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1 AKRECNI STRUKTURY V BLiZKOSTI CERNYCH DER
A NEUTRONOVYCH HVEZD

[Hreomenveors ]

Portad je vyroben pro sférickou projekci v systému Digistar 6.

L[] rovonce srvew - sruoumrenzoromsoy |

Na studenta nejsou kladeny naroky na zadné specidlni znalosti.

[=] wemrnineo sruommo maremars ]

Porad popisuje chovani a vzhled riznych modelii akre¢nich diskti v okoli ¢ernych dér a
neutronovych hvézd, vysvétluje princip akrecnich procesii a vlastnosti n€kolika modeli
Také se kratce zabyva vyzkumem a metodami modelovani akre¢nich diskd.

[|cuesrombomaremars

e Pochopeni vzniku akre¢nich diska
e Pochopeni vlivu zadkonu zachovéani na chovani hmoty v extrémnich gravitacnich
polich

_

Akrec¢ni disk, moment hybnosti, vlastnosti plazmatu, ¢ernd dira, neutronové hvézda, su-
pernova
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casrormemviesroy [[7]

Stopaz studijniho materialu: 21 minut

Doporuceny ¢as ke studiu: 2 hodiny

D e

e Vybrané kapitoly z astrofyziky — dil 30. Jak se pozoruji cerné diry? Jiti Svoboda,
https://astro.mff.cuni.cz/vyuka/AST021/Svoboda/1.pdf

e Gravitace, cerné diry a fyzika prostorocasu, Ulman, V., dostupné online:
http://astronuklfyzika.sweb.cz/Gravitace4-8.htm

e Encyklopedie fyziky, Reichl, J., dostupné online: http://fyzika.jre-
ichl.com/main.article/view/1158-hledani-cernych-der-a-jejich-projevy

e The Wobbling Shadow of the M87* Black Hole, EHT collaboration,
https://www.youtube.com/watch?v=v_Bk2997YMA&t=1s

e Feynmanovy prednasky z fyziky, R. P. Feynman, Fragment 2005

s o

e The science of Interstellar, Thorne, K. S., & Nolan, C. (2014).

e Gravity's fatal attraction: Black holes in the universe, Mitchell C. Begelman,
(1996)

._________________________________________________________________________________________________________________________________________|
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1.1 Scénar

Kdyz se ocitnete pod jasnou no¢ni oblohou a mate Cas se divat do hlubin vesmiru, tak vas
muze napadnout, ze takovy pohled m¢li lidé od nepaméti. A budete mit pravdu ...

Jenze po vétSinu vekid byly pro ¢lovéka hvézdy na no¢ni obloze jen vzdalena kulisa se
spoustou “svétylek”. Némi a strnuli svédci déni na Zemi.

Teprve poslednich sto padesat let se takova predstava radikalné méni. Uz vime, ze hvézdy
nejsou vécné. Stale podrobnéji jsme schopni popsat zmény jejich fyzikalnich vlastnosti,
kterymi prochazeji od svého vzniku az po sviij zanik.

Toto je Betelgeuze, hvé€zda v souhvézdi Orion. Je velmi jasnd, dokonce jedna z nejjasné;j-
Sich hvézd na zimni obloze. A uz pouhym okem vidime, Ze je naCervenald. Je to tzv. Cer-
veny veleobr a kazdou chvili mize explodovat jako supernova typu IL.

Ale nesmime zapomenout, ze ve vesmiru znamena ,,brzy* také tieba nékolik set tisic az
milionu let.

When you are under a clear night sky and have a time to look beyond the darkness of the
universe you start to think all of a sudden that this view must have been presented to hu-
mankind since time immemorial. And you will be indeed right...

However, during that time the night sky was somehow an unexplainable scenery with lots
of small lights everywhere. Voiceless and rigid witnesses of all the acts happening down
on the Earth.

It was only in the last 150 years that this perception has rapidly changed. We are already
aware that stars are not eternal at all. We were able to come up with better definitions and
explanations related to their physical properties changes from their beginning until their
demise.

