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PREDMLUVA

Tento privodni list byl vypracovan k jednomu ze serialu 10 vzdélavacich potadi uréenych
pro sférickou projekei, které vznikly v ramci projektu ,,Rozvoj vzdélavani na Slezské univerzité
Vv Opave®.

Zabyvaji se vesmes astrofyzikalnimi tématy, jak je zfejmé i z ndzva jednotlivych potadii:

Binarni systémy s neutronovou hvézdou, Binarni systémy s cernou dirou, Optické efekty v ex-
tréemnich gravitacnich polich, Akrvecni struktury v blizkosti cernych dér a neutronovych hvezd,
Vyzarovani v silné gravitaci, Zivot pod cernymi slunci — exoplanety u cernych dér, Kosmické
mikrovinné pozadi, Rentgenové observacni kosmické mise, Akrecni disk u cernych der zblizka,
Astrofyzika plna extrémii

Jednotlivé scénafe pripravovali samostatné jejich tviirci — Jan Hladik, Adam Hofer, Debora
Lancové, Jan Novotny, Martin Petrasek, Jan Schee a Tomas Graf.

Na vyrob¢ se vSak kromé autorti scénait podileli také dalsi tviirci z fad zaméstnancii 1 studen-
ti univerzity: Jan Barto$, Lucie Dospivova, Viky Kurec¢kd, Adam Langer, Vojtéch Pazdera, On-
diej Smékal a Katefina Simeckova.

VSichni tviirei dékuji Slezské univerzité v Opaveé za moznost podilet se na tomto projektu a ja
si dovoluji podékovat vsem kolegynim a kolegiim za spolupraci, bylo mi cti se S nimi pfi praci
na projektu setkavat.

Tomas Graf
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1 RENTGENOVE OBSERVACNiI KOSMICKE MISE

[H[romenveors ]

Audiovizuélni dilo vzniklo vyhradné€ ve formatu vhodném pro projekce potadané ve fulldome
projekcich. PIn€ vyuzivd moznosti danych zobrazovanim na sféru. Neni vhodné pro béznou,
rovinnou, projekéni plochu, byt’ ndhledové jej 1ze 1 na ni sledovat, ale obraz je deformovan.

][ rovopee sruvtew - sruowmimevporusor ]

Od divéka (studenta) neni vyzadovana zadna predbéznd znalost problematiky ani jakakoli
ptiprava. Pro porozuméni — na zamyslené trovni — diskutovaného témata postaci dusevni pii-
tomnost zucastnéného po dobu prezentace obsahu. Jednim z klicovych ptedpokladt je tak
schopnost udrzet pozornost.

Nejvhodnéjsi cilovou skupinou jsou studenti sttednich Skol, ¢i jejich absolventi, se zdjmem o
fyziku, astronomii ¢i kosmické mise.

[2] omsameo srooummomarema ]

Tento sféricky pofad seznamuje divaka s jednou z astronomickych disciplin, a to je rentgeno-
va astronomie. Z pocatku se zabyva historii od objevu rentgenového zafeni, pies prvni objevy
V této Casti astronomie az po kosmické mise a tedy i dnes pouzivané satelity.

Dopliujici text je privodnim materialem k vytvofenému AV poradu a jeho studium neni pro
shlédnuti potadu podstatné. Krom jiného, obsahuje textovy piepis (autorsky upraveného) literar-
niho scénafe dila, ktery lze dale efektivné pouzit, napt. pro tvorbu cizojazy¢ného ptekladu ¢i
titulk®. Uvadi uzite¢ny soupis literatury.
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cresoumpomaremie  |[7]

Dilo ma za cil seznamit divaka S rentgenovou astronomii. Proto je v kratkém filmu divék se-
znamen s vyvojem Vv této €asti astronomie a populariza¢ni formou jsou popsany objevy jez rent-
genova astronomie ucinila na poli fyziky.

_

satelit — astronomie — vesmir — rentgenova astronomie — kosmické mise — Conrad Rontgen —
druzice — rakety — zafeni — astrofyzika

casrormeanvieson 7]

Stopaz studijniho materialu: 21 minut

Doporuceny ¢as ke studiu: 1 hodina

s oo [

Dobrym zdrojem informaci mohou byt nésledujici webové odkazy:

e https://astro.troja.mff.cuni.cz/vyuka/AST021/Svoboda/2.pdf

e https://cs.wikipedia.org/wiki/Rentgenova astronomie

e https://kosmonautix.cz/2012/09/rentgenova-astronomie-1-dil/

e https://sf.zcu.cz/data/2004/sf2004 02 1.pdf



https://astro.troja.mff.cuni.cz/vyuka/AST021/Svoboda/2.pdf
https://cs.wikipedia.org/wiki/Rentgenová_astronomie
https://kosmonautix.cz/2012/09/rentgenova-astronomie-1-dil/
https://sf.zcu.cz/data/2004/sf2004_02_1.pdf
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https://public.nrao.edu/gallery/karl-guthe-jansky/

