Sluneéni soustava 2003

el Slune¢ni soustava 2003 je kratky dokumentarni film pojednavajici o na-
Sem planetarnim systému: o Slunci, o planetich i o mensich télesech. Je urcen
pro zaky zakladnich a stfednich skol i pro Sirokou vefrejnost. Existuje v cCeské
a anglické jazykové verzi, jeho délka je 25 minut. Domovskd WWW stranka je
(http://www.astrohk.cz/ss2003/).

El= The Solar System 2003 is a short documentary movie about our plane-
tary system: about the Sun, planets and smaller bodies also. It is intended
for pupils of grammar and high schools, even for general public. There exist
Czech and English language versions, its length is 25 minutes. The homepage is
(http://wuw.astrohk.cz/ss2003/).
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Sluneéni soustava 2003

Slunecni soustava — mala ¢ast Vesmiru, Siry, téméf prazdny prostor. Pro
¢lovéka nepiatelské prostiedi — bez ovzdusi, bez pevné pidy pod nohama.l

Slunce, planety a jejich mésice, planetky a komety jsou jakési ostruvky,
v nichz je hmota soustfedéna. Do slunecni soustavy pocitdme vsak i mensi téliska
— meteoroidy, meziplanetarni prach a plyn nebo ¢astice zafeni — fotony.

Mezi vSemi pusobi vzdjemnd pfitazlivost, gravitacni sila, ktera urcuje jejich
pohyby. Zdaleka nejvétsi hmotnost méa Slunce, a proto ostatni télesa obihaji okolo
néj. Cim je téleso bliz k Slunci, tim obiha vétsi rychlosti.?

Nejvzdalenéjsi planetou je Neptun, pak nésleduji Uran, Saturn, Jupiter,
Mars, Zemé, Venuse a Merkur. Stfedni vzdalenost mezi Sluncem a Zemi, kterou
nazyvame astronomickd jednotka, je 150 miliont kilometrt; svétlo ji urazi za
8 minut 20 sekund. Pramér zemékoule je pouhych 13 000 km.

Planety a mésice nesviti vlastnim viditelnym svétlem, jen odrazeji ¢ast slu-
ne¢niho svétla. Slunce je naproti tomu hvézda a jako takova zafi celym povrchem
do vsech sméru.

Nékdy muzeme na Cisté tmavé nocni obloze spatfit zafeni odrazené od
nejmensich ¢astecek meziplanetarniho prachu — tento jev nazyvame zodiakdlni
svétlo.

Meteoroidy, tedy kamenné tlomky od zlomkt milimetru az po nékolik me-
trd v prameéru, mohou byt dobfe pozorovatelné v okamziku, kdy vleti do ovzdusi
nasi planety. P¥i vzdjemné rychlosti okolo 50km/s se zaénou zahfivat tfenim
o vzduch ve vyskach 150 km nad zemskym povrchem. Zahtaty, svitici sloupec io-
nizovaného vzduchu, ktery pak vidime na obloze, nazyvame meteor, lidové ,pa-
dajici hvézda“.

Neékolikrat do roka, napiiklad okolo 12. srpna nebo 18. listopadu, Zemé
prochéazi proudy kometarnich meteoroidd, coz se na obloze projevi jako meteoricky
r0j .

Vétsi a pevnéjsi meteoroidy mohou priilet atmosférou ,,prezit“ a dopadnout
na zem jako meteority.3

Vétsi télesa jsou planetky, nékdy nazyvané asteroidy. Typicky maji nepra-
videlny tvar a tvoii je kamenny material. V hlavnim pasu mezi Marsem a Jupi-
terem obih& asi jeden milion planetek vétsich nez 1 km.

Zorny thel obrazu ve filmu je vétsinou roven 70°; vlevo dole se zobrazuje idaj o plynuti
¢asu (pro nazornost je ¢asto nutné déje ve filmu zrychlit).

T¥i Keplerovy zakony pohybu planet byly formulovany v letech 1609 a 1619, Newtonuv
gravitac¢ni zakon v roce 1687. Drahy komet maji obvykle vétsi vystfednosti a sklony nez drahy
planetek nebo planet.

Nejvetsi zachovany meteorit je zelezny meteorit Hoba, nalezeny v jihozapadni Africe. Ma
rozméry 2,95m X 2,84 m X 1,2 m a hmotnost 66 tun. Na hvézdarné v Hradci Kralové je vystaven
eukriticky achondrit Stonafov (1808), jenz pravdépodobné pochazi z planetky (4) Vesta.
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Malé mésice planet, napt. Fobos nebo Amalthea, jsou planetkdm velmi
podobné.

Velké mésice jsou srovnatelné s malymi planetami: Jupiteruv mésic Gany-
medes je dokonce vétsi nez Merkur. Télesa s prumérem nad 1000km jiz maji
pravidelnéjsi, kulovy nebo elipsoidalni tvar.

Ctyti planety nejblizsi Slunci — Merkur, Venuse, Zemé a Mars — se nazy-
vaji planety zemského typu. Jsou si pomérné podobné: z velké ¢ésti je tvori
kamenny material, maji pevny povrch a s vyjimkou Merkuru je obaluje tenka
vrstva plyntt — atmosféra. Nejbéznéjsimi chemickymi prvky v zemském télese
jsou zelezo, kyslik, kiemik a horéik.

Vzdalenéjsi planety, Uran a Neptun, patfi do skupiny, jejichz podstatnou
slozkou jsou ledy vody, metanu a amoniaku anebo smés vodiku, hélia a kamene.
Nazyvame je vnéjsi planety nebo ledovi ob¥i.

Jupiter a Saturn jsou plynnymi obry. Nazyvame je také planetami jupite-
rova typu. Jejich relativné malé jadro je pravdépodobné slozeno z kamene a ledu,
rozsahly obal je z kovového a molekularniho vodiku a hélia.

Vsechny velké planety maji prstence (i kdyZ jen u Saturnu jsou snadno
pozorovatelné)? a podetné rodiny pravidelnych i nepravidelnych mésict.’

