lecz poszukiwanie kompletnej teorii przyrody.",
      "humanized_length": 2882,
      "start_marker": "Jednym z naj艣mielszych i najbardziej oryginalnych wk艂ad贸w Stephena Hawkinga w kosmologi臋 by艂a propozycja, kt贸ra radykalnie zmienia spos贸b postrzegania",
      "end_marker": "wyeliminowania Stw贸rcy z r贸wnania, sam Hawking podkre艣la艂, 偶e jego celem nie by艂a polemika teologiczna, lecz poszukiwanie kompletnej teorii przyrody.",
      "flesch_score": 10.55,
      "tone_score": 0,
      "humanized_at": "2026-01-06 02:06:03"
    },
    {
      "section_index": 10,
      "humanized_text": "Czas urojony rzuca te偶 nowe 艣wiat艂o na inflacj臋 kosmologiczn膮, czyli teori臋 Alana Gutha opisuj膮c膮 gwa艂town膮 ekspansj臋 Wszech艣wiata w jego najwcze艣niejszej fazie. Warunek braku granic idealnie pasuje do tego scenariusza, sugeruj膮c, 偶e Kosmos zacz膮艂 si臋 w stanie maksymalnej g艂adko艣ci, dopuszczalnej jedynie przez zasad臋 nieoznaczono艣ci Heisenberga. Te mikroskopijne fluktuacje kwantowe, niczym drobne zmarszczki na idealnie g艂adkiej tafli, zosta艂y nast臋pnie rozci膮gni臋te przez inflacj臋 do astronomicznych rozmiar贸w. Sta艂y si臋 one zarodkami przysz艂ych struktur: galaktyk, gwiazd i planet, co oznacza, 偶e nasze istnienie jest odleg艂ym echem kwantowej losowo艣ci.",
      "humanized_length": 658,
      "start_marker": "Czas urojony rzuca te偶 nowe 艣wiat艂o na inflacj臋 kosmologiczn膮, czyli teori臋 Alana Gutha opisuj膮c膮 gwa艂town膮 ekspansj臋 Wszech艣wiata w jego najwcze艣niej",
      "end_marker": "Sta艂y si臋 one zarodkami przysz艂ych struktur: galaktyk, gwiazd i planet, co oznacza, 偶e nasze istnienie jest odleg艂ym echem kwantowej losowo艣ci.",
      "flesch_score": 0,
      "tone_score": 0,
      "humanized_at": "2026-01-06 02:06:03"
    },
    {
      "section_index": 11,
      "humanized_text": "Zasada antropiczna si臋ga jednak znacznie g艂臋biej, dotykaj膮c samej architektury rzeczywisto艣ci. Teoria strun, w swojej matematycznej elegancji, postuluje istnienie dziesi臋ciu, a nawet dwudziestu sze艣ciu wymiar贸w, z kt贸rych wi臋kszo艣膰 pozostaje zwini臋ta do mikroskopijnych rozmiar贸w. Dlaczego wi臋c nasze do艣wiadczenie ogranicza si臋 do zaledwie trzech wymiar贸w przestrzennych i jednego czasowego? Odpowied藕 jest ch艂odno pragmatyczna: poniewa偶 tylko w takiej konfiguracji fizyka pozwala na stabilne orbity planetarne i trwa艂e atomy. W czterech wymiarach przestrzennych planety spiralowa艂yby w stron臋 swoich s艂o艅c, a w dw贸ch 鈥� grawitacja nie mia艂aby do艣膰 swobody, by je w og贸le zwi膮za膰. Nawet sama scena, na kt贸rej istniejemy, mog艂a wi臋c przej艣膰 przez swoisty wszech艣wiatowy casting na istnienie.",
      "humanized_length": 790,
      "start_marker": "Zasada antropiczna si臋ga jednak znacznie g艂臋biej, dotykaj膮c samej architektury rzeczywisto艣ci. Teoria strun, w swojej matematycznej elegancji, postulu",
      "end_marker": "Nawet sama scena, na kt贸rej istniejemy, mog艂a wi臋c przej艣膰 przez swoisty wszech艣wiatowy casting na istnienie.",
      "flesch_score": 4.58,
      "tone_score": 0,
      "humanized_at": "2026-01-06 02:06:03"
    },
    {
      "section_index": 12,
      "humanized_text": "Wszech艣wiat wydaje si臋 by膰 skalibrowany z precyzj膮, kt贸ra wprawia w zak艂opotanie. We藕my tempo jego ekspansji tu偶 po Wielkim Wybuchu: gdyby by艂o minimalnie wolniejsze, grawitacja zdusi艂aby wszystko w zarodku, zwijaj膮c kosmos w g臋st膮 kul臋 materii, zanim zd膮偶y艂aby zap艂on膮膰 pierwsza gwiazda. Gdyby z kolei by艂o odrobin臋 szybsze, materia rozproszy艂aby si臋 tak bardzo, 偶e nigdy nie zdo艂a艂aby uformowa膰 galaktyk, planet czy czegokolwiek trwa艂ego. W obu scenariuszach 偶ycie, jakie znamy, nie mia艂oby szansy zaistnie膰. Podobne, niemal cudowne dostrojenie dotyczy relacji mi臋dzy fundamentalnymi si艂ami natury. Wystarczy艂aby kosmetyczna zmiana w sile elektromagnetycznej, grawitacyjnej czy j膮drowej, by zniszczy膰 delikatn膮 r贸wnowag臋 pozwalaj膮c膮 na istnienie stabilnych atom贸w w臋gla 鈥� podstawowej cegie艂ki chemii organicznej.\n\nTo stawia nas przed fundamentalnym pytaniem: czy ta precyzja jest dowodem na istnienie jakiego艣 planu, czy raczej statystyczn膮 konsekwencj膮 ogromu mo偶liwo艣ci? Hawking zdecydowanie sk艂ania艂 si臋 ku drugiemu wyja艣nieniu. W ramach teorii strun i kosmologii inflacyjnej narodzi艂a si臋 bowiem koncepcja multiwersum 鈥� zbioru niezliczonych wszech艣wiat贸w, z kt贸rych ka偶dy losuje w艂asny zestaw praw fizyki i sta艂ych fundamentalnych. W tej perspektywie wszech艣wiat staje si臋 czym艣 w rodzaju kosmicznej selekcji do istnienia. Nie ma nic dziwnego w tym, 偶e 偶yjemy akurat w tym jednym, kt贸ry pozwala na 艣wiadomo艣膰, podobnie jak nie dziwi nas, 偶e w臋druj膮c po pustyni, znajdujemy 偶ycie w oazie, a nie na bezkresnym piasku. Po prostu tylko w oazie mo偶emy si臋 zatrzyma膰, by zada膰 sobie to pytanie.",
      "humanized_length": 1594,
      "start_marker": "Wszech艣wiat wydaje si臋 by膰 skalibrowany z precyzj膮, kt贸ra wprawia w zak艂opotanie. We藕my tempo jego ekspansji tu偶 po Wielkim Wybuchu: gdyby by艂o minima",
      "end_marker": "偶e w臋druj膮c po pustyni, znajdujemy 偶ycie w oazie, a nie na bezkresnym piasku. Po prostu tylko w oazie mo偶emy si臋 zatrzyma膰, by zada膰 sobie to pytanie.",
      "flesch_score": 1.98,
      "tone_score": 0,
      "humanized_at": "2026-01-06 02:06:03"
    }
  ]
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    "scholar_bio": "Mikołaj Kopernik, also known as Nicolaus Copernicus, was a Polish astronomer and mathematician who revolutionized scientific thought with his heliocentric theory. Born in Toruń, Poland, in 1473, he studied at the University of Kraków and later in Italy, focusing on canon law, medicine, and astronomy. He proposed that the planets, including Earth, revolve around the Sun, challenging the long-held geocentric view. His major work, *De revolutionibus orbium coelestium* (On the Revolutions of the Heavenly Spheres), published in 1543, presented mathematical proofs for this heliocentric model. Kopernik's work marked a turning point in the history of science, initiating what is known as the Copernican Revolution. He died in Frombork in 1543.",
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    "affiliation": "Bishop of Hippo",
    "bio_source": "scholar",
    "bio_pl": "",
    "bio_en": "Aurelius Augustinus, commonly known as Saint Augustine, was a philosopher and theologian of the late Roman Empire, born in Tagaste (present-day Algeria) in 354 AD and died in Hippo Regius (also in present-day Algeria) in 430 AD. His mother, Saint Monica, was a devout Christian, while his father was a pagan. Augustine's intellectual journey led him through Manicheism and skepticism before his conversion to Christianity in 386 AD. He became the Bishop of Hippo in 396 AD, where he remained until his death. Augustine's works profoundly influenced the development of Western philosophy and Christian theology, earning him the title of Doctor of Grace. His key contributions include his exploration of free will, divine grace, and the nature of time, as well as his articulation of the concept of the City of God.",
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    "scholar_bio": "Freeman John Dyson (1923-2020) was a British-American theoretical physicist and mathematician renowned for his contributions to quantum field theory, astrophysics, random matrices, and nuclear physics. Dyson's work notably unified the quantum electrodynamics theories of Feynman, Schwinger, and Tomonaga. He served as a professor at the Institute for Advanced Study in Princeton for most of his career. Dyson explored diverse areas, including nuclear reactors, solid-state physics, ferromagnetism, and biology, seeking applications for mathematical elegance. He also speculated on the possibilities of extraterrestrial life, including the concept of the Dyson sphere. Dyson was a fellow of the American Physical Society, a member of the National Academy of Sciences, and a fellow of the Royal Society of London.",
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    "scholar_bio": "Sir Roger Penrose, born on August 8, 1931, is an English mathematician, mathematical physicist, and philosopher of science. He is Emeritus Rouse Ball Professor of Mathematics at the University of Oxford and an emeritus fellow of Wadham College, Oxford. Penrose has made significant contributions to the mathematical physics of general relativity and cosmology. His work in the 1960s was a major influence behind the renaissance in general relativity and cosmology, leading to the current understanding of the Big Bang and black holes. Penrose is also known for his work on Penrose tiling, twistors, and his theories on consciousness. He shared the 1988 Wolf Prize in Physics with Stephen Hawking for their work on singularity theorems and the 2020 Nobel Prize in Physics for the discovery that black hole formation is a robust prediction of the general theory of relativity.",
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    "scholar_bio": "Robert Woodrow Wilson (born January 10, 1936) is an American radio astronomer who, along with Arno Allan Penzias, discovered the cosmic microwave background radiation (CMB) in 1964. This discovery provided critical evidence supporting the Big Bang theory. Wilson and Penzias were awarded the Nobel Prize in Physics in 1978 for their groundbreaking work. Wilson's work at Bell Labs involved using a horn-shaped radio antenna to detect weak signals from space, leading to the accidental discovery of the CMB. He later became head of Bell's Radio Physics Research Department and, in 1994, joined the Harvard-Smithsonian Center for Astrophysics.",
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    "scholar_bio": "Edwin Powell Hubble (1889-1953) was an American astronomer who revolutionized the field of extragalactic astronomy and observational cosmology. He earned a Bachelor of Science degree from the University of Chicago in 1910, focusing on mathematics, astronomy, and philosophy, and later studied jurisprudence at Oxford as a Rhodes Scholar. After a brief stint teaching, he obtained his Ph.D. in astronomy in 1921. Hubble's key contributions include establishing that many nebulae are galaxies beyond the Milky Way and formulating Hubble's Law, which states that galaxies are moving away from us with a speed proportional to their distance, indicating the expansion of the universe. He worked at the Mount Wilson Observatory and played a central role in the design of the Hale 200-inch Telescope.",
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    "scholar_bio": "Arno Allan Penzias (1933-2024) was a German-born American physicist and radio astronomer. He is most known for his co-discovery of the cosmic microwave background radiation (CMB) with Robert Woodrow Wilson in 1964, a finding that strongly supported the Big Bang theory. For this discovery, Penzias and Wilson shared the 1978 Nobel Prize in Physics. Penzias earned a Ph.D. in physics from Columbia University in 1962 and then joined Bell Laboratories, where he spent 37 years, eventually becoming the chief scientist and vice president of research. Beyond the CMB, Penzias contributed to radio astronomy by detecting interstellar molecules and later transitioned to venture capital, advising on technology investments.",
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    "scholar_bio": "Max Erik Tegmark, born on May 5, 1967, is a Swedish-American physicist, cosmologist, and machine learning researcher. He earned a B.Sc. in Physics from the Royal Institute of Technology and a B.A. in Economics from the Stockholm School of Economics before moving to the University of California, Berkeley, where he obtained an M.A. in 1992 and a Ph.D. in 1994. Currently, he is a professor at the Massachusetts Institute of Technology (MIT). Tegmark is also the scientific director of the Foundational Questions Institute and co-founder of the Future of Life Institute. His research spans precision cosmology, quantum foundations, and the physics of intelligence, focusing on both biological and artificial systems. He is known for his work on multiverse models and the mathematical universe hypothesis.",
    "affiliation": "Massachusetts Institute of Technology (MIT)",
    "bio_source": "scholar",
    "bio_pl": "",
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      "bio_en": "Mikołaj Kopernik, also known as Nicolaus Copernicus, was a Polish astronomer and mathematician who revolutionized scientific thought with his heliocentric theory. Born in Toruń, Poland, in 1473, he studied at the University of Kraków and later in Italy, focusing on canon law, medicine, and astronomy. He proposed that the planets, including Earth, revolve around the Sun, challenging the long-held geocentric view. His major work, *De revolutionibus orbium coelestium* (On the Revolutions of the Heavenly Spheres), published in 1543, presented mathematical proofs for this heliocentric model. Kopernik's work marked a turning point in the history of science, initiating what is known as the Copernican Revolution. He died in Frombork in 1543.",
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      "name": "Ludwig Boltzmann",
      "tag": "A2",
      "scholar_bio": "Ludwig Eduard Boltzmann (1844-1906) was an Austrian physicist and philosopher renowned for his groundbreaking contributions to statistical mechanics and thermodynamics. He is best known for his statistical interpretation of the second law of thermodynamics and the development of the Boltzmann equation, which describes the statistical behavior of gases. Boltzmann's work established a crucial link between the microscopic properties of atoms and the macroscopic properties of matter, explaining how the behavior of atoms determines visible properties such as viscosity and thermal conductivity. His formulation of entropy, expressed as S = k logW, where S is entropy, k is the Boltzmann constant, and W is the number of microstates, is engraved on his tombstone. Despite facing criticism during his lifetime, Boltzmann's work laid the foundation for modern physics and continues to influence scientific thought.",
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      "bio_en": "Ludwig Eduard Boltzmann (1844-1906) was an Austrian physicist and philosopher renowned for his groundbreaking contributions to statistical mechanics and thermodynamics. He is best known for his statistical interpretation of the second law of thermodynamics and the development of the Boltzmann equation, which describes the statistical behavior of gases. Boltzmann's work established a crucial link between the microscopic properties of atoms and the macroscopic properties of matter, explaining how the behavior of atoms determines visible properties such as viscosity and thermal conductivity. His formulation of entropy, expressed as S = k logW, where S is entropy, k is the Boltzmann constant, and W is the number of microstates, is engraved on his tombstone. Despite facing criticism during his lifetime, Boltzmann's work laid the foundation for modern physics and continues to influence scientific thought.",
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      "name": "Raymond Laflamme",
      "tag": "A2",
      "scholar_bio": "Raymond Julien Joseph Laflamme (1960-2025) was a Canadian theoretical physicist renowned for his significant contributions to quantum information science and for establishing the Institute for Quantum Computing (IQC) at the University of Waterloo. He earned his PhD at the University of Cambridge under Stephen Hawking, initially focusing on quantum cosmology and the arrow of time. Laflamme's research later shifted to quantum computing, where he pioneered theoretical and experimental approaches to quantum information processing and quantum error correction. His work was instrumental in demonstrating the possibility of fault-tolerant quantum computation. He held positions at Los Alamos National Laboratory, the University of Waterloo, and the Perimeter Institute for Theoretical Physics.",
