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Rozpinani vesmiru pro nas pravdépodobné bude brzy tak samoziejmé jako
skutecnost, ze Zemé obiha kolem Slunce. Ne, nebude. Pokud se zjisti ze vesmir se
nerozpina axialné, ale rozbaluje se ze stavu velké kfivosti ¢p do stavl malé kfivosti
Cp Zvykneme si i na to, ze Ize pozorovat vzdalené galaxie, které jsou od nas
rozpinanim unaseny rychlosti vétsi, nez je rychlost svétla. Ani to mozna nebude
pravda, pokud se zjisti, Zze se vesmir rozbaluje, a tedy pokud bude porazen Hubblelv
zakon potazmo a porazeno zavadné vyhodnocovani rudého posuvu Rozpinani
vesmiru, plynouci z obecné teorie relativity, ale i rozbalovani plyne z OTR si

vysvétlime nazorné, ale pfitom se neodklonime od zakladnich principu této teorie.
Historie predstav o rozpinani vesmiru

Brzy po objeveni obecné teorie relativity v roce 1915 si Albert
Einstein uvédomil, Ze podle této teorie se vesmir musi bud rozpinat, nebo smrstovat,

ale on Vesmir déla oboji ,naraz“ , z mista, které nazveme POZOROVATELNA

http://www.hypothesis-of-universe.com/docs/aa/aa_021.jpg do mikrosvéta se stale

Vesmir ,smrstuje’, tedy zabaluje se, tedy zvétSuje si své kfivosti vakua ( nejsem
matematiky, ale mél by se toho matematik ujmout a poprat se s tim ) zZe tedy jeho
tehdejSi teorie vyluCuje staticky vesmir. A tehdejSi pfedstava byla, ze vesmir je
staticky. Pokusil se tento zdanlivy nedostatek odstranit dodate¢nym zavedenim

kosmologické konstanty. Svym odpudivym gravitacnim pusobenim méla staticky
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vesmir ochranit pfed zhroucenim se v dusledku pfitazlivé sily hmoty. Moznost
rozpinani vesmiru nebral vazné. Jini teoretikové, predevsim Alexander Friedmann a
Georges Lemaitre, vSak tuto predstavu na zakladé Einsteinovy obecné teorie
relativity a nékolika odvaznych zjednodusSujicich predpokladu rozvinuli b€hem
nékolika let. Lemaitre jako prvni vyslovil hypotézu o velkém tfesku jako poCatecnim
stavu vesmiru a nezavisle prohloubil Friedmannovy prace popisujici rozpinani
vesmiru. Willem de Sitter zac¢al uz roku 1917 vyvijet model vesmiru ovladaného
kosmologickou konstantou, v roce 1927 pak Lemaitre ukazal, Zze se takovy vesmir
rozpina.

Kdyz Edwin Hubble roku 1929 publikoval data o rlstu rudého posuvu (pFirastku
vinové délky svétla) ve svételnych spektrech galaxii s jejich vzdalenosti, byla puda
pro teoretické chapani rozpinani vesmiru na zakladé Einsteinovy obecné teorie
relativity dobfe pfipravena. Pak ale doSlo k neStastnému zvratu: jelikoz tato teorie
byla tehdy pro valnou vétSinu fyzik( a kosmologu pfili§ slozita, byla vymySlena rdzna
jina radoby ,jednodussi® vysvétleni Hubblova pozorovani, vyhybajici se dislednému
pouziti obecné teorie relativity. Tak se do literatury a do povédomi generaci dostaly

mylné predstavy a nékteré pretrvavaji dodnes. Uvedeme nejcastéjsi z nich: ( Cili

nejdfive ty mylné pfedstavy - )
(i) Prirovnani vzdalujicich se galaxii k leticim stfepinam bomby po jejim vybuchu v

predem pfitomném neménném prostoru. Ano, chyba

(i) Predstava, Ze rudy posuv je zpusoben Dopplerovym jevem, to jest pfiristkem
vinové délky svétla v dusledku pohybu zdroje. Ano, chyba. Znamenalo by to vést
novou uvahu, zda jev rudého posuvu presentuje nikoliv axialni ,pfimocaré” rozpinani
Casoprostoru, ale ,Snekovité“ zakfivovani celého vesmiru az na uroven takového
pootoceni, kdy posun ¢ar ,kongi“ ...a to z dlvodl, ze pootoceni uz dosahlo hodnoty
900.

(iii) Snaha, Casto jen podvédoma, chapat rozpinani vesmiru v ramci pravidel
specialni teorie relativity. Ano, chyba , pokud...Pokud tou STR neni mysleno

pootaceni soustav, pak chyba...



(iv) Presvédceni, ze se rozpinani vesmiru déje v souhlasu se zakonem zachovani
energie. Ano, chyba

VSechny tyto nespravné predstavy souhlasi s astronomickymi pozorovanimi blizkych
galaxii, a proto prezivaly dlouho. Jejich nespravnost odhalilo teprve pozorovani
vzdalenych galaxii a reliktniho zafeni. Popisem téchto slozitych pozorovani se v
tomto ¢lanku zabyvat nebudeme (pozn. red.: viz napf. ¢lanek Raphaela Boussa

,<Zamotany pfibéh kosmologické konstanty“, Vesmir 78, 7, 1999/1). Jenom

shrnujeme, Ze jejich tedy interpretace ,slozitych“pozorovani
skuteéné Cili jinymi slovy Fikate :

.SloZitd pozorovani mizeme a musime vysvétlit jen duslednou interpretaci OTR A ta

duslednost spociva ,v ¢em“ ? Vyckame zda autor nam to prozradi. Vysvétlime ale,

pro€ jsou uvedené predstavy nespravné z hlediska teoretického, tedy z hlediska

obecné teorie relativity. A proc rovnou nevysvétlite jak spravné maji byt

.interpretacni pfedstavy* pozorovanych faktd vzdalengjSich galaxii ??, pro¢
vysvétlujete ,Cim a jak” jsou vysvétlovany nespravné ? Nejprve jen strucné ( strucné

tedyty spravné predstavy dle OTR):

(i) Rozpina se sam prostor, galaxie se v ném témeér nepohybuji. A tato hypotéza, toto
>tvrzeni< se zjistilo ,onim dududsliednym pouzitim OTR* ?? ...Ano, nebo ne ?

Kde jsou experimentalni dukazy ? Je spoustu radoby-fyziku, ktefi velkohubé
vykfikuji, Ze kazda teorie musi byt experimentalné potvrzena, jinak Ze je to jen blabol,
jen pochybné lidové mysleni, jinak to je stale jen nazor stojici na vodé ( A laikové
takové nazory nesmi pouzivat v debaté v jistych debatnich forech ..., neni-li nazor
experimentem potvrzen ).

MUj nazor je : 4asoprostor se rozpina rizné na riznych ,$kalach-vrstvach“ stavl ¢p.

Prvotni Easoprostorova péna po Tresku zustava ““dole“* na Planckovych Skalach

>stejna<, a ““vyse““ se rozpina do ,otevienéjsich stavi“ ; na ,nizSich stavech”

zUstava zakfivena do pény.

(i) Rust vinové délky svétla je zplsoben rozpinanim prostoru béhem jeho letu
prostorem, a ne domnélym pohybem galaxii. Rust vinové délky svétla ( po aktu
emise hmotnym utvarem vzdalenym) je dusledkem pootoceni soustav ( emitenta a

pozorovatele ) od chvile emise do chvile zachyceni. Ve chvili emise uz je
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,nhastaveno“ pootoceni zdroje, jeho vlastni soustavy a emitované zareni, foton
,nabral® to stejnou soustavu emitenta, stejné natoCenou a vydal se k pozorovateli ;
foton ovSem cestou pfi rychlosti cééé uz soustavu ,sejmutou” nepootaci. Dorazi

k pozorovateli foton se stejnym natoCenim jako bylo v dobé emise.

Tedy : rust vinové délky neni zpusoben rozpinanim prostoru, ani dopplerovycm
efektem, ale pootacenim soustav. VSichni emitenti, tedy hvézdy, galaxie, rozeseté po
vesmiru uz v Case 1% plavou v jisté kfivosti €p, a tato globalni kfivost se méni, nikoliv

néjaké faleSné rozpinani prostoru....

(iii) Specialni teorie relativity je pro velké vzdalenosti nepouzitelna. Nesouhlas ! Pravé
STR vysvétluje a predvadi ono pootaceni soustav. STR je nepouzitelna pro vas,
protoze vy mate ,jina“ vysvétleni rozpinani vesmiru, nez takové, ze : ,rozpinani je
pouze jevem na prumétné pozorovatele, jevem ,pootaceni soustav ( az se od
pozorovatele ¢p pootocCi natolik, Zze pootoceni je 900 , pak mluvime o ,horizontu
konce svéta“, Zze ze vétSi vzdalenosti se k nam svétlo nedostane. Nikoliv z duvodu

rychlosti, anebo >rozpinani< ale z divodul Ze ¢asoprostor se uz pooto il natolik, ze

(iv) Energie se pfi rozpinani vesmiru nezachovava. O.K. Geneze Vesmiru podle
Principu stfidani symetrii s asymetriemi spéje k posloupnosti kde hmota stale vznika.

Protoze hmotné artefakty jsou ,vinobaliCkovanim® samotnych dimenzi veli€in Xa T

Pro podrobnéjsi vysvétleni je treba vratit se k té slozité obecné teorii relativity, to jest
k teoretickym pfedstavam o rozpinani vesmiru starym v roce 2007 uz 80 let! Cili se
vracite stalek pFfedstavam uz80 let. Kde mate dikazy ? a experimenty ?

Predstavy se méni..., ja téch predstav o Vesmiru ¢tu kazdorocné 10-20. A to nectu

vSechny co se zrodily. Nastésti [astronomicka pozorovani odhalila nic proti

pozorovani, ale vime vSichni ze kazdé pozorovani mize byt faleSné interpreto
vano ! VSechna pozorovani za 2000 let byla Spatné interpretovana !!, a postupné
vzdy byla interpretace pozorovani opravovana, vylep$ovana, zdokonalovana. VZDY
...naprosto vzdy. !l mezitim nékolik vlastnosti vesmiru, které pouziti této teorie k

popisu rozpinani vesmiru nesmirné zjednodus$uji. Pozorovani to neodhalila, ale nové



interpretace (lidského mozku) to odhalily ! Proto se pokusime - skutecnou| 77

a ..a tu ,skuteCnou”“ pozméni déjiny fyziky zase, pfisté...anebo ze by to byla uz

posledni interpretace a konecna a dokonala a neopravitelna ???, to by jeden fyzik
jasal az do nebe. podstatu rozpinani vesmiru i bez pouziti matematického aparatu
obecné teorie relativity. Dobra, vysvétlujte. Néktera ze zminénych novéjsich
astronomickych pozorovani a ponékud odbornéjSi aspekty jsou popsany v
soub&zném ¢&lanku v Cs. éasopisu pro fyziku [1]. V obou &lancich navazujeme a v
mnohych podrobnostech také odkazujeme na nedavny ¢lanek J. Langra [2] ve

Vesmiru o reliktnim zafeni. ¢imz je ,skutecnad podstata vysvétlena, ze ?

Kosmologicky princip

Dnes je predstava velkého tfesku ovérena fadou pozorovani, ( pozorovani je jedna
véc, a interpretace takového pozorovani véc druha. Ja pozoruji na Komorni Hurce
je pozorovani reliktniho zareni, viz [2]. Reliktni zareni neni dukazem ,rozpinani*
Casoprostoru bez vlivu gravitace galaxii na sebe !!, ani dukazem temné energie i
temné hmoty Stari vesmiru je ur€eno na necelych 14 Gyr (Gyr = giga year = 10° let,
tj. miliarda let). Pro srovnani uvadime, ze naSe galaxie je stara asi 10 Gyr a slunecni
soustava asi 4,5 Gyr, jsou to tedy stafi srovnatelna. ,Srovnatelnost” stari opét
nedokazuje ,rozpinani vesmiru, respektive rozpinani samotného ¢asoprostoru bez
Ucasti galaxii tedy bez ucasti gravitace. Vyklad ¢lanku se stale odklani od pavodniho
zaméru ,vysvétlit“ono rozpinini ,Hubbleyho rozpinani. Reliktni zareni
vzniklo pouze necelych 0,0004 Gyr (380 tisic let) po velkém tfesku, a proto poskytuje
pohled na velice mlady vesmir. Jisté, ale relikini stari nevysvétluje ono ,rozpinani® !!!
Reliktni zafeni muze vysvétlovat ( a to velmi silné ) moje pravidlo o stfidani symetrii
s asymetriemi, a tedy onu ,proménu” pocatecni pény ¢p na nasledné stavy Cp ktera
se ,narovnava“ ale pfitom sama zlstava ,na své urovni“ pénou a to dodnes... Ano,
rozpinani €p je ,narovnavanim“ ¢asoprostorové pény, ovsem tak, ze ,nizsi urovné”
stavu ¢p zUstavaji a rodi se ,vyssi stavy” kfivosti ¢p = méné kfivé, které ,plavou”

v kfivéjSich stavech Cp... ; vesmir se dle principu stfidani symetrii s asymetriemi

méni na véjifové koSaty strom stavu kFivosti.



