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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 dér a neutrono-
vwch hvézd, Vyzarovani v silné gravitaci, Zivot pod cernymi slunci — exoplanety u ¢ernych
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
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 BINARNIi SYSTEMY S NEUTRONOVOU HVEZDOU

[el[recmenvroms ]

Pro piehrani je tfeba systém umoziujici digitalni sférickou projekei a software DI-
GISTAR.

L[] rovonce srew - sruoumrenzoromsoy ]

Pro tento materil nejsou vyzadovany zadné predchozi znalosti a zadné dovednosti.

[=] wemrwineo sruommo waremars ]

Material se zabyva popisem a vysvétlenim problematiky binarnich systému v okoli ne-
utronovych hvézd, na tento material navazuje dalsi projekce, ktera se zabyva binarnimi
systémy v okoli cernych dér. V obou piipadech se jednd o sféricka videa.

[|cuesrombomaremars

Student by mél ziskat konkrétni pfedstavu o téchto pojmech a problémech:
e Binarni systém.
e Kategorizace bindrnich systémi.
e Vizudlni dvojhvézdy.
e Spektroskopické dvojhvézdy.
e Ekliptické dvojhvezdy.
e Astrometrické dvojhveézdy.
e Vyvoj binarnich hvézd.

e Binarni systém S neutronovou hvézdou.
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ueoasiova sroomomnrenay |[-]

Bindrni systém, vizudlni dvojhvézda, spektroskopicka dvojhvézda, ekliptickd dvoj-
hvézda, astrometricka dvojhvézda, binarni systém s neutronovou hvézdou.

casrormeanviesron———— [[7]

Stopaz studijniho materialu: 16 minut

Doporuceny ¢as ke studiu: 1 hodina

e

LIPUNOV, Vladimir. In the world of Binary Stars. Revised from the 1986 Russian
edition. Moscow: MIR, 1989. ISBN 5030005285.

oo, |

Popis binarnich systému a jejich vyvoje s ohledem na akreéni procesy — Kapitola 2,
cca 30 stran: KOLB, Ulrich. Extreme environment astrophysics. Revised from the 1986
Russian edition. Cambridge: Cambridge University Press, c2010. ISBN 978-052-1193-
443.
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Obraz 001

uvod

90 sec

//

Ernest: "Hmm, co se déje, co je to
za ramus?"

Aida: "Erneste, vstavej! Blizime se
k cili."

Ernest: "Coze?

Alda: “Jsi na vesmirné lodi, pama-
tujes?”

Ernest: “Matné.”

Alda: ”Pamatujes si mé? Jsem

Aida,
Dopravni Asistentka.”

Astronomicka Informacéné

Ernest: “Coze jsi?”

Alda: “Jsem uméla inteligence
zajiStujici bezpe€nou cestu vesmi-
rem, a zaroven jsem dobra spolec-
nice.”

Ernest: “ (s povzdechem) No kdyz
myslis...hrozné mé boli hlava.”

Aida: “Brzy to prejde. Zkus se
soustfedit. Momentalné se nacha-
zime pfiblizn¢ ve vzdalenosti 4,23
svételnych let od Zemé.”

Ernest: “A mohla bys mi prosim
fict co tu d€lame?”

Aida: “Jsme v nejbliz§im hvézd-
ném systému k nasi Slunec¢ni sou-
stavé, mame za ukol detekovat
asteroidy kiizici obéznou drahu
Zem¢ a prozkoumat piipadné

Ernest: “Hmm...what is happe-
ning, what is that sound about?”

Alda: “Ernest, wake up! We are
approaching our final destinati-

2

on.

Ernest: “What on the earth are
you talking about?”

Alda: “You are currently on a
spaceshift, Ernest. Don't you re-
member?”’

Ernest: “Just barely.”

Aida: “Well, do you recognize me
at least? 1 am Aida, the Astrono-
mical Informative Traffic Asis-
tent.”

Ernest; “What?”

Alda: “I am an artificial intelli-
gence robot who secures a safe
journey across the universe. Rest
be assured that 1 am also a great
company to have.”

Ernest: (sights tiredly) “Well, if
you think so... | have got such a
horrible headache though!”

Alda: “Don't worry, it will pass
soon but try to concentrate more
now. We are currently 4,23 light
years away from Earth.”