http://wikipedia.org

https://www.aps.org/publications/apsnews/201505/physicshistory.cfm

https://www.nps.gov/parkhistory/online books/butowsky5/astro4op.htm

https://commons.wikimedia.org/wiki/File:Wilhelm Conrad Roentgen looking into an X-
ray screen placed Wellcome L0027361.jpg

https://www.nature.com/articles/d41586-019-00216-8

http://ecuip.lib.uchicago.edu/multiwavelength-astronomy/x-ray/history/05.html

https://kosmonautix.cz/2012/09/rentgenova-astronomie-2-dil-uhuru-a-ti-pred-ni/

https://heasarc.gsfc.nasa.gov/docs/objects/binaries/scox1 1962.html

https://www.wikiwand.com/en/X-ray optics

https://link.springer.com/article/10.1007/s10686-009-9139-8

https://imagine.gsfc.nasa.gov/observatories/technology/xray telescopes2.html

https://www.nature.com/news/bizarre-star-could-host-a-neutron-star-in-its-core-1.14478

https://heasarc.gsfc.nasa.gov/docs/rosat/gallery/misc moon2.html



https://public.nrao.edu/gallery/karl-guthe-jansky/
http://wikipedia.org/
https://www.aps.org/publications/apsnews/201505/physicshistory.cfm
https://www.nps.gov/parkhistory/online_books/butowsky5/astro4op.htm
https://commons.wikimedia.org/wiki/File:Wilhelm_Conrad_Roentgen_looking_into_an_X-ray_screen_placed_Wellcome_L0027361.jpg
https://commons.wikimedia.org/wiki/File:Wilhelm_Conrad_Roentgen_looking_into_an_X-ray_screen_placed_Wellcome_L0027361.jpg
https://www.nature.com/articles/d41586-019-00216-8
http://ecuip.lib.uchicago.edu/multiwavelength-astronomy/x-ray/history/05.html
https://kosmonautix.cz/2012/09/rentgenova-astronomie-2-dil-uhuru-a-ti-pred-ni/
https://heasarc.gsfc.nasa.gov/docs/objects/binaries/scox1_1962.html
https://www.wikiwand.com/en/X-ray_optics
https://link.springer.com/article/10.1007/s10686-009-9139-8
https://imagine.gsfc.nasa.gov/observatories/technology/xray_telescopes2.html
https://www.nature.com/news/bizarre-star-could-host-a-neutron-star-in-its-core-1.14478
https://heasarc.gsfc.nasa.gov/docs/rosat/gallery/misc_moon2.html
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1.1 Scénar

— Jelikoz ptepis nenahrazuje shlédnuti potadu, nejsou zde vlozeny obrazky, animace, videa
a ani odkazy na n¢; uplnou audiovizudlni roli zastavad pouze vzdélavaci potrad sdm o sobé.
Ptedkladany ptepis komentafe (autorsky upraveny) slouzi jako vyrazna opora pfi orienta-
ci ve struktufe a obsahu dila.

Obraz 001
Nocni obloha

Zfejmé od nepaméti cClovék vzhlizi
ke hvézdam. Pozoruje nocni oblohu
plnou hvézd a pfemysli o tom, co se
tam v dali asi odehrava. V pribéhu
véku lidé zkoumali nocni oblohu asi
tak, jak ji nyni vidite i vy nad sebou.
Je plnd hvézd, protoze zde nejsme
ruseni okolnim pouliénim osvétle-
nim ¢i jinymi svételnymi zdroji. Tak-
to oblohu mdizZete spatfit pouze
daleko od civilizace, nicméné je to
stejny pohled, jaky méli pravé nasi
pra pra pra prapredkové.

Since time immemorial all human-
kind looked up to the sky. They ob-
served the night sky full of stars and
thought of what is happening far
away in space. They examined it by
mere eyes as we are able to do so
nowadays. The stars are visible in
areas with no street lamps or light
sources only. This view cannot be
seen in cities due to light pollution,
so in order to view a clear sky one
must go outside the city for a clearer
view to get the same access to the
sky as our ancestors did.

Obraz 002
Historie pozorovani

S objevem dalekohledu v 16. stoleti
se zaCala rozvijet také pozorova-
ci astronomie. Nejprve pouze ve
vizualnim oboru spektra, coz je ¢ast
elektromagnetického zareni, kterou
jsme schopni spatfit o¢ima. Jedna se
o elektromagnetické zareni v inter-
valu vinovych délek priblizné od 350
do 800 nanometr(.

Ale pojdme zpét do historie, jelikoZ
pravé diky prvnim dalekohledlm
pozoroval italsky astronom Galileo
Galilei planety a ucinil mnohé obje-
vy, napfiklad ¢tyf nejvétsich Jupite-
rovych mésicl. Nasledovali ho dalsi
védci jako Kepler ¢i Newton a jak se
dalekohledy zlepsovaly, zacali jsme
objevovat stadle mensi i vzdalengjsi

The discovery of the telescope back
in the 16th century immediately
brought development of astronomy
observations. Firstly it was only in
the visual field of the spectrum; a
part of the electromagnetic radiation
which we can see even with our own
set of eyes. This electromagnetic
radiation has got wavelength inter-
vals between 350 up to 800 na-
nometers.

