North ice. Lo Residual cap =

Bk thick hasma Boreale — large valley

rinning brough (bigge han Grand Canyon) 1100 km diam.Part o the nthen i cop consiss

ofdry ice, sold carbon winter the ice cap gror ing 1.510 2 m of dry

summer, the dry ice. mmmm s (ocs dietly from sl 104 ) no o amosphers,| Mm -
has

@510 or Man, 23,48 o anm During s o Vs muc]\ satind ome mm
ide

Thrace Macula/Thera Macula Eurepa - Ridge system on Europa. Theoretically
made by volcanic activiy (water resurfacing o carve ridges) <long lava flow>

Conamara Chaos Europa - A landscape produced by the distuption of the icy crust
uros, Theregion onsissof s of e hat have moved around od ot
Sumounding heseplics atri of jumbled ice blocks which may have

Carbon dioxide ((
hemispheres, changes n i do o he
‘movement of arbon dioxide. The ice cap in the north is of a fower alttude than the onc in the
south. It s also warmer, so all the frozen carbon dioxide goes away each summer.[18] The partof

bear . or wam ice rosé up from below the surface. The region
e nee T T o blow Eoop iy o

the cap summeris caled Fwater ice. This
water ice s believed to b “The much thinner

lincar features, up 0 a few hun
Mlomeen i lengthand 100:300 m i height. Many rdge-fomation scendrios have

Europa: Galileo Galile, § January 1610.Jupitr. Silicate rockiron core

Enceladus Plumes - "The discovery by instruments aboard the Cassini orbiter that

' a currently active plume of icy dust and vapour from Enceladus has

revolutionized planetary science, " says Schenk. "Earlier this year, we published
Enceladus' s

Rocky ncighbors. c I its
surface. h Observatory por on Ceres:
portions of s icy

plumes porare d

P 1
from a vast, extremely distant, spherial shell of icy bodies
sumounding thesolarsystem. This giant swamn of bjoct now named the Oor
Cloud, and

e O Foomr i 0. e e dtone o Eas o
thout 130 millon kn or 93 millon i) The overexten of e Oort Clow i
believed to be in

ey moons. Now, we've uncovered two lines of evidence that point o thick deposits
of plume material coating the surface of Enceladus iself” Adds to Satun’s E-ring.

by its orbit “eres has a icy.
of25

percent water, it may have more water than al the resh water on Earth, Ceres' water, unlike
Earth', would be in the form of water ice and locatedp in the mantle, which wraps around the
I Iso, obs by N eres

Enceladus Je

ke than the stars. The Oort Cloud 1

The intensiy of the jets of water
out fro s lad the ringed

io2sillon y bodiesn solar b Ocasionaly. . stars
the the orbits

I by NASA' C: “The jets of

the rock, ystem. Comp

at nearly has C. ntrior, with denser material at
the core and luding Earth — have
differentiated interiors. This scts Ceres apart from its asteroid neighbors

to form in the late summer to :url Ml wh:n a varicty of clouds form. Cs , the. lincar diapir, up-warp y nozzles,” said Matt Hedman,
Clouds drop precipitation schich hi hy o polarcap 5 ‘he P, Shea o incregacntal ice- ot oF i bt i e e o o h Do o, comg e ot ‘paper’ lead author and a Cassini team scientist based at Comell University in

i wedging. Europa’s atmospherc) 1o fall into the inner solar system as a so-called long-period comet. comets e Ny . e
X b pia Have very larg, eccenricoris and ke housandsof years 6 e the sun " - Dawn mision - 2015 — More waterthanfrshvter o Eath,
bumns and knobs that give. ceh ,2:"“ e o (>200 years a least). In recorded history. they are obscrved in the inner solar are most open when the moon is farthest away. We think this has to do with how But Ceres has more in common with Earth and Mars than its rocky neighbors. There are signs that
s ks hat e ot s ol ot g O i v e oyt v e oy e o Shon o s e o 200 veam o Satm squecsand eleases the moan with 5 grvity.” B Cores s

> bl ides med s ot hesun and fhey rvelapproximately i the plane n whieh mos of the o
Euopds s When i e et f s 5 ched et e 1o planets orbit. They are presunted to come from a disc-shap " N ot penodiatly o Corc e poromeot i ot s wamed by e o dring e
Sourh Residual cop = misplaed. | : : i e for Kaiper, (13 et romet shootup periodic thes
Ihm’ Consists. ulmy ice. The south polar permanent cap is much smaller than the one m mc o '“"Bf‘ changing st th amplitude: I, > & that if Ceres percent w:
nunh 600 km «compared to the 1100 km arlier discussion by Kenneth Edgeworth.) The objects in the Oort Cloud and in N stripes. than all the fresh water on t:m]v Ceres' water, unlike Earth's, would be in the form of water ice
ouhen v e s v e e 3 tiadeof A% Fotof e s o o ihe Kuiper el presumed 0 b empns o the ormtion of e s Plamest o u o e (1 bt 130k o s 1 0950) - and o e s o s ot cor Ak chnsons by
M‘dryxk mhd carbon dionide: Eachwinerthe e cap rows by ading | 5!021nelenofdry ice system about 46 billion years ago. The Kuiper Belt from about 30 to 55 s
i Oceans Europa: Magnetometer XU by popl i o hsands o b b Nasw "

