JTEx EVROPSKA UNIE
* * Evropské strukturalni a investiéni fondy

ATk Operacni program Vyzkum, vyvoj a vzdélavani MINISTERSTVO SKOLSTV

Nazev projektu Rozvoj vzdélavani na Slezské univerzité v Opave

Registra¢ni ¢islo projektu CZ.02.2.69/0.0./0.0/16_015/0002400

Zivot pod ¢ernymi slunci -
exoplanety u ¢ernych dér

Pruvodni list studijniho materialu

Martin Petrasek a kolektiv

Opava 2020

SLEZSKA
UNIVERZITA
V OPAVE



Martin Petrasek a kolektiv — Zivot pod cernymi slunci — exoplanety u cernych dér

Obsah

PREDMLUVA ..ottt 3

1 ZIVOT POD CERNYMI SLUNCI — EXOPLANETY U CERNYCH DER............... 4
(e 1 PP 6

2  PEDAGOGICKO DIDAKTICKE POZNAMKY .....cocovvvriiisirisssierssissnssenissenenn, 17

POUZITA LITERATURA ......oooevirereeieeteeteseetesessesissssesseses s sesss s ssssssensssenssnsssnsssensanes 18

PREHLED DOSTUPNY CH IKON......coeviviieiiieeieisseieeeesesissee s sesessesssses s s ssnessenes 19



Martin Petrasek a kolektiv - Zivot pod ¢ernymi slunci — exoplanety u cernych dér

PREDMLUVA

Tento pravodni list byl vypracovan k jednomu ze serialu 10 vzdélavacich potradii urce-
nych pro sférickou projekci, které vznikly v ramci projektu ,,Rozvoj vzdélavani na Slez-
ské univerzité¢ v Opave®.

Zabyvaji se vesmes astrofyzikalnimi tématy, jak je ziejmé 1 z nazvi jednotlivych pota-
di:

Binarni systémy s neutronovou hvézdou, Bindrni systémy s cernou dirou, Optické efek-
ty v extrémnich gravitacnich polich, Akrecni struktury v blizkosti cernych der a neutrono-
vwch hvézd, Vyzarovani v silné gravitaci, Zivot pod cernymi slunci — exoplanety u cernych
der, Kosmické mikrovinné pozadi, Rentgenové observacni kosmické mise, Akrecni disk u
cernych der zblizka, Astrofyzika plna extrémii

Jednotlivé scénare pripravovali samostatné jejich tviirci — Jan Hladik, Adam Hofer,
Debora Lanc¢ova, Jan Novotny, Martin Petrasek, Jan Schee a Tomas Graf.

Na vyrobé¢ se vSak kromé& autorti scénarii podileli také dalsi tviirci z fad zaméstnanci i
studentl univerzity: Jan Barto§, Lucie Dospivova, Viky Kureckli, Adam Langer, Vojtéch
Pazdera, Ondiej Smékal a Katefina Simeckova.

VSichni tviirci dékuji Slezské univerzité v Opavé za moZnost podilet se na tomto pro-
jektu a ja si dovoluji podékovat v§em kolegynim a kolegtim za spolupraci, bylo mi cti se
S nimi pfi praci na projektu setkavat.

Tomas Graf
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1 ZIVOT POD CERNYMI SLUNCI — EXOPLANETY U
CERNYCH DER

[Hreomenveors ]

Portad je vyroben pro sférickou projekci v systému Digistar 6.

L[] rovonce srvew - sruoumrenzoromsoy |

Na studenta nejsou kladeny naroky na zadné specialni znalosti.

[ e |

Své zivoty Zijeme diky Slunci. Doddva nam Zivotodarnou energii v podobé elektro-
magnetického zafeni. VEtSina z nés si ani neuméla predstavit, Ze by sluncem mohlo byt i
jiné téleso, nez je hvézda. Ve filmu 2001 Vesmirna Odysea jsme mohli poprvé zjistit, ze
nejen Slunce mize dodéavat energii. A kdyZ se nas§ zrak obrati k planeté Jupiter, zjistime,
7e zatimco na mésici Europa je jesté chladno, mésic Io je uz naopak az pfili§ horky. Ze
existuji 1 extrémnéjsi pripady kdy télesa mohou ohfivat slapové sily nam v roce 2014
ukdzal film Interstellar.