Let's return back in time when the
telescopes helped an Italian astron-
omer Galileo Galilei’s with his own
observations. Not only was he ob-
serving all kinds of planets he also
made several major discoveries such
as Jupiter's four biggest moons. Oth-
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vesmirné objekty.

er scientists such as Mr. Kepler or
Newton followed in his footsteps.
The more the telescopes developed
the more we were able to find and
examine smaller and more far away
space objects.

Obraz 003
Pan Rontgen

V roce 1895 pfi experimentech s
vakuovymi trubicemi na l|ékarské
fakulté ve Wirzburgu objevil né-
mecky fyzik Wilhelm Conrad Ront-
gen novy druh zafeni s vlnovymi
délkami od 0,1 do 10 nanometrd.
JelikoZ vsak jesté neznal jeho pod-
statu, nazval jej paprsky X i. Ront-
genliv objev nalezl okamzité uplat-
néni v mediciné, dikazem toho je
prvni rentgenovy snimek ruky jeho
manzelky. Za sv(j prevratny objev
obdrzel v roce 1901 Uplné prvni
Nobelovu cenu za fyziku a také je na
jeho pocest po ném toto zareni
pojmenovano, i kdyz v USA se stale
Casto pouziva oznaleni paprsky X.

We will now return again back in
time to 1895 year when one of
Wirzburg’'s faculty medicine em-
ployees did experiments with vacu-
um tubes. A German physicist Mr.
Wilhelm Conrad Roentgen discov-
ered a new kind of radiation with
wavelengths ranging from 0,1 to 10
nanometers. Since he did not yet
know its principle he named it as X-
ray. Mr. Rontgen’s discovery has
found its use at once in medicine.
The proof of that is the first X-ray
image of his wife's hand. His revolu-
tionary discovery has secured him
his first Nobel prize in physics in
1901. They also named this device
after his name although the USA’s
medicine field often uses the name
X-ray instead.

Obraz 004
radioastronomie

S rozvojem védy a techniky se zjisti-
lo, Ze z vesmiru pfichazi zafeni ne-
jen na viditelnych vinovych délkach,
ale i na ostatnich frekvencich. Na-
pfiklad ve 30. letech minulého sto-
leti v Bellovych laboratofich zkou-
mal americky inZenyr ceského pu-
vodu Karl Jansky radiové zareni.
Jeho ukolem bylo identifikovat zdro-
je radiového Sumu, které rusi po-
zemni radiovou komunikaci. Pfi tom
Jansky odhalil zafeni ptichazejici “z
oblohy”. Zajimavé bylo, Ze poloha
zdroje signalu se ménila s periodou
otaceni Zemé vici hvézdné obloze.
Tedy, Ze zdroj zareni se nachazi v
centru nasi Galaxie. Tato detekce se
dad povaZovat za pocatek radio-

With the development of science
and technology came a moment
when we found that not only we
keep receiving radiation on visible
wavelengths but on other frequen-
cies as well. This for example led to
the observation of radio radiation by
the American engineer with Czech
roots Mr. Karl Jansky in Bell’s labora-
tories back in 1930. His main goal
was to identificate the source of
radio noise which continuously inter-
rupts terrestrial radio communica-
tion. During his work process he
found new radiation coming from
the sky. The most interesting fact
was that the signal's source position
kept changing in accordance with
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astronomie.

the rotation period of Earth against
the starry sky. This incident can be
considered as the beginning of radio
astronomy.

Obraz 005
Pocatky
astronomie

rentgenové

Na opacné strané spektra, v kratko-
vinné oblasti, je vSak situace o néco
slozitéjsi. | kdyZz rentgenové zareni
snadno projde lidskou tkani ¢i mno-
hymi predméty, tak atmosféra na
zemsky povrch vinové délky v rent-
genovém oboru témér nepropousti.
CoZ je samoziejmé pro Zivé orga-
nismy dobfe, ale je to jedna z pficin,
pro€ jsme si museli i na rozvoj rent-
genové astronomie jesté chvili po-
¢kat. Zlom pfrisel az s druhou svéto-
vou valkou, kdy némeckd armada
vyvinula obavanou raketu V2, jez
byla schopna vystoupat az do vysky
85 kilometr( nad zemsky povrch. V
této vysce jiz zbyva mezi vesmirnym
zdrojem a raketou jen mala c&ast
nasi atmosféry. A tak byla v roce
1949 vypusténa raketa vybavena
Geiger—Miillerovym pocitacem, coz
je vlastné detektor ionizujiciho za-
feni. Pfi tomto experimentu se po-
dafilo zachytit rentgenové zareni
nasi nejblizsi hvézdy...Slunce.

On the opposite side of the spec-
trum in the shortwave region is the
case more complicated. Even though
x-ray goes through the human tissue
or different objects quite easily, the
atmosphere does not let wave-
lengths in the x-ray field through to
the earth surface. Of course this is
good news for living organisms but it
is still one of the reasons why we
had to wait for the development of
roentgen astronomy for a while. The
breakthrough occurred during the
second world war when German
army constructed a V2 rocket with
the ability to go up 85 meters above
the earth surface. At this height level
between the space source and rock-
et is left a tiny part of our atmos-
phere. Based on this, in 1949 re-
leased a rocket equipped with Geire-
Muller’s computer system which is a
detector for ionization radiation.
This experiment succeeded in de-
tecting the x-ray radiation of our
closest star....the Sun itself.