o oo 5y i .m.mow.; mmngmn e on N e mch s ucMM, an nduced depth of 2oy o s e e e o o bt ahons 43 AL o e Emceladus- Willlam Herschel. 1759. Saurn' E- Ring. 9% Albedo tror, i e rf
s, St v even mesrs iy hangs i he vy T The surface of as ridges, fract d multi- sun-- xhe poR Kmpe:BeIl omm (orKBO foshor) hd ben sighied b
:lmwe\w;m ooon :m:ud Py u’ e e S 3 "The surfsce of Europa hs s 1992, (They are sometimes 0 Ear's water
Planct M has scasoms et ar s t Eorsbecouse i oy -sele [ plates. These. i Kuiper Bl ubwch nd ey sometimescll et Discovered by Casin. Stu's st Tl k. Moty composed tempersture. Than i th ol know, moon il mor i 4 rc of mvmwhm mmmmpne-w
Gwn Eants (25 19" for Mar 235 for Ert). The south polarcap s igher ot d allows it to moe. for short) Be Jistant, their of ice. HEAVILY cratered. Highest albedo (.03-05). Dark region — Cassini Regio. the only nitrogen-ri aside from Eartis,

than the one in the north hat is, it
the south pole. However,the south seasonal cap is centered near the geographic pole. Studies have
shown that the off center cap is caused by mucl hm\m:u\\MHl\l\gnnuncsldclhnnlh « other. On

ta mobi
Plains Europa - Plains material

Subdivided into ridged plains, The

Wih infrared

p
muliple ridges that make up mc ndgul ‘plains have a varity of szes, orientations,
‘Plains are generally dark and occur in

the wesl the winds are
changed by the Hellas Basin. This ystem produces more snow.

g Gy Vo Marian s ofwates e e rtstive bkt of oy des e
dayat much fower st any e previouly entfied on Mars, sys new

Ma

Lake delias found_Norh ple loks ke abut
Experiment is 3
roposes tha the Bor

. Voyager Mission: July 21, 1976

High R
Grbien The i 6

lis basin was the sic of

o
least once[13]

i lar o el shaped st At Eloba estions plaing st  described

ligh, per
ofFits time within Saturn's magnetosphere, which may help shield Titan from the solar wind. Encrzy
from the Sun should in

50 million years 10 the age of the Solar System. This
suggests that methane must be somehow replenished by a reservoir on or within Tita itself. The
ullimate origin it in eased via cruptions from

. tem even the.

" by the dark in
129 K in the dark Cassini Regio compared to 113 K in the bright regions[18]
2] P P

R d deposis in d atthe even colder
pole.Over ol tme e, mw..um  urher drken Casi Regio and

obscrvations by the Spitzer Space Telescope, most of the largest KBOS have

Random Missions

Rosetta: The Rosetta orbiter will rendezvous with Comet 67P/Churyumoy-
©

Lisht - Roncevaus TerraSaragosea Tera, Dark rc L fom warmer s
i darkened from

amosphre made in 2004 by Cosint sogget that i 4 "supe oo, ke Venus,with an

Iniial
esidue - debris from meteors and the such,

Triton- Neptune, William Lassell, retrograde orbit. Geologically active
aumosphere w/
methane and COT. Solar hesting bt ery weak W Hem - cantloupe emain,
Southern region = nitrogen.

fss an s surfc, Obscraios fom e Voyagrsaceprobes

n Earths, »
that of Earth's. Titan' e i sbout 1 iy overalorabint 13
visible light from sources and renders Titan's Titan's
ity means that i Earth's. Tian
impossible to

acquire from orbit (32] It was not until the arrival of the Cassini-Huygens mission in 2004 that the
first direet images of Titan's surface were obiained[33] Titan's atmospheric composit

stratosphere is 98 4% nitrogen with the remaining 1.6% composed mostly of methane (1.4%) and
bydiogen (0.1-0.%)[8] hers are trace amouts of other hydrocarbons, sch s ctane,

L Ast Bel, -
St o ot Bt oo b v o i v o s

A cometis an ey sl Sl Syt body . whe psig ot th Sn s
up and begins 10 outgas, displaying a d

d ofoler gases, such:
carbon dioxi The
in Titan' e o

more than 90 degees, are called "Halley-type comets” [66][67] As of 2013, only 72 Halley-type
dwi

s 0 Thesephcnomen e o 1 he e s dron and e s
wind upon the nucleus of the comet, Comet nucle ange from a few hundred metres

th 470 ented Joper iy comts Lo perid
200 year ears.