Porad se sklada z prochazky po Slunecni soustavé, definici obyvatelné zony a potieby
tepla pro zivot. Nasledné se vydame k Jupiteru, kde se sezndmime s praktickym vlivem
slapovych sil a popiSeme obyvatelnou zénu v tomto kontextu. Zminime vyvoj filmu 2001
a nasledné 2010, kde dodanim hmoty se zazehnou termonuklearni reakce, a z planety
Jupiter se stane hvézda. Budeme hledat, jaké dalsi svéty mohou existovat, a narazime na
posledni moznost, kterou je cernd dira. Co je to ¢erna dira? Kde ji najdeme, jak vznika?
Vydame se cerné diry hledat; jaké musi mit parametry, aby u nich mohly existovat
exoplanety schopné hostit zivot? Opét inspiraci filmem (Interstellar) se rozlouc¢ime s ci-
zimi svéty a vratime se zpatky na zemi.
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cresoumpomaremice —— [[7]

Student ziskd povédomi o zplisobech detekce a principech existence exoplanet se za-
méfenim na exoplanety u ¢ernych dér. Materidl je vstupnim pfedkurzem budouciho kurzu
relativistické fyziky a fyzikdlnich a optickych efekti v poli ¢ernych dér.

rweovasiomsroomowaremay -]

Exoplanety, astronomie, astrofyzika, unisféra, planetarium, sféricka projekce

casrormeanviesron ———— [[7]

Stopaz studijniho materialu: 21 minut

Doporuceny ¢as ke studiu: 1 hodina
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1.1 Scénar

Jisté vSichni znate ten pocit. Slunko jiz ddvno zapadlo za obzor a soumrak se postupné
preléva do horké letni noci. Lezite na mezi a nad vami se objevuje hvézda za hvézdou.
Obloha potemnéla dost na to, aby se vynofila i mlé¢na draha, ndhrdelnik miliard hvézd
Nasi galaxie. Kdo by v tu chvili aspon na okamzik nezaptemyslel o tom, kolik dalSich
svétl je nad nami? U kolika hvézd jsou jiné planety podobné té nasi, s oceany, poustémi,
horami a lesy. Kdo dalsi se diva na nasi mléc¢nou drdhu odjinud? Nebo na ramena docela
jiné galaxie? A co si zrovna ted’ mysli?

Each one of you surely knows that feeling when the Sun disappears behind the horizon
and twilight takes its place in the hot summer night. You lay down on the grass and keep
watching as a new star in the night sky appears. The sky has darkened to the point that
even the Milky way has graced us with its presence of billions of stars in our galaxy. Who
would have not wondered about how many other worlds exist out there beyond our re-
ach? How many stars have planets similar to ours? Completed with oceans, deserts,
mountains and forests. Who else is watching the galaxy far away from a different place as
us? What if that someone also watches a different galaxy? And what are they currently
thinking?

Planetu, na které zijeme, jsme si pojmenovali Zemé. Je to mald kamenna planeta, tieti
v pofadi od hvézdy, kterd ma povrchovou teplotu 5800 K a hmotu tak akorat velkou, Ze
jeji hlavni zivotni faze, hlavni posloupnost, trva miliardy let. Tato hvézda, které fikame
Slunce je sama. Nema hvézdného souputnika, a tak planety kolem ni mohou obihat po
veelku stabilnich drahach. Merkur a Venuse jsou pfili§ blizko Slunce, a tedy pfilis horké
planety na to, aby na nich mohl existovat Zivot. Zem¢& se nachédzi v idedlnim postaveni,
Slunce ji dodava spravné mnozstvi zafeni. Ani moc ani malo a Zem¢ ma atmosféru, ktera
toto zareni dokaze spravné vyuzit.

The planet we live at has been named by us as Earth. It is a small stone planet a third in
place from a star. Its surface temperature is 5800 K. Its weight is big enough for the main
sequence to last for a few billions of years. The star we call a Sun is all by itself. It does
not have a stellar companion, so other planets are able to orbit around it on very stable
trajectories. Planets such as Mercury and Venus are too hot so no life could possibly exist
there. However, our Earth has got the ideal location. The Sun is giving over the right
amount of its radiation which is used by Earth in a very effective way.

Obyvatelna zona:

Obyvatelna zona je v astronomii uzivany termin pro oblast kolem hvézdy, v niZ by se
mohl vyskytovat zZivot. Jinymi slovy jedna se o oblast, v niZ nachazejici se planeta piijima
takové mnozstvi slunecni energie, které povrch planety neptrehiiva ani naopak nenechava
prespftilis chladnym. Voda zde miize existovat v kapalném stavu.


https://cs.wikipedia.org/wiki/Astronomie
https://cs.wikipedia.org/wiki/Hv%C4%9Bzda
https://cs.wikipedia.org/wiki/Planeta
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In astronomy a habitable zone is an area around a star where any life could possibly
exist. In other words it is a location where any planet can take enough sun energy from;
this sun energy does not overheat the surface nor keeps it too cold. Moreover, we can find
water in a liquid state here.