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      "bio_en": "Raymond Julien Joseph Laflamme (1960-2025) was a Canadian theoretical physicist renowned for his significant contributions to quantum information science and for establishing the Institute for Quantum Computing (IQC) at the University of Waterloo. He earned his PhD at the University of Cambridge under Stephen Hawking, initially focusing on quantum cosmology and the arrow of time. Laflamme's research later shifted to quantum computing, where he pioneered theoretical and experimental approaches to quantum information processing and quantum error correction. His work was instrumental in demonstrating the possibility of fault-tolerant quantum computation. He held positions at Los Alamos National Laboratory, the University of Waterloo, and the Perimeter Institute for Theoretical Physics.",
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      "name": "Albert Einstein",
      "tag": "A2",
      "scholar_bio": "Albert Einstein (1879-1955) was a German-born theoretical physicist who revolutionized our understanding of the universe. He is best known for developing the theory of relativity, which includes special relativity (1905) and general relativity (1915). Einstein's work also significantly contributed to quantum theory, particularly his explanation of the photoelectric effect, for which he received the Nobel Prize in Physics in 1921. His famous equation E=mc² demonstrates the equivalence of mass and energy. He held professorships at various universities, including Zurich, Prague, and Berlin, before immigrating to the United States in 1933 and joining the Institute for Advanced Study in Princeton. Einstein's work continues to influence modern physics and cosmology.",
      "affiliation": "Institute for Advanced Study, Princeton",
      "bio_source": "scholar",
      "bio_pl": "",
      "bio_en": "Albert Einstein (1879-1955) was a German-born theoretical physicist who revolutionized our understanding of the universe. He is best known for developing the theory of relativity, which includes special relativity (1905) and general relativity (1915). Einstein's work also significantly contributed to quantum theory, particularly his explanation of the photoelectric effect, for which he received the Nobel Prize in Physics in 1921. His famous equation E=mc² demonstrates the equivalence of mass and energy. He held professorships at various universities, including Zurich, Prague, and Berlin, before immigrating to the United States in 1933 and joining the Institute for Advanced Study in Princeton. Einstein's work continues to influence modern physics and cosmology.",
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      "name": "Święty Augustyn",
      "tag": "A2",
      "scholar_bio": "Aurelius Augustinus, commonly known as Saint Augustine, was a philosopher and theologian of the late Roman Empire, born in Tagaste (present-day Algeria) in 354 AD and died in Hippo Regius (also in present-day Algeria) in 430 AD. His mother, Saint Monica, was a devout Christian, while his father was a pagan. Augustine's intellectual journey led him through Manicheism and skepticism before his conversion to Christianity in 386 AD. He became the Bishop of Hippo in 396 AD, where he remained until his death. Augustine's works profoundly influenced the development of Western philosophy and Christian theology, earning him the title of Doctor of Grace. His key contributions include his exploration of free will, divine grace, and the nature of time, as well as his articulation of the concept of the City of God.",
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      "bio_en": "Aurelius Augustinus, commonly known as Saint Augustine, was a philosopher and theologian of the late Roman Empire, born in Tagaste (present-day Algeria) in 354 AD and died in Hippo Regius (also in present-day Algeria) in 430 AD. His mother, Saint Monica, was a devout Christian, while his father was a pagan. Augustine's intellectual journey led him through Manicheism and skepticism before his conversion to Christianity in 386 AD. He became the Bishop of Hippo in 396 AD, where he remained until his death. Augustine's works profoundly influenced the development of Western philosophy and Christian theology, earning him the title of Doctor of Grace. His key contributions include his exploration of free will, divine grace, and the nature of time, as well as his articulation of the concept of the City of God.",
      "sources_json": "[]",
      "field": "Philosophy and Theology"
    },
    {
      "name": "Richard Feynman",
      "tag": "A2",
      "scholar_bio": "Richard Phillips Feynman was an American theoretical physicist renowned for his contributions to quantum mechanics, quantum electrodynamics, and particle physics. He developed the path integral formulation of quantum mechanics and Feynman diagrams, a pictorial representation of particle interactions. Feynman shared the 1965 Nobel Prize in Physics with Julian Schwinger and Shin'ichirō Tomonaga for his work on quantum electrodynamics. Beyond his research, Feynman was a celebrated educator and communicator, known for his engaging lectures and popular science books, making complex topics accessible to a broad audience. He held the Richard Chace Tolman professorship in theoretical physics at the California Institute of Technology. Feynman also participated in the Manhattan Project during World War II.",
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      "bio_en": "Richard Phillips Feynman was an American theoretical physicist renowned for his contributions to quantum mechanics, quantum electrodynamics, and particle physics. He developed the path integral formulation of quantum mechanics and Feynman diagrams, a pictorial representation of particle interactions. Feynman shared the 1965 Nobel Prize in Physics with Julian Schwinger and Shin'ichirō Tomonaga for his work on quantum electrodynamics. Beyond his research, Feynman was a celebrated educator and communicator, known for his engaging lectures and popular science books, making complex topics accessible to a broad audience. He held the Richard Chace Tolman professorship in theoretical physics at the California Institute of Technology. Feynman also participated in the Manhattan Project during World War II.",
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      "name": "Brandon Carter",
      "tag": "A2",
      "scholar_bio": "Brandon Carter, born in Australia in 1942, is a theoretical physicist renowned for his contributions to the study of black holes and for formulating the anthropic principle. He obtained his Ph.D. from Cambridge University in 1968 and later joined the Centre National de la Recherche Scientifique (CNRS) in France. Carter's work significantly advanced the understanding of black hole mechanics, including the no-hair theorem and the concept of tidal disruption events. His introduction of the anthropic principle in 1973 sparked considerable debate, positing that the observed universe must be compatible with the existence of intelligent observers. Carter's work has had a lasting impact on cosmology and astrophysics.",
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      "bio_en": "Brandon Carter, born in Australia in 1942, is a theoretical physicist renowned for his contributions to the study of black holes and for formulating the anthropic principle. He obtained his Ph.D. from Cambridge University in 1968 and later joined the Centre National de la Recherche Scientifique (CNRS) in France. Carter's work significantly advanced the understanding of black hole mechanics, including the no-hair theorem and the concept of tidal disruption events. His introduction of the anthropic principle in 1973 sparked considerable debate, positing that the observed universe must be compatible with the existence of intelligent observers. Carter's work has had a lasting impact on cosmology and astrophysics.",
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      "name": "Ilya Prigogine",
      "tag": "A2",
      "scholar_bio": "Ilya Prigogine (1917-2003) was a Belgian physical chemist and Nobel laureate known for his work on dissipative structures, complex systems, and irreversibility. Born in Moscow, Russia, he later fled with his family and eventually settled in Belgium, becoming a Belgian citizen in 1949. He studied at the Université Libre de Bruxelles, earning his doctorate in 1941. Prigogine's key contributions include the theory of dissipative structures, which explains how systems far from equilibrium can self-organize. He was awarded the Nobel Prize in Chemistry in 1977 for his work in non-equilibrium thermodynamics. He held professorships at the Université Libre de Bruxelles and the University of Texas at Austin, where he founded the Center for Studies in Statistical Mechanics and Complex Systems.",
      "affiliation": "Université Libre de Bruxelles; University of Texas at Austin",
      "bio_source": "scholar",
      "bio_pl": "",
      "bio_en": "Ilya Prigogine (1917-2003) was a Belgian physical chemist and Nobel laureate known for his work on dissipative structures, complex systems, and irreversibility. Born in Moscow, Russia, he later fled with his family and eventually settled in Belgium, becoming a Belgian citizen in 1949. He studied at the Université Libre de Bruxelles, earning his doctorate in 1941. Prigogine's key contributions include the theory of dissipative structures, which explains how systems far from equilibrium can self-organize. He was awarded the Nobel Prize in Chemistry in 1977 for his work in non-equilibrium thermodynamics. He held professorships at the Université Libre de Bruxelles and the University of Texas at Austin, where he founded the Center for Studies in Statistical Mechanics and Complex Systems.",
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      "name": "Freeman Dyson",
      "tag": "A2",
      "scholar_bio": "Freeman John Dyson (1923-2020) was a British-American theoretical physicist and mathematician renowned for his contributions to quantum field theory, astrophysics, random matrices, and nuclear physics. Dyson's work notably unified the quantum electrodynamics theories of Feynman, Schwinger, and Tomonaga. He served as a professor at the Institute for Advanced Study in Princeton for most of his career. Dyson explored diverse areas, including nuclear reactors, solid-state physics, ferromagnetism, and biology, seeking applications for mathematical elegance. He also speculated on the possibilities of extraterrestrial life, including the concept of the Dyson sphere. Dyson was a fellow of the American Physical Society, a member of the National Academy of Sciences, and a fellow of the Royal Society of London.",
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      "bio_en": "Freeman John Dyson (1923-2020) was a British-American theoretical physicist and mathematician renowned for his contributions to quantum field theory, astrophysics, random matrices, and nuclear physics. Dyson's work notably unified the quantum electrodynamics theories of Feynman, Schwinger, and Tomonaga. He served as a professor at the Institute for Advanced Study in Princeton for most of his career. Dyson explored diverse areas, including nuclear reactors, solid-state physics, ferromagnetism, and biology, seeking applications for mathematical elegance. He also speculated on the possibilities of extraterrestrial life, including the concept of the Dyson sphere. Dyson was a fellow of the American Physical Society, a member of the National Academy of Sciences, and a fellow of the Royal Society of London.",
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      "name": "Richard Dawid",
      "tag": "A2",
      "scholar_bio": "Richard Dawid is a professor of philosophy of science at Stockholm University. He holds a PhD in theoretical physics from the University of Vienna. After working as a physicist at the TU Munich and the Lawrence Berkeley Laboratory, he transitioned to philosophy in 2000. Dawid's research focuses on the philosophical aspects of contemporary theories in high-energy physics and cosmology. He is known for his work on non-empirical theory confirmation, particularly in the context of string theory. His work also touches upon Everettian quantum mechanics, data analysis in high-energy physics, the philosophical impact of string dualities, the cosmological multiverse, and anthropic reasoning.",
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      "bio_en": "Richard Dawid is a professor of philosophy of science at Stockholm University. He holds a PhD in theoretical physics from the University of Vienna. After working as a physicist at the TU Munich and the Lawrence Berkeley Laboratory, he transitioned to philosophy in 2000. Dawid's research focuses on the philosophical aspects of contemporary theories in high-energy physics and cosmology. He is known for his work on non-empirical theory confirmation, particularly in the context of string theory. His work also touches upon Everettian quantum mechanics, data analysis in high-energy physics, the philosophical impact of string dualities, the cosmological multiverse, and anthropic reasoning.",
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      "name": "Roger Penrose",
      "tag": "A2",
      "scholar_bio": "Sir Roger Penrose, born on August 8, 1931, is an English mathematician, mathematical physicist, and philosopher of science. He is Emeritus Rouse Ball Professor of Mathematics at the University of Oxford and an emeritus fellow of Wadham College, Oxford. Penrose has made significant contributions to the mathematical physics of general relativity and cosmology. His work in the 1960s was a major influence behind the renaissance in general relativity and cosmology, leading to the current understanding of the Big Bang and black holes. Penrose is also known for his work on Penrose tiling, twistors, and his theories on consciousness. He shared the 1988 Wolf Prize in Physics with Stephen Hawking for their work on singularity theorems and the 2020 Nobel Prize in Physics for the discovery that black hole formation is a robust prediction of the general theory of relativity.",
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      "bio_en": "Sir Roger Penrose, born on August 8, 1931, is an English mathematician, mathematical physicist, and philosopher of science. He is Emeritus Rouse Ball Professor of Mathematics at the University of Oxford and an emeritus fellow of Wadham College, Oxford. Penrose has made significant contributions to the mathematical physics of general relativity and cosmology. His work in the 1960s was a major influence behind the renaissance in general relativity and cosmology, leading to the current understanding of the Big Bang and black holes. Penrose is also known for his work on Penrose tiling, twistors, and his theories on consciousness. He shared the 1988 Wolf Prize in Physics with Stephen Hawking for their work on singularity theorems and the 2020 Nobel Prize in Physics for the discovery that black hole formation is a robust prediction of the general theory of relativity.",
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      "name": "Robert Wilson",
      "tag": "A2",
