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PREDMLUVA

Tento pruvodni list byl vypracovan k jednomu ze serialu 10 vzdélavacich porada 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 dér 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 Lancova, Jan Novotny, Martin Petrasek, Jan Schee a Tomas Graf.

Na vyrobé¢ se vSak kromé& autorti scénarii podileli také dalsi tviirci z fad zaméstnanci i
studentd univerzity: Jan Barto§, Lucie Dospivova, Viky Kureck, Adam Langer, Vojtéch
Pazdera, Ondfej Smékal a Katetina 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 ASTROFYZIKA PLNA EXTREMU

[H[reomenveors ]

Pro piehrani je potfebné mit k dispozici systém umoziujici digitalni sférickou projekci
a software DIGISTAR.

[i][ rovonce sruview - sruowmrenzororasoy ]

Pro tento material nejsou vyZadovany zadné predchozi znalosti a Zadné dovednosti.

[ verw waseo sruomboaremars ]

Svét kolem nas se tidi fyzikalnimi zdkony, které se lidé jiz po staleti snazi formulovat
stale presnéji a preciznéji. Vydejme se spole¢né az na samotné hranice platnosti fyzikal-
nich zédkond! A pii tom se mizeme také seznamit s extrémnimi hodnotami, kterych mo-
hou fyzikélni veli¢iny nabyvat. Prvni vyprava nas zavede za extrémnimi teplotami. Po
formalni strance se jedna o sférické video, tzv. fulldome potad.

ek srompomaremars ]

Student by mél ziskat konkrétni predstavu o té€chto pojmech a problémech:

Teplota

e Extrémné nizké teploty

e Fyzikalni vlastnosti hvézd
e Extrémné vysokeé teploty

e Existence spodni a horni hranice teploty
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Teplota, termodynamicka teplota, efektivni teplota

casrormemviesro 7]

Stopaz studijniho materialu: 17 minut

Doporuceny ¢as ke studiu: 1 hodina

s oo [

https://courses.lumenlearning.com/physics/chapter/13-1-temperature/

s o, |

KOLB, Ulrich. Extreme environment astrophysics, Cambridge: Cambridge University
Press, 2010, ISBN 978-052-1193-443.

1.1 Scén

[ ]

b 1}

Obraz 001

Titulky, avod

40 sec

//

Svét kolem nés se fidi fyzikalnimi
zékony, které se lidé jiz po staleti
snazi formulovat stidle piesnéji a
preciznéji. A je odv€kou snahou
kazdého védce, aby nalezl piesnéj-
$i popis realného svéta nebo ale-
sponi objevil hranice, za kterymi jiz
doposud zndmé zakony prestavaji
platit.

The world we live in is governed
by the laws of physics since the
beginning of time. Humankind
has tried to formulate its princi-
ples more accurately ever since.
It's the age-long pursuit of every
single scientist to find a better
explanation of the world or at
least to discover boundaries
where these laws do not apply at
all.



https://courses.lumenlearning.com/physics/chapter/13-1-temperature/
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Vydejme se spolecn¢ az na samot-
né¢ hranice platnosti fyzikalnich
zakont! A pfi tom se miizeme také
seznamit s extrémnimi hodnotami,
kterych mohou fyzikalni veli¢iny
nabyvat.

Prvni vyprava nds zavede za ex-
trémnimi teplotami.

Let's all go together to observe
the boundaries where the laws of
physics actually do apply. You
will be introduced in the course
of our journey to extreme values
any physical quantity could pos-
sibly acquire. The first expedition
will lead us to extreme tempera-
ture, so buckle in!

Obraz 002

Teplota

60 sec

I

Jen malo fyzikalnich veli¢in je tak
casto namétem hovoru jako teplo-
ta, snad mozna jest¢ tlak. Ale to
souvisi spiSe s obecnym vyzna-
mem téchto slov a s tim, Ze ¢astym
tématem kazdodennich rozhovori
mezi lidmi je pocasi nebo zdravi.
V bézné feci si ale nikdo vétSinou
ani neuvédomuje, Ze jsou to fyzi-
kalni veli¢iny a jejich vnimani je
vice méné intuitivni.

zemského povrchu vnimd zmény
teplot prostfedi béhem dne a také v
prib&hu celého roku. Teplotni
interval ani rychlosti zmén teploty
nejsou nijak velké. VéEtsi rozdily
muzeme vnimat, pokud cestujeme
po zem&kouli nebo mame mozZnost
se dostat do podzemi, blize zem-
skému jadru. JenZe proti extrém-
nim teplotdm a jejich zméndm,
které jsou mozné ve vesmiru, je to
uplné nic!