Opakuji : Kosmologicky princip ( dle pfedstav fyziku dneska ) nevysvétluje zahajené
téma Clanku : rozpinani Vesmiru. A opakuiji, Zze ,kosmologicky princip“ ma malo
spole¢ného s néjakym reliktnim zarenim, tak jak ho ve vizich vidi dnesni fyzikové.
Prostorové vzdalenosti ve vesmiru jsou pro nas zcela nepredstavitelné, at’ je
udavame v metrech, kilometrech nebo svételnych letech. Vhodnou jednotkou
vzdalenosti v kosmologii je teprve miliarda svételnych let (Gly = giga light year = 10°
svételnych let). O.K....a jak to souvisi s kosmologickym principem ? jsem jedno ucho

zda to bude objasnéno ,jak" tyto vzdalenosti souvisi s timto kosmologickym

principem... Astronomové bézné [pozoruji| galaxie a jejich pfedchldce, kvasary, na

vzdalenosti pres 20 Gly. Polomér ¢asti vesmiru, ktera je pro nas pozorovatelna, je
zhruba 46 Gly. Aha,? Je to vzdalenost, na které se dnes nachazi pozustatek zdroje
reliktniho zareni, které pozorujeme. Az tam daleko je RZ ?7? Cely ,obal” vesmiru je
tedy tim ,reliktnim zafenim“ a tedy cely obal ,nezadnéjSi“ se pohybuje od nas
rychlosti témer céé, a tedy cely obal vesmiru nami pozorovany, horizont, je stary jen
sekundu od vzniku, a to stale a sale tu jednu sekundu (?) Pak vyletélo ve stafi 380
000 let z RZ svétlo, letélo rychlosti cééé a tim padem ,signal nestarnul” a doletél, ten
signal stary jen ,jednu sekundu®. Bajecné. VSechno ve vesmiru starlo tempem
.,pozemského starnuti“, ale signal sam nestarnul. Rozpinal se pry jen prostor
(Casoprostor) a proto signal nestarnouci nestacil stihat objekty ( slunecni soustavu )
které furt starly a starly vlastné tim nejrychlejSim tempem jaké zname. - - Dobra..., na
horizontu vesmiru je stafi stale konstantni, tedy sekundu od Tresku a vSe “dovnitf*
vesmiru meéni tempo starnuti na ono tempo rychlejsi a rychlejsi...; ano, nebo ne ? pfi
rychlej$im a rychlej§im rozpinani &p. ; (?) Soudoba doktrina kosmologu, ze se
rozpina jen prostor. A co experimenty ? dikazy ? | ja si umim vymyslet blaboly... Dal
zatim nedohlédneme nez na ,okraj nedohledna“ [2]. V celém ¢lanku se budeme
zabyvat jen touto ¢asti vesmiru, ale pro stru¢nost budeme vétSinou psat prosté
.vesmir®,

Kosmologie se zabyva predevsim vlastnostmi vesmiru na soucasnych
kosmologickych skalach, to jest zhruba na vzdalenostech srovnatelnych nebo vétsich
nez 1 Gly. Na téchto Skalach jsou rozméry objektl pozorovanych na obloze jen
nepatrné. Typicky primér galaxii (o hvézdach ani nemluveé) je jen asi 0,0001 Gly
(100 000 svételnych let) a jejich kup okolo 0,001 Gly. Ve srovnani s kosmologickymi

Skalami jsou tedy galaxie pouhé nepatrné ¢astecky prachu (viz obrazek 1), jejichz
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struktura nehraje v kosmologii Zzadnou roli, takze si na kosmologickych Skalach
muzeme predstavit vesmir jako prostor naplnény fidkym oblakem prachu. Kdybych
byl pozorovatelem o velikosti 10-33 metru, jakou hustotu baryonni hmoty bych

pozoroval do kosmologickych Skal a jakou do mikrokosmu, tj. ve vakuu ??

Astronomicka pozorovani tohoto ,, prachu® ( ¢p s galaxiemi )
naznacuji, ze jeho hustota je vSude stejna (obrazek 2). Ale i hustota plazmatu, je po
Tresku vSude stejna Takeé reliktni zafeni k nam dopada ze vSech smérl s témeér
stejnou 1 teplotou: okolo T = 2,7 K.

Tato pozorovani vedou k hypotéze, ze vlastnosti vesmiru jsou na kosmologickych
Skalach vsSude stejné. Hypotéza byva nazyvana kosmologicky princip (nebo také
Kopernikuv princip), ¢imz se zdUraznuje domnénka, ze ¢ast vesmiru, kterou
obyvame, neni ni¢im mimoradna.

Vesmir je na kosmologickych Skalach velice jednoduchy, a na planckovych skalach
je jaky, myslim také tak jednoduchy..

Podle této hypotézy se vSechny Casti vesmiru vyvijeji od velkého tfesku stejné a lze v
nich v kazdou dobu urcit jejich stari t. VSechny Casti se nevyviji stejné. Baryogeneze,
generace supernov a novych hvézd, geneze zeslozitovani hmotovych struktur ato n
erovnomeérné vkazdém koutu vesmiru az k aminokyselinam, DNA, ale né
vSude... Tim ale zavadime pro cely vesmir vSude platny takzvany kosmicky ¢as t. My
ho zavadime Vesmiru, anebo Vesmir ho zavadi nam ? Ma se na mysli ,jednotné
tempo plynuti ¢asu“ ??.. pro kazdého pozorovatele ??? v libovolném stari ?? (aco
dilatace Casu pro velitele rakety..atd. ) S&dm vyvoj vesmiru, pfedevsim jeho rozpinani,
slouzi jako kosmické presypaci hodiny. V nasi dobé ukazuji onéch to = 14 Gyr
(symbolem to se vyjadfuje kosmologické ,dnes®).

Dalsi blahodarny dusledek kosmologického principu je velké zjednoduseni popisu
vesmiru v libovolné zvoleném okamziku t, tj. popisu trojrozmérného prostoru. Protoze
vesmir je vSude stejny a ve vSech smérech stejné vypada, 2 pro uvahy o rozpinani
vesmiru neni tfeba zavadét trojrozmérny sourfadnicovy systém. Pro néjaké dva
objekty, napriklad hodné od sebe vzdalené galaxie, staci brat v uvahu jen jeden udaj:
jejich relativni vzdalenost D(t). Ta se muze ménit s Casem, ale nezavisi ani na

poloze, ani na vzajemné orientaci téch dvou galaxii ve vesmiru. Nezanedbame proto
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nic podstatného, kdyz si budeme predstavovat prostor jako jednodimenzionalni. A
tady je jeden z ,logickych“ omyli usudku kosmologu. Pfesné toutéz chybou trpi nase
logika ( vaSe logika ). Zze ,nezanedbavame” (??77) nic podstatneho kdyz budeme
povaZovat cas za jednodimenzionaini’; tedy kdyz vy fyzikové povazujete Cas za
jednodimenzionalni....protoze se vam ,zdaaaa“, ze Cas utika-bézi-roste stejnym
tempem do vSech tfi rozméru ( délkovych ), proto jste vyhlasili odnepaméti, ze >
,Nezanedbame proto nic podstatného, kdyz si budeme predstavovat €as jako
jednodimenzionalni.“ Ano, tady je problém. STR pojednava o ,jakési“ dilataci Casu,
kdyz...kdyz. A STR pojednava o jakési kontrakci délky kdyz...kdyz . A STR
pojednava o jakési zmé&né& hmotnosti télesa kdyz...kdyz. Cili zalezi na zvolené
soustavé soufadné ktera ,musi“ byt pasovana pro toho pozorovatele do klidu. ““““z
klidu“““ pozorujeme relativitu, relativni kazy pro ,pohyb* .... Ceho ? pohyb
télesa... anebo pohyb prostoru ... anebo dokonce pohyb ¢asu ?..? Cokdyz plati moje
vize-hypotéza, ze ,cas nebézi nam, ale my béZime jemu, tedy Ze my-téleso putujeme
0" case, po trech dimenzich casu..dimenze ,stoji“...tedy rastr 3+3D ,stoji“a v ném
se ,rozpina“ casoprostor,...a to tak, Ze se prostor roz b aluje, krivosti dimenzi se
rozbaluji, dffo cas... Tedy ze Vesmir je 3+3D ma tfi dimenze délkové a tfi dimenze
casove a my —> Nezanedbame proto nic podstatného, kdyz si budeme predstavovat
prostor jako jednodimenzionalni anebo totéz : ,Nezanedbame proto nic podstatného,
kdyz si budeme predstavovat €as jako jednodimenzionalni.“ Podobnou predstavu o
vesmiru méli kosmologoveé jiz hned po vzniku obecné teorie relativity, coz bylo
tenkrat velmi odvazné. Dnes je tato predstava podlozena (nikoli dokazana) mnohymi
pozorovanimi.

A ted jesté jeden, tentokrat novy a i z hlediska obecné teorie relativity pfekvapivy
vysledek kosmologickych pozorovani: trojrozmérny prostor v nasem vesmiru je v
libovolné zvoleném okamziku t s pozoruhodnou presnosti rovny (euklidovsky)! No,
no... jak se to vezme a jak se ,na to podivame®. Ano, ,rastr” 3+3D je euklidovsky, ale
v ném ,plave* Casoprostor fyzikalni ktery je ,deformovan® hmotou v libovolném stafi
vesmiru. Né nadarmo Fika OTR, Ze hmota zakfivuje &p. Cp je kfivy i ve vakuu, je
kfivy v plazmé, je kfivy v galaxii kdyZ se divam na galaxii z velké dalky ... ¢as je krivy
podle STR - dilatace, dilka podle STR dtto atd. | obyCejny lom svétla na hrané zmén
hustot je vlastné ,zména kfivosti“ dimenze...Ve stafi vesmiru 14,24 miliard let se

globalni krivost fyzikalniho €p blizi plochosti geometrického rastru euklejdovské ne-



kfivosti. Proto je dobré pro popis vesmiru mit na paméti, ze ,kfivé stavy Cp plavou,
jsou vnoreny“ do euklidovského plochého Cp..., ktery byl-existoval pfed Treskem i po
Tresku. Dnes mame euklidovsky rastr 3+3D v némz ,plavou” n+m D dimenze,
protoze stavba hmoty si ,vyZaduje” mnohodimenzionalitu téchto veli€in....vesmir
.KFivi“ dimenze a tim stavi vinobalicky hmotové, pak konglomeraty z nich, atd. a pole.
Takze ,plave” kiivy stav €p v euklidovském plochém rastru €p. Nemusime si tedy
lamat hlavu predstavami zakriveneho prostoru. © A nemusime si tedy lamat hlavu
predstavami zakriveneho ,Casoru® ,coz je 3-dimenzionalni ¢as. Jak uvidime pozdéji,
Ctyfrozmérny prostoroCas ale zakfiveny je, a plave b tom 3+3D rastru
Casoprostorovém euklidovském takze specialni teorie relativity v ném plati jen velmi
omezené, viz omyl (iii).

Z toho vyplyva, ze si vesmir na kosmologickych skalach mizeme bez nepfipustné
hrubého zjednoduseni predstavit v kazdém okamziku kosmického €asu t jako pfimou
useCku znazornujici prostor v tomto okamziku. A tuto chybu délaji kosmologové kdyz
.jJako pozorovatel vzdaleny“ pozoruji galaxii a zdaaa se jim ze se Ona pohybuje ,jako®
gramofonova deska, ze je nékde chyba, tedy Ze ,je“ potfeba dosadit do galaxie
novou neviditelnou hmotu, aby pak platil Newtoniv zakon pohybu ramen galaxie
pozorované. Jsem-li uvnitf galaxie, nepozoruji zakfivené €p, je nesmirné malé,
ale....ale jsem-li pozorovatelem vzdalenym, uz musim brat v uvahu kfivost ¢p uvnitf

galaxie a musim dosazovat do Newtona 1 = G.“suma“M;/ vi2. x; usecku ,x“ néééé

rovnou-pfimou, ale v oblouku. http://www.hypothesis-of-

universe.com/docs/aa/aa_031.jpg Pak se dle takového vypoctu zjisti, ze zadna

hmota v galaxii nechybi.
Prostor se rozpind jako gumov4 $itirka

L ]

- 3 [
—

-~

Ve specialni teorii relativity je prostor pfi vSech fyzikalnich
procesech nemeénny, je pro né jenom prkennym jevistém. To je ten ,rastr 3+3D" ...a
v ném pak ,plave“ dynamicky ¢p s hmotou, ktera ho kfivi, respektive Vesmir sam
aktem ,kfiveni“ dimenzi vyrabi hmotu ( k postaveni Mendélejevovy tabulky prvki,
potazmo vSech sloucenin chemickych a biologickych ,potfebujeme®, aby Vesmir

vyrobil kfivenim-zkfivenim 3+3D do vinobali¢kd par kvarku, leptony a intermedialni

Castice |celkem 17 ¢astic|! ! !
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https://www.aldebaran.cz/astrofyzika/interakce/standard-model.php a ..a je hotovo

VSE Il | v8e pro cely ,nerastrovy” Vesmir poTfeskovy ) Zopakuiji : prkenné jevisté =
3+3D rastrovy euklidovsky €p a v ném ,ponofeny” stav kfivosti 3+3D Cp, které se
interpretuji jako hmota a ,zbytek ¢p“.

V jedné dimenzi je jako pevna drevéna tyCka, na které je leccos pfipevnéno a leccos
se na ni odehrava.