Obraz 006
Zkoumani zareni slunce

V dalSich letech bylo provedeno
nékolik experimentli zkoumajicich
rentgenové zareni Slunce. Zajimavy
byl napfiklad ten v roce 1958, kdy
pfi Uplném zatméni Slunce se zjisti-
lo, Ze zdrojem zareni jsou oblasti se
slunec¢nimi  skvrnami a slunecni
koréna. Nasledné v roce 1960 byl
pofizen prvni rentgenovy snimek
Slunce.

In the following years several exper-
iments were undertaken observing
x-ray radiation of the Sun. One of the
interesting outcomes is from 1958
when we found out during the
eclipse of the Sun that the source of]
radiation is from areas with sunspots
and sun corona. Two years later in
1960 the first roentgen image of the
Sun was taken.
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Obraz 007
Rossiho vecirek

Za dalsi pokroky vdécéime vecirku na
konci 50. let minulého stoleti.
Poradal jej italsky fyzik zabyvajici se
studiem kosmického zareni a puso-
bici v té dobé na MIT, Bruno Rossi.
Na oslavé potkal také svého krajana,
mladého fyzika Riccarda Giacconiho,
kterého nasméroval na vyzkum v
oblasti rentgenové astronomie. Coz
se pozdéji ukdzalo jako vyborny tah,
protoze v roce 2002 dostal Nobelo-
vu cenu za prakopnické prace v
astrofyzice, které vedly k objevu
kosmickych zdroji rentgenového
zareni. Sdm Giacconi pozdéji o da-
ném setkani napsal:

,V zdri 1959 jsem se zucastnil vecir-
ku v Rossiho domé a setkal se popr-
vé s Rossim. Rossi navrhl, Ze orien-
tace na rentgenovou astronomii by
mohla byt velmi plodnd, ne kvili
néjakym teoretickym predpovédim,
ale protoZe vtéto oblasti nebylo
dosud nic zndmo a byla tam moz-
nost pro nové objevy.”

Another progress was made during
one particular party in the fifties of
last century. This party was orga-
nized by lItalian physicist Mr. Bruno
Rossi himself who studied cosmic
radiation and was employed at MIT.
By chance he met his colleague Mr.
Riccardo Giacconi who was persuad-
ed by him to start doing research in
x-ray astronomy. This proved to be a
great move since he won his own
Nobel prize in 2002 for his pioneer-
ing work which led to significant
discoveries about cosmos sources in
the x-ray radiation field. This is what
Mr. Giacconi had to say about their
fated meeting at the party many
years later on:

“l went to a party in September 1959
to Rossi's house and it was the first
time | also personally met him there.
He suggested that the focus on x-ray|
astronomy could be very promising.
Not because he had some hunch in
mind but because this area in partic-
ular was not well known and thus
there was a space for new discover-
ies.”

Obraz 008
Giacconi

Po tomto setkani pfipravil Giacconi
se svymi spolupracovniky pokus o
detekci slune¢niho rentgenového
zareni odrazeného od povrchu Mé-
sice. V ném bylo vyuZito tfi Geigero-
vych—Millerovych pocita¢d umisté-
nych na Spici rakety Aerobee. Prvni
start rakety vSak nebyl Uspésny.
Druhy také ne. Treti uz ale ano, i zde
vSak nasledovalo zklamani, jelikoZ
detektory nezaznamenaly Zadné
zareni ze sméru od Mésice. Néco se
ale neplanované diky rotaci rakety
béhem 6minutového méreni dete-
kovat podafilo. Byl to velmi silny
zdroj rentgenového zareni pochaze-

After they met Mr. Giacconi along
with his colleagues made an attempt
to detect the Sun’s x-ray radiation
reflected from the Moon's surface.
During this experiment were used
three Geiger-Muller’'s computers
which were located at the peak of]
the Aerobee’s rocket. The first run of
the rocket was not successful at all.
The second one either. The third
attempt has finally proved to be
successful. However, the greater was
the disappointment since no detec-
tors did take a note of any radiation
coming from the moon itself. The
unplanned rotation of the rocket

10
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jictho z oblasti v souhvézdi Stira
pojmenovany Sco-X1. Pozdéjsi vy-
pocty ukazaly, Ze se jedna o velmi
silny zdroj zareni. Asi tak 1000krat
intenzivnéjsi nez Slunce.

during the six minutes of measuring
helped to detect something though.
It detected a strong source of x-ray
radiation coming from an area of
Scorpio’a constellation called Sco-
X1. The results which came back
later on showed that there was a
strong source of radiation. 1000
times more intense than the Sun’s.