Teplota je méfitelna fyzikalni veli-
¢ina a obvykle se ve véd¢ potkava
s veli¢inami jako je tlak nebo hus-
tota. K jejich objektivni kvantifi-
kaci pottebujeme vzdy néjaké me-

There are only a few physical
quantities so much talked about
such as a temperature, beside the
pressure itself maybe. It is most-
ly connected to the general use by
people since their everyday con-
versations usually include a small
mention either about their health
and or weather.

When making any common
speech you will probably not real-
ize that you talk about physical
quantity at all. Its perception is
more or less intuitive for every-
body in a different way.

Any person living at the same
place on Earth is in tune with
changes of its temperatures on a
daily and yearly basis. The tem-
perature’s interval or the speed
during which the temperature
changes is not so big. We can
notice bigger differences if we
travel across the globe or if we
get to the underground closer to
the earth core itself. In compari-
son with extreme temperatures
and their changes in space it real-
ly means nothing.

The temperature is measurable as
a physical quality. Generally, in
science it does usually meet with
quantities such as pressure or
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fici pfistroje s displeji nebo jinymi
ukazateli namétenych hodnot.

density. To get their objective
quantification we always need
some measure devices with dis-
play or any other different index
with measurable value.

Obraz 003

Jak méfime teplotu

120 sec

I

Vime, ze hodnota teploty vzdy
souvisi s hustotou energie a je
vlastné jednou z jejich moznych
charakteristik. Pfi makroskopic-
kém pohledu se jevi jako stavova
veliina, coz znamena, ze pokud
budeme do fyzikdlniho systému
dodévat energii, naptiklad jej za-
hiivat, jeho stav se bude meéfitel-
nym zpusobem ménit. Napiiklad
tuha latka se bude rozpinat, muze
se meénit skupenstvi latky nebo v
piipad€ plynu poroste tlak v pro-
stiedi.

Takové procesy pak umoziuji vy-
tvofeni teplotnich stupnic a dovo-
luji teplotu objektivné méfit. Na-
ptiklad nej€ast&ji pouzivana Skala,
Celsiova stupnice, je zavedena
bodem tani a varu vody, coZ jsou
relativné stabilni stavy, kdy se
teplota neméni.

v

Obecnéjsi je pak Kelvinova stup-
nice, tedy termodynamicka teplota,
kterd je veli¢inou figurujici napfi-
klad ve stavové rovnici idedlniho
plynu. V této stupnici pak existuje
»absolutni nula“, tedy 0 kelvini,
coz odpovida teploté -273,15°C.
MiuzZeme si ji v prvnim pfibliZzeni
teplotu, tedy teplotu, kdy se pohyb

¢astic zcela zastavi.

We do know that the tempera-
ture’s value is closely related with
energy’s density. It is actually
one of their possible characteris-
tics. From a macroscopic type of
view, it seems as a state function.
That means that if we deliver to
physical quantity any energy in
order to heat something, its state
will be increasingly changing in a
measurable way. For example,
any solid mass can keep expand-
ing - its state of matter could also
change and if the subject happens
to be a gas, the pressure in its
environment will go up too.

These processes enable us to con-
struct temperature scales in order
to objectively measure the tem-
perature. The Celsius scale for
example is one of the most used
scales and is defined by the boil-
ing and melting point. Both are
relatively stable because the tem-
perature during these points does
not change at all.

Up next is a more common Kel-
vin Scale, a thermodynamic tem-
perature; This quantity is for ex-
ample within the Classical ideal
gas law and there also happens to
be an “absolute zero” of Kelvin
within this scale - 0 Kelvins
equals to 273, 15°C. In a closer
look we can imagine it as the
lowest possible temperature when
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Na teplotu se tedy muzeme také
divat jako na veli¢inu, ktera popi-
suje velikost rychlosti pohybu
elementarnich ¢astic.

the particles” motion stops mov-
ing.

Thus, we may view the tempera-
ture as a quantity describing the
temperature’s speed motion of
elementary particles.