Let me introduce you to the Betelgeuze, a star in Orion's constellation. It is quite bright. In
fact, it is one of the brightest stars in the winter sky. Just by looking at it we can tell that
she is in somewhat a reddish colour. It is a co-called red giant and it has an ability to
anytime explode like a supernova type 1.

But let's not forget that by saying anytime, we mean that in the universe terms. Soon and
anytime can mean several hundred thousands up to even billions of years.

Podobnou udélost pozorovali v roce 1054 ¢insti a arabsti astronomové. Vybuch supernovy
v souhvézdi Byka zplsobil, Ze se na obloze objevila nova velmi jasna hvézda, ktera byla
dokonce viditelna i za bilého dne. Po dvou letech ale se jeji jasnost snizila tak, Ze jiz nebyla
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pozorovatelna viibec. Na stejné misto zamifil sviij dalekohled anglicky astronom John
Bevis a v roce 1731 tam objevil nadhernou Krabi mlhovinu.

Uprostied Krabi mlhoviny je neutronova hvézda, ktera vznikla zhroucenim piivodniho ja-
dra hvézdy do oblasti velké asi 10 km.

Pokud by piivodni hvézda byla jesté hmotnéjsi a méla vice nez 50 hmotnosti Slunce, ziistala
by po ni jen Cerna dira.

A similar event was viewed by chinese and arab astronomers back in 1054. The explosion
of the supernova in the bull’s constellation has resulted in a bright new star which was
visible even during the daylight. After two years though, its brightness has unfortunately
diminished to the point it stopped being visible at all. An english astronomer John Bevis
tried his luck in 1731 on the same spot and found a beautiful crab nebula there. What an
incredible discovery, right?

Right in the middle of the crab nebula is a neutron star. Once the previous core of the star
collapsed, the neutron star was born and spread to the area about 10 kilometers big.

If the previous star was heavier and had its weight more than 50 times heavier than the
sun, it would become a black hole instead.

Zbytek materialu z piivodni hvézdy byl explozi odvrzen pry¢ do okolniho prostoru, ale jeho
¢ast mize byt znovu vtazena “do hry”.

Jak vime, v pfirodé a vesmiru plati zdkony zachovani. Tfemi zakladnimi jsou zdkony za-
chovani energie, hybnosti a momentu hybnosti.

The remaining material of the original star was thrown away into the other space following
the explosion but there is still some chance left that some part of it could be still put toge-
ther.

All of us are aware that there is a certain set of conditions in nature and space altogether
called conversation rules. Three most basic ones are the conservation of energy, momen-
tum and angular momentum.

Zakon zachovani energie nam tikd, Ze energie se nesmi ztratit — jen pfemeénit na jiny druh
energie.

Vezméme si hvézdu o hmotnosti 10 Slunci. Jeji celkova klidova energie je urcena vzta-
hemE = mc?, coz je asi 1.787 - 10*8 Jould. To je veskera energie, ktera je uloZena v ma-
teridlu hvézdy.
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Samoziejmé, ze k celé této energii se dostat nemizeme — vZzdy dochazi k obrovskym ztra-
tam, napiiklad pii fuzi H na He, je teoreticka ucinnost 0,7 % - tedy méné nez 1 % hmoty
se pfeméni na energii. Pti jaderném $tépenti je to jeSt¢ mnohem méné¢.

Pokud tedy takové hvézda vybuchne jako supernova, zddna energie se neztrati — vznikla
neutronova hvézda ma hmotnost tieba 1,5 hmotnosti Slunce, zbytek materialu byl vybu-
chem rozmetan do okoli, ale velka ¢ast byla také vyzarena ve formé elektromagnetického
zéfeni, gravitacnich vln nebo neutrin.

A rule for the conservation of energy insists that no energy can be lost - it can only be
changed to a different type of energy instead.