V obecné teorii relativity prostor oziva. V HDV taky Je to elastické jevisté, muze se
bud rozpinat, nebo smrstovat, no jisté. Jsem-li pozorovatelem ,uprostred Skaly
vzdalenosti, pak smérem ,do makrovesmiru“ se stavy ¢p-Vesmiru
rozpinaji=rozbaluji, a...a stavy do mikrovesmiru, tj. do planckovych Skal se stavy
Vesmiru proménuji do podoby ,vficiho vakua“ kde se rodi virtualni pary castic, kde
se rodi ,temna energie®, kde se rodi ,plasma“, kde se rodi ,polévka proménnosti i
hmoty i dimenzi €p ...; a je mozné ze se Vesmir od Pozorovatele smérem do
mikrokosmu ,smrstuje“ naopak do makrokosmu se ,rozpina-rozbaluje®...

http://www.hypothesis-of-universe.com/docs/aa/aa_021.jpg

a to v zavislosti na tom, co je na ném pfipevnéno a co se na ném odehrava. 3 No
vida, to je shoda : ,na rastru 3+3D nehybnéem euklidovské jevistl jsou ,priSpendleny*
- dle autora - ,véci, tedy Vesmir 3+3D, ktery ,se fyzikdlne odehravd“ . Prostorovou
usecCku si Ize predstavit jako tenkou rovnou gumovou Snurku, ktera se mize bud
natahovat (,rozpinat®), nebo smrstovat. Galaxie pak mizeme dobfe znazornit
dopisnimi sponami (obrazek 1), které jsou na S$ilirce pfipevnény. Kdyz se Snarka
rozpina, rostou vzdalenosti mezi na ni pfipevnénymi sponami (obrazek 3). Je to
prave tento rast vzdalenosti mezi sponami, ze kterého néjaky bystry pozorovatel
(pojmenujme ho Hubble) mlze usoudit na rozpinani Siurky.

Tento jednoduchy model vystihuje podstatu véci. MUj model takeé vystihuje podstatu
véci...ale bude utlacen do té doby dokud budou na svété Petraskové a Brozové, ktefi

,,,,,

kvuli pomluvam, Ze autor je blazen. Vesmir se rozpina, ( rozbaluje ) protoze se

rozpina sam ( rastr ) prostor. Ten se rozpina — jako ta $nlrka — vSude. Jeho vlastnosti

se ale na zadném misté rozpinanim neméni. 4
Z hlediska pana Hubbla, ktery sedi na jedné z galaxii, jsou ostatni galaxie od néj
unaseny do dalky rozpinajicim se prostorem ano. Z hlediska pana Hubbla, ale jeho

zakon v = H. r oblbnul kosmology na 80 let. Podle ného se zménilo — doasné —
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80% chapani celého vesmiru na 80 let. Vesmir se axialné nerozpina, ale ,se

rozbaluje|...dokazuje to spravné vyhodnoceni STR. A dokonce i prosty Michelson-

Morleyho pokus, http://www.hypothesis-of-universe.com/index.php?nav=d potazmo

Lorentzova ,transformace” ( ktera neni fransformaci, ale ukazkou a popisem
pootaceni soustav pozorovatele a télesa v pohybu ) jako listy spadlé na proudici
vodu. Jejich vzdalenosti D(t) od pana Hubbla rostou s ¢asem t. VU¢i prostoru ve
svém okoli se v§ak galaxie nepohybuiji, viz omyl (i). Téch omylU se jesté ukaze...ha-
ha Spony / galaxie vlastné slouzi k viditelnému oznaceni pevnych bodu v prostoru,
ktery je sam o sobé neviditelny. Rozpinani prostoru tedy pozorujeme s jejich pomoci.
Prostor je pro nas timto zplsobem pozorovatelny zatim jen po mista od nas dnes
vzdalena onéch 46 Gly. Alespon potud je v kazdém okamziku vSude rovny. 3 Co je
dal, to s jistotou nevime, ale zda se pfirozené, Ze to bude aspon jesté o kus dal
podobné. Omyl €. 7 je, ze kosmologové neprekonali své ,paranoidni stigma“, Ze pred
Treskem je-muze byt Cp plochy je praveé proto, Zze v takovémto 3+3D neni hmota,
protoze PRINCIPEM realizace hmoty je ,kfiveni dimenzi“ a...a to nastane po Velkém
Tresku...kde stylem ,kfivenim“ dimenzi dvou zakladnich veli€in ,se vyrobi“ artefakty
= elementy hmotové. Dohromady : sou-vztaznost plnohodnotné zakfivenych dimenzi

(134

= vInobali¢ku a neplnohodnotné zakfiveného ,zbytku“ €asoprostoru — fyzikalni
Vesmir .

Pred Treskem : 3+3D euklidovsky plochy ¢asoprostor ( v podstaté ,jen” rastr),

v némz nebézi ¢as, nerozpina se, neni v ném hmota, je nekonecny a vécny . Pak
nastane ,zména stavu“ ( pro€ a ¢im ...to ponecham momentalné stranou) ...,
nastane zména ,puvodniho” na ,nasledny* stav. V nekoneéném euklidovském
plochém 3+3D ,se zjevi“ lokalita ( Cili kone¢ny usek, konec¢ny interval, kone¢ny
interval Casovy, konec¢ny interval délkovy...atd. lokalita ,kone¢na“) a tou je Ona
kosmology pfednasena singularita. ...“po Tresku = ve Tresku®. Einstein fekl ,ABC*
postulat a vSichni se poklonili a hledali mu-pro néj opodstatnéni. Kdyz feknu ja
»postulat®, vSichni budou ,pro néj hledat flusance® : Jak je velka singularita

v nekone¢ném 3+3D Casoprostoru , ktery ,vladl“ pfed Treskem ? Skoronekonecné
velka anebo skoronekonecné nulova, anebo ,néco” uprostred ?

( Se stoprocentni jistotou vim, Ze Kulhanek s Brozem mi neodpovi....Masiblim

titulovani neodpovidaji ...a dokonce ani né proto, Zze by to ne-vedéli ).
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03.0.8.2018 ; PokraCovani v komentafich pristé ( stale je jesté horko..a ja si chci dat
pivko )

Model gumové Snurky ted pouzijeme k objasnéni nékolika dulezitych poznatki
plynoucich z obecné teorie relativity.

Rychlost unaseni galaxii je imérna jejich vzdalenosti

Maly pokus s natahovanim $nurky se sponami nas snadno presvédci, ze vzdalenosti
mezi dvéma libovolnymi galaxiemi rostou tim rychleji, ¢im jsou tyto galaxie od sebe
vzdalenéjsi. Podobné dnes zavisi rychlost unaseni u (recession velocity) jednotlivych
galaxii od naSi galaxie linearné na vzdalenosti D téchto galaxii od nas:

u = HoD.

Faktor umérnosti Ho se nazyva Hubbliv parametr, ¢asto se mu fika Hubblova
konstanta. Tento vztah se obvykle nazyva Hubbllv zakon. Objevil ho a srovnal s
tehdejSimi daty jiz dva roky pfed Hubblem (1927) Lemaitre a také ho, na rozdil od
Hubbla, spravné teoreticky vylozil. & Plati jenom s urcitymi omezenimi, protoze je v
ném zanedbana zavislost vzdalenosti D na ¢ase t zplsobena rozpinanim prostoru. 7)
PFi natahovani hodné dlouhé $ndrky si snadno uvédomime, Ze rychlost unaseni
vzdalenych spon roste s jejich vzdalenosti neomezené. Hubbllv zakon to vyjadiuje
kvantitativné. MUzeme si napfiklad spocitat, na které vzdalenosti dnes dosahuje
rychlost unaseni u hodnoty rychlosti svétla c:

D = c/Ho.

Tato vzdalenost se nazyva Hubblova vzdalenost Du. Mnoho pozorovanych galaxii a
kvasaru se nachazi dal, a jsou tedy od nas unaseny nadsveételnou rychlosti, ackoliv

se samy nepohybuiji.
Specialni teorie relativity plati, ale jen lokalné
Koho tento zaveér Sokuje, ten podléha omylu (iii). Specialni teorie relativity se svou

horni hranici ¢ pro rychlost pohybu hmoty sice vSude plati, ale vzdy jen v malé oblasti
prostoroCasu (lokalné), jako aproximace k obecné teorii relativity. Nelze ji pouzivat pfi
pozorovani objektll na kosmologickych vzdalenostech.

Priklad gumové Snurky to znazornuje: kazdy jeji maly Usek se da pfiblizné vidét jako
kousek drevéné tyCky, protoze se na ném rozpinani projevi jen zanedbatelné. Ale
béda, pokusimeli se aproximovat tyckou velky usek Sidrky! Vlastné jde o analogii k
znamé vlastnosti hladkych kfivek, Ze je Ize v okoli kazdého bodu aproximovat
pfimkou (te€nou). ProstoroCas v obecné teorii relativity je také sice zakfiveny

(nastésti si to nemusime predstavovat), ale hladky (riemannovsky), a proto ho Ize v
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kazdé oblasti aproximovat rovnym prostoroCasem specialni teorie relativity. To je
jeden ze zakladnich principl obecné teorie relativity.

Unaseni pozorovanych galaxii nadsvételnou rychlosti je jednim z klic¢i k
astronomickému rozpoznani, ze je tfeba pouzivat obecnou teorii relativity. Tyto
galaxie jsou totiz od nas mnohem dale, nez by to bylo mozné podle specialni teorie
relativity, a jsou proto vidét daleko slabéji, nez by z této teorie plynulo [1].

Jak velké jsou vlastné oblasti praktické pouzitelnosti specialni teorie relativity? Kdy

Ize rozpinani prostoru zanedbat a kdy ne?
Co se vlastné rozpiné a co ne?

Zasadné plati, ze libovolné objekty, mezi kterymi neplsobi zadné pfitazlivé sily, jsou
rozpinanim prostoru od sebe unaseny, a tudiz se od sebe vzdaluji. To se hned
projevuje méfitelné predevsim u vzdalenych galaxii. Obecnou teorii relativity vSak
nelze zanedbat, ani kdyz jsou ty objekty sice mikroskopicky blizko sebe, ale
zabyvame se jejich dlouhodobym vyvojem. Pak je také jejich vzdalovani vyznamné,
jak hned uvidime pfi diskusi rudého posuvu svétla.

Jakmile jsou objekty vazany néjakymi silami, je to otazka kdo s koho. Jednotlivé
galaxie, o nasich fyzikalnich laboratofich ani nemluvé, jsou pfi dneSnim tempu
rozpinani vesmiru plné ovladany pfitazlivymi silami. Proto je rozpinani prostoru v
jednotlivych galaxiich a také jejich kupach zanedbatelné a muzeme se — pokud se
vyhneme silnym gravitacnim polim nebeskych téles — spokojit s uzivanim specialni
teorie relativity.

Avsak sily mezi galaxiemi na vzdalenostech vétSich, nez jsou rozméry jejich kup,
jsou zanedbatelné, a proto jsou takové galaxie rozpinajicim se prostorem unaseny
od sebe. Na kosmologickych Skalach je pak specialni teorie relativity zcela
nepouzitelna. Tam se projevuje obecné relativisticky charakter rozpinani prostoru
naplno. Hubblova vzdalenost Dy k nim rozhodné patfi.

Nicméné je dobré si uvédomit, Ze rozpinani vesmiru se nedéje jenom ,nékde tam
daleko ve vesmiru®, ale i v prostoru u nas doma, podobné jako nam i doma plyne
kosmicky ¢as. Nase budovy (planeta, slunecni soustava, galaxie) jsou vSak
dostatecné pevné na to, aby to vydrzely beze zmény. Proto nam rozpinani prostoru

az do Hubblova objevu uslo.
Rozpinani prostoru vede ke kosmologickému rudému posuvu svétla

Rudy posuv, oznacovany z, je pro astronomy ten nejspolehlivéjSi udaj o kosmickych

objektech — uméji ho totiz (na rozdil od vzdalenosti, rychlosti a absolutni svételnosti



téchto objektl) dobie méfit. Proto stoji za to ho presné definovat: Vinova délka svétla
se zvétSuje faktorem (1 + z). Jestlize se nezménila, je rudy posuv nulovy (z = 0).
Jaky ucinek ma rozpinani prostoru na svétlo, které se v ném pohybuje? To v nasem
modelu snadno zjistime. Znazornime sousedni hfebeny svételnych vin, jejichz
mikroskopicka vzdalenost je vinova délka svétla, treba dvéma stejnymi broucky.
Jestlize nechame broucky lézt stejnym smérem po dfevéné ty&ce, zUstane jejich
vzajemna vzdalenost zhruba stale stejna. Vinova délka zlUstava beze zmény, pfi
pohybu svétla nevznika podle specialni teorie relativity Zadny rudy posuv (z = 0).
Nechame-li ale 1ézt brou¢ky po nasi gumové Snurce, kterou pfitom napiname
(obrazek 4), pak jejich vzajemna vzdalenost poroste. Stejnym zplsobem roste podle
obecné teorie relativity pfi rozpinani prostoru vinova délka svétla. Rudy posuv vznika
béhem letu svétla rozpinajicim se prostorem. Mezi hfebeny svételnych vin (stejné
jako mezi brou€ky) neplsobi vnitini sily, které by je drzely na stale stejné
vzdalenosti. Proto zcela podléhaji rozpinani prostoru (z > 0).