      "scholar_bio": "Robert Woodrow Wilson (born January 10, 1936) is an American radio astronomer who, along with Arno Allan Penzias, discovered the cosmic microwave background radiation (CMB) in 1964. This discovery provided critical evidence supporting the Big Bang theory. Wilson and Penzias were awarded the Nobel Prize in Physics in 1978 for their groundbreaking work. Wilson's work at Bell Labs involved using a horn-shaped radio antenna to detect weak signals from space, leading to the accidental discovery of the CMB. He later became head of Bell's Radio Physics Research Department and, in 1994, joined the Harvard-Smithsonian Center for Astrophysics.",
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      "bio_en": "Robert Woodrow Wilson (born January 10, 1936) is an American radio astronomer who, along with Arno Allan Penzias, discovered the cosmic microwave background radiation (CMB) in 1964. This discovery provided critical evidence supporting the Big Bang theory. Wilson and Penzias were awarded the Nobel Prize in Physics in 1978 for their groundbreaking work. Wilson's work at Bell Labs involved using a horn-shaped radio antenna to detect weak signals from space, leading to the accidental discovery of the CMB. He later became head of Bell's Radio Physics Research Department and, in 1994, joined the Harvard-Smithsonian Center for Astrophysics.",
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      "name": "Edwin Hubble",
      "tag": "A2",
      "scholar_bio": "Edwin Powell Hubble (1889-1953) was an American astronomer who revolutionized the field of extragalactic astronomy and observational cosmology. He earned a Bachelor of Science degree from the University of Chicago in 1910, focusing on mathematics, astronomy, and philosophy, and later studied jurisprudence at Oxford as a Rhodes Scholar. After a brief stint teaching, he obtained his Ph.D. in astronomy in 1921. Hubble's key contributions include establishing that many nebulae are galaxies beyond the Milky Way and formulating Hubble's Law, which states that galaxies are moving away from us with a speed proportional to their distance, indicating the expansion of the universe. He worked at the Mount Wilson Observatory and played a central role in the design of the Hale 200-inch Telescope.",
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      "bio_en": "Edwin Powell Hubble (1889-1953) was an American astronomer who revolutionized the field of extragalactic astronomy and observational cosmology. He earned a Bachelor of Science degree from the University of Chicago in 1910, focusing on mathematics, astronomy, and philosophy, and later studied jurisprudence at Oxford as a Rhodes Scholar. After a brief stint teaching, he obtained his Ph.D. in astronomy in 1921. Hubble's key contributions include establishing that many nebulae are galaxies beyond the Milky Way and formulating Hubble's Law, which states that galaxies are moving away from us with a speed proportional to their distance, indicating the expansion of the universe. He worked at the Mount Wilson Observatory and played a central role in the design of the Hale 200-inch Telescope.",
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      "name": "Arno Penzias",
      "tag": "A2",
      "scholar_bio": "Arno Allan Penzias (1933-2024) was a German-born American physicist and radio astronomer. He is most known for his co-discovery of the cosmic microwave background radiation (CMB) with Robert Woodrow Wilson in 1964, a finding that strongly supported the Big Bang theory. For this discovery, Penzias and Wilson shared the 1978 Nobel Prize in Physics. Penzias earned a Ph.D. in physics from Columbia University in 1962 and then joined Bell Laboratories, where he spent 37 years, eventually becoming the chief scientist and vice president of research. Beyond the CMB, Penzias contributed to radio astronomy by detecting interstellar molecules and later transitioned to venture capital, advising on technology investments.",
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      "bio_en": "Arno Allan Penzias (1933-2024) was a German-born American physicist and radio astronomer. He is most known for his co-discovery of the cosmic microwave background radiation (CMB) with Robert Woodrow Wilson in 1964, a finding that strongly supported the Big Bang theory. For this discovery, Penzias and Wilson shared the 1978 Nobel Prize in Physics. Penzias earned a Ph.D. in physics from Columbia University in 1962 and then joined Bell Laboratories, where he spent 37 years, eventually becoming the chief scientist and vice president of research. Beyond the CMB, Penzias contributed to radio astronomy by detecting interstellar molecules and later transitioned to venture capital, advising on technology investments.",
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      "name": "Max Tegmark",
      "tag": "A2",
      "scholar_bio": "Max Erik Tegmark, born on May 5, 1967, is a Swedish-American physicist, cosmologist, and machine learning researcher. He earned a B.Sc. in Physics from the Royal Institute of Technology and a B.A. in Economics from the Stockholm School of Economics before moving to the University of California, Berkeley, where he obtained an M.A. in 1992 and a Ph.D. in 1994. Currently, he is a professor at the Massachusetts Institute of Technology (MIT). Tegmark is also the scientific director of the Foundational Questions Institute and co-founder of the Future of Life Institute. His research spans precision cosmology, quantum foundations, and the physics of intelligence, focusing on both biological and artificial systems. He is known for his work on multiverse models and the mathematical universe hypothesis.",
      "affiliation": "Massachusetts Institute of Technology (MIT)",
      "bio_source": "scholar",
      "bio_pl": "",
      "bio_en": "Max Erik Tegmark, born on May 5, 1967, is a Swedish-American physicist, cosmologist, and machine learning researcher. He earned a B.Sc. in Physics from the Royal Institute of Technology and a B.A. in Economics from the Stockholm School of Economics before moving to the University of California, Berkeley, where he obtained an M.A. in 1992 and a Ph.D. in 1994. Currently, he is a professor at the Massachusetts Institute of Technology (MIT). Tegmark is also the scientific director of the Foundational Questions Institute and co-founder of the Future of Life Institute. His research spans precision cosmology, quantum foundations, and the physics of intelligence, focusing on both biological and artificial systems. He is known for his work on multiverse models and the mathematical universe hypothesis.",
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      "name": "Karl Popper",
      "tag": "A2",
      "scholar_bio": "Sir Karl Raimund Popper (1902-1994) was an Austrian-British philosopher, academic, and social commentator, renowned as one of the 20th century's most influential philosophers of science. He is best known for his rejection of classical inductivist views on the scientific method, advocating instead for empirical falsification through his falsifiability criterion. Popper argued that a scientific theory can never be proven, but it can be falsified through decisive experiments. He championed critical rationalism, emphasizing the importance of testing theories to identify conditions under which they are false. Popper made significant contributions to the philosophy of science, political philosophy, and the defense of liberal democracy.",
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      "bio_en": "Sir Karl Raimund Popper (1902-1994) was an Austrian-British philosopher, academic, and social commentator, renowned as one of the 20th century's most influential philosophers of science. He is best known for his rejection of classical inductivist views on the scientific method, advocating instead for empirical falsification through his falsifiability criterion. Popper argued that a scientific theory can never be proven, but it can be falsified through decisive experiments. He championed critical rationalism, emphasizing the importance of testing theories to identify conditions under which they are false. Popper made significant contributions to the philosophy of science, political philosophy, and the defense of liberal democracy.",
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      "tag": "A2",
      "scholar_bio": "John David Barrow (1952-2020) was a British cosmologist, theoretical physicist, and mathematician renowned for his work on the anthropic principle and the fine-tuning of physical constants. He earned his doctorate in astrophysics from Oxford University in 1977. Barrow held positions at the University of Sussex and later became a professor at the University of Cambridge. He directed the Millennium Mathematics Project. Barrow's research spanned cosmology, general relativity, and the philosophy of science, resulting in over 550 peer-reviewed papers. He received the Templeton Prize in 2006 for his contributions to the dialogue between science and spirituality.",
      "affiliation": "University of Cambridge",
      "bio_source": "scholar",
      "bio_pl": "",
      "bio_en": "John David Barrow (1952-2020) was a British cosmologist, theoretical physicist, and mathematician renowned for his work on the anthropic principle and the fine-tuning of physical constants. He earned his doctorate in astrophysics from Oxford University in 1977. Barrow held positions at the University of Sussex and later became a professor at the University of Cambridge. He directed the Millennium Mathematics Project. Barrow's research spanned cosmology, general relativity, and the philosophy of science, resulting in over 550 peer-reviewed papers. He received the Templeton Prize in 2006 for his contributions to the dialogue between science and spirituality.",
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      "name": "Martin Rees",
      "tag": "A2",
      "scholar_bio": "Martin John Rees, Baron Rees of Ludlow, born on June 23, 1942, is a prominent British cosmologist and astrophysicist. He served as the Astronomer Royal from 1995 to 2025. Rees has held various distinguished positions, including Master of Trinity College, Cambridge (2004-2012), and President of the Royal Society (2005-2010). His research spans galaxy formation, cosmic jets, black holes, and gamma-ray bursts. Rees is also known for his work on the anthropic principle and the possibility of a multiverse. He has written extensively on existential risks facing humanity in the 21st century.",
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      "bio_en": "Martin John Rees, Baron Rees of Ludlow, born on June 23, 1942, is a prominent British cosmologist and astrophysicist. He served as the Astronomer Royal from 1995 to 2025. Rees has held various distinguished positions, including Master of Trinity College, Cambridge (2004-2012), and President of the Royal Society (2005-2010). His research spans galaxy formation, cosmic jets, black holes, and gamma-ray bursts. Rees is also known for his work on the anthropic principle and the possibility of a multiverse. He has written extensively on existential risks facing humanity in the 21st century.",
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      "name": "Lee Smolin",
      "tag": "A2",
      "scholar_bio": "Lee Smolin, born on June 6, 1955, is an American theoretical physicist known for his work in quantum gravity and cosmology. He is a faculty member at the Perimeter Institute for Theoretical Physics and an adjunct professor at the University of Waterloo, as well as a member of the graduate faculty of the philosophy department at the University of Toronto. Smolin is a proponent of loop quantum gravity and has contributed to various approaches to quantum gravity, including causal dynamical triangulations. He is also known for his cosmological natural selection theory, applying Darwinian principles to cosmology. Smolin has written extensively on the philosophy of physics, particularly concerning the nature of time and the limitations of string theory.",
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      "bio_en": "Lee Smolin, born on June 6, 1955, is an American theoretical physicist known for his work in quantum gravity and cosmology. He is a faculty member at the Perimeter Institute for Theoretical Physics and an adjunct professor at the University of Waterloo, as well as a member of the graduate faculty of the philosophy department at the University of Toronto. Smolin is a proponent of loop quantum gravity and has contributed to various approaches to quantum gravity, including causal dynamical triangulations. He is also known for his cosmological natural selection theory, applying Darwinian principles to cosmology. Smolin has written extensively on the philosophy of physics, particularly concerning the nature of time and the limitations of string theory.",
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      "name": "Alan Guth",
      "tag": "A2",
      "scholar_bio": "Alan Harvey Guth, born on February 27, 1947, is an American theoretical physicist and cosmologist renowned for his pioneering work on cosmic inflation. He is the Victor Weisskopf Professor of Physics at the Massachusetts Institute of Technology (MIT). Guth proposed the inflationary universe model in 1980, suggesting a period of exponential expansion in the early universe to solve the horizon and flatness problems of the standard Big Bang theory. His research bridges elementary particle theory and the early universe, exploring the implications of particle physics for cosmology. Guth's work has significantly influenced our understanding of the universe's origins and evolution, earning him the 2014 Kavli Prize in Astrophysics.",
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      "bio_en": "Alan Harvey Guth, born on February 27, 1947, is an American theoretical physicist and cosmologist renowned for his pioneering work on cosmic inflation. He is the Victor Weisskopf Professor of Physics at the Massachusetts Institute of Technology (MIT). Guth proposed the inflationary universe model in 1980, suggesting a period of exponential expansion in the early universe to solve the horizon and flatness problems of the standard Big Bang theory. His research bridges elementary particle theory and the early universe, exploring the implications of particle physics for cosmology. Guth's work has significantly influenced our understanding of the universe's origins and evolution, earning him the 2014 Kavli Prize in Astrophysics.",
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      "name": "Don Page",
      "tag": "A2",
      "scholar_bio": "Don Nelson Page, born on December 31, 1948, is an American-born Canadian theoretical physicist renowned for his work in quantum cosmology and theoretical gravitational physics. He earned his Ph.D. from Caltech in 1976 under the supervision of Kip Thorne and Stephen Hawking. Page's career includes positions at the University of Cambridge, Penn State University, and the University of Alberta, where he is currently a professor. His research focuses on understanding the universe within the framework of quantum theory, exploring topics such as the quantum state of the universe and the origin of its observed features. Page is also known for his contributions to the black hole information paradox, particularly the concept of the Page curve.",
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        "h2": "Czas urojony Hawkinga: eliminacja osobliwości",
        "concepts_used": [
          "czas urojony",
          "Hawking"
        ],
        "hidden_question": "Na czym polega koncepcja czasu urojonego w ujęciu Hawkinga?"