Let's go ahead and take as an example a star with weight around 10 Suns’. Its total resting
energy is defined by connection of E = mc”2, which is around 1.787*10"48 joules. That is
all the energy saved in the material of the star.

Of course there is no chance for us to get to this energy - there are always significant losses
for example during the fusion from H to HE; its theoretical effectiveness is ranging from 0
-7 %; which means that less than 1% of mass will be changed to energy.

Should any star explode in a similar way as a supernova, no energy will be lost in the end
— a new neutron star has got its weight 1-5 times of the Sun’s. The rest of the material will
be thrown out into its surroundings. Moreover, a huge part will radiate in the form of
electromagnetic radiation, gravitational waves and finally, neutrinos.

Zakon zachovani hybnosti nam tik4, Ze hybnost se zachovava, pokud na téleso neptlisobi
vnéjsi sila, zstava v klidu nebo rovnomérmé piimocarém pohybu — podle 1. Newtonova
zakona.

The conservation of momentum law suggests that momentum is preserved should it not be
influenced by external sources; it stays uninterrupted or in equal rectilinear movement
following Newton's first law.

vvvvvv

cokoliv se otaci kolem néjakého bodu, se nepiestane tocit bez plisobeni vnéjsich sil.

The law of preserving the angular momentum is a little bit more complicated. Any object
which does orbit around a certain point will not be able to stop spinning (unless there is
an external source included).
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Ale uz z tvaru rovnice pro moment hybnosti
L=rXxp

vidime, ze velikost momentu hybnosti L zavisi na vzdélenosti otacejiciho se télesa od
sttedu. Protoze se moment hybnosti neméni, vidime, ze rychlost otaeni pfimo tmérn¢€ za-
visi na vzdalenosti od stiedu otaceni r — ¢im blize je téleso ke stiedu, tim rychleji se bude
otacet a naopak.

Yet the following equation shape for the angular momentum L = r x p shows us that the
size of the angular momentum L depends on the distance of the orbiting object from its
core. Since the angular momentum does not change at all we can conclude that the speed
of spinning depends on the distance from the spinning core r. The closer the object is to the
core, the faster it orbits and conversely.

Nyni se vratme k nasemu ptikladu hvézdy té€sné pred vybuchem. Jako kazda hvézda, i ta
nase rotuje s né¢jakou thlovou rychlosti omega. To znamend, ze ma nenulovy moment hyb-
nosti!

A ted’, nase hvézda explodovala. Uprostied zlistala mal4 neutronova hvézda, ktera ma po-
lomér asi 10 km. JenZe prumér pivodni hvézdy byl fddove€ miliony kilometri!

A tak diky zachovani momentu hybnosti neutronova hvézda rotuje s neuvéfitelnou frek-
venci nékolika set otacek za sekundu. Stal se z ni pulsar, jaky muzeme pozorovat i v Krabi
mlhoving).

Ale 1 zbytek materialu z plivodni hvézdy, ktery je ted’ volné rozptylen po okoli, ma stale
néjaky svlj moment hybnosti. Sice — ano, pii explozi se jeho hodnota snizila, ale zcela jisté
neni nulova. A tento materiadl ma tendenci obihat kolem centra ptivodni hvézdy, kde se nyni
nachazi neutronova hvézda.

A diky gyroskopickému efektu se nahromadi v rovnikové roviné hvézdy, kde vytvoii utvar
podobny rotujicimu disku s neutronovou hvézdou uprostted. Materidl se bude postupné
zahtivat, ztrdcet moment hybnosti diky viskozité a dopadat na povrch neutronové hvézdy.

Pravé jsme si struéné popsali vznik akre¢niho disku.

Let's now return to the moment when a star is about to explode. Our star spins, the same
way like other stars, with a certain angular omega speed. That means that it has got a non-
zero angular momentum.
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This is the moment when the star finally explodes. It leaves behind only a small neutron
star in the centre with its radius around 10 kilometers big. The original star was a few
kilometers big, so it is quite a big difference in comparison.