Ernest: “If you would be so kind
and explain to me what are we
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exoplanety v okoli ¢erveného tr-
paslika. Jsme v systému nazyva-
ném Alfa Centauri, jenz se sklada
ze tfi hvézd. Dvou hvézd hlavni
posloupnosti Alfa Centauri A a
Alfa Centauri B. Tyto tvofi fyzi-
kalni systétm.  Treti
hvézdou je Cerveny trpaslik Alfa
Centauri C. Znamy spise jako Pro-
xima. Uz si vzpominas?"

binarni

Ernest: “Hmm, noo ... Radé&ji mi
to vSechno pfipomeni...“

actually doing here?”

Alda: “We are at the nearest star
system to our Solar System. Our
aim is to detect asteroids crossing
the orbit of Earth and to examine
any exoplanets around the Red
Dwarf itself. We are in a system
called Alpha Centauri which con-
sists of three stars. Two stars have
got the main sequence to Alpha
Centauri A and B. These make up
the whole physical binary system.
The third star is the Red Dwarf
called Alpha Centauri C but you
can probably know it under its
more common name Proxima. Do
you remember now?

Ernest: “Hmm, well not re-
ally...would you mind refreshing
my mind, please?!”

Obraz 002

Binarni systém -- vznik

150 sec

I

Alda: "NasSe mise je soucasti pro-
jektu Breakthrough Starshot, zalo-
zeném v roce 2016 Milnerem,
Hawkingem a Zuckerbergem."

Ernest: “Ten Facebookovy muz uz
je namoceny fakt ve vSem... Takze
1ikas, Ze je to systém tii hvézd. To
je celkem neobvyklé ne? "

Alda:"Ve vesmiru ani ne. Az
85,00001 % hvézd se nachazi v
binarnim systému a nékolik z nich
v tercialnim nebo vicehvézdném.”

Ernest: “Zajimalo by mé, jak jsi
pfisla na tak pfesné ¢islo?”

Aida: “Asi chyba v reprezentaci

Alda: our mission is a part of a
project officially named ‘“Break-
through Starshot” founded by Mr.
Milner, Hawking and Zuckerber
back in 2016.”

Ernest: “That Facebook guy puts
his hands on literally everything
now...S0, anyway, you are say-
ing it's a system of three stars.
That is quite unusual, is it not?”

Alda: “When it comes to space it
actully is not. There are up to
85,00001 % stars in the binary
system and a few of them are
either in a tercial or more stellar
system.”
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¢isel...”

Ernest: “Na to jsem jeSt¢ malo
vzhlru. Pokracuj...pro¢ je téch
binarnich hvézd tolik?”

Alda: “Vysoké zastoupeni binar-
nich hvézd ve vesmiru je s nejveétsi
pravdépodobnosti spojeno se zpu-
sobem, jak samotné hvézdy vzni-
kaji. Hvézdy vznikaji v téch nej-
chladnéjsich a nejhustéjSich cas-
tech gigantickych prachovych a
plynnych mracen, kde na sebe jed-
notlivé molekuly plisobi gravitaéni
silou, za¢nou se pritahovat a tvofit
shluky. Ty dale pfitahuji hmotu,
pricemz promichavanim molekul a
jejich srazkami vzristd 1 jejich
teplota. V. momenté, kdy takovy
chuchvalec vytvofi kouli o veli-
kosti zhruba nasi Slune¢ni sousta-
vy, oznacujeme ji z astronomické-
ho hlediska za protohvézdu neboli
zarodek budouci hvézdy. Navic
dochdzi k turbulentni fragmentaci,
kdy se uvnitt mracen vytvari vlak-
na neforemnych struktur, ta se
mohou stat gravitaéné nestabilnimi
a tim dat vzniknout jednoduchym
nebo vicehvézdnym systémim. Ve
vyvoji vesmiru také ¢asto dochdzi
k tomu, ze je jedno z téles vi-
cehvézdného systému odmrsténo a
zbyla télesa vytvofi binarni sys-
tém."

Ernest: “Nevim, jestli mé& vic boli
hlava z vyprchajici staze, nebo z
tebe... A Alfa Centauri je teda
trojhvézdny systém?”