Slunce. Rozzhavend plynna koule, s povrchovou teplotou asi 6 000 °C. Skry-
va v sobé prirodni termonuklearni reaktor, v némz se preménuji jadra atomu
vodiku na jadra atomu hélia a pfitom se uvolnuji fotony a neutrina. Tento zdroj
energie funguje jiz 4 a pul miliardy roku.

Vyraznym projevem zmén na Slunci jsou slunecni skvrny a erupce. Oboji
je zpusobeno silnym magnetickym polem, jez ovliviiuje pohyb slunec¢ni latky —
elektricky vodivych ionizovanych plyni, &ili plazmatu.b

Nejrozsahlejsimi objekty slune¢ni soustavy mohou byt komety. Jejich le-
dovo-kamenné jadro je sice nepatrné (mivé primér nékolik kilometra), ale kdyz
se priblizi k Slunci, zacne led sublimovat a unikajici plyny i strhavany prach
vytvori komu a ohon. Jejich fidka vodikova obalka mize dosdhnout rozmeéru az
100 miliont kilometra.

4 Prstence Jupiteru a Saturnu se sebe podstatné lisi. Saturnovy prstence pravdépodobné
vznikly slapovym rozpadem néjakého mésice nebo kolizi dvou meésicu, pfiéemz se uvolnily
ledovo—kamenné tlomky s typickymi rozméry mezi 1mm a 10m. Jupiterovy prstence jsou
naproti tomu tvofeny mikroskopickymi prachovymi ¢asticemi, jez vznikaji prubézné pifi dopa-
dech meteoroidi na mésice Adrastea, Metis, Amalthea a Thebe.

5 Pravidelné (regularni) mésice obihaji po progradnich drahach s malou vystiednosti
a sklonem. Nepravidelné (ireguldrni) maji naopak drahy progradni i retrogradni, s velkou vy-
stfednosti a sklonem, a také vétsi velkou poloosou. Regularni mésice pravdépodobné vznikly
v zarodeéné mlhovinég, z niz se formovala planeta, kdezto iregularni vznikly daleko od planety
a byly zachyceny pozdéji.

Aktivita Slunce vykazuje pfiblizné jedenactiletou periodu, coz se projevuje napriklad
kolisdnim poc¢tu sluneénich skvrn. Dé&j souvisi s cyklickou zménou polarity magnetického pole
Slunce, jez se odehraje jednou za asi 22 let.
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Kometarni ohony vzdy sméfuji priblizné od Slunce. Molekuly plyni a pra-
chové zrnka totiz interaguji se zafenim a sluneénim wvétrem, proudem nabitych
Castic, které se 5ifi ze Slunce do meziplanetarniho prostoru rychlosti az 500 km/s.”

Merkur, prvni planeta, dostava od Slunce nejvice zafivé energie. Na osvét-
lené polokouli je teplota pies 300 °C, ale odvracend polokoule rychle vychldda na
—200 °C. Povrch je pokryty impaktnimi krdtery, které vznikaji pfi srazkach s pla-
netkami nebo kometami. Velkou ¢ast povrchu zatim nepozorovala zadné kosmicka
sonda.®

Venuse je stéle zahalena hustou atmosférou (tlak pfi povrchu je 90 krat
vy$8i nez na Zemi). Prestoze obihd okolo Slunce dvakrat dal nez Merkur a navic
odrazi dvé tretiny slunec¢niho zafeni, je na celém povrchu neuvéritelna teplota
460 °C. Pric¢inou je silny sklentkovy efekt — oxid uhli¢ity v ovzdusi propousti
viditelné slunecni zafeni k povrchu, ale pohlcuje infracervené zafeni z povrchu
vyzafované a tim brani jeho ochlazovani.

Pod neprihlednou atmosféru umoznily nahlédnout radary — zjistily povrch
charakteristicky zlomy a sopkami. Z poc¢tu impaktnich krateru lze odvodit, ze
sopecna ¢innost pretvofila vétdinu povrchu Venuse pied 700 az 500 miliony roki.?

Treti planeta od Slunce je Zemé. M4 prihodnou velikost a vzdéalenost od
Slunce, aby se na jejim povrchu mohly vyskytovat nejen led nebo vodni para, ale
i kapalnd voda — jeden z predpoklad pro vznik zivota. Prvotni ovzdusi bylo zcela
pfeménéno Cinnosti zivych organismt a dnes obsahuje predevsim dusik a kyslik.

Od vsech ostatnich planet se lisi také deskovou tektonikou — zemskou kirou
rozpraskanou na jednotlivé desky, které se mohou pohybovat po vnéjSim plasti.
Oceanska dna neustéle vznikaji sope¢nou ¢innosti v ocednskych hibetech a zani-
kaji pri zasouvani pod jiné desky. Pti kolizich desek se vrasni novd pasemnda po-
hoti. To mize mit velky vyznam pro zivot na sousi, protoze jinak by eroze mohla
vechna pohoii postupné zahladit a cely povrch Zemé by pokryval ocean.'0

Zemi provazi Mésic. I ten mé sviij vyznam pro pozemsky zivot: spolu se
Sluncem pusobi slapovymi silami st¥idani pfilivu a odlivu. Z dlouhodobého hle-
diska Meésic stabilizuje rota¢ni osu Zemé a brani tak nahlym extrémnim vykyvam
klimatu.

7 Sluneé¢ni vitr vyrazné ovliviiuje i magnetosféry planet. Pfi erupci na Slunci dochéazi
k pfeméné energie magnetického pole na kinetickou energii nabitych ¢astic, jez pak mohou byt
uvolnény do meziplanetarniho prostoru a pfipadné zachyceny magnetickym polem planety. Pri
pruletu iontd atmosférou planety (tam, kde se magnetické silo¢ary zanoruji pod povrch) do-
chazi k excitaci atomu atmosféry a pri jejich deexcitaci k vyzafeni fotonu. Tomuto svételnému
jevu fikdme poldrni zdre.
Merkur je ve spin—orbitalni rezonanci 3:2, tzn. ze se tiikrat otoci okolo vlastni osy,
zatimco dvakrat obéhne okolo Slunce.
Venuse se ota¢i velmi pomalu (jednou za 243 dni) a retrogradné, tj. opa¢nym smérem
nez obiha okolo Slunce. Jeji atmosféra se vSak otaci podstatné rychleji — jednou za ¢tyfi dny.