Mars je ale také jesté uvniti obyvatelné zony, jenze nema dostatecné silnou atmosféru.
Mozna ji mél v minulosti, ale v disledku procesti, o nichz miizeme zatim jen spekulovat,
o ni ptiSel a s ni i 0 zasoby vétSiny povrchové vody.

Zda se tak, ze dal§imi planetami se nemé smysl zabyvat. Cim se dostavame od Slunce
dale, mnozstvi zateni nasi hvézdy klesa. Navic zbylé planety Jupiter, Saturn, Uran a Nep-
tun jsou obii a plynné, bez povrchu, na kterém by mohla byt vyhtata mez s typickou letni
noci, a ze které by se mimozemstané mohli koukat na oblohu a premyslet o jinych své-
tech... [ kdyz...

While we consider Mars as a habitable zone, it still lacks a strong enough atmosphere.

It is possible that in the past there could have been water but due to some unexplainable
reason to us it has been fully erased including with the majority of its surface water.

So it looks like there are no means to speculate about other planets. The more we get
away from our Sun, the bigger decrease of our star’s radiation.

The left planets such as Jupiter, Saturn, Uran and Neptune are enormous and all of them
have got a gas; this means it lacks a firm surface where the boundary usually gets warm
during our summer nights so there is no chance that any “aliens” could possibly have the
same conditions we have got and observe the sky while thinking about different
worlds...but who know, maybe we are wrong...

Ukézka z filmu 2001: Vesmirna Odyssea nebo z 2010: Vesmirnd Odyssea

vvvvvv

zadné misto, se stabilnimi podminkami k zivotu. JenZe kolem planet Slune¢ni soustavy
obihaji mésice. Ty u kamennych planet jsou také kamenné a bez atmosféry. Nékteré mé-
sice kolem planet Jupiter a Saturn ale atmosféry maji. A na n¢kterych z nich ani neni zi-
ma. Jak je to mozné?

Mohou za to slapové sily. Ty, které na Zemi zpusobuji pfiliv a odliv mohou v podobé
obfich planet a mésicii obihajicich v tésné blizkosti zplsobit mnohem silnéjsi pnuti, jehoz
nasledek v podob¢ tfeni dokaZe ohiat mésic az natolik, ze teploty mohou byt mnohem
vys$i, nez byste od tak Slunce vzdéaleného télesa cekali.

But we are getting too ahead of ourselves. The worlds of enormous planets are more
complicated. We would not be able to find any place with stable conditions for life on any
of them at all. Although, the planets of the Solar system have got Moons orbiting around
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them. The stone planet” moons are made of stone with no atmosphere as well. Yet a few
months around Jupiter and Saturn have got their own atmosphere. And some of them are
also not cold either. But how is that possible?

It is caused by tidal forces. The ones which force high tide and low tide on Earth can in
the form of huge planets and moons orbiting in their close surroundings cause stronger
movement. The friction heats the Moon to the temperature so high you would not expect
from such a distant object away from the Sun.

Uhlikovy Sovinismus:

V tuto chvili nas bude zajimat jen jedna forma Zivota, tedy ten Zivot, jak jej zname — po-
zemsky, uhlikovy. Nejnutnéjsi podminky pro jeho existenci jsou vlastné celkem prosté —
ptitomnost dostatku uhliku a stabilni existence vody v kapalném stavu. Z toho vyplyva
n¢kolik omezeni a podminek. Tedy teploty mezi 0 az 100 °C a né&jaka ochrana, ktera
znemozni vypareni vody do vesmiru. Napiiklad atmosféra nebo néjaky ochranny obal
(podpovrchovy ocean napiiklad).

Voda v kapalném stavu je nezbytnym rozpoustédlem pro uhlikové slouceniny. Uhlik zase
poskytuje zdaleka nejbohats$i mozné kombinace pro stabilni existenci organickych slou-
¢enin. Existuji sice alternativni teorie biochemie, ale tato se nam doposud zd4 nejdostup-
n¢j$i. Kritikové ji ¢asto nazyvaji uhlikovym Sovinismem.

Right now we will dive into one form of life which we have the biggest interest in — the
earthly, carbon ones. The most necessary conditions for its existence are quite simple —
enough presence of carbon and stable supply of water in a liquid state. This brings a few
restrictions and conditions along it. The temperatures must range from 0-/00 °C and
some type of protection against the possibility of water evaporation into space. It could
be for example an atmosphere or some protection layer (possibly under the surface of the
ocean).

Water in a liquid state is a necessary solvent for all carbon compounds. The carbon pro-
vides the widest range of possible combinations for stable existence of organic com-
pounds. Although there exists some alternative biochemistry theories, this one is the most
available one. The critics usually label it as carbon chauvinism.