comets have highly
77} An ity st o |

the Sun’s domain. . a small lander will

emvovolanocs On Ape 5, 2013 N rcd ht complex
Tita 2013, scientists at the IAA-
CSIC repored he dtesion of eyl somatic 1\}dmcammv= inthe uper aimosphers of Tian,
Cn Sepembr 30,2013, propylene was dtetd i the simosphrof T by NAS

sing its composite ef (CIRS). This & the st i
prorylen hasbeen ound o any moon o len et han Earth and i h it chemic qund by
e CIRs. T

Voyagrspcscrals it close iy ofthe moon i 1980, durin whic L vss ieovered
Ut many of th gace hat make up Than's hazy brown coored hase were hydrocarbons

of
v et ot i s, endig i a]lexpnecd ice being lost fom Cassini
Regio 18] simtedtht veraperod ofon billon years at current

s o of

December 2015

Mars Express: The flyby on 29 December will be so close and fist that Mars

transferred fror

the dark mgmm oo v Tone wondered vhyooe

o upes, but instead it will yield the most
feld and, in tum, provide new

hemisphere of I and in

deails of obos, it il be

comparison o other surfaces in Iape

heoraialy omed

prtils o the mors diant ik moon. Phocbe. If that i the darkening
few

il formed by fresh
C ot it e
S g (.1 metane I Lower v 53 N34 03 1 might b ¢ volcanis dstributing drker mtera 0 the e, Vokano ke
Iy air ehemical

petus: In the 17th century, Giovanni Cassini observed that he could see lapetus only on the west
side of Satum and never on the east. He correetly deduced that lapetus i locked in synchronous
rotation about Satum and that one side of lapetus is darker than the other, conclusions laer
confirmed by larger telescopes. The difference in colouring between the two lapetian hemispheres.
is striking. The leading hemisphere and sides are dark (albedo 0.03-0.0) with a slght reddish-
while most . almost
as brightas Europa). Thus, the apparent magnitude of the trailing hemisphere is around 10.2,
whereas that of 19 th
best telescopes in the 17th century. The patiem of coloration is analogous to a spherical yin-
‘yang symbol or the two scctions of a tennis ball. The dark region is named Cassini Regio, and the
bright region i divided into Roncevaux Terma north of the equator, and Saragossa Terra south of it
is believed

pulled slightly off course by the moon's gravity, changing the spacecrafts velocity.
by no more than a few centimetres per second. These small deviations will b
reflected in the spacecraft’s radio signals as they are beamed back to Earth, and

0 tens of ice, dust,and
ol ok ailes. T csmnaod il e ch e, ity bright
may be seen from the Earth withou the aid of a telescope. Comets hav

Ghsrved and recordd ince aniet times by many Gt culurs Comes have
awide range of orbital period: from

years. Short-period comets originate in the Kuiper beltor its associated scattered
di i Beyond th it of Nepuns, Longerpeid omcts s thought b
originate in the Oor c

» that
[78] For example, Comet McNaught had a heliocentric osculating
mmmc.xy 0f 1000019 near it perihelion passage epoch in January 2007 but is bound 1o the Sun
with roughly a 92,600-year orbit because the eceenticity drops below 1 as it moves further from
the Sun. The long-period obtained when is
computed atan
oFmass of e Solar Systm. By defition o prodcomesremai riationdly bound 1 he
Sun; those comes that are cjects

the Kaipr ko lvalfway

jor
o longer prop 2 ”permdx“ “The orbis of k d ake them far
beyond the outer p helia,and the lic near the celiptic. Long.

by passing stars e alactic tide. Hyvtfbtlll: comets may pass once through the

rations cvedby adon T S 3007 v oty ofope

showed thata

Iurll\vclu)dnkhrm pher,Tpetus hoe a vy sowrtaion, o han 79 dnys
otaon means hthe dal emperturecycke ey long. o long that

etk ot e sbsr s o e v . Th ok e

bright cy mateia) any volile,
oy apeis i e ik mtl o b ol and s 1 e eoms
of

brighter.

Iapetus may

NASA's Mars Reconnaissance Orbite, launched August 12, 2005, is on a search for

sjctore. T coma i generly made of H20 and dus. with watet making p o
90% of the volatils that outflow from the nucleus when the comet is within 3 to 4
astronomical units (450,000,000 t0 600,000,000 kim; 250,000,000 to

the Sun[36] The

“periodcomets suc s Camet Westand C 1991 can e posps dances oy 0000
AU with orbital yea
extremely close o the Sun at penhelmn. sencrlly it fo o lomtren [147] Afhoush
mpleicly o the Sun, larger
ingrazers can survive many perihelion passages. However, the strong tidal forces they expericnce
often lead to their fragmentation.

evidence that wate persised on the surface of Mars or  long period of ime. and 0.2 much with the.

hile wlein P iee on comets: Deep Iy
Mars istory. it remains a mystery whether water was ever around long enough to :
provide a bt for e h hed light

ld
small) influx o
1d have warmed up and triggered

into Sept. 21,2003, The

rocss The second on ot el Tapetus i is equatorial ridge,” achain
on s

principally of lag of 161017)
[18] It contains wg,m ompounds sinilrtothessbtnces o inprimikive mesorinof o e
Surfaces of come have shown i . and it probably.