Kolize desek jsou také doprovézeny sopec¢nou ¢innosti a zemétresenimi.
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Ze Zemé muzeme pozorovat pouze jednu polokouli Mésice, protoze Mésic
se otaéi okolo své osy se stejnou periodou, jako obiha kolem Zemé. Tento jev
nazyvame vdzand rotace.ll

Meésic se formoval pfiblizné pred 4,45 miliardami let, kdyZ se s Protozemi
srazilo téleso asi o velikosti Marsu. P¥i kolizi vzniklo obrovské mnozstvi tlomk,
z nichz vétsina dopadla zpét na Zem, ¢ast ale vytvorila okolo Zemé disk, ktery
se béhem velmi kratké doby, snad nékolika tydni, pospojoval do jednoho satelitu
— naseho Mésice.1?

V blizkosti Zemé se mohou objevit i mald télesa — planetky. V pruméru
jednou za tisic rokt dochazi ke srazce Zemé s planetkou vétsi nez 100 m. Jednou
za nékolik desitek miliont rokd mize kolize s 10 km planetkou spoluptsobit pri
velkych vyhynutich zivocisnych a rostlinnych druhd. Nejznadméjsim prikladem je
vyhynuti dinosaurti pfed 65 miliony roka.

Mars. Planeta charakteristickd Cervenou barvou, kterou zpusobuji oxidy
zeleza.

Vyskova mapa a rozlozeni krateri na povrchu naznacuji, ze asi pred 3 mili-
ardami let mohla byt celd severni polokoule Marsu pokryta oceanem.

Pamatkou na ¢innost tekouci vody jsou erozni tvary v Cetnych udolich. Nej-
vetsi ze vSech je Vallis Marineris, 4 000 km dlouhé, 7km hluboké.

Udoli odvadélo vodu z vyvysené oblasti Tharsis. Tharsis je sope¢ného pi-
vodu a najdeme na ni nejvétsi sopky sluneéni soustavy — naptiklad Olympus
Mons, s vyskou 27 km a zadkladnou o praméru 600 km.

Posledni dvé miliardy roka je Mars z geologického hlediska spise klidnou pla-
netou. Slaby vitr v fidké atmosféfe si ,pohrava“ s drobnymi zrnky pisku, sezénni
zmény vedou k pravidelnému zvétSovani polarnich Cepicek v zimé a zmensovani
v 1été.

Na draze mezi Marsem a Jupiterem muzeme nalézt napiiklad planetku cislo
(243) Ida. Tato padesatikilometrova planetka patii do rodiny Koronis, coz lze
poznat podle podobnych drah a podobnych barev jejich ¢lenti. Kdysi tvorily tyto
planetky jediné téleso, které se vsak zcela roztristilo pfi néjakém velkém impaktu.
P¥itom asi vznikl i soucasny mési¢ek Idy — kilometrovy Dactyl.!3

Jupiter; ma vétsi hmotnost nez vSechny ostatni planety i mensi télesa slu-
neéni soustavy dohromady. Vyzafuje asi dvakrat tolik energie, nez pfijimé od

1 Véazané rotuji i jina télesa: napf. Phobos a Deimos obihajici kolem Marsu, galileovské

meésice Jupitera, Pluto i Charon.

Mésic vznikl blizko Zemé (do vzdalenosti nékolik R@), ale postupné se od ni pusobe-
nim slapt vzdalil az na soucasnych 60 Rg. Se slapy je spojeno i zpomalovani rotace Zemé,
v soucasnosti asi o 2ms za stoleti.

Planetky nejsou v hlavnim pasu rozmistény rovnomeérné, ale v rozdéleni cetnosti velkych
poloos jejich drah jsou patrné mezery, zvané téz Kirkwoodovy (napf. okolo 2,5 AU; 2,82 AU).
Vznikaji gravita¢nimi rezonancemi: excentricita drahy planetky v rezonanci je nékterou pla-
netou zvySena tak, ze zaéne kiizit drahy planet, a pfi tésnych pfiblizenich se zméni velka
poloosa planetky, nebo pfimo spadne do Slunce.
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Slunce. Zdrojem je zfejmé nepatrné zmensovani planety a pfeména rotacni ener-
gie na teplo. V atmosfére Jupitera je jiz nékolik stoleti pozorovana obrovska boufte,
nazyvana Velkd rudd skvrna.

7Z desitek Jupiterovych mésict jsou asi nejpozoruhodnéjsi Io a Europa. Slapy
Jupitera jsou na Io natolik silné, ze deformuji cely mésic a zahtivaji jeho nitro na
teplotu nékolik tisic stupni Celsia. Na povrchu se to projevuje neustalou vulka-
nickou ¢innosti. Sopky chrli siru do vysek nékolika set kilometra a neuvéritelnou
rychlosti povrch méni.

Europa je naopak velmi hladky mésic, pokryty vodnim ledem. Struktura
prasklin a magnetometrickd méreni vSak svéd¢i o existenci podpovrchového ka-
palného oceanu.

Saturn. Proslul krasou svych jasnych prstencu. Prestoze maji polomér pres
100 000 km, jsou tlusté nejvys nékolik stovek metri. Zdalky vypadaji jako fada
tisict razn€ jasnych a razné pruhlednych prstynku, ale ve skutecnosti se skladaji
z jednotlivych ledovo—kamennych tlomku s typickym rozmérem 10 cm. ,,Mezery“
a jiné struktury v prstencich jsou zpusobeny gravitacnimi poruchami malych mé-
sicti obihajicich pfimo v prstencich nebo vné. Za nejndpadnéjsi Cassiniho déleni
miize mésic Mimas.14

Uran,; jiz témér neni vidét na obloze pouhym okem. Byl objeven ndhodou
dalekohledem, a to Williamem Herschelem v roce 1781. Zajimavosti je jeho rota¢ni
osa, ktera lezi takika v roviné obézné drahy a Uran tak ke Slunci nataci st¥idavé
severni a jizni pdl.