VInova délka svétla pfi jeho pohybu vesmirem k nam narustala postupné a v riznych
dobach rGzné rychle podle toho, jak rychle se zrovna prostor rozpinal. Vysledny rudy
posuv tedy zavisi na historii rozpinani prostoru, tudiz zachycuje dlouhodoby vyvoj
vesmiru. Proto se mu fika kosmologicky rudy posuv. Obecné plati, ze se vinova
délka prodlouzila tolikrat, kolikrat se za dobu letu svétla k nam zvétsila vzdalenost
mezi mistem jeho emise a nami. Pro blizké galaxie je rudy posuv z blizky nule, pro
vzdalené galaxie je ale velky, protoZze k nam svétlo od nich letélo dlouho, a tak se
jeho vinova délka dlouhou dobu prodluzovala. Méfeni rudého posuvu u galaxii na
ruznych vzdalenostech tak poskytuje informaci o historii rozpinani prostoru.
VSimnéme si, Ze jsme o zdroji toho svétla a pfipadném pohybu onoho zdroje
nemuseli viibec nic védét. Cela Uvaha byla na tom nezavisla, tudiz nejde o
Dopplerliv jev zpusobeny pohybem zdroje, viz omyl (ii). &

Pokud se zdroj nebo pozorovatel pohybuji vzhledem k jejich okolnimu prostoru,
vznika v dasledku Dopplerova jevu dodate¢ny kladny nebo zaporny prispévek k
rudému posuvu. Celkovy rudy posuv je pak kombinaci kosmologického a
dopplerovského rudého posuvu.

P¥i pfesnych méfenich rozdili mezi rudymi posuvy (jako v pfipadé reliktniho zareni)
je tfeba vzit pohyb Zemé v uvahu. Pfislusny postup umozniuje definovat vSude v

prostoru pevné body. Jsou to polohy takovych myslenych pozorovatelu, ktefi vidi
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reliktni zareni stejné ve vSech smérech, viz [2]. Dopisni spony na gumové Sndrce
takové body znazorfiuiji.

P¥i studiu vzdalenych galaxii a kvasart s kosmologickym rudym posuvem blizkym
jedné a vétSim je dodateCny prispévek k rudému posuvu zanedbatelny. Jejich typicka
rychlost pohybu vi¢i okolnimu prostoru je jen asi 1000 km/s, coz vede k
dopplerovskému rudému posuvu jenom okolo +0,003. Vzdalené galaxie Ize tedy pfi
astronomickych mérenich ve velmi dobrém pfiblizeni povazovat za prakticky
nehybné vici okolnimu prostoru. Proto je opravnéné znazornit vzdalené galaxie
pevneé pridélanymi dopisnimi sponami.

Pomoci kosmologického rudého posuvu svétla by se dalo v principu zjistit rozpinani
prostoru i v mistnosti, ve které ¢tenar tohoto Clanku pravé sedi. Jeho predpokladané
hodnoty jsou vSak na tak malé Skale zcela neméfitelné. V nasem okoli tedy nehraje
rozpinani prostoru zadnou bezprostredni roli.

Pfipominame, ze energie svétla je nepfimo umérna jeho vinové délce. Proto svétlo
(kazdy foton) béhem svého letu v dusledku rozpinani prostoru a z néj plynouciho
rustu vinové délky ztraci energii umérné 1/(1 + z). Teplota relikiniho zafeni je umérna
jeho energii, to znamena, ze jeho teplota v disledku kosmologického rudého posuvu
také klesa umérné 1/(1 + z).

Jak se popisuje rozpinani prostoru

Jesté jedno zamysleni nad gumovou Siurkou nam napovi, ze prabéh rozpinani
prostoru s Casem se da popsat jedinou funkci ¢asu a(t). Ta vyjadfuje, jak se v
kosmickém Case t vzdalenost D(t) mezi libovolnym parem od sebe dost vzdalenych
galaxii li§i od jejich vzdalenosti dnes. Jsou umérné jejich dneSnim vzdalenostem a
a(t) je faktor této umérnosti,

D(t) = a(t)D(to).

Dnes je a(to) = 1, v minulosti bylo a(t) mensi nez 1 a brzy po velkém tfesku bylo a(t)
témér nula. V budoucnu asi a(t) dale poroste. Tato funkce v podstaté popisuje, jak
rostou kosmologické Skaly pfi rozpinani prostoru. Funkce a(t) se proto nazyva
kosmicky skalovy faktor. Zavislost a(t) na kosmickém Case t je v podstaté historie
rozpinani vesmiru.

Pro kosmicky Skalovy faktor plyne z obecné teorie relativity rovnice, kterou sestavili a

studovali Einstein, Friedmann, Lemaitre a jini znalci této teorie. Tato rovnice popisuje



Casovy vyvoj a(t) v zavislosti na hustoté hmoty obsazené ve vesmiru a na hodnoté

kosmologické konstanty. Tyto potfebné udaje jsou bohuzel nejisté.
Co vesmir obsahuje?

Tady narazime na problémy, se kterymi zapasi astronomové a kosmologové aspon
téch 80 let:
— Jaké druhy hmoty a v jakém mnozstvi vesmir vlastné obsahuje?
— Je kosmologicka konstanta nenulova, a pokud ano, tak jak je velka?
Trochu se vi a hodné se spekuluje, coz by vSak bylo téma pro jiny dlouhy Clanek. Zde
shrneme jen ty poznatky, které jsou dnes pomérné spolehlivé. 9 Hmota ve vesmir je
(alespon) dvou druhu:

e Viditelna hmota jsou hvézdy, mezihvézdny plyn a prach; pocitaji se sem také cerné

diry (protoze vznikly kolapsem viditelnych hvézd).
o Temna hmota je ta, kterd nevyzatuje ani neodrazi svétlo, je opticky neviditelna jako

vzduch, a tedy vlastn¢ viibec neni temna. Je ale ndpadné svou gravitacni pfitazlivosti.
Ve vesmiru je ji daleko vice nez hmoty viditelné. Obklopuje viditelné galaxie.

Kosmologicka konstanta je pfirozenou soucasti Einsteinovy obecné teorie relativity (i
kdyz ji Einstein sam brzy z estetickych diivodd neopravnéné zavrhl). Casto se misto
ni mluvi o energii vakua nebo o hypotetickém poli (kvintessenci) s podobnymi uc€inky
[4]. Z nedostatku pochopeni fyzikalni podstaty téchto pojmu zavedli pro né
kosmologové souhrnné pojmenovani: temna energie. 19 Ani ona neni doslova temna,
protoze je také opticky neviditelna, ale privlastek ,temna“ si asi presto zaslouzi kvuli
zahadnosti své fyzikalni podstaty. Nyni stru¢né par pozoruhodnych udaju:

— Oba druhy hmoty zpomaluji (brzdi) rozpinani prostoru, zatimco temna energie je
urychluje.

— Hustota obou druh hmoty klesa pfi rozpinani prostoru (,oblak prachu® se zfeduje).
— Hustota temné energie se pfitom neméni, a tak pfi rozpinani prostoru temné
energie pfibyva. Odehrava se s ni tedy néco zcela nezvyklého.

— Dnes je hustota temné energie ve vesmiru zhruba trojnasobkem hustoty energie
obsazené v obou druzich hmoty vzatych dohromady.

— Soucet hustoty energie obsazené v hmoté a hustoty temné energie ma s velkou
presnosti pravé takzvanou ,kritickou hodnotu, ktera zpusobuje, Zze prostor je
euklidovsky. Tento fakt byl platny po celou dobu dosavadniho vyvoje

pozorovatelného vesmiru.
Historie rozpinani prostoru
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Vlozime-li pravé uvedené udaje do zminéné rovnice pro a(t), vyjde nam, ze se
puvodné velmi rychlé rozpinani prostoru prvnich 7 Gyr po velkém tfesku
zpomalovalo, zatimco v nasledujicich 7 Gyr se zase zrychluje. To odpovida
soudobym astronomickym pozorovanim. Brzdéni bylo zplisobeno previadanim
hustoty hmoty. Ta se ale zfedila, a tak ted prevlada konstantni nenulova hustota
temné energie.

Kvantitativni popis historie rozpinani prostoru, zalozeny na téchto poznatcich, nam
poskytuje fadu dalSich zajimavych udaji o vesmiru. Z nich vybirame predevsim, ze
vSechny pozorované galaxie a kvasary s rudym posuvem z > 1,5 jsou dnes od nas
ve vétsi vzdalenosti, nez je Hubblova vzdalenost Dy = 14 Gly. 11) Jsou od nas tedy
unaseny nadsvételnou rychlosti. Pozorovani takovych objektu je ale dnes pro
astronomy bézné, a Casto je hlasen novy rekord ve velikosti nalezené hodnoty z. V
dobé psani tohoto ¢lanku je nejvy$Si znama hodnota u kvasart okolo z = 6,4. Takovy

kvasar je od nas unasen rychlosti okolo 2c.
Obzvlast’ zajimava je historie zdroje reliktniho zafeni

V dobé emise, to jest 0,0004 Gyr po velkém tfesku, to bylo Zzhavé vodikové a heliové
plazma s teplotou asi 3000 K, jehoz rychlost unaseni od mista, kde jsme dnes my,
byla néco pres 50c. Dnes jsou z néj pravdépodobné obycCejné galaxie ve vzdalenosti
okolo 46 Gly, unasené od nas ,jenom* rychlosti 3c. Reliktni zafeni samo mélo pfi
svém vzniku stejnou teplotu jako plazma. Z poklesu jeho teploty na dnesni hodnotu
2,7 K plyne, ze jeho kosmologicky rudy posuv je dnes z ~ 1100. Za dobu letu
reliktniho zareni k nam se tedy vesmir rozepnul zhruba faktorem 1100. Zdroj
reliktniho zareni, dnes vzdaleny onéch 46 Gly, byl tedy v dobé vzniku tohoto zareni
vzdalen od mista, kde dnes jsme, jenom asi 46/1100 = ~ 0,04 Gly, tedy pouhych 40
milion( svételnych let (to je zdanlivé blizko, ale takové byly tehdy kosmologické
Skaly). Zato se ale vzdaloval opravdu rychle.

Chceme-li pomoci rovnice pro a(t) pohlédnout do vzdalené budoucnosti, zjistime, Zze
hustota hmoty bude zanedbatelna a Ze na rozpinani prostoru bude mit dominantni
vliv temna energie. Takovou moznosti se zabyval jiz de Sitter. V jeho modelu Ize
snadno spocitat (viz [1]), ze pak a(t) roste s Casem exponencialné rychle, a to tim
rychleji, ¢im je hustota temné energie vétsi. Na ovéreni této predpovédi dnesni
kosmologie si ale budeme muset pockat par Gyr. Pokud je pravdiva, zacnou v

budoucnosti jeSté daleko vzdalenéjsi mizet vzdalené galaxie z dohledu. Budou velice
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zfedéné a tak vzdalené a ,zrudlé®, Ze je témérF nebude vidét. Takeé reliktni zareni

podstatné ochladne. Vesmir na velkych Skalach bude nudny.
Pohyb svétla v rozpinajicim se prostoru

Jelikoz specialni teorie relativity lokalné plati, pohybuje se svétlo na kazdém misté ve
vesmiru rychlosti ¢ vi&i okolnimu prostoru. Pfitom je ov§em timto prostorem také
unaseno (viz obrazek 4). Stejné jako plavec v fece mize byt unasen proudem ve
sméru toku, i kdyz plave proti proudu, mize byt svétlo letici smérem k nam unaseno
rozpinanim prostoru od nas pry€. Snadno si to ovéfime pomoci napinané gumové
$narky, kdyz nechame lézt brou¢ka smérem k panu Hubblovi, a presto jeho
vzdalenost od pana Hubbla poroste.

Dnes je situace takova, Ze vSechno svétlo nachazejici se od nas dal, nez je
Hubblova vzdalenost, je od nas unaseno pryc¢. Jak to, ze tedy mizeme pozorovat
objekty, které jsou dal nez Dy?

Odpovéd je, ze svétlo z téchto objektd, které k nam dopada dnes, vzniklo pred
davnou dobou, coz ma dva dusledky. Zaprvé vzniklo o hodné bliz k nam, nez je
dnesni vzdalenost jeho zdroje. Zadruhé se rozpinani vesmiru béhem jeho pohybu
dlouhou dobu zpomalovalo. | kdyZ bylo svétlo na zaCatku unaseno od nas,
zpomaleni rozpinani zpusobilo, ze se po néjaké dobé zacalo prece jen pfiblizovat k
nam — jako se zméni smér pohybu plavce, kdyZ proud v fece dostateCné zeslabne.
Souhra téchto dvou dusledkul rozpinani prostoru a stafi svétla nam umoznuje vidét i
objekty unasené od nas nadsvételnou rychlosti.

Ovsem jen tak, jak vypadaly v minulosti, v dobé kdy bylo svétlo, které dnes vidime,
vyzareno. Proto je reliktni zareni obrazem plazmatu brzy po velkém tfesku. Asi 4 Gyr
bylo toto svétlo unaseno od nas, pak se k nam ale zase zacalo pfiblizovat.

Vztah mezi dobou pohybu svétla k nam a vzdalenosti jeho svételného zdroje je
obecné v dusledku rozpinani prostoru trochu slozity. Zde mizeme jen upozornit, ze
odhad vzdalenosti obdrzeny vynasobenim rychlosti svétla ¢ dobou pohybu svétla je
pfi dobach vétSich nez nékolik Gyr podstatné nespravny. Skutecné vzdalenosti
podcenuje, protoze rozpinani prostoru zanedbava. To se projevuje napfiklad na
dnesni vzdalenosti zdroje reliktniho zareni — a tedy na poloméru pro nas
pozorovatelné Casti vesmiru. Je zhruba trikrat vétsi, nez by vyslo z takového

nespravného odhadu (c x 14 Gyr = 14 Gly).
Energie se pfi rozpinani prostoru nezachovava
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Pfi uvahach o rudém posuvu svétla pfi jeho pouti rozpinajicim se prostorem vznika
nevyhnutelné otazka, kam se podéla ta ¢ast jeho energie, ktera mu ubyla v disledku
priristku jeho vinové délky.