surface of lapetus,[17]21] possibly darkened further upon exposure to sunlight. Because of ts slow
rotation of 79 days (equal (it revolution and the longest in the Satumian sy, et would
have had the the

Introduction: ce i the name given to any one of the 15 known erystalline solid phases of water. In
non-scientific contexts,it usually describes ice Ih, which is the most abundant of these phases. It can

pa © a

the ws
we look at our solar sy;!em The el iy T st asirod and

istin
ol The Vu)xgd Tand Voyager Il e s provided the st Knowede
they are

the frstto asteroid. It provided the only direct observation
of,

the
There

the idge formed. S think the ridge was
than it does today; oth

fast
think the ridge is made of material lefl from the collapse ofa ring.

Mars: Many lines of evidence indicate that water s abundant on Mars and has
Played asignificant role n the planet’s geologic history.[27)[28] The present-day.

1291130] radar [31] etc.), and
past

anp P presence of impuriies suchas  jnventory of water on Mars can be estimated from spacecraft imagery, remote
phse i o 1 oours when \.qma watr is cooled below 0 °C (273,15 K, 32 F)at Janders and rovers.[32][33]
" s lidphse,
e e o o ot invariod f s hil and
h

which i predominant on Earth. Phase properties of Earth's Water lce: The main

et 4139) deltas, and lakebedsi| mﬂmmw ] and the detection of rocks
and have formed in liguid water.[40]

‘phases of water ice are given in the table 1. The figure 1 a) and b) shows the phase diagram of water
and different ice types.

witha plant Launch 10188 End of Mision: 021,03

NASA'S LCROSS found ice water on the moon

‘Comets named for: year, discoverer, or instrument (or orbit caleulator)

The obj i visible red and

near infrared. o
s il spectu 1] Very e objects et ssp e, llcting

centaurs) uses the mmluffwurcluws romB (s, averge BV-0.70, V- b3
e Oreus) to R (very. 08, V-R=0.71, e.¢. Sedna) with BR and IR as
remedme s, B R i mostly in e B e 1.1 .

Typical models of . licates and

[41] in glaciers, both

Four major

[47) and ] Gulles and soy

P "
t lowingwaer contues 0 shap he s of Mar ahhuugh toa far lesser
degree.

Space lee: e
decreases and by 900C the vapor pressure ofice is about 104 mb. At the um.\mmm ofthe outer
Solar system, the vapor pressure ofice is so low that ice remains in

ndcold e been hopibl o mirobn I bilions o yeas agu 199 the

“Titan tholin, believed to be produced from a mixture 0f90% N2 and 10%
e

a vacuum. In Space, instead n’yluc e, we fnd Clasie Hydmc& which wre st
discovered in Davy.
Tesemblng e, in which small o polar cecule e rapped nside caes o[hydmgtn ronded
water molecls. These g ncludes 02, H2. N, CO2, CH, HZS, Ar K, and Xe s well s
which f
RemosScring o Water s and Spac c: The e s may s o nldly e at
B W Triton

imumouble dtack for g o I mmm Vi ok ik
imosphere, ozone layer, and magnetic fild, allowing solar and cosmic radiation to

on cellular

structure is another one of the prime limiting factors on the survival of lfe on the

surface.[SO[S1] Therefore, the best potential locations for discovering life on

Mars may be in subsurface environments. Aqueous minerals can also form in the

subsurface by and fissures. The heat

ol caps 2] 7, . Earth moon pol
where ice s found 1 C02,502,

515, abe i s wete . havs b e o e s of Europa by spectroscopic

sensors. as clthrate

source driving a hydrothermal system may be nearby magma bodies or residual heat
from e impacts {75 One iporant iy of ot aeton inhe Ea's

“Triton tholin, as above but with very low (0.1%) methane content

f £86% H20 and 14%
C2H6 (ethane)

(methanol) e tholin I, §0% H20, 16% CH3OH (methanol) and 3% CO2

Bt pises epending on he syt condonsond "he iory o similar ice
types are found on the Saturn’ jons by Cassini Team (8] Space lee: Vapor pressure is
cuemelyow I pace mtesd ot pure water e, e findClthteHcrates Thy were found by

The
xidston of s on inalivin and pyrovce 0 pdce s on (s he

. The process
ercates a highly alkaline and reducing (low Eh) environment favoring the formation

Asan BB and RR, the following
compositions have been suggested

generally defined as hayi
bl prods o s han 200y [60] They sl ot more-o-oss

the eclipic plane i the same direction as the plants [61] Their orbits typically take
them out (o the region of the outer planets (Jupiter and beyond) at aphelion; for
exampe th aphlion of Hally's Comet il beyond the urhn of Neptune.