Objev Neptunu byl jednim z nejvétsich triumfi nebeské mechaniky 19. sto-
leti: z pozorovanych poruch drdhy Uranu se podafilo Adamsovi a Le Verrierovi
vypocitat polohu neznidmé planety, kterou posléze Galle na obloze skute¢né nalezl.
Stejné jako u ostatnich velkych planet pozorujeme v hornich vrstvach atmosféry
vitr o rychlosti nékolik set metra za sekundu. Podobné jako na Jupiteru a Saturnu
(nikoli na Uranu) se na Neptunu objevuji skvrny a boufe, jeZ jsou asi projevem
vnitiniho zdroje tepla.1®

Pluto a Charon zatim nenavstivila zddna kosmicka sonda. I nejlepsi po-
zemské dalekohledy na nich rozlisi jen nékolik svétlych a tmavych oblasti.

Za Neptunem se vSak podarilo objevit stovky jinych téles obihajicich po
podobné draze jako Pluto nebo jesté dal. Celou populaci nazyvame Kuipertav

14 Nejzajimavéjsimi mésici Saturnu jsou asi Titan, Hyperion a Iapetus. Titan je obalen

hustou atmosférou z dusiku, metanu a dalsich organickych molekul; na jeho povrchu je mozna
ocean tekutého ethanu. Hyperion se vyznacuje excitovanou chaotickou rotaci. Iapetus ma
jednu polokouli mnohem tmavsi nez druhou, nebot na ni dopada prach vznikajici pfi impak-
tech na nejvétsi nepravidelny mésic Phoebe.

Triton se pohybuje po retrogradni dréaze a diky slaptiim Neptunu se k nému, narozdil
od naseho Mésice, priblizuje. Za 4 az 6 miliard let bude tak blizko, ze se slapovymi silami
roztrha a okolo planety vznikne prstenec daleko mohutnéjsi nez soucasny Saturntv.
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pas. Jedn4 se o tdlesa ledovd, ¢asto velmi tmavd, odrazejici okolo 4 % slunec-
niho zareni. Rovnovazna teplota na jejich povrsich je nékolik desitek stupni nad
absolutni nulou (tedy —273°C).

Neni pozorovatelny pfimo, ale usuzujeme na néj podle novych dlouhoperiodickych
komet, které prilétaji do vnitini ¢asti soustavy rovnomérné ze vsech sméru.

Dal uz je oblast, kde pomalu zacina pfrevazovat pritazlivost cizich hvézd. ..

Kromé osmi planet ve slunec¢ni soustave je znamo jesté nékolik stovek extra-
solarnich planet, jez obihaji kolem cizich hvézd. Soudobé astronomické pfistroje
nedovoluji tyto vzdalené planety pozorovat pfimo, ale jejich vlastnosti se vypoci-
tavaji z fotometrickych nebo astrometrickych méreni matefskych hvézd. Vétsina
zatim objevenych extrasolarnich planet je vétsi nez Jupiter a zaroven obiha ve
vzdalenosti mensi nez Zemé kolem Slunce.6

Jen v nasi Galaxii existuji stovky miliard hvézd.

V celém pozorovatelném vesmiru jsou desitky biliont galaxii. . .

Jaka je minulost a budoucnost sluneéni soustavy?

Analyzou rozpadu radioaktivnich prvkt v primitivnich meteoritech jsme
se dozvédéli, ze tyto meteority utuhly pred 4,56 miliardami roki. V téze dobé
vznikalo Slunce a formovala se celd planetdrni soustava.

Hveézdy, vlastné celé hvézdokupy, vznikaji z mezihvézdnych plyno—pracho-
vgch oblaki (s hlavni slozkou molekularnim vodikem). V jejich nejchladnéjsich
Castech, za teplot jen nékolik stupnd nad absolutni nulou, dochézi ke gravitac-
nimu kolapsu — silnému zhusténi, naslednému zvyseni tlaku, teploty a zazehnuti
termonukledrnich reakci. Pravé tehdy vznikne nova hvézda. Okolo se tvofi plochy
disk ze zbyvajici latky.

V disku dochézi k Castym srdzkdm, které vedou k postupnému spojovani
mensich télisek ve vétsi. Nakonec zlstane jen nékolik velkych téles, ve kterych se
soustfedi vétsina hmotnosti. Tomuto procesu fikame akrece.

Zarodky planet, planetesimdly, se dale zahtivagi kvali teplu z radioaktivniho
rozpadu nestabilnich prvki. Prispivaji k tomu i zminované kolize. Vétsi télesa jsou
Castecné nebo Uplné pretavena, ¢imz se ustavi jejich kulovy tvar. Diferenciact pak
vznikne jadro z hustsich hornin, kdezto v plasti a kife ztustanou fidsi horniny.

Ve vétsich vzdalenostech od Slunce mohou vzniknout jadra velkych planet,
protoze je zde dostatek ledovych planetesimal, které v blizkosti Slunce existovat
nemohou. Jakmile pfekro¢i hmotnost jadra jistou kritickou hodnotu, za¢ne na
sebe rychle nabalovat okolni plyn a hmotnost planety se mnohonésobné zvysi.

Nakonec silné ultrafialové zafeni a hvézdny vitr zpusobi, ze se zarodecna
mlhovina zahfeje a ,rozfoukd“ do okolniho prostoru. Slunec¢ni soustava tim ziska
takika dnesni podobu.

Cely proces vzniku trval fddové 100 miliont let.