Meésice velkych plynnych planet slune¢ni soustavy jsou opravdu pestrymi svéty a doslova
laboratofi mimozemské chemie. Co zatim nevime, jestli jsou také laboratofi mimozemské
biologie.

Nejnadé€jnéjsi jsou svéty kolem planety Jupiter. Kdyz se zadivate tieba 1 do malinkého
loveckého dalekohledu, spattite kolem planety Jupiter 4 tecky srovnané do jedné pifimky.
Jsou to v poradi co do vzdalenosti mésice lo, Europa, Ganymed a Callisto. 10 je z nich
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nejblize a slapovymi silami Jupitera to v ném doslova vie. Na povrchu tohoto mésice se
necni soustavy. Sopecna mracna a lavové proudy neustale pretvareji povrch mésice vcet-
n¢ jeho zbarveni, které vétSinou vlivem sloucenin siry nabyva riznych odstinii ¢ervené,
zluté, bilé, ¢erné i zelené. Tady budeme zivot hledat asi stézi.

The Moons of big gas planets from the Solar system are quite colorful worlds and are
also the laboratories of extraterrestrial chemistry. What we do not know yet is if it is not
a laboratory of extraterrestrial biology.

The most promising are worlds around the Jupiter planet. If we take a look from a small
telescope, we would see around the Jupiter planet four small spots parallel in one line.
These moons are in order based on their distance: Lo Europa, Ganymede and Callisto.
The closest one is lo and due to the influence of tidal forces its insides are literary boi-
ling. We can find on this moon’s surface more than 400 active volcanoes which makes
this moon one of the most active ensembles of the Solar system. The volcanic clouds and
lava flows keep changing the moon's surface including its colouring. The colours are
changed thanks to the compound of different shades of red, yellow, white, black and gre-
en. We would be unable to find any life around here at all.

Ale jen o kousek dale, se dostaneme k Europé. Ledové chladny mésic se tvafil az do na-
vs§tévy sond Voyager nendpadné. Jeho povrchova teplota jen ziidka povyskocila nad -
160 °C. Avsak s ptiblizenim obou sond se tymu na Zemi ukazal zvrasnény povrch piipo-
minajici koryta fek posetych rozpraskanymi krami. A prizkum zavrsila sonda Galileo,
ktera u tohoto mésice potvrdila tekuty vodni ocean. Dokonce se zda, Ze tekuté vody je na
tomto mésici 2x aZ 3x vice nezZ na Zemi!

When we move over to its neighbor we get to the Europa now. It is an ice cold moon
which has been out of our radar until the visit of the Voyager probe. Its surface tempera-
ture rarely reaches over -160 °C. The observation by two probes has given us an insight-
ful view of the wrinkled surface similar to the river bed with cracked ice. The observation
was tied in by the Galileo orbit which confirmed the presence of liquid ocean. Moreover,
it also looks like there is two or three times bigger amount of water than on our Earth!

Aby toho nebylo malo, také u sousedniho Ganymeda se spekulace o podvodnim oceanu
objevily. Ale neziistal dlouho sam. Saturntiv mésic Enceladus je dalsim adeptem v poradi
na hledani mimozemského zivota. Mise Cassini totiz nalezla nejen na jeho povrchu, ale
také v gejzirech vyvrhovanych do kosmu stopy organickych molekul.

Ve Slunec¢ni soustavé tak mame hned dva horké adepty na hledani mimozemského Zivota.
Ani jsme nemuseli pfili§ daleko. Z nasi letnim slunickem vyhiaté meze jsme se zatim
nedostali ani ze Sluneéni soustavy. A co teprve téch dalSich planet. Tedy... Téch planet
mimo Slune¢ni soustavu.

And it could not get more interesting until new speculations started saying that Europa’s
neighbor Ganymede has got the underwater ocean. And this was the only beginning.
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Saturn's moon Enceladus is yet another place where the search for alien life awaits. Du-
ring the Cassini mission have been found traces of organic molecules not only on its sur-
faces but also from the geysir’s threw up to cosmo. That means we have got two potential
places for the search of alien life and we did not have to go too far away. From our Sun’s
heated bound we did not even get out of our Solar system. And we are yet to start with so
many other planets out of the Solar system!