Alda: “Nekteti tvrdi, Ze ano, jini
tvrdi, ze je dvojhvézdny, a Ze Pro-
xima je piili§ daleko na to, aby

Ernest: “How did you come up
with that specific number?”

Alda: “Might be an error in our
presentation of numbers...”

Ernest: “I am not awake enough
to get deeper into this. Please
continue: why are there so many
binary stars?”

Alda: “A such high number is
most likely related to the stars’
evolution itself. The whole pro-
cess starts in the most freezing
and thickest bits of enormous
dusty &gas clouds. All the mo-
lecules in there are reacting to
each other by gravity power until
they come closer and unite in
clusters. Not only it attracts the
mass but the temperature incre-
ases due to the crossing of mo-
lecules and their precipitations.
When it creates a ball big like our
Solar system we call it protostar,
a fetus of a future star. Also, tur-
bulent fragmentation occurs and
new unstructured fibers take place
inside the clouds. Due to the gra-
viation they might be unstable
and become either simple or more
stellar systems. There is a regular
occurrence when one of the more
stellar ensembles is ejected and
the left ensembles become a new
binary system.”

Ernest: “I am yet to decide if my
headache has more to do with the
disappearing statis or you...So,
Alpha Centauri is a triple star
system in the end?”

Alda: “Some scientists do agree
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byla gravitatn¢ vazana na Alfa
Centauri A a B. A jesté jini fikaji,
ze muze jit také o vicehvézdny

and some oppose that it is double
stellar instead since Proxima is
apparently too far away to be

systém.” connected by gravitation to Alpha
Centauri A and B. There is ano-
ther group of people who claim it
is a mortstellar system.”
Obraz 003 90 sec //

Binarni hvézdy -- po-
jem

: "Ty mi nemazeS dat ani
jednu jasnou odpovéd, ze ne. Ale
jestli jsem to dobie pochopil, tak
se jedna hlavné o to, aby na sebe
télesa ve vicehvézdném systému
pusobila gravita¢ni silou."

“Vyborng, uz se zacinas
probirat, ale zklamu té. Pokud by-
chom definovali vicehvézdny sys-
tém pouze podle gravitacniho pi-
sobeni, museli bychom oznacit
jakékoliv dvé hvézdy ve vesmiru
za binarni systém. Protoze gravita-
ce je univerzalni interakce daleké-
ho (nekone¢ného) dosahu. Navic
potiebujeme odlisit dvojhvézdy
optické od téch fyzickych. Optické
dvojhvézdy se sice z pohledu po-
zorovatele mohou jevit jako binar-
ni systtm pro malou uwhlovou
vzdalenost jeho slozek, ale ve sku-
te¢nosti jsou velmi daleko od sebe.
Skute¢na dvojhvézda je tedy fy-
zickd dvojhvézda, kde obé hvézdy

v v

: "Muze$ mi to nakreslit?"

. "Piedstav si vesmir, kde by

Looks like you simply
cannot give me a clear answer, is
it not? So, to sum it up and
correct me if I am wrong: the
main objective is for ensembles in
multstellar system to be influen-
ced by gravity power.”

: Excellent, you are slowly
waking up but I must disappoint
you though. Should we define
multstellar system based on its
gravity, it would force us to defi-
ne any two stars as binary sys-
tems in the universe. A gravity
power stands for universal intera-
ction with its long and endless
reach. Additionally, we need to
address the difference between
optical and physical binary stars.
A regular viewer might think that
optical binary stars behave like
binary systems due to their short
angle reach of its parts but that is
the exact opposite — both are very
far from each other. A real binary
star is a physical binary star and
both orbits around the conjoint
center of gravity.”
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existovaly dva body reprezentujici
hvézdy o hmotnostt M 1 a M_2.
Spojme tyto dva body pomysinou
¢arou a na ni najdeme bod O, kde
se soucin jejich hmotnosti a vzda-
lenosti od bodu O vzajemné rovna-

A%

astronomii  oznaCovaného jako
barycentrum, dvojhvézdy ¢i vi-
cehvézdné systémy obihaji a jejich
obézné drahy lze v prvnim piibli-
zeni popsat Keplerovymi zékony."

Ernest: “Could you please draw it
for me?”