16 Aktualni informace o znamych extrasolarnich planetach je mozné ziskat na internetové
adrese (http://exoplanets.org/).
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Jak vime z pozorovani jinjch hvézd a modeli hvézdného vyvoje, bude Slunce
poklidné svitit jesté asi 6 miliard let. Poté se spotfebuji zasoby vodiku v jadre,
dojde k ,pfestavbé“ celého nitra a Slunce se zméni na cerveného obra. Vnitini
planety mohou zcela zaniknout. V dalsich fazich ¢erveny obr vybuchne jako nova,
odvrhne svoji obalku, kterd bude kratkou dobu pozorovatelnd jako planetdrni
mlhovina. Po Slunci zlistane jen obnazené chladnouci jadro — bily trpaslik.

Ve vyzkumu planetarnich systému je stdle mnoho otevienych otazek. Co nas
¢eka v nejblizsich letech?

Sonda Cassini bude podrobné zkoumat Saturn a jeho soustavu mésicu, vy-
zkum Marsu bude pokracovat napriklad sondami Mars Express a Mars Explo-
ration Rover, Merkur bude mapovan sondami Messenger a BepiColombo, k Plutu
se vyda sonda New Horizons. Sonda Stardust méa poprvé na Zem ptivézt vzorky
prachu z komety Wild 2, Hayabusa by méla ziskat maly vzorek z blizkozemni
planetky Itokawa, meziplanetarni sonda Dawn se stane obéznici planetek Vesta
a Ceres.

Pravdépodobné objevime stovky dalSich extrasolarnich planet, nékteré tak
malé jako nase Zemé. Budouci velké kosmické dalekohledy umozni ziskat spektra
jejich atmosfér. Najdeme-li ve spektrech ¢ary prislusejici molekulam dusiku a kys-
liku, muzeme doufat, ze by na vzdéalenych planetiach mohla existovat biosféra.

Tisice jinych prekvapivych objevi vsak predpoveédét nelze. . .

Slovnic¢ek vybranych termini

impakt — dopad, srazka s kosmickym télesem. Jeji prubéh zavisi na velikostech
srazejicich se téles, jejich struktufe, vzajemné rychlosti, geometrii srazky
nebo pritomnosti atmosféry. Nékdy vznikd v misté dopadu krdter. V pii-
padé planety Zemé jsou takové kratery pomérné rychle erodovany, na Mésici
naopak pretrvavaji i miliardy roki.

ionizace — proces, pri kterém je elektronim vazanym v atomovych obalech
dodéna energie (srazkou s jinym atomem nebo pohlcenim fotonu) a tyto
elektrony se pak stanou volnymi ¢asticemi.

plazma — ionizovany plyn, tedy latka ve stavu, kdy jsou elektrony uvolnény od
atomovych jader. Kladné nabité ionty a zaporné nabité elektrony zptsobuji,
ze plazma je elektricky vodivé a je vyrazné ovliviiovano magnetickym polem.

sublimace — pfeména latky pfimo ze skupenstvi pevného na plynné.

termonuklearni reakce — premény atomovych jader, jez probihaji pfi vy-
soké teploté a tlaku (v centru Slunce je teplota pfiblizné 15 miliona °C
a tlak 2,5 - 1016 Pa). Tehdy se pohybuji jadra vodiku takovymi rychlostmi,
ze mohou prekonat vzajemnou odpudivou elektromagnetickou silu (protony
v obou jadrech jsou kladné nabité) a p¥iblizit se natolik, aby se pFitahly krat-
kodosahovou silnou jadernou silou. (Dilezitou tlohu pfitom hraje kvantové-
-mechanicky tunelovy jev.)
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Tabulkové tdaje o télesech slunecni soustavy

vzdalenost | rovnikovy obézna rotaéni hmotnost | pram. pram.
od Slunce pramér doba perioda hustota | teplota
109 km km kg kg/m3 °c
Slunce |— 1391020 —| 25 a#33dni|1,99-103°| 1400 5500
Merkur | 57,9 4880 88 dni 58 dni | 3,30-10%3| 5400 179
Venuse | 108,2 12104 225 dni 243 dni | 4,87-102%| 5200 464
Zemé | 149,6 12756 | 365,25 dne | 23h 56 min4s | 5,97-10%4| 5500 15
Mésic | 384400 km® 3476 | 27,32 dne® 27,32 dne | 7,35-1022| 3340 ~0
Mars | 227,9 6792 687 dni 24,6 h | 6,42-10%3| 3900 —63
Ceres? |413,9 934| 4,6 roku 9,075h| 2,3-10%1| 2300 —90
Jupiter | 778,3 142984 | 11,9 roku 9,9h|1,90-10%27| 1300 —108
Halley®| 87,8 az 5234 16 76 rokit 2,2 dne 5.1013 100 |~ —100
Saturn | 1429 120536 | 29,4 roku 10,6 h | 5,69-10%6 700 —139
Uran |2875 51118 | 83,7 roku 17,2h | 8,68-102%| 1300 —197
Neptun | 4504 49532 | 163,7 roku 16,1h|1,02-10%6| 1600 —201
Pluto |5915 2300| 248 roki 6,4 dne| 1,5-10%2| 2000 —230
C

nejvétsi planetka hlavniho pasu
Halleova kometa

chemické slozeni téles a jejich atmosfér:

Slunce

Merkur

Venuse

Zemé

Meésic

Mars
Ceres
Jupiter
Halley
Saturn

Uran

Neptun
Pluto

ostatni (He, K) 2%

3,5% Ng

Si, Al (pohyblivé litosférické desky); atm. 78,1 % N2, 20,9 % O2

atm. 95,3% COg, 2,7% Ng, 1,6 % Ar, 0,1% Og

CN, Cp, H2CO, ...

