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(P 6O GDIGHT

20 gy b BTMHMTEsETIEEV CHIHES @ T6soTLITLD 2 6v&L1 GUTfletT (Pp&H&SIWL LFLd
elen6ITeySHETTIl S6T)|F&HSH] &SP, B6evoTLbleuefls CHLID S FbULmS
@nresorLmD QeTHOUTLE] eThHSHS. &SDH&ETVSESH W e sesoT(hHlysHs
SuNsEGHULNDE AHHSS eTflFsSHIL CUFTHMEVT Hew)|FEHS) &(HSLLHISIMS).
1945 W55 (Pualey 6w (&etor(h (PHeT (WSHevml goliLimesflev GumLLLL(b),
SIS FloumSlwgl. AHbHSH TrH6sL lurmMmpemisEsD adifleurd
1957 @6V FaguwsvLLesfle gallll Lblenws &mml eubgl, SieverLbleuerfl wsLd
NDBEHGI. T8 WL, Bi6vorLGleuerfl W&s L seesTmmilallenshg mGILI(HLD
6UTEVITMM] 6MLDEVEEV BHSLPEF WITL) ClLTesTEl6oT (W& &S S6rTl60 ClummlesLuL
GeuesoTiguigy).

1960 <y evor(h&eflev FhdHlFements CoHligwl eflesorGleusfll LiwesoTRIS 6160
S0 flsaraller MHevely QY FDeVIETTHR 1969 @6V HUGlusvGeor - 11
eflesoraLiLiebley MM @) (HEU(IHLEST EPEUTTW, (PHET (PSHL LLBlenws
SIevorle & &M 250,000 emLo6v &LHG) [Hlevaley HLID MmeUHGILI LITGHISTLILITUI
L6168, LBesoTL 60T, &LILI6L meVIS] Cl&meuibLIe @\HSIWITE 8 (E)LIL|5I85E L6V
LOMT&&LD &TEsoT &)600T1&&F6V|L 65T GLOM (5S SHlen&uev LiwissoTld Gl&F g, &ifLIlwiesT
561561160 HTEVEMEUSHS| (PHETT (PH6V UL JCIWflESTEn6UE SH6sTLSHM (S,
SibhssLy, Ceaublpm Gsmermssr Hlevalley HLID emeusiH g ellsvorbleuerfls
GCaL6L 6uUTeLTMMIEL (LPSHETTENLD 66V &HeVeVml HimeuliL GeuessTigwig).
3I(h&g! wesflaT @wisEG W ellenrey all6sTaLILIc GlEFsusmiigs Cameners &mm)
eubgl, 2025 o 600T(H&&H6T el SLID eneusgial(hleumy ererm| 2 MHWTs
eTHTUTT&ESL UHS M.

&l wetoTLevSHlev ClSTLIHE ellstorbleuefls CaLev allessresn)smailgsit
egeuliLL(h) ClFeusumil, Lgeor, Gleusiterfl, eNwimipest, Fesfl, wCresrery, GlbLiLguLesT,
L©emGLm

CameTsHEHD, HUMMI6TT &|60650TECHMETEHEHL LB b TTwLILIL ()
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6L (TH &5 63T M 6TT. Gey|b Blevelley|d, Glasueuriis GCamefley|bd, LeLGeuM)
gemeyemallesst  @mmidl  wevsr  wrHlflEeneTs CETHEHEHS  HEUPHS
eu(mSleTmesT. 4 (HS5G LLeSCasTeT ellwimpesilesr GlamErs & 6leustlenuwiulLb,
geflaCamerfleTmClL(HL  W&SSSHTET  elfleusneTmiseneTwn, BHITETall6sT
smenverdlesfl  elletorasliLed  OBEHRSIL  ULRSET  Hen)LLNusTerg).
@sm&lenLullsy  ellesoTerniemailasT  HeBILILILILIL(H  6uTeVLB6sTSET,  (LPIF6soT
GameTs6l (Asteroids) &y, &lweumenm Glh(HEI&] & FTLbHSI, 6UT6L LBesT HTEFlemnwiL
NigsHgIt Lblulley gpmwliul(herergl. 1977 @ev mrem gellw eurGugry -
1 - - 26630T&HLILIGVSET LIV LI6VEOIWIET 6MLD6VS6T LILIGTITLD Gl&FUIg), 691WITLO60T,
g6fl&CameT &LHG), W GresTen, GlbLIgul 6T, LEhGLT 4 &lW Lm&SCasmeTsensITL
LLGILHSSI, 2012 oy 6v0Tig60 (Fflw WevsrLev eSleflbens SLbBSI, SievorenL Ll
uf&loessTLevsSHlev @IGLITEl 2018 Sy evoTigey LiwlesoTld Gl&wig| Glsmesot(h)
CaTLIHE ClFsu&SImg|.

aNifibgl ClFevenid &mev allevorGleusluiley smmleud GCamLmssr GCamig
QeflHEnNS SHTEVTEHEMNIGHEN6TULD,  HUMMI6T 6UEVD  6U(HLD  LNsvedSlwiest
S6oTESTerT  elevorLietTaHememu|d, UIflH 6etTLevsS GameTHeneTw D Sy Fmw
amUer, Glaslsmjelameney GCrraslessr GCumey, Lev elletorGessTmaSlg6T
goululhll yleows &mml eubgl, ULOWLHSHS HH6ueL eyl
eU(REleTMesT. &LHS 50 600T(H ByevorLGleuerflll Liwesst (pwmelserflev eypesTm)
Cuflu eNusgissT CHIHE, SlmenwwjeTer ULevallessrleusl aflmesflast
@DHGIETETTT 6TedTLSH| U(HHSHS H5HH.  PWenbd 2 608 HT(HSerflest
aflesoTGleusills; CoHLev Geulens sewllwmgl, HeTTTgl, SWRSTH. QbHS
eflesorCleuerfl  (pwm&seiflev Cuyeme] MHIFH allemgwid OCFwg, Hlessilbal,
Salrsl urblshllusnel @ Faswm, AHelwifleasT, oCrmiNiwu mT(HEsT,
SOLILIMTEDT, 6M&60TIT, @QBSHIWIT. B(HHGH 2025 4600T(H&(E6T H6IWIfl&ES, FagwT,
GImUIW eLeVg| 0&F6TTs SHTTSH6T GlaFsueumiis Camerfley HLID eneuLILITT
6T60TM)| [H1&&FWILD [HITLD

TEHITUTTSHE6VIMD. JHS & FTHM6ETTE (S, , @QLIGCLTEH| 2 6v8 allstorbleust]
BlyesoTyseT  Uevy,  Lblevws  smmleum HSHBTLEH  ellesorGleust
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BlemeowgHSHlev @rejb, uUSeD UuWImHE GCluMm| 6UHSIMTTEET. @nhs
e (eh(EHTeTTE: SL(HEMTHET METTHGHID &HLBS 18 evor(hlsemmag [2001 -
2018) &H)6voT6m6ToT . SHITLD, EUEVEVEBID . &ITLD EUEMEVS HEMhIG6II6V GISTLIHS)
Gleustfleurh&Hemew. SieumenmLl  GlummiemwwLest  GCleuefluiliL  Hlessremsvor
SLFFWT TTTITD, &IS&TFTLD

SIUTEHEHS (G, 6UEVEVENLD ST D 6D0T6T0TTHEBOTEs0T60T, L &Flifleml
S(mlE ueust sl H(HBHTESTEH PEHCWTHSEGW, FMbHE (Wenmuiley
LILMI&EHLET HEFIL(H GleusluiliL smiflessll LSIILS HELT 6m6UW6EL6ET
SI6UT&(ETHE (G LD eTetTevfl6sIW [HetTM &Hem6s: Fams Cl&meiTesCmer.

&l. OQuILITT&6T SIS M6, SHesoTLmiflGwim

&60TLIT

[Guo 27, 2018]
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16501 FHIEHT

ofevorL Gleuefl MM sHlev @geueny @eusuerey GlUflw  MITEL
UbBSHTHS Clsflweallsvensy . mevorUF S, &F. ClQWUTTSHET S6uFserflest
&S5 T6sT LIeOLLIL @&]. Mlaflwisy CIETLFLITeT Qi midley GlEFThHaemerT, ST
SUIPLILI(HSSI6USH6V WT(THLD STESITTS H6m6 Gleumm) GClLMMI6ITETTI. HLOSEHS
Caflwumg sreueusTGourm GlFWIS&emeTs SHE(HSSHIMTT. AHH6L Fleveumenm
@mGs ML (HECmeT.)

Hlevelley Lo6sflgetT &HMeL emeUSHTET. @& L6s &HesT em6eUs G §(TH
FmIsmevly | 2 60TT6L LOM6sflL @) 60718 518 (8) LOMGILI(HLD LIMEFev! GleuesoTennlsvs
2 _eooT6mILOUII6V &(IF [Bleve ! eomesT

ameuGuTeLL  eTesTm GluMMlwmeTy &Smesr  HULLGeLT  6llevorGleusfls
SILLESHNES HgSHS6mSILL6UIT. opeormev  @\mwesflgflesr GlLwiy  BLD
WM @& Caflwmney CumiellLg). Glgsueuruis GCasmerflesr &Lpleustluilev
BCser @ pLILG @M &TeusHley 2 uwilfler  epevellser  CoHmeTME
SITTESOTLOM6OTS| 6T6oTLEnNS HlemLiles 2020 @6v soCrmiuiiw mr(HlssT Fal(h
PWHEFUN6L 621 6761 BH6nIETITEN I HEB) LIS SILLLSIL (Hl6iT6ITent.

mrgmelilesr  Geuest eredTm  6levoran)emell  GlFsueuruls  Gsmemerr
CBMHEISleTTED, 6T HHL GCIETMIEEL eNwWhag NLLg!!  STF6wrLD,
ef1&5E Heummev Gl & erallweys @@Ll Lhlevms, Niflligaw Sjemallwensull
Lw6esTU (HSSH WS T (GLD. Clgeusumis Gomeir UMMl Uiy, LeSlullesr
GCammmw ummlw  elugb, wLOHMIL BWESEEGS OClsflurg elsorbleueflL
H&TsensT ell(hlellssa|b 2 gajb. Glasueuruiler Gsv &Hersshlev LeslleHasL Ly
Lensbhl6Tenanss Cafl&mgl. Glasueuriis Gamefler euLLmd STLPHSIW,
ClgeTLm 2 WFhID &smessrlubi&leormesr.  Glasueuruilest GmUFLILSev
GeulMm(H 26eTL ST GLOM&HEVTeL TEIL(HLD (G 2 esoTLT&HlW6Terg). @GS
Gumev Lyelullest LBGILD LTMM| H6BTLSHSHTE (&HSH6V [HSLHSI6TET S

coliesfll&ar Hem 2 emall GlFsueumiis GComefler &mersd HeOLSHETS
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LesllHSL(H g @MmEsELLL(HETNSTEHS SHSLLLLSTED, HHS QLD Lesfls
LI&&&6ITLD (Holy cow) emLp&sLiLhi&Sme|.

Clgsueumuis Gameflm @ coGumumey (Cluflwg)), emLomen (FMwig)) erestm
@ resor(h) Glenevord CHTETHET 2 6Tomesr. FILULEHFLPEV 655F165T STT6voTLOMS
ooGUTLITEL L6V  Wlevedlwest oy evor(hserflen GlFsusumiis Gsmerflsv  GComs)
QIBTMIBISIL6VTLD.

Clgsueumiigs Gamerfley Wesfl&H6eT &mevly eneuULILIG| WBIGFFTOW. HSHMEGL
L&6VTE coGUTLITESl6L @MMmibls smslal (Ll KNm@E ClFeusumiis @ Gurs
(pemetTeug| 2 FHLD er6oT BLOLILILI(HIEIMGI. 20258 6T Wesflgemsst Glgsusumullest
Cev @M&Es, @F euFeumTmHm| FTHMETWTE HOWHlEsT SLLBHEDS.
@&lev 2 6Temr FlHHev&6T, GlFsusumuilest HITLD Hlevemeu el LIV LOLIRIS,
SIF&. Lwessl& @&, 696trGCamEmHe @& Lfldluiler SeaadliassT cluiflgsmey
BIT&H(E6USTEL LITSILILIT(EG)LD.

g6 Gflwenset eeligwl Fflw Camer. ig60rmev e GleuLiLblenevuuilsy
2 6TEMGl. ST 2 L& 2enmhg GumeT ¢ CLHL @ (HLOLSE600T(H.
SOHMIVILD L LO6OW 69865 6UMTULD6TITLEVLD @6Venev. &60160GWIT LigHesT, GleusiTerf]
@resor(h) CosmeTHEHLD LBlenws &HM 6U(HUSTHE HeolleSTT. @SHMS,
(et HCT&Hs (ehmevflasT iflerulLTLigsp|d, LTeulSlu|D 6T6VeVTs: Ga TS (6THLD
Lblenws &FMHMISI6TMET TTMTI&H6T.  LSHDIHESH Hleneworsd Gomerserr
@e6vemev. Lg6oT MM CameTsensT el 3HGoussHSlev LiflSHlenwis &HmISms).
ufl$lenws somib eNwmpssr, &eofl, wGresrerny, GIBLIGULET &L HTET (S
GCameTsememud yrmw eurGuwigy - 2 6r6dTm F weyd Fblp 197760
SIDILILILILILLE]. @8] §2(Th LTEILI(HLD &FIT&Hew60T.

uflSluflest eeefluLmg Ugssilesr gimeusds (GWlsstlev BHiliuesl smesorl
uGEmg. Crmomeflws sLeeflet &TsT CFsHEG lulesr LW L&HesIsH S,
em6USBSLILIL (H6T6mg|.

eNwmpesr geralley WBlsLGILflw Caomer.  FesflasGamer aNlwmpen|ss,
Sibhsa @uevorLmeug] Cuiflw CameT. (W6t (P&Hev Clgmensy GCHTEE epsvLd
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geoflaCamener o TmibHeUT He0ledCWim. @euf 2 &6 (PSH6L @WIMLINWIEL
SIMONWIEVITT LEUMTT.

@ DWLTEIL(HLD BTNV Y ESHSSHHGI6TET HevorLF Sl(H. F. OlQUWILITTeISHS,
LOGBTLOMHS HEVEUTLDS 58861
IH 60T LI63T

&).6\1. 616B0T650TE0T

(LTUT S688)| U TTLFES] eMWISHSH 6V @ HSWITEN6IT (LP&H6V 67618 65)650TE
&L 1967 @6V swimymest CuTg| LRIGHMHMEUT.)
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1. 1969 <0 He01B APSHeMIPH60 Hleverlsv

aNdHd HLID UHHH LUalldd Wend HI L

'L 9Gfes Guriulwisy eIOIBI.

www.Kaniyam.com

[BL{Henr: 1]

John Cornelius Houbolt
(April 10, 1919 - April 15, 2014)

He was an aerospace engineer credited with leading
the team behind the lunar erbit rendezvous (LOR)
missien mede, a concept that was used te land
successfully humans on the Meen and return them to
Earth. This flight path was first endersed by Wernher
von Braun in June 1961 and was chosen for Apolle
program in early 1962,

The critical decision to use LOR was viewed as vital
to ensuring that Man reached the Moon by the end of
the decade as proposed by President John F.
Kennedy. In the process, LOR saved time and billions
of dollars by efficiently using existing rocket
technology.
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Lo6vf1& @)6UTLD (LSBT (PSH6V EM6UEEHLD LOMGILI(HLD (Lp6dTEDTLY!

‘@& esfl&H6T emeUEEGHLD (H FIM SMeVly | Y 6TT6V M6sfIL @608 5855,
LrEILHD umgEssv! [One Small Step for a Man; One giant leap for Mankind] eresTm)

Lienm FTMHM] Sf(HE6v

QmHEGL HbHSHS SevoTL GaHmem mesT FhHST LO6SITLEVSSH6V (LP6ITETIY
MUSHTT (PH6L 6ellevorCleueifls ST  H6V Y FLDENVIGTTAL. @\ (muSTLD
mITMHNlevorigsv LTLE FMUbBISHE W MITSH60T LDTEILI(HLD &S S TEST &FITS6m60T&61160
o F& @QILHMSL blumieus @& seetTmISTesT! L& Treblasl Fesfl 5 [Saturn -5]
afl(hesmev Geussdlev (Escape Velocity) ML MSlpomesorLiomsst Lyl FyLI6mL
LD6TOTL6VSH6MSHSH SHT6toTly, FHSIT FFLIL| LOSTLEVSHNS 6ULLLOIL(H), Hleveys
Coemy @mss), @\, allessrleusl 6STT&6T HemTullev BLLOMIY, LIMG|STLILITUIL
LLLD6BOTL 608185, LBesoTL al(EhEhHTeoTL! Glummlwey FrgHemneTGwl P&V @ILLD
CuMISIMg|! wesflar smusneTuiley 2 F55185 H6llensullay|D, Hens&6rflen|,
srellumisefleyn @Qummll yspnhsd Cleuessessileveneu Cmiflsv  &evor(h
& (THIH16V6Y 6T63TM)

&600T () NS5 8| LTGILI(HLD WTesflL FrgHenssTGu!

SO N&aT SHHSH &S cleumm| allessTCHTETSHEM6IT B6m|LILNW|LD, 6MEmM
Lo6vflgeT gL (HIb Ly ‘Lgest ellesordlblpgsensm [Mercury Spacecraft] erelluLb,
Nm@E @rLenL wesfls] @uis@Ew e ‘Glgiblesfl’ allesst (g Llflsensrs (Gem-
ini Spacecraft) &mHM emeusHGHID, @MISuN6v ewpeuy WHSEGWL SELmsuGeur
‘alesorGMS S Lmisemer [Apollo Space Missions) &y(Lpevm&&IWL|LD, LO65Fl& 60 60TE
FhHHT HemHSH60 BLSIL , @omeuw WwWMEF&E6T 12 gy etor(H&B6T 22 L96vedl west
LmeuJ GlFsvailev Glauiwill LIl LeoT.