Objev extrasolarnich planet

Viru v existenci exoplanet 1ze nalézt jiz v uceni starofeckého filozofa Epikara ze Samu
(341 pt. n. 1. = 270 pt. n. 1.): ,,Existuje nekone¢né mnoho svétl, podobnych tomu nasemu,
i naprosto odliSnych.*

V Sestnactém stoleti italsky filozof Giordano Bruno, zastance Kopernikovy teorie, vyslo-
vil domnénku, Ze Zem¢ spolu s ostatnimi planetami obiha okolo Slunce (heliocentris-
mus), a ostatni hvézdy se podobaji Slunci a jsou téz doprovazeny planetami. V osmnac-
tém stoleti Isaac Newton ve svém dile ,,General Scholium®, které uzavira jeho Principii,
napsal: ,,A pokud jsou pevné hvézdy centry jinych podobnych systémd, tyto, formované s
obdobnym zdmérem, musi byt vS§echny podrobeny Jeho nadvladé®. V roce 1952, vice nez
40 let ptedtim, nez byl objeven prvni horky Jupiter, navrhl Otto Struve, ze by dopplerov-
ské& spektroskopie spolu s tranzitni metodou mohla objevit super Jupitery na obéznych
drahach v blizkosti hvézd. K potvrzeni prvni planety mimo Slunecni soustavu ale doslo az
Vv roce 1992. Nase pftistroje do t€¢ doby nebyly schopny hodnovérné prokazat takova mala,
nesvitiva a nenapadna télesa u jinych hvézd. Ani dnes nemame dalekohledy, kterym by-
chom prosté jen tak pozorovaly exoplanety a pokud se nam piimé zobrazeni podaii, vidi-
me stale jen neurcité teCky. Nase metody se ale zpfesiiuji a dosahujeme zajimavéjSich a
konkrétnéjSich objevi.

The faith that exoplanets exist can be dated back to the teaching materials of ancient
Greek philosopher Epicurus from Samos (341 BC): “There exist an infinite amount of

’

worlds similar to ours, even totally different ones.’

In sixteenth of century an italian philosopher Giaordano Bruno, who was also a protago-
nist of Copernicus theory, pronounced his believe that not only the Earth orbits along
with other planets around Sun itself (heliocentric) but also that other stars are similar to
the Sun and are accompanied by other planets. In the eighteenth century, Mr. Isaac Ne-
wton concluded his Principia in an “General Scholium” essay with the following: "And if
the fixed stars are the centres of similar systems, they will all be constructed according to
a similar design and subject to the dominion of One." In 1954 forty years before the dis-
covery of the fist hot Jupiter, Mr. Otto Struve suggested that Doppler Spectroscopy with
the transit method would try to discover tangible Jupiters on the orbits in close proximity
to other stars. The first planet outside the Solar systems was discovered in 1992. Our
devices were until that time not ready to spot such tiny, non-luminous and inconspicuous
objects around other stars. Even in our current age we do not own any telescopes with
the ability to sensor the exoplanets and if we manage to sensor something, we still barely

10
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see a point object only. However, we keep making up new methods which enable us to
find more information about exoplanets.

K 1. srpnu 2020 existuje 4,301 potvrzenych exoplanet v 3176 systémech, pfi¢emz u 703
exoplanetarnich systémua vime, Ze maji vice nez 1 planetu. Piiblizn¢ jedna z péti hvézd
podobnych Slunci ma planetu ,,velikosti Zemé* v obyvatelné zoéné. VétSina znamych
hvézd, jez maji exoplanety, se podoba Slunci, tj. jednd se o hvézdy hlavni posloupnosti
spektralni klasifikace F, G nebo K. AvSak mnoho extrasoldrnich planet v obyvatelné zoné
obihd i kolem zcela odlisSnych hvézd, nez je Slunce. A mnohé z nich maji potencial na to,
aby na nich mohl vzniknout a rozvinout se zivot.

Until 1st of August in 2020 we confirmed in total 4,301 exoplanets in 3,176 different sys-
tems. We also found out that 703 exoplanet systems have got more than 1 planet. Appro-
ximately one out of five stars similar to the Sun has got its own planet with the size of
Earth in a habitable zone. The more known stars with exoplanets are similar to Sun —
these are the stars of the main sequence with the following spectral classification: F, G or
K. To our surprise a big part of extrasolar planets in habitable zones orbits around diffe-
rent stars than the Sun. More interesting is also the fact that quite a lot of them have got
potential for the formation and development of a new life.

Tady se nachazi TRAPPIST-1 — nacervenald hvézdicka v souhvézdi Vodnare vzdalena
pouhych 40 svételnych let. Presto je natolik slaba, Ze k jejimu pozorovani potiebujeme jiz
pomérné vykonny dalekohled. To proto, Ze se jedna o Cerveného trpaslika. Svou hlavni
posloupnost, klicovy Zivotni cyklus, si uz hvézda odzila a tési se nyni dlouhému a neruse-
nému diichodu. Stabilné svitit by mohla jeste n€kolik biliont let. Zajimava je tim, ze ko-
lem ni obiha 7 planet, pfi¢emz hned 3 z nich v obyvatelné zong. Spatnou zpravou mize
byt, Ze davny piechod hvézdy z hlavni posloupnosti do faze Cerveného trpaslika byl moz-
na provazen natolik bouflivou udalosti, Ze ptipadné prvky, které by mohly utvaret atmo-
sféry planet, odfoukla do kosmu. Skute¢nost ndm je ale skryta a miZeme o ni jen speku-
lovat, co se podminek pro obyvatelnost tyce, jsou nyni planety TRAPPIST-1e, f a g pova-
zovany za nejlepsi kandidaty na potencidlné obyvatelné planety.