Podle soudobého chapani rozpinani prostoru se tato energie prosté ztraci. Zakon
zachovani energie pfi rozpinani prostoru neni pouzitelny. To je disledek spolehnuti
na obecnou teorii relativity, ve které zakon zachovani energie plati jen za urcitych
dodate¢nych podminek. Ty ale pravé v rozpinajicim se prostoru spinény nejsou (i
kdyz jsou splnény pfi vétSiné jinych aplikaci této teorie). Proto se také mulze prostor
rozpinat pfi konstantni hustoté temné energie. Celkova energie v rozpinajicim se
objemu pfitom prfece roste!

Nezavidime ¢tenafri jeho pocity, kdyz je poprvé konfrontovan s touto predstavou.
VétSinou jsme vyrustali v pfesvédceni o neomezené platnosti zakona zachovani
energie. Pro jeho platnost mluvi vSechny dosavadni zkusenosti fyzikl, chemikd,
inzenyru a vynalezcu. Proto zduraznéme, ze vSechny tyto dosavadni zkuSenosti byly
nashromazdény za podminek, kdy je rozpinani prostoru zcela zanedbatelné.
Extrapolace na situaci, kdy tomu tak neni, je neopravnéna a vede k omylu (iv).

O teoretickych spekulacich a jistoté

V tomto Clanku se peclivé vyhybame nesCetnym zajimavym spekulativnim teoriim,
kterymi dnes kosmologie a ji blizké oblasti fyziky Ziji. Tykaji se pfedevsim té
nejranéjsi doby vyvoje vesmiru, pficiny a prabéhu velkého tfesku. Nékteré ziskaly i
ve verejnosti popularitu, ktera by mohla snadno zastfit skuteénost, ze jesté vibec
nejsou ovéreny experimenty nebo pozorovanim.

To, Ze se zde snazime zUstat na pevné pudé, ale také neni zarukou, ze vylicené
soudobé teoretické chapani rozpinani prostoru je uz kone¢né. Napfiklad bude v
budoucnu zajimavé, zda presnéjsi méreni potvrdi kosmologicky princip. Je vesmir na
kosmologickych Skalach skutecné tak jednoduchy? Jsou pfirodni zakony vSude ve
vesmiru stejné? [4] A také pfedstavy o podstaté temné energie zjevné nesou rysy
teoretické spekulace. Nejlepsi bude, kdyz si ¢tenar v budoucnu aspon kazdych 10 let
Zjisti, co je v kosmologii nového a jak to s témi teoretickymi spekulacemi dopadlo.
Na zavér je tfeba zdUraznit, Ze rozpinani prostoru je pfirodni jev plynouci z obecné

teorie relativity a potvrzeny mnoha pozorovanimi v astronomii. Neni to zadna
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jsme ho zde popsali, jisté zistane spolu s Galileovym ,Eppure si muove* [2] jednim
ze zakladnich objevl v kosmologii.

V nasem dennim zivoté nehraje sam fakt rozpinani prostoru prakticky zadnou roli,
ovliviuje nas jeSté méné nez skuteCnost, ze Zemé obiha kolem Slunce. Podobné
jako pohyb Zemé kolem Slunce se ale stava vyznamnou slozkou naseho chapani
prirody.

Podékovani: Koncept tohoto €lanku je zalozen na fadé popularnévédeckych
publikaci riznych autorl, obzvlast dobfe napsan je ¢lanek Ch. Lineweaveraa T.
Davisové [5]. Dékuiji prof. J. HofejSimu za pozvani prednaset na toto téma na
Matematicko-fyzikalni fakulté Karlovy univerzity a za cenné pfipominky, Ing. J.

Smizanské a Dr. M. Jersakovi za podnéty k vylepSeni textu.
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Poznamky

1) Nepatrné zmény této teploty v zavislosti na sméru, objevené pomoci sateliti COBE a
WMAP a popsané v [2], podobné jako rozdily v detailech mezi vyfezy na obrazek 2, se tykaji
struktur vesmiru na Skalach mensich nez kosmologickych a jsou pro téma tohoto ¢lanku
bezpifedmétné.

2) Tomu se fika homogenita a izotropie.

3) Také se zaktivuje, ale jak jsme pravé odivodnili, pro nase ucely to mizeme zanedbat.

4) V tom trochu pokulhava analogie s gumovou $nidrkou, ktera neni striktné
jednodimenzionalni, a proto se ztencuje.
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5) Proto je Casto pouzivané znazornéni rozpinajiciho se vesmiru pomoci sférického (tedy
zakiiveného) povrchu nafukovaciho balonku nevyhodné.

6) Lemaitrova prace zustala bohuzel né€kolik let nepov§imnuta.

7) Piesnéjsi diskusi vztahu mezi rychlosti unaseni galaxii a jejich vzdalenosti najde ¢tenai v
[1].

8) Zde se podstatné lisSime od nazoru vysloveného v [2].

9) Jejich podrobnéjsi popis lze najit v [3].

10) Neékteti ¢esti astronomové pouzivaji misto nazvu ,,temna hmota“ a ,,temna energie* nazvy
,,skrytd hmota“ a ,,skrytd energie. Ta ,,skrytost” se ale, podobné jako ,,temnost®, vztahuje jen
na urcité druhy pozorovani. Domnivadme se, Ze nemame Sanci najit pro oba jevy opravdu
vystizné nazvy, dokud nebude pochopena jejich fyzikalni podstata.

11) Ptiblizna ¢iselna shoda Dy = cto je nahodna (viz [1]) a nem¢la by svadét ke spekulacim.

Soubory

¢lanek v souboru pdf: 200801 V040-045.pdf (463 kB)
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List of unsolved problems in physics

From Wikipedia, the free encyclopedia
Main article: List of unsolved problems

Some of the major unsolved problems in physics are theoretical, meaning that

existing theories seem incapable of explaining a certain observed phenomenon or
experimental result. The others are experimental, meaning that there is a difficulty in
creating an experiment to test a proposed theory or investigate a phenomenon in

greater detail.
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Unsolved problems by subfield

The following is a list of unsolved problems grouped into broad area of physics.[!]

General Physics/Quantum Physics

Entropy (arrow of time)
Why did the universe have such low entropy in the past, resulting in the distinction
between past and future and the second law of thermodynamics?/? Why are CP
violations observed in certain weak force decays, but not elsewhere? Are CP
violations somehow a product of the Second Law of Thermodynamics, or are they a
separate arrow of time? Are there exceptions to the principle of causality? Is there a
single possible past? Is the present moment physically distinct from the past and future
or is it merely an emergent property of consciousness? Why does time have a
direction? What links the quantum arrow of time to the thermodynamic arrow?

Interpretation of quantum mechanics
How does the quantum description of reality, which includes elements such as the
superposition of states and wavefunction collapse or guantum decoherence, give rise
to the reality we perceive? Another way of stating this is the Measurement problem —
what constitutes a "measurement” which causes the wave function to collapse into a
definite state? Unlike classical physical processes, some quantum mechanical
processes (such as guantum teleportation arising from quantum entanglement) cannot
be simultaneously "local”, "causal" and "real”, but it is not obvious which of these
properties must be sacrificed or if an attempt to describe quantum mechanical
processes in these senses is a category error that doesn't even make sense to talk about
if one properly understands quantum mechanics.

Theory of everything ("Grand Unification Theory")
Is there a theory which explains the values of all fundamental physical constants?! Is
the theory string theory? Is there a theory which explains why the gauge groups of the
standard model are as they are, why observed spacetime has 3 spatial dimensions and
1 dimension of time, and why all laws of physics are as they are? Do "fundamental
physical constants™ vary over time? Are any of the particles in the standard model of
particle physics actually composite particles too tightly bound to observe as such at
current experimental energies? Are there fundamental particles that have not yet been
observed, and, if so, which ones are they and what are their properties? Are there
unobserved fundamental forces implied by a theory that explains other unsolved
problems in physics?

Yang—Mills theory
Given an arbitrary compact gauge group, does a non-trivial quantum Yang—Mills
theory with a finite mass gap exist? This problem is also listed as one of the
Millennium Prize Problems in mathematics.

Physical information
Are there physical phenomena, such as wave function collapse or black holes, which
irrevocably destroy information about their prior states? How is quantum information
stored as a state of a quantum system?
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Quantum computation
Is David Deutsch's notion of a universal quantum computer sufficient to efficiently
simulate an arbitrary physical system?E!

Dimensionless physical constant
At the present time, the values of the dimensionless physical constants cannot be
calculated; they are determined only by physical measurement.[ 5l What is the
minimum number of dimensionless physical constants from which all other
dimensionless physical constants can be derived? Are dimensionful physical constants
necessary at all?

Cosmology and general relativity

Cosmic inflation
Is the theory of cosmic inflation correct, and, if so, what are the details of this epoch?
What is the hypothetical inflaton field giving rise to inflation? If inflation happened at
one point, is it self-sustaining through inflation of quantum-mechanical fluctuations,
and thus ongoing in some extremely distant place?!!

Horizon problem
Why is the distant universe so homogeneous when the Big Bang theory seems to
predict larger measurable anisotropies of the night sky than those observed?
Cosmological inflation is generally accepted as the solution, but are other possible
explanations such as a variable speed of light more appropriate?!!

Future of the universe
Is the universe heading towards a Big Freeze, a Big Rip, a Big Crunch, or a Big
Bounce? Or is it part of an infinitely recurring cyclic model?

Gravitational wave
Can gravitational waves be directly detected?l]

Baryon asymmetry
Why is there far more matter than antimatter in the observable universe?

Cosmological constant problem
Why does the zero-point energy of the vacuum not cause a large cosmological
constant? What cancels it out?%

26.8% Dark
Matter

68.3% Dark
Energy

Estimated distribution of dark matter and dark energy in the universe
Dark matter


https://en.wikipedia.org/wiki/Quantum_computation
https://en.wikipedia.org/wiki/David_Deutsch
https://en.wikipedia.org/wiki/Universal_quantum_computer
https://en.wikipedia.org/wiki/Algorithmic_efficiency
https://en.wikipedia.org/wiki/Dynamical_simulation
https://en.wikipedia.org/wiki/List_of_unsolved_problems_in_physics#cite_note-nielson.2Fchuang-3
https://en.wikipedia.org/wiki/Dimensionless_physical_constant
https://en.wikipedia.org/wiki/List_of_unsolved_problems_in_physics#cite_note-4
https://en.wikipedia.org/wiki/List_of_unsolved_problems_in_physics#cite_note-Effelsberg-5
https://en.wikipedia.org/wiki/Cosmic_inflation
https://en.wikipedia.org/wiki/Inflaton_field
https://en.wikipedia.org/wiki/Chaotic_inflation
https://en.wikipedia.org/wiki/List_of_unsolved_problems_in_physics#cite_note-podolsky-NEQNET-6
https://en.wikipedia.org/wiki/Horizon_problem
https://en.wikipedia.org/wiki/Big_Bang_theory
https://en.wikipedia.org/wiki/Anisotropy
https://en.wikipedia.org/wiki/Inflation_%28cosmology%29
https://en.wikipedia.org/wiki/Variable_speed_of_light
https://en.wikipedia.org/wiki/List_of_unsolved_problems_in_physics#cite_note-newscientist-7
https://en.wikipedia.org/wiki/Ultimate_fate_of_the_universe
https://en.wikipedia.org/wiki/Big_Freeze
https://en.wikipedia.org/wiki/Big_Rip
https://en.wikipedia.org/wiki/Big_Crunch
https://en.wikipedia.org/wiki/Big_Bounce
https://en.wikipedia.org/wiki/Big_Bounce
https://en.wikipedia.org/wiki/Cyclic_model
https://en.wikipedia.org/wiki/Gravitational_wave
https://en.wikipedia.org/wiki/List_of_unsolved_problems_in_physics#cite_note-nrc-gravity-8
https://en.wikipedia.org/wiki/List_of_unsolved_problems_in_physics#cite_note-seattle-pi-9
https://en.wikipedia.org/wiki/Baryon_asymmetry
https://en.wikipedia.org/wiki/Matter
https://en.wikipedia.org/wiki/Antimatter
https://en.wikipedia.org/wiki/Observable_universe
https://en.wikipedia.org/wiki/Cosmological_constant_problem#Cosmological_constant_problem
https://en.wikipedia.org/wiki/Zero-point_energy
https://en.wikipedia.org/wiki/Vacuum
https://en.wikipedia.org/wiki/Cosmological_constant
https://en.wikipedia.org/wiki/Cosmological_constant
https://en.wikipedia.org/wiki/List_of_unsolved_problems_in_physics#cite_note-10
https://en.wikipedia.org/wiki/Dark_matter

What is the identity of dark matter?! Is it a particle? Is it the lightest superpartner
(LSP)? Do the phenomena attributed to dark matter point not to some form of matter
but actually to an extension of gravity?

Dark energy
What is the cause of the observed accelerated expansion (de Sitter phase) of the
Universe? Why is the energy density of the dark energy component of the same
magnitude as the density of matter at present when the two evolve quite differently
over time; could it be simply that we are observing at exactly the right time? Is dark
energy a pure cosmological constant or are models of guintessence such as phantom
energy applicable?