Alda: “Just imagine a universe
with two stars of M_1 a M_2
weight each. Let's connect these
two spots with an imaginary line
and we find O point on it where
their weight and distance equal
for both of them. Right around
this center of gravity, generally
called barycentrum, are orbiting
all binary stars and mulstar sys-
tems. We can observe their orbits
already in their first approach
thanks to the Kepler's law.”

Obraz 004

Bindrni systém --
kategorie

120 sec

/1

Ernest: "Jo, Keplerovy zdkony...to
uz jsem nékde slySel. Dobfe Aido,
takze kdyZ se néco jevi jako dvoj-
hvézda a fyzicka soustava to jeste
byt nemusi, tak jak je od sebe jako
pozorovatel rozeznds?"

Aida: "Optickou dvojhvézdu lze
odhalit méfenim radidlni rychlosti,
nebo thlového pohybu na obloze.
Také je mozné zjistit rozdil vzda-
lenosti  slozek zméfenim jejich
rocnii paralaxy. Pravdou ovSem je,
ze mnoho znamych dvojhvézd
jesté nebylo prostudovano natolik,
abychom mohli rozhodnout, které
z nich opravdu tvofi gravitacné
vazany systém."

Ernest: "A tedy u Alfa Centauri A
a B jsme si jisti, Ze se jedna o bi-
narni systém?"

Ernest: “Ah, Kepler's law...that is
something | have heard before.
So, if something behaves like a
binary star and it does not have to
be a physical system, how is a
regular viewer supposed to diffe-
rentiate them?”’

Alda: “We can reveal an optical
binary star by measuring its radial
speed or its angle movement on
the sky. To find out the different
distance of ensembles, we have to
measure their yearly parallax. To
tell the truth, we have not yet stu-
died many famous binary stars to
the point we can speculate which
of them are a part of a gravitatio-
nal united system.”

Ernest: “And we are sure this is
the case for Alpha Centrauri A

10
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: "Ano. Systém Alfa Centauri
pozorujeme jiz dlouho, prvni za-
v Ptolemaiové hvézdném katalogu
Almagest. Piesto byla jeho binarni
povaha objevena az Jean Richau-
dem roku 1689 kdyz pozoroval
prelet komety. Tak se stala teprve
druhou objevenou binarni sousta-
vou po dvojhvézdé Acrux, ktera je
nejjasnéjs$i hvézdou Jizniho kiize.
Ovsem az roku 1915 objevil Ro-
bert T. A. Innes tteti slozku, tedy
Proximu, a to na zakladé méfeni
vlastniho pohybu a naznacil jeji
gravitacni provazanost s vizudlni
dvojhvézdou Alfa Centauri A a
B

: "No pockej, pockej, co tim
mysli§ vizualni dvojhvézda? Mlu-
vili jsme zatim jen o optické dvoj-
hvézde a fyzické dvojhvézde, kde
jsme vzali dvojhvézdu vizuélni?"

: "Ach ano, jisté. To souvisi s
tim, jak binarni hvézdy kategorizu-
jeme. Jednak podle metod jejich
pozorovani a pak také na zakladé
jejich drah. Mezi metody pozoro-
vani patfi pozorovani dalekohle-
dem. Binarni hvézdy, které od
sebe miizeme takto odlisit, jako
dva objekty, oznacujeme jako
dvojhvézdy vizudlni. Mezi dalsi
typy patii spektroskopické, astro-
metrick¢é a zakrytové proménné
hvézdy."

and B then?”

: “Yes, we are certain. We
have been observing Alpha Cen-
tauri for a very long time. The
first mention has been noted in
Ptolemaic’s star catalog in the
2nd of Century already. Despite
that, its binary characteristics
were confirmed later by Jean Ri-
chaud back in 1689 upon his ob-
servation of comet flight. It be-
came the 2nd discovered binary
system after binary star Acrux —
the brightest star of the South
Cross area. The other monument
discovery happened by Mr. Ro-
bert T. A in 1915 when he found
a third part Proxima based on the
observation of its own movement.
He also indicated a gravitational
interconnectedness with visual
binary star Alpha Centauri A and
B.”

: “Wait a moment! What
do you mean by the visual binary
star? After optical and physical
binary stars this came out of
nowhere.”