      },
      {
        "h2": "Warunek braku granic eliminuje moment stworzenia",
        "concepts_used": [
          "warunek braku granic",
          "stworzenie"
        ],
        "hidden_question": "Czym jest warunek braku granic i jakie ma konsekwencje dla idei stworzenia?"
      },
      {
        "h2": "Fluktuacje kwantowe: mechanizm powstawania galaktyk",
        "concepts_used": [
          "fluktuacje kwantowe",
          "galaktyki"
        ],
        "hidden_question": "W jaki sposób fluktuacje kwantowe stały się zarodkami galaktyk?"
      },
      {
        "h2": "Trzy wymiary przestrzenne: warunek stabilności orbit",
        "concepts_used": [
          "wymiary przestrzenne",
          "stabilność orbit"
        ],
        "hidden_question": "Dlaczego obserwujemy akurat trzy wymiary przestrzenne?"
      },
      {
        "h2": "Teoria strun uzasadnia stosowanie zasady antropicznej",
        "concepts_used": [
          "teoria strun",
          "zasada antropiczna"
        ],
        "hidden_question": "Jak teoria strun wpływa na rozumienie zasady antropicznej?"
      }
    ],
    "sections": [
      {
        "h2": "Słaba vs silna zasada antropiczna: warunek obserwacji",
        "position": 1,
        "end_marker": "Silna wersja jest znacznie bardziej kontrowersyjna. Sugeruje, że wszechświat musiał mieć takie właściwości, aby powstało życie. Czyli, jak pisał Freeman Dyson „Im więcej o wszechświecie się dowiaduję, tym bardziej wygląda na to, że w jakiś sposób wiedział, że przyjdziemy”.",
        "section_id": "sec-1",
        "start_marker": "Wszechświat, który spojrzał w lustro. O Zasadzie Antropicznej i innych kosmicznych zdziwieniach\n\nNa początku był chaos. Potem był Wielki Wybuch.",
        "hidden_question": "Czym różni się słaba zasada antropiczna od jej silnej wersji?"
      },
      {
        "h2": "Multiwersum wyjaśnia precycyjne dostrojenie kosmosu",
        "position": 2,
        "end_marker": "A my, oczywiście wygraliśmy, trafiając na ten, w którym można ugotować zupę i prowadzić seminaria o ontologii.",
        "section_id": "sec-2",
        "start_marker": "Zasada Antropiczna i teoria wielu światów, czyli wszechświat jako casting na istnienie\n\nGdy zasada antropiczna wślizgnęła się na kosmiczną scenę, wielu naukowców odetchnęło.",
        "hidden_question": "W jaki sposób teoria multiwersum wyjaśnia precycyjne dostrojenie wszechświata?"
      },
      {
        "h2": "Teoria wielu światów: bariery weryfikacji empirycznej",
        "position": 3,
        "end_marker": "„Wszechświat musi być taki, by istniały konferencje, na których naukowcy mogą się nawzajem przekonywać, że to wszystko ma sens.”",
        "section_id": "sec-3",
        "start_marker": "Epistemologia kontra kosmiczna inflacja, co jeszcze możemy wiedzieć?\n\nNo dobrze, mówi sceptyk, ale co z tego? Czy teoria, której nie da się przetestować, w ogóle zasługuje na miano naukowej?",
        "hidden_question": "Jakie są główne argumenty epistemologiczne przeciwko teorii wielu światów?"
      },
      {
        "h2": "Strzałka termodynamiczna definiuje psychologiczny czas",
        "position": 4,
        "end_marker": "Gdyby entropia malała, moglibyśmy pamiętać to, co dopiero nastąpi. Ale tak nie jest. Życie to nieustanny marsz w stronę zapomnienia, golgota tylko w jedną stronę.",
        "section_id": "sec-4",
        "start_marker": "W świecie Einsteina czas nie płynie jak leniwa rzeka. Nie ma jednej wstęgi, na której zaznaczylibyśmy \"tu\" i \"teraz\" dla wszystkich obserwatorów.",
        "hidden_question": "Dlaczego strzałka termodynamiczna jest uważana za fundamentalną dla naszego odczuwania czasu?"
      },
      {
        "h2": "Wzrost entropii warunkuje proces zapamiętywania",
        "position": 5,
        "end_marker": "Jak zauważył Ilya Prigogine, laureat Nagrody Nobla, „strzałka czasu nie jest iluzją świadomości; to świadomość jest dzickiem strzałki czasu”.",
        "section_id": "sec-5",
        "start_marker": "Pierwszą z nich jest strzałka termodynamiczna, związana z drugą zasadą termodynamiki. Zasada ta głosi, że entropia, czyli miara nieuporządkowania układu izolowanego, nigdy spontanicznie nie maleje.",
        "hidden_question": "Jaki jest związek między pamięcią ludzką a wzrostem entropii?"
      },
      {
        "h2": "Kontrakcja wszechświata nie odwraca biegu czasu",
        "position": 6,
        "end_marker": "Kosmologiczna strzałka czasu nie odwraca się więc wraz ze zmianą losów kosmosu – jest zakorzeniona w głębszych zasadach.",
        "section_id": "sec-6",
        "start_marker": "Trzecią jest strzałka kosmologiczna, utożsamiana z kierunkiem ekspansji wszechświata. Od momentu odkrycia Edwina Hubble’a wiemy, że galaktyki oddalają się od siebie, a przestrzeń sama w sobie ulega rozszerzeniu.",
        "hidden_question": "Czy odwrócenie ekspansji wszechświata mogłoby cofnąć bieg czasu?"
      },
      {
        "h2": "Osobliwości: kres stosowalności praw fizyki klasycznej",
        "position": 7,
        "end_marker": "Osobliwości są miejscem, gdzie te dwa pojęcia – nieskończona gęstość i brak czasu – spotykają się, zmuszając nas do przekroczenia granic tradycyjnego poznania.",
        "section_id": "sec-7",
        "start_marker": "POCZĄTEK WSZECHŚWIATA I OSOBLIWOŚCI\n\nHistoria badań nad początkiem wszechświata jest równocześnie historią zmagań z pojęciem osobliwości.",
        "hidden_question": "Czym są osobliwości i dlaczego stanowią granicę dla klasycznej fizyki?"
      },
      {
        "h2": "Modele Friedmanna: trzy scenariusze ewolucji kosmosu",
        "position": 8,
        "end_marker": "Własnoręcznie wyprostował wszechświat tylko po to, by musieć go potem znów zakrzywiać.",
        "section_id": "sec-8",
        "start_marker": "Model Friedmanna, czyli trzy sposoby na śmierć wszechświata\n\nZanim wszystko się zapadnie, warto wiedzieć, że mamy do wyboru trzy opcje.",
        "hidden_question": "Jakie trzy scenariusze ewolucji kosmosu wynikają z modeli Friedmanna?"
      },
      {
        "h2": "Czas urojony Hawkinga: eliminacja osobliwości",
        "position": 9,
        "end_marker": "Oznacza to, że pytanie o to, co było „przed” Wielkim Wybuchem, traci sens, ponieważ sam początek nie jest wyrwą w prawach fizyki, lecz punktem geometrycznym w gładkiej strukturze kosmosu.",
        "section_id": "sec-9",
        "start_marker": "Zasadniczym narzędziem była tu koncepcja sumy po historiach, rozwinięta przez Richarda Feynmana. Wedle niej cząstki nie podążają jedną, wybraną drogą w przestrzeni i czasie, lecz wszystkimi możliwymi trajektoriami jednocześnie,",
        "hidden_question": "Na czym polega koncepcja czasu urojonego w ujęciu Hawkinga?"
      },
      {
        "h2": "Warunek braku granic eliminuje moment stworzenia",
        "position": 10,
        "end_marker": "Niektórzy odczytali tę propozycję jako próbę „usunięcia Boga z równania”, choć sam Hawking podkreślał, że jego celem było raczej znalezienie kompletnej teorii przyrody, nie zaś rozstrzyganie sporów religijnych.",
        "section_id": "sec-10",
        "start_marker": "Jednym z najbardziej oryginalnych i zarazem śmiałych wkładów Stephena Hawkinga w kosmologię była koncepcja tzw. warunku braku granic (no boundary condition), która radykalnie zmienia sposób myślenia o początku wszechświata.",
        "hidden_question": "Czym jest warunek braku granic i jakie ma konsekwencje dla idei stworzenia?"
      },
      {
        "h2": "Fluktuacje kwantowe: mechanizm powstawania galaktyk",
        "position": 11,
        "end_marker": "Tym samym nasze istnienie jest pośrednim skutkiem kwantowych przypadkowości, które urosły do rozmiarów kosmologicznych.",
        "section_id": "sec-11",
        "start_marker": "Czas urojony pozwala również lepiej zrozumieć proces inflacji kosmologicznej. Według teorii Alana Gutha wszechświat w bardzo wczesnej fazie swojego istnienia przeszedł krótki, ale niezwykle intensywny okres gwałtownej ekspansji.",
        "hidden_question": "W jaki sposób fluktuacje kwantowe stały się zarodkami galaktyk?"
      },
      {
        "h2": "Trzy wymiary przestrzenne: warunek stabilności orbit",
        "position": 12,
        "end_marker": "W czterech wymiarach przestrzennych orbity planet byłyby niestabilne, a w dwóch – niemożliwe. Widać więc, że nawet sam wymiar, w którym żyjemy, może być wynikiem selekcji kosmicznej.",
        "section_id": "sec-12",
        "start_marker": "Warto dodać, że antropiczne pytania pojawiają się także w kontekście wymiarów przestrzeni. Teoria strun sugeruje, że czasoprzestrzeń może mieć dziesięć lub nawet dwadzieścia sześć wymiarów, z których większość jest zwinięta do mikroskopijnych rozmiarów.",
        "hidden_question": "Dlaczego obserwujemy akurat trzy wymiary przestrzenne?"
      },
      {
        "h2": "Teoria strun uzasadnia stosowanie zasady antropicznej",
        "position": 13,
        "end_marker": "W takiej perspektywie nie ma nic dziwnego, że żyjemy akurat w tym, który pozwala na istnienie życia, tak jak nie dziwi fakt, że wędrując po pustyni, natrafiamy na oazę, a nie na nieskończoną przestrzeń piasku – bo tylko w oazie możemy się zatrzymać i przeżyć.",
        "section_id": "sec-13",
        "start_marker": "Jednym z najczęściej przywoływanych przykładów jest tempo ekspansji wszechświata po Wielkim Wybuchu. Gdyby było minimalnie wolniejsze, grawitacja doprowadziłaby do szybkiego zapadnięcia się kosmosu w gęstą kulę materii, zanim powstałyby gwiazdy i planety.",
        "hidden_question": "Jak teoria strun wpływa na rozumienie zasady antropicznej?"