1961 GLo LOTHLD 24 Y 1b CH &) W& T WesTTHILIS I T6dT 6Tooll Cl&HedTEDTLY,
FHST LD6BOTLEVLI LILIETITSH SIS E H(WDSSHWTSE SigGasmedl , ‘1970 b oy 6007 (H
(LPLY6)| 85 (56T LD6BTI &60T 62(TH6UEN6TE FIH S [T LO6TITLEVSSH16V @M EE] [HLLDITLY Sf6L65T

LTGISTULTW L& GS S(HULULL M GM&ECaramers sndléess, @bhs CaHawD
2 MF eT(h&G 86 ClameTer Goustor(Hb’ sTesTm| SLLemem WIL(HS SHeHETTSHNS
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President Kennedy delivers his proposal to put
a man on the Moon before a joint session of
Congress, May 25, 1961

| believe that this nation should commit itsalf te
achieving the goal, before this decade is out, of
landing a man on the Moon and returning him safely
to the Earth. No single space project in this period
will b2 mere impressive te mankind, or mere
important in the long-range exploration of space;
and none will be so difficult or expensive to
accemplish
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WP H&H eLLmy.

somedT QameTGumeLL (1919 - 2014)

Hlevellsv esfl&HesT (PHEST (PSHEV SHLID emeusHGIL Lmgsmiumi Wer 1960
S 6v0T(h&6rfl6v S L O (h)

GCleummMlsrwmi HleomGeumn) weuy mmeveuF : S6wiflss WeTmSHlLS
oomest GlaetTeotly, TMEHGIEL Geng Cleurgesty coLimest LNGF6mest, 6ILK&HS
ClurpluNwev Hlyessty eomest GlamemrGUITEVLL, HEV6N QY FOEVIYTTHI Y &GWITT.
WaHw @ns mBrevalfley 6lsflbgid, C&flwmbsy wenmMbEH GuTesTouT
@\ ep&Flesilwiy, omesr GlamerGUImeVL. BTEFT Hlevalley HL LD emeus s eFallw L6sflg T
@QusEw 6luTeLGeur eflesorCleuefls HLs (GMILUeilasT wmeyb smesr
ClamerGumeul GmumFeneuuiley CleummMlsTmes BLBESHM6T. HolLmsLGevT
- 11 LwestTG (PSHETT (PSHEV ST HEL Y TLDENVIYTTHRIENS Hlevellsy @MmeEIL
LTGISTULTW &I BesoTLgl. AHHSS H&LHS Ml HeLmeuGeur wesflgL
Liwiesoraigserfley S6lumsuGeur - 13 Camevallenws 69y, bS] LIWLIGTITHRISE6MT
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Gey|b Gleumm) HeoLBGI, 12 6lwIflEs allestrbleusls SrjassT FhelTesflev
&BIT6L HLID LHGHG| Lev IHIf] evstess) L6t WesorLmy. GlumpluiNwev HlLjssory
oomest blamerGLTeVL, &65T 95 9 eug| euwSlev GhmeumiLiLIL(h 2014 gLiF6v 15
4D G5 &) STEVLOTETTITI.

Wernher von Braun
{March 23, 1912 - June 16, 1977)

German recket engineer and space
architect. He was one of the leading
figures in the development of rocket
techneolegy in Germany during Werld
War Il and, subsequently, in the United
States. He is cradited as being the
"Father of Rockaet Science™,

I hig 208 and early 30s, von Braun was
the central figure In the Nazis' rocket
developmant program, responsible for
the design and realization of the V-2
combat rocket during Weorld War I

Vs FBHT WrsHenT PSS eperm) eflercleueflsSryaer

uevevrmessT(higsit  LWIMEA  Glumm  elesorGleustl  elomesflgseT  Hev
SLengrmil NeilArmstrong), enw&GaE6v smedlssteny (Michael Collins) , eT_6966T
Sisvigiflest [Ediwin Aldrin] epeuy CaFHOISHIGSLUILLLTTSET. 56V QYOI
seenamGuim euruGlsmesflLmaliley (Wapakoneta, OH] 1930 gy &6 5 Qb Ca
DBSTT. HEV Y MTELG| LWV QL BTWSHENSHLI LITTSHS]

eNmesT&H 160 LIM&E 360058 ClFLEY(LDLILY HHEOSHE0 W 6UML|M|SHS60TTIT.
S6Urgl Hestey HIFHSTLTL BHlemmGeum) Heotgl 16 b euwdHlev ellmest
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Saturn V Rocket Launches Apolio 11
Spaceship in July 1969

The three-stage Saturn ¥V was designed to send a
fully fueled CSM and LM to the Moon. It was 33 feet
(10.1 m) in diameter and stood 363 feet (110.6 m} tall
with its 96,800-pound (43,900 kg) lunar paylead.

The second and third stages burned liquid
hydrogen, and the third stage had capability to
restart the engine for translunar injection after
reaching a parking orbit.
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@LOHIBT Siemiwsd) [Pilot License] Glummmy. 1947 @6V SLMLIEHL Y SMWILI
LuNm& [Naval Air Cadet] omessTeurmestmy. LIFGCH6U LISVSHD6VE HLP&HSHH60 [Pur-
due University) ojeurj eflwmesrailwey Glumrmluwisy giemmLi [Aeronautical Engineer-
ing) LIg& &b Gumg), 1950 @6V SemLLULL(h Clamlwe W&5H55H60 Lmibl&(H&Hes
CrAILH Cumflev smw ulimy.  eedlbmlw [Supersonic] CousgHslev s(hHILD
Gl sevotemL ellbmesTmigseneT 1100 wewsfl GHIWL el lgujb, X-15 FrélsLl
e TesTRISEn6T @SS &S Sisn|Lieud GlLummeur.

First Three American Astronauts who were
responsible for the first Moon landing in 1969.

Apollo 11 crew Astronauts, who made the first
manned landing: commander Neil Armstrong,
Command Module pilot Michael Collins, and
Lunar Module pilot Buzz Aldrin.

‘G w elevorCleuerflll Liwesst gy emevoTwissLd (National Aeronautics - Space Ad-
ministration) mr&mallev (NASA) Gaibg| , ClgLlesfl 8 [Gemini 8) eNesor&IOILD &
eflwresflwms

(Command Pilot), GLelL evamL(hLesr mirgHligZ Scott, Co-Pilot] wesflay

www.Kaniyam.com 21 FreeTamilEbooks.com



S46v0TLGl6uerflLI LIWI6BoT RIS 6T &.OuILImy&6oT

SIMM Siglestm Tr&Hblasl [Agena Roket] FlulpLest elesorGleustl @emesoriiL|ss
emsWTLFlemw (Space Docking Maneuver] (p&esT (PHeV CFUIGE| STLIGESTTI.
SILGuTgl @ Trs6IEL erEpdlet LW ULl @enLum Glewemsuiley,
Clmilsslledblens siflswmil Nflgg), Wld gnurienLs sl LbHSS),
SUTWS S 698w [Emergency Splashdown) pemmuiley LIFlool9l8 L0160
Umbhg sruurHmletmy. 1969 wo®emsv 20 @60 &ifl Hlevaliley (P&HeO6H &6V
MEUSSH 2 608 LesflgeoTmal, ellessr Gleusill Lwstors: FflHSHTHSH60 HITHST
@Lwb Glummmy. BTETeNed(HHE GleusflGwn)), 1971 wWsH6L 1979 eueniy
G FleTHFleTmigll LIVSHMEVE HLPSHHH6V 6voTL Gleusifl ellpmesrL
Clumrplwey CumrAflurmsl ussslwmmHleoTi.

eflesorGleustll  eNepEpmesTSHEHl0  HlLjsvor eresTLILI(HID, eTLeNl6dT  w|eest
Si6vigiflest (Edwin Eugene Aldrin) bluy, Glgayerd) wmesTl&leneviflev 1930 wevreuif]
20 Gagl VIpbseur. By, wrys, Gleusvl umullsstl (West Point, N.Y.)
SClwfleasmalleT LsmLSGHIMMES HPsl (Military Academy] 1951 ulLsmifl .
Camflum Wss5H560 66 SLemeull UMBHE CumisEGMI&S [Combat Missions)
BTE G606V LL6&HES, H6WwfleHs ellwmeriuenL aflomssfl . 1963 @6y
CawflLgy MLT. QurMs saLsHdlev eallstoraish whbsHlFallwsdlev [Orbital
Mechanics] Ph.D. uLL 1b Gum e MHlwg [Dissertation] srepdlweuy. 1966
meuuy 11 @ev Cleiblesfl 12 eMlevorGleusill LiwstTSSHl60, Galbey Gevmbleuev
(James Lovell] edlmesfluyLesr LmMbB&I, 5.5 wewsfl CHFL 'oesorL Gleusil H&gs6v
[Space Walk] Glguig), @erw eSlessrGleuefluiley esflgesr Lmgismiums Lessfl
GClFwiw (Lplguyd, eTesTm| QWSS STLIgesTT. HEIUTeLGeLT 11 LIWesITSH S0
gh&Tesl6v HLLOMIgU! @\TetoTLITeug)| WesflgetT eTesTm| eNesorCleuerils &g Sl
L& Glummeur.

Grmwmyfluilev 1930 &GLTLIT 31 b CHS LNMHS MGV &TedlssTen
[Michael Collins] Gleuevl LITUNGTL LIDLSHSHIOME HP&HSHHIL LD GClumm)
eflmesTliLienL edlbmestl gy eoteury. Glgoblestl 10 yevorL Gleuerflll LiwessTsSHl6v
eomest Wkl (John Young) eflwomesfluyLest LIMbB&, SiBl6sTT 61916587 6LITE60T&HS|L 65T
4756006V 2 WITSHSH6L @lemevorLiL| (Rendezvous) GlEwlg| STLigwieur. 1969 @)ev
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P&V FHSITL LIWLETTHSH6V L Fl& FaL s [Command Module) &6tTem6st &FHSH T
638 u96v 60-75 606V 2 WITEHSH6V MM 6UHGI, L TLDENVIGTTERI, HeVIfl6T FHS T
5655160 BLO(HID CLITg), Hevorssmersileg& Clamesor(h eubSeUl.

T ——
" , Flocked
Apollo -11 Moon Mission 1969 , Transearth _
[l imjection solar ’
affer CSMAM{asc) orbit
PepOIn !

Command moduie/

% insertion

Translunar
i peclion

o ———

First midcourse
S par Al on correciion

&by evoTL 60D Cme ) aflevarGleuefll GUITL g 6T

wesflg ellesorGleuslg Sl mgsner [Manned Space Programs] [eiWwmeL,
S0 flsama|n 1961 gesor(h) (WPHeL BlevMCGoumMlF SHSHITL LIWestTSSHIM S
SigGamedlest.  gligsv 12, 1961 @6v Faxwmellest &6 ellmestl [Cosmo-
naut] wifl s&miflest (Yuri Gagarin] eumevLms (Vostok 1] ellessr&lbIflev (p&est
(PSH6V LLBlemW (I (PO 6U6VLD eUBSTY. 6urgl elessrFISID 1:48 wevsf]
Corb umbgl, UWlemws @elenwwill (Focus) uhlas mHereulL eihluilev
(Elliptical Orbit), GmB(H <D [Apogee] 203 emwsy , (FHMI 0 (Perigee] 112
en6ey 2 FFUNev &HM aUBSGH. UHSHSH H6IWIFlEST 1961 G 5@)60 H6vTH)
W&sv ellesorbleusfl allbmesfl (Astronaut) oyevest GleliLgenLLs [Alan  Shep-
ard] yseor ellesorFliblfled (Mercury Spacecraft] Up&S eflLLgl.  6umeILTS,
HseT SLLmsERsEGU HNDE, Tawwmelss eumevGsmh (Voskhod), G
gowd 6lwiflesr efler Cmblesflg (Gemini) SlILLmssT BLSSL LL(H), L6V
eflesorGleustfl eflmesflast yesorLGleuerfl Hegsnevw|b (Space Walk] Glb(H\BTsT
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FHMISHSHENETWD C1FUIGH|S STLIGETTTTSH6T. 1965 (Lp&H6ev 1966 euemy SCIDFl&HET
LSG Glmblesll eNesorGleuslll  LiwWesTRIGENST (PSS, &FhHSHIT LD6TITLEV
wrsSlenrs Gflw, @mis elumsuGeurs [Apollo] HILLmiGen6T U TOLENSSHS!.
1966 HeULLIT (Plg6 6uen T SHOIf&&T SistoTLGleusr Il Liwsssrg Slsv 2000 wesfls
- &MV (Man Hours) &ien|LiugensLll GluPMIF FHET wrsSlenrl Curiiguisy
(evrestessilufley @ (PHSHSHI. CEH FwD Fauwmeller wesfle allesorGleuerfll
LuNm&Fluwierey 12 wessfl CHIMmsGerT !

NASA-5-66-5100 JUN

LM ASCENT-CSM DOCKED

eflesoTrFILSILD SerHlmiad)

S6umeuGeursd SHlLLHems 1961 G 25 gy 6 mestmHudh somesr
6Tooll GQl&6tTeTly Y TDLNSHG MUSSTT.  HSHSILLD Wesfls allesorGleuerf]
Bleveysd &L ' [Manned Lunar Space Program].  &i&etT (&MILILI 6oflgssiT
[Mission] @gesor(h):  (Lp&H6VTEUGI, LO6BIISH60T 6R(HEUEm6TT &h&lTesiley HLLOIL
aflL(H), Seusmestt umgismTLLL6eT Wetor(hb L& ES Glamevor(h) 6U(HeUS.
@ resoTLITeUG|, TORWTEYSE (PHS AHSHEF FTHMTOW (PUHSHIS SHLlg,
Si6vrLGleustflL

LenL6lwHLev SClflesasTemneu (pesTeoresofluiley HIM& eneuLiLIg|. ST
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Lessflwmest HGILIMeLGeT SILLS S0 (1965 2 && sTevsHl6v GCouensv LiflbGCH Ty
36,000 Glumgl usssflwimery (Civil Servants), eeliLihg 2erflwiy [Contractor Em-
ployees] 376,700 Gur. 1961-1973 @b yevor(h RFIHEGHS ©lsTems [Bud-
get] 5.2 Mevedlwest Lmevy. mremallest (NASA) uSlGesrp SGLmsLGeuTs
&MLuessilgerflest (Apollo Missions 1 to 17] GlLom&&& Glgsve blgmemns WL (HD, 25.4
LN6VESNWLIEET LIT6VIT.

SICuTeLGeur (WYwmFlEefley el 2 ulfg Gesgwd, GlUEHL GClummHL
Cemwb @svsumey Gumsallsvensy | 1967 werteurfl 27 <y CxHL (WPH6L
S10umeuGeum 1 eNlesorFlLOLpEF Camgemestullest CLITE), 2 6TC6IT & & 60160 Sl6TTE
(Flash Fire) eNevorGleuetfl eNomesflser, elifedlev fliflerved , sTLGleur(h) GleumudlL,
JTeRf &mool9l epeu@d 2 uNCrmh erflbgl g6 sHemsHsHGev [Launching Pad]
FOI Hensbhgl BTELTEIL LD KetGarmmsemnss [Setback] Cl&sT(HSSHS.
Gwime MM HEIUTELGeVT 13 LWwesTD Gloumisl @enL eulfluNGeu (PLLOTE S
FHHTenesTS GISTL (Lplgwmoev &Hl(HOLIL CeustoTigwi»TuNmml.

S6umevGeurs Sl Lmssflev ClFwg (PusHes Geuesorigwensl @ 12 wesflg
eflesorGleusiilas GmlLiLessilser. @\yesor(h Lessilgerflev (GlLmevGevr 7,9] epeury
Ll& &mm) eubgl LUNME Clumisugl. @ resor(h Lessilaslev HelumsuGeur 8,10]
epesTm| Wesfla T FhlTenssrs &M eubg eSlLTD HMleug|. epsesTm) Liessilgerflev
(HClumsuGeor 11, 12, 14] FHEIT HeTHSH6V HLIOMIY LDESITLEVEENS U, TTUIEUS].
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&GL& epesrm) Lisssflaerflsv (6lLmeLGevm 15,16,17] FHST O6TTLEVE C&H 6L 86T
(Lunar Exploration) L& &|6U&!.

NASA-S-66-11002

FINAL DESCENT

Cl&6irenrly allevorbleuet] enwws 60 HlembLw H6ILITeLGevT 11

eTL(h) BImeT Lwessrs SILLBILL HelumsuCeur 11 (p&Hev EHSIT WTsHSHleniy
1969 209emev 16 Qb CaHH HwimymerTgl. FHSITL LwestT g6 Freblal seofl 5
[Saturn V] pr&06l&L Goeng GCleuyssty solimest LNGlFemsst [Wernher Von Braun)

yengeT GlFWsg. 363 Sy 2 wrwLeT epermbhissmil (Three Stage)
Clamhlasl UL , 2800 Lest ereml Gl&smevor(h) , 3500 LesT 2 ensLliLs (Thrust]
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SwenLw, SibHS &ET TrH6lsL Fa Clsesery 6lesrbleuef]l snwwsHHlen
(Kennedy Space Center] @\(10&818 Gl&mevor(h) 6urLll LLLG|. TT&H6lsL (penesTuilsy
QYL FS Fa L&D

[Command Module) , Listsl1& FalL &L (Service Module) @ emettTe &L LIL L1 (HES,
Bl6VITe: FaL &L [Lunar Module) epssTmTLD &4 (h&(& Te6lsL Hiesflulley Clum(mssL
UL (HHeG. ellessroleusiile FBILD (L&), uessil , Hleors FaLssd Glam(hLL)
LOL(HILD 45 L63T 6T6DIL 2 616G L& - Liessil& FaLss OSTLT FhHlTenssrs s&mml
6UTaLD, [H16VITE FaL &LD FHIT LD6ssTEss 160 @ MM FMeYLD &E& Clummenew.

Apollo -16 Lunar Module on the Moon

The Lunar Medule (LM) was designed to descend from
lunar orbit to land twe astronauts on the Meon and take
them back to orbit to rendezvous with the Command
Module. Not designed to fly through the Earth's
atmeosphere or return to Earth, its fuselage was designed
totally without aeredynamic considerations, and was of an
extremely lightweight construction.