c are near a major

162) Such il ar hought 0 3re from he plnct captuing Ium\crl long-
periad comets into shorter orbits. the shorier extreme, Encke's Comet has an orbit
that does not reach the orbit of Jupiter, and i known as an Encke-type comet. Short-
period comets 20 years and low ©
30 degrees) are called "Jupiter-family comets” [64][65] Those like Halley, with
orbital periods of between 20 and 200 years and inclinations exiending from zero to

amily’

Enceladus: Enceladus was discovered by Fredrick William Herschel on August 25,
1785, duing the st s of i nw |21meescop, he he gt i he workd,
[26][27]Herschel fist observed Enceladus in 1787, but in his smaller, 16.5 c

Thanks to data from a number of instruments on the Cas

i i.,mmn in 2008 ryovkaisn,
slicate rock, has.
discovered on Enceladus. The first Cassini sighting of a plume nllcy prticisshove Enceadusis

telescope, the moon i faint app: hm
and ts proximity to much brighter Saturn and is rings make Enceladus difficult to
abserve from Earth, requiring  telescope with a mirror of 15-30 cm in diameter,
depending on amosphercal condiionsand lght oluion. Lk many Saturian
satelies discovered prior to the Space Age, Enceladus

images taken in January
Febrmary 200512 though th oty ofthe plue being s camcr st sl fficl
February 17,

provided a hint fo

Saturmian equinor., when Earh s within
in glre from the ings makes e
o Voyager spaceerat abtained the first close-up images of Enceladus. Voyager
s o oy sk Encldas o itans of 20300k o Novembe 2
1950.029)I ¥ po
oot i e e vk of mpat s, g 2 youhi

surfuce 30] Voyager 1 also confirmed that Enceladus was embedded i the densest

when it
an increase i hepowe of on ycotron waves nan
i

Enceladus.
. the redy Enceladus. P interaction of elds,
the moons casier to absere. The and the frequency of the waves can be used o identify the composition, n this case -
vapor 10] psin

. with atmospheri
iy fom (he polk b mach ower 10 TheUlrviole Imiging Spectograph (LV1S)
confirmed this result by observing two stellr oceultaions during the February 17 and July 14
encounters. L UVS failed to d

partof Satum's diffuse E-ring. Combined with the appy
the surface, Voyager scientists suggested that the E-ring consisted of partcles vented
from Enceladus' Voyager 2 passed closer

August 26, 1981, allowing much higher-resolution images of this satellte [29] These.

howed “They also revealed a surface with diffr
regions with vastly different surfuce ages, with a heavily cratered mid- 1o high-
northern latitude region, and a lightly cratered region closer o the equator. This
con

rasts 3 Mimas,

another moon of Saturn slightly smaller than Enceladus. The geologically youthful

terains came as a great surprise o the scientific community, because no theory.

then able o predict that such a small (and cold, compared to Jupiters hghly active

moon lo) celestial body could bear signs of such activity. However, Voyager 2 fuled
was r

the E-ring. Voyager 2 found several types of tectonic features on Enceladus,

itlooked for evidence for
region, b the south polar
July encounter. Composiion 9% Water vapor % Nirogen 3.2 Carbon ioxide 1.7% Methane
]