Obraz 004

Rlizné teploty

60 sec

//

Obecné plati, ze pokud se dosta-
nou do kontaktu pfedméty s riz-
nymi teplotami, bude dochazet k
pfenosu tepelné energie. T¢leso s
vyssi teplotou bude chladnout a
naopak. V idedlnim ptipad¢ pak
dojde k vyrovnani teplot.

Téleso s vyssi teplotou bude
chladnout a naopak. V idealnim
pfipadé¢ pak dojde k vyrovnani
teplot.

Asi nas ithned napadne, Ze tako-
vym procesem by postupné nastala
situace, kdy by vSude byla stejna
teplota. Jenze pokud se rozhléd-
neme kolem sebe, tak ihned zjisti-
me, 7e ani tady na Zemi, ani jinde
ve vesmiru se takové globalni tep-
lotni vyrovnani nekona!

Oblasti s riiznou teplotou jsou pfi-
tom v neustalém kontaktu, vzdyt
rozdilna teplota je charakteristicka
dokonce 1 jednotlivé slozky hmoty,
tedy elektrony, atomy nebo fotony.

Ze Zemé vidime Slunce, tedy
hvézdu s povrchovou teplotou pii-
blizng¢ 5700 °C, ale vyssi teplotu
mame 1 mnohem blize, napiiklad
ve stfedu Zem¢, Cili pouhych 6000
km daleko.

Generally speaking, if it gets in
touch with an object whose tem-
perature varies there will occur a
transmission of thermal energy at
once. The object with higher
temperature gets colder and con-
versely. The ideal case would be
if the temperature gets even in
both objects.

We immediately think that this
process would gradually make the
same temperature everywhere.

However, when we look around
us, we find that such global tem-
perature equalization either on
Earth or space is not happening
anywhere and will not do
SO anytime soon.

The areas with different tempera-
tures are in a constant touch. The
different temperatures are actual-
ly common even for components
of matter - electrons, atoms and
photons.

From down here we can see the
Sun with its surface temperature
of 5 700°C. Though, we can find
much higher temperatures closer
than we thought so if we go to the
center of Earth which is only
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Také vyboje v zemské atmosfére,
tedy blesky, mohou mit teplotu az
28 000°C.

about 6000 kilometers away.

Additionally, the discharges or in
simpler words thunderbolts in
Earth's atmosphere can have the
temperature up to 28 000 °C.

Obraz 005

Chladné svéty

300 sec

/l

Ve Slunecni soustavé jsou pri-
mérné teploty jednotlivych téles
determinovany piedev§im jejich
vzdalenosti od Slunce. Jestlize
bychom se vydali na pomysinou
cestu do vzdalenych oblasti na
periferii nasi planetarni soustavy,
tak bychom nalezli mista, kde jsou
teploty tak nizké, ze latky, které
zname jako plyny, jsou pfi nich jiz
v kapalném stavu.

(v ptipad¢ potieby zde vlozit pte-
hled primérnych teplot postupné
od Merkuru az po Pluto)

Skala teplot vesmirného mraziciho
boxu vede od kapalného kysliku
(90 K) ptes dusik (74 K), vodik
(20 K) aZ po kapalné hélium (4 K).

Skutec¢né az tak nizké teploty, kte-
ré na Zemi dokazeme vyrobit pou-
ze v laboratornich podminkach,
panuji na mnoha mistech ve ves-
miru. VétSinou je to ve skutecném
mezihvézdném prostoru, velmi
daleko od hvézd. Je ale zajimavé,
7e v mezigalaktickém prostoru se
nachazeji rozsahlé oblasti horkého
a  nepredstavitelné  ziedéného
plazmatu.

Jeho teplota, odvozena z pohybt
¢astic v takovém fidkém prostiedi,

The average temperature of indi-
vidual ensembles on Solar sys-
tems is determined by their dis-
tance from the Sun. If we took off
and went to the outer areas of our
Solar system we may find out that
in some areas the temperature is
so low that fluids we know as
gases are actually in a liquid
state.

I

The temperatures of space’s
freezing box vary from liquid
oxygen (90 K), nitrogen (74 K),
hydrogen (20 K) and to liquid
helium (4 K).