On this spot is located TRAPPIST-1-a reddish star in the Aquarius constellation around
40 light years away from us. Yet this star is so weak that we need for our observation a
quite efficient telescope. It is primarily caused by the fact that it is a Red Dwarf. It has
already passed its main life cycle of main sequence and is now enjoying its long and un-
disturbed retirement. It could potentially shine for another few billions of years. Quite an
interesting point is that 7 planets keep orbiting around them and 3 are located in a habi-
table zone. One of the unfortunate news is the late transition of the star from the main
sequence star to the Red Dwarf stage. It was most probably accompanied by quite a lot of
intense events. This could blow away any possible elements which would be able to form
the atmosphere of planets into space instead. The real truth is still a secret, so we can
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only speculate about it for now. Anyway, in regards to the best candidates for habitable
options are planets TRAPPIST-1e, fag.

Teegarden b je planetou u stejnojmenné hvézdy, ktera je také Cervenym trpaslikem, avSak
nikoliv na konci své posloupnosti, ale (pravdépodobn¢) v jeji hlavni fazi. Vznikla jako
mala hvézda a neprozila zadny bouflivy okamzik vyvoje. Hvézda ma jen 9 % hmotnosti
Slunce a planeta kolem ni obiha velmi blizko a s periodou jen necelych 5 dni. To, €O z ni
jako kandidata na druhou Zemi dél4, jsou pravé podminky. Hmotnost planety je stejna,
jako hmotnost Zem¢ a vypocitana priimérna teplota na povrchu by mohla byt 28 °C, po-
hybujici se v rozptylu 0 az 50 stupnd.

The planet Teegarden b has got an eponymous name in common with its star which also
happens to be the Red Dwarf. It is not at the end of its development stage yet but most
probably in its main phase still. It began as a small tangible star with no boisterous mo-
ments during its development. The star has got 9 % of the Sun’s weight, its planet with its
own period keeps orbiting around it in close proximity for about 5 days. It's an ideal can-
didate after Earth due to its right conditions. The weight of the planet is the same as
Earth’s and an average temperature is here around 28 °C while the scale interval is from
0to 50 °C.

Dobré podminky pro Zivot miZeme najit predevS§im u mensich hvézd, vySe zminéné pla-
nety obihaji u Cervenych trpaslikii. O néco hmotnéjsi jsou hvézdy spektralni tiidy K, ty-
pické svou oranZovo-Zlutou barvou, které maji hlavni posloupnost mnohem delsi nez
Slunce. T u nich zname mnoho kandidati — planet — v obyvatelnych zoénach. Vhodné
kandidaty na alternativni Zem¢ jiZ zndme 1 u cizich hvézd stejné spektralni tfidy jako ma
Slunce (tfidy G). T¢z$i hvézdy se uz jako vhodni kandidati nejevi. Maji totiz vice hmoty,
coz je predurcuje ke kratkému a boufivému Zivotu. Ptili§ kratkému na to, aby se na pfi-
padnych planetdch mohl vyvinout stabilni zivot.

The previously mentioned planets orbit around Red Dwarfs, good conditions for life can
be found on less tangible stars. More tangible stars are the ones of spectral class K reco-
gnisable with their orange-yellow colour. The time they spent as the main sequence stars
is way longer than the Sun’s. We have already got to know many planets around them in
habitable zones. Other alternative planets instead of Earth are stars with the same
spectral class as our Sun’s — class G. More tangible stars do not represent ideal candida-
tes for central stars in planet systems though. Since it does have more weight, it predicts
it to have a short and very boisterous life cycle. Too short for it to form a stable life over
there.

Avsak jedno Zelizko v ohni tady jesté mame. Ve vesmiru existuje jest¢ jeden typ objektil
disponujici silnou gravitaci, a tedy orbitami vhodnymi i pro planety a dlouhym a stabil-
nim Zivotem. Takové ,,hvézdy* co nesviti viibec. Cerné diry.
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Cerné diry jsou stale tajemnymi objekty vesmiru, vefejnosti chapany na pomezi tajemna,
slozité fyziky a fikce. Jeding, co je definuje je hmota, rychlost rotace a pfipadna piitom-
nost elektrického pole dana nenulovym nabojem ¢erné diry. A jak by u takovych ¢ernych
dér mohli existovat planety?