Obraz 009
Dalsi objevy

Tento objev znamend dalsi zvyseni
zdjmu o rentgenovou astronomii,
coz se projevilo i vétsSim poctem
startujicich raket a objevy dalSich
zdrojh. Napfriklad v souhvézdi Labu-
té, v Krabi mlhoviné ¢i v souhvézdi
Panny. Takto bylo béhem 60 let
objeveno pfiblizné 50 zdroji a bylo
prokdzano, Ze zdroje tohoto zareni
jsou casto zbytky po explozich su-
pernov.

This discovery increased the interest
about x-ray astronomy which could
be seen in a bigger amount of new
rockets and discoveries of other
sources. For example in Swan’s or
\/irgo'a constellation or Crab nebula.
We discovered this way, during 60
years, around 50 sources and it was
proven that the sources of this radia-
tion are often residues from super-
nova’s explosions.

Obraz 010
Detektory na balénech

Spolecné s raketami se pouzivaly i
detektory umisténé na balonech.
Jejich vyhodou bylo, Ze na rozdil od
raket mohly ve vzduchu setrvat a
méfit mnohem déle, nicméné neby-
ly schopny vystoupat do takové
vysky jako rakety. Tudiz se daly pou-
Zit pouze na detekci zdrojl s vyso-
kou energii nad 20 keV.

The experiments included not only
rockets but they also used balloons.
On one hand the balloons could not
reach the same height in the air as
rockets did but unlike them they
could stay up in the air for a longer
time which enabled them to meas-
ure longer. They were primarily used
as a detection device for sources
with high energy above 20 KeV.

Obraz 011
Rentgenovy dalekohled

Dalsim milnikem je ndvrh konstruk-
ce rentgenového dalekohledu, coz
byla spole¢nd prace Giacconiho,
Rossiho a Clarka. Ti byli inspirovani
Uspésnou konstrukci rentgenového
mikroskopu navrhli, jak by takovy
rentgenovy dalekohled mél vypa-
dat. Problémem u né;j totiz je, Ze se

Next significant breakthrough was
the construction of the Roentgen
telescope designed by Giacconi,
Rossi and Clark themselves. All of]
them were inspired by a successful
version of the roentgen microscope
which helped them to image how
the feasible roentgen telescope

11



Adam Hofer a kolektiv — Rentgenové observacni kosmické mise

rentgenové paprsky Sifi, a hlavné
odrazeji pod jinymi dhly, nez jsme
zvykli u svétla. Vysledkem bylo, Ze
se dalekohled mél skladat ze sou-
stavy souosych parabolickych seg-
mentu. Tak by rentgenové paprsky,
které se odrazeni takrka tecné, do-
padaly do ohniska, kde se muze
nachazet detektor. V té dobé to
byla fotograficka deska citlivd na
fotony v rentgenovském oboru.
Tato konstrukce se ukazala jako
Uspésna a je s drobnymi Upravami
vyuzivana dodnes.

should actually look like. Its key
problem is how roentgen beams
spread and differently reflect under
different angles than we are used
with light. At the end the telescope
should be made of coaxial parabolic
segments. This would secure the
roentgen beams which reflect tan-
gentially in order to fall down onto
the center where the detector is. In
the past it was a photographic panel
with high sensitivity to photons in a
roentgen field. This version proved
to be quite successful since we use it
even in our modern world with only
small differences to it.

Obraz 012
Prvni druzice Uhuru

S rozvojem raket a vesmirnych pro-
gramuU se zacalo uvaZovat o umisté-
ni detektord zareni na druZzici a de-
tekovat tak zareni z obéiné drahy
Zemé.

Prvni takovou druzici byla Uhuru,
coz je slovo plivodem ze svahilstiny
a v prekladu znamend svobo-
da. Uhuru byla vypusténa 12. fijna
1970 z Keni a byla vybavena dvéma
sadami kvalitnich detektor( s celko-
vou sbérnou plochou 840 centime-
tru ¢tverecnich. To umoznilo obje-
vovat i vyrazné slabsi zdroje zareni
nez doposud a podafilo se tak zma-
povat na 339 rlznych zdrojh. Zaji-
mavé zjisténi z tohoto bylo, Ze zdro-
je nejsou po obloze rozmistény rov-
nomérné, ale jejich koncentrace
roste smérem ke stfedu Galaxie.

After the development of rockets
and space programs came an idea to
place the radiation detectors on
satellites which would help us to
detect radiation from the orbit of]
Earth.

The first ever constructed satellite
was Uhuru. Its name has origins in
Swahili and is translated as a free-
dom. The uhuru was released in
Kenya on 12th of October in 1970
and was equipped with two sets of
well-made detectors with a total
collection area of 840 square centi-
meters. This enabled us to discover
even weaker radiation sources than
before and it resulted in detecting
about 339 different types of sources.
The quite intriguing thing was to find
out that those sources are not
placed equally on the sky. Their
amount increases the closer we get
to the center of the galaxy.