12 oy 2wy, 13 S eSLLLer &Fawl| [Cone] euge|eTer QL HF&

www.Kaniyam.com 28 FreeTamilEbooks.com



S|6v0TLGleusrflL LILIesoTmIg 6T &.ClwiLmy&est

Fa L&D, 69Tesi1&6T 60 WITEHLD ClLITM & (6THLD, &6voTSTesulILIL|E & (HeN1& (6THLD
Gl&T6ETOTL &) LL6UTW LO6BITL6V& &6V LE6soT(HILD [HIemLPW LD CLImg), Led) FyLiLY 69en&
@ Wss, oF5 Gausssdlev 2 rmiley GleuliLsssesev [Frictional Heat] erfl&gie
Flenss58| NLTHLY YL & FaLssHSler GleueflliymL, H6oT(S) S6USFLD LL6vorL
LL(heTerg). saLs (penesTulley CaFa G0 @enesriiL eumulsyb, s&ewb [Dock-
ing Parts) 2 6Tem eoT. 22 ig [Hemd, 12.75 g eNLLpLesr 2 (Hemer [Cylin-
der) eugeysiter Lol saLss SHlev aflclummeT, Fm FrEOIsL  erEheleT,
Clgleumiig sh&lrestlev @mmiss sl - 2 engL1 Limessrd (Retro-Rocket),

Second Astronaut Buzz Aldrin
Landing on the Moon

[1969]

WBlestgssl whSHTw, 2 esorey, b Hlwenel SLmE weremesr. 20
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Sy 2wy, 11 g eflLwLer 13 L6 eTemLW6iTem [Hlevmss Fal &g 560
@emetoTLIL MIeBLPEUTUNEY &S, @mmE gm @resor(h) FreH6leL 8 EhHLD
Siemws&sLLL (heTerssT.  GaY|D Semalluisy (Geology) FT&HeEsTHRISEHLD LOMMILD
N C&meemetTs: & (H61918 (ETHLD, LDEM6VE SHM &6 LDEsTT6V LTS fl&H6016TS 6l & mevo (h)

ClF6VEVE B6V6TTE (STHLD Gl&TEBITL &)

seoguiley gresblasl &LUUL( geuliubid Gumgl, ewperm ellesorbleus
e mesil&EpD Y LF& oL &5 5160 ¢(HmGCe SILFHS(HLLT. 138 iy HemLd, 33
319 O9LL (P6ITET (P&6L 34 (h 88, HlTeu 4,&Herdleest + GlaGrmerdlsst (Liquid Oxygen,
Kerosene) eTiflub b&| TTE0IS&L 6T(EhFleTaHenens Cl&smeoor(h @umi&l 41 6nLo6v
2 WrsHSH16v el (h G| §I600TIe5 518 O1&TsTLS]. Si(hSHSH! 81 Silg 2 WFLD, 33 Sl
elLL (66 @\ T6voTLITLD 34(h&(), SHlFeu oy 8erdleest + Sliyeu smamigeest (Liquid
Hydrogen] sTifluyLb eob&l Tre0lsL 6T (sheFlesTassiT sl (h) edletorFILSILD 116 6mLO6V
2 F&len SemLWIO|D 3G

BlesoT955|5 ClasmetoTLgl. @mISHuNev epesTmTDd BH&HE 58 Silg [H6ITLD,
22 oy eNLL(peTer emenm Freblal sLUuUl(h eflesstaBIp, LLWO6etTL 6V
ei&lullev (Earth’s Orbit] F1Mg| &I &MHMS ClSTLRISIWS|LD 6T(EHF 60T HMISHSLI
uiLgl. uGsmer ‘el ef&luiley’ (Parking Orbit) ssmmib Cumrgl, eNesor&lslp
‘eremLuapLiL” (Weightless) SjemL&Imgl.  HUCUTE| guie] eS&Hluiley &mHmIWD
eNevorFlLS L lesT Coussid 17,400 mph.

SHO&&8 &(D(E HlevallsiT eSS SHeTHSH60 @MmILILIG).

SIFFLWID H60F YL & (Ground Control] LO6sT&HEBTETBI&H6T SHTELEHEMS YLD,
SITHMSWLD  GleTeflwomilgs &HewfleHgl, epesTmmd  AHbHSE [TreHblsl
6T5HGS|601650T 66 2 6mSLILS (Thrust] Clam(hsa Geuessst(hb sresTm| el6voTGl6w6T
eflwmesfllaEmeE SiMleyeny el igwig|bd, Freblsl Wessr(hib wWwhssL Ll
‘Mhsenen Geussems (Escape Velocity 25,000mph] Qi@mrds |, Lblufesr
SiywmesorLiomest FHLL eflengenw B FhHlT wessrLev FLILNeL FlesHlsH
ClameTdlmg). allheensv Geusd sresTLIS| 61 elstorbloerl] SievoTL &6t FFLIL
allengFensd HL&EGW &HenDhHEHeme| Geush. sueurm| ell(HiEHemen HeOLbHS
Ir&0sL, mels 2 Hg 5865 @LLILNeTM CIGTLTHEI
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Apollo 11 Command & Service Module
Orbiting the Moon

A cylindrical Service Module (SM) supported the Command
Medule, with a service propulsion engine and an RCS with
propellants, and a fuel cell power generation system with liquid
hydrogen and liquid oxygen reactants. A high-gain 5-band
antenna was used for long-distance communications on the
lunar flights. On the extended lunar missions, an orbital
scientific instrument package was carried. The Service Module
was discarded just before re-entry. The module was 24.6 feet
(7.5 m) long and 12.83 feet (3.91 m) in diameter.
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Glgsvsyid. L bluflest milenu alll(h ellessrAblp all(hHigemey Glum
eeTITIg85 (8 & &M 7 emiosv Geussid [25,000 mph] CaemeuliLihESIma|.

epeTmmeug HbH&E Trselsl aflbgl, FHET FILUL LOESITLEVSS]6T
SIBUULLGID, HLF - uswlles garsd WNifley ulhH 180 w&HIfl SHba
epeToTeUg| SiH&HeT (pemesTuiley 2 66 [HloVTEH Fal HSHMS @)6n6stTSH S|
Gleus G &MWL, epeTmMD HH&ES TTH6EL MIHH C\&STETEIMS).
Nm@E QL& - uewfl - BHlewrs saLss CeTLY Hlevmemeu eulL WOIL(),
@mmis GeustoTigl emw&HlE HemHenss (Tranquility Base] sevor(h) NS g
CIB(HRISIWGILD, U TDVIGTTE, eVlgflesT @ @Heuf WLHD UL FH Fal &)
OB FHEHITE FaLssHSev @ILD LMMIES ClSTETTLITSET.  S6UTSHEn6IT
gmmls Csmesst(h) FaLsb Nflhgl, shHT FILLY ellengwmsy Gousmuis
&0 @QussluL , saLs TMs6EL GG @Qundls shHeHE ClbgleuTss
SLHLUTL(H pemmuley @MmISwg]. SIFEFLOWILD 61685T6501160 &650T&HTessl 1LILITS
SLLEF - Lestils FalLsSlev, 70 en6y 2 WFSHSH60 allmest] enGasv &medlesTeny
ghST eule] 63&ullev (Lunar Parking Orbit) Bleveneus s&mm) eubSTH.

SILGluTeLGsur - 11 uewl&FLID - SyEmenws FBlp oLl
enWsHSH 60 (B 102:45 wessll CHIWL &Ws6HIF Fflurs wmesney 4:17 EDT
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MASA=5-66=-5113 JUN

—

i

< TOUCHDOWN ON

LUNAR SURFACE

- ks

ewoll& @ [1969 gOemev 20) HOWIlESHE &G, FHHTS CsHF 'SenwHSH
HETHH6V @MILS FHEHTHeT FTOL6V GTFlemwss Slerlil , o FflsHTe
FOUAUSHMS 2 60EIME ThHHHS STLQWIGH.  (PSH6O6L @Mmhisl (PeoTeoTly
MEUSSHEUT, [H6V QY FOVITTE. @8l Wersflee sneusEGh @ Fml Smevlg !
SLEOTITEV LOM6TflL @607 HG18(F) @& LDTEILI(HLD LITULIEF6V! '6T6sTM)| Y L6 [F TR
uemm sTHMwens 250,000 enwev Glgmensvailey GosmLmssr Gamyg L GCasmer
D& &6T ClFailh& g, C&Temevs &TLflulley (P& 6L Wesflg T &hélTesflev @ mmig)
BLLDMIYS SHF&F FTSHem6rT Lifleuend s &6voT(h &6flSHSTTa6T.

Bleveler SiemHS HemsHlev CoEf155 WrHliflser, ClFlis Liswflssr

QbTeVI TR, SjevipfleT @BeurhL Lesluller FLUleL Syiled @
LIkI&Ge6Ter Hlevallest FILILNeL Siemwdls SHemselev’ (Tranquility Base) steuallg s
FTWLD @ 6V6VITey, @\ TeseTL 60) Lo6ssfl GBI 160 iy &ITITLD [HLLOTI6STTT&6I.
SILGUITE| 49 Li6esoT(h) LITemME SHME6T, Loevor LTS Ifl&6T Cassifls 60T . (Giflws
&rmm| (Solar Wind] m&y&flemwt T 6p(h Cevays s&liy erslyurLlifenw (Laser
Beam Reflector) &H&T H6TEHSH60 B 6MLDEHS60TIT.
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Buzz Aldrin on the Moon
1969
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Apollo -11 Service & Command Module

MASA-5-&6-11003

ENTRY INTO EARTH ATMOSPHERE
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Sibhs5s  Hlevellerr Lo  HHlFemeu  [Seismic] HMIWES  &(HENE(ETHLD
BIFwresilesal LiLeT. Sowiflesas Glamyamws Senruiley HL(h 606UsSS60T].
LL,Gamer wesls) FHET SHemHSH60 (PHeO6V @\hIGSHTET (LPEITETTY 6DEUSSITI.
BITMRIGET &F&6V L0655 @607 FLOMTSTETSHSHMSHTS 6UBHGSHTD. 1969 T&emesv * sT6sTM)
(WSS 6T, Hlaeest, MHMID epesTm)| eIwmesllEsT ems6lW(WPSHSILL I
2 Coumss H&60L HMmIGsH 2areTmlesTmy. Si(h&Hg 250,000 606y GlSTensvailey
@m&EWw Gleustemsr wmeflemsuiley, @estTHILLS  HlHevsniLesr  [Nixon)
eflesoTCaTeT HTTSH GlETLLIev [Satellite Communications] @\ (meum Gumssflev
2 EOTWITIQ6STTISHET. HHGHIL 60T FHEHTesil60 6T6T0T6TTMM 6L6TOTETOTL LILBIS6IT
THHG18 O\ & TEsITLTTE&6T.

MNASA-5-56~-46528 JUN

DROGUE CHUTE DEPLOYMENT

eflevarGleuefl aflomesflseir smbdlyemest e[ L&, LBLF

FghHTs FaLsd Hlevellerr Henguiley 21:36 wevsfl CrIL HrSHlwg).
ghdlresfley BLLMYE GlEwiuemilsensT WiyHg5sH Clsmesr(h 60 wessl GBI
BLAL LweTHg85GHS sWT) GlewgsTty. @@ edlwresflsEhHo FHSHrs
FalL &S Hler Com Fllev gmls , Hpsdh STmIEGL BIHSTOlemWSH SHenruilev
glevoTie S8 LB, Fmi Treblasl srepdlenet erifleg Gy TP, L&l -
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Uessil& salss506sT(H @ enemTha Cl&sTetTLg]. 3i(hsa a9lwmesilasT @) (H6u (LD,
QYLFE FalLssHHe0 WLMTMIES ClETeTLGID, FHSHITH SaLsHD &I6toTgsHsLl
UL, L& - uessiles saLsd WL(HW WNflhgl, Fresblsl 5400 mph efl(hgsnev
Coussslev Fh&T FyLisnu BN, LS Crmes) WeorL &i.

HASA=5=84=3126 JUN

LL6UMU| LO6SOTLEVSHS(HESH eUbHSHHID, FflWmerT FLOWSHSH 6V Liewwile FalL s
BI68TIeSHSHL LLLG|. &6 FaL s WL (Hb

epeorm| eflwmesllasEpLenr 2aphgl, yell FiUy ellemsuiley @) pssLl
ULhHS smeotmss euemy GCeusgHlev (Acceleration due to Gravity) LTWIbBS),
o g6 Gleuliugsesredlesr 26enGL erfl BLESSHITL CuTeL SHLULMES 6UbHSI
@OmEWG|. UFloolNs FWPHSIT LLEENS SI6T0)(&LD (PesTGLI, CLPESTM| LIMTIT (&L
[Parachute) &enL&6iT SmeoTmas Gleuefl G, emev 24 gy 1b CHS) L Fl& saL &b
UT&ISTLULTES SLe06V 69(1Pha| WsHeHs. ellmesflasners sesor() LNy sHs 85
&0 C&TEHs H6IfleEsTallsT sLiLsv U.S.S. ammyelerL (U.S.S Hornet) wimyms
ameuruiled(pbgl (Hawaiil 950 emwev Cl&HesTGLM(GS SHlemsuiley sTHS(HHSHSI.
et elmesflsEmd S Hesl [Decontaminated] UL, 14 BTLSH6ET (&L
Siessflev [Quarantined] yemL&sL LIL(H iesoTL Gleuerfle &l(pHLOl&sT eTemeuLd
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LLB1u9l6L LiFeUm eusssTesoTd &H(HLSIS SHILIL emL [Biological Isolation Garments)
S1655f1H G| HevflLITE em6Us &L LILL 60TT.

Three Moon Astronauts in Contaiment
Chamber

Neil Armstrong, Michael Collins & Buzz Aldrin

prETedler erdlsmen afletnrcleuefls CaLe0 LienLGlwi(hHL
BTET (PSHETT (P&HeV Gleummlarwreas CFwlsgs elswrbleuefls &h&HlrL

LIW6SSTD 62 SigliLienL LOTLEY HHHTEF SFTHEMeTWTIL LN6ToUHS HEI6V
BTL(H sumesfliisy alEhepmesilsEmes GWw, UMM HITnI&HS 6U6VEVIHITSE (ETHSELD
SievorLGleueflg GsLeblev aufl au@GHSHSs. SibHSHE BrEm, LCrmiumeallsy
r&m (European Space Agency) Glgsueum (Mars) , Gleueterfl [Venus), Ls&GameT
eNwimipesT (Jupiter), &FesfleCasmeiT [Saturn), L& 6ot (Mercury) GuimesTm Gasmermigserflest

HlevelleS)(mbg HF&CameT L Sluilest eulgelld

CoLev LmLCWGHLYSE elNlensuillLgl. HeumenmLl GuTsv eumsvLBesT,
6usSHITsS Commerser [Asteroids) uley SHEHSHEGW Ul euEGHS55H. 2014 @e6v
Bremellesr eurCwey eflessrss LiLisuaer (Voyager 1 - 2 Spaceships] Lisv Llsvedlwiest
EDLD6VS6ET SLIHG| HLOG| LIl 6TTL6VD &TesoTly H(HHS (&L LD6TITL6VE 6V
LIWesoTD GlFWISma).
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2. 2020 oy ewmgsv Glasusuriie Gampmeir (lFsveyd

anCrminiwsd HLib

[BLHemry - 2]

2020 gy 6vaTIg6 GlFLUTIIES GaTsT GlFaveIDd HErmLUNwWS S LD
2020 gg9emev 24 gy1b Ca & FCITLLNW HemeysTallenw& &iohg| Gl&messr(h)
gagw gresblsl GlFeusumils GCamer CHT&HHEE ClFLEYID 6T60TM  Fo%kW
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eflesorGleusifl  gyui6] 6S)(EH(EHTEDT U EMETTLISSHSHI6T H6meveUly, Lmesflwien
CrmgGuimestmeu 2017 S&HCLTUF 10 @60 HMNSHSHTY. &HG ClFLED

FGImLI

sWMflHs Glasueurils gemesmailub (Mars Rover), Feawmeles @mkis,
&emLIL(pd [Landing Platform] 2020 GLo LOMTSLD [FEIKWIEIT 6]61|&H6DI6TITE &61TE 60
6UTh G| @MMmIGLD 6T60TM| FaMlesTTy. HSHSILLLD GClFsueumiiss Gamerflev Cl&LbLoessr
SiLlienug [Dust Storm] 69788 2018 gy 6vorig60)(HHGI 2020 24,6007 (h & (&S S6iTef]
66U LILLG| 6T6sTMILD (HMILSILLTT.

TFegw LGrmiLmesT - M pr&6laL &L LenLoLiL|

ramellest ellessTamm) - Heme|erel

ClFsueumis semeysmall &HWMT 8 6vevgl 10 WISHMHIGET SILLSILL
uessflesemerty Lfluw. W&&Hlwl uessfl Glasueumiig semsdlev 2 LT (7 i)
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glemenseners Gomevorly, 2 uNiflest epevall&EsT (I &TEVSHEIV @) (HHS6sTEUT
ereoTm)| CardlaGw. GCarhle G @ s &smellssT @ eomym - ammi9ll (LARA
- HABIT]. s@mallsensrs sWmj Glewigenel @ CGrmuNw mrh&ssr. @ &SI LD
FGrmL  eSlevorCleuefl <y ememoTwssd, Fauwest FTeGaETLTeN  66vorCleu6rf]
Q46M6TTTISLD RIS (&S - Euroean Space Agency - Russian Roscosmos Space Corpo-
ration) S,&IW @ Fevorigest Fal (h WPWMHFCW. S LEHHl6r (P&&Hlw GmIsCamsT
ClFsusumis (G 6leusluilev LBGCE 6o

@MU, (FH STeuHSI6v 2 uilifleoT eeveil&HeT CHTETME STT6TTLOM6TS)

TETLIENS, 6T(H &GS SHITLL&HSTET.

Solar pasels Adopter  Bodkshell Heat shieid

2017 &4,600T(h) Y, TLOLISSI6V (PSHEST (PemM GIFUIS 6761 &60650TE &L L6wLOLIL|L
LiwiesoT (pwm&, Glgsueuriis CamsT oi(melev GClFeTmey LT HeumisssT CHhIHe)
GCamevallymmegl. 2017 wrjgd 14 gy CxHd emuCsmenmy elssorGleus
JUBTHS OB HS!
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Solor panels

Communicotions antennd
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WP&HeOl6L geuliLl L Glgsueurl eflesstammILD, Hemeysrall @m&&IuD
(Mars Orbiter - Landing Modules] gGCam gmgesrll LWams), 2017 H&GLTUT 16
@6v GlFeusumils GCamemer SemLwmgl eulfl Heuml el Lesr. FETHema 6T

GClasusumuilsv eN(WHG! (PMHSHSTE 2 M|SH ClFULISHS).