The angular momentum enabled the neutron star to spin with a frequency of several hun-
dred revolutions per a second. It evolved into pulsar, the same one we can see in the crab
nebula.

The freely scattered material from the explosion has still got its own angular momentum.
Although the explosion decreased its value, it still did not reach a zero value. This material
tends to spin around the center of a previous star. In its place is a neutron star instead.

A gyroscope will make it all pile up in an equatorial plane level of the star. It does shape it
into an object similar to the rotating disk with a neutron star in the middle. The material
continues to get warmer and starts to continuously lose its angular momentum due to a
viscosity; in the end it falls down onto the surface of a neutron star.

This was a brief explanation of the accretion disk’s origin.

Vybuch supernovy ale po sobé miize zanechat i jiné objekty — pokud je ptivodni hvézda
jesté hmotnéjsi, bude tim pozlstatkem cerna dira.

I'v jejim okoli se miiZe stejnym zptsobem vytvofit diskovy Utvar.

The supernova’s explosion sometimes leaves behind various objects if the original star is
heavier, its remnant would actually be a black hole.

There are also cases when a disk shape can appear around a black hole’s surroundings as
well.

Disky vSak nevznikaji jen pii explozich supernov. Vlastn¢ je najdeme je ve vesmiru prak-
ticky vSude.

Napftiklad pfi vzniku nové hvézdy z mracna prachu a plynu. Veskery materidl, ktery ne-
skoncil ve hvézdé samotné kolem ni vytvofi tzv. protoplanetarni disk. Ten je sice zpoc¢atku
tvotfen plyny a drobnymi prachovymi ¢asticemi, ale ty se zacnou srazet a tvotit vétsi a vetsi
télesa, az vytvori planetarni soustavu jako je napiiklad ta nasSe.

Those disks do not arise during explosions only, we are actually able to spot them eve-
rywhere in the universe. For example during a moment when a new star arises, made of
clouds and gases. The material which did not end up inside the star itself will construct
around it a protoplanetary disk.

10
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Although it firstly consists of gases and tiny bits of dusty pieces, over time it will start to
collide and unite into bigger parts until it becomes a whole planetary system such as ours.

Dalsim piikladem diskového tvaru jsou ruzné galaxie. Hvézdy, gigantickd mra¢na prachu
a plynt tvoii disk ktery se otaci kolem stiedu galaxie, kde ve vétSin€ ptipadi najdeme su-
permasivni ¢ernou diru. Ty maji hmotnost né€kolik milionti az desitek miliard hmotnosti
Slunce.

Zatim presn€ nevime, jak piesn¢ vznikly, ale je pravdépodobné, Ze procesem postupného
splynuti mnoha mensich ¢ernych dér a svou hmotnost jisté zvysily také diky tomu, Ze po-
hlcovaly materidl z akre¢niho disku ve svém okoli.

A different example of a disk shaped object are all kinds of different galaxies out there.

The orbiting stars around the centre of galaxies, massive clouds made of dust and gases,
make the whole disk orbit around the centre of the galaxy; in almost all cases we are able
to find a supermassive black hole there. Their weight could possibly range from a few
millions to tens of billions times heavier than the Sun.

So far, we have not successfully managed to guess how it exactly arised from. One of our
guesses is that they originated from a union of different smaller black holes. Their weight
was probably increased by absorption of the material from the accretion disk in its surroun-
dings.

Nas ale budou zajimat predevsim akrecni disky — to jsou ty, ve kterych se material zahtiva
na obrovské teploty a uprostied dopada na centrdlni objekt (Cernou diru, neutronovou
hvézdu nebo jiny kompaktni objekt).

Alright, time to start talking about what is of the most interest to us - accretion disks! We
mean the ones whose material is increasing to massive temperatures. Moreover, it also
falls in the centre onto the central objects (either black hole, neutron star or different type
of compact object).