We are able to simulate these low
temperatures in human laborato-
ries only. However, these temper-
atures can be actually found in
space in many areas. It is typical-
ly in the interstellar space far
away from any stars. One intri-
guing thing to point out is that in
intergalactic spaces are areas of
very hot and unimaginably dilut-
ed plasmas.

Its temperature was deduced from
the motion of particles in a very
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muze dosahovat az nékolik milid-
nu kelvini. A kde se tam takovy
plyn vzal? Mimo jiné je jeho pod-
statnd Cast zbytkem po explozich
velmi hmotnych supernov v ra-
nych fazich vyvoje naseho vesmiru
a predstavuje podstatnou slozku
baryonové hmoty naseho vesmiru.

Trochu slozit&jsi je to v nasi Gala-
xii. V mezihvézdném prostoru jsou
zde také oblasti s plynem o mnoho
fadi hustéjSim, a tedy i1 chladnéj-
Sim. A tak zde existuji v urcité
rovnovaze oblasti koronalniho
plynu, rozsédhla oblaka ionizova-
ného vodiku a také mnohem husté-
81 gigantickd molekulova mracna,
kterd maji teplotu pouze nékolik
kelvinti.

dense environment. It can reach
up to a few millions of Kelvin.
The question is: where did this
gas come from? As a matter of
fact, its main parts are left from
the supernova’s explosions when
the stage was in its early devel-
opment stages. It represents a
very substantial part of the Bary-
onic dark matter in our space.

It is a little bit more complicated
when it comes to our Galaxy. In
interstellar space are areas with
gas which is way dense and thus
colder. Because of that there are
in equal balance areas of stellar
gas, wide clouds of ionized hy-
drogen, and also quite dense and
giant molecular clouds with tem-
perature around a few Kelvins
only.

Obraz 006

Soutéz

120 sec

//

A nyni nastal ¢as na malou tipova-
ci soutéz. Jaka si myslite, ze mize

v

ném prostiedi nasi Galaxie?

a) 4K
b) 2,7K
c) 1K

Kazdd z nabizenych hodnot ma
svou logiku. Nejpravdépodobné;ji
se nam moznd jevi hodnota 2,7 K,
protoze to je hodnota reliktniho
zéfeni o teploté¢ 2,7 K a mohlo by
se zdat, Ze vice vesmir vychlad-
nout ani nemuize.

Je tedy teplota 2,7 K ten extrém?

And we finally get to the fun part
- let’s make a quick quiz togeth-
er! Which temperature is the low-
est in the interstellar environment
of our galaxy according to you?

a) 4K
b) 2,7K
¢ 1K

Each available value has its own
logical sense. The most likely
answer would be 2, 7 K because
it is the value of relict radiation
with a temperature of 2, 7 K. This
would be an indication that the
space could not get any lower
with its temperature then.

Is the temperature of 2, 7 K such
an extreme then?

10
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Kdepak!

Molekuly plynu a zejména pra-
chova zrnka soustfedéna ve vniti-
nich ¢astech molekulovych oblaki
dokazi odstinit 1 reliktni zafeni.
Absorbovanou energii navic me-
chanismem ,,maseru” dokdze vy-
zafit do jinych smérid. A tak ve
vysledku tam mtize byt teplota jen
pouhy 1 kelvin!

Takze odpovéd’ ¢ je spravné!

Jenze nic netrva véCné, protoze
nizké teploty a vysoké hustoty
mohou vyvolat gravita¢ni kolaps a
za¢nou tam vznikat nové hvézdy.
A tak teploty raketové zamiii k
opacnym extrémuim.

Je ovSem skuteCnym paradoxem,
ze v pozemskych laboratofich
dokézeme vytvofit teplotu o mno-
ho fa4d mensi, pouhé stovky piko
kelvini.

TakZe nejchladnéj$i misto ve ves-
miru je u nds ,,doma“! V pozem-

Well, don't be mistaken!

The gas's molecules and primarily
all the dusty seeds in the internal
layers of molecular clouds are
able to shade even the relict radia-
tion. It can also radiate the ab-
sorbed energy thanks to the “ma-
ser” in all different directions. So,
in the end the temperature can be
a mere 1 Kelvin.

The correct answer is number ¢
then!

However, nothing lasts forever
because the low and high density
can cause the gravitational col-
lapse and, in its place, can appear
new stars instead. So, the tem-
peratures are heading to the oppo-
site extremes as you can see.