ExoMars 2016: Mission to the Red Planet

li

F&T GlFsueumils semeysradl - @mmi&, SemLigLLD

‘benrsd Cold GlFsv” ereTLg| SLBS LSSHTeor(HSemmil Cl&meveuLiLi(hd
prgmeller Glgsueuml wWHETL. OGlFsusumiis Cameflerr erhlysmevg CHL6V
SILL MBI (6THE () colTesfl&Hen LIWLesTD (PSHMLIGE SLeMEULIL| . “solSesflgern &L &
GMlluessiluilev semeysrall Clgsusumiigs GCamerfleor euLg(HeuLl Leslls SHemsslev
HHWCHTT LGHlenw UTTws Co5T6S5HSS QMmISIL|TETS|. 2 635TenLOWITS
BITMRISET &evoTLMIWIL GUITeUS| HHS LIesTISHS6I 5 2 (hHEW FLOWILD, LO63oT650{160
HVHG| AHbHSHE SHeveneuulley 2 uNj WHGISSHET 6UTTSH &EH @ (HESMST
eT6oTm)| HeserLMleug). eyGlsotesilev 2 ufliflest eN(HH S5 &5(&HS CHemsu Sliyeu B, HLOG|
2 LIb96v 2 6o LGrmiesst HSIGeoTT yblevd CUITETM) &FlE&HEVmesT &ITiyLIesT

Sl LiLenL Y T&Tesfle epsusaamister,””

L7 6L S, colenfl&eiv LTSI S uIeumerTy, HIfICEVTEITIT LISVSEn6VE SHLOELD.
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"Crmeuy  eafHlseflest Qu|l STV  BlgliLmEl  FFTessT(h&emmuis
ClFeueumilg SH6eTHmE 2 6mall 6U(HSITMET.  eUCIUM(F HTEMTU jemeu
LLBluNeS(mBg gmeverL Ll UL (), GCEluessflLl UL () WweSHSTeT LessilesenemL
4flb&l eu(p&lesTment!’’

6IVLITEUEDT 61V GWITen, ClaFsusumils GmlLiuessi LNysLw gy wieumef], Smielmev
LIV&6M6VE SLPSLD.

"o 5198 &L60I6v 2 66 srueumeuLITT(h &6ll6v (Svalbard Island] &messTLiLI(HILD
beull Lesll&aLiguiledT @uIDensss Hlensraefley Hiews s 2 uiliflwey 2armersfl’
[Microbiological Oasis) epetTenm& &600T (L9955 |6TTCETTLD. SFTHSHIWLDTETT HNHbHS
2 558 G6NTL LGHserflev 36uails 2 uNflwisy Y STIMIGST SILSHS(HLLMNS
BIHRIGET &HTUTTHS 6llevemev. 1996 b oy eooT(h  DEBOTLTTSHL9885160
&60TOIL(H&HS GlFsueumiis GCssmefleot 6llevorasvemevll (Meteorite) GumssTm),
SIbS 6T SHeller erflensvuiley Camevorly T(HEHSH &MHS 2 GevmasLl LTenmL

Lierfimi (g (Magnetile Crystals) om&iflgsit 2 smer eor.”’
EUDITEBTEN (L 61V6T, Y UIeumeT B, 6VCEVIT LISVEENEVE &HLP&LD

"umenm (& GH&6T ClFeusumiigs Cosmerflesr suFsuTMeENME Famid LILenLE
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26 Movember 2011

CAPE CANAVERAL, Fla. - With MASA's Mars
Science Laboratory (MSL) spacecraft sealed inside
its payload fairing, the United Launch Alliance Atlas
W rocket rides smoke and flames as it rises from the
launch pad at Space Launch Complex-41 on Cape
Canaveral Air Force Station in Florida at 10:02 a.m.
EST Mov, 26. MSL's components include a car-sized
rover, Curiesity, which has 10 science instruments
designed to search for signs of life, including
methane, and help determine If the gas is from a
biological or geclogical source.
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GmLugliyssT (Barcodes). HHsTlE STembd euGeumy (& EGLW0
LMM|Cmy Yhlenr 69(H e & ELD LNenswoTLiLS &I600TLITS 2 6T6ITE).

‘sorrett &lymLerdimussiy [John Grotzinger, Science Team Member pr&m M.LT.]

ClFsusumiie Camerfley @ LAl 2 ullFser suryp LBCH6tT surw @ HSEMST?

&LHS LSHSTesT(h ClFlg Glasueumiis GCameT H6m Y TmuilsFlaEsT epsuld
Waegs &Ml smev Geusnerullsy LHCHseT (W&l6L CoHmenL HTeVEHSHl6L ClFeusUTILIE
&L0suefluiley ComermSmg ereTLgl C&HFlw eumEmg. 69 Hengwimest
@nhs BCHe Hlapad eumesfiwisy allehepmesflasner GlLm eNwLiNey &S
2 6iTemgl. @bHSLI ST Clasueumiis

NASA Curiosity Probe Close to Solving
Mystery of Mars' Missing Atmosphere.
[Movember 2, 2012]

MASA's Curiosity rever has taken significant steps toward
understanding how Mars may have lost much of its original
atmosphere. Learning what happened to the Martian
atmosphere will help scientists assess whether the planet
aver was habitable. The present atmosphere of Mars is 100
times thinner than Earth's. A set of instruments aboard the
roever has ingested and analyzed samples of the atmosphere
collected near the "Rocknest” site in Gale Crater where the
rover is stopped for research.

Comerflesr  6Thg &  (GLpGleusil  WILVIGEGHD &5 6urFailevensv.
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waevmesor(h  CrHT&HHE  Glasueuriiss GCosmer  (GLpblensy yule] CFWS
aflemereyseflley gHULL HFHeE 696TTHSEHSE Brameller SluLflwmdliiy
gemeyemall LiSlev efla @G eresTm] rSITUTTESL LUHSIDSGl. 2 HUSSWTELD
LBC& 60T UMW &6V BITL&ET B{6V6VG| UMTRISET [Hl988 Geusvor(hb. 2010 &L
Gleusflui g6y BTET 66N Yie] emww ellEhEhmssfl Glaeallssr 6rmGIH6L
(Kevin Zajnle] Glgsusumuiss Gsmerfley BGHesT sumwy @(pLLg LM W&
sowiumh CsfleNsamy. eotmev CH FwLWSHS L aTHTUTTSH NSHLTES
Cl&eMICaT gy wieumemast GCeouGmmy BHlwdluLesr GlFeusumiigs Gamerflev
LBCs 60T 2 MG 8 (& eNemesLD 6Tl & 16T6mTIy.

Si5Teug| Clenbims GCamefleyv Blesww “srell LuevsGer” [Dust Storms
- Dust Devilsa] WGgetT 2 (HeUTsHS STFeworomsdl eumusnel.  Glw&serGsm
2b\16|s Geilery BCHeT 2 corLmey 5ME @6 UG (PO 6lGS5S5Is
&rLigesty. GClFeusumiiss Gamerflev 2 eTerr LesflliLImemm&erfleor GLoM Semmiserflev
LlesTesfluisy &HT&H&6vMev (Electrical Discharges over Mars Iced Surfaces] L5G& 6T eurmuy
CameTmUsTHS FamlesTy. Ui6|s FalsHHlev HlepIsSSHIs STLL Lef&sLlly
bg| WletTesflisy srasev ClFwig, CuTed @uisssHensLl [Laboratory Simula-
tion] fibg Gumgl LBCsH6T epevssamIssT [1.41 x 1016 molecule of Methane per
joule) GamesTmleor. 40 QevoT(HHETTSH ClFeusumLsS Gamerflev BCHeT FlMgemey
@ muug upmll CusiLLh eumSmg). BEHesT @ (HLILY

2 ufiflest PBeallsem uMpesHE 255 TUTHD efleEGw. HG Lpbluflev
o eitemr 2 uNiflesr PBeallesGer CluHLUTETEnL BHCHET 6UTW| 2 6BOTLTSHSE
SIyesoTom&leoTmest.  BrEFTellest Glgsusumils Hemeysradl “Slupflwimeliy”
ClFeueumulss CaImeiT eTLILIY & &60T UMW F (SLp0lsuerfl @LHE G| 6T60TLIENS HMIWS
SILLBILL UL (hleTergl. SHCLTenSW Glasusumiigs GCameT GLpolsuef Si(p&HsLWD
L8lemwl el (100 @60 1 &4,8 HEOI6UTE 2 6TT6TS).

BrETeiletr ClFsueumiis &irev Hlenev allstoremiemedl C5iHES HILILY

2014 &b evorigey  GlFeueumils Gsmefley  (&LpGleuefles  smeublensy
euFeurMenm 6lleT&HLMSL  LSHle] GleFuw @msessl Gum@b “Goeusst”

sreubleney Ml efesoremniemallenw (Mars Climate Mission -2) geysm(s,
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Life on Mars? Non-Detection of Methane Suggests
No Modern-Day Microbes

ATMOSPHERE Elkm
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Interactions ? _.,.__...._ microhes

Hypothetical seurces and sinks of methane on Mars, The simple
erganic gas could be produced by microbes or active geological

processes, So far, Curiosity has not detected methane in the Martian
atmosphere.

Image: NASAIIPL-Caltech, SAMIGSFC

"So far we have no definitive detection of methane," said chemist
Chris Webster, instrument lead on Curiosity's Sample Analysis at
Mars (SAM) laser spectrometer, during at NASA press conference
today. SAM is like the rover's *nose.” able to test the Martian
atmesphers and determine what chemicals are present.

"SAM will continue to search for methane, to determine if methane
does vary with time," said space scientist Sushil Atreya,
co-investigator on the SAM instrument, during the NASA briefing.
"So stay tunad, the story of methane has just begun.”
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CHRYSE

PLAMITIA

XANTHE

PLANUM

www.Kaniyam.com 50 FreeTamilEbooks.com



S46v0TLGl6uerflLI LIWI6BoT RIS 6T &.OuILImy&6oT

SI60)|L0&) HlemL GG ML LG 6T60TM)| BITEFT (PSHETT(PENMWITES HMNSHSHSH] ! HHS
GClaeusuml eNlevorermiemel]l et (h& &(HeNlGHensT gmmls Glamesor(h HevollbHs
2 WrsHSlev (90 - 3870) emiwsv Heireul L e5lullev &mml eubal (GLpGleust] sumuy
LD6TOTL6VSH6MS SLTTUWLD.  epesTm) Sy esoT(hl&ssT allessresnismall Lflwyb HbHSS
GOILiLewils SILLESIHE WG HlHe lgevey 485 Wlevedlwissr Lmevr (2009
BIesoTW W&ILL) ererm WHILTH ClEwwl ul(eTergl. BHrETalNsT WBl&HE
ClFeveysd SHlLLmiselev eesTmTEHS SH(HSHL LbHEIME “ Gweusst’ (Maven - Mars
Atmosphere - Volatile Environment Probe) ellesorGleuerfl giuiesd &L, 1998
LD o 60Tigey 327 levedlwest Lmevf GlFevalley (Lp&HesT (P&HsV &Tevrhleney
2 emeu greuliLLL eflesoresn)ema] -1(Mars Climate Orbiter -1) Gl&sueumiis Gamemnesr
QI (HRiSleTTayLD, 6sfl&H & Heummev (GILLifl& emailwensvll LwWeTL(HSSTE)
Nl lea% Sjemallwensull L@&GHSEHIWLSHTEL) 2 H8|F&HSH) WlenswmsHle ClgFeusumiis
CGamerflev (WMIHE eN(WHeg eNLLg)!

Clgsueuris Gomeflest eumw s (Goleuefl @lpliy GSTLIHE 6Sleorm
TP (M USHITTE @ HHEH 6UmHSImgl.  Gweuest HILL uyHenr
alheNss 2 g5all Yifluyw. GCuweuest SHlLLlivessil (PpHeT(pSHeL GlFsueumiiss
Gameflest GCarmm 69 (HSSlemwiLt ummlw el EpEpTesTs GCasiTallss Emhes &)L LISy
gamib GBIy 2 6Teys H(hHellssflsr LSlesener GleueflliLhegn, @UGLmg)
&) (65 (6h 6Bl & 61T SHITeTD)|LD GlF6ueuTLIS CaHT6T L6060 WI6sT 46507 (H &5 (6THE5 () (LPEdTLY
Camermlw Glgsusumiis Camenerl GLITeL @) (H&&6i6v6m60V!

SUTOUSEHL  ClFsueuriis CosmeT HLIHS eumws (GLp6leueflenwis
ClamevoTlg(HHS CIHETMID, AHHS LTHISGSTULE (FHOLES HMHH G0 Henrs
STeuUms

oSS ([BHS CgeTnin 2aSlssLILGSIDG.  Sletlyer @@ Sl
gouUL(h& smeviblemsv WMMIUL(HIL GlL(HLOLITEST 6MLOWITETT 6UMWL| LDEBSTL6VLD
emMBHEH! CUITUI B 6UEITLD 6T6V6EVITLD LITemeveU6sTLD GLITeV Gleum|enowimesrs) !
L6V oyevorLds Gamer ellepepmesflasT GlFeusumuiisgs Csmerflesr Ljeis sTHes
&6 WwenMhHg GCumeTg W& (PHSIW TMIGHEV 6T6dTM)| [HLOLSIMTTSET.
Geuest ellevoramdemell LIflh 2 WBIPHEHIWL WBleTCeormMw giseTaerflesr (So-
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MAVEMN
MNew MASA Climate Mission to Mars

www.Kaniyam.com

MAVEMN will study Mars’ upper atmosphere and how it interacts with the
Sun. lwill carry instruments (o maasure characteristics of Mas’
atmospheric gases, upper atmosphere, solar wind, and ionesphere.The
University of Colorado at Boulder, University of California, Berkeley and
Goddard Space Flight Center will each build a sulte of instruments io fiy
on the spacecrafft,

The instrument suites will include:
Particles and Field {P&F) Package

Solar Wind Electron Analyrer (SWEA) Measures solar wind and
ionospheric elections

Solar Wind lon Analyzer (SWIA)-Measures solar wind and
magnetosheath fon density and velocity

Suprathermal and Thermal lon Compositlon [STATIC)-Me asures thermal
ions to mode rate-anergy oscaping lons

Solar Energetic Paricle (SEP).Detearmines the impact of SEPz on the
upper atmosphere

Lagmuir Probe and Wawes (LPW)-Determines ionoespheric properties and
wave heating of escaping lons and salar EUV input to atmospherne

Magnetometer (MAG) Measures interplanetary solar wind and
lonospheric magnetic elds

Remuote Sensing (AS) Package

Imaging Ultraviolet Spectrometer (IUVS)-Meassures global characteristics
EL;huE:‘ atmosphere and lonosphere

Meutral Gas and lon Mass Spactiomater (NGIMS)

Measures the composition and lkotopes of thermal neutrals and lons
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lar Charged Particles) ur&lliyg Glgeusumiis Gameflesr HMHGLTEMSHW 6uTWy
LD6BOTL6V8 H&|61|8(8& SITTEsTLONS @) (IH85(FHLOIT 6T6dTM)| 4, UIHE] 86007 (h) LI1g.85(&HLD.
ClFeusumiis Camerflerr 655 eUMLBHS SHMHSHS 6T @ILpLLmev Lifl&luflest HallrL
Lwiev (Solar Wind) eumy| LoessTLeVSeMSS STHE alfl(hlaflliy Cl&wis(|H&s60mD

6eT60TM)| 2EME S MM &6

MASA Mars Climare
Orbiter

Propulsion
Module
(PM)

Equipment
Module
(EM)

Solar Array (SA)

6)a6U6UTIE STV, 6V
6L T V6T

Guoeuest elevorememealuflest S L LiLIewaf\&s6iT erebrenT?

2013 oy b Sy ev0Tig6v LiwesoTld Glewiwll Gum@ Goeusst ellessresmiemel)
eLesTMmessT (&6 GlFeueumiis GCameners smml eumLd. Goeuest ellstorsm)|emadl
GClFeueumuIN6esT 6UMULY LDEBITL6VLD, &Mevblemsv sugevmml, 2 uliflest eueTy&FE (S,
6J 5|6UITETT H6MLDLIL

Gumestm e\ (ép(epmenT eNleTHEmIEmeTs ClSHerfleurss sevorLmluyb. GLOeYILD
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1. GlFsueumig &LpGleuerfluiled) (mb gl alessrGleusls @, GCleusNCwnlw “ gy efs
HlemwiagsT ' (Volatiles) @upliumey CuimHe &mev GBHL umhiyse.
318 GlFsueuruilest GLpleuerfl sursurm smmud, SmevbBleney , &lyeu B,
Camerflest (glg sumr&FlliLg seoTemio (Planetary Habitability)

SpEWeumMenm eNeT&HELTS HM6UG).