the equatorial

Sir Humphrey Davy in based sold in for Scdna (R very rd): 24% Trito tholin, 7% carbon, 10% N2, 26% methanol,
Wk sl ol ol el i g o g bt methane including roughs scrp. and b o groves and g 31]Recet el
hese gasesincudes 02 2 N2 CO2 CH4H25 Ar Krand Ko wel s some igherhydrocarons whichtogether form a 179] The hydrogen fro fectonismis Fnceladus.
- e an important enersy souree for chemosymihetc organisms of it can react with e o b mare s pe o e foundon Encondo e .
to detect lnmunlwc in space. Most common: Amorphous Least Cummon ‘Hexagonal CO210 that has " for Oreus (BB, s d 11% H20 beup to 200 km long, 5-10 km wide, and 1'k.:. deep. Such
featurs appear
150 Sepentine s il s o vt (0 ydny i 351 s
stcture they cutacrossother
Tempenature ’
. . Triton's gt (drop,at), (Fig 1) originlly named ‘mushrooms’ [1]and now named maculae in
Stightly smaller than the Moon, Europa s primarily made of silicate ack and probably has Moon  Demsiy  GravPressue MARS CON'T : : :
an iron core. It has a tenuous atmosphere composed primarily ofoxygen. Iis surface is composed of Object Fﬂmlml Celi"ﬁ KeMn \;-Se mduA;;mencmm have been nhomx"vh‘d by Voyager 2. They are found in groups between
water ice and is one of the smoothest in the Solar System.[10] This surface is striated by cracks and an on or near
Marswascoverd by  luid ocean carly i he planets seoogie histoy {115) i o (31 The e e spats it an lodo lower than h soundin i (abedo 0w
siraks, el rare. The apparent y Tian LETOR0. 1467 kPa /1352 mis2 ( 1147 i ocan dubed Oeans Bl 13w d he Vastias [F] (C] IK) e
bencath i, whih could f¥n i h norher hemisphee, egion which e 49 ki (0.3
i - o fiet Tt ma opse g mtrl o st o co 2 Nw s it 10 Gt v
remain liquid and driv plate tectonics. The Gt \ launched ) b e ,daing perid of tly 3.8 billon L 110 interpreted as residual deposits of a pre-existing. thicker and more extensive polar cap [2]. They
coneutnt with e formain ofthe valey networks i the ropose 1o have been formed as the low albedo iteior i sublimating N2 at high rate, which
in 1989, provided \hchulkolcumn\ Gt onFrops. Mo st 3t b onEros i s and conurrent i e lormation of e valley nctvorks n prpose o v boe oz g
ssals. The channels. The higher one, the ‘Arabia- ;hnrclmc‘. can be traced allxrmmd Mars b E v s as frost N
jatcinisoi gl (UCD) b o o o ot s 0 bch 2022 Triton 2061y 14-19Pa0TTI mis2 excapt through the Tharsis volcanic region. The lower,the Deuteronilus’ follows 0 condensaton temperature i higher s host
[15] NASA is planning a robotic mi n\m(\mu\dbclnunchc«m the "mid-2020", Europa’s most em3 the Vastitas Borcalis formation.[120] W| bods slower rate), resuling inthe bright annulus 3. They have been compared to outlers of the
fean otk slobe, calld fincac aer oIS -~ — {00 — —37 e p shap frosthalos on s cap
g s, it th o ; ide ofthe Aty i Jone 2 . -0 where st w
wudy in June 2010 concluded that the more ancient ocean would have covered £ A ol ot e
ks have moved elative o such ot The et bands ars o tha 20k (12 m) s, § 36% of Mars.[20][21) Data from the Mars Orbiter Lascr Altimeter (MOLA). 1 gh u'enu dhrk oo i;';ohully:v ed infie o :_Inc M;:\; ‘_.‘ovu seas :1“‘ fros st
e with drk edgos. regular lighter materal lpeus 1088200 0224 mis 36% of Mars 201211 Data from the Mars Orbiter Lusr Altimeter (MOLA). e 0 {hat form overdark dunes. DDS's have been proposed fo form by defrosting. sublimation o
361 The mast 13 en it th watesned o o 794 gt L ) s xposi e g o aT;:ca s
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Oligotroph: An organism capable of growth in nutritionally limited environments.
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Table 1: Phases and characteristics of Water Ice [6]

Phase | Characteristics
Amorphous | Amorphous ice as an ice which does not have crystal structure. This ice occurs m three forms: low density (LDA)
Ce res Tlt an 1ce formed at at_mosphmc pressure, or below, high deumry_ (HDA) and very high density amorphous 1ce (VHDA),
forming at higher pressures. LDA forms by extremely quick cooling of liquid water ("hyperquenched glassy water”,
HGW), by depositing water vapour on very cold substrates ("amorphous solid water”, ASW) or by heating high
Our Watery Solar System density forms of ice at ambient pressure.
Iee Iy Normal hexagonal crystalline ice. Almost all ice in the Earth's biosphere is ice I with small amount of I
Tee I Metastable cubic erystalline vaniant of ice. The oxygen atoms are arranged m a diamond structure, made at 130-150
K and is stable upto 200K, when it transform to ice Iy. It is sometimes present in the upper atmosphere.
Ice2 A rhombohedral crystalline form with highly ordered structure. Formed from 1ce I, by compressing it at temperature
of 190-210 K When heated it undergoes transformation to ice 3.
Lz Ice3 A tetragonal crystalline ice, formed by cooling water down to 250 K a 300 MPa, least dense of the high pressure
phases and denser than the water.
Ice 4 Metastable rhombohedral phase. Does not easily form without a nucleating agent.
Iee s A monoclnic crystalline phase, formed by cooling water to 233 K at 500 MPa. Most complicated structure of all.
Ice 6 A tetragonal crystalline phase, formed by cooling water to 270 K at 1.1 GPa, shows Debye relaxation.
Iee 7 A cubic phase. The hydrogen atom’s position is disordered, the material shows Debye relaxation. The hydrogen
bonds from two interpenetrating lattices
Iee8 A more ordered version of Ice 7. where the hydrogen atoms assume fixed positions. formed from ice 7 by cooling it
beyond 5°C
Ice9 A tetragonal metastable phase. formed gradually from ice 3 by cooling it from 208 K to 165 K. stable below 140 K.
Venus and pressures between 200 and 400 MPa_ It has density of 1.16 g/om®. slightly higher than ordinary ice.
Ice 10 Proton ordered symmetric ice, forms at about 70 GPa
Iee 11 An orthorhombic low temp equilibrium form of hexagonal ice, which is ferroelectric.
T Ice 12 A tetragonal metastable dense crystalline phase. it is observed in the phase space of ice Vand ice VI. It can be
P . prepared by heating high-density amorphous ice from 77 K to about 183 K at 810 MPa
Iee 13 A monoclnic crystalline phase, formed by cooling water below 130 K at 300 MPa. The proton-ordered from of ice 5.
@ contiwer YO W0 W o co P (vt Ice 14 An orthorhombic crystalline phase. formed below 118 K at 1.2 GPa. The proton-ordered from of ice 12.
i Iee 15 The predicted but no proven proton ardered form of ice 6, thought to be formed by cooling water to around 108-80 K
at 1.1 Gpa




What Makes a World Habitable?
Use this table to identiy the factors (and the appropriate levels) that il enable you to design your habitable worlds.