It is quite a paradox that earthly
laboratories are able to recreate
the temperature way lower, even
hundreds of picos Kelvins only.

What does this conclusion sug-
gest then? Well, in the end the
coldest place in the whole space

skych laboratofich. is on our Earth - in our human
laboratories.
Obraz 007 120 sec /!
Horko

Nyni se vyddme na cestu opacnym
smerem, smérem k vysokym teplo-
tam. Pied chvili jsme dosli k pte-
kvapivému zjiSténi, Ze ohledné
extrémné nizkych teplot neni ves-
mir samotny natolik extrémni jako
umgéle vytvofené podminky v na-
Sich laboratotich. Jak je na tom ale
vesmirné prostfedi v oblasti vyso-

Now we are going to head in the
opposite direction to the high
temperatures instead. A few mo-
ments ago, we found out that the
space is not so extreme when it
comes to the low temperatures
unlike the capabilities of artifi-
cially constructed conditions in
our laboratories. It makes us
wonder about areas with hot tem-
peratures in a space environ-

11
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kych teplot?

Nejvyssi teploty na Zemi mohou
dosahovat na n¢kterych mistech az
50 °C, maximalni teplota v elek-
trické troubé je asi 220 °C, pii vy-
rob¢ zeleza se dosahuje teploty az
1500 °C, vldkno obycejné zarovky
ma 2200°C a elektrické vyboje v
plynech mohou mit i desetitisice
stupnii.

To vSak jesté nic neni! Napiiklad
pfi vybuchu vodikové pumy, tedy
nefizené termojaderné flzi, je na
kratky casovy okamzik dosazena
teplota az 300 MK.

Technologicky vSak zatim nedo-
kdZeme dlouhodobé udrzet tako-
vou teplotu, ktera by umoznila
fizenou termojadernou reakci.

Ale to, co nedokazeme v naSich
pozemskych reaktorech, to po ce-
lou dobu existence vesmiru zvla-
daji hvézdy ,,levou zadni*.

ment.

The highest temperature on some
Earth's locations can be up to 50
°C; The maximum temperature in
the electrical oven is around 220
°C; during a manufacture of steel
is the temperature up to 1500 °C;
a standard thread on light bulb
has got around 2200°C and elec-
tric shocks in gases can have up
to tens of thousands Celsius.

But that is still nothing! For ex-
ample, during the hydrogen’s
bomb explosions, in other words
unplanned thermonuclear fusion
is in one short moment the tem-
perature up to 300 MK. From a
technology point of view, we are
still yet to maintain such a tem-
perature for a long period of time
which would enable us to go
ahead with the planned thermo-
nuclear reaction.

Everything we humans are unable
to achieve in our human reactors
does not stand a chance with stars
and their capabilities ever since
their beginning.

Obraz 008

Hvézdy

240 sec

//

Pravé hvézdy jsou tvofeny piede-
v§im vysokoteplotnim plazmatem
o teplot¢ az nékolika milioni az
n¢kolika set miliont kelvint. Tyto
ptirodni reaktory dokazi spolehlivé
fungovat 1 mnoho miliard rok.
Nejvice energie se uvoliiuje pfii
termojaderné fizi vodiku, tedy
nejhojnéjsiho prvku ve vesmiru, na
helium.

V kazdé hvézde roste hodnota tep-
loty smérem k jejimu jadru a tak

The stars are primarily made of
high temperature plasma with
temperature from a few millions
to several hundreds of millions of
Kelvins. These nature reactors are
reliable to function even for a few
billions of years. The most energy
is released between the thermo-
nuclear fusion from hydrogen
(which is the most abundant ele-
ment in space) to the helium.

The individual star's temperature
steadily increases the closer we
get to its core, so the coldest parts

12
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nejchladnéjsi ¢asti hvézdy jsou jeji
povrchové vrstvy. Naptiklad povr-
chova teplota naseho Slunce je asi
5800 K, ale povrchové teploty
hmotnéjSich hvézd mohu byt az o
fad vyssi. V nitru Slunce je vSak
teplota 10 MK!