Obraz 013
Objevy diky druzici

Na zdkladé dat z této druzice ucinil
Giacconi a jeho kolegové spoustu
zajimavych pozorovani. Diky kombi-
naci rentgenovskych dat a pozoro-

Based on the collection of data from
this satellite made Mr. Giovanni and
his colleagues find many interesting
findings. From the combination of]
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vani v optické oblasti se ukazalo, Ze
neméné vyznamnym zdrojem rent-
genovského zareni jsou i dvoj-
hvézdy, kde jednou z hvézd je velmi
hmotny a kompaktni objekt ja-
kym je neutronova hvézda, cerna
dira ¢i bily trpaslik. Ptiklad takového
zdroje nalezneme tfeba v souhvézdi
Kentaura u zdroje Cen X-1. Ten je
tvofen rychle rotujici neutronovou
hvézdou a hvézdnym veleobrem.
Tyto dvé hvézdy obihaji kolem tézis-
té soustavy. Neutronova hvézda
vSak diky své silné gravitaci odsava z
veleobra latku z jeho hornich vrstev.
Odsata hmota vytvafi okolo neutro-
nové hvézdy akrec¢ni disk. V ném je
hmota stlatovdna a zahfivana. Do-
chazi k silnym emisim rentgenového
zareni.

Tento jev neni vibec vyjimecny a
tvofi jeden z hlavnich zdroji rent-
genového zareni ve vesmiru.
Druhym vyznamnym zdrojem rent-
genového zareni se ukazaly aktivni
galaxie, tedy Seyfertovy galaxie,
kvasary ¢i kupy galaxii. DalSimi
zdroji jsou zbytky po vybusich su-
pernov, hvézdy, komety nebo me-
zihvézdna hmota.

roentgen data and observations in
the optical field we found that an-
other significant source of roentgen
radiation are binary stars! One of the
stars is quite a heavy and compact
object which is either a Neutron star,
Black hole or White Dwarf. The ex-
ample of the similar source can be
found in Centauri’s constellation
within the Cen X-1 source. It is made
of a quickly rotating neutron star
and stellar supergiant. Those two
stars orbit around the system's cen-
ter of mass. Due to its strong gravita-
tion the neutron star takes away the
mass from supergiant’s upper layers.
The taken mass starts to construct
an accretion disk around the neutron
star where it is compressed and
heated. Therefore a strong emission
of roentgen radiation occurs there.
This phenomenon is not special at all
and is also a part of the main sources
of roentgen radiation in space.

The second significant source of]
roentgen radiation is active galaxies -
Seyfert galaxies, quasars or piles of
galaxies. The other sources are re-
mains from the explosions of super-
nova, star, comet or Interstellar|
mass.

Obraz 014
Prvni objevena cerna
dira

DruZice Uhuru stoji také za objevem
prvni ¢erné diry v roce 1971. MU-
Zeme ji nalézt v souhvézdi Labuté.

PFi pozorovani rentgenového zdroje
Cyg X-1 se totiz z namérenych dat
ukazalo, Ze hmotnost pozorovaného
kompaktniho objektu je pfiblizné
desetinasobkem hmotnosti Slunce.
Z vypocCtl je zndmo, Ze neutronova
hvézda tak tézka byt nemlze. Ta
mlZe mit hmotnost maximalné
trojndsobek hmotnosti Slunce. Po-
dobnym zplsobem byly nasledné
objeveny i dalsi ¢erné diry.

The orbit Uhuru also discovered the
first black hole back in 1971 which
we can find in Swan’s constellation.

The observations of Cyg X-1"s roent-
gen source has brought us measured
data from which we can conclude
that the weight of the measured
object was ten times the mass of the
Sun. Our calculations proved that no
neutron star can be heavy this much.
Its weight can be maximum up to
three times the mass of the Sun.
Other black holes were found in the
similar pattern.

13
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Obraz 015
Einsten X-Ray Observa-
tory

Diky uspéchu druzice Uhuru se za-
jem astronomi o rentgenovou ob-
last zvysil a byly pfipraveny dalsi
kosmické projekty, které pfinesly
objevy mnoha i dalSich novych zdro-
ju rtg zareni.

Vyznamnym posunem byl rok 1978
a vypusténi druzice HEAO-2, jez byla
kratce po startu prejmenovand na
Einstein X-Ray Observatory.

Tato druzice byla vyjimecna zejmé-
na tim, Ze se jednalo o prvni druzici
vybavenou rentgenovym daleko-
hledem podle Giacconiho navrhu.

Diky pouziti dalekohledu se vyrazné
zlepsila citlivost, protoze v rentge-
nové astronomii je dulezity kazdy
zachyceny foton. Diky  1000krat
lepsi citlivosti, neZ u druZzce Uhuru
objevila Einsteinova rentgenova
observatof za dva a pUl roku vice
nez 7000 zdroju!

Tato druzice také provedla dilezZita
méreni v rentgenovych zdrojich po
explozich supernov. V téchto oblas-
tech potvrdila vys$si koncentraci
prvkd tézsich neZ Zelezo, ¢imi se
potvrdila teorie, Ze tyto prvky vzni-
kaji pravé pfi vzplanutich supernov.
Naopak lehéi prvky nez Zelezo, jak
zndamo, vznikaji diky termojaderné
fazi.