Material v takovém disku postupné ztraci moment hybnosti, aby, kdyZ se navzdy ztrati v
cerné dife, neporusil zdkon zachovani. Pfi tom musi piebyte¢nou energii odevzdat — pie-
menit na teplo a vyzafit v podobé elektromagnetického zateni.

11
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This disk’s material will continuously lose its angular momentum. This is in order to avoid
the violation of the law of conversation when it gets lost forever in the black hole. The
redundant energy must be given over during this process - it will change the temperature
to warmth and be released in a form of electromagnetic radiation.

Da se dokonce spocitat efektivita premény klidové energie hmoty na teplo pii akreci a vztah
je to celkem jednoduchy n = GM/(c? r), kde G je gravitaéni konstanta, M je hmotnost
centralniho objektu a r je jeho polomér.

U cernych dér, které rotuji, to muze dosdhnout az 40 %! Pro srovnani, nuklearni fize v
centrech hvézd maji i€innosti méné nez 1% a $tépné jaderné reakce v jadernych elektrar-
nach jen setiny procenta.

Akrece materialu na kompaktni objekt je tedy druhy nejucinnéjsi zpiisob premény hmoty
na energii, hned po anihilaci, kterd méa samoziejmé ucinnost 100 %.

We are also able to measure the effectiveness of invariant mass conversion to temperature
during the accretion. The connection is quite simple actually: n=GMc2r G represents gra-
vitational constant, M represents the weight of the central object and r represents its radius.

Orbiting black holes might reach up to even 40 %! To compare it: the nuclear fusion inside
the stars has less than 1% effectiveness while nuclear reactions in the power stations only
in hundreds of percent.

The material’s accretion to compact objects is the second most effective transfiguration of
mass to energy; right after the annihilation which does have 100 % efficiency.

Bohuzel, takovy proces akrece neumime na Zemi napodobit. Je k tomu potfeba extrémné
maly a hmotny objekt, jak je vidét ze vzorce pro efektivitu. OvSem je to Skoda, protoZe
takova “elektrarna” by dokazala fungovat na jakékoliv “palivo”, v tésné blizkosti ¢erné diry
uz jsou tak extrémni teploty a tlaky, ze se jakykoliv materidl pfeméni jen na protony a
elektrony.

Hezké teSeni problému s odpady!

Unfortunately we are not capable of imitating a similar process of accretion here on Earth.
We would need some tiny and heavy object as can be seen in the formula for the effective-
ness. It is quite unfortunate actually because this power station could work on any source
of energy. The surroundings of the black hole are extremely hot and have a high pressure,
so any material could be easily changed to protons and electrons.

Does that not sound like an ideal solution with human waste to you?

12



Debora Lancova a kolektiv - Akrecni struktury v blizkosti cernych der a neutronovych hvézd

Existuje velké mnozstvi matematickych modeli akre¢nich disku, spole¢né se podivame jen
na ty nejjednodussi a nejbéznéji pouzivané.

There is a huge range of matematician models with acression disks. We will take a look at
the most easiest and commonly used ones.

V nejjednodussim modelu akrecniho disku pfedpokladame, ze se hmota pohybuje po kru-
hovych stabilnich drahach podle Keplerovych zdkonl — tzv. keplerovsky disk, a navzajem
se neovliviiuje. Rychlost rotace je neptfimo umérna odmocning z poloméru r

v = ,/GM/r, kde G je gravita¢ni konstanta a M je hmotnost centralniho objektu.

Snadno si mizeme spocitat, Ze ve vnitinich oblastech diskili v okoli ¢erné diry s hmotnosti
10 Slunci, coz je typicky zastupce Cernych dér hvézdné velikosti, material dosahuje rych-
losti méfitelnych ve zlomcich rychlosti svétla.

Pokud chceme piesnéjsi popis akrecniho disku, nesmime zanedbavat vzajemné interakce
materialu, ktery ho tvofi. Hmota v takovém prostfedi mlize existovat jen jako extrémné
horké plazma, teploty v akrec¢nich discich dosahuji hodnot miliard kelvind.