V centralnich c¢astech hvézd se
termojadernymi reakcemi vyrabi
vétSinou prave tolik energie, kolik
hvézdy vyzari do okolniho prosto-
ru. Prapiivodcem vysokych teplot
vSak nejsou tyto reakce, ty jsou
naopak jejich disledkem. Tu vy-
sokou teplotu v jadrech hvézd ma
na svédomi obycejné gravitacni
smr$tovani a uvoliiovani potenci-
alni energie pii vzniku hvézd.

Je to duasledek fyzikalnich zékonii,
které ftikaji, ze pi1 gravitatnim
kolapsu télesa se pouze polovina
uvolnéné potencialni energie vyza-
fi a ta druhd polovina zlstane v
kolabujicim prostiedi a zpisobi
zvySeni jeho teploty.

Cely proces se zastavi, az teplota
doséhne limitnich hodnot potieb-
nych pro jadernou fuzi. V dalsi
etapé¢ pak jiz dale nijak vyrazné
teplota neroste, hvézda je ve sta-
bilni ¢asti své existence, stava se
hvézdou hlavni posloupnosti.

of stars are their surface layers.
For example, the surface tempera-
ture of our Sun has got around 5
800 K vyet the surface tempera-
tures of other substantial stars can
be even bigger. For example, the
Sun’s core has got the tempera-
ture of 10 MK!

Thermonuclear reactions in the
central parts of stars cause a cer-
tain energy amount which stars
radiate into their outer areas.
These high temperatures are the
mere outcome. The high tempera-
ture in the center of stars causes
the gravitational shrinking and
release of any potential energy
when a new star is made.

It is the outcome of physical laws
which claims the following: when
gravitational collapse occurs, any
element can release the first half
of the potential energy. The sec-
ond half stays in a collapsing en-
vironment which thus increases
its temperature.

The whole process fully stops
once the temperature reaches the
limitation of value needed for the
thermonuclear fusion. In the next
phase the temperature does not
rise anymore, the star is in the
stable stage of its existence and
begins to be the star of a main
sequence.

Obraz 009

Jesté vyssi teploty

180 sec

//

13




Tomas Graf a kolektiv - Astrofyzika plna extrémii

Nas ale zajima, zda nekdy pozdéji
piece jen nemohou byt teploty v
jadrech hvézd vyssi. To je mozné
jen u hvézd, které jsou dostate¢né
hmotné na to, aby v nich mohly
probihat i syntézy tézsich prvkl. A
tak skute¢nymi rekordmankami se
mohou stit extrémné¢ hmotné
hvézdy, které maji hmotnost az 80
Slunci. Tésn¢ pied vybuchem su-
pernovy muze teplota jadra dosah-
nout az 3 GK!!!

Ovsem ani tohle zdaleka neni tep-
lota rekordni. Ze simulaci nepruz-
nych srazek neutronovych hvézd,
tedy ,,zbytki“ po takovém vzpla-
nuti supernov, vyplyva, ze pfi ta-
kovém procesu miize byt dosazeno
az teploty 350 GK. Je to jedno z
moznych vysvétleni plivodu velmi
energetického gama zafeni.

Uz jsme tam?

Nejsme. Stale jesté nejsme u sku-
tené nejvyssich teplot ve vesmiru.
Ke slovu ptichdzeji opét pozemské
laboratote, tedy gigantické urych-
lovace. V nich dokdZzeme doséh-
nout kratkodobé v lokalité srazky
urychlenych ¢astic teplot aZ desit-
ky terakelvini.

To je piiblizny piehled rozsahu
teplot, které panuji v soucasném
vesmiru. Pokud bychom se podi-
vali do minulosti, tedy Casové do
doby té€sné po velkém tresku, tak
tam musely panovat teploty o
mnoho tadu vyssi.

Jestlize termodynamicka teplota

cvwr

tak nads miZe napadnout otdzka,

What we still keep asking our-
selves is whether the temperature
in the star's core cannot go any
higher later on. That is possible
only for the stars heavy enough
so they could undergo a synthesis
of heavier elements inside of
them. The real record breakers
could be extremely heavy stars
with weights of 80 more of a Sun.
Right before the supernova’s ex-
plosions the core's temperature
can reach up to 3 GK!!!

Although this temperature does
not represent the final record
number though. Our simulations
of inelastic precipitation of neu-
tron stars, which are made of re-
mains from the supernova’s ex-
plosions, gave us information that
the temperature during this pro-
cess can reach up to 350 GK. It is
one of the most possible answers
where the energetic gamma radia-
tion came from.