However, there exists yet another object with a strong gravitation and thus also with po-
tential planetary systems — we call them black holes.

These are still thought about as very mysterious objects, within confines of mystery, ad-
vanced physics and fictions. It is defined by their weight, rotation speed and a possible
presence of an electric field. So, how would it be possible to expect any present planets
around them?

Ukdazka z filmu interstellar

Film Interstellar reziséra Christofera Nolana kupodivu pomérné vérné€ predstavuje plane-
ty, které maji obihat kolem supermasivni ¢erné diry. A byt je film protkan uméleckou
licenci jak na efekty, tak na fyzikalni vérnost, neni toto sci-fi ptimo z fiSe fantastiky. Sviij
pevny zédklad totiz ma.

For example, the movie Interstellar includes very well designed planets which orbit
around a supermassive black hole. And while its base is constructed and based on art
licence for both effects and physical quantity it does not aim for the sci-fi viewers only
since it got quite a correct physical basis.

Exoplanety u ¢ernych dér by skutecné existovat mohly. I kdyZ se jedna o naprosto ex-
trémni piiklad fyziky, mizeme v zakladu spekulovat o podminkach, které by mohly byt
dostatecné vstiicné 1 k existenci pseudo obyvatelné zony. Nicméné skutecny vznik Zivota
by byl velmi obtizné predstavitelny.

Although it represents an example of extreme physical conditions, it does not stop us from
speculating which conditions would allow the existence of habitable zones. In the end, life
on a planet such as this would still be way more different than we are able to imagine.

V zékladu si ale musime takovou ¢ernou diru predstavit. A nejjednodussi je podivat se do
historie. Piedstavu télesa tak hmotného, Zze z ného nedokaze uniknout dokonce ani svétlo,
navrhl anglicky geolog John Michell v roce 1783. Vypocital, Ze téleso s polomerem
500krat vétsim, nez je polomér Slunce, a se stejnou hustotou, by mélo na povrchu tniko-
vou rychlost rovnou rychlosti svétla, a proto by bylo neviditelné. To je asi zdsadni infor-
mace, kterd je platna vice nez 200 let. Nemusite si pfedstavovat zadné exotické objekty,
pro nase ucely si postaci predstavit téleso, jehoz hmota, a tedy i gravita¢ni pfitazlivost je
tak velkd, Ze z néj neunikne ani svétlo. Vnitini struktura nés v tuto chvili nemusi zajimat.
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Naturally, we are not able to imagine such a black hole. The easiest thing to do is to look
back into the history. The image of an ensemble so heavy that even the light cannot es-
cape from it was introduced by the English geologic Mr. John Michell in 1783. He calcu-
lated that any ensemble with radius 500 bigger than of the Sun and the same density
would have on its surface an escape speed equal with the light and thus it would become
invisible. This is the most fundamental information for about 200 until now. You do not
have to imagine any out of world objects. For our purposes is enough to just imagine an
ensemble with both mass and gravitational attraction so big that even light does not stand
a chance to get out of it. The information how it works from the inside does not hold a big
interest right now for us.

Bohuzel nemiizeme pouzit hvézdné ¢erné diry, jejich slapové sily budou na potencialnich
obéznych drahach natolik velké, Zze by planetu roztrhaly. V ivahu ptichazi pouze super-
masivni ¢erné diry, jejichz slapové sily jsou naopak tak nepatrné, Ze je existence mozna i
V naprosté blizkosti horizontu udalosti. Jenze takova planeta bude podstupovat hned né-
kolik tiskali. Cerna dira neni slunce, je chladna. Co je naopak horké, je okoli. Bud'to diky
akreci materialu, existenci akre¢niho disku (pak ale predstava obyvatelné planety je jen
tézko uvéfitelnd), anebo v disledku mikrovinného kosmického pozadi. Zateni, které
vzniklo zhruba 300 tisic let po velkém tfesku prostupuje cely vesmir a v disledku rozpi-
nani vesmiru se rozpind i jeho vlnovéa délka, a tak chladne na dne$ni teplotu necelych
3 Kelvind.

Unfortunately, we cannot use the star black holes whose tidal forces might become on
other orbits so bit it could easily rip apart the planets. We can only think of supermassive
black holes whose tidal forces are barely noticeable so all of them could be in a very
close proximity to event horizon as well. However, such planet would face several major
obstacles. Firstly, black hole is no Sun at all — it is cold. However, its surrounding is
quite hot instead. That would be either become of the material’s accretion, the existence
of accretion disk (that totally wipes out our idea about the habitable area) or it is the out-
come of the microwave cosmic background. The radiation has its origin 300 thousand
years after the Big Bang occurred and is spread out across the whole space. In relation
with the expansion of space is even its own wavelength expanding as well. That means its
temperature is decreasing to the current temperature down to 3 Kelvins.