2. QFeusumiiss Gamerflest GLO6V O6BITLEY 6UMWF (FHLDGl6usTlullsor (Upper Atmo-
sphere) MGLTenSW HlevenLd, LileTesflwey Camerrd (lonosphere) , WMHMILD
LflSI0 HuisyiLesT Seummlest @uissLUTL(h) Cmge ellemers] s&emer (In-

teractions with Solar Wind) 2_sref\& smesorL &|.
3. eflesorGleuefls s AW b wsesflas (lons) WHMID
(PLEES6T (Neutrals) oy Slwemeu HLILNG ClF6v6U60SH 8 SesoTLMl6UG).
4. smev CIBHIGeU @LPLIL euFeVTHEnMEF ClFTEVEY|LD

eumw&&erflest hlemevwimest 678 epevmIG6ITieT 6ig856m&8 (Ratio of Stable Iso-

topes) &mevoTLl &).
Guoeuest ellevsremiemailuiley SeMmOLILITEGLD CBTLILS & (&S &6iT

GClgsueumiss Gamensm evoTigll Gosuest elletorstmemell 6T 2 HGIS
HenesoTaene (Thruster Boosters) @ uig&lg GlgFeusumuiest FFLIL| LD6BITL 608160
F&&) (p56016v Heraul L e55lullev &mm oy TLIE GW. Seuellsb &HmIb Curg)
beTeulL & Tmig&seT 90 em6ey ((GLemL ) 3870 enwev (CIBLemL YT )
Slemalley sL(HUMLTSl Y uleysd SlLLmsensT Hl&NsSsH U ToN&@EW. (sulL
635196 GIBHLEDOL Y TPLD, (GHLEML TP FLowmestened). HLIGLITE] Gosuest
eflesoTetn) 6l GlFsleUTLS SH6mSHSHI8E, 80 M6V 2 WFSHSH6V SHesoflbg sH)
GCumaer euml ISHfleemensd CFTH &HEHW. HSHHIL6T ClFeUUTILS SH6TEHSH60
26aTITHg| CIFEVEYILD &6 EUTHMISEHLETT CISTLIL G\&meTemeyb eugs Clawiw
LbIb. mrem (perGestallw @esor(h) 6levorsmn)|emal&elT (Mars Reconnaissance

Orbiter - Mars Odyssey Spacecraft) G&TLIHG &OM) 6umHelesTmest!
Siemeu @yesoT(Hid @6tTenId GIHTLIHG Lol Qsuig CFbBImes Gamerflesr
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atmospheric abundances
measured by SAM
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Mars Atmospheric Gases

The graph below shows the percentage abundance of five
gases in the atmosphere of Mars, as measured by the
Quadrupole Mass Spectrometer instrument of the Sample
Analysis at Mars instrument suite on NASA's Mars rover in
October 2012.
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Mars Kasei Valles Perspective View

The floodwaters of Mars
June 7,2013

This mosaic, which features the spectacular
Kasei Valles, comprises 67 images taken with
the High Resolution Stereo Camera on ESA's
Mars Express. The mosaic spans 987 km
north-south (19-36N) and 1550 km east-west
(280-310E).

Copyright ESAIDLRIFU Berlin (G. Neukum).
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“semellwey @ rFmweT&Hend  (Geochemistry) QLTmLIBHG) Gl&mevsT(h) 61(H&60TM60T.
HEMEIGET6L 26arfheg| ClF6VeYID euWSTesT @\T6sor(h SHemeyemallseT LmmILD
gliLIS S0 @Ml colTssflEen Hemaemall (Land Rovers :Spirit - Opportunity, Later
Phoenix Lander) o1& €Lp65TM)| H6ITEF FM&H6sTRIS6T Liessi L flHg) e (mHelesTmenr.

HHWHTE “Clgeusumis elEhEhmers S el (Mars Science Laboratory
MSL) eteoTliLI(hID H(HISOST(H Hemeemall @\Gi6Uen] @6V6VMTEH LSS LIS,
HILLS &(HeN&EHL6T 2 evallLLll GUTSImg) ! Seummlev Glasueuruis Gamerfley
Bl BHSISET TS SGSleTer  Gpoleustl Hlemev GletTeniid
@QMSBEDMST GleussiTm| YLPWTULI 2 6TeD  &H(HONSEHL HeMESLIL(HILD.
S1H5gILesT Geusst ellessrernismall Si(hSHH FET AHen |l GumEL” eraGenm
- M6y 6UMSesTHGIL60T |, (ExoMars Rover) G&mTLIL Gl&mMemEHLD eugFSHluyb
GCluM M) (&5 (S)LD.

Guoeuest ellevsremiemailuilev 2 6irem &(hHeNl&siT

GLoeustt Clgsueumis Camerflest GLm& 6T eurw|& G Lpblensv ummlub LIf&Ib
6J& D L|W6V IH6060TE ST G LITHILILSHEMETWLD QY TTULD. 65T &(hHeI6T
ClaF6u6UmUIN6DT 6UITWL LO6BITL6VE 60T 6UMULSE6IT, LIflSlullest Ljwev eiFar, Sjwesfls
GsmerLd (lonosphere) gy &lWiLMEnM 46T HSH M) 619185 (S)LD.

Goeusett aflevorem)|srafluiley 2 eirem (&Hw S(medlsEe :

1. (Particles - Field Package PAF) - &|&6T&61T, &MH&HE SH6ITLD B6TLILIG).

2. (Solar Wind Electron AnalyserSWEA) - uifl§luflest Luwiev uwiesfles Casmerrid
6TGl6VE LY ITITEOT S 6M6TT H6ITLILIS|.

3. (Solar Wind lonAnalysersWIA) - Lfl§luflest Luwisy, &MHEHS H6T&H SH6UFLD,
Sjwirestaerflest ST, CoussHend S6TLILIS)|.

4. (Suprathermal - Thermal lonComposition STATIC) - &LIL9& Glgsusyid LB1& F& &)

CleuLILl &8 SIWITESTEHEN6T S 6MLILIGI.

5. (Solar Energetic Particle SEP) - Lifl&lullest 697 &8558 &5 6T&H6T ClFeLeumiis

GamelT CLMSET 6UITL| LOESITLEVENSHS ST ellensmud LITELIL|SHEen6T
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June 7,2013
Mars Kasei Valles Perspective View

These images, taken by the High Resolution Stereo
Camera (HRSC) on board ESA's Mars Express
spacecraft, show the region of Kasei Valles, one of
the biggest outflow channel systems on Mars. Kasel
is the Japanese word for the planet Mars.

Copyright ESAIDLRIFU Berlin (G. Neukum).
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SleTLLg).

6. (Lagmuir Probe - Waves LPW) - gjwesfles Gamemgdler LiessTUTL60LE
Srmesfle@. sULNE ClFsvanib wieslserfleT Senevs GLT&HSWD, 6umw
L6vaTL 6V S160 LIflSludlest el LimeusT SlessfliiL. (Solar EUV Input to Atmo-
sphere)

7. (Magetometer MAG) - oi&levmessrLLi LIFISIL Ljuisv - Sjwiesils Camer sMhes
HETSHE0SH 6TLILIGI.

8. (Remote Sensing Package RS) - Q& memn6v 2 65077618 &(HeWl& Cl&m(&LIL.

9. (Imaging Ultraviolet Spectrometer IUVS) - Gom&er - gjwssfles Camer GlumgiL
LI6BoTLIT(h) S{6TLILIG).

10. (Natural Gas - lon Mass Spectrometer NGIMS) - ojwiesf1&61T, Gleuliu (L& a6iT
SLEIWMMI6ST F&HEPMRISET LMHMILD S{6UMM)6IT 2_6T6ML&HES &60fIL0MmIGHen6T
Sj6mLiLg). Measures the Composition & Isotopes of Thermal Neutrals - lons).

MARS CLIMATE ORBITER
A MISSION TO STUDY THE ATMOSPHERE AND CLIMATE

MGk GAR ANTERAA

| -

VG (MR .:"T.': TEs
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WS (PSH6L GlFeueumiis Gamerflesr smeublemev SimjleilLiLy!

coliesfl&Ben HemeysmaluNey eMSELILIL(H6TeT HesTLTeNl6T &mevhlenev
SINNS@GHL FTHESTD H60TGH| (PHV AHMladlliemu CleuefluiiLgl. Herajereal
LD 6n6USHS 6o(Ih 6wl CHTSSHIME6T SibHS 2 LIST6erThIS6T @Iuims Lisluflesr
eflesorasLILIeY YL & HTmSed(HHEH enesT JeILLLLLLE. SDEUTE)
CaTLIHG &Teublensy HMleTliLssT L&leums) a(hH&leTment. WSV 18 Lessf]
Crrs srevssler Simlalliey :

« 6umerTd GleumienwWINg @ MBS AHHSHSHS STHM| Hrenw (Humidity)
Cerglsslu (.

© (BMHS Hleney 2 aikevorDd : -80 g&lifl ClFeverSlwen (-112 L&V STesoriy
2 && [hlen6v 2 61%680TLD - 30 1g&lifl Glgsverilwery (-22 F)

« FrmEfl UMy S(PSSLD 8.55 LlevedlLm. (LUWIuflesT &LM&6T (DS5SHSH 5160
100 @60 1 UMSLD)

« sTmm| Geussd : 13 mph (20 km/h) euL GM (&S SHlenr g CHTEEHI.

COMPARISON MARS

YEAR
E50Daye 886 Days
{667 Sols)
GRAVITY

J8% of earth

SUNLIGHT
44% of sarth

ATMOSPHERE
1013mb Total 7.6 mb
000035 COp 0.45
o0.7at Ma 0.027
oo 0z 0.0013
Oto0M  H:0 0 1o 000021
0.00%3 Ar 0.018

colfevfl&610 GleFeueumILI LIWLISBDTLD gR(Th LB6IT eT(p& &S L Lb !

www.Kaniyam.com 60 FreeTamilEbooks.com



S46v0TLGl6uerflLI LIWI6BoT RIS 6T &.OuILImy&6oT

Clgsueumuiss GCamerflev  elletoTermemallHEM6T  HISTY)|SHHLOMS  @QME (& 6L
eT6OTLIG| @Iomevws FFmhiseT efliug] | @smE ety HenLw Liev
Claeueuml 6916vsT600)|6M6NSH6TT LiWIsToTSHS60T @emLuilGev LI(PSHTHS S Lhig6T
BTET6& &) ClIL(HSS H1S) ellenTwsHems gL (hig et ! 1960 @16V TaRWIT (P&H6sT
P&V GleusH S LMMID BTET CSTLIHS Clesueumiis CameT LIwessTmI&S6T 50%
G msuall (pmladlev (50%Failure Rate) LIT&&&LILIL L9 (& HlesTM6DT. HI6VEOIWILDTSHE
Clgmestesrmey 15 Glgsueumius Gamem LwestTs SHlLLmigeflev 5 SHlLmigsGsr
@ gleusny Gleum) JemLbHGleTemssT ! HHELITeNSWCleUMMISFLOTET colI6vfl&H 6
serejereils HLLD QBME ety gnulL @b GCamevelserl 65(HHa)
LBetorOIL (B &I LSHSHIUINT Clumm Lisnpwl L GLo!

1999 oy 1d 2 600TI960 Si96lWI(hSHS "ClEFsueumiis smeublensy allstorsom|emed
(Mars Climate Orbiter) QuUIrMUNWSEGHHBT YPmISleV GILLKE j6eTenoussiflsv
GLpLLILTEl eflesoraliLiey BaFad gouml(hl Nempwimey (Spaceship Naviga-

tionalError duetoBritish-Metric UnitsMix up) Gl&susumiiig Gasmerflev Goms)

wMlnhg GumeTgl ! SIbH&HSHIF Flev LGRS e LN “ClEFsueums
&lmeu 2 emell” (Mars Polar Lander) Glgsueuriis Gsmerflest Glgetr &i(HouSSH60
&resermoey Gumengl | HHS AHeWILILIS SWITTES @(HHS “ClFeusurut 2001
gemeyemallg (Mars Surveyor 2001 Lander) SILLLD (P6oTL FMULL (LPMI6&6ITTEL
emsellLl ulLg | @uUuGumgl GlFeusumiis GCosmefley LD eneuSHGI6T6r
ocolevflEs6My Hemayerall (et @PH&I CuTesT GlEFsueumils Hi(HeU 2 6mallenul
@55 @QITLenL elletorermemell ullesT FTHEUTERI  HenemTud, HIMSSLILILL
GClgsueums 2001 semeyemelld &srgeTmsensTud LweTU(hsSH @uGurs)
@QumGEImgI. Sy s (PHH (PLESHW FTH6THRIGN6T  LBessr(Hlb
SINDSHG| 2 600TLMSESL LILLSST6V solSesflg&en’ (Phoenix) eteoTm| @SS LLD

QUi Lg)
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Mars Exploration

Common

Purpose  Primary Goals Resulting Knowledge

Understand the Potential
for Life
Elsewhere in the Universe

Understand the Relationship
to Earth's Climate Change
Processes

Understand the Solid Planet:
How It Evolvedand Iis
Resources lor Future Explortion

[ THE ATMOSPHERE & CLIMATE OF MARS ]

WEATHER ITEITEME ﬁ'fm

[Wiste Sunmot " Mars Differs froar Earth:

Mo Crvans Laber, Rrvews or Ram |

Bygger Topgrapdy o5, Tharses Vokmsoes)
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3. @&flw wewr_evdhHGsv WHLIGLUGMID GCrdkHsv G

GFsueuTiics Camatlsv awevrBIMgry !

[BL{BHemry : 3)

FAsteroid Forpact Dawid A, cHawdy
(P ETGETEaT STESHD

LIfl&) essTL6V&H S 60T

Cuflu 58 G s G @ (HULS
Clgsueumiss GamerflGeov!
(WPresoTGameTaseT GmdlL LMLy
3IT630T (5L 6T 4,8 &) W|6TermenT!
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SThHg| CumesTg)

6UITW LD6BOTL6VLD eumMlLs Guimul !
&|(HeUSSH6V FTLD (& 6TflTHe Li6sf] LDessTL VLML
Ligbs 8!

DL BB @5 HTevsHe
SHMIW SLMHISET 2 mICsH

Qs uwg!

(pyeset Ga&mlemmesTm)| SmESH
GLM&6ITL L& OLILDTU

CuHe 5755

e LGestm myeny LN ymevsflaer GLmey
&600TL GILIM(LDE6L LDIgIHG)|

Lo6of18 @) 6TTRISET Ljen&hgl CLITE6umLD!
UBIU Ug Qevtraigser

HeNuNGev NM (5,

aflgeNgLmuiig C&HmesTmevmLD!

An asteroid that struck the Earth 63 million years ago wiped out the
dinosaurs and 70 per cent of the species then living on the planet. The
destruction of the Tunguska region of Siberia in June 1908 . whose
centenary was marked this year - is known to have been caused by the
impact of a large extraterrestrial object.
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BTRIGET @eTenID “&HTSH SHTEHEGHS GamiumsnL (Giant& Impact Hypoth-
esis) HlemLIES 69606m60 . Y ETTTEL BB lHlemwl efleTs @& Hlenevenul
CpMHmIS eubgl eNLGLMD. Glasueuriis Gamefleor Ul LGS uN6v &My
40% uglueTensusd e Clumflumeden” LeTersHHMS@E (Borealis Basin)
&l essTLeVD 2 (Heum@G Curgl ¢ OUHL STEHEGEHSH60160 2 6toTLTE
L) FlW6iermrgy | LieTemg &lest aflLL LD 5300 6mLo6v (8500 &.16 )... @LIGLITE| 18607
Si6Ten6Us SHetTHSILL CUTEH| SLULGSH WS STHESIW Si6toTLSelesr 69 LLD
&Ly 1200 6mL06V 6TedTLIS| GISHSIMG| | STESHIW HHS Si6voTLLD Lj(6THCLTell6sT
AflLLEmS @555!

OGNl sy etTigemeiv ametteorm (Jeffrey Andrews& Hanna, MIT Researcher,
Cambridge, USA)

“Glgsueumuilert euL L@&S &L LeTemd SHesoT(hlgliL| Ww&&HSHTesT CHITT
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2 (HEUMSHS PLPEVSHSIM (S L (HLD6V6VTE| LLLOIUN 6T Y H&H TV CHTMHME SN S WLD
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Clw&Cssy  Guowy, mreTellstr OGFsueumils LGS 6T Henevenlo
el ep(epmevf]

"'BL&EHS C1&HFlwMey s6fihe (HEE WD eumssfley LhlTsemer 2ar(himiels
oot (HUly&Hes ClFeusumils Gsmersmes allesrGleuerl &l (shEhTesilssEHE S,
2 sl flws Falguwig)

Cigrammesreivy GlaLiemy (German Astronomer Johannes Kepler) (1571-1630)

esflgesfleor Fiflw LiessTessT emLOLILIS (&T6u&serflev (Symphony of Voices) &iTev
CIBYSHGIUSens (Eternity of Time) ep(h Lo6ssil Bi6T6 8 GHLD (GHenMeuTsL LimgeadlL
(Plpwb! HUICUITH| 2 65TETSHE &6M6V(SHEBTITENT HL66I6T emss L1198 SeifllienL
BITLD Feneus gL (Plgu|L.

Cigrammesreivy GlaLiemy

"Bers Coles GlEsy’ eTeiTLg| SLHS LISHSTesoT(hH&Hemmil Cl&FmeveuLiLi(hd
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Maunder Crater, Mars

www.Kaniyam.com

This image shows the siriking Maunder crater located in the region of
HNoachis Terra on Mars. The High Resolution Stereo Camera (HRSC) on
ESA’s Mars Express took pictures of this region on November 29 and
December 14, 2005. Named after British astronomer Edward W. Maunder,
the crater is located halbway between Argyre Planifia and Hellas Planitia
on the southern Highlands of Mars. With a diameter of 90 kilometres and
a depth of nearly 900 metres, the crater is not one of the largest impact
craters on Mars, but it was much deeper in the past. It has since been
filled partially with large amounts of material. The perspective view
shown here has been calculated from the digital terrain model derived
from the camera's stereo channels.

Image Creditz ESADLR/FU Berlin {G. Neukum)
Color/contrast adjustments by requlus?007.
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Brgmeller Glasusumil WHSITD | ClFeusumiis Cameflssr er&lfasmens CHL6L
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Clgsueumiss Camerfley 2 6TeTg| 6T6dTM| BHTMHIGET 6TessTern)|SICMTD. Y 60TV
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glettesiley HHLD LetllESLIU|D Y T&ETEsT PEVSHSFAMIGHNETE Flen s s &L
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efl6veSlwib LiruSlesrLssr, [William Boynton] esfléseiv g mlLiLisssfl e9épspmesf],
GupmHiflwy, HAGCEVTETIT LIL&HENEVE SHLOSLD.