So, did we reach our goal destina-
tion?

Unfortunately for you, not yet.
We are still yet to reach the high-
est temperatures in space. On the
scene come once again the earthly
laboratories, gigantic accelerators.
We manage to achieve over tens
of tera kelvins in an area of pre-
cipitation related to the increase
of temperature of particles for a
short period of time.

This is a preliminary overview of
the temperature range currently
going on in space. If we go back
in time right after the Big Bang
happened there must have actual-
ly been temperature much warm-
er.

14
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zda neexistuje také jeji maximalni
mozna hodnota. N¢kdy je za ni
povazovana tzv. Planckova teplo-
ta, tedy teplota vesmiru v Plancko-
v¢ Case jeho existence. To je pou-
hopouhych 10—43 sekund po vel-
kém tiesku, kdyz mél cely vesmir
velikost asi 30 metri.

Jeji hodnota je ptiblizné¢ 10 E32 K!
To si snad ani nezkousejme pred-
stavit!

Asi vés také napadlo, Ze v jisté
nadséazce jsme tedy 1 my sami pro-
duktem téchto extrémnich teplot.

A Ze si tak ani nepfipadate? No to
je pochopitelné, samoziejmé. Méa-
lokdo si pfesné¢ pamatuje ty uda-
losti pfed tfinacti miliardami ro-
ka...

Because the thermodynamic tem-
perature has got its lowest value
of absolute zero Kelvins we can
speculate if there does not exist
any maximum value at all Some-
times a co-called Planck unit is
considered as a space temperature
in Planck's time and in its exist-
ence. That is a mere 10—43 sec-
onds after the Big Bang occurred
when the whole space has been
only about 30 meters big.

Its temperature is around 1032 K!
No one here could even phantom
how hot this is.

I

Maybe it occurred to you in some
exaggeration that even we are
products of these extreme tem-
peratures.

Do you not think so?! That is
understandable of course. Only a
few of us can remember the
events thirteen billions of years
ago...

Obraz 010

Epilog

30 sec

//

Zena: , Kolik je tady stupit, zla-
to?“

Muz: ,Na termostatu je 22. To
piece staci.*

Zena: ,Hmmmmmm! Na termo-
statu mozna. Ale mn¢ je zima!*

Muz: ,,Tak si oblec svetr!*

Zena: ,,A pro¢ bych jako méla do-
ma chodit jesté ve svetru? Nastav

Woman: “What kind of tempera-
ture is here, honey?”

Man: “The thermostat says that it
is around 22 degrees of Celsius
that surely should be warm
enough for you.”

Woman: “Hmmm. Speak for
yourself, = Woman: “Hmmm.
Speak for yourself, I am absolute-
ly freezing!”

Man: “Well, then put some
sweater on, woman!!

Woman: “And why should I wear

15
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tam aspon 23!

a sweater when | am home? Set
the temperature for at least 23

Muz: ,,No jo, potadad ... (cvakani | Celsius!”
termostatu) Man: “Alright, your wish is my
command....” (clicking of the
thermostat has started in the
background)
Obraz 011 40 sec I

Zavérecné titulky

Konec
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2 PEDAGOGICKO DIDAKTICKE POZNAMKY

provovcesroew  [[d]

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
doplIn¢k bézné vyuky. Pedagog po zhlédnuti odkaze na dopliujici literaturu a zodpovi na
dotazy.

A 3

Barva hvézd zéavisi na jejich teploté. Dohledejte v literatuie fyzikalni zdkony, které tu-
to zavislost popisuji. Vytvoite jednoduchou tabulku zavislosti teploty hvézd na jejich
spektralni klasifikaci.

swosramrocer [

Teplotu mizeme vyjadiovat v riznych jednotkach. Nejlépe se vSak orientujeme, po-
kud je vyjadrena v jednotkach, které zname jiz od détstvi. Vyzkousejte si pfevod hodnoty
bézné télesné teploty (36,7 °C) na piislusnou hodnotu v Kelvinovy nebo Fahrenheitovy
stupnice. Vytvoite v n¢jakém tabulkovém kalkulatoru pievodnik, mtzete doplnit i méné
znamé stupnice viz https://en.wikipedia.org/wiki/Scale of temperature .
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