Jenze pro planetu v blizkosti horizontu udalosti supermasivni ¢erné diry dochazi k relati-
vistické kontrakci délek, a pro planetu a pozorovatele na planeté se délky mikrovinného
kosmického pozadi zkracuji, a tak jejich energie stoupa. Dochézi ke kuridzni situaci —
cerné slunce v podobé Cerné diry je chladné, ale celé okoli je horké. Pficemz ve sméru
pohybu planety dosahuje nejvétsi teploty. Vhodnym nastavenim velikosti ¢erné diry a
trajektorie planety tak mizeme skutecné ziskat néco, jako je obyvatelna zona.

However, any planet in close proximity to event horizon from a supermassive black hole
undergoes a relativistic length contraction. The microwave cosmic background keeps for
both planet and observer on the Earth decreasing and in a response their energy goes up.
This results in quite interesting situation — a black sun in a form of black hole is hot while
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its surrounding is hot. The temperature in the direction of the planet’s movement reaches
the highest temperature. By the correct setting of the black hole size and planet’s trajec-
tory we can get a somewhat habitable zone.

Je vysoce pravdépodobné, Ze podobna situace je krajné utopicka. Jednak bychom potie-
bovali naprosto chladnou ¢ernou diru, tedy bez akrecnich procest (a takovou nezname),
také zatim nikdo nebyl schopen vymyslet koncept toho, jak by se takova planeta mohla
natolik blizko k horizontu udalosti dostat a v neposledni fad¢ je zde také otazka stability
takové trajektorie. V dnesnim slozitém vesmiru je tedy takova predstava pravdépodobna
jen stézi.

A situation like this is most probably extremely utopian. First of all, we would need a to-
tally cold black hole with no accretion disk and such thing does not exist. Moreover, no
one was Yyet able to come with a plan to get such planet close to the event horizon and
lastly, there is a question mark about the stability of such a trajectory itself. That is highly
possible with today’s complex space.

Posuiime se ale do budoucnosti. Za mnoho stovek trilioni let bude vesmir pomalu vycer-
pan. Hvézdy budou dohasinat a bude se blizit kosmicka smrt celého vesmiru. Nejcastéj-
$imi objekty vesmiru budou supermasivni ¢erné diry, které jiz akreovaly vétSinu materia-
lu do svych utrob. Bude jich nespocet. Nebude pravé zde prostor pro planety obihajici
takové velmi stabilni kosmické objekty? A nebude to taky jedind myslitelnd alternativa
pro existenci zivota ve vesmiru? MozZna ano, mozn4 ne.

Right now, we move back to the future. In about a ten of trillions of years our space is
going to be exhausted. Stars are going to end their life cycles and the comic death of the
whole space will be inevitable. The most common objects we come across will be super-
massive black holes who accrued its material into their insides. There will be countless of
them! Would there not be space for planets with more stable orbiting cosmic objects? And
would not be the only possible alternative for the existence of life in space? Who knows -
maybe yes, maybe not.

700 planetarnich soustav. 4300 extrasolarnich planet. A to s védomim, Ze nase pozorovaci
metody jsou stale zna¢né omezené, a ze boom v piistrojovém pokroku je stale pred nami.
Budeme nejen objevovat nové planety, ale u téch nalezenych, potencidlnich kandidati na
mozny zivot podrobnéji zkoumat parametry, rozméry, hmoty, atmosféry a radiové signa-
ly. Treba se n¢jaky skutecny cizi svét pred nami opravdu objevi.

Nalezli jsme potencialni obyvatelné svéty u mésicii plynnych planet nasi Slunecni sousta-
vy, nalezly jsme potencidlné obyvatelné svéty u planet jinych hvézd.

We have got 700 planetary systems and 4300 extrasolar planets. We say it while we know
at the same time our methods are still very limited. Not only that, the boom in the devel-
opment of technology is still yet to come. Not only we await new planets but the ones we
are going to find with any possible conditions for life will need to be tested in areas such
as parameters, mass, atmosphere or their radio signals. Who knows, maybe we will really
find a new alien world in the future.
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We have already found possible habitable worlds around moons of gas planets on our
Solar system, we have found a potential habitable world around planets from different
stars.
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2 PEDAGOGICKO DIDAKTICKE POZNAMKY

provovcesroew ——— [[i]

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

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

|
Projdéte na anglické wikipedii sekce vénované kandidatim na exoplanety a vyberte 10
nejzajimavéjSich a popiste je v kratké eseji o rozsahu 2 normostrany.

Vyhledejte v katalozich alesponi 5 exoplanet nebo jejich kandidati v obyvatelné zoné.

._________________________________________________________________________________________________________________________________________|
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