Dark flow
Is a non-spherically symmetric gravitational pull from outside the observable Universe
responsible for some of the observed motion of large objects such as galactic clusters
in the universe?

Ecliptic alignment of CMB anisotropy
Some large features of the microwave sky at distances of over 13 billion light years
appear to be aligned with both the motion and orientation of the solar system. Is this
due to systematic errors in processing, contamination of results by local effects, or an
unexplained violation of the Copernican principle?

Shape of the Universe
What is the 3-manifold of comoving space, i.e. of a comoving spatial section of the
Universe, informally called the "shape™ of the Universe? Neither the curvature nor the
topology is presently known, though the curvature is known to be "close" to zero on
observable scales. The cosmic inflation hypothesis suggests that the shape of the
Universe may be unmeasurable, but, since 2003, Jean-Pierre Luminet, et al., and other
groups have suggested that the shape of the Universe may be the Poincaré
dodecahedral space. Is the shape unmeasurable; the Poincaré space; or another 3-
manifold?

Quantum gravity

Vacuum catastrophe
Why does the predicted mass of the quantum vacuum have little effect on the
expansion of the universe?

Quantum gravity
Can guantum mechanics and general relativity be realized as a fully consistent theory
(perhaps as a quantum field theory)?™! Is spacetime fundamentally continuous or
discrete? Would a consistent theory involve a force mediated by a hypothetical
graviton, or be a product of a discrete structure of spacetime itself (as in loop quantum
gravity)? Are there deviations from the predictions of general relativity at very small
or very large scales or in other extreme circumstances that flow from a quantum
gravity theory?

Black holes, black hole information paradox, and black hole radiation
Do black holes produce thermal radiation, as expected on theoretical grounds? Does
this radiation contain information about their inner structure, as suggested by Gauge-
gravity duality, or not, as implied by Hawking's original calculation? If not, and black
holes can evaporate away, what happens to the information stored in them (since
guantum mechanics does not provide for the destruction of information)? Or does the
radiation stop at some point leaving black hole remnants? Is there another way to
probe their internal structure somehow, if such a structure even exists?
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Extra dimensions
Does nature have more than four spacetime dimensions? If so, what is their size? Are
dimensions a fundamental property of the universe or an emergent result of other
physical laws? Can we experimentally observe evidence of higher spatial dimensions?

The cosmic censorship hypothesis and the chronology protection conjecture
Can singularities not hidden behind an event horizon, known as "naked singularities”,
arise from realistic initial conditions, or is it possible to prove some version of the
"cosmic censorship hypothesis” of Roger Penrose which proposes that this is
impossible?!22 Similarly, will the closed timelike curves which arise in some solutions
to the equations of general relativity (and which imply the possibility of backwards
time travel) be ruled out by a theory of quantum gravity which unites general relativity
with quantum mechanics, as suggested by the "chronology protection conjecture™ of
Stephen Hawking?

Locality
Avre there non-local phenomena in quantum physics? If they exist, are non-local
phenomena limited to the entanglement revealed in the violations of the Bell
inequalities, or can information and conserved quantities also move in a non-local
way? Under what circumstances are non-local phenomena observed? What does the
existence or absence of non-local phenomena imply about the fundamental structure of
spacetime? How does this relate to quantum entanglement? How does this elucidate
the proper interpretation of the fundamental nature of quantum physics?

High-energy physics/particle physics

See also: Be ond the Stndard Model
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A simulation of how a detection of the Higgs particle would appear in the CMS detector at

CERN

Higgs mechanism
Avre the branching ratios of the Higgs boson consistent with the standard model? Is
there only one type of Higgs boson?

Hierarchy problem
Why is gravity such a weak force? It becomes strong for particles only at the Planck
scale, around 10*° GeV, much above the electroweak scale (100 GeV, the energy scale
dominating physics at low energies). Why are these scales so different from each
other? What prevents quantities at the electroweak scale, such as the Higgs boson
mass, from getting guantum corrections on the order of the Planck scale? Is the
solution supersymmetry, extra dimensions, or just anthropic fine-tuning?

Magnetic monopoles
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Did particles that carry "magnetic charge" exist in some past, higher-energy epoch? If
so, do any remain today? (Paul Dirac showed the existence of some types of magnetic
monopoles would explain charge quantization.)!3!

Proton decay and spin crisis
Is the proton fundamentally stable? Or does it decay with a finite lifetime as predicted
by some extensions to the standard model?!%4l How do the quarks and gluons carry the
spin of protons?[s!

Supersymmetry
Is spacetime supersymmetry realized at TeV scale? If so, what is the mechanism of
supersymmetry breaking? Does supersymmetry stabilize the electroweak scale,
preventing high quantum corrections? Does the lightest supersymmetric particle (LSP
or Lightest Supersymmetric Particle) comprise dark matter?

Generations of matter
Why are there three generations of quarks and leptons? Is there a theory that can
explain the masses of particular quarks and leptons in particular generations from first
principles (a theory of Yukawa couplings)?

Neutrino mass
What is the mass of neutrinos, whether they follow Dirac or Majorana statistics? Is
mass hierarchy normal or inverted? Is the CP violating phase 0?[161171(18]

Color confinement
Why has there never been measured a free quark or gluon, but only objects that are
built out of them, like mesons and baryons? How does this phenomenon emerge from
QCD?

Strong CP problem and axions
Why is the strong nuclear interaction invariant to parity and charge conjugation? Is
Peccei—Quinn theory the solution to this problem?

Anomalous magnetic dipole moment
Why is the experimentally measured value of the muon's anomalous magnetic dipole
moment ("muon g-2") significantly different from the theoretically predicted value of
that physical constant?!29!

Proton size puzzle
What is the electric charge radius of the proton? How does it differ from gluonic
charge?

Pentaquarks and other exotic hadrons
What combinations of quarks are possible? Why were pentaquarks so difficult to
discover?2% Are they a tightly-bound system of five elementary particles, or a more
weakly-bound pairing of a baryon and a meson?!2

Astronomy and astrophysics
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into jets which escape along the pole of the supermassive black hole

Astrophysical jet
Why do the accretion discs surrounding certain astronomical objects, such as the
nuclei of active galaxies, emit relativistic jets along their polar axes?!22l Why are there
quasi-periodic oscillations in many accretion discs?2%! Why does the period of these
oscillations scale as the inverse of the mass of the central object?/24l Why are there
sometimes overtones, and why do these appear at different frequency ratios in
different objects?[2!

Coronal heating problem
Why is the Sun's corona (atmosphere layer) so much hotter than the Sun's surface?
Why is the magnetic reconnection effect many orders of magnitude faster than
predicted by standard models?

Diffuse interstellar bands
What is responsible for the numerous interstellar absorption lines detected in
astronomical spectra? Are they molecular in origin, and if so which molecules are
responsible for them? How do they form?

Gamma ray bursts
How do these short-duration high-intensity bursts originate?2!

Supermassive black holes
What is the origin of the M-sigma relation between supermassive black hole mass and
galaxy velocity dispersion?2! How did the most distant quasars grow their
supermassive black holes up to 10° solar masses so early in the history of the

Universe?
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Rotation curve of a typical spiral galaxy: predicted (A) and observed (B). Can the discrepancy
between the curves be attributed to dark matter?
Kuiper cliff
Why does the number of objects in the Solar System's Kuiper belt fall off rapidly and
unexpectedly beyond a radius of 50 astronomic units?
Flyby anomaly
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Why is the observed energy of satellites flying by Earth sometimes different by a
minute amount from the value predicted by theory?

Galaxy rotation problem
Is dark matter responsible for differences in observed and theoretical speed of stars
revolving around the center of galaxies, or is it something else?

Supernovae
What is the exact mechanism by which an implosion of a dying star becomes an
explosion?

Three-body problem
Exact predictions for the positions of three (or more) bodies floating in space attracted
by gravity.

Ultra-high-energy cosmic ray
[I'Why is it that some cosmic rays appear to possess energies that are impossibly high
(the so-called OMG particle), given that there are no sufficiently energetic cosmic ray
sources near the Earth? Why is it that (apparently) some cosmic rays emitted by
distant sources have energies above the Greisen—Zatsepin—Kuzmin limit?21

Rotation rate of Saturn
Why does the magnetosphere of Saturn exhibit a (slowly changing) periodicity close
to that at which the planet's clouds rotate? What is the true rotation rate of Saturn's
deep interior?24

Origin of magnetar magnetic field
What is the origin of magnetar magnetic field?

Large-scale anisotropy
Is the Universe at very large scales anisotropic, making the cosmological principle an
invalid assumption? The number count and intensity dipole anisotropy in radio,
NRAO VLA Sky Survey (NVSS) catalogue?! is inconsistent with the local motion as
derived from cosmic microwave background?’1®% and indicate an intrinsic dipole
anisotropy. The same NVSS radio data also shows an intrinsic dipole in polarization
density and degree of polarization! in the same direction as in number count and
intensity. There are other several observation revealing large-scale anisotropy. The
optical polarization from quasars shows polarization alignment over a very large scale
of Gpc.B21E3134 The cosmic-microwave-background data shows several features of
anisotropy, BI2eIETIE8 \which are not consistent with the Big Bang model.

Photon underproduction crisis
Why do galaxies and quasars produce about 5 times less ultraviolet light than expected
in the low-redshift universe?

Space roar
Why is space roar six times louder than expected? What is the source of space roar?

Age—metallicity relation in the Galactic disk
Is there a universal age—metallicity relation (AMR) in the Galactic disk (both "thin"
and "thick" parts of the disk)? Although in the local (primarily thin) disk of the Milky
Way there is no evidence of a strong AMR,2%! a sample of 229 nearby "thick" disk
stars has been used to investigate the existence of an age—metallicity relation in the
Galactic thick disk, and indicate that there is an age—metallicity relation present in the
thick disk.[“%4 Stellar ages from asteroseismology confirm the lack of any strong
age-metallicity relation in the Galactic disc.[*2

The lithium problem
Why is there a discrepancy between the amount of lithium-7 predicted to be produced
in Big Bang nucleosynthesis and the amount observed in very old stars?!3!

Solar wind interaction with comets
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In 2007 the Ulysses spacecraft passed through the tail of comet C/2006 P1
(McNaught) and found surprising results concerning the interaction of the solar wind
with the tail.

Ultraluminous pulsar
The ultraluminous X-ray source M82 X-2 was thought to be a black hole, but in
October 2014 data from NASA's space-based X-ray telescope NuStar indicated that
M82 X-2 is a pulsar many times brighter than the Eddington limit.

The injection problem
Fermi acceleration is thought to be the primary mechanism that accelerates
astrophysical particles to high energy. However, it is unclear what mechanism causes
those particles to initially have energies high enough for Fermi acceleration to work on
them.[#4]

Nuclear physics

The "island of stability" in the proton vs. neutron number plot for heavy nuclei

Quantum chromodynamics
What are the phases of strongly interacting matter, and what roles do they play in the
evolution of cosmos? What is the detailed partonic structure of the nucleons? What
does QCD predict for the properties of strongly interacting matter? What determines
the key features of QCD, and what is their relation to the nature of gravity and
spacetime? Do glueballs exist? Do gluons acquire mass dynamically despite having a
zero rest mass, within hadrons? Does QCD truly lack CP-violations? Do gluons
saturate when their occupation number is large? Do gluons form a dense system called
Color Glass Condensate? What are the signatures and evidences for the Balitsky-
Fadin-Kuarev-Lipatov, Balitsky-Kovchegov, Catani-Ciafaloni-Fiorani-Marchesini
evolution equations?

Nuclei and nuclear astrophysics
What is the nature of the nuclear force that binds protons and neutrons into stable
nuclei and rare isotopes? What is the origin of simple patterns™"<? jn complex
nuclei? What is the nature of exotic excitations in nuclei at the frontiers of stability
and their role in stellar processes? What is the nature of neutron stars and dense
nuclear matter? What is the origin of the elements in the cosmos? What are the nuclear
reactions that drive stars and stellar explosions?

Plasma physics and fusion power
Fusion energy may potentially provide power from abundant resource (e.g. hydrogen)
without the type of radioactive waste that fission energy currently produces. However,
can ionized gases (plasma) be confined long enough and at a high enough temperature
to create fusion power? What kinds of advances in material science must be made?

Atomic, molecular and optical physics

Hydrogen atom
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What is the solution to the Schrédinger equation for the hydrogen atom in arbitrary
electric and magnetic fields?%!

Abraham—Minkowski controversy
What's the momentum of photons in optical media?

Condensed matter physics

A sample of a cuprate superconductor (specifically BSCCO). The mechanism for

superconductivity of these materials is unknown.

High-temperature superconductors
What is the mechanism that causes certain materials to exhibit superconductivity at
temperatures much higher than around 25 kelvin? Is it possible to make a material that
is a superconductor at room temperature?'2

Amorphous solids
What is the nature of the glass transition between a fluid or regular solid and a glassy
phase? What are the physical processes giving rise to the general properties of glasses
and the glass transition?!6l47

Cryogenic electron emission
Why does the electron emission in the absence of light increase as the temperature of a
photomultiplier is decreased?[4€1491

Sonoluminescence
What causes the emission of short bursts of light from imploding bubbles in a liquid
when excited by sound?251

Turbulence
Is it possible to make a theoretical model to describe the statistics of a turbulent flow
(in particular, its internal structures)?@ Also, under what conditions do smooth
solutions to the Navier—Stokes equations exist? This problem is also listed as one of
the Millennium Prize Problems in mathematics.