Factors that make 3

Planet Habitable Not Enough of the Factor Just Right Too Much of the Factor | Situation in the Solar System
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Name of Date hat they do
Mars Reconnaissance 10 March 2006, HIRISE: The High Resolut 5205 vh on dh tuton of ) 0r 0.3 m from an alitude of 300 kan, Takes really
. iy st T Th Ctet Caer (CT) pioides gyl g (501 00 )k il koo w1 CTX % HIRISE and CRISM, and s also used
Orbiter 21:24:00UTC to mosaic large areas of Mars, monitor a number of locations for changes over time, ar key d | e 'MARCI: The Mars Ce ) is a wide-angle, relatively low-
reslation camer hat views he s of Mars n e visle and ol bads-Each day, MARCI <olesabout 84 d produces a gobal 1140 10 kan, CRISM: The Compct Reconmaissance
Imaging Sp (CRISM) instrument is a of Mars. MCS: The Mars Climate Sounder (MCS) s @ spectrometer with
31030 1050 ym) channels. jpor and dust kvels. MCS obs the borizon of Mars (a5
viewed from up ino n S km (3 mi HARAD: MRO e
e polar ice caps. I Tayers ofce, ock and possiby la he sur HE radio waves between 15 and 25 MHz,
Mars Global Surveyor 7 November 1996, Five scientific instruments fly onboard Mars Global Surveyor:(4] MOC — the Mars Orbiter Camera, operated by Malin Space Seience Systems[S] MOLA — the Mars Obiter Laser Altimeter TES  the Thermal Emission Spectrometer MAG!
17:00 UTC // Novermber2, ER —a Magnctometer and cleciron reflectometer USO/RS Ulrastabl Oscillator for Dappler measurements
2006
Opportunity July 7,2003 Panoramic Camera (P . color, mineal the local terain. Navigation Camera (Naveam) — monochrome with  higher ikt of viw butlower rsolution for navigation and diving Miniature
Thermal Emissi Haseams,two B camers il 120degre feld of e ht povide addions!
data about the rover's surroundings. M(mbauer :wnmmeler (MB) MIMOS ll - usul il Xeray spectrometer (APXS) — closc-up analysis of the
that make Mag oot e Oy bt oo, gh oo ags o o and s ok Abssion oo ATy - s 5
it o examinaton b i o
Spirit June 10.200322 March 2010 Everything on Opportunity
Curiosity 26 November 2011 Mast MasiCam) The MastC: » iple sp e ging take true-color mages at and up 10 10 frames p od,
a1 720p ChemCam-ClenC t ofremote sensing instumens, and . ChemCam is actally two diff s it e ety (LI ana R Wi
Ni instrur dit essure, temperatures, wind speeds, and ultraviolet radiation.[76] It is a meteorological package that includes
mlmvioksnsorprovided by e Spansh My o Eduetion nd Sumu MAHLI—MAHLT 2 a Sl MAIILI cn ke ol mas o
v XS ChelMin- Chellin s the Chemistyad Mincaloy Xy CheMin s one ftcan idenify
andq Mars SAM—Th trument 0 DRT- DUST REMOVER.TOOL RAD. Tos et was he st of e MSL e
Tt cetrum of radiation environment found DAN—A pulscd and detector for hydrogen or ce and
1o the M fice, MARDI took color images at witha | 3.7km (2.3 m to near 5 m (16 1)
from the ground, at a rte of our frames per second for about o minutes.
Phocnix May 25,2008" ~November 2. The Surface Sterco Imager (SS1) was the primary camera on the spacecraft . The Thermal and Exolved Gas Analyzer (TEGA) 0 . Towas used ples of Martian dust
November 10, 2008
Juice <lupiter ey Moons Explorer) 2022 JANUS MAJIS UVS SWI GALA RIME JMAG PEP RPWI 3GM PRIDE
Mars Express Visible and Infrared Mineraogical pour a Minéralogie, IEau, s Glaces et PActivt) - France - P10 100 m rsolution. Is mounted inside pointing
2 June 2003, 41
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Cassini-
Huygens

October

18,

1989, Se
ptember
21,2003

October
15, 1997,

6 kel 15) Uikt ndIfred AM) - France - unied p f Tke
[1s]s. Radar. - ib-surface aimed at search for frozen water. Is mounted in the hmy andxsv\mxrpmnum,, ‘and also incorporates the two 20 m
kbt 137 kgl15 Plneiry - Ial in September 2005). Is mounted oining ot he 0 e 16)
ke[ 15] nd Enegeic Aoms (ASPERA) - Swden - Investgates |mcmcnonsbcl\vccnlvppcnlmmphcrc:mdmhrwmd e mountedon the op e, et s 7