11% He

atm. 89 % Hs, 11 % He, CHy

(N, CHy4, CO, organické latky); atm. CHy, No
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jako metority (uhlikaté chondrity), nediferencovana struktura; atm. —
kamenné jadro (kfemicitany), obal (kovovy H), Ho; atm. 89 % Ha, 11 % He
zmrzlé plyny (H2O) a prachové castice (organické molekuly); atm. Hp O, OH,

kamenné jadro, ledovy plast, Hy (15 %); atm. 80 % Hga, 19 % He, CHy4
kiemic¢itany (70 %), ledy (30 %); kamenné jadro, ledovy obal (H20) a povrch

stfedni vzdalenost Mésice od Zemé; siderickd obézna doba Mésiice kolem Zemé

plazma H (71 % hmotnosti), He (27 %), 2 % tézsich prvka; atm. H (71 %),
He (27 %)

jadro Fe (70 %), plast kiemicitany (30 %); atm. 42% Oz, 40% Na, 15% O,
asi podobné Zemi, ale méné husté jadro a jednotlita ktra; atm. 96,5 % COsg,

jadro vnitini Fe, Ni (30 %), vnéjsi (pfimés S, O), plasticky plast, tenka kura O,

jadro Fe, FeS, plast z kfemicitant (olivin, pyroxen), kira (plagioklas); atm. —
jadro Fe, plast (kfemic¢itany), jednotlita kira (SiOg, FeO, Al3O3);

kamenné jadro, vnitini obal kovovy H a vnéjsi molekularni Ho; atm. 89 % Ha,

jadro (kfemicitany, Fe), ledovy plast (H2O, CHy, amoniak), Ho (jen 15 %);




rozsah geom. tlak sklon magnetické
teplot albedo atmosféry rot. osy pole
Slunce |4000°C az 10%°C 0 100 Pa 7,25° |1074T az 0,3 T
Merkur | —170°C az +430°C | 0,12 |? (velmi ridka) 0,1° 3,3.100°7T
Venuse | +464°C az +464°C| 0,65 |9,6:105 Pa = 90 pg 177° <2.107°T
Zemé | —80°C az +50°C 0,367 | 101325Pa = 1pg | 23,45° 3,1-10°5T
Mésic | —180°C az +110°C | 0,12 |0 6,7° < 2.107107
Mars | —120°C az +20°C | 0,15 |800Pa 25° 5.10°°T
Ceres —200°C az 0°C 0,05 |0 ? 0
Jupiter | min. —163°C 0,47 | vétsi nez 107 Pa 3° 4,28.1074T
Halley | —200°C az +100°C | 0,04 |0 ? 0
Saturn | min. —191°C 0,46 | vétai nez 107 Pa 27° 2,1.1075T
Uran |min. —214°C 0,51 | vétsi nez 107 Pa 98° 2,3.107°T
Neptun | min. —223°C 0,41 vétsi nez 107 Pa 30° 1,4- 107°T
Pluto |—240°C az —218°C| 0,3 |0,3Pa 120° ?
velka Ciselnd sklon | obézna | unikova tihové pocet rok
poloosa | vystfednost | drahy | rychlost | rychlost | zrychleni | mésica! | objevu
AU ° km/s km/s m/s2

Slunce 617 274 -
Merkur | 0,387 0,206 7,0 47,9 4,4 3,7 0 ?
Venuse | 0,723 0,007 3,4 35,0 10,4 8,9 0 ?
Zemé 1 0,017 0 29,8 11,2 9,78 1 -
Mésic | 0,0026€ 0,055€ 5,1¢€ 1,0 2,4 1,62 0 -
Mars 1,524 0,093 1,9 24,1 5,0 3,7 2 ?
Ceres 2,766 0,077 10,6 17,9 0,1 0,3 0 1801
Jupiter | 5,203 0,048 1,3 13,1 60 23,1 62 ?
Halley | 35,0 0,967 162,2 [ 0,9 az 55| 0,001 | 5-107° 0 —239
Saturn | 9,555 0,056 2,5 9,7 36 9,0 30 ?
Uran 19,22 0,046 0,8 6,8 21 8,7 21 1781
Neptun | 30,11 0,009 1,8 5,5 23 11,0 11 1846
Pluto 39,54 0,249 17,2 4,8 1 0,7 1 1930

T objevenych do roku 2003
€ draha Mésice kolem Zemé
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The Solar System 2003

The Solar System — a tiny part of the Universe, a vast, almost empty space.
It is an alien environment for a human — without atmosphere, without solid land
underfoot.

The Sun, planets and their moons, asteroids and comets are a kind of small
islands, where mass is concentrated. Smaller bodies — meteoroids, interplanetary
dust and gas or particles of radiation — photons, also do belong to the Solar
System.

A mutual attraction, a gravitational force acts among all of them and gov-
erns their motion. The Sun is by far the most massive, therefore other bodies
orbit around it. The closer to the Sun a body is, the higher its orbital speed is.

The farthest planet is Neptune and then other follow: Uranus, Saturn,
Jupiter, Mars, Earth, Venus and Mercury. The mean distance between the Sun
and the Earth, so called Astronomical Unit, is 150 million km. The light trav-
els this distance in 8 minutes 20 seconds. The diameter of the Earth is only
13,000 km.

Planets and moons do not shine with their own visible light, they only reflect
a part of the sunlight. The Sun is, on the other hand, a star and as such it radiates
by the entire surface to all directions.

Sometimes one can see radiation reflected from the smallest particles of
interplanetary dust — this phenomenon is called the zodiacal light.

Meteoroids, stony fragments from fractions of milimetre upto a few me-
tres in diameter, can be easily observed at the moment, when they hit the air
surrounding our planet. Particles move with a relative velocity of about 50 km/s.
They begin to heat themselves by a friction of air 150 km above the Earths sur-
face. A warm and shining column of ionized air, which we see on the sky, is called
a meteor, folkly speaking a “shooting star”.

Several times per year, for example around the 12t of August or the 18" of
November, the Earth travels through the streams of cometary meteoroids, what
causes a meteor stream on the sky.

Larger and harder meteoroids can “survive” the flight through the atmo-
sphere and they fall on the ground as meteorites.

Bigger bodies are asteroids. They typically have an irregular shape and
they consist of stony material. There orbit about one million asteroids larger
than 1km in the main belt between Mars and Jupiter.

Small moons of planets, like Phobos or Amalthea, are very similar to as-
teroids.