: “I certainly understand your
confusion. This closely relates to
the categorisation of binary stars.
We divided them by the method
of their observation and trajecto-
ries. One of the observation met-
hods includes the use of telesco-
pes for examples. With this met-
hod we can determine binary stars
as two subjects and refer to them
as visual binary stars. Other types
are spectroscopic, astrometric and
eclipsing variable stars.”

11
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Obraz 005

Ukazky kategorii dvoj-
hvézd -- vizualni

90 sec

//

: "Vizudlni dvoj-
hvézdy jsou takové systémy, u
kterych lze jednotlivé slozky pfi-
mo rozlisit dalekohledem ¢i bino-
kularem. Pravé proto se také jedna
o prvni zjisténé dvojhvézdy. Na-
ptiklad jiz Galileo Galilei v roce
1617 namifil svij dalekohled na
Velky vz a zjistil, Zze hvézda
Mizar je dvojhvézda. OvSem sa-
motny pojem “dvojhvézda” byl
zaveden az Sirem Williamem
Herschelem kolem roku 1802. Ten
také sestavil katalog zahrnujici
pfiblizn€¢ 700 hvézdnych pard.
Dnes se tvrdi, Ze kolem 5 % vidi-
telnych hvézd jsou pravé vizualni
dvojhvézdy. Obvykle oznacujeme
jeji nejjasnéjsi komponentu piipo-
nou A, a jeji druhou komponentu
pfiponou B. Dlouhodobé pozoro-
vani jejich polohy pak muizeme
vynést do grafu, kde hvézda o
mensi hmotnosti obihd po elipse
hvézdu s vétsi hmotnosti. Hvézda
o vetsi hmotnosti je v ohnisku, tzv.
relativni drahy. Pro vypocet celko-
vé hmotnosti soustavy je mozné
vyuzit 3. Keplerova zdkona a na
zaklad¢ vztahu: m 1 + m 2=
a**3/T**2, kde ml a m2 jsou
hmotnosti danych slozek, a je vel-
ka poloosa relativni drédhy a T je
ob¢zna doba.”

All individual
assemblies of visual binary stars
enable us to distinguish them with
help of either telescope or binocu-
lars. It is also a reason why these
binary stars were first we dis-
covered. When Mr. Galileo Ga-
lilei in 1617 observed Big Dipper
using his telescope, he found out
that the Mizar star is a binary star.
However, the term binary star
was first introduced by Mr. Wili-
am Herschel himself around
1802. Not only that but he also
compiled a catalog with around
700 star couples. Nowadays, the-
re is a public opinion that 5% of
all visible stars are actually all
binary stars. Its brightest first
component is accompanied by
suffix A and the second by suffix
B. Our long term observation of
their trajectories can be imple-
mented into the chart where light
star orbits along the heavier star.
The heavier star is in center - na-
mely in relative trajectory. In or-
der to calculate the weight of the
system we use in practice the
Kepler law. Based on their con-
nection we use this formula m_1
+ m_2=a**3/T**2. Formulas 1 a
m2 represent weight of all indivi-
dual assemblies, a is a big Halfa-
xis of relative trajectory while T
stands for a running time.”

12
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Obraz 006

Ukazky kategorii dvoj-
hvézd -- spektrosko-
pické

60 sec

//

» "Kdyz uz
jsem zminila Mizar, tak pravé on
byl v roce 1889 Antonii Maurio-
vou oznacen za spektroskopicky
bindrni systém. Tésnost obchu
takového systému je natolik velka
a jasnost slozek natolik podobna,
Ze neni tento systém mozné rozlisit
ani okem, ani dalekohledem.
Nicméné pozorujeme-li kombino-
vané spektrum piipadné dvoj-
hvézdy a vidime posuv spektral-
nich ¢ar zpiisobeny Dopplerovym
jevem, muzeme dvojhvézdu klasi-
fikovat jako spektroskopickou. U
hvézdy, ktera se pohybuje smérem
od nas, dojde k Cervenému posuvu,
a u hvézdy pohybujici se k ndm, k
modrému posuvu. Na zakladé po-
suvu spektralnich €ar vzhledem k
¢asu jsme pak schopni urcit radial-
ni rychlost druhé sloZky. Pomoci
této metody je objeven nejvetsi
pocet dvojhvézd."