The success of satellite Uhuru in-
creased astronomers’ interest in the
roentgen field and based on that
were planned other cosmic projects
with new findings about different
sources of roentgen radiation.

A satellite HEAO-2 released in 1978
was another significant development
for us and shortly after it was re-
named to Einstein X-Ray Observato-
ry instead. It was special primarily
because it was the first satellite type
equipped with a roentgen telescope
from Giacconi’s design.

The use of telescopes significantly
improved its sensibility because in
roentgen astronomy is important
every single captured photon. Its
sensibility was 1000 times better in
comparison with Uhuru and thanks
to this was Einstein X-Ray Observa-
tory able to find during two and a
half years over 7000 sources.

This satellite also measured roent-
gen sources after the supernova’s
explosions. In these areas was high-
er concentration of elements heavier
than iron. It confirmed our theory
that these elements are formed dur-
ing the supernova’s explosions. As
we know elements lighter than iron
are made thanks to Thermonuclear
fusion.

Obraz 016
Druzice ROSAT

Nasledovaly dalsi vypusténé druzi-
ce, z nichZ za zminku stoji napfiklad
némeckd druzice ROSAT vypusténa
v Cervnu 1990, kterd béhem svych
osmi let provozu zmapovala bezma-
la 160 000 rGznych zdrojd, prevainé

During the following years another
few satellites. One worthy of men-
tion is a German satellite ROSAT
released back in 1990 for eight up-
coming years which took a note of|
160 000 different sources, mostly
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méné energického zafeni do
2,4keV.

Také se ji povedlo to, s ¢im neu-
spél Giacconi s raketou Aerobee,
tedy zaznamenat rentgenové zareni
odrazené od povrchu Mésice. Mezi
jeji objevy patfi také zjiSténi, ze i
komety vyzaruji rentgenové zareni.

with lesser energetic radiation up to
2,4 KeV. It also managed (unlike
Giacconis satellite called Aerobee) to
note roentgen radiation reflected
from the Moon's surface. Not only
that, it also found out that comets
radiate roentgen radiation as well!

Obraz 017
CCD chip

Dalsim technologickym prelomem
bylo vyuZiti CCD CipQ, které zname z
dnesnich fotoaparatt a kamer.

Tyto polovodicové detektory zare-
ni, vynalezené v roce 1969 v Bello-
vych laboratofich pany Smithem a
Boylem, pfinesly vyznamny posun v
ziskavani rentgenovych snimkl a
napozorovanych dat.

Panové byly za svij objev odménéni
Nobelovou cenou za fyziku v roce
2009. Prvni druZici, kterd tyto CCD
detektory nesla na palubé, byla
japonsko-americkd druzice ASCA
vypusténa v roce 1993 a na ni nava-
zovala americkd druzice RXTP po-
jmenovand pro Rossim.

The beginning of using CCD chips
nowadays commonly used in camer-
as was another technology break-
through.

These semiconductor detectors of]
radiation, founded by Mr. Smith and
Boyle in Bells” laboratories in 1969,
have given us advanced steps when
it comes to obtaining roentgen im-
ages and observed data.

Mr. Smith and Boyle were given, for
their discovery, the Nobel prize in
physics in 2009. The first satellite
with those CCD chips on the board
was a Japanese American ASCA re-
leased in 1993. It was followed by
another American satellite RXTP
named after Mr. Rossi.

Obraz 018
Druzice Chandra

Pro rentgenovou astronomii byl
dllezitym rokem i rok 1999, kdy
byly vypustény dva vyznamné sateli-
ty, a to Chandra a evropska druZice
XMM- Newton.

Prvni z nich, americkd Chandra, byla
vynesena raketoplanem Columbia v
cervenci 1999. Jeji navrh byl sice jiz
z roku 1976, ale obsahoval daleko-
hled s modernim CCD cipem a dalsi
detektory. Diky tomu byla schopna
pozorovat r(izné zdroje zareni jako
jsou kupy galaxii, kvasary ci vytrysky

Year 1995 was yet another signifi-
cant year for roentgen astronomy
because in this year were released
two quite important satellites; the
first one was Chandra and the sec-
ond one was XMM-Newton from
Europe.

The American Chandra was taken by
a shuttle called Columbia during July
of 1999. Even though its design was
from 1976 already, it was improved
and added by telescope with up to
date CCD chips and other detectors.
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neboli jety ze supermasivnich Cer-
nych dér.

Z pozorovanych dat, kdy se zkouma-
lo zafeni z 26 kup galaxii vzdalenych
nékolik miliard svételnych let, as-
tronomové potvrdili hypotézu o
urychlovani expanze vesmiru.

Pravé diky kombinaci namérenych
dat z Chandry a ze sondy WMAP se
ukazalo, Ze nami znama hmota slo-
Zend z castic a atomu tvofi pouze
malou sloZzku vesmiru. Pfiblizné 4 %
hmoty. Dalsi ¢ast tvofi skryta hmo-
ta, asi 21 %, ktera diky svému gravi-
tacnimu plsobeni plsobi proti roz-
pinani vesmiru. Nicméné vétsinu
“vseho” tedy celych 75 % tvofi skry-
td energie, kterd naopak rozpinani
vesmiru zrychluje.