Big moons are comparable to small planets: Jupiters moon Ganymede is
even larger than Mercury. Bodies with diameters above 1,000 km already have
more regular, spherical or elliptical shape.
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The four planets closest to the Sun — Mercury, Venus, Earth and Mars —
are called Earth-type or terrestrial planets. They are relatively similar to
each other: they comprise mainly of stony material, they have a solid surface and,
except Mercury, they are covered by a thin layer of gases — an atmosphere. The
most common chemical elements in the Earths body are iron, oxygen, silicon and
magnesium.

The outer planets Uranus and Neptune are ice giants. Their substantial
parts are ices of water, methane, and ammonia or a mixture of hydrogen, helium
and rock.

Jupiter and Saturn are gaseous giants. We call them Jupiter-type planets
also. Their relatively small cores probably consist of rock and ice, the extended
mantles are made of metallic and molecular hydrogen and helium.

All giant planets have rings (even thought only rings of Saturn are easily
observable) and numerous families of regular and irregular moons.

The Sun. An incandescent gaseous sphere, with a surface temperature of
approximately 6,000 °C. There is a hidden natural thermonuclear reactor inside,
in which nuclei of hydrogen atoms are transformed to nuclei of helium atoms and
photons and neutrinos are emitted at the same time. This source of energy has
operated already for four and half billion years.

Sunspots and eruptions are prominent demonstrations of changes on the
Sun. Both of them are induced by a strong magnetic field, that affects motion of
solar material — electrically conductive ionized gases, it means plasma.

The most extended objects in the Solar System can be comets. Their
icy—stony cores are tiny (they are a few kilometres in diameter), but when they
come near the Sun, ice starts to sublimate and escaping gas and dragged dust
create a coma and a tail. Their light hydrogen envelopes may reach a size of upto
100 million km.

Cometary tails are always directed approximately away from the Sun. Mole-
cules of gas and dust grains interact with the radiation and solar wind — a stream
of charged particles, which spread from the Sun to the interplanetary space with
a velocity of about 500 km/s.

Mercury, the first planet, gets the most solar radiation energy. There
is a temperature over 300°C on the illuminated hemisphere, but the reverse
hemisphere cools quickly downto —200°C. The surface is covered by impact
craters, which were formed by collisions with asteroids and comets. A big part
of the surface has never been observed by a space probe.

Venus is covered by a dense atmosphere (the pressure on the surface is
90 times higher than on the Earth). Regardless it orbits the Sun twice farther than
Mercury and it reflects two thirds of solar radiation, there is an unprecedented
temperature 460 °C. The reason is a strong greenhouse effect — carbon dioxide
in the atmosphere transmits the visible solar radiation towards the surface but
it absorbs the infrared radiation radiated from the surface and that way impedes
its cooling.
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Radars were able to look below the opaque atmosphere — they detected
a surface characterized by fractures and volcanos. It is possible to deduce, from
the number of impact craters, that the volcanic activity reformed the most of the
surface of Venus 700 to 500 million years ago.

The third planet from the Sun is the Earth. It has a suitable size and
distance from the Sun, so there may exist not only ice or water vapour but also
liquid water on the surface — one of the assumptions for creation of life. The
primordial air was completely converted by the activity of live organisms and it
contains mostly nitrogen and oxygen today.

The Earth differs from the rest of planets also by the plate tectonics — its
crust is cracked to individual plates, that can move on the top of the mantle. The
ocean floors originate by volcanic eruptions in oceanic ridges and they dissolve by
the subduction below other plates. New mountains are folded during collisions
of the plates. This may be important for the life on the dry land, because the
erosion otherwise would clear all mountains and the entire surface of the Earth
would be covered by ocean.

The Earth is followed by the Moon. It also has importance for the terres-
trial life: it causes, together with the Sun, changes of the low and high tide by
tidal forces. The Moon also stabilizes the rotation axis of the Earth on the long
term and thus prevents sudden and extreme changes of climate.

We can observe only one hemisphere of the Moon from the Earth, because
the Moon rotates around its axis with exactly the same period, as it orbits around
the Earth. Such phenomenon is called a synchronous rotation.

The Moon formed approximately 4.45 billion years ago, when a Mars-sized
body collided with the Proto-Earth. A huge amount of fragments was generated
by the collision, most of which falled back on the Earth, but a part of them formed
a disk around the Earth. The disk acreted very quickly, probably in a few weeks,
into one satellite — our Moon.

Small bodies, like asteroids, can also appear in the neighborhood of the
Earth. On average, one asteroid larger than 100 m collides with the Earth every
1,000 years. A collision with a 10-km asteroid, which happens once per a few
10 million years, can cooperate in the course of large extinction of animal and
plant species. The best known example is the extinction of dinosaurs 65 million
years ago.

Mars. The planet distinctive by its red colour, which is caused by iron
oxides.

The elevation map and distribution of impact craters on the surface suggest,
that the north hemisphere could be covered by ocean 3 billion years ago.

The relics of running water are erosion shapes in numerous valleys. The
largest of all is Vallis Marineris, 4,000 km long, 7km deep.

The valley drained water from the Tharsis region. The Tharsis is of volcanic
origin and one can find here the biggest volcanos in the Solar System — for
example Olympus Mons, 27 km high and with the base 600 km in diameter.
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Mars is rather a calm planet from the geological point of view for the last
two billion years. Weak wind in the light atmosphere plays with small sand grains,
seasonal changes lead to the regular growing of polar caps in winter and to their
shrinking in summer.

We can find the asteroid number (243) Ida, for example, on an orbit be-
tween Mars and Jupiter. This 50-km asteroid belongs to the Koronis family, what
is possible to recognize by similar orbits and similar colors of its members. These
asteroids made up a single body, which was however shattered by a huge impact.
The current moon of Ida — one-kilometre Dactyl — was formed that way.

Jupiter has the mass higher than all other planets and smaller bodies of the
Solar System together. It radiates twice as much energy, as it receives from the
Sun. The source is evidently a slight shrinkage of the planet and a transformation
of the rotational energy to heat. There is an enormous storm, called the Great
Red Spot, observed for a few hundreds of years in the atmosphere of Jupiter.