      }
    ],
    "dna_profile": null,
    "global_structure": null,
    "humanized_sections": [
      {
        "section_index": 0,
        "humanized_text": "Wszechświat, który spojrzał w lustro. O zasadzie antropicznej i innych kosmicznych zdziwieniach\n\nNa początku był chaos, potem Wielki Wybuch, a na końcu pojawiliśmy się my – istoty zdolne podrapać się po głowie i zadać fundamentalne pytanie: dlaczego Wszechświat wygląda tak, jakby ktoś starannie przygotował go do naszego istnienia? Właśnie w tym zdumieniu kryje się cała moc zasady antropicznej – idei jednocześnie urzekającej i irytującej, która prowadzi do wniosku tyleż prostego, co głęboko prowokującego. Wszechświat jest taki, jaki jest, ponieważ gdyby był inny, nie byłoby nas tutaj, by o nim dyskutować.\n\nSam termin „zasada antropiczna” został ukuty przez kosmologa Brandona Cartera w 1973 roku, podczas konferencji zorganizowanej z okazji pięćsetlecia urodzin Kopernika. W miejscu, które symbolicznie zdetronizowało ludzkość, Carter odważył się postawić tezę przeciwną, stwierdzając, że nasza pozycja we Wszechświecie jest w pewnym sensie uprzywilejowana. Jest to bowiem jedyna pozycja, która jest zgodna z naszym istnieniem jako obserwatorów. Innymi słowy, jesteśmy tutaj, bo mogliśmy tu być, i tylko dlatego zadajemy pytanie o to, gdzie właściwie jest „tutaj”.\n\nCarter rozróżnił przy tym dwie wersje swojej zasady: słabą i silną. Słaba zasada antropiczna stwierdza jedynie, że warunki, które obserwujemy we Wszechświecie, muszą pozwalać na istnienie obserwatora, co jest banałem o potężnych, kosmicznych konsekwencjach. Znacznie bardziej kontrowersyjna jest wersja silna, która sugeruje, że Wszechświat po prostu musiał mieć takie właściwości, aby na pewnym etapie ewolucji mogło w nim powstać życie. Jak ujął to fizyk Freeman Dyson: „Im więcej o Wszechświecie się dowiaduję, tym bardziej wygląda na to, że w jakiś sposób wiedział, że przyjdziemy”.",
        "humanized_length": 1759,
        "start_marker": "Wszechświat, który spojrzał w lustro. O zasadzie antropicznej i innych kosmicznych zdziwieniach\n\nNa początku był chaos, potem Wielki Wybuch, a na końc",
        "end_marker": "Jak ujął to fizyk Freeman Dyson: „Im więcej o Wszechświecie się dowiaduję, tym bardziej wygląda na to, że w jakiś sposób wiedział, że przyjdziemy”.",
        "flesch_score": 13.3,
        "tone_score": 0,
        "humanized_at": "2026-01-06 02:06:03"
      },
      {
        "section_index": 1,
        "humanized_text": "Gdy zasada antropiczna wkroczyła na kosmiczną scenę, część naukowców odetchnęła z ulgą. Wreszcie pojawiło się narzędzie pozwalające uzasadnić precyzyjne dostrojenie naszego Wszechświata: dlaczego stała Plancka ma taką, a nie inną wartość, czemu proton jest 1836 razy cięższy od elektronu i jakim cudem grawitacja nie rozjechała wszystkiego niczym walec. Inni jednak łapali się za głowę, twierdząc, że to nie wyjaśnienie, lecz intelektualny wybieg. Dla przeciwników była to po prostu naukowa wersja odpowiedzi „bo tak”.\n\nI wtedy z odsieczą przybyła teoria wielu wszechświatów, znana szerzej jako multiwersum. Jeśli pojedynczy wszechświat to gra o astronomiczną stawkę, to multiwersum jest całym kasynem – nieskończoną liczbą prób, kombinacji i rozdań. W tej perspektywie fakt, że trafiliśmy akurat do tego jednego uniwersum, w którym można zjeść jabłko, napisać sonet i przeprowadzić operację na otwartym mózgu, przestaje wyglądać na kosmiczny cud. Staje się statystyczną nieuchronnością.\n\nMax Tegmark, fizyk z MIT i czołowy orędownik tej koncepcji, ujął to dosadnie: „W multiwersum nie pytasz, dlaczego parametry są takie, jakie są. Pytasz, dlaczego jesteś akurat w tym wszechświecie, a nie w innym? Odpowiedź brzmi: bo w innych by cię nie było”.\n\nJesteśmy tu, ponieważ gdzie indziej nie moglibyśmy zaistnieć. To już nie jest zasada antropiczna w wersji słabej, to jej wersja turbo. To zasada antropiczna na sterydach teorii strun, rozciągnięta na nieskończonym płótnie możliwości, gdzie nasze istnienie jest jednym z dopuszczalnych wzorów.\n\nW ramach tak zwanego krajobrazu teorii strun, czyli mapy wszystkich możliwych konfiguracji fizyki, szacuje się istnienie nawet 10¹⁰⁰⁰⁰ różnych wszechświatów. Każdy z nich ma własny zestaw stałych fizycznych i praw natury. A my, rzecz jasna, wygraliśmy los na tej kosmicznej loterii, trafiając do tego, w którym da się ugotować zupę i prowadzić seminaria z ontologii.",
        "humanized_length": 1908,
        "start_marker": "Gdy zasada antropiczna wkroczyła na kosmiczną scenę, część naukowców odetchnęła z ulgą. Wreszcie pojawiło się narzędzie pozwalające uzasadnić precyzyj",
        "end_marker": "A my, rzecz jasna, wygraliśmy los na tej kosmicznej loterii, trafiając do tego, w którym da się ugotować zupę i prowadzić seminaria z ontologii.",
        "flesch_score": 27.56,
        "tone_score": 0,
        "humanized_at": "2026-01-06 02:06:03"
      },
      {
        "section_index": 2,
        "humanized_text": "No dobrze – powie sceptyk, odstawiając na chwilę herbatę – ale co z tego wszystkiego wynika? Czy teoria, której nie da się w żaden sposób przetestować, w ogóle zasługuje na miano naukowej, czy jest to już tylko elegancka opowieść na dobranoc dla fizyków? I tu na scenę wkracza epistemologia, czyli gałąź filozofii, która od wieków próbuje ustalić, czym jest wiedza, co możemy uznać za uzasadnione i jak odróżnić sensowne twierdzenie od spekulacji. W duchu Karla Poppera, który wyznaczył wyraźną granicę demarkacyjną, pytanie brzmi: czy zasada antropiczna i teoria multiwersum są falsyfikowalne? Czy można zaprojektować eksperyment, który mógłby je obalić? Odpowiedź jest kłopotliwa. Przynajmniej dziś – nie.\n\nNiektórzy, jak filozof nauki Richard Dawid, sugerują jednak, że wielkie teorie fizyki zaczynają rządzić się innymi regułami, przekraczając klasyczne kryteria naukowości. Ich siła ma tkwić w wewnętrznej spójności, matematycznej elegancji i zdolności do wyjaśniania z poczuciem nieuchronności. Dawid pisze: „W przypadku teorii strun mamy do czynienia z sytuacją, w której sama niemożność znalezienia alternatywy może być postrzegana jako argument empiryczny”. To odwrócenie klasycznej logiki. Skoro nie dysponujemy lepszym wyjaśnieniem, to może właśnie to – nawet jeśli nieweryfikowalne w warunkach laboratoryjnych – stanowi jedyny sensowny sposób na uporządkowanie rzeczywistości.\n\nOczywiście nie brakuje głosów krytycznych. Lee Smolin, wspomniany już z lekką zgryźliwością, zarzuca zwolennikom zasady antropicznej ucieczkę w intelektualną rezygnację. Twierdzi on, że zamiast próbować zrozumieć, dlaczego Wszechświat jest taki, jaki jest, wielu fizyków zadowala się myślą, że gdzieś istnieje nieskończony zbiór wszechświatów z losowo dobranymi parametrami. „To nie wyjaśnienie. To rezygnacja” – kwituje Smolin. Czy zasada antropiczna wyjaśnia więc wszystko, czy może zupełnie nic? Pytanie pozostaje otwarte, dzieląc fizyków na dwa obozy.\n\nDla jednych jest to konieczna rama epistemologiczna, przypominająca, że każde nasze „dlaczego” zaczyna się od faktu, iż w ogóle istniejemy, by móc je zadać. Dla innych to filozoficzna bańka, w której błądzimy, bo po prostu nie mamy nic lepszego pod ręką. A może, jak żartobliwie podsumował fizyk John Barrow, zasada antropiczna to po prostu najdoskonalsze usprawiedliwienie dla naszej egzystencji, głosząca, że: „Wszechświat musi być taki, by istniały konferencje, na których naukowcy mogą się nawzajem przekonywać, że to wszystko ma sens”.",
        "humanized_length": 2487,
        "start_marker": "No dobrze – powie sceptyk, odstawiając na chwilę herbatę – ale co z tego wszystkiego wynika? Czy teoria, której nie da się w żaden sposób przetestować",
        "end_marker": "tencji, głosząca, że: „Wszechświat musi być taki, by istniały konferencje, na których naukowcy mogą się nawzajem przekonywać, że to wszystko ma sens”.",
        "flesch_score": 14.32,
        "tone_score": 0,
        "humanized_at": "2026-01-06 02:06:03"
      },
      {
        "section_index": 3,
        "humanized_text": "W kosmologii Einsteina czas przestał być leniwą rzeką o jednym wspólnym nurcie. Zapomnijmy o uniwersalnej wstędze, na której można by zaznaczyć jedno „teraz” obowiązujące od Andromedy po naszą kuchnię. Każdy obserwator nosi przy sobie własny zegarek, a jego wskazówki poruszają się w unikalnym lokalnym rytmie. Dla astronauty, który spada na gwiazdę neutronową, jedna sekunda rozciąga się w wieczność, podczas gdy dla jego kolegi na odległej stacji kosmicznej jest zaledwie mgnieniem oka. Oto kosmos, w którym nas osadzono: miejsce, gdzie „teraz” jest kwestią umowy, a „przedtem” i „potem” zależą od tego, gdzie stoisz.\n\nJednak to nie względność czasu jest jego największą tajemnicą. Znacznie dziwniejszy jest fakt, że czas w ogóle płynie. I to uparcie w jedną stronę. Równania fundamentalnej fizyki działają równie dobrze do przodu, jak i wstecz; są idealnie symetryczne. Mimo to nasze życie przypomina film odtwarzany bez opcji przewijania do tyłu. Fizycy, próbując wyjaśnić tę egzystencjalną jednostronność, mówią o „strzałkach czasu” – kilku koncepcjach wskazujących ten sam nieodwracalny kierunek.\n\nNajsłynniejsza z nich, strzałka termodynamiczna, jest w istocie miarą rosnącego nieporządku we Wszechświecie. Porcelanowy kubek stojący na stole reprezentuje stan uporządkowany; jego skorupy rozsypane na podłodze to chaos. Wszechświat zdaje się nieustannie dążyć do rozbicia tego kubka, a powód jest brutalnie statystyczny: istnieje nieporównywalnie więcej sposobów, by coś było zepsute, niż by było idealne. Druga zasada termodynamiki, która to opisuje, jest niemal metafizycznym dekretem: rzeczy psują się znacznie chętniej, niż się naprawiają. Brzmi znajomo, prawda?\n\nStephen Hawking posunął tę ideę dalej, sugerując, że ten sam wzrost nieporządku jest fundamentem naszej pamięci. Każdy bit informacji zapisany w komputerze nieznacznie zwiększa entropię otoczenia. Nasz mózg, tworząc wspomnienia, działa na tej samej zasadzie – pamiętamy przeszłość, a nie przyszłość, ponieważ każde wspomnienie jest termodynamiczną inwestycją w nieporządek. Gdyby Wszechświat zmierzał ku porządkowi, a entropia malała, teoretycznie moglibyśmy pamiętać przyszłe wydarzenia. Tak się jednak nie dzieje. Nasze życie pozostaje więc nieustannym marszem w jednym kierunku, a pamięć jest zapisem tej podróży. To golgota tylko w jedną stronę.",
        "humanized_length": 2324,
        "start_marker": "W kosmologii Einsteina czas przestał być leniwą rzeką o jednym wspólnym nurcie. Zapomnijmy o uniwersalnej wstędze, na której można by zaznaczyć jedno",
        "end_marker": "Nasze życie pozostaje więc nieustannym marszem w jednym kierunku, a pamięć jest zapisem tej podróży. To golgota tylko w jedną stronę.",
        "flesch_score": 23.79,
        "tone_score": 0,
        "humanized_at": "2026-01-06 02:06:03"
      },
      {
        "section_index": 4,
        "humanized_text": "Pierwsza z nich, strzałka termodynamiczna, jest zakorzeniona w drugiej zasadzie termodynamiki. Głosi ona, że entropia, czyli miara nieuporządkowania w układzie izolowanym, nigdy spontanicznie nie maleje. Upuszczony na podłogę kubek rozpada się na setki kawałków, a układ cząsteczek szkła i powietrza zyskuje znacznie więcej możliwych konfiguracji niż wtedy, gdy naczynie stało nienaruszone na stole. Obserwujemy więc procesy nieodwracalne – to, co zniszczone, nie składa się samo z siebie z powrotem. Ludwig Boltzmann ujął to celnie, pisząc, że „entropia jest miarą naszej niewiedzy o stanie układu”, wskazując tym samym, że strzałka czasu jest nierozerwalnie spleciona z probabilistycznym charakterem praw przyrody.\n\nDruga strzałka, psychologiczna, odnosi się do naszego subiektywnego doświadczenia. Pamiętamy przeszłość, nigdy przyszłość, i odczuwamy nieustanny, jednokierunkowy przepływ teraźniejszości. Stephen Hawking zasugerował, że jest ona jedynie pochodną tej pierwszej, termodynamicznej. Aby bowiem zapisać jakąkolwiek informację – czy to w sieci neuronowej mózgu, czy na twardym dysku komputera – musimy zużyć energię, a tym samym zwiększyć globalny nieporządek we Wszechświecie. Każde wspomnienie, każdy ślad naszej tożsamości jest więc naznaczony piętnem rosnącej entropii. To niezwykle sugestywne powiązanie, które stawia psychologię i neurobiologię w ścisłym związku z fizyką statystyczną. Jak podsumował to noblista Ilya Prigogine: „strzałka czasu nie jest iluzją świadomości; to świadomość jest dzieckiem strzałki czasu”.",
        "humanized_length": 1538,
        "start_marker": "Pierwsza z nich, strzałka termodynamiczna, jest zakorzeniona w drugiej zasadzie termodynamiki. Głosi ona, że entropia, czyli miara nieuporządkowania w",
        "end_marker": "Jak podsumował to noblista Ilya Prigogine: „strzałka czasu nie jest iluzją świadomości; to świadomość jest dzieckiem strzałki czasu”.",
        "flesch_score": 4.04,
        "tone_score": 0,
        "humanized_at": "2026-01-06 02:06:03"
      },
      {
        "section_index": 5,
        "humanized_text": "Trzecia strzałka, kosmologiczna, wydaje się echem największego ruchu, jaki znamy: ekspansji Wszechświata. Odkąd Edwin Hubble wykazał kosmiczną ucieczkę galaktyk, wiadomo, że sama przestrzeń się rozszerza. To zrodziło w umyśle Hawkinga przewrotne pytanie: czy gdyby Kosmos zahamował ekspansję i zaczął się kurczyć, czas również by zawrócił, a entropia zaczęła maleć? Początkowo intuicja podpowiadała mu, że tak. Jednak wspólne prace z Donem Page’em i Raymondem Laflamme’em zweryfikowały tę elegancką symetrię. Nawet podczas kosmicznego kolapsu nieporządek wciąż by wzrastał. Strzałka czasu nie jest więc zależna od losów Kosmosu – jest zakorzeniona w głębszych zasadach.",
        "humanized_length": 669,
        "start_marker": "Trzecia strzałka, kosmologiczna, wydaje się echem największego ruchu, jaki znamy: ekspansji Wszechświata.",
        "end_marker": "zas kosmicznego kolapsu nieporządek wciąż by wzrastał. Strzałka czasu nie jest więc zależna od losów Kosmosu – jest zakorzeniona w głębszych zasadach.",
        "flesch_score": 30.01,
        "tone_score": 0,
        "humanized_at": "2026-01-06 02:06:03"
      },
      {
        "section_index": 6,