This upgrade enabled it to observe
different sources of radiation such as
piles of galaxies, quasars and jets
from supermassive black holes as
well.

The examination of radiation from
26 galaxies a few million light years
away has collected data by which we
were able to confirm our hypothesis
that the expansion of space has been
increased. The combination of data
from both Chandra and probe
WMAP provided us with information
that well known mass, made of par-
ticles and atoms, actually makes only
1% of mass which is way lower than
we thought before. Next part is the
hidden mass with 21% cover and due
to its gravitational affect it acts
against the space expansion. How-
ever, the major part of 75% is cov-
ered by hidden energy which actual-
ly rapidly increases space expansion.

Obraz 019
Soucasné druzice

Dalsi roky pfinesly i dalsi vypusténé
druzice. Mezi né patfi Integral,
Suzaku, NuSTAR. Posledni zmino-
vana druzice NuSTAR ve spolupraci
se starsi druzici XMM-Newton pti-
nesla Uspésné zméreni spinu (neboli
rotace) supermasivni cerné diry v
centru galaxie NGC 1365.

Zatim posledni vypusténé druzice
jsou z roku 2019 a jmenuji se eRO-
SITSA a Spektr-RG.

In the following years we released
vet a few other satellites. To name a
few: there were Integral, Suzaku and
NuStar satellites. The last one NuStar
along with satellite XMM-Newton
actually managed to successfully
examine the spin (in other words
rotation) of a supermassive black
hole located in the center of NGC
1365 galaxy.

The last released satellites were
eROSITSA and Spektr-RG in 2019.

Obraz 020
Budouci druzice

A co nas Ceka dale? V soucdasnosti se
planuje nékolik budoucich drufZic.

Jednou z nich je ATHENA, budouci
druzZice evropské vesmirné agentu-
ry. Druhou je eXTP. Cinska rentge-

Alright, so what is next? There is
currently an ongoing preparation for
the upcoming satellites.

One of them is ATHENA, the figure
satellite from ESO and the second
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nova druZicova observator na jejichz
pfipravach se podileji i védci z as-
tronomického Ustavu akademie véd
CR a Fyzikalniho Ustavu Slezské uni-
verzity v Opavé.

Veskeré nové druzice slibuji lepsi
detektory, které by ndm mohli pfi-
nést i nové objevy. Nase poznani se
v soucasnosti prohlubuje i tim, ze se
jednotlivé vesmirné uddlosti snazi-
me zachytit v celém moZném spek-
tru. To znamena od radioastrono-
mie, klasické optické astronomie,
pfes rentgenovou astronomii a
gama zareni.

.....

vesmiru jsme uZ schopni doplnit
také pozorovanim jejich gravitac-
nich vin.

Tato pozorovani nam snad umozni
lépe porozumét jak vzdalenému
vesmiru, tak celkové svétu okolo
nas.

Ale znate to sami. Kazda zodpoveé-
zend otazka vdm umozni si polozit
deset otazek novych.

A to je mozna na védeé to vzrusujici,
fetézec nikdy nekoncici zvédavosti a
lidské touhy poznat, co je tam dal ...

one is eXTP. The Asian satellite ob-
servatory whose preparation was
also co-shared by scientists from
Czech Astronomy Academy of Sci-
ence and Institute of Physics at
Slezska University in Opava.

The newly constructed satellites hold
a promise to bring us new discover-
ies. Our current knowledge is deep-
ened by the fact that we try to catch
all the space on goings in the whole
possible spectrum. That means we
use radio astronomy, classic optical
astronomy to roentgen astronomy
and gamma radiation as well.

And not to forget, we are also able
to get a better understanding of the
most energetic processes by observ-
ing their gravitational waves.

These observations hold a hope that
we not only get a better grasp of the
working space but also the world we
live in.

But as you know every single an-
swered question actually brings back
at least ten more new ones.

But that is probably the excitement
of science as it involves the endless
curiosity and human's desire to
know what is beyond...

Obraz 021
titulky

Setmeéni a titulky
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2 PEDAGOGICKO DIDAKTICKE POZNAMKY

[][erovopcesrooen ]

Obory: 053 Védy o nezivé piirodé, 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 dopl-
nék bézné vyuky. Pedagog po zhlédnuti odkéze na dopliujici literaturu a zodpovi na dotazy.

[ smwosrarwvocor ]

Vykonejte exkurzi na blizké pracovisté hvézdarny ¢i planetaria, kde se podrobnéji zajimejte

o odpovédi na otazky, které ve vas potrad vyvolal.

e Na kterych pracovistich v CR se miizete za¢it dale vzdélavat v oblasti astrofyziky?

Nepredpoklada se testovani studentd po shlédnuti potadu; pofad mé vzbudit motivaci k dalsSimu
vlastnimu poznavani, probudit zajem o fyziku a vesmir kolem nas.

Na zéklad¢ shlédnuti pofadu a vlastniho dohledani dalSich informaci napiste referat na téma

[ ]
pokroky v poznévani vesmiru.
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