"soliesl1&B60 Hemajemallenw en|lillujeTerdlet &M CHTHsD @)gISHmest

H(HETENg| 6T60TM| FMHEGHmMW 2 MISullev MBS (HHEGW ClFeusumIS
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&Oml 6L  eNlesoTesn)|emell&EeT epeVLTS @MmE CeustiTigll HeTSHmS
HIETD)|SHSHLOME , N6MTHSHMSHES SHTLlg UGG C1&F.15. 360608 HSHM G (GHOMHS
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Mars Appearance If Water Existed

This is a picture of what many scientist < PLURALIZE> and researchers
believe Mars would look like today if it still had its massive water still
present

Mars Was Once All Wet
Date: 11.29.2001

Thig is a composite image illustrating what Mars would look like today if
it still had the massive amount of water researchers believe was present
at its formation. If the primordial Martian ocean still existed, it would
cover large areas of the planet, represented by the blue regions.

Although Mars is now very dry, scientists observing the Martian
atmosphere with NASA's Far Ultraviolet Spectroscopic Explorer (FUSE)
spacecraft, combinad with other research, estimate that Mars could have
been born with more water in proportion to its mass than the Earth. If the
initial quantity of water on Mars could have been evenly distributed
across the planet somehow, it would have been equivalent to a global
Martian ocean at least three-guarters of a mile (1.25 kilometers) deep.
This is 1.3 times more water per mass than the Earth.

The image was made by taking the estimated ancient Martian water
supply and calculating how extensive the coverage would be if it were in
the form of an ocean that could flood the low-lying regions on Mars
today. An elevation map of the Martian landscape was created from a
topographic survey by NASALs Mars Global Surveyor (MGS) spacecraft,
and a computer artist filled in the ancient Martian ocean. Note that the
ocean covers much of the northern hemisphere of Mars, which is a vast
basin according to the MGS survey.

IMAGE CREDIT: NASA/Greg Shirah

hitp:/fwwnw.gsic.nasa.govito pstong20011129marswet. hitml
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SLLSH6L LIt lES L1986 L|en&HHSI6T6IT60T 6T6TLISM (&) FLOSHenS 6UHS6T6mS).
glettesiley 2 uNgerTs CaHTMMEHHISHEGHW (GHGUINHLILSE @G HBFEUST HemLoLIL]
5168 @)6oTMIWIEHOWITSHS| 6T60TLIS| LIVTS| &(HSHSI.

LT&LIT LMD énLi& [Dr. Tom Pike] dolTeufl&s6iv (g mlLiLiessil efgpspmesfl, [Imperial
College, London, UK]

Higher elevations .

Lower elevations

New analysis of Mars’ terrain using NASA spacecraft observations reveals
what appears to he hy far the largest impact crater ever found in the
solar system.

NASA's Mars Reconnaissance Orbiter and Mars Global Surveyor have
provided detailed information about the elevations and gravity of the Red
Planet’s northern and southern hemispheres. A new study using this
information may solve one of the biggest remaining mysteries in the
solar system: why does Mars have two strikingly different kinds of terrain
in its northern and southern hemispheres ?

These two views of Mars show the smooth, low-lying northern
hemisphere basin on Mars.

Image credit: NASA/IPL

uifl&) wevarLevs S5 Gev LilsL1 ClLIFIw D& TLI LieiTed s6vor(h) LNigLiL!

mreTellesr ellessraLiLIcvgsmTerT “GClFeueuml eSlessresmiemedl &mmluyd”, "
S1&levGleuefls semeysralluyb “ (Mars Reconnais sance Orbiter - Global Surveyor)
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glbuSS v flhs Hem g uieyseflest CuTg @ flw wessTLeusH S Cev @\ gI6u6mnT
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L&ley GlEFuwgeeT. @bHs eLTmIGSen6TL LiwesTL(h &) 6191(6h(6hTesfl &6 62 LW
ey Uiflbgl & flw wesstLevgSletT 6o(h ClLHD YHlenrs Sisslt Gumslmmy
I y&lgs Csserall eretreor?  Glgsueumus Gsmerflev GlUflsmigs GlgiflujwbLig
CoumiulLL emalwey LessTUM(h&(EhHLEST 66T eULL|MD STPHEID Cl&HesTLMLD
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1970 sy evor(hserfley BrETallesT eneusiSIm  aletoraMMISHET  Sfen)LILTwl
LsuGeum| @rlemL (P& GClamessTL GlEFsusUmils 6Ll LILGIG6T [BIET
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SLPIUIN6sT &6V 5300 6MLD6L (8500 &).LO)! B HETE (GO 2 650TLTE S W
SI600TL &S\ 60T S

&My 1200 emwev (2000 &lB) @ EHSH (HEHS Geustor(Hb  eTedTM)
6 (6h(6pTesll &6 (PSHE016L &H6sflSHGHI6TeT Ty | HTEHSIW HevoTLLD LiEThGELTadlesT
flLL ojeTenel @&55HFHI.  UsTemrsHHler &rl urly wyCrFlum sevsrLLd
SLeSHCredlwm HevoTLd @ FevorenLwld CFISHE Siemey Gluflug ereTm)
UUTES CHTeHsLILHSIDG! ClFeusumis Camemg &6 eumw LD6BsTL6VLD @) (HHS
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Mar's Impact Crater:
The Largest in Solar System
Sparks Intense Scientific Interest

Recent analysis of the Red Planet's terrain using NASA's Mars
Reconnaissance Orbiter and Global Surveyor spacecrafi observations
ravealed what appeared to be by far the largest impact crater ever found
in the solar system.

NASA's Viking orbiters observed in the 1970s that the bottom two-thirds of
Mars was about two miles higher in altitude than its top third. Planetary
scientists have since bandied about two hypotheses to explain the
dichotomy: either some odd internal dynamics of Mars generated a
thicker planetary crust in the south, or the northern surface was blown
away by a mega-meteor impact.

www.Kaniyam.d@y#h's Mars Reconnaissance Orbifét and Mars Global SurveyoFneel amilEbooks.com
provided detailed information about the elevations and gravity of the Red
Planet’s northern and southern hemispheres. A new study using this
information may solve one of the biggest remaining mysteries in the
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HTEVHSI60 BFLOWID UTEHISTESESL LULH ublursmers GLBluiley e(m smeusslev
&L6V GleusiTemid HITLIL u(HHS ST 61 (6 (6hT6sfl&6IT & (SIS MITFTEH6IT. (FLpeUmuy
LO6TOTL6VLD @IPSSULLL M@ &Lev GleueTemd oy eNwmsGeur 9isvevg)
LI6Tem&&19ull6v Liesf] oessTLeuml 2 emmbGHT CUT @) (HE&E6VTD 6T6sTMID
oarlssLUHSE DG

The prehistoric Chicxulub crater left by an asteroid collision in Mexico's
Yucatan Peninsula could yield clues about what Mars was like billions of
years ago, according to NASA planetary geologist Adriana Ocampo, who
is studying buried deep under southeastern Mexico for hints about what
impact craters can reveal about planet formation. Her work could shed
light on a giant crater on the surface of Mars the largest in the Solar
System- that was created by an impact from an object the size of Pluto.

ClFsusumILI LTSTeTL LisTemSSl6or LiesorLm (b &s6iT!
LiflE)  evTLevSSIGev  SELD  EULPEULPLILITETT  SHemhg6Ilen  6e6oTMmul
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@ resoTLITeUG)| 6usmeTeums (Secondary Outer Ring for the Giant Basins) epestmiLd
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Arizona Crater, USA

Meteor Crater is 8 meteorite impact crater located approximately 43
miles (59 km) east of Flagstafl, near Winslow in the northern Arizona
desert of the United States. The site was formerly known as the Canyon
Diablo Crater, and scientists generally refer to it as Barringer Crater in
honor of Daniel Barringer who was first to suggest that it was produced
by meteorite iImpact. The crater ks privately owned by the Barringer
family via their Barringer Crater Company.

The crater owners proclaim it to be “the first proven, best-preserved
meteorite crater on earth.”

Meteor Crater lies at an elevation of about 1740 m {5709 fi) above sea
level. It is about 1,200 m (4,000 fij in diameter, some 170 m deep 570 f),
and Is surrounded by a rfim that rises 45 m (150 fi) above the surrounding
plains. The center of the crater is filled with 210240 m 00500 f) of
ribible lying sbove crater bediock.
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Yucatan Peninsula
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Yucatan

Mexico Crater Chicxulub

in Yucatan

Two petroleum geophysicists finally found the crater in Mexico. The
geophysicists were Glen Penfield (from Houston) and Antonio Camargo
(Pemex). The crater site is near Chicxulub (“devil's tail” in Mayan) in the
Yucatan. I isa huge [100 miles (180 km) diameter] multiring crater,
buried under Teriary sediments.

The aftermath of the impact:

Everything not under cover dies -- the atmosphere heats to 2000 K

All vegetation ignites and burms in glohal fire storms

Mitric acid forms in the atmosphere and alters the ocean chemistry,
killing marine life

Dust clouds blanket the Earth for years - the temperature plunges to
below zero
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The North Polar Basin

Borealis Basin in Mars
180°

5

The Horth Polar Basin is the large blue low lying area at the top of this
topographical map. Its elliptical shape is partially obscured by volcanic
eruptions (red, center lefi),

The NHorth Polar Basin, or Borealis basin, is a large basin in the nonthern
hemisphere of Mars that covers 40% of the planet. It is named for the
Horth Polar Basin on Earth, due to its similar location. Chrysa Planitia,
the landing site of the Viking 1 lander, is a bay which empties into this
hasin,

One theory for the basin's low, flat and relatively crater-free topography
is that that the basin was formed by a single large impact. Two
simulations of a possible impact sketched a profile for the collision: low
velocity {6 - 10 km/s), oblique angle and diameter 1,600 - 2,700 km.
Topographical data from the Mars Global Surveyor are consistent with
the models and also suggests that the elliptical crater has axes of length
10,600 km and 8,500 km, centered on 67°N, 208°E, though this has been
partially obscured by later volcanic eruptions that created the Tharsis
bulge along its rim. There is evidence for a secondary rim as well.
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I 65 LBl6LEOIWI6HT 24,6807 (H & (ETHE (S, (P 60T CeDT 62(TH CILI(HLD (P TeseTCame &iflLwesT
6uem6T(§Lmall6v (Caribbean Sea or Gulf of Mexico)

aN(Whgl RF AH&TEF SGestmblemw (Huge Tsunamai) 2 esoTLTES @)(H&HS
Geuevor(HLd sT6oTM)| ET6T0TGl6U6TH O\ (6K (6 TEBII B 6T H(H IS MITT.

LLSlemws STeEGLD (PressTCasmeTTey LIMSILIL|&s6T CHmLom ?

uiflgl  wesoTLey  eugeumMMley  LSHITTHEsS  CoHmeTHensrs  SHTEHSIW
eNesoramaefler HLmEET CHMYsS HevoTHSl60 BLD&HE 6(EHEHTETS Hns
Clemevdlestmert | FT&HTessT e(h FM| C15TEneVCHTHE! VDTS HlevemerLl
LTTSHSTEV HTEGHE (SLI1&6T BTN uUN(HLILIENS S SITETITEVITLD. 6T LO63ITL VLD
@6veurs Hlevellest IGUN6Y FHLHSH SHLMIGET HLPIWITLDEY EUFEVTHENME FamiLd
Cumgl, LWOluleL LLL SLMISET Wmeyd STmmI, GleuliL, wemw, HOFTLLLD,
Lesfl g &lwensy &mev GleusTersHlev 2 gLl () Flemsey GlewwinlL 6ot
Lifl$)  essTLey  QYTL STeuSHEHl0  GUITeTey  6UlgeU(P6ITET  6191680T&H M &61T
SlevoTLE CoHmeTHEemensd STHHE Flengo sem GlFwigsr.  LNFLEhES S 6T
smevbleueflll LwetTSHHlL Flov HTEHEGHV&ET LB&EGHL CurHysflassners
Q&M (h&Gl6TemsoT.

6518160601 WI6ST Y 60T (HSBETHE (S (P6ITL| M6V  &HEV(P6ITem  K-T  eT6sTm)
CuwflLiu’ L e wressr Gasmer  (Asteroid) Gl&evGamellesr wjSLTesT
SeusmLEHSHev (Yucatan Peninsula) eN(WheHG. HHS HSTEF L LSH60
"sesTmL W6V’ (Firestorm) eT(pbgl SHows GLienusgssT Guremallsy 2 6soTLmudl6or.
Siemeu LBessT(HD L SH6TEHmS5SH GISTL(H S&&T(h&6r6v GClL(HLD Ljsn&s L6BoTL6VLD
&lembL9l Liev 2 WfleaTrRiGeT ep&a (PLiys ClFss e | 2 smyswroms 1908 @6y
engSflumellsy goOULL Luwev GleuigliNeéy 1300 &5IT 6nL6L&6ITI60 2 6iTem 60
L516L6SIWI6ET LOTRIGET 69)(LPIH&6TT | QLM 6DV H&HEV(LPETEIT 62(Th 619163sTLITEmM
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Artist's concept of Mars Reconnaissance Orbiter.
(Credit: NASA/JPL)

New analysis of Mars' terrain using NASA spacecraft observations reveals
what appears to be by far the largest impact crater ever found in the
solar system.

NASA's Mars Reconnaissance Orbiter and Mars Global Surveyor have
provided detailed information about the elevations and gravity of the Red
Planet's northem and southern hemispheres. A new study using this
information may solve one of the biggest remaining mysteries in the
solar system: Why does Mars have two strikingly different kinds of terrain
in its northern and southern hemispheres? The huge crater is creating
intense scientific interest.
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llustration credit: Lisa Frattare (STScl)

This is a picture of a map of Mars that shows alot of the main features
like the north and south polar caps and also the huge craters on Mars.
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LTEILI(HLD BT 6MWSHSH GV eI (LPIHSTEV 6T6TETT 518 (YLD 6T60TLIENSHSE &M LIEH 60T
ClFww @uisurg)!

SiiflGerumesrailev (W yetoTGaHTeT gRedTM 2 evoTL TS EIW GlLI(THkG LI

50,000 4,605T(H&(EHEE (LT H6IwIfl&asmallest iflGevmestmLl LiGglullev
R SiFHl6vs G 6sor(h) eSB! (M ClLHRIGWPlenW 2 65TLT&HS @QUINens &6sT
FHTHILSSW & 6U6V6VENN WS STLIYUNHESIDG ! Si&T allessrasvedlest
eTemL 300,000 L6oT 6T6sTMID, 4G 09 (WPHeH Cumgl Geusd 28,600 LeSLl erestmiLd
sevofl&asl UL (heTerg) ! Glu@mmi@Llullest a9l LLD 4000 g (1200 LBLI), SyLpLD
570 19 (750 319 ?) (170 - 225? LBLT) eT60TMID C1HMSHS LITEDM 6T H607 8 (S, GLO6V
150 99 2 WD GeNbglsiTeme srestmid HPIWLLGHIEDG | GLPlenbwisslev
700-800 9jlg 2 wWFHSH6L &MHLTENMS GlevoT(hasT HIFbLNuysiTemest | allessrasv
NWHs BTHES S TEH @ esoTLeny (2.5) GI&STLET 196lWI6iTly 6Nl e6sT
Sim)|(&6oor(h Cleulglil] F&H GlemeseTLg| sTedTm)| SH6vorsH&SILL UL (hsiTerg) !
SiDreug)|

amGrmaglor mBreasTéaslulley CUTLL  emm)|GesThisemsr  afll 150
LLEIEG ST Gleuylil 655 OsmerLgyl. AS5DE Gwev (GHLp6leustl g
STHE W NS TEFF] QLMMEL 6.5 GCILSTLEIT 616) 6 &TEBITL S| 6T60TMLD &H650TEEIL LI
ULy (HSSIMSI!
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Hubble Telescope Images
of Mars

HST « WFPC2

1ce Institute)

Spacecraft exploration of Mars began in 1965, and the 22 images sent
hack to Earth by Mariner 4 put any thoughts of civilizations with
extensive canals to rest. Instead, the images showed a barren planet
‘with an abundance of impact craters:

www.Kaniyam.com 83 FreeTamilEbooks.com



S|6v0TLGleusrflL LILIesoTmIg 6T &.ClwiLmy&est

4. GFsueuTild HeNTHHen (1PpHev CFTHeneNTF
(GFIDLD6TTENN6L LIGBHBHITL 6ML b eI

Sol160lldbe10  HeeermeN

[BL({Henr: 4]

(sg®stt 5, 2008)
ClFeueumilg &6mg S Gev
ClEmBlM WestTerm 8 SlguilGsv
&600T600)|85 (5 S Cl&fl&EIM&| emeurd GLimey
GleussoressflmLt Lissflg &) 6vor(h)!
"Lesfl& LIgr & SHerLD ' 6T60T60)|LD
Lesf & &6 55
ool6sf1&610 (LP&H S Ted)
LTLUILNU6TeT S| LTS hISen6T!
GamLmest Gy oy,600T(h) & (8) (60T
PlW SpHM] CleusTers Sleor
269 LighgleTersm? Lsslggiet(h) GeTbs Brm? et
ULl Siflujid
6UITW]6uIT?
6UL &|(HeuLl ussfliumenmuiesr
SLLOM? GG TLFeur?
Cl& 60T &I(HUSHSH Gev
Comidl 2 enmbhs SevoTeso! [T?
2 u9\iy [R|600T650T 65)| & 85 61fl 65T
LLTeug Q1&6v &hHaH )
SlyevorL Lissfl&ssLlg 3iguGev
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Mars Surface Sample Taken
By : Phoenix

This image from the robol arm camera shows material
from the martian surface captured during the first test dig
and dump on June 1. Scientists speculate that the white
patches on the right side of the image could possibly be
ice or salts that precipitated into the soil. Credit:
NASA~sJPL-CahlechsUniversity of ArizonasMax Planck
Institute
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2 MmI&IS Glamesor(h

D 6ITETSHT?

aflflenwid SMHE 6L68sT60TLD

enp&H 518 Gl mesor(h)

D 6IT6TST?