        "humanized_text": "|be_thought|Historia badań nad początkiem Wszechświata jest w istocie historią intelektualnych zmagań z pojęciem osobliwości. W klasycznej ogólnej teorii względności Einsteina osobliwość to punkt, w którym mapa rzeczywistości się kończy; miejsce, gdzie krzywizna czasoprzestrzeni staje się nieskończona, a znane nam prawa fizyki bezradnie milkną. Oznacza to sytuację ostateczną: fizyka traci zdolność przewidywania, a matematyka sygnalizuje, że sam model uległ załamaniu. Wielki Wybuch byłby w tym ujęciu absolutnym początkiem – punktem, poza którym nie tylko nie było „niczego”, ale samo pytanie o „przedtem” traciło jakikolwiek sens.\n\nDopiero rozwój astronomii XX wieku pozwolił tej abstrakcyjnej idei zejść na ziemię, a raczej wznieść się ku gwiazdom. W 1929 roku Edwin Hubble, obserwując odległe galaktyki, odkrył, że wszystkie uciekają, a ich światło jest rozciągnięte ku czerwieni. Wszechświat nie był zatem statycznym, wiecznym bytem, lecz dynamiczną, rozszerzającą się strukturą. Jeśli puścimy ten kosmiczny film od tyłu, zobaczymy, jak w przeszłości był on coraz mniejszy, gęstszy i gorętszy, aż w końcu cała jego materia i energia skupiły się w stanie o nieskończonej gęstości i temperaturze. To był początek czasu i przestrzeni – moment, w którym historia kosmosu w ogóle mogła się rozpocząć.\n\nRównania Einsteina, rozwinięte przez Aleksandra Friedmanna, naszkicowały trzy możliwe scenariusze kosmologicznej przyszłości. W modelu zamkniętym ekspansja kiedyś się zatrzyma, a grawitacja ściągnie wszystko z powrotem do punktu o zerowym rozmiarze, prowadząc do powrotu do osobliwości, tym razem końcowej. W modelu otwartym ekspansja trwa wiecznie, a galaktyki oddalają się od siebie w nieskończoność. Model płaski, krytyczny, zakłada z kolei, że Wszechświat rozszerza się coraz wolniej, ale nigdy się nie zatrzymuje. Każdy z tych scenariuszy, niczym drogi prowadzące z Rzymu, wskazuje jednak na wspólny punkt wyjścia: chwilę, gdy odległość między dowolnymi punktami była zerowa.\n\nOsobliwość Wielkiego Wybuchu nie była jednak jedynym tego typu potworem czającym się w równaniach Einsteina. Również czarne dziury, powstające w wyniku grawitacyjnego kolapsu masywnych gwiazd, zawierają w swoim sercu punkt, gdzie gęstość staje się nieskończona. Granicę tego obszaru stanowi horyzont zdarzeń – jednokierunkowa membrana, zza której nic, nawet światło, nie może uciec. Stephen Hawking i Roger Penrose dowiedli matematycznie, że osobliwości nie są jakimś patologicznym wyjątkiem, lecz nieuniknioną konsekwencją ogólnej teorii względności, o ile tylko materia spełnia rozsądne warunki energetyczne. W tym sensie osobliwości stały się integralną częścią logiki teorii.\n\nPowstaje jednak fundamentalne pytanie: jak rozumieć miejsca, w których nasze najlepsze prawa fizyki kapitulują? Czy są to realne punkty w kosmosie, czy raczej sygnał, że nasza teoria jest niekompletna? Większość fizyków skłania się ku drugiej odpowiedzi. Osobliwość jest raczej granicą poznania niż bytu. To drogowskaz wskazujący na potrzebę głębszej, bardziej fundamentalnej teorii kwantowej grawitacji, która potrafiłaby opisać zjawiska w ekstremalnych warunkach, gdzie grawitacja i mechanika kwantowa muszą wreszcie zacząć ze sobą rozmawiać.\n\nProblem ten odsłania także głębszy wymiar filozoficzny. Już święty Augustyn zauważył, że pytanie o to, co Bóg",
        "humanized_length": 3323,
        "start_marker": "|be_thought|Historia badań nad początkiem Wszechświata jest w istocie historią intelektualnych zmagań z pojęciem osobliwości.",
        "end_marker": "Problem ten odsłania także głębszy wymiar filozoficzny. Już święty Augustyn zauważył, że pytanie o to, co Bóg",
        "flesch_score": 14.45,
        "tone_score": 0,
        "humanized_at": "2026-01-06 02:06:03"
      },
      {
        "section_index": 7,
        "humanized_text": "Zanim kosmiczna kurtyna opadnie, warto wiedzieć, że scenariusz końca oferuje trzy warianty: model zamknięty, w którym wszystko wraca do punktu wyjścia w Wielkim Kolapsie; otwarty, czyli niekończącą się ucieczkę w pustkę; oraz płaski – rozszerzanie zwalniające do tempa lodowca, ale nigdy nieustające. Wszystkie te wizje wyłoniły się z matematycznych rozwiązań ogólnej teorii względności, które już w 1922 roku zaproponował Aleksander Friedmann. Einstein, początkowo sceptyczny, ostatecznie przyznał mu rację, nazywając swój własny pomysł – tak zwaną stałą kosmologiczną – największą pomyłką w karierze. Wprowadził ją, by siłą uratować elegancki, statyczny Wszechświat; własnoręcznie wyprostował kosmos tylko po to, by za chwilę musieć go z powrotem zakrzywiać.",
        "humanized_length": 760,
        "start_marker": "Zanim kosmiczna kurtyna opadnie, warto wiedzieć, że scenariusz końca oferuje trzy warianty: model zamknięty, w którym wszystko wraca do punktu wyjścia",
        "end_marker": "ził ją, by siłą uratować elegancki, statyczny Wszechświat; własnoręcznie wyprostował kosmos tylko po to, by za chwilę musieć go z powrotem zakrzywiać.",
        "flesch_score": 6.74,
        "tone_score": 0,
        "humanized_at": "2026-01-06 02:06:03"
      },
      {
        "section_index": 8,
        "humanized_text": "Kluczowym narzędziem okazała się tu koncepcja sumy po historiach, którą Richard Feynman obdarzył fizykę kwantową. Zgodnie z nią cząstka nie jest zdyscyplinowanym piechurem maszerującym po jednej, wyznaczonej trasie. Przeciwnie, bada wszystkie możliwe drogi jednocześnie, a to, co obserwujemy, jest jedynie probabilistyczną wypadkową tych niezliczonych podróży. Hawking dokonał tu skoku o skali kosmologicznej: potraktował cały wszechświat jak pojedynczy obiekt kwantowy, którego ewolucja jest sumą wszystkich możliwych historii czasoprzestrzeni.\n\nAby ominąć zdradliwe mielizny osobliwości, Hawking sięgnął po genialny wybieg: czas urojony. Matematycy od dawna posługują się liczbami zespolonymi, które obok części rzeczywistej mają też część urojoną, opartą na jednostce „i” – absurdalnym z pozoru pierwiastku z minus jeden. Hawking zapytał: A co, jeśli czas również potraktować jako wielkość „urojoną”? W takim ujęciu granica między czasem a przestrzenią zaciera się, a cała czasoprzestrzeń staje się gładką, czterowymiarową powierzchnią. W tej spokojnej, euklidesowej geometrii osobliwości tracą swój groźny, nieskończony charakter; stają się zaledwie punktami brzegowymi, które można opisać bez sięgania po matematyczny armagedon.\n\nHawking zilustrował to analogią do powierzchni Ziemi. Nasza planeta jest skończona, a jednak nie posiada krawędzi. Idąc uparcie na północ, dotrzemy do bieguna, ale nigdzie nie znajdziemy tabliczki z napisem „koniec świata”. Podobnie wszechświat opisany w języku czasu urojonego jest bytem skończonym, lecz pozbawionym granic i osobliwości. To elegancko usuwa pytanie o to, kto zapalił światło. Pytanie o to, co było „przed” Wielkim Wybuchem, staje się równie bezsensowne, jak pytanie o to, co leży kilometr na północ od bieguna północnego. Sam początek przestaje być gwałtowną wyrwą w prawach fizyki, a staje się po prostu gładkim punktem w strukturze kosmosu.",
        "humanized_length": 1895,
        "start_marker": "Kluczowym narzędziem okazała się tu koncepcja sumy po historiach, którą Richard Feynman obdarzył fizykę kwantową.",
        "end_marker": "Sam początek przestaje być gwałtowną wyrwą w prawach fizyki, a staje się po prostu gładkim punktem w strukturze kosmosu.",
        "flesch_score": 10.95,
        "tone_score": 0,
        "humanized_at": "2026-01-06 02:06:03"
      },
      {
        "section_index": 9,
        "humanized_text": "Jednym z najśmielszych i najbardziej oryginalnych wkładów Stephena Hawkinga w kosmologię była propozycja, która radykalnie zmienia sposób postrzegania początku istnienia. Klasyczna ogólna teoria względności, choć potężna, załamuje się w obliczu osobliwości – punktów, w których gęstość i krzywizna czasoprzestrzeni dążą do nieskończoności, a znane prawa fizyki przestają obowiązywać. Hawking, zainspirowany mechaniką kwantową, postanowił poszukać wyjścia z tego teoretycznego impasu.\n\nNarzędziem stała się koncepcja sumy po historiach, rozwinięta przez Richarda Feynmana. W tym ujęciu cząstka nie przemieszcza się z punktu A do punktu B jedną, ściśle wyznaczoną ścieżką, lecz eksploruje wszystkie możliwe trajektorie jednocześnie. Hawking przeniósł tę kwantową zasadę do skali kosmicznej, zakładając, że cały Wszechświat można potraktować jako obiekt kwantowy, którego ewolucja stanowi sumę prawdopodobieństw wszystkich możliwych historii czasoprzestrzeni. To już nie pojedynczy film, lecz cała biblioteka scenariuszy odgrywanych symultanicznie.\n\nAby jednak uniknąć problemu osobliwości, Hawking sięgnął po matematyczny zabieg: czas urojony. W matematyce liczby zespolone posiadają część urojoną, opartą na jednostce urojonej „i”, będącej pierwiastkiem z minus jeden. Analogicznie, w fizyce można przekształcić czas, mnożąc go przez tę samą jednostkę. Dzięki temu zabiegowi granica między czasem a przestrzenią zaciera się, a osobliwa czasoprzestrzeń staje się gładką, czterowymiarową powierzchnią. W tej nowej, euklidesowej geometrii osobliwości tracą swój nieskończony charakter; stają się po prostu punktami na mapie.\n\nHawking zilustrował to analogią do powierzchni Ziemi. Nasza planeta jest skończona, ale nie posiada krawędzi. Wędrując na północ, dotrzemy do bieguna, lecz nie znajdziemy tam granicy świata. Podobnie Wszechświat w opisie z czasem urojonym jest skończony, lecz pozbawiony granic i osobliwości. W takim modelu pytanie: „co było przed Wielkim Wybuchem?” staje się równie bezzasadne, jak pytanie: „co znajduje się na północ od bieguna północnego?”. Początek nie jest już gwałtownym załamaniem praw fizyki, lecz gładkim punktem geometrycznym w strukturze kosmosu.\n\nTaki Wszechświat staje się bytem samowystarczalnym i domkniętym. Nie wymaga zewnętrznego impulsu ani aktu stworzenia. Jak ujął to Hawking podczas konferencji w Watykanie w 1981 roku, Wszechświat w modelu braku granic „nie jest ani stworzony, ani zniszczony” – on po prostu istnieje. Konsekwencje filozoficzne tej koncepcji są dalekosiężne. Jeśli kosmos nie wymaga początku w sensie metafizycznym, rola Boga jako pierwszej przyczyny zostaje podważona. Propozycja ta usuwa pytanie o to, kto zainicjował istnienie. Choć niektórzy odczytali to jako próbę wyeliminowania Stwórcy z równania, sam Hawking podkreślał, że jego celem nie była polemika teologiczna, lecz poszukiwanie kompletnej teorii przyrody.",
        "humanized_length": 2882,
        "start_marker": "Jednym z najśmielszych i najbardziej oryginalnych wkładów Stephena Hawkinga w kosmologię była propozycja, która radykalnie zmienia sposób postrzegania",
        "end_marker": "wyeliminowania Stwórcy z równania, sam Hawking podkreślał, że jego celem nie była polemika teologiczna, lecz poszukiwanie kompletnej teorii przyrody.",
        "flesch_score": 10.55,
        "tone_score": 0,
        "humanized_at": "2026-01-06 02:06:03"
      },
      {
        "section_index": 10,
        "humanized_text": "Czas urojony rzuca też nowe światło na inflację kosmologiczną, czyli teorię Alana Gutha opisującą gwałtowną ekspansję Wszechświata w jego najwcześniejszej fazie. Warunek braku granic idealnie pasuje do tego scenariusza, sugerując, że Kosmos zaczął się w stanie maksymalnej gładkości, dopuszczalnej jedynie przez zasadę nieoznaczoności Heisenberga. Te mikroskopijne fluktuacje kwantowe, niczym drobne zmarszczki na idealnie gładkiej tafli, zostały następnie rozciągnięte przez inflację do astronomicznych rozmiarów. Stały się one zarodkami przyszłych struktur: galaktyk, gwiazd i planet, co oznacza, że nasze istnienie jest odległym echem kwantowej losowości.",
        "humanized_length": 658,
        "start_marker": "Czas urojony rzuca też nowe światło na inflację kosmologiczną, czyli teorię Alana Gutha opisującą gwałtowną ekspansję Wszechświata w jego najwcześniej",
        "end_marker": "Stały się one zarodkami przyszłych struktur: galaktyk, gwiazd i planet, co oznacza, że nasze istnienie jest odległym echem kwantowej losowości.",
        "flesch_score": 0,
        "tone_score": 0,
        "humanized_at": "2026-01-06 02:06:03"
      },
      {
        "section_index": 11,
        "humanized_text": "Zasada antropiczna sięga jednak znacznie głębiej, dotykając samej architektury rzeczywistości. Teoria strun, w swojej matematycznej elegancji, postuluje istnienie dziesięciu, a nawet dwudziestu sześciu wymiarów, z których większość pozostaje zwinięta do mikroskopijnych rozmiarów. Dlaczego więc nasze doświadczenie ogranicza się do zaledwie trzech wymiarów przestrzennych i jednego czasowego? Odpowiedź jest chłodno pragmatyczna: ponieważ tylko w takiej konfiguracji fizyka pozwala na stabilne orbity planetarne i trwałe atomy. W czterech wymiarach przestrzennych planety spiralowałyby w stronę swoich słońc, a w dwóch – grawitacja nie miałaby dość swobody, by je w ogóle związać. Nawet sama scena, na której istniejemy, mogła więc przejść przez swoisty wszechświatowy casting na istnienie.",
        "humanized_length": 790,
        "start_marker": "Zasada antropiczna sięga jednak znacznie głębiej, dotykając samej architektury rzeczywistości. Teoria strun, w swojej matematycznej elegancji, postulu",
        "end_marker": "Nawet sama scena, na której istniejemy, mogła więc przejść przez swoisty wszechświatowy casting na istnienie.",
        "flesch_score": 4.58,
        "tone_score": 0,
        "humanized_at": "2026-01-06 02:06:03"
      },
      {
        "section_index": 12,
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        "bio_en": "Raymond Julien Joseph Laflamme (1960-2025) was a Canadian theoretical physicist renowned for his significant contributions to quantum information science and for establishing the Institute for Quantum Computing (IQC) at the University of Waterloo. He earned his PhD at the University of Cambridge under Stephen Hawking, initially focusing on quantum cosmology and the arrow of time. Laflamme's research later shifted to quantum computing, where he pioneered theoretical and experimental approaches to quantum information processing and quantum error correction. His work was instrumental in demonstrating the possibility of fault-tolerant quantum computation. He held positions at Los Alamos National Laboratory, the University of Waterloo, and the Perimeter Institute for Theoretical Physics.",
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        "name": "Albert Einstein",
        "tag": "A2",
        "scholar_bio": "Albert Einstein (1879-1955) was a German-born theoretical physicist who revolutionized our understanding of the universe. He is best known for developing the theory of relativity, which includes special relativity (1905) and general relativity (1915). Einstein's work also significantly contributed to quantum theory, particularly his explanation of the photoelectric effect, for which he received the Nobel Prize in Physics in 1921. His famous equation E=mc² demonstrates the equivalence of mass and energy. He held professorships at various universities, including Zurich, Prague, and Berlin, before immigrating to the United States in 1933 and joining the Institute for Advanced Study in Princeton. Einstein's work continues to influence modern physics and cosmology.",