15 High Kmlmmn Sterea Cmncm(HRSCD Geminy - Produces colo mages withup 0 2 m rsolon. id d which ing M

Akg(15] COM) - UK - Allows Mars sxpwmmmmmmmmen el o boderson "o i s (Has been tested with Mars Exploration Rovers, and ws used
© wppmulve mdmwrm mummxmwssmn»m.; s S) - Uses ravity and solar corona density during solar conjunctions. It uses the
communications subsystem itself

Solid State Imager (SSDedit] = 1 armay o lled  (CCD). Galileo was one of the fist spacecrafl o be equipped with a CCD camera

[citation needed] (Cassegrain te L by the primary mirtor channeled it through a hole n the center of the primary miror and

onta the CCD. The CC] from radi problem within the harsh by means ofa 10 mm thick layer of tantalum surrounding the CCID except where the light
images. from about 0.4 10 1.1

micrometres. The SSI weighed 29. mogummmmma onerse, ISt ofpover 1112 Mapping Sp NIV et 70521 IR light,

(wcrhppmg the wavelength range of the SS| MS o k) 229 mm. PNIMS used colleeted by the

oflgh va st o d i licon. The N 5 d used 12 watts of powwer i i i
‘The Cass light fro Both the UVS and UV ed s light for

i g the pasd rough an e i i photomalip it s htproduced ke, o srays” of ltrons. Ths et pute o ot et 0 e T S s moumed

on Galilo's scan platform and could be pointed o an objct i inetialspace. The EUV was mounted on the spun setion. As Galilco ot OV e Fspace perp the spin axis. The two

weighed about 9.7 kilograms and used 5.9 watts of power.[15][16] R)ledit] The PPR had y all

Another lr radiation through. ‘The PPR also measured in five broadband channcls that spanned the spectral

fange from 1710 1 “The design of the instrument was based on that of an instrument flown on the Pioneer Venus spacecraft. A 100 m

spenre efsing lscope collcsdlghtand dieciod 10 s eis o e, s, from \h"rc, ‘measurements were performed by the detectors of the PPR. The PPR weighed 5.0 kilograms and consumed about 5 watts of power 17][18]Spun
. lectric charge, and velocity P from
e wvgam; ‘The speed of these small particls coul be messrsd over e e of 1 1070 from 1 particle per 115 days (I particles p
Such data the The DDS weighed 42 ki .< average of 5.4 watts of power [19] ] The
a 0k 5.2 m “The EPD couldalo measure the iretion of avel of such parices wdn e case ofions, coul
dtemine thi copositon (wHeths th o oxygsnor sl o example). The EPD used it Jupiter as a function of
‘ot their energy and how mcy were !mnspcllcd xl\mugh Jupiters magntosphere. The EPD waighed 10.5 kilograms and used 10.1 watts of power on average.[21]22]
Heavy Ton (‘uunltr(!"(‘)ledll] “The HIC was i eflect Kaged and updated version the Voyager C The HIC detected of walers. The HIC
‘could measure heavy fons with energies as low as 6 MeV (1 pJ) and as high as 200 MeV (32 vj\pcr ucon. This range incldd al atomic substances between carbon and nickel. The HIC and the EUV shared a communicationslink and,
herctore, hd 10 ahe absaring tm, The HIC welghed § Kograms and ) llowed the three
e e e et and, in that position, was about 11 m from the spin axis of the spaceerafl. The second set, designed to detect stronger
fiekd, was 67 m from the spi axs. The boom was used g of Galileo fom e secrt. Howevr o all s s could b simnted b dancinghe
instrument. The rotation of the spacecrall was used o sep: felds ields N st
i idly on the spaccraft to generat he magntc has a strength ot e oo
(11 m) st of sensors coukd s magntc ik srengths i h rang fom 23210512 T, it board (67 m) st s ctive i e rngs fom 512 (021634 nT. The MAG espriment weighd  klograms ad sed 39 wats of
power [25](26]Plasma Subsystem (PLS)ledit] The PLS used seven fields of view (o collect ch for energy ‘These fields of view 180 degrees, fnning out from the spin axis. The
roion of the paccrut ciedcach ik of vew through  ull il The PLS easred pumdcs i energy range iyttt ). The PL o wcughmi 132 ilogramsand vt an g of 107 wats of o 271
lzxm.m. y the electic fields of plasmas, the tip of the
“The scarch coil h y. gain antenna feed. Nearly simultancous measurements of the clectric and magnetic field from
deciromagnetc waves The PWS wcxghm\ 7.1 kilograms and used an average of 9.8 wats.[29][30]

Cassini APS) The CAPS P »
ionosphere and field. CAPS wil in these areas as 20] CAPS has
el e 2011 s 0GRl shrt el st ot . T sunca s povers) o 0 Marh 2012 er 754  shor cireuit forced the insirument [21]Cosmi
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