"'BL&ES C\5FWMy el (HEEGW eumesfley LhrsensT 26r(h(hHads

seooT(Hly&Hes GlFeusumils Gsmersmes allevsrGleuerf]l el (shEhTesil&EHE S,
2 56 yflwe Falguwig)”

GClgrammerey GlsLiem [German Astronomer Johannes Kepler]

"@eTmISTET  coliesllGeny  Hemeyemall GlFeueumls SHETHSHIETT  (PSH6V
GClgwessr WTHflenw rHSHHIL LLD NN SHH6UD HlemLGHGI6T6TS).
SIHGIL 6T HemeemelluNest 6(h LITHLD 3 Silg L (P6ITET 6@(1h Li6sll&H&6md g
SILFhHEleTeNg| | Siliussfllgserid 30, 40 9evevg 50 ClF. LY. QD eusnys
ClF6LEVEVITID. HHM (G SHCHES SHlgesT GouemevasT GClFWIW Ceu6ToTIg WIS (HE (&)LD.
@uGurg sereystalluflest £GP 2 6iTem LelISHHLEML @evE&HouUTs OlH(HHRIS
(Pl W|LD 6T60TLIENS SIMHG) GlasmesorGLTD.”’

L7 6L S, colenfl&6iv LNTSHL0 Y uIeumerT, HIfICENTEITIT LIS ENEVE SHLOELD.
[e0©6tr 2, 2008]

"@\H H(HHGH MNETHSD TRIGETILD 2 6T6Mg|. BAMIGT UTTSHS(HSHELD
(LesflBaLly) seetTm| GlEWWesTTen6TTE CHFHEH seLlly all(Hib Glsssfaglwn
6N6VcoGLIL 316V6V8) L6t l&HSH6mD & (HHGI Cleully sTHl&BSLUILLL BI&HSLIgWITES
@m&s Geustor(hd.  @6eTenID 6uetoTEsOTS &H6voflli (Colour Data) Guimestm
eflensrey @QeV&ESHHmMEF (Data) CariHsl @\(H H(HSHHISHN6T Y TTUIGaUTLD.
BTRISET YLPHG| Hetoflggl6emerLiy gl HILLesls sLlguwimeTmey, &Lp6leuer
SLNBT Lss TSI Lghg)l 318 @ eTenib e6lfl 65& 10 | Gy semsélev epestm)
r&lflesenst er(h& S| epsTm| 6958 &(Hallsermev Camdlsasl GuTSGmmD."’

Cr oyjelliglereit HienewT QPUIUTETT UTOSIBILET LIVSHEN6VE &HLPSHLD
GlerouNedrL suruiieiv
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MARS WEATHER REPORT - SOL 4

J

-30°C/-22 °F

Increasing dust activity |

PRESSURE: ey

8.5 millibars / 0.1 psi

WIND:

No wind measurements today
VISIBILITY:

Decreasing (Optical depth ~0.7)

The weather, as taken by the Canadian meteorological station, at
the Phoenix landing zite on Sol 4 was sunny with increasing dust,
and therefore decreased wisibility. Temperatures ranged from a high
of minus 30 degreez Celsiuz (minuz 22 degreez Fahrenheit) and a
low of minuz 80 (minuz 112 degreez Fahrenheit). No wind
meazurements were available for Sol 4.

NASA/JPL-Caltech/University of Arizona/Canadian Space Agency
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eT(hassLuL(heTer Lssflsglest(h HFsmest stestml HlEFWLILIHSS @)6T60)ILD
Flov eUMIRIGET Y &H6VMD.  FeoflsElpend mGwL 31, 20088 oeTm T(HHS
QB (HES 6L6ETITETOTLI LILMRISEIT PLP6VLD NG| [HTSIT60T 6T65TM)] 62(THEUMM)| FaMEVITLD.

ammrysivL 2 Geu Gl&sveuiy (Horst Uwe Keller, RoboticArm Camera Scientist). [May
31 2008]

""solSesflB 600 Hemeysallemit en)|LINweTemdlest HM) CHTESLD @)&ISmeoT :
H(H6ITETS] 6T6dTM)| FMEGMMW 2 MISIUIev MBS (HEEGHW ClFeusuTLsS S
HETHM5HS GCoHmesorly SiMleugl. HMHGLTE GlFsueumis Gamemer &mmlel(hHLd
eflesoTetn) 6mal&6T  eeVLOTS @IMMmIs GouestTigl HEMHENSH MHITH)|SHHLOTS |

aNeTH&HLMSHS STl LI5S O1&.15.

SIVVG ASDGLD GHODHS WSSV Lell&ESHL19EH6T LienSheleTemeot
TETUSM (G F&EMS 6UbHGI6Teng. 66leTesfley 2 ulyerrd CHTMHME S8 S0
SLpuUN(HLILSESLD BreueT SemwLiL WBl&Hs @ermlwenwmsg.”

LT&LT LMD enus mFemr. Tom Pike] solfesfl&ev @mlliLiewfl 6 ¢pspmenfl,
[Imperial College, London, UK]

"ClEFeusumilg Gomer wesorM Lihlenssuiley [Sand Dunes) uUeslSSITL(H
LFeN& SHL& @ FrerTm| HlenLHSH(HESHTME]. L6vThH &HLllgsHenensd CFI&HS)
M6USS(HLILG| B 6TedTLS| 6T6esTsH| WLHLD. T FHmevd GlaFsueumill Liwliess
LMHST KenPLLSNDE HmS 2Feueyb, 6fFsESHeEGLH LweTUbhSSHe|w0
WP Clest HlenerHECmesT. H&TSH Gsllwevmest &lev wesom Li(hengsullev
50% Byem @ (HLLSTS ClFeusumilg SerLiuessriwey gmestemms (Topgraph-
ical Evi dence) &mesor&slGmesr.  Glgsusumuiley Glupeumflwimest By GleueTsrrd

&L &S&H6VMLD 6T6sTM)| HIT6sT ClFmevsvaIlcvEm6L!

ety &messtLULTS flLeSHlev Ldlars BiflpLugl seser(hllly&ssLl
UL (hleTerg) eTesTLIen S8 (SHMILLN(HSGmest.”’

Gl Gumys , A fCervmesTT o46voTL &G EHT6IT 6171 (EF(EHTEUT Y16 SFal Lb [Mary
Bourke (Sep 2005]
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Mars Sample -4

= STmerRC s TRy T

Thiz view from the Swurface Stereo Imager on NASA's Phoenix
Marz Lander zhows the first impreszion -~ dubbed Yeti and
looking like a wide footprint —— made on the Martian zoil by the
Robotic Arm gcoop on Sol 6, the zixth Martian day of the
mizzion, (May 31, 2008).

Touching the ground is the first step toward scooping up szoil and
ice and delivering the samples to the lander’s experiments.

The Phoenix Mizzion iz led by the University of Arizona, Tucson,
on behalf of NASA. Project management of the miszion iz by
MASA's Jet Propulsion Laboratory, Pasadena, Calif. Spacecraft
development 1z by Lockheed Martin Space Sysztems, Denver.

Image NASA/JPL-Caltech/University of Arizona
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2007 wryg 15 g CaH& Glasueuril ersenLilyen ellssors LiLiedlev (Mars Ex-
press Spacecraft] 2 sremr @ &5m60 CrLmys sHmell wryedlev [MARSIS] Glgest
SI(HEUSSH6V B6MHE HE600TL QY LPLOT60T LI6s 1S &L 198 S6ITLD

S0\ ifsameilesr GlLgsnen rhlevgsns el Gluflwg)! 94565t @) (HE0s
(WPesTCL MWL LTEYILD Sih& CTLTT U LpH&I SH6MHS Hem|LIlw LiflomessrL
ULy Wyblss sneussims)!

CILLfl NGl BT G1g.L9.6r6b 6)(sp(epmenf] [Jef frey Plaut, NASA JPL In-
vestigator]

" BluNev eumpld miesered el (Microbes) WL (Hb 2 ulliflesrs Hlessilallev
(Biomass) eetTMIEL 6(IH LITSLD; {606V FMM| Falgllig sTedTm)| Cl&FTELEV6VITLD.
epesTm) Ll6vedlwiest miesoTdall&6T @ (HLLSTS en)|omesfléssll Liheudlsu 8000
6Tes0T600T18:6M8 [hH1660T 2061918 o MlaT sy 69168 & 5818 () 6UIHS|6T6IT6DT.

&lifeoreunbgl UeNFFETHEHlL &HWOAT 2 enbed YLSHHlev 120,000
ashlaser NenpsSmhs @b Wwiefal ys Biered efeow  (Earthly
Extremephile - A New Ultra& Small Species of Bacteria) GIWwIfl&H& el 6T
ClussT&levGeussilwim MHleVE & (L 6 (6h(EHT6eI &6 S6v0T(H L1988 6TTET6DTI.

&lifssrevmhg U FFETHS0 2 eney PWHSH6V Ljeis umserflwm
&evoT(hfligLiL : GlegetresflooLiy 6vsUevmessT(h) il Cav (Jennifer Loveland-Curtze, As-
trobiologist, Penn State, U.S.A) GluestFlevGeussflium wmblev sumesflwsy 2 uNifluisv
e (ep(spmesfl [June 4, 2008]

ClFsueums Hers S0 colieufl&siv Semreyemall &evorL (PSH6v Lt SHSTL(H) !

2008 G wmseb 30 Y GsH FBHUSSH G Glasueuriis Gsmerfley
HLLDMEUSS colievll&en Hemeyerall UEWCHTT ellbengHs SaHeUemevLll LLLO1& S,
Sl NufleTerg | "GlFsueurils HemsHSlev LeslleHaLigenwss STSlTmellsst
&6ooT&H6T CHITEHES STettT (PYsmgl'" aeTuCs HBSHEF lFwd | Clbwwms
colevflserblesr 12 erdljHsemefl 2 mhgieseT (12Retro Thrusters) @uimilg
6D &HSHSHWLMHSEL LULL Gurg semeysmallullest &G Gleustoressfimg HemiL
L6 &GlF6tTS  STETOTLILILL &) Si5meug| elEpepmesileser SHlL  WILLLIg
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Under the Phoenix Probe

L

The Robotic Arm Cameras on MASA's Phoenix Mars Lander captured
thiz image underneath the lander on the fifth Martian day, or sol,
of the mission. Descent thrusters on the bottom of the lander are
vizible at the top of the image.

Thiz view from the north side of the lander toward the southern
leg shows smooth surfaces cleared from overlying soil by the
rocket exhaust during landing. One exposed edge of the underlying
material was seen in Sol 4 images, but the newer image reveals
a greater extent of it. The abundance of excavated smooth and
level surfaces adds evidence to a hypothesziz that the underlying
material iz an ice table covered by a thin blanket of zoil

The bright-looking surface material in the center, where the image
iz partly overexposed may not be inherently brighter than the
foreground material in shadow.

The Phoenix Miszion iz led by the University of Arizona, Tucson,
on behalf of NASA. Project management of the mission is by
MNASA's Jet Propulsion Laboratory, Pazadena, Calif. Spacecraft
development 1z by Lockheed Martin Space Systems, Denver.

Image Credit: NASA/JPL-Caltech//Univerzity of ArizonasMax Planck
Inztitute
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colevflEs6ny Hemeysrall LesllHHmT HISTET H6oTSH CP6TM)| LITSHHISEN6TL
uruullererg ! Gey|d epesTm STeLa6Iflsv 6(h LITSHLD eLp6esTmly el L(LpsiTerT
6 LTSS I960T LBG| SITHEGI6TerS| sresrm 6 (6h(EhTesflasT samISIMTTSer.
Sibhss Jesflsedlesr swoml @umi@d whdHlrs Syw  (Robotic  Arm)
GCardlaslul() WeHev THflE &St qHSGSLILLLE|. SibHS LOEsIT6ss 16V
en6ULd GuImeL LIsNFGl&6uTs SmLSlTmallest &evoreusfle LILL &) 62(T GleusvsressilmL
ussfll&Eslly | SmIenL aUgaSHensHs &65oT(h, G Hl STewTliLLL &TevGhHy
2 agetor [Hlemevenwl - 300 C(-220F)] euULHIL umTTSSTEV SibHS WLISHIFIL
Lesfl& a1y [BTTE @)(hHEHE6VITLD 6T6sTM)| 6191(6F (6HT65T1 &6 26T & & MM EH6T.

ocolievfl&6n eTHlTEH6T6IN 2 HgHeT @uimisls &6 Clgaurs @mmislw
GCurmg Cuwevrss &Lbhs OGlEbwessrenssr GlaueflGwmmls Gsmessrigw 6
Clg.b. (Camymuwme 2.5 SimIE60D) YL L6TemHSHl60 Lisslselly msifl
ahSssUULLE.  euailsD semeystalluilet srsHHlev er(hsslul(h) (PsHest
W&60l6v sevorserley C&flhg Lesfleaslly all@EpEpmefseflenLCw 2 Herss
Clambaefllenus sHH(HESHMG. LHW 2 60&l60 G6fihe SHSMET Hrs
&6voT(hHLN g LIL| 6sfl& LI LIWestTS818 @1, (§LCwmmEg|s )W W& 2 &6 (HIb

eTeoTLIS| 21 Qb MITMHMTeseTigedT HSHEFWE CFwSlwum@Gm. SILBllLLgs
gemeyemall LesflggHensHHlev HLID eneussETgH Geoum| GCeuessTLTs LTEHMS
HETHSH6V LITHLD LIHl&Hg 9L LCam

TGOy uLLTh Wedley aTwhssl | AHSS APBHS Hsaiedle
&6& S 60T 1S O T merflLiL & &HesTemLogs 6T 2 6meuLl LIL(h) GleustoressiimL Lissflg & 6rmid
Lef&ClgesTs Hemeuasmily ellEhEhTeslldeneTl KNTW&ES meusHSHS. SiHSL
LeslSSITLH  ueslbrsaslyurs @ (HeEsHs Fahb eerm SHywmeilasl
LLLgl ! "@ettm) eresteor CFH” eteTm| GCHLLTEV 6THS BTEFT 6(6h(6HTesf LD
"Clgsueuruilev HrLiLeslls Sligemuwiss &HetoTGLTLD eTedTMISTeT GlETELEIMITH.
@b Les HS6T QL &HenSHST6oT BITEFT 6191(6h(6hT6dN1&H6T 2 60T6sTSHLI LIL 6D (HLIL &
STl eevld (High Resolution Imaging Science Experiment (HiRISE Imagerof Mars
Orbiter)] (pesTenTmev elsvoTsrmiemalls &LILISV eevd CHFHEIS(HESHEDTI.

colievfl& 610 Hemeysmailuiley Camesor(h) &S HeiT (PHONWSHESLD
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Mars Sample -2

Thiz image, acquired by MASA":t Phoenix Mar: Lander's

Surface Stereo Imager on Sol 7, the zeventh day of the miszion
{June 1, 2008), shows the so-called "Enave of Heariz" first-dig
tlesl area o the morth of the lander. The Robolic Arm's scraping
blade left a srnall horizontal depression above where the sample
was taken,

The Phoeni: Mission is led by the University of Arizona, Tucson,
on behalf of NASA. Project management of the miszion is by
NABA's Jet Propulsion Laboratory, Pazadena, Cahf, Spacecratt
development 12 by Lockheed Martin Space Systems, Denver,

Image credit NABAAIPL-Caltech/Univeraity of Anzona/Texas AfM
University

www.Kaniyam.com 95 FreeTamilEbooks.com



S46v0TLGl6uerflLI LIWI6BoT RIS 6T &.OuILImy&6oT

Thiz anaglyph image, acquired by NASA"s Phoenix Lander's
Surface Sterso Imager on Sol 7, the seventh day of the mission
{June 1, 2008), shows a stereoscopic 30 view ol the so-called
“"Knave of Heartz® first-dig test area to the north of the lander,
The Robotic Arm's scraping blade left 8 small horizontal
depression above where the sample was taken.

Soiontists speoulate that white material in the depression left by
the dig could represent ice or tall: thal precipitated inla the soil.
This material iz likely the same while material cbhsersed in the
sample in the Robotic &rm's scoop.

The Phoenix Mission iz led by the University of Arizons, Tucson,
on bohalf of NASA. Project management of the mission is by
NASA's Jet Propulzion Laboratory, Pazadena, Calif. Spacecraft
development is by Lockhesd Martin Space Systems, Denver.

Image credit MASASIPL-Caltech/University of ArizonasMax Planck
Inetitute
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el epepmesilasit LLWlued(hbgl FlEenas HeBILIL colTesflaerOleT eLpemiy
Sy [H6TTF & h&TFF & &IF &0 (Robotic Arm) @& &8 SIeUIS6oTITIT. &I &S 60T
Si&LenL (Robotic Arm’'s Scoop) &emeysTailss 8, Si(HElev G mesorly 6T(H&S (P&6V
GlgLLever LTEHFluN6L &evHS (HHSHSHI 6 CleuessTessllMLI Lissilg g 6v0T(H! HBSL
Lesf &g 600T(h ee60TM| HISHSLIgWITS @ (HEHSEVMD!  Bj6v6vg| Gl&esfaglwib
6V6VcoCLIL 2 LILM&S &(HSBEVMD! Gy Serliurllley epestm TSHflseneT
TH S5 epeTm| 158 &(HONSETTeV CEFTSHILILITTSHEIT 6T65TM)| &16M650T Y UIGUTEIT

eUTahIMBIL 65T LIGV&H 60608 HLP&LD GleruullesTL

awruien, Gy siFelliglenest (Ray Arvidson) samlesTT. L&6tT &lpenlo (eI8est
4, 2008) er(h&s wrHlflullssr Cargenet allemsre] @\6tTen|D SiMeNSaLILIL
aflsvenev!

SHss wrHIflE GlFwesst “Cleuefl eurw] Ceulil gyuies smHell'” (Ther-
mal - Evolved-Gas Analyzer) epeuld Gl&LbLpevorensilesT @pemwestss ol (hL
GClum@mLsener (Chemical Composition of Soil) omleuy. @esfl eT(hHaLiLI(HD
LT &fl&6T HiesoTCooTTE &S &H(HeN, BletT @ rFTWwenTs &(Hedl, LeTaHL &
SiPlyb  smellseflev  (Microscopy, Electro - Chemistry,ConductivityAnalyser)
S UWBHg| CardlsasLliLbhib. WsedFesst(h &mallseflsy Cardlasl LpHw Cumg)
r&lifleer (1800 &l uryestafl) GELTasUUL () HFenw S eNwmssiubHib.

coliesfl&Beny Hemaysrall LesllGHL() g LUTHD en6USSHI6TENSTES &(HSL
LbleusTsy, HS @@L : “Gsmedl Glasmeu’ (Holy Cow) Sismeus)”LesflgL
LI&&S6ITLD” 6T6dTM)| Si6mp&H&L LIHEImg). “Lssflall L&&HSemb” e Lesil&Ha 6D
eTeTLIS| 2 MISWmTsSLILL(H eNlLg)!