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        "bio_en": "Albert Einstein (1879-1955) was a German-born theoretical physicist who revolutionized our understanding of the universe. He is best known for developing the theory of relativity, which includes special relativity (1905) and general relativity (1915). Einstein's work also significantly contributed to quantum theory, particularly his explanation of the photoelectric effect, for which he received the Nobel Prize in Physics in 1921. His famous equation E=mc² demonstrates the equivalence of mass and energy. He held professorships at various universities, including Zurich, Prague, and Berlin, before immigrating to the United States in 1933 and joining the Institute for Advanced Study in Princeton. Einstein's work continues to influence modern physics and cosmology.",
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        "scholar_bio": "Aurelius Augustinus, commonly known as Saint Augustine, was a philosopher and theologian of the late Roman Empire, born in Tagaste (present-day Algeria) in 354 AD and died in Hippo Regius (also in present-day Algeria) in 430 AD. His mother, Saint Monica, was a devout Christian, while his father was a pagan. Augustine's intellectual journey led him through Manicheism and skepticism before his conversion to Christianity in 386 AD. He became the Bishop of Hippo in 396 AD, where he remained until his death. Augustine's works profoundly influenced the development of Western philosophy and Christian theology, earning him the title of Doctor of Grace. His key contributions include his exploration of free will, divine grace, and the nature of time, as well as his articulation of the concept of the City of God.",
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        "bio_en": "Aurelius Augustinus, commonly known as Saint Augustine, was a philosopher and theologian of the late Roman Empire, born in Tagaste (present-day Algeria) in 354 AD and died in Hippo Regius (also in present-day Algeria) in 430 AD. His mother, Saint Monica, was a devout Christian, while his father was a pagan. Augustine's intellectual journey led him through Manicheism and skepticism before his conversion to Christianity in 386 AD. He became the Bishop of Hippo in 396 AD, where he remained until his death. Augustine's works profoundly influenced the development of Western philosophy and Christian theology, earning him the title of Doctor of Grace. His key contributions include his exploration of free will, divine grace, and the nature of time, as well as his articulation of the concept of the City of God.",
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        "scholar_bio": "Richard Phillips Feynman was an American theoretical physicist renowned for his contributions to quantum mechanics, quantum electrodynamics, and particle physics. He developed the path integral formulation of quantum mechanics and Feynman diagrams, a pictorial representation of particle interactions. Feynman shared the 1965 Nobel Prize in Physics with Julian Schwinger and Shin'ichirō Tomonaga for his work on quantum electrodynamics. Beyond his research, Feynman was a celebrated educator and communicator, known for his engaging lectures and popular science books, making complex topics accessible to a broad audience. He held the Richard Chace Tolman professorship in theoretical physics at the California Institute of Technology. Feynman also participated in the Manhattan Project during World War II.",
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        "bio_en": "Richard Phillips Feynman was an American theoretical physicist renowned for his contributions to quantum mechanics, quantum electrodynamics, and particle physics. He developed the path integral formulation of quantum mechanics and Feynman diagrams, a pictorial representation of particle interactions. Feynman shared the 1965 Nobel Prize in Physics with Julian Schwinger and Shin'ichirō Tomonaga for his work on quantum electrodynamics. Beyond his research, Feynman was a celebrated educator and communicator, known for his engaging lectures and popular science books, making complex topics accessible to a broad audience. He held the Richard Chace Tolman professorship in theoretical physics at the California Institute of Technology. Feynman also participated in the Manhattan Project during World War II.",
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        "scholar_bio": "Brandon Carter, born in Australia in 1942, is a theoretical physicist renowned for his contributions to the study of black holes and for formulating the anthropic principle. He obtained his Ph.D. from Cambridge University in 1968 and later joined the Centre National de la Recherche Scientifique (CNRS) in France. Carter's work significantly advanced the understanding of black hole mechanics, including the no-hair theorem and the concept of tidal disruption events. His introduction of the anthropic principle in 1973 sparked considerable debate, positing that the observed universe must be compatible with the existence of intelligent observers. Carter's work has had a lasting impact on cosmology and astrophysics.",
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        "bio_en": "Brandon Carter, born in Australia in 1942, is a theoretical physicist renowned for his contributions to the study of black holes and for formulating the anthropic principle. He obtained his Ph.D. from Cambridge University in 1968 and later joined the Centre National de la Recherche Scientifique (CNRS) in France. Carter's work significantly advanced the understanding of black hole mechanics, including the no-hair theorem and the concept of tidal disruption events. His introduction of the anthropic principle in 1973 sparked considerable debate, positing that the observed universe must be compatible with the existence of intelligent observers. Carter's work has had a lasting impact on cosmology and astrophysics.",
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        "scholar_bio": "Ilya Prigogine (1917-2003) was a Belgian physical chemist and Nobel laureate known for his work on dissipative structures, complex systems, and irreversibility. Born in Moscow, Russia, he later fled with his family and eventually settled in Belgium, becoming a Belgian citizen in 1949. He studied at the Université Libre de Bruxelles, earning his doctorate in 1941. Prigogine's key contributions include the theory of dissipative structures, which explains how systems far from equilibrium can self-organize. He was awarded the Nobel Prize in Chemistry in 1977 for his work in non-equilibrium thermodynamics. He held professorships at the Université Libre de Bruxelles and the University of Texas at Austin, where he founded the Center for Studies in Statistical Mechanics and Complex Systems.",
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        "bio_en": "Ilya Prigogine (1917-2003) was a Belgian physical chemist and Nobel laureate known for his work on dissipative structures, complex systems, and irreversibility. Born in Moscow, Russia, he later fled with his family and eventually settled in Belgium, becoming a Belgian citizen in 1949. He studied at the Université Libre de Bruxelles, earning his doctorate in 1941. Prigogine's key contributions include the theory of dissipative structures, which explains how systems far from equilibrium can self-organize. He was awarded the Nobel Prize in Chemistry in 1977 for his work in non-equilibrium thermodynamics. He held professorships at the Université Libre de Bruxelles and the University of Texas at Austin, where he founded the Center for Studies in Statistical Mechanics and Complex Systems.",
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        "scholar_bio": "Freeman John Dyson (1923-2020) was a British-American theoretical physicist and mathematician renowned for his contributions to quantum field theory, astrophysics, random matrices, and nuclear physics. Dyson's work notably unified the quantum electrodynamics theories of Feynman, Schwinger, and Tomonaga. He served as a professor at the Institute for Advanced Study in Princeton for most of his career. Dyson explored diverse areas, including nuclear reactors, solid-state physics, ferromagnetism, and biology, seeking applications for mathematical elegance. He also speculated on the possibilities of extraterrestrial life, including the concept of the Dyson sphere. Dyson was a fellow of the American Physical Society, a member of the National Academy of Sciences, and a fellow of the Royal Society of London.",
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        "bio_en": "Freeman John Dyson (1923-2020) was a British-American theoretical physicist and mathematician renowned for his contributions to quantum field theory, astrophysics, random matrices, and nuclear physics. Dyson's work notably unified the quantum electrodynamics theories of Feynman, Schwinger, and Tomonaga. He served as a professor at the Institute for Advanced Study in Princeton for most of his career. Dyson explored diverse areas, including nuclear reactors, solid-state physics, ferromagnetism, and biology, seeking applications for mathematical elegance. He also speculated on the possibilities of extraterrestrial life, including the concept of the Dyson sphere. Dyson was a fellow of the American Physical Society, a member of the National Academy of Sciences, and a fellow of the Royal Society of London.",
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        "scholar_bio": "Richard Dawid is a professor of philosophy of science at Stockholm University. He holds a PhD in theoretical physics from the University of Vienna. After working as a physicist at the TU Munich and the Lawrence Berkeley Laboratory, he transitioned to philosophy in 2000. Dawid's research focuses on the philosophical aspects of contemporary theories in high-energy physics and cosmology. He is known for his work on non-empirical theory confirmation, particularly in the context of string theory. His work also touches upon Everettian quantum mechanics, data analysis in high-energy physics, the philosophical impact of string dualities, the cosmological multiverse, and anthropic reasoning.",
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        "bio_en": "Richard Dawid is a professor of philosophy of science at Stockholm University. He holds a PhD in theoretical physics from the University of Vienna. After working as a physicist at the TU Munich and the Lawrence Berkeley Laboratory, he transitioned to philosophy in 2000. Dawid's research focuses on the philosophical aspects of contemporary theories in high-energy physics and cosmology. He is known for his work on non-empirical theory confirmation, particularly in the context of string theory. His work also touches upon Everettian quantum mechanics, data analysis in high-energy physics, the philosophical impact of string dualities, the cosmological multiverse, and anthropic reasoning.",
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        "scholar_bio": "Sir Roger Penrose, born on August 8, 1931, is an English mathematician, mathematical physicist, and philosopher of science. He is Emeritus Rouse Ball Professor of Mathematics at the University of Oxford and an emeritus fellow of Wadham College, Oxford. Penrose has made significant contributions to the mathematical physics of general relativity and cosmology. His work in the 1960s was a major influence behind the renaissance in general relativity and cosmology, leading to the current understanding of the Big Bang and black holes. Penrose is also known for his work on Penrose tiling, twistors, and his theories on consciousness. He shared the 1988 Wolf Prize in Physics with Stephen Hawking for their work on singularity theorems and the 2020 Nobel Prize in Physics for the discovery that black hole formation is a robust prediction of the general theory of relativity.",
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        "bio_en": "Sir Roger Penrose, born on August 8, 1931, is an English mathematician, mathematical physicist, and philosopher of science. He is Emeritus Rouse Ball Professor of Mathematics at the University of Oxford and an emeritus fellow of Wadham College, Oxford. Penrose has made significant contributions to the mathematical physics of general relativity and cosmology. His work in the 1960s was a major influence behind the renaissance in general relativity and cosmology, leading to the current understanding of the Big Bang and black holes. Penrose is also known for his work on Penrose tiling, twistors, and his theories on consciousness. He shared the 1988 Wolf Prize in Physics with Stephen Hawking for their work on singularity theorems and the 2020 Nobel Prize in Physics for the discovery that black hole formation is a robust prediction of the general theory of relativity.",
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        "scholar_bio": "Robert Woodrow Wilson (born January 10, 1936) is an American radio astronomer who, along with Arno Allan Penzias, discovered the cosmic microwave background radiation (CMB) in 1964. This discovery provided critical evidence supporting the Big Bang theory. Wilson and Penzias were awarded the Nobel Prize in Physics in 1978 for their groundbreaking work. Wilson's work at Bell Labs involved using a horn-shaped radio antenna to detect weak signals from space, leading to the accidental discovery of the CMB. He later became head of Bell's Radio Physics Research Department and, in 1994, joined the Harvard-Smithsonian Center for Astrophysics.",
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        "bio_en": "Robert Woodrow Wilson (born January 10, 1936) is an American radio astronomer who, along with Arno Allan Penzias, discovered the cosmic microwave background radiation (CMB) in 1964. This discovery provided critical evidence supporting the Big Bang theory. Wilson and Penzias were awarded the Nobel Prize in Physics in 1978 for their groundbreaking work. Wilson's work at Bell Labs involved using a horn-shaped radio antenna to detect weak signals from space, leading to the accidental discovery of the CMB. He later became head of Bell's Radio Physics Research Department and, in 1994, joined the Harvard-Smithsonian Center for Astrophysics.",