Returning
back to my mention of Mizar, it
was proclaimed to be a spectros-
copic binary system by Mrs. An-
tonia Mauri in 1889. The tight
closeness of this system and simi-
lar brightness of all parts does
not allow as at all to distinguish
them by either eyes or telescope.
Although, if we observe a com-
bined spectrum of possible binary
stars and there is a movement of
spectral lines caused by Dopller
phenomenon, we can classify that
particular binary star as spectro-
spectre. If the star moves from us
its movement is reed and when it
comes to us its movement is blue.
Based on the movement of the
spectre lines in relation to the
time itself we are able to determi-
ne radial speed of the second con-
stituent part.”

Obraz 007

Ukazky kategorii dvoj-
hvézd -- ekliptické

60 sec

/1

. "Dalsi kategorii dvojhvézd
jsou zakrytové promeénné hvézdy.
Jedna se o systémy, kde dochazi k
periodickym zménam jasnosti v
dasledku zékrytd slozek vici po-
zorovateli na Zemi. Tak se proje-
vuji pouze takové dvojhvézdy,
jejichz rovina obéhu je rovnobézna

: One of the other binary star
categories are eclipsing variable
stars. These systems are under-
going periodic changes of
brightness due to the eclipsing of
elements to any viewer on Earth.
It is related only to binary stars
whose surface of trajectory is
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nebo témét rovnobézna se smérem
kK pozorovateli. Zakrytové dvoj-
hvézdy maji  charaktericticky
vzhled svételné kiivky, tedy zavis-
losti jasnosti na Case. Jsou na ni
viditelné jednotlivé zakryty a je
tak mozné odhalit binarni podstatu
soustavy. Do soucasnosti bylo
objeveno jiz n€kolik set tisic tako-
vych soustav, prvni a nejznamé;si
z nich je zakrytova dvojhvézda
Algol v souhvézdi Persea."

either fully parallel or almost pa-
rallel in the direction of the vie-
wer. Eclipsing binary stars have
got a particular image of their
light bends, meaning its light
fully depends what time it is. We
can see ourselves in each eclipse
since it is visible to us and it is
also why we can reveal the essen-
ce of the binary star system. Until
now we there are discoveries of
several hundred of thousands si-
milar systems like this. One of the
most famous eclipse binary stars
is called Algol in the constellation
of Persea.”

Obraz 008

Ukazky kategorii dvoj-
hvézd -- astrometrické

60 sec

/1

"Posledni jsou
dvojhvézdy objevené astrometric-
ky. Ve své podstaté se jedna o vi-
zualni dvojhvézdy, u nichz je op-
ticky pozorovatelnd jen jedna
hvézda. Ovsem astrometrickd me-

kategorii

feni polohy hvézdy vykazuji peri-
odické zmény. Ty jsou vysvétlitel-
né praveé pritomnosti druhé slozky,
ktera prvni gravitacné ovliviuje.
Touto metodou bylo objeveno re-
lativné mélo dvojhvézd. To je pte-

. The last place in our cate-
gory belongs to the astrometric
binary stars. Basically it is a visu-
al binary star where we can opti-
cally see only one star. Our astro-
nomical measurement of its posi-
tion shows us periodic changes of
the star. It is caused by the pre-
sence of the second component
which gravitationally affects the
first star. This method was suc-
cessful in locating a few binary

14
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dev§im dano nepfesnostmi v me-
feni vlastniho pohybu hvézd a také
potfebou dlouhodobého méieni.
Nejznaméjsi astrometrickou dvoj-
hvézdou je Sirius, objeveny jiz v
roce 1844."

stars only. Firstly, there is an ina-
ccuracy in measuring the process
of the movement of stars them-
selves and secondly, we have to
measure them in a long term. The
most known astrometric binary
star is a Sirius which was located
in 1844,

Obraz 009 60 sec /1
Konfigurace systému
na zakladé jejich vzda-
lenosti
: "Jo astrometrie, ta mi ni- : Oh dear, astronomy was
kdy potfadné nesla..." never a favourite subject of mi-