Probably the most interesting Jupiters moons, out of tens, are Io and Eu-
ropa. Tides of Jupiter are so strong on lo, that they deform the whole moon
and heat its interior to a temperature of a few thousand degrees Celsius. It pro-
duces never-ending volcanic activity on the surface. The volcanos erupt sulfur to
a height of a few hundred kilometres and reshape the surface with unbelievable
rate.

Europa is, on contrary, a very smooth moon, covered by water ice. But
the structure of ruptures and magnetometric measurements prove the existence
of sub-surface liquid ocean.

Saturn became famous by beauty of its bright rings. Regardless they have
radius over 100,000 km, they are at most a few hundred metres thick. They look as
a series of thousands of differently bright and differently transparent ringlets, but
in reality they are composed of individual icy—stony fragments with a typical size
of 10cm. “Spaces” and other structures in the rings are caused by gravitational
perturbations of small moons orbiting directly inside the rings or out of them.
The moon Mimas is responsible for the most prominent Cassini division.

Uranus is almost not visible on the sky with the naked eye. It was discov-
ered by chance using a telescope, by William Herschel in 1781. The rotation axis
of Uranus is interesting — it lies almost in the plane of orbit and Uranus exposes
in turn the north and the south pole towards the Sun.

The discovery of Neptune was one of the greatest triumphs of the celestial
mechanics in the 19t® century. Adams and Le Verrier calculated the position of
the unknown planet from the observed perturbations of Uranuses orbit, and Galle
then indeed found it on the sky. We observe wind with a velocity of hundreds
kilometres per second in the upper layers of the atmosphere, likewise on other
giant planets. Spots and storms, which are probably the demonstration of the
internal heat source, appear on Neptune, similarly as on Jupiter and Saturn (but
not on Uranus).
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No space probe has yet visited Pluto and Charon. The best ground-based
telescopes resolve only a few bright and dark areas on them.

However, hundreds of other bodies were discovered behind Neptune, moving
on similar orbits as Pluto or even farther. The whole population is called the
Kuiper belt. They are icy bodies, often very dark, reflecting only about 4 % of
solar radiation. The equilibrium temperature on their surfaces is only a few tens
of degrees above the absolute zero (it is —273°C).

There is a spherical Oort cloud also around the inner Solar System. It is
not observable directly, but we infer its existence by new long-periodic comets,
which reach the inner part of the Solar System evenly from all directions.

There is an area farther away, where the gravity of foreign stars starts to
dominate. . .

Apart from the eight planets in the Solar System, there is also known a few
hundreds of extrasolar planets, which orbit foreign stars. Contemporary astro-
nomical instruments do not allow to observe these distant planets directly, but
their properties are calculated from photometric and astrometric measurements
of the mother stars. The most of extrasolar planets, discovered up to now, are
bigger than Jupiter and they orbit in the distance less than the Earth orbits
around the Sun.

There exist hundreds of billions of stars in our Galaxy.

There are tens of billions of galaxies in the entire observable universe. . .

What is the past and the future of the Solar System?

We know, from the analysis of the decay of radioactive elements in primitive
meteorites, that these meteorites solified 4.56 billion years ago. The Sun formed
at the same time and the complete planetary system did also.

Stars, even whole star clusters, arise from interstellar gas—dust clouds (with
a main component molecular hydrogen). There sets in a gravitational collapse,
a strong increase of the density, in their coolest parts, when the temperature is
only a few degrees above the absolute zero. Then the pressure and temperature
become high and thermonuclear reactions are ignited. That is the time of a star
birth. A flat disk from the remaining matter forms around it.

Collisions, which lead to a consequent coalescens of small bodies to bigger
ones, happen frequently in the disk. Finally, only a few large bodies remain, in
which the most of the mass is concentrated. We call this process the accretion.

Embryos of planets, planetesimals, are then heated by radioactive decay
of unstable elements. The mentioned collisions support the heating also. Larger
bodies are partly or completely melted, what sets up their spherical shape. A core
arises from heavier rocks by differentiation, lighter elements remain in a mantel
and a crust.

There may arise cores of giant planets in greater distances from the Sun,
because there are enough icy planetesimals, which cannot exist in the proximity
of the Sun. As soon as the mass of the core exceeds the particular critical value, it
starts to acrete surrounding gas and the mass of the planet increases many times.
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Finally, strong ultraviolet radiation and star wind cause, that the mother
nebula heats and blows up to the surroundings space. The Solar System thus
gains almost the present look.

The complete process of the creation spans approximately 100 million years.

As we know from observations of other stars and from models of star evo-
lution, the Sun will calmly shine for about 6 billion years. Then the reserves
of hydrogen in the core will be exhausted, the whole interior will be “rebuild”
and the Sun will change to a red giant. The inner planets may be completely
destroyed. The red giant will explode as a nova in later phases, it will expand its
envelope, what will be observable as a planetary nebula for a short time. Only
a naked cooling core — a white dwarf — will remain from the Sun.

There is still a lot of open questions in the exploration of planetary systems.
What can we await in the forthcoming years?

Cassini probe will explore Saturn and its moon system in detail, the explo-
ration of Mars will continue for example by Mars Express and Mars Exploration
Rover, Mercury will be mapped by Messenger and BepiColombo probes, New
Horizons probe will be sent to Pluto. Stardust probe should bring samples of
dust from the comet Wild 2, Hayabusha should obtain a piece from the near-
Earth asteroid Itokawa, Dawn interplanetary probe will become an orbiter of the
asteroids Vesta and Ceres.

We probably will discover hundreds of other extrasolar planets, some of
them as small as our Earth. Future big space telescopes will allow to obtain
spectra of their atmospheres. If we find spectral lines appertaining to nitrogen
and oxygen molecules, we can hope, that there may exist biosphere on distant
planets.

However, thousands of another, surprising discoveries cannot be predicted. . .
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