Alfvénic turbulence
In the solar wind and the turbulence in solar flares, coronal mass ejections, and
magnetospheric substorms are major unsolved problems in space plasma physics.52

Topological order
Is topological order stable at non-zero temperature? Equivalently, is it possible to have
three-dimensional self-correcting quantum memory?>3

Fractional Hall effect

What mechanism explains the existence of the ¥ = 5/ 2state in the fractional
quantum Hall effect? Does it describe quasiparticles with non-Abelian fractional
statistics?4

Bose—Einstein condensation
How do we rigorously prove the existence of Bose—Einstein condensates for general
interacting systems?[5!
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Magnetoresistance ina ¥ = 8/ 5fractional qguantum Hall state.

Liquid crystals
Can the nematic to smectic (A) phase transition in liquid crystal states be characterized
as a universal phase transition?[8157

Semiconductor nanocrystals
What is the cause of the nonparabolicity of the energy-size dependence for the lowest
optical absorption transition of quantum dots?!8!

Electronic band structure
Why can band gaps not accurately be calculated?

Biophysics

Stochasticity and robustness to noise in gene expression
How do genes govern our body, withstanding different external pressures and internal
stochasticity? Certain models exist for genetic processes, but we are far from
understanding the whole picture, in particular in development where gene expression
must be tightly regulated.

Quantitative study of the immune system
What are the quantitative properties of immune responses? What are the basic building
blocks of immune system networks? What roles are played by stochasticity?

Homochirality
What is the origin of the preponderance of specific enantiomers in biochemical

systems?

Problems solved in recent decades

Ball lightning (2014)
In January 2014, scientists from Northwest Normal University in Lanzhou, China,

published the results of recordings made in July 2012 of the optical spectrum of what
was thought to be natural ball lightning made during the study of ordinary cloud—
ground lightning on China's Qinghai Plateau.5°!% At a distance of 900 m (3,000 ft), a
total of 1.3 seconds of digital video of the ball lightning and its spectrum was made,
from the formation of the ball lightning after the ordinary lightning struck the ground,
up to the optical decay of the phenomenon. The recorded ball lightning is believed to
be vaporized soil elements that then rapidly oxidizes in the atmosphere. The nature of
the true theory is still not clear.[®%

Electroweak symmetry breaking (2012)
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The mechanism responsible for breaking the electroweak gauge symmetry, giving
mass to the W and Z bosons was solved with the discovery of the Higgs Boson of the
Standard Model, with the expected couplings to the weak bosons. No evidence of a
strong dynamics solution, as proposed by Technicolor, has been observed.

Hipparcos anomaly (2012)

The actual distance to the Pleiades - the High Precision Parallax Collecting Satellite
(Hipparcos) measured the parallax of the Pleiades and determined a distance of 385
light years. This was significantly different from other measurements made by means
of actual to apparent brightness measurement or absolute magnitude. The anomaly
was due to the use of a weighted mean when there is a correlation between distances
and distance errors for stars in clusters. It is resolved by using an unweighted mean.
There is no systematic bias in the Hipparcos data when it comes to star clusters.[61

Pioneer anomaly (2012)
There was a deviation in the predicted accelerations of the Pioneer spacecraft as they
left the Solar System.24 It is believed that this is a result of previously unaccounted-
for thermal recoil force. 162631

Long-duration gamma ray bursts (2003)
Long-duration bursts are associated with the deaths of massive stars in a specific kind
of supernova-like event commonly referred to as a collapsar. However, there are also
long-duration GRBs that show evidence against an associated supernova, such as the
Swift event GRB 060614.

Solar neutrino problem (2002)
Solved by a new understanding of neutrino physics, requiring a modification of the
Standard Model of particle physics—specifically, neutrino oscillation.

Bose-Einstein Condensation (1995)
Composite bosons in the form of dilute atomic vapors were cooled to quantum
degeneracy using the techniques of laser cooling and evaporative cooling.

Cosmic age problem (1990s)
The estimated age of the universe was around 3 to 8 billion years younger than
estimates of the ages of the oldest stars in the Milky Way. Better estimates for the
distances to the stars, and the recognition of the accelerating expansion of the
universe, reconciled the age estimates. (This assertion is being contested. Justification
has been posted on Age Crisis page).

Quasars (1980s)
The nature of quasars was not understood for decades.®! They are now accepted as a
type of active galaxy where the enormous energy output results from matter falling
into a massive black hole in the center of the galaxy.[®!

List of unsolved problems in physics

From Wikipedia, the free encyclopedia
Main article: List of unsolved problems

Some of the major unsolved problems in physics are theoretical, meaning that

existing theories seem incapable of explaining a certain observed phenomenon or
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experimental result. The others are experimental, meaning that there is a difficulty in
creating an experiment to test a proposed theory or investigate a phenomenon in

greater detail.
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Unsolved problems by subfield

The following is a list of unsolved problems grouped into broad area of physics.[!]

General Physics/Quantum Physics

Entropy (arrow of time)
Why did the universe have such low entropy in the past, resulting in the distinction
between past and future and the second law of thermodynamics?'? Why are CP
violations observed in certain weak force decays, but not elsewhere? Are CP
violations somehow a product of the Second Law of Thermodynamics, or are they a
separate arrow of time? Are there exceptions to the principle of causality? Is there a
single possible past? Is the present moment physically distinct from the past and future
or is it merely an emergent property of consciousness? Why does time have a
direction? What links the quantum arrow of time to the thermodynamic arrow?

Interpretation of quantum mechanics
How does the quantum description of reality, which includes elements such as the
superposition of states and wavefunction collapse or quantum decoherence, give rise
to the reality we perceive? Another way of stating this is the Measurement problem —
what constitutes a "measurement” which causes the wave function to collapse into a
definite state? Unlike classical physical processes, some quantum mechanical
processes (such as quantum teleportation arising from guantum entanglement) cannot
be simultaneously "local”, "causal” and “real”, but it is not obvious which of these
properties must be sacrificed or if an attempt to describe quantum mechanical
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processes in these senses is a category error that doesn't even make sense to talk about
if one properly understands quantum mechanics.

Theory of everything ("Grand Unification Theory")
Is there a theory which explains the values of all fundamental physical constants?!2! Is
the theory string theory? Is there a theory which explains why the gauge groups of the
standard model are as they are, why observed spacetime has 3 spatial dimensions and
1 dimension of time, and why all laws of physics are as they are? Do "fundamental
physical constants™ vary over time? Are any of the particles in the standard model of
particle physics actually composite particles too tightly bound to observe as such at
current experimental energies? Are there fundamental particles that have not yet been
observed, and, if so, which ones are they and what are their properties? Are there
unobserved fundamental forces implied by a theory that explains other unsolved
problems in physics?

Yang—Muills theory
Given an arbitrary compact gauge group, does a non-trivial quantum Yang—Mills
theory with a finite mass gap exist? This problem is also listed as one of the
Millennium Prize Problems in mathematics.

Physical information
Avre there physical phenomena, such as wave function collapse or black holes, which
irrevocably destroy information about their prior states? How is quantum information
stored as a state of a quantum system?

Quantum computation
Is David Deutsch's notion of a universal qguantum computer sufficient to efficiently
simulate an arbitrary physical system?E!

Dimensionless physical constant
At the present time, the values of the dimensionless physical constants cannot be
calculated; they are determined only by physical measurement. 5] What is the
minimum number of dimensionless physical constants from which all other
dimensionless physical constants can be derived? Are dimensionful physical constants
necessary at all?

Cosmology and general relativity

Cosmic inflation
Is the theory of cosmic inflation correct, and, if so, what are the details of this epoch?
What is the hypothetical inflaton field giving rise to inflation? If inflation happened at
one point, is it self-sustaining through inflation of quantum-mechanical fluctuations,
and thus ongoing in some extremely distant place?!

Horizon problem
Why is the distant universe so homogeneous when the Big Bang theory seems to
predict larger measurable anisotropies of the night sky than those observed?
Cosmological inflation is generally accepted as the solution, but are other possible
explanations such as a variable speed of light more appropriate?!!

Future of the universe
Is the universe heading towards a Big Freeze, a Big Rip, a Big Crunch, or a Big
Bounce? Or is it part of an infinitely recurring cyclic model?

Gravitational wave
Can gravitational waves be directly detected?!81%]

Baryon asymmetry
Why is there far more matter than antimatter in the observable universe?
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Cosmological constant problem
Why does the zero-point energy of the vacuum not cause a large cosmological
constant? What cancels it out?1%

26.8% Dark
Matter

658.3% Dark
Energy

Estimated distribution of dark matter and dark energy in the universe

Dark matter
What is the identity of dark matter?! Is it a particle? Is it the lightest superpartner
(LSP)? Do the phenomena attributed to dark matter point not to some form of matter
but actually to an extension of gravity?

Dark energy
What is the cause of the observed accelerated expansion (de Sitter phase) of the
Universe? Why is the energy density of the dark energy component of the same
magnitude as the density of matter at present when the two evolve quite differently
over time; could it be simply that we are observing at exactly the right time? Is dark
energy a pure cosmological constant or are models of guintessence such as phantom
energy applicable?

Dark flow
Is a non-spherically symmetric gravitational pull from outside the observable Universe
responsible for some of the observed motion of large objects such as galactic clusters
in the universe?

Ecliptic alignment of CMB anisotropy
Some large features of the microwave sky at distances of over 13 billion light years
appear to be aligned with both the motion and orientation of the solar system. Is this
due to systematic errors in processing, contamination of results by local effects, or an
unexplained violation of the Copernican principle?

Shape of the Universe
What is the 3-manifold of comoving space, i.e. of a comoving spatial section of the
Universe, informally called the "shape™ of the Universe? Neither the curvature nor the
topology is presently known, though the curvature is known to be "close"” to zero on
observable scales. The cosmic inflation hypothesis suggests that the shape of the
Universe may be unmeasurable, but, since 2003, Jean-Pierre Luminet, et al., and other
groups have suggested that the shape of the Universe may be the Poincaré
dodecahedral space. Is the shape unmeasurable; the Poincaré space; or another 3-
manifold?

Quantum gravity
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Vacuum catastrophe
Why does the predicted mass of the quantum vacuum have little effect on the
expansion of the universe?

Quantum gravity
Can quantum mechanics and general relativity be realized as a fully consistent theory
(perhaps as a quantum field theory)?™! Is spacetime fundamentally continuous or
discrete? Would a consistent theory involve a force mediated by a hypothetical
graviton, or be a product of a discrete structure of spacetime itself (as in loop guantum
gravity)? Are there deviations from the predictions of general relativity at very small
or very large scales or in other extreme circumstances that flow from a quantum
gravity theory?

Black holes, black hole information paradox, and black hole radiation
Do black holes produce thermal radiation, as expected on theoretical grounds? Does
this radiation contain information about their inner structure, as suggested by Gauge-
gravity duality, or not, as implied by Hawking's original calculation? If not, and black
holes can evaporate away, what happens to the information stored in them (since
quantum mechanics does not provide for the destruction of information)? Or does the
radiation stop at some point leaving black hole remnants? Is there another way to
probe their internal structure somehow, if such a structure even exists?

Extra dimensions
Does nature have more than four spacetime dimensions? If so, what is their size? Are
dimensions a fundamental property of the universe or an emergent result of other
physical laws? Can we experimentally observe evidence of higher spatial dimensions?

The cosmic censorship hypothesis and the chronology protection conjecture
Can singularities not hidden behind an event horizon, known as "naked singularities",
arise from realistic initial conditions, or is it possible to prove some version of the
"cosmic censorship hypothesis” of Roger Penrose which proposes that this is
impossible?d Similarly, will the closed timelike curves which arise in some solutions
to the equations of general relativity (and which imply the possibility of backwards
time travel) be ruled out by a theory of quantum gravity which unites general relativity
with quantum mechanics, as suggested by the "chronology protection conjecture™ of
Stephen Hawking?

Locality
Are there non-local phenomena in quantum physics? If they exist, are non-local
phenomena limited to the entanglement revealed in the violations of the Bell
inequalities, or can information and conserved quantities also move in a non-local
way? Under what circumstances are non-local phenomena observed? What does the
existence or absence of non-local phenomena imply about the fundamental structure of
spacetime? How does this relate to quantum entanglement? How does this elucidate
the proper interpretation of the fundamental nature of quantum physics?

High-energy physics/particle physics

See also: Beyond the Standard Model
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A simulation of how a detection of the Higgs particle would appear in the CMS detector at

CERN
Higgs mechanism

Are the branching ratios of the Higgs boson consistent with the standard model? Is
there only one type of Higgs boson?

Hierarchy problem
Why is gravity such a weak force? It becomes strong for particles only at the Planck
scale, around 10*° GeV, much above the electroweak scale (100 GeV, the energy scale
dominating physics at low energies). Why are these scales so different from each
other? What prevents quantities at the electroweak scale, such as the Higgs boson
mass, from getting guantum corrections on the order of the Planck scale? Is the
solution supersymmetry, extra dimensions, or just anthropic fine-tuning?

Magnetic monopoles
Did particles that carry "magnetic charge" exist in some past, higher-energy epoch? If
so, do any remain today? (Paul Dirac showed the existence of some types of magnetic
monopoles would explain charge quantization.)!3!

Proton decay and spin crisis
Is the proton fundamentally stable? Or does it decay with a finite lifetime as predicted
by some extensions to the standard model?24! How do the quarks and gluons carry the
spin of protons?s]

Supersymmetry
Is spacetime supersymmetry realized at TeV scale? If so, what is the mechanism of
supersymmetry breaking? Does supersymmetry stabilize the electroweak scale,
preventing high quantum corrections? Does the lightest supersymmetric particle (LSP
or Lightest Supersymmetric Particle) comprise dark matter?