: "Kdyby jenom astrometrie
... (smich) Dalsi zptsob, jak mu-
zeme dvojhvézdy klasifikovat, je
na zéklad¢ jejich vzdjemné vzda-
lenosti a pomérné velikosti. Kdyz
vezmeme dva hmotné body (v
naSem ptipad¢ hvézdy), a vyzna-
¢ime kolem nich oblast, kde je k
nim obihajici téleso stale gravitac-
né vazano, ziskame tvar podobny
osmicce, slozené ze dvou kapkovi-
tych utvarh setkavajici se v jed-
nom bod¢. Tyto dvé plochy nazy-
vame Rocheovy laloky. V roce
1955 cesky astronom Zden¢k Ko-
pal zavedl dodnes pouZzivanou vy-
vojovou klasifikaci  dvojhvézd
vzhledem k Rocheové ploSe. Jedna
se o tfi pfipady. (1) Prvni repre-
zentuji oddélené soustavy, povrchy
obou sloZek se nachdzi uvnit Ro-
cheovy plochy. (2) Druhé jsou
Polodotykové, kde pravé jedna ze
slozek vyplnuje danou plochu. (3)
A nakonec tfeti, dotykové, kde
Rocheovu plochu vypliluji obé

2

nc...

: “Among other subjects. Is it
not right, Ernest? (Aida laughs
out loud and continues). We can
also classify binary stars by their
mutual distance and proportional
size. So, let's grab two substan-
tial (in our case two stars) points
and highlight an area around with
a gravitationally  connected
running ensemble around — the
shape we get will be similar to
number eight since it consists of
two teardrop formations and it is
clashing in one single spot. The-
se two surfaces are called Roche
lobes. Czech born astronomer Mr.
Zdenek Kopak defined develop-
ment classification of binary stars
in accordance with the Roche
area back in 1995 which we still
used even by now. It is related to
the following three cases:

The first represents two systems
whose surfaces are inside the Ro-
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slozky." che area (1).

A semi touch system with one of
the elements filling up the main
area (2).

And lastly, a touch system with
two elements filling up the whole
Roche’s area (3).”

Obraz 010 90 sec /!

Scenare vyvoje binar-
nich hvézd

Ernest: “Myslim, Ze jsem pravé na
chvili zase usnul...”

(Bez reflexe toho, co Ernest fekl,
pokracuje.)

Alda: “V kazdém ptipadé¢ maji
bindrni hvézdy, stejné jako ostatni,
svij vyvoj. Ktery mizZe byt urych-
len, nebo ovlivnén ptitomnosti
spolecnika.”

Ernest: “Ted uz to konecné snad
zacne byt napinavé. Ale - co tak
dra-ma-ti-cké-ho se mize dvoj-
hvézdée stat?”

Aida: “V ptipadé, kdy obé slozky
jsou hvézdami hlavni posloupnosti
a vezmeme-li v uvahu vyvoj
hvézd, mize u jedné z nich dojit k
tomu, Ze se z ni stane cerveny obr.
Zaplni Rochetv lalok a zac¢ne pie-
davat hmotu svému spolecnikovi,
pak dojde ke kataklyzmatické ka-
tastrofé, tedy explozi doprovéazené
uvolnénim obrovského mnozstvi
energie. Cili binarni systém zanik-
ne a zlstane pouze jedna slozka.”

Ernest: “Hmm, to je skutecné¢ za-

Ernest: “I think that I have fallen
asleep one again at some point...”

Alida: (ignores what Ernest said
and goes on) “Binary systems
have like others its own develop-
ment process and it can be either
increased or be influenced by the
presence of any other compani-

2

on.

Ernest: “It is finally starting to
sound exciting! What could pos-
sibly happen to the binary star
though?”

Alda: “Should both parts of the
stars be of the main sequence it
can be developed over time into
the Red Giant instead. The pro-
cess starts with filling up the Ro-
che’s lobe and passing over its
substance onto another compani-
on which results in cataclysmic
catastrophe, a huge explosion
releasing quite a big amount of
energy. This means the end of the
whole system while only one part
is left.”

Ernest: “That is incredibly intri-
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jimavé! No a co kdyz je jedna
slozka soustavy uz kompaktnéjSim
télesem, nez je hvézda hlavni po-
sloupnosti? Ma to n¢jaky vliv?”