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        "scholar_bio": "Edwin Powell Hubble (1889-1953) was an American astronomer who revolutionized the field of extragalactic astronomy and observational cosmology. He earned a Bachelor of Science degree from the University of Chicago in 1910, focusing on mathematics, astronomy, and philosophy, and later studied jurisprudence at Oxford as a Rhodes Scholar. After a brief stint teaching, he obtained his Ph.D. in astronomy in 1921. Hubble's key contributions include establishing that many nebulae are galaxies beyond the Milky Way and formulating Hubble's Law, which states that galaxies are moving away from us with a speed proportional to their distance, indicating the expansion of the universe. He worked at the Mount Wilson Observatory and played a central role in the design of the Hale 200-inch Telescope.",
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        "bio_en": "Edwin Powell Hubble (1889-1953) was an American astronomer who revolutionized the field of extragalactic astronomy and observational cosmology. He earned a Bachelor of Science degree from the University of Chicago in 1910, focusing on mathematics, astronomy, and philosophy, and later studied jurisprudence at Oxford as a Rhodes Scholar. After a brief stint teaching, he obtained his Ph.D. in astronomy in 1921. Hubble's key contributions include establishing that many nebulae are galaxies beyond the Milky Way and formulating Hubble's Law, which states that galaxies are moving away from us with a speed proportional to their distance, indicating the expansion of the universe. He worked at the Mount Wilson Observatory and played a central role in the design of the Hale 200-inch Telescope.",
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        "scholar_bio": "Arno Allan Penzias (1933-2024) was a German-born American physicist and radio astronomer. He is most known for his co-discovery of the cosmic microwave background radiation (CMB) with Robert Woodrow Wilson in 1964, a finding that strongly supported the Big Bang theory. For this discovery, Penzias and Wilson shared the 1978 Nobel Prize in Physics. Penzias earned a Ph.D. in physics from Columbia University in 1962 and then joined Bell Laboratories, where he spent 37 years, eventually becoming the chief scientist and vice president of research. Beyond the CMB, Penzias contributed to radio astronomy by detecting interstellar molecules and later transitioned to venture capital, advising on technology investments.",
        "affiliation": "Bell Laboratories",
        "bio_source": "scholar",
        "bio_pl": "",
        "bio_en": "Arno Allan Penzias (1933-2024) was a German-born American physicist and radio astronomer. He is most known for his co-discovery of the cosmic microwave background radiation (CMB) with Robert Woodrow Wilson in 1964, a finding that strongly supported the Big Bang theory. For this discovery, Penzias and Wilson shared the 1978 Nobel Prize in Physics. Penzias earned a Ph.D. in physics from Columbia University in 1962 and then joined Bell Laboratories, where he spent 37 years, eventually becoming the chief scientist and vice president of research. Beyond the CMB, Penzias contributed to radio astronomy by detecting interstellar molecules and later transitioned to venture capital, advising on technology investments.",
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        "scholar_bio": "Max Erik Tegmark, born on May 5, 1967, is a Swedish-American physicist, cosmologist, and machine learning researcher. He earned a B.Sc. in Physics from the Royal Institute of Technology and a B.A. in Economics from the Stockholm School of Economics before moving to the University of California, Berkeley, where he obtained an M.A. in 1992 and a Ph.D. in 1994. Currently, he is a professor at the Massachusetts Institute of Technology (MIT). Tegmark is also the scientific director of the Foundational Questions Institute and co-founder of the Future of Life Institute. His research spans precision cosmology, quantum foundations, and the physics of intelligence, focusing on both biological and artificial systems. He is known for his work on multiverse models and the mathematical universe hypothesis.",
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        "bio_en": "Max Erik Tegmark, born on May 5, 1967, is a Swedish-American physicist, cosmologist, and machine learning researcher. He earned a B.Sc. in Physics from the Royal Institute of Technology and a B.A. in Economics from the Stockholm School of Economics before moving to the University of California, Berkeley, where he obtained an M.A. in 1992 and a Ph.D. in 1994. Currently, he is a professor at the Massachusetts Institute of Technology (MIT). Tegmark is also the scientific director of the Foundational Questions Institute and co-founder of the Future of Life Institute. His research spans precision cosmology, quantum foundations, and the physics of intelligence, focusing on both biological and artificial systems. He is known for his work on multiverse models and the mathematical universe hypothesis.",
        "sources_json": "[]",
        "field": "Physics, Cosmology, Machine Learning"
      },
      {
        "name": "Karl Popper",
        "tag": "A2",
        "scholar_bio": "Sir Karl Raimund Popper (1902-1994) was an Austrian-British philosopher, academic, and social commentator, renowned as one of the 20th century's most influential philosophers of science. He is best known for his rejection of classical inductivist views on the scientific method, advocating instead for empirical falsification through his falsifiability criterion. Popper argued that a scientific theory can never be proven, but it can be falsified through decisive experiments. He championed critical rationalism, emphasizing the importance of testing theories to identify conditions under which they are false. Popper made significant contributions to the philosophy of science, political philosophy, and the defense of liberal democracy.",
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        "bio_en": "Sir Karl Raimund Popper (1902-1994) was an Austrian-British philosopher, academic, and social commentator, renowned as one of the 20th century's most influential philosophers of science. He is best known for his rejection of classical inductivist views on the scientific method, advocating instead for empirical falsification through his falsifiability criterion. Popper argued that a scientific theory can never be proven, but it can be falsified through decisive experiments. He championed critical rationalism, emphasizing the importance of testing theories to identify conditions under which they are false. Popper made significant contributions to the philosophy of science, political philosophy, and the defense of liberal democracy.",
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        "scholar_bio": "John David Barrow (1952-2020) was a British cosmologist, theoretical physicist, and mathematician renowned for his work on the anthropic principle and the fine-tuning of physical constants. He earned his doctorate in astrophysics from Oxford University in 1977. Barrow held positions at the University of Sussex and later became a professor at the University of Cambridge. He directed the Millennium Mathematics Project. Barrow's research spanned cosmology, general relativity, and the philosophy of science, resulting in over 550 peer-reviewed papers. He received the Templeton Prize in 2006 for his contributions to the dialogue between science and spirituality.",
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        "bio_en": "John David Barrow (1952-2020) was a British cosmologist, theoretical physicist, and mathematician renowned for his work on the anthropic principle and the fine-tuning of physical constants. He earned his doctorate in astrophysics from Oxford University in 1977. Barrow held positions at the University of Sussex and later became a professor at the University of Cambridge. He directed the Millennium Mathematics Project. Barrow's research spanned cosmology, general relativity, and the philosophy of science, resulting in over 550 peer-reviewed papers. He received the Templeton Prize in 2006 for his contributions to the dialogue between science and spirituality.",
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        "scholar_bio": "Martin John Rees, Baron Rees of Ludlow, born on June 23, 1942, is a prominent British cosmologist and astrophysicist. He served as the Astronomer Royal from 1995 to 2025. Rees has held various distinguished positions, including Master of Trinity College, Cambridge (2004-2012), and President of the Royal Society (2005-2010). His research spans galaxy formation, cosmic jets, black holes, and gamma-ray bursts. Rees is also known for his work on the anthropic principle and the possibility of a multiverse. He has written extensively on existential risks facing humanity in the 21st century.",
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        "bio_en": "Martin John Rees, Baron Rees of Ludlow, born on June 23, 1942, is a prominent British cosmologist and astrophysicist. He served as the Astronomer Royal from 1995 to 2025. Rees has held various distinguished positions, including Master of Trinity College, Cambridge (2004-2012), and President of the Royal Society (2005-2010). His research spans galaxy formation, cosmic jets, black holes, and gamma-ray bursts. Rees is also known for his work on the anthropic principle and the possibility of a multiverse. He has written extensively on existential risks facing humanity in the 21st century.",
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        "scholar_bio": "Lee Smolin, born on June 6, 1955, is an American theoretical physicist known for his work in quantum gravity and cosmology. He is a faculty member at the Perimeter Institute for Theoretical Physics and an adjunct professor at the University of Waterloo, as well as a member of the graduate faculty of the philosophy department at the University of Toronto. Smolin is a proponent of loop quantum gravity and has contributed to various approaches to quantum gravity, including causal dynamical triangulations. He is also known for his cosmological natural selection theory, applying Darwinian principles to cosmology. Smolin has written extensively on the philosophy of physics, particularly concerning the nature of time and the limitations of string theory.",
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        "bio_en": "Lee Smolin, born on June 6, 1955, is an American theoretical physicist known for his work in quantum gravity and cosmology. He is a faculty member at the Perimeter Institute for Theoretical Physics and an adjunct professor at the University of Waterloo, as well as a member of the graduate faculty of the philosophy department at the University of Toronto. Smolin is a proponent of loop quantum gravity and has contributed to various approaches to quantum gravity, including causal dynamical triangulations. He is also known for his cosmological natural selection theory, applying Darwinian principles to cosmology. Smolin has written extensively on the philosophy of physics, particularly concerning the nature of time and the limitations of string theory.",
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        "scholar_bio": "Alan Harvey Guth, born on February 27, 1947, is an American theoretical physicist and cosmologist renowned for his pioneering work on cosmic inflation. He is the Victor Weisskopf Professor of Physics at the Massachusetts Institute of Technology (MIT). Guth proposed the inflationary universe model in 1980, suggesting a period of exponential expansion in the early universe to solve the horizon and flatness problems of the standard Big Bang theory. His research bridges elementary particle theory and the early universe, exploring the implications of particle physics for cosmology. Guth's work has significantly influenced our understanding of the universe's origins and evolution, earning him the 2014 Kavli Prize in Astrophysics.",
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        "bio_en": "Alan Harvey Guth, born on February 27, 1947, is an American theoretical physicist and cosmologist renowned for his pioneering work on cosmic inflation. He is the Victor Weisskopf Professor of Physics at the Massachusetts Institute of Technology (MIT). Guth proposed the inflationary universe model in 1980, suggesting a period of exponential expansion in the early universe to solve the horizon and flatness problems of the standard Big Bang theory. His research bridges elementary particle theory and the early universe, exploring the implications of particle physics for cosmology. Guth's work has significantly influenced our understanding of the universe's origins and evolution, earning him the 2014 Kavli Prize in Astrophysics.",
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        "scholar_bio": "Don Nelson Page, born on December 31, 1948, is an American-born Canadian theoretical physicist renowned for his work in quantum cosmology and theoretical gravitational physics. He earned his Ph.D. from Caltech in 1976 under the supervision of Kip Thorne and Stephen Hawking. Page's career includes positions at the University of Cambridge, Penn State University, and the University of Alberta, where he is currently a professor. His research focuses on understanding the universe within the framework of quantum theory, exploring topics such as the quantum state of the universe and the origin of its observed features. Page is also known for his contributions to the black hole information paradox, particularly the concept of the Page curve.",
        "affiliation": "University of Alberta",
        "bio_source": "scholar",
        "bio_pl": "",
        "bio_en": "Don Nelson Page, born on December 31, 1948, is an American-born Canadian theoretical physicist renowned for his work in quantum cosmology and theoretical gravitational physics. He earned his Ph.D. from Caltech in 1976 under the supervision of Kip Thorne and Stephen Hawking. Page's career includes positions at the University of Cambridge, Penn State University, and the University of Alberta, where he is currently a professor. His research focuses on understanding the universe within the framework of quantum theory, exploring topics such as the quantum state of the universe and the origin of its observed features. Page is also known for his contributions to the black hole information paradox, particularly the concept of the Page curve.",
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