Generations of matter
Why are there three generations of guarks and leptons? Is there a theory that can
explain the masses of particular quarks and leptons in particular generations from first
principles (a theory of Yukawa couplings)?

Neutrino mass
What is the mass of neutrinos, whether they follow Dirac or Majorana statistics? Is
mass hierarchy normal or inverted? Is the CP violating phase 0?[1elL71[18]

Color confinement
Why has there never been measured a free quark or gluon, but only objects that are
built out of them, like mesons and baryons? How does this phenomenon emerge from
QCD?

Strong CP problem and axions
Why is the strong nuclear interaction invariant to parity and charge conjugation? Is
Peccei—Quinn theory the solution to this problem?

Anomalous magnetic dipole moment
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Why is the experimentally measured value of the muon's anomalous magnetic dipole
moment ("muon g-2") significantly different from the theoretically predicted value of
that physical constant?1%

Proton size puzzle
What is the electric charge radius of the proton? How does it differ from gluonic
charge?

Pentaquarks and other exotic hadrons
What combinations of quarks are possible? Why were pentaquarks so difficult to
discover?'2! Are they a tightly-bound system of five elementary particles, or a more
weakly-bound pairing of a baryon and a meson?2

Astronomy and astrophysics
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into jets which escape along the pole of the supermassive black hole

Astrophysical jet
Why do the accretion discs surrounding certain astronomical objects, such as the
nuclei of active galaxies, emit relativistic jets along their polar axes?22! Why are there
quasi-periodic oscillations in many accretion discs?2%l Why does the period of these
oscillations scale as the inverse of the mass of the central object?24 Why are there
sometimes overtones, and why do these appear at different frequency ratios in
different objects?[2

Coronal heating problem
Why is the Sun's corona (atmosphere layer) so much hotter than the Sun's surface?
Why is the magnetic reconnection effect many orders of magnitude faster than
predicted by standard models?

Diffuse interstellar bands
What is responsible for the numerous interstellar absorption lines detected in
astronomical spectra? Are they molecular in origin, and if so which molecules are
responsible for them? How do they form?

Gamma ray bursts
How do these short-duration high-intensity bursts originate?'2

Supermassive black holes
What is the origin of the M-sigma relation between supermassive black hole mass and
galaxy velocity dispersion?2®! How did the most distant quasars grow their
supermassive black holes up to 10° solar masses so early in the history of the
Universe?
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Rotation curve of a typical spiral galaxy: predicted (A) and observed (B). Can the discrepancy

between the curves be attributed to dark matter?

Kuiper cliff
Why does the number of objects in the Solar System's Kuiper belt fall off rapidly and
unexpectedly beyond a radius of 50 astronomic units?

Flyby anomaly
Why is the observed energy of satellites flying by Earth sometimes different by a
minute amount from the value predicted by theory?

Galaxy rotation problem
Is dark matter responsible for differences in observed and theoretical speed of stars
revolving around the center of galaxies, or is it something else?

Supernovae
What is the exact mechanism by which an implosion of a dying star becomes an
explosion?

Three-body problem
Exact predictions for the positions of three (or more) bodies floating in space attracted
by gravity.

Ultra-high-energy cosmic ray
[I'why is it that some cosmic rays appear to possess energies that are impossibly high
(the so-called OMG particle), given that there are no sufficiently energetic cosmic ray
sources near the Earth? Why is it that (apparently) some cosmic rays emitted by
distant sources have energies above the Greisen—Zatsepin—Kuzmin limit?{214

Rotation rate of Saturn
Why does the magnetosphere of Saturn exhibit a (slowly changing) periodicity close
to that at which the planet's clouds rotate? What is the true rotation rate of Saturn's
deep interior?l24

Origin of magnetar magnetic field
What is the origin of magnetar magnetic field?

Large-scale anisotropy
Is the Universe at very large scales anisotropic, making the cosmological principle an
invalid assumption? The number count and intensity dipole anisotropy in radio,
NRAO VLA Sky Survey (NVSS) catalogue?® is inconsistent with the local motion as
derived from cosmic microwave background?’1% and indicate an intrinsic dipole
anisotropy. The same NVSS radio data also shows an intrinsic dipole in polarization
density and degree of polarization! in the same direction as in number count and
intensity. There are other several observation revealing large-scale anisotropy. The
optical polarization from quasars shows polarization alignment over a very large scale
of Gpc.B2EE1E4 The cosmic-microwave-background data shows several features of
anisotropy, 3IEeIETIE8 \which are not consistent with the Big Bang model.

Photon underproduction crisis
Why do galaxies and quasars produce about 5 times less ultraviolet light than expected
in the low-redshift universe?
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Space roar
Why is space roar six times louder than expected? What is the source of space roar?

Age—metallicity relation in the Galactic disk
Is there a universal age—metallicity relation (AMR) in the Galactic disk (both "thin"
and "thick" parts of the disk)? Although in the local (primarily thin) disk of the Milky
Way there is no evidence of a strong AMR,%! a sample of 229 nearby "thick" disk
stars has been used to investigate the existence of an age—metallicity relation in the
Galactic thick disk, and indicate that there is an age—metallicity relation present in the
thick disk.[“%1 Stellar ages from asteroseismology confirm the lack of any strong
age-metallicity relation in the Galactic disc.l2

The lithium problem
Why is there a discrepancy between the amount of lithium-7 predicted to be produced
in Big Bang nucleosynthesis and the amount observed in very old stars?!3!

Solar wind interaction with comets
In 2007 the Ulysses spacecraft passed through the tail of comet C/2006 P1
(McNaught) and found surprising results concerning the interaction of the solar wind
with the tail.

Ultraluminous pulsar
The ultraluminous X-ray source M82 X-2 was thought to be a black hole, but in
October 2014 data from NASA's space-based X-ray telescope NuStar indicated that
M82 X-2 is a pulsar many times brighter than the Eddington limit.

The injection problem
Fermi acceleration is thought to be the primary mechanism that accelerates
astrophysical particles to high energy. However, it is unclear what mechanism causes
those particles to initially have energies high enough for Fermi acceleration to work on
them.[44

Nuclear physics

The "island of stability" in the proton vs. neutron number plot for heavy nuclei

Quantum chromodynamics
What are the phases of strongly interacting matter, and what roles do they play in the
evolution of cosmos? What is the detailed partonic structure of the nucleons? What
does QCD predict for the properties of strongly interacting matter? What determines
the key features of QCD, and what is their relation to the nature of gravity and
spacetime? Do glueballs exist? Do gluons acquire mass dynamically despite having a
zero rest mass, within hadrons? Does QCD truly lack CP-violations? Do gluons
saturate when their occupation number is large? Do gluons form a dense system called
Color Glass Condensate? What are the signatures and evidences for the Balitsky-
Fadin-Kuarev-Lipatov, Balitsky-Kovchegov, Catani-Ciafaloni-Fiorani-Marchesini
evolution equations?

Nuclei and nuclear astrophysics
What is the nature of the nuclear force that binds protons and neutrons into stable
nuclei and rare isotopes? What is the origin of simple patterns™"<? jn complex
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nuclei? What is the nature of exotic excitations in nuclei at the frontiers of stability
and their role in stellar processes? What is the nature of neutron stars and dense
nuclear matter? What is the origin of the elements in the cosmos? What are the nuclear
reactions that drive stars and stellar explosions?

Plasma physics and fusion power
Fusion energy may potentially provide power from abundant resource (e.g. hydrogen)
without the type of radioactive waste that fission energy currently produces. However,
can ionized gases (plasma) be confined long enough and at a high enough temperature
to create fusion power? What kinds of advances in material science must be made?

Atomic, molecular and optical physics

Hydrogen atom
What is the solution to the Schrodinger equation for the hydrogen atom in arbitrary
electric and magnetic fields?%!

Abraham—-Minkowski controversy
What's the momentum of photons in optical media?

Condensed matter physics

A sample of a cuprate superconductor (specifically BSCCO). The mechanism for

superconductivity of these materials is unknown.

High-temperature superconductors
What is the mechanism that causes certain materials to exhibit superconductivity at
temperatures much higher than around 25 kelvin? Is it possible to make a material that
is a superconductor at room temperature?'?

Amorphous solids
What is the nature of the glass transition between a fluid or regular solid and a glassy
phase? What are the physical processes giving rise to the general properties of glasses
and the glass transition?k61471

Cryogenic electron emission
Why does the electron emission in the absence of light increase as the temperature of a
photomultiplier is decreased?48l4]

Sonoluminescence
What causes the emission of short bursts of light from imploding bubbles in a liquid
when excited by sound?BEAUBEL

Turbulence
Is it possible to make a theoretical model to describe the statistics of a turbulent flow
(in particular, its internal structures)?'2 Also, under what conditions do smooth
solutions to the Navier—Stokes equations exist? This problem is also listed as one of
the Millennium Prize Problems in mathematics.

Alfvénic turbulence
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In the solar wind and the turbulence in solar flares, coronal mass ejections, and
magnetospheric substorms are major unsolved problems in space plasma physics.[52
Topological order
Is topological order stable at non-zero temperature? Equivalently, is it possible to have
three-dimensional self-correcting quantum memory?3
Fractional Hall effect

What mechanism explains the existence of the ¥ = 5/ 2state in the fractional
quantum Hall effect? Does it describe quasiparticles with non-Abelian fractional
statistics?%4

Bose—Einstein condensation
How do we rigorously prove the existence of Bose—Einstein condensates for general
interacting systems?[51

e L

L]

B e i

Magnetoresistance in a ¥ = 8/ Sfractional quantum Hall state.

Liquid crystals
Can the nematic to smectic (A) phase transition in liquid crystal states be characterized
as a universal phase transition?[6157

Semiconductor nanocrystals
What is the cause of the nonparabolicity of the energy-size dependence for the lowest
optical absorption transition of quantum dots?!8!

Electronic band structure
Why can band gaps not accurately be calculated?

Biophysics

Stochasticity and robustness to noise in gene expression
How do genes govern our body, withstanding different external pressures and internal
stochasticity? Certain models exist for genetic processes, but we are far from
understanding the whole picture, in particular in development where gene expression
must be tightly regulated.

Quantitative study of the immune system
What are the quantitative properties of immune responses? What are the basic building
blocks of immune system networks? What roles are played by stochasticity?

Homochirality
What is the origin of the preponderance of specific enantiomers in biochemical

systems?
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Problems solved in recent decades

Ball lightning (2014)
In January 2014, scientists from Northwest Normal University in Lanzhou, China,

published the results of recordings made in July 2012 of the optical spectrum of what
was thought to be natural ball lightning made during the study of ordinary cloud-—
ground lightning on China's Qinghai Plateau.%% At a distance of 900 m (3,000 ft), a
total of 1.3 seconds of digital video of the ball lightning and its spectrum was made,
from the formation of the ball lightning after the ordinary lightning struck the ground,
up to the optical decay of the phenomenon. The recorded ball lightning is believed to
be vaporized soil elements that then rapidly oxidizes in the atmosphere. The nature of
the true theory is still not clear.[8%

Electroweak symmetry breaking (2012)
The mechanism responsible for breaking the electroweak gauge symmetry, giving
mass to the W and Z bosons was solved with the discovery of the Higgs Boson of the
Standard Model, with the expected couplings to the weak bosons. No evidence of a
strong dynamics solution, as proposed by Technicolor, has been observed.

Hipparcos anomaly (2012)
The actual distance to the Pleiades - the High Precision Parallax Collecting Satellite
(Hipparcos) measured the parallax of the Pleiades and determined a distance of 385
light years. This was significantly different from other measurements made by means
of actual to apparent brightness measurement or absolute magnitude. The anomaly
was due to the use of a weighted mean when there is a correlation between distances
and distance errors for stars in clusters. It is resolved by using an unweighted mean.
There is no systematic bias in the Hipparcos data when it comes to star clusters.!61

Pioneer anomaly (2012)
There was a deviation in the predicted accelerations of the Pioneer spacecraft as they
left the Solar System.[2l7] |t is believed that this is a result of previously unaccounted-
for thermal recoil force.[6215]

Long-duration gamma ray bursts (2003)
Long-duration bursts are associated with the deaths of massive stars in a specific kind
of supernova-like event commonly referred to as a collapsar. However, there are also
long-duration GRBs that show evidence against an associated supernova, such as the
Swift event GRB 060614.

Solar neutrino problem (2002)
Solved by a new understanding of neutrino physics, requiring a modification of the
Standard Model of particle physics—specifically, neutrino oscillation.

Bose-Einstein Condensation (1995)
Composite bosons in the form of dilute atomic vapors were cooled to quantum
degeneracy using the techniques of laser cooling and evaporative cooling.

Cosmic age problem (1990s)
The estimated age of the universe was around 3 to 8 billion years younger than
estimates of the ages of the oldest stars in the Milky Way. Better estimates for the
distances to the stars, and the recognition of the accelerating expansion of the
universe, reconciled the age estimates. (This assertion is being contested. Justification
has been posted on Age Crisis page).

Quasars (1980s)
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The nature of quasars was not understood for decades.!® They are now accepted as a
type of active galaxy where the enormous energy output results from matter falling
into a massive black hole in the center of the galaxy.[®!

See also

e Cosmic coincidence problem
o Universal Rotation Curve
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