: “Vidim, Ze uz se probiras.
Pak to muze byt jest¢ zajimavejsi.
Ano, kdyby byla jedna slozka ne-
utronovou hvézdou ¢i Cernou di-
rou, jednalo by se o rentgenovou
dvojhvézdu (¢ili X-ray binary star,
jak fikdme, my, um¢lé inteligence

. smich). Také u nich dochazi k
pfetoku hmoty. V pfipad€ neutro-
nové hvézdy teplota a tlak na po-
vrchu roste, a dochazi ke gigantic-
ké termonuklearni explozi a k
zableskiim rentgenového zareni
(tzv. X-ray bursts), které jsou dob-
fe pozorovatelné teleskopy umis-
ténymi na obézné draze kolem
Zemé&. A navic mize k takovym
vytryskiim dochézet opakované.
Tedy pokud sila explozi nenarusi
stabilitu binarniho systému.”

guing! But what if one part of the
system is already a compact en-
semble apart from the star of the
main sequence? What would be
the outcome?”

: | see you are already cat-
ching up, well done! This par-
ticular case makes it all the more
interesting actually. Should one
part be either a neutron star or
black hole it would be the x-ray
binary star. What also happens
here is the overflow of substance.
The temperature with pressure on
the surface of the neutron star
increases and it results in a ther-
monuclear explosion with x-ray
bursts. We are able to get a good
look at it thanks to the telescopes
put on the orbit around the Earth.
This could occur quite frequently
unless the explosion will not de-
stroy the stability of the binary
system.”

Obraz 011

Co se stane s Alfou
Centauri?

40 sec

I

: “Dobte, dobie. Uplné mé
deésis! A stane se néco takového 1 v
bindrnimu systému Alfy Centau-
ri?”

: “Myslim, ze toho se zatim
bat nemusime, vzhledem k tomu,
Ze procesy spojené s vyvojem
hvézd trvaji dlouhé stovky miliont
let."

“No dobre, ale obecné
vzato zZivot na exoplaneté v bliz-
kosti binarniho systému s neutro-

: Oh jeez, you are starting
to really scare me with all this
information! So, could something
like that happen even in the bina-
ry system of Alpha Centauri
then?”

: “That is something we do
not have to be worried about for
now, since the development pro-
cess of stars last long hundreds of
millions years.”

: “Alright but regardless of
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novou hvézdou by asi vzal za své
ne?”

Alda:  “Myslim, ze zivot na
exoplaneté by nepfezil uz samotny
vznik neutronové hvézdy v binar-
nim systému. Nicméné proveéfit
vhodnost exoplanety pravé v sys-
tému Alfa Centauri je jeden z na-
Sich tukold...takze do prace. Dalsi
debaty si nechame na potom, me¢-
feni ¢eka.”

Ernest: “Kdyz jinak nedés... Ale
kvili tvé upovidanosti jsem dnes
jesté ani nemél kafe ...”

Alda: “To jsou ty nevyhody uhli-
kové inteligence ... (smich)”

that any life on the exoplanet near
the binary system with a binary
star would cease, right?”

Alda: “In my opinion, any life on
the exoplanet would not be able
to survive the birth of a neutron
star in the binary system. Howe-
ver, it is one of our objectives to
find whether any exoplanet would
be suitable in the Alpha Centauri
system, so let's get to work. Any
further questions can wait until
we finish our measurement pro-
cess”

Ernest: “If you say so...but due
to your talkative nature | have not
had any coffee yet!”

Aida: “Oh dear you! That is an
exact proof of the handicap of the
carbon intelligence...(laughs)”

Konec

KONEC
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2 PEDAGOGICKO DIDAKTICKE POZNAMKY

provovcesroew  [[d]

Obory: 053 Védy o nezZivé 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 zhlédnuti odkaze na dopliujici literaturu a zodpovi na
dotazy.

A 3

Zjistéte si, jak daleko je Alpha Centauri, jak dlouho tedy Aid¢ a Ernestovi by tedy tr-
vala cesta tam a zpét (pii rychlosti lodi 59958491,6 m/s).

|
Systém Alfa Centauri je vzdalen 1,338 pc a ma periodu 79,92 let. Komponenty A a B
jsou od sebe vzdaleny 23,7 AU. Jaka je celkova hmotnost systému?
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