We assume in the easiest model of accretion disk that the mass is running along the round
shaped stable trajectories based on Kepler's law — a so-called Kapler's disk; it does not
have any mutual effect. The speed of the rotation is inversely proportional to the nth root’s
radius r v= GMr, where G is gravitational constant and M is the weight of the central
object.

We can easily measure in the middle parts of the disk which is in close proximity to black
holes 10 times the weight of the Sun that the material reaches the speed measurable in
fractions of a speed light.

If we wish to have more detailed data of the accretion disk we should not forget the active
interaction of the material it is made of. This mass could exist in a similar environment
under the condition of being an extremely scorching plasma. The temperature in accretion
disks reach up to the billions of calvins.

Nejbéznéjsi model popisuje tzv. tenké disky a v roce 1973 ho poprvé popsali dvarusti védci
Nikolaj Sakura a Ragid Sjunjajev a proto mu fikame Sakurtiv-Sjunjajeviiv model.

VvV wew

Nejbéznéjsi model popisuje tzv. tenké disky a v roce 1973 ho poprvé popsali dvarusti védci
Nikolaj Sakura a Ragid Sjunjajev a proto mu fikame Sakurtiv-Sjunjajeviiv model.
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V tomto modelu se veskeré interakce hmoty popisuji jako viskozita a do rovnic vstupuji
jako jediny parametr alfa. Hmota disku je popsana jako viskézni kapalina, ktera rotuje se
skoro keplerovskou rychlosti a velmi malou radialni rychlosti smérem do centra. Moment
hybnosti materialu je v tomto modelu pfenasen smérem ven, z vnitini ¢asti tedy mize ma-
terial padat do Cerné diry uprostied, jelikoz uz Zadny moment hybnosti nemé a neporusu-
jeme zakon zachovani.

Sakurtiv-Sjunjajeviiv disk je velmi tenky, téméf jako Ziletka, coz mizeme dokonce u né-
kterych objektli pozorovat jako ,,stin v ekvatorialni roviné®, je velmi husty, opticky neprt-
hledny a teplo vznikajici interakci latky velmi ¢inné pfeménuje v zaieni — zafi jako abso-
lutné Cerné téleso.

One of the most common models are co-called slims disks. It was introduced by two russian
scientists called Nikolaj Shakura and Rashing Sjunajev and thus we named the disk as
Shakura’s-Sunyaev’s model.

The movement of the mass is called the viscosity, it comes into the equation as a sole para-
meter alfa. This mass is described as the viscosity liquid, it rotates almost at Kepler's speed
while its rotation to the center is really small. The angular momentum of the mass is
transmitted to the outside, its inside part could easily fall into the black hole. The reason
why is that it does not have its angular momentum anymore and thus we do not violate the
law of conservation.

Shakura’s-Sunyaev’s disk is quite thin. We may observe around some objects “the shadow
of the Equatorial plane” which is very thick and optically transparent. The warm tempera-
ture as a result of the interactive mass is changing to the radiation — it shines like the
absolute black object.

Co se viak skryva za onou viskozitou, to Sakura a Sjunjajev ve svém modelu nepopsali a
az do 90. let minulého stoleti to nebylo jasné. Zadné procesy “nesedély” do rovnic, nevy-
tvarely dostatecné tfeni, aby model fungoval.

V roce 1991 vsak astrofyzikové Balbus a Hawley pfedstavili sviij model MRI — magneto-
rotacni instability. Ten pfedpoklada, Ze se v disku vytvaii silné magnetické pole a diky
rozdilné rychlosti rotace materidlu na blizkych polomérech je material na vnitini orbité
brzdén tim, Ze jej magneticky pfitahuje materidl na vnéjsi orbité. To vytvafi chaoticky tur-
bulentni pohyb, ktery je dnes obecné¢ povazovan za hnaci motor akre¢nich diskd a hlavni
zpusob pienosu momentu hybnosti.