"eT(hSBsLLL(heTer Lssllggietor(h) Brsmest erestm HlEswl UHSHHF Flev
GUMTRIGET QL&6VMD. Fesflealpen mG 31, 20088 i6tTm) 6T(HEHSH OH(HEHS
6LI6TOT6BOTLI LILMRIGET ELPEVLD G| 2 MISIWITS [BFST60T 6T6sTM)| SaMeVTLD. 6TesTm)
ammyel 2 Geu Glgsevey [ (Horst Uwe Keller, Robotic Arm Camera Sci entist)

o.M\ 60TITT.

CFsusumiles Gaomefleor  ClBeTHI(HEUSSL  SimevorL  LesllSS6ms

www.Kaniyam.com 97 FreeTamilEbooks.com



S46v0TLGl6uerflLI LIWI6BoT RIS 6T &.OuILImy&6oT

Water ice in crater at Martian north pole

Perspective view of crater with water ice - looking east
28 July 2005
Theze images, taken by the High Reszolution Stereo Camera
(HRSC) on board ESA's Mars Express spacecraft, thow a patch of
water ice sitting on the floor of an unnamed crater near the
Martian north pole.

The HRSC obtained these images during orbit 1343 with a ground
resolution of approximately 15 metres per pixel. The unnamed
impact crater iz located on Vastitas Borealis, a broad plain that

covers much of Mars's far northern latitudes, at approximately
70.5* North and 103* East.

Source : ESA Mars Express
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&6uoT (H L N1g 1Ly

Clgsueumiis Camemsrg &MME ClemevoTiy(HEL eNlstrbleusls sLiLeL
Clgeusuml ersevLiigery (Mars Express) 2007 wmjg& 15 Qb BIeT Glgest
SI(HOUSSH6V 6] BISH6TITL. Y LPLOTEST LIesTISHSH6TSHS 60T LIIDM6tTH608 HTHG)
L& @GS SH56160 D)L weTergl! Glgsusumil eTgevLFen 69165sr8LILI60160
(Mars Express Spacecraft] 2 siremr @55m601 GrLmys s@mell wmyedley (MAR-
SIS) O&60T &I(HEUSHV S6MHS HEHETITL QY LOLOMEOT LIS 1SHSLI98 SH6ITLD
S0 fl&sarallest GlLgsenen wrbHlevsHend allLLl Gluflwg)!

SIH6T @) (HE6MS (PTGL HMIWILILILLTEVID b CTLITT LB SH6THS
SienUSw uiflwmessril UL NFLl&Es eneusSIng|.

SIbHSL UesllEserd 2 emmbg CuTeT BISHSH6TD eTeTUgID Glgerfleurs
@&5me0lw GrLmy &@medl epeud smesorliLil(h (Plge] Glewwl Ul (heTerg).
SIH6T 578 Clsmemememensy GClFeusumiigs GameT (Wpeug b LFLINeTmsv 36
Sl (11 LBLT) WLppsTer giflenwl 2 esoTLT&H&60MD. GlgFeusumul sr&evLiyerSlest
GrLmy &@mell Clgsusumiis Gamemerd &MM) 6ubGl, GCl&HeT Hi(HeusSHlev 300
glesoTLmIGen6T CHT&HSEIL Lstlleaslns SHemmisensT Y ulhg LLCIWHSSL
LIfILomesoTSHSIL6ST  Hen) LW 6iT6ITS). CrLmiflest saflu &HF eiF&sH6T
ClFeueumilg HemgHSlerr Hp Fa(HlmeT emalley 2.3 enwev (3.7 &.LB) eueniy
ClgstTm| 2 6mMbHs HIHELGUIeT YWHmS eULNw uflbmessr emaliley
56051158 HeB)|LILIUL6TET S

Clgsueumis Gameflerr &I(HeumisGsr Hi&slly Galliysefler Glumm
S6MEHFIWIRISETTHES  &(HSLILI(HEesTme60T. SlHeUll L@&S&srflett  HenLo
GeLilLliL eureurmenm SIMIHSHTEY, ClFeusumiiss Gamerflev 2 ufiflest eueTy&Fs (S,
Q(MH STEVHSHL ugFSHWD, (GLbElemevwld @\(HHSHETTEUT  6ET6ITLIENSHS
Clgefleurs QLMW (Wigwd. BFLILETIL LTenmasEHLD, STTLIETT 6L WITensn(h
GMNTSHELIY&EEHD 2 6Tem Hi(HeU AHOSGL Ubensser (Polar Layered De-
posits) &I(HEULl LGS SHen6Ts SHmevorlgl|d, &Hi(HeU (pemestll UFLifesr (Polar
Cap] LW&He|b 2 6T6rg| Ml uhlElmgl. Crumy erH6lrmedll LiglessiT
umemmL L@GSl&sT Cumey smi(heugl 90% Bs SH6TenOWITEV 6T66TM| &H(HSLI
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Mars Sample -5

Thiz sequence ol bwo images wat acquired by NASAs Phoenios
Mar: Lander's Surlace Stereo Imager on zols 6 and T--the sidh
and seventh day: of the mission (May 31 and June 1, 2008). Both
images thow an area lo the west of the digging site informally
known a: “Knave of Hearts.® The second image shows the
movement and shadow of the FHobotic Arm. Between Phoenic's Arm
and the shadow iz a small handiul of Martian soil thal has been
releazed from the Robaolic Arm omlo the surface,

The Phoenix Mizzion i3 led by the University of Arizona, Tuczon,
on behalf of NASA Project management of the mizsion iz by
MASA"s Jet Propulsion Laboratory, Pasadena, Calif. Spacecraft
development it by Lockhesd Marin Space System:, Denver.

Image oredit: NASASJPL-Caltech/University of ArizonasTexas Afb
University
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LGEmg. simeul NFCasmisefley Was Geflgres @ mUuETey, 2 (HEIL
Gurmest Slyeu Henyss SHmeveTLS| HIf1G).

Mars
North Polar Cap

January 1997

October 1996

» May 20, 1997
P. James (Univ. Toledo), T. Clancy (Space Science Inst.),
S. Lee (Univ. Colorado) and NASA

Lesflll LTenmEs (&8 HGLD 2 66 Hem&Hend Wb HMlujb Curg| ClFeusumiis
Camerflett Y p&H6T SfemwliL] Osflw eumSImgl.  ‘uesfill LGSl serflesr
SIYSHHMHNSHL UMM eTmISemmsy Ml (Wigwellsvensy. LpSluiley 2 srersg)
Gumsv uesllESL(H&B6T HeumMlest GV HL(HS6TTEL H(LPSHSLI LILITLO6Y

2 6iT6memn s AHMIHEHMD. ClFeusumiig Gamerfleo

SSHSL(HIL, GCuMmsLHID (Crust - Upper Mantle) yubleow ellLs Wss
SIYETTIONS 2 6TeTg| &mesorll UHEIMG. USMES SMreord GleFsueumiis

Gamerflest smwwill LE& S Lblenw alLs Geflygflwums 2 srerCa!

GlFsusumiies Camerflesr gi(meuLl LissflLl LimemmassiT
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Glgsueuruiley  Fpjlgemey BF uesfll uTemmasTTE @MmISL  Gumw
2 ehHGleTerg!!  HlHeull LFGCasmiseflev Hleneowims 2 emmbg LesflL
LIT6DMUWIT6TT LILMI&606M, Tfl6sTy- 9 eT(h&HSH18 STLIQU|6TETS|. 6UL &I(HEUSHSH6V
625 enLo6v eJILL (s6iTerr LissflliLmemnmu|, Gl&60T &I(HeUSHSH160 1856ML06V {8 650TL
LesflLI Lmem MWD @\(HLILISTEHES Sesofld el LIL(hsiTemrg)! miflesty - 9 @6V @\(HHS
2 | Qlembln sslremsv wmesfl [Infrared Radiometer), Glgsusumuiesr &I Crems
(Equator] oi(HGa L&eSleL 17 C 2 & 2 a%6toTLd, @ Feailev - 120 (Hessfley 2 e1%650TLD
@EUuensHs STLYWG. GCamenL STeumissefley oIl §|(Heus 61H6T Si(HEUS
H6MI&6rTl60 (& 6flihgl Lesflwimest &menLstTenLWmeenen(h eurldL uesfl [Dry
Ice), CleuliLgSHlev 2 (HE Y eNwims HhIGSIMS!.

SOwNsar eIt elletoretormileyds &(HeNl&sT [Space Probe Instru-
ments) &l(HUL! LNTCHEFMIS6TTI6L 6T(HESH 2 61%:650T 66861, LIssfILI LiTemmaerflev
@\ (mLULg| GClL(HLUTETENWITS Hr&sLLg (Frozen Water) eT6oTm)| STLLg U|6TET6OT.
CamenL &meu&HSH6v UL GI(HeuF (G LDp6lsuefluiisv Hrenio oy e9lullest (Water Vapour)
SI6TEYSHEN6T SHHOMHES H(HENSST SMlly @(HLUG|, Uesfll Lmemmasrfleu
@ mLiLemeu GIL(HLD BF& &L Lg&s6lT, surL&LiL esfl [Dry Ice or Frozen Carbondioxide)
@\6vemev eT6sTLIENS GILDWILILNGHE65TM 6.

Brenwg CaLilLiLsirer gi(meuLiLissflll Clumileysseir

Clgeueumiss Gamefleor  eULGIH6ET  Si(HeumiSefleyd  HIHD,  SMFLe6sT
eLWTSHenshID  Sligsemmils  Slyevor(h) Cumest UssfllEOSTUN  wmliss
GeNbgleTerg| ! @ rever(h) ellgmest Lesl&H6lSTLILNG6T Glasueumuiley 2 6Tement.
@6l Hmevfbleney @Ligw LISSITL[H), HHSSS! HITHST SH6v6vg| 6T(Eh& (LD

uesllSSITL(H. STevbleneuls LssSHITL(H eTeoTLIG GlEFsueuruis Gasmerfley
Geflgsmey  Geusmerullsv GablliLmsl, GCeuesfimamsy  Geusmeruilsy 2 (HH
NWLTsE FpoleusluNsv Cuml eSHeug)! srEpF(HIb LesNSEHITL(H eT6oTLIS)
6U(THLLD (P(LEUGILD IHITHSTLOMI &|(THEUMIGETI6V HlenevsH S (HLILIG)!

Clgsueumiigs Gamerfler smevblenevll LssNSSHTL(H (WWeug D &wmy 1 L
Slel19ev &smibhg Lssflgslemsiley (Dry Ice) eugougdlev Ligougl. 6l&6oT&)(Heu
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Radar in the Spaceship

Mars crust
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smeviblemsvll Lesile ST 2 &858 &6l smeusslev &wmy 4000 &)L [2400
en6VF I LLTHG LgSmgl!! &efl] &meugHsHlev auLgi(heu Smevblenevll
uesfllSSITL(H  &wmy 3000 &lbLy (1800 emwsv) Sy urelll Ugsmg)!
Geuesflm smevHSI6v GleuliLib W(GHE 120 C [150 Kelvin] 2 6i%6m0T b eFMILD
GCumg smevblemevll UeNSEHTL(HS6T, Slyeu @enLIblemsvs(E LLIMITLOY
SlLeu Hlemev wWleS(mmg CHEr eNwrdls GClFstml @Lpleusluiisy sU0
CumuelH&lmgl! SeuallHD WTMID FOWMIGE6V STFLEST 60LWTEHEm6M(H
eurwjeNlest GlsmeTememe WO(GHSH WM, GClFsueuml LD6BITLEY H(WSHSLD 30%
lenswrSng|!
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S. GlFeusuriiss Cammremend SBMleumID S)H

UBBTF FhHTMDIBT SHEUTUTE - 6HLLDTEV

[sL(Hewr : 5]

Two Moons of Mars

Phobos & Deimos

ClebBIme GCameT ClFeusumuis (s,
6USEIT Blevey &6t @)T6voT(h)
FEH&E et GUITeL

ClLmIf] 2_(THEBETEnLS6IT {6V6V!

2 (HEM6TS HlLPmI(F Gumev

69 (Lp M &5 60T

6L 6UE &160600TEH GCHTETEHET :
coGUITLITEN, 6L LDT6EL!
Cluflwg) coGuITLITEN

Fjlwg) emLLOTeN

ClEmBIme GamerT

H6TesTEFI6L HMHMID CousHSHmS
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WPHE(HID coGLITLITEN!

F&T el

Claeusumit Geus 6levorsos)|eme
coGUTLITENENVE &FMH M)
eflengeumsssd GlLmmM)(Hib
FILLE &Lp6v eIgF&l6v !

&OMIL LUT6NS QLD LIgLILIguITUIE
& (HaIg)

QI (HMIS) 6U(HLD coGLITLITEN
EUTLDEDLIS HLIHG)

6(IHBT6IT Gl&Fsueumiis Camerflev
eflorbs

2 60LIHG| ClBITMImki(G)LD!

Relative Sizes of Mars Moons

Mars has two moons, Phobos and Deimos as shown in the image on the
right. They are nothing like Earth's Moon being much smaller and
irregularly shaped. It is belisved that they are actually asteroids that
have been trapped by Mars's gravity and ended up in orbit rather than
crashing into the surface
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"'B&EHS Os5Flwmbsy eeflhHl(HeELW sumesfluey L&lFesensm 6 (h)mealls
&evoT(h Ligssg Olgsusumiis Gosmersmest ellssorGleust] adl(shshTesilasEhes (S,
2 56 yflws sagug)”.

Cigrammesreiv GlsLiemy [German Astronomer Johannes Kepler]

"TEHTETVSHS6V L), Hleve, GlFeusumil y&Hlw epesTm GCameTss(sTHLD
063118 @)6THS15EHL LIWLEST SH(HLD &HSH6MLOLIL| SI600TLMBIGETTILS &(HSLILI(HID.
Clgsueumiigs Gamefleyv Hfl(H&S&E6VMD. HMmIGSH (F GYUN(BLLS SHhEIEGSHETLD
BL&GS CaemeuliLbHiEImg). HBlevallsy GLTeTe l6TFSHS 2 6BTLTES 2 &6 LD
(Wpa&&lwmest anedlwid - 3 erifleumuyy GCluposrailey SlenLsSImeg).

LT&LT SiL1g160 &6V, Fma6lsL edl(ehepmesr Geng [gesreuif] 26, 2008] (In-
ternational Conference on Aerospace Science - Technologies)

"esligseT @ Gleueny HOWWTS @ILS5HIEHE brblells ensflwuwmsL
Gumes GeusssT(hb. eumevLbeoT&HeT FLL 6fFemals LwWeTL(hSSHIeUG|, 6USSITE
CameTsenst OB(HEGUG, OlFsusumuileT glemesors GCamemer oy rmuleug)
CuresTmEn6eL AHBS (PWMEFH6T. HHBICH 6Ifl6TTSHSHIO(LPETET LITEHM 2 66T
2 (HEM6TSH SHlPmiE GCUTEL HTMILTMITES 2 66 coCLITLITON &|601650T8 M6
Clgeusumils CosmeneT 7 6wl CHISHSHISHE) @(HLEODEF &HHMISIMS|. LDE&SEH6T
coGUITLITENENE SHTET)LD CUITG| 'WITT 608 HMhI(E 606US &6 6T6oTM] CHLLIT6V
NTUEREFLD HemS SHmIGs el () emeUSHS5 G| TesTm] ClFT6V6V6VTLD, 6l (HLDLI6BTTEL
SHL6Y6T SI60L&H G| 6L LTI 6T6sTMILD FaM6eVTLD."’

316lwiflEs allesorbleusf] eflomenfl Lisiv 6019168t (BULL Aldrin)

“1970 @6v BTET SWIILNW eneusSIm ellessTeanTrs g6t GlEFsueums
STHH6V  YT&HTEs 1S  LPEVSHEFaM|HEN6TES  STesoallevensy eresTm  6l6oTm
T(PHGIETETS]. U THMEOIE pPeVEFam|HensTEF FlendH s (G e @uisHsLILT(H
ClFeueumils GCamerflev 2 6TeTg)| 6T60TM| HTHIGET 6T600T600)|SIGMITID.  QLEOTITEY
SIbhs Qussuurh SiHeUl LEGSHUNY Q@QUBSSETSE| 6T60TLS|  6TRISET
UpSLD. gllestesflev HHL  Uesll&ESLIGUD Y T&Tesl]  LPEVSHFam|SHen6Ts
Flen g s G " Nifluurersenems (Oxidants) glevorigsHgeN(Hb. GClFeusumiig ger
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Eavas

MARS & MOONS

Daimos

Photagraphing thess moons is a challenge. They are very tiny and can
he easily swallowed up in the planet’s glare. | had to use software to
pinpoint the exact day and time that they would be far enough to be
imaged and clear of the planet’s glare (a challenge when you considar
Revelstoke's poor seeing night conditions during the winter months)! Also
the temperature was very low (-15 C) so that proved to be a physical
challenge.

These moons are less than 30km in size. The planet at this point is
greater than 50 million kilometres away from earth. Its guite an amazing
thing to see when you consider these figures!
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LD6BOT6B0T16V 2 UNTT 015G & E61T @) (HHEETT 6T6T M| M 6US| SL96TTLD. YEBTTEV B [HS
LD6voT685T16V 2 UNfl6sTLD 6UMLY (LPLYW|LOIT 6T60TM)| 6 (6K (6hHT6vfl &6 mjlwieurmid.”’

efl6veSlwib LirufedrLesr, [William Boynton] solSesfl&env &L iLieusfl 69 (ép pmesf),
Gupmflw, HAGCEVTETT LIL&HENEVE SHLSLD.

Paris, December 12 : ESA's (European Space Agency’s) Mars
Express has caught together on camera for the first time the
Martian moons Phobos and Deimos.

The images were acquired with the Super Resolution Channel
{SRC) of the High Reselution Stereo Camera (HRSC).

ClEBBIms Gamefleir Fiymeor eulgeumm @yevor(h Slenevorss GasmerassiT