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Kosmogonie Slunecni soustavy
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Kosmogonie Slunecni soustavy
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Teplota ve Slune¢ni mlhoviné

Temperatures in the Solar Nebula
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Kosmogonie slunecni soustavy

# Decrease In planetary densities reflects the condensation
sequence- low density matenals require cooler conditions to

condense- so they condense only at greater distances from the
VOLUNg Sun

Temperature Condensate Flanet(Temp)
1500K Meial oxide Mercury (1400K)
1200K Metalhe lron & Mickel
1200K Silicates
1000K Feldspars Venus (S00K)
B30k Trodlite (FeS) Earth (G00K)

Mars (230K]
173K Water lce Jovian (175K
150% Ammonia-water ice
120 Methane-water ics
aa] 8 Argon-necn 1ce Hluto [HSH)




Kosmogonie Slunecni soustavy
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Kosmogonie Slunecni soustavy

There are two Kinds of planets in the solar
sysiem
= Rocky, Earth-like pianets that are located
relatvely close o the Sun
= 88&0Us guant planets ke Jupilar that ane in
the outer solnr ayatem

LOCETHON
= COUr mner pianeiz are iemesingl, outer paanets
are JoWian

Mass

=« rerresinal planats are small, while Jowvian
pianets are gants

Density and composition
= lemesinal planets have the density of rock
whereas the Jovian planets have much lower
dangty ciosar (o that of wated




Kosmogonie Slunecni soustavy

Mezihvézdné mracno prachu a plynu o teploté 10 K, se zaCalo smrStovat
a rotovat kolem rotacni osy, plyn se soustiedil v centralnim kulovém
utvaru, prachova zrna v disku, setkavaly se a slepovaly, za 1 000 rokd,
vznikla zrna o velikosti 10 milimetru, pokraCovala ve spojovani az za
dalSich 1 000 roku vznikla télesa o pruméru 5 km, planetesimaly prvni
generace. Za priblizné 20 000 roku se vytvorily planetesimdly druh¢
generace o prumerech 500 — 800 km, hmotnostech fadové 10 na 21 kg.
Tato télesa zacCala gravitacné vazat plyn z puvodniho plynu v disku.
Narustajici zareni Slunce zvySovalo teplotu, tudiz vétsina atomu
respektive molekul dosahla unikové rychlosti a odletéla do
meziplanetarniho prostoru. Tam pusobil rovnéz slunecni vitr, proud
nabitych ¢astic pohybujicich se rychlosti 100 — 1000 km/s.

Prvotni atmosféru si uchovaly pouze Jupiter, Saturn, Uran a Neptun.
Terestricke planety s1 vytvorily druhotné atmosfery.




Kosmogonie Slunecni soustavy

1. Nebular disk
formation

2. Initial coagulation
(~10km, ~10° yrs)

3. Orderly growth (to
Moon size, ~10° yrs)
4. Runaway growth
(to Mars size, ~107
yrs), gas loss (?)

S. Late-stage
collisions (~1073 yrs)




Mars v Jeshickach 23.- kvétna 2008 ve 23 hodin SELC




Charakteristiky Marsu

Ave distance from Sun 1.524 AU
Ecceninicity of Orbit 0 0934
Max Distance 1.66 AU
Min Distance 1.38 AU
inchination of Orbit 1.8¢

Ave DOrbit Velocity 24 .1 kmfs

Orbet Period

68T dava (1 88 veamn)

Rotation Penod 2483y m

Inciination of Equator 200

Diameter 6, 796 km (53% Earth’'s)
Mass

0.108 Eariiv’s

Cem—

Awe Denaity

2 04 (3 .3) g/fem?

Surface Gravity

0.379 Earth's

Eacape Velocity

0.45 Earth's

Surface Temp

-140°C to 20°C

A Dagn

0.16




Pozorovani Marsu ze Zemé

table 13-2 | Oppositions of Mars, 2004-2008

Earth-Mars distance

Date of opposition (AU) (10° km) Angular diameter (arcsec)

2005 November 7 0.464 69.4 202
2007 December 24 0.589 88.1 15.9




Mars — globalni prachova boure

L

26. cervna 2001 4, zari 2001

Uéinky prachové boufe jsou dobfe patrné na dvojici snimkd
Z Hubblova kasmickeho dalekohledu. Prvni byl pofizen 26. tervna,
kdy zrovna boure zacala nabirat na intenzité. ¥ té dobeé byly vidét na
povréchu zhruba patnactikilometrove detaily. Druhy zabér byl porizen
4. zari, kdy uZ prach rozptyleny v atmosfére zabranil v pozorovani

jakychkoliv detaila s vyjimkou polarnich cepicek. Fotoe MASAISTScl.

Mars - solarni konstanta 590 W/m?, ziskava méné zarivé energie,
presto za 30 roki narostla teplota ridké atmosféry o 1,7 °C




Tvar na povrchu Marsu, atmosféra

& Detailed observations by NASA spacecraft have only altered the
nature of claims about life on Mars-- not put the claims to rest
e Viking images (1877) turned up a surface feature suggestive of a face
s Mars Global Surveyor (90's) provided a more detailed look
s “Analyses” [lke this one fully unearth the human mask

Go to www.mufor.org for more laughs!
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# Composition
° m 95% CO5, with 2% nitrogen, 1.5% argon and little water or oxygen
"~/
VellkOSt ~ 200 m # Density at the surface is only 1% of the Earth’'s atmosphere
# Haze from water-ice crystals and carbon dioxide ice caps are apparent
in the Hubble Space telescope photographs (taken ~&hrs apart)




Zvétravani krateru na Marsu




Mars — utvary v pise¢ném povrchu




Mars — impaktni krater o pruméru 2,3 km
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Mars:

evidence for

-

floods.
reservoilrs and

networks of
carved gullies




Mars

Mars Global Surveyor: prirozené kanaly, stékani vody,
pisku z vyvySenin




Navaty povrch na Marsu

Sand dunes similar to dune

fields on earth.

Some dune fields on Mars are
long lived.




Mars — Olympus Mons







Mars

Mariner 9, Mars Global Surveyor, 1997: mésto Inkii,
jaké prirodni procesy ho zformovaly?

MeTpe. LKopee BCEero, aTo
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Atmostera Marsu
CO, 95,23 %

N 2,7%
Ar 1,6 %
O 0,13 %
CO 0,07 %

CH, 10,5 ppb - 107

sonda Mars Express,
Keckovy dalekohledy —

, trvaly zdroj ?
¢inné sopky nejsou,
mikroby ?
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Vozitko Opportunity r. 2004

OtocCny stézen:
panoramaticka kamera
PanCam spektrometr
tepelnych emisi — vyzkum
nerostu z tepelného
vyzarovani

Vyklopné rameno: spektrometr rtg a o zareni,
mikroskopicky zobrazovac — detailni snimky hornin

slunecni ¢lanky — uklid ,,tancici dervisSi® nestejnomérny ohrev
terénu a atmosféry, vyska az 660 m, priumér 230 m, pohyb nad
terénem rychlosti (1 — 60) m.s™!




VyzKkum povrchu Marsu

* vymezene oblasti povrchu zkoumany (Um-mm),
spektralni odrazivost, absorpce v infraCervene oblasti
ruzné druhy mineralt napf. na planetach

Vyzkum gamma-zareni —
urCovani prvku (specialné
dvormusl : B s piirozenou radioaktivitou

and epithermal

]
] 5 o
t l | I
Ill'l,ll neutrons : Cosmic ray 4 . h)

LI s .. .,
.\ el _ E — Energie jednotlivych

gamma-paprski jsou
charakteristicke pro
jednotlive prvky

Nuclear Radiation from a Planetary Surface

Ar-@*np-ﬂ amm




VyzKum povrchu Marsu

Mars nema deskovou tektoniku jako Zemé, na povrchu strouhy od
pisku nez recisté, pouze delty fek vytvoreny vodou, pristavaci modul
Phoenix - 350 kg , sestup na padaku as1 13 minut, puisobil na okraji
severni polarni Cepicky, pokles teploty vedl po 5 mésicich k vypnuti
modulu: ptida ph - 7,7 , ledové krystaly zamrznuté do regolitu do

hloubky 5 - 15 cm




Vyzkum povrchu Marsu

Perseverance Rover r. 2021

Obr. 1 Klicovym cilem mise Perseverance na Marsu je astro-
biologie, véetne hledani znamek starodavneho
mikrobialniho Zivota. Rover bude charakterizovat

geologii planety a minulé podnebi, pfipravi padu
pro lidsky prazkum Rudé planety a bude prvni misi
pro sbér a ukladani martanske horniny a regolitu
{rozbita skala a prach). Foto: NASA/IPL-Caltech

Skutecnost, Ze na Marsu metan je, je bezpecné po-
tvrzena. Co je vsak jeho plivodcem? Mohl by metan
na Marsu znamenat Zivot, podle toho, jak zname pi-
vodce metanu ze Zemeé? Potvrzeni Zivota na nasi nej-
blizsi planeté by bylo jisté zpravou stoleti i potvrzenim
mnoha védeckych teorii. Existuje viak i dalsi vysvétleni
pritomnosti tohoto plynu, které o jeho zivém pivodci
neuvazuje.

Jednim z moznych vysvétleni pritomnosti metanu
na Marsu by totiz mohla byt metanogeneze, tedy abio-
ticka syntéza organickych molekul - jakdsi obdoba fo-
tosyntézy, ale bez pfitomnosti Zivé hmoty. Timto zpii-
sobem lze oxid uhlicity (obsazeny v atmosféfe Marsu)
na povrchu oxidickych minerali a v kyselém prostre-




Vyzkum povrchu Marsu

Perseverance Rover r. 2021




Vyzkum povrchu Marsu

Perseverance Rover r. 2021

SC: Perseverance ma nekolik dilezitych védeckych
cili. Jednim z téch, které meé velmi zajimaiji, je zjistit,
jakého pivodu je metan na Marsu - zda chemického, ¢i
zivocisného. Dalsim dkolem této mise je identifikovat
prostfedi, jez mohlo v minulosti podporovat mikrobi-
dlni zivot. DalSim je hledani znimek mozného Zivota
v prostfedich, zejména v hornindch, o nichz se vi, 7e
mohou zachovavat stopy zivota.

SC: O planeté Mars a jeho povrchu je toho jiz hod-

né znamo. Na Zemi byly nalezeny meteority vykazuji-
ci martansky pfivod. Na planeté Mars (ispésné prista-

am

ly americké sondy Viking jiz v roce 1976, dile i sonda
Pathfinder, ktera na Mars v roce 1997 dopravila dvanic-
tikilové vozitko Sojourner. Nasledovala roboticka vozit-
ka Spirita Opportunity v roce 2004. Obrovské mnozstvi
informaci predal robot Curiosity a v anoru 2021 pfi-
stila na povrchu Marsu sonda Perseverance. Tak byly
identifikoviny informace o sloZzeni povrchu Marsu,
ktery je tvofen regolitem - tedy oxidickymi materidly
typu Fe,0;, TiO,, Al;O,. Vime také, ze povrch Mar-
su, na rozdil od planety Zemé, obsahuje pomérné vel

ke koncentrace chloristant, chlorecnant, alkalickych
kovii nebo kovt alkalickych zemin véetné siry. K diile-




Mars - Valles Marineris

MARS the Movie

This NASA Hubble Space Telescope
full-globe picture of the planet Mars is the

most detailed view of the red planet ever
taken from Earth's distance. Hubble
resolves details on Mars’ surface as small
as 30 miles across, to reveal craters,

fleecy white clouds in the thin Martian
atmosphere,

hloubka az 7 km, Sirka (200 — 500) km, délka 4 000 km, prulet od
vychodu, konci tzv. labyrintem




Mars — Phobos a Deimos

doboc HNermoc
accrogEme or MeETpa Mapca, km 9378 23 459

1epuop Bparenss i y 0.32 1.26
OpbRTANLHLIN DepHOoJN, AHEH
Pazmepni, kM 27 x 21,6 x 18,8 16 x 12,2 x 11

Macea, kr 10,6x10™ 2,4x10"°




Phobos

ms, NASA
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Mars Global*Surveyor, 1988, ze
zdalenosti 1080 km, krater

Stickney — 10_km




Planetka a jeji mésic - Ida a Dactyl

Ida 56 x 54 x 21 km, doba rotace 4 h 38 min, detaily 24 m
Dactyl 1,6 x 1.4 x 1,2 km, vzdalenost 100 km




Jupiter — charakteristiky

_Datafile Jupiter

Ave distance from 2.203 AU
%%'E'cntrimty of Orbit 0.0484
Max Distance 2.455 AU
Min Distance 4.951 AU
Inclination of Crbit 1.3¢

Ave Orbit Velocity 13.1 kmv's
Orbit Peried 11.9 years
Rotation Period gn5h . Sm
Inclination of Equator 3.}

Diameter

142,900 km (11.2 Earth's)

Mass 317.8 Earth's

Ave Density 1.34 g/lem”

Surface Gravity 2.094 Earth's

Escapa Velocity = 4 Earth's (Cassini’s Farewell View of Jupiter
Surface Temp -120°C

Albedo 0.064

tiirea 19 New &




Jupiter

Eesa

www.spacetelescope.org




Jupiter
Jupiter
Near IR Optical

Infrared bright regions correspond to dry regions that are dark
in optical images. Dry air sinks so these are downward flows.




Jupiter

imin Ring

el




Jupiter — treti ruda skvrna




Jupiter — magneticke pole

Flux tube

,Plasma
torus

Magnetic field line




Jupiterovy mésice
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Galileovské mésice Jupiteru

Ctvefice, kterou netfeba pfedstavovat. Zleva |6, Eurdpa, Ganymédes a Kallistd.
Foto JPLINASA.

nazvy mésicii — Simon Marius (1573 —1624) r. 1614 1Io -
milenka Dia




Galileovské mésice Jupitera

HST, NIMCOS snimek z roku 2004

Europa
behind Jupiter Callisto's
Shadow
Callisto
Ganymeade's
Shadow

JUPITER ' HST
March 28, 2004 NICMOS




Charakteristiky més

r

icu

Distance (R) 5 15 25
a P e m R, Jo,
(10°km) | (dny) (102%kg) | (km) | (kgm~)
I 422 1.769 |.0041 |893 1821 3.53
Europa 671 3.552 |.010 480 1565 2.99
Ganymede | 1070 7.154 |.0015 | 1482 2634 1.94
Callisto 1883 16.69 |.007 1076 2403 1.85




Jupiter — mésic Io




lo

Jupiter's innermost
large moon.

Tiwdal forces ~250
bimes the tidal force
of Earth on the
Moon

Slapy na mésici Io

R S




Io - rotace

rota¢ni rychlost na rovniku 7,5 cm.s™!, rota¢ni perioda 42,5 h.




Srovnani Io - Mésic




Saturn




Charakteristiky Saturnu

Ava distance Trom 9,339 Al
Eentricity of Orbit | 0.0560
Max Distance 10.07 AU
Wlin Listanca S0 AU
Inclination of Orbi 298

Avg Dril Valocdy

98 km/s

ol Panod 29. 0 yoars
Rotatlion Pedod Qs 5™
Inclination of Equatar | 26.4°

Liamatar 120,660 km (2.4 Eath's)
Mass 25.1 Eanh's

Ave Density

0.68 glem?

Surface Gravily

1.16 Eanth’s [cloud basa)

Escapa Valodity

356 Earnth’s

Surface Temp

S BOAC (cloud tops)

Albeda

L

NABA Image of Satum

Satum 15 less well studied than
Jupter, Proneer 2 and both
Voyaper spacecralt Hew by,
and right now Cassim is on s
Wil




Saturn — prstence

Bring Cassini division
(orange, green)

Encke gap




Saturn — atmosféra
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Lther features:
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Saturn — atmosféra

Atmosphare is rich in hydrogen

Containg beltzone structure ke
Jupiter's
»  But distinctions betwesn neighboring
zones are bess obvious thanon upier
Atmosphere ks much colder on Saturn,
because it is farther from the Sun
fraceived anly 25% of the radiant
energy that Juper recelves)
s Chowds on Satum form af senillar
mperatures o hose on Jupiler, but

ase temperaires oooE deeper in
Saturns afoees phere, where the

distinctions belveen neighibonng clowds
are less obwous
Organized winds similar to Juplter's, but
at higher velocities of =1000mph
More detalled knowladge awalls the
Cassinl mission, beginning in 2004

Termperatss °F)
300 -2 -3 D 100
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Saturn — polarni zare




Meésice Saturnu

malé < 500 km, neaktivni malé, aktivni

bez
krateru

Iapetus R=T718 km Rhea R=7 k
stfedni, neaktivni




Meésic Saturnu Mimas

Figure 11. 1% Mimss is the mner-most of the imtearmedings
ge mools of Sarurn, and was nod imaged from mesrby by
althar Yovagse . Howevar, omps buage crader, 130 km in di-
aipiet e, |5 smadly vislbls avesy i this lows=resshites images
([ onirbesy of NASAL)
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a =1221870 km
P = 15,945 dne
T= 100K
m=13.102 kg
R =5150 km
p=19.10° kg.m?3




Vyznam studia Titanu

 Ma tlustou atmosféru, unikatni mezi mésici

* Je velky priblizné jako Merkur

* Opticky tlusty zavoj — obtizné ziskat snimKky povrchu
« Zajimavy astrobiologicky (uhlovodiky/organické)

* Predpovidan methanovy “hydrologicky cyklus”

* Soucasny vyzkum — sonda Cassini/ modul Huygens
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Atmosféra Titanu

Coriolisove zrychleni




Atmosféra Titanu

Pii v = (50 — 100) m.s*!, vzhled atmosfeéry plane
jeji velikosti R ) a dobou rotace T

Zemé, Mars B~ 0,1
Velikost =1 000 km
Titan R, =5150 km, T=16dnu p = 2




Atmosféra Titanu

Titan

Titan 1s often discussed with
terrestrial planets because 1ts
atmosphere 1s thick and
contains many of the same
molecules

Titan 18 dominated by N, which

shows up in the UV spectrum
as strong line emissions.
There 1s also some CH,, CO,,
CO and many hydrocarbons
Unidentified molecular haze,
possibly produced by

n rokkdadanislpmedndm
1im, prub&zné uvolnovan

a

Keck adaptive optics image of Titan, Saturn's largest
moon, obtained in infra-red hight. The bright crescent at
the southern rim (bottom of 1image) 1s due to scattering of
sunlight by hazes in Titan's atmosphere. Titan's surface 18
thought to consist of highlands or continents made of 1ce.
Some of the dark regions seen in the northern hemisphere
may represent lakes or seas made of liquid hydrocarbons.




Slozeni atmosféry Titanu

Titan Zemé
N, 82-98 % 78%
CH, 2-10 % 2 ppm
O, - 21%
CO, 0.0l ppm | 350 ppm
Ar 7 ppm 0.9%

RELATIVE INTENSITY

0=

GHy

1
CiH,  CiH
i N i

HCM
C_:Hﬂ |
I
CEHI:- |
‘ |
CiHy

10 B 20 30
WAVELENGTH (microns)

Tlak na povrchu 1.5 bar, teplota 94 K, celkova hmotnost atmosfery
~ dvojnasobek pozemské

Rizné organické molekuly, fadoveé ppm — parts per milion 10

Miha se sklada z Castic ~1 pm, kondenzaty metanu a dalsi

uhlovodiky

Slunecni soustava C:N pomér 4-20:1. Na Zemi vétSina uhliku je
vazana v uhliCitanech; kde je C ulozen na Titanu?




Existence atmosfér téles
ve Slunecni soustave

Porovnani hodnot unikové a stredni
kvadraticke rychlosti

V, = (2GM/R) 2

V,= (3kT/m) 2




Sonda Cassini s modulem Huygens

e 6 tun, planovana 1985
vypusténa 1997,
 draha — VenusSe, Zemé

SATUAN ORBIT INSERTION

VENUS 1 FLYBY JUL2004 o

26 APR 1958

VENUS 2 FLYBY
, 24 JUN 1999

&
\ 7 =1 <
VENUS % [ &1
- TARGETING <D o
i MANEUVER 0 e = 1=R
3 DEC 1998 2| = |9
[ e 7 X1 {4
o] )

LI

T~ LAUNCH
15 OCT 1997

JUPITER

EARTH FLYBY FLYBY
18 AUG 1999 30 DEC 2000




Modul Huygens na Titanu

Huygens auf Titan

Eintritt Maximale  Offnendes Abwurfder  Abwurfdes
in die Abbremsung, Hilfs- Frontverkleidung, Hitze-
Atmosphare Hitzemaximum fallschirms Auswurfdes schutzschildes Abwurfdes
Hauptfallschirms Hauptfallschirms,
Auswurf des
£ . ‘i‘ Stabilisierungs-
-.‘:’F fallschirms
- r
~r

Stabilisierungs-
fallschirm
ist entfaltet

-270 -220

-170

-120

-70 °C




Modul Huygens vysledky

Povrch pripomina recisté
rek na Zemi

Osvétleni oranzovou
odpovida situaci 10 minut
po zapadu Slunce na Zemi

Slunce je 10krat mensi
nez na Zemi, obdoba se
svétly auta ze vzdalenosti

150 m

oblazky ~ 15 cm, povrch geologicky mlady,
zmény odrazivosti

stiny jsou tlumené - 90% svétla je neprimo rozptylovano




Sonda Cassini - vysledky

 Dva druhy terénu — jasny & tmavy (na snimcich z
radaru a NIR), korelace mezi obéma?

* Objev jezer o pruméru stovek metriu

snimek 600 km
nepritomnost kanala a Skrabanci




Charakteristiky Uranu

Datafile Uranus

Ave dislance trom Sun 15 18AU
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Vovager 2 Image of Urami

Urazees i even levs well stodied
thse Sararm. The Vevaper 2
spacecrslt flow by in 1986, mkiny

mesng=m=ns win ks 11
psrTOmnesy.  [ds mossther with
Earth-baved obiervanons feed o
know bedme pool abour e platet,




Prstenec Uranu




Mésice Uranu




Stavba nitra Uranu a Neptunu

Highly
compressed
liquid water and

ammonia

Rocky core

Uranus 10,000 km Neptune

—




Charakteristiky Neptunu

Datatile Neptune
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Vovager 2 bzars of Neptune

The VVovaeer 2 spacecraft flew by
m 1089 mins mescnrements
with s 1] inssromeerms.  Af the
(e A DT SN Fvsiem- the
great dark spot- w0 ooderway io
cieprne 1+ stEsocp e




Neptun

Cesa

www.spaceteles




Magneticka pole plynnych obru
Neptune's Magnetic Field

& Voyager 2 detected a magnebc Seld Bt & ~50% aa strong as Earth's fedd (20
comparable 1o Uranus’ field)

& HMegtune's magnatic field s very [dey not genersted in the core of the planet
= Il poetuiated ;al ine magnetic =0 arses from dynamo actlen nearer the surfacs of

e planet- parhaps N3 Uil walkss Syer wiln BEEoved mEthane 3nd amMmons (maks
3 good condecior

n  Mephme's fedd 5 ffed S wilh reeped b0 e ails of rotation, and he fieid cemter 15
aiteel 55% froan ihe cenleT of T planel

L L T T
4.

I|1.
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Prstence Neptunu

The Rings

& Neplune aiso has a nng sysltem
s, Partic -5& n the rngs are dark -and non-
ective much like in Uranus '-'“_:a_

= The were veried by Voyag

arocles or dust appears o be much
more prevalent n Neptune’s rings than in
Uranus nngs

s [hese thin ings (named for Adams
LeVermmed and Gale) have assotiaied

'I'1

[ Fine fiNF: &I

shepherd satellites, as we have come i SR
| by Fing i SERAMAT 1D CRATASTeT 1O

o B0 g @B R ;.|||: =Ll i ( .,.Ir.:...___ll__‘ :

: " Liamne rme

R T e T i - ¥ e et o N
s Ring particies dissipate over time, and 80

1*—, miust be replenshed by comeimry
encounters with the pianets and the
Moons




Prstence a mésice Neptunu

December 8, 2004
ACS/HRC
Proteus

Galatea, it

Larissa \

| :._.'-'Tha'assa S/2004 N 1

Image Credit: M. Showalter/SETI Institute




Zmény vzhledu Neptunu

Hurbsbale _5;_::3*:-}_ Twl_t:_zs-:n;__m . W_F P:!_Z:f_

MASA, L. Stonmoveky arsd B Fry L mivereity of Wisconsin TS5 -FROOI-TT




Tmava skvrna na Neptunu

The dark spot on Neptune

Neptune's blue color is largely the
result of absorption of red light by
methane 1n the atmosphere but there
1s some additional as-yet-
unidentified chromophore which
gives the clouds their rich blue tint.
At the time of the Voyager
encounter, Neptune's most
prominent feature was the Great
Dark Spot (left) in the southern
hemisphere. It was about half the
size as Jupiter's Red Spot. Neptune's
winds blew the Great Dark Spot
westward at 300 meters/second




Pluto

Eesa

www.spacetelescope.org