Until the early 1990 we did not have any idea what was being hidden beyond the viscosity
since both Shakura and Sunyaev did not provide us with any details. No processes fit into
our equations, all of them did not provide enough friction in order for the model to properly
work.
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It was 1991 when two astrophysicists Mr. Balbus and Hawley introduced their brand new
model MRI — magnetorotational instability. It is based on the assumption that inside a disk
is a new strong magnetic field. Due to the different rotations of material on nearby radiuses,
the material in the inside orbit holds back because it is magnetically attracted by the ma-
terial at the external orbit. This causes a chaotic turbulent movement, nowadays known as
the engine of the accretion disks and the main way of transmitting the angular momentum.

Tenké disky mohou fungovat jen v ptipad¢, ze je v systému pomérné malé mnozstvi mate-
ridlu. Jestlize se ale na ¢ernou diru uprostred tla¢i obrovské mnozstvi hmoty, popisuje situ-
aci mnohem 1épe model tlustych tora (tzv. polskych koblih). Material v tlustych discich je
zahtaty na obrovskeé teploty, ma malou viskozitu a diky tomu, ze zafeni z n¢j mtze unikat
jen v omezeném prostoru v okoli osy rotace, jevi se tyto systémy vzdalenému pozorovateli
jako velmi jasné objekty.

The thin discs could work only under a condition that there is a little amount of material
inside. Should there be a case when a massive amount of mass pushes to the centre of the
black hole, we follow a more feasible model called a fat torus, commonly known under so-
called Polish doughnuts. The temperature of the material in the thick disk is quite scorching
and its viscosity is small. Based on these characteristics can the radiation break away in
limited space in a rotational axis only. Any distant viewer can see these systems as very
bright objects.

Piedpoklada se, ze tlusté disky se nachazeji v aktivnich galaktickych jadrech — kvasarech.
Jedna se o supermasivni ¢erné diry, které ptitahuji tak obrovské mnoZstvi materialdl, Ze jeho
velkou ¢ast vyvrhuji zpét do prostoru mohutnymi jety — vytrysky z polarnich oblasti.

Materidl v nich je magnetickym polem disku a rotaci centralni ¢erné diry urychlovan na
rychlosti blizké rychlosti svétla. Kvasary jsou objekty snad s nejveétsim zafivym vykonem
viibec, diky nim tak vidime galaxie, které jsou od nas vzdalené miliardy svételnych let.

Nejznaméjsim zastupcem je M87*, supermasivni ¢erna dira v centru galaxie M87, jejiZ stin
je na prvnim obrazku ¢erné diry potizeném systémem Event Horizon Telescope.

Tato galaxie, respektive jeji jadro, bylo v centru z4jmu mnoha riznych teleskopt a druzic
uz dlouho, a tak mame celou fadu plisobivych snimkt se zietelné viditelnym vytryskem a
dal$imi detaily.

It is generally assumed that fat disks can be found in the active and massive cores - quasars.
These are supermassive black holes which attract so much material that it has to throw
away a huge part back into space with its huge bursts (bursts from polar regions).

The material inside is a magnetic field of a disk and due to a rotation of the central black
hole it is speeded up to the almost same speed as light. Quasars amount one of the biggest

15



Debora Lancova a kolektiv - Akrecni struktury v blizkosti cernych der a neutronovych hvézd

radiant power among all objects which is also why we are enabled to see distant galaxies
billions of light years away.

The most well known representative is M87; a massive black hole right in the centre of the
M87 galaxy whose shadow is reflected on the first black hole picture taken by the Event
Horizon Telescope system.

This galaxy’s core was of the most interest for all kinds of telescopes and satellites, so
nowadays we have an impressive collection of bright and visible bursts with all other de-
tails.

Existuje cela fada dalSich modeld, naptiklad ,,$ilené* disky (MAD), které jsou diky silnému
magnetickému poli uzavieny do jeho siloar, ADAF disky, které jsou tlusté, prihledné,
tvotené extrémné horkym ionizovanym plynem. Pfedpoklada se, Ze takovy disk miZzeme
pozorovat napiiklad v okoli ¢erné diry v centru nasi Galaxie oznacované jako Sagitarius
A*.

There are all kinds of different models out there; one of them are mad disks which are
locked inside their lines of forces because of their strong magnetic field. Another ones are
ADAF disks which are described as: transparent and formed by extremely hot ionized gas.
We assume that this disk can be seen in the surroundings of black hole’s center in our
Galaxy called as Sagittarius A*.

Ve skutecnosti jsou systémy s akre¢nimi disky jen stéZi popsatelné jednoduchymi matema-
tickymi modely, avSak pfi porovnani s pozorovanim se zda, Ze nékteré popisuji nékteré
systémy velmi dobie — a jiné zase ne.

Vime, ze realné akre¢ni disky jsou kombinaci n€kolika typt modeld, ptipadné jsou ovliv-
nény silami, které v modelech ¢asto nezahrnujeme.

V soucasné dobé¢ se velmi rychle rozvijeji pocitacové metody, které nam umoziuji simulo-
vat chovani hmoty v extrémnim okoli ¢ernych dér a postihnout tak mnohem vice fyzikal-
nich jevill, nez umoziuji matematické modely.

In reality, these systems with accretion disks are not very easily described with any mathe-
matician model. However, when comparing them with different observations we can conc-
lude that some describe the systems quite well while others do not.

We are aware that real accretion disks are composed out of the combination of more mo-
dels. Sometimes it can be affected by forces we do not often use in our models.
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Nowadays, there are several computer methods which allow us to simulate the behaviour
of mass in the extreme surroundings of other black holes. This helps us to deepen our know-
ledge of physical phenomena rather than using mathematical models.

Akrecni disky jsou hnacim motorem téch nejjasnéjSich objekti, které miizeme ve vesmiru
najit.

A pfesto ani dnes jesté zcela nerozumime tomu, jak piesné funguji a co je pohani. Je to
extrémni prostiedi, kde se hmota zahtiva na miliardy stupnu Celsia, rotuje rychlosti blizkou
rychlosti svétla a pted tim, nez nenavratné zmizi v nitru ¢erné diry mtize odevzdat az 70 %
své celkové energie a preménit ho na teplo a zareni.

Studium akre¢nich diskli ndm pfinasi nové poznatky, jak se hmota v téchto extrémnich
situacich chova — je to prostfedi, které nemtzeme v Zadné laboratofi na Zemi uméle vytvo-
fit.

The accretion disks are the power engine to all the bright objects we can find all over the
space.

Despite that we are nowadays still unable to understand how all of it actually works and
what drives it all. It is an extreme environment where the mass heats up to billions of de-
grees Celsius. It also rotates in an almost similar speed as light and before it disappears
in the core of black hole it oftenly gives over 70 % of its whole energy and transforms it to
heat and radiation.

The study of accretion disks is giving us insight into how the mass behaves in extreme
situations — it is the environment we cannot artificially recreate anywhere on our Earth.
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2 PEDAGOGICKO DIDAKTICKE POZNAMKY

[][erovopcesrooen ]

Obory: 053 Védy o nezivé prirodé, 0532 Védy o Zemi, 0533 Fyzika (klasifikace podle
CZ-ISCED-F 2013).

Studentlim bude ve sférické projekci pusténo video s vykladem. Jedna se o interaktivni
doplnék bézné vyuky. Pedagog po shlédnuti odkaze na dopliujici literaturu a zodpovi na
dotazy.

[ [omonzmorsiew ]

Jakym zplisobem se prenasi moment hybnosti na vnéj$i okraj disku a co se s nim pak
stane?

|
VyzkousSejte si gyroskopicky efekt tfeba na jizdnim kole — roztocte potadné ve vzduchu
pfedni kolo a pokuste se ho naklonit. Jde to hlife, neZ kdyby se kolo netoc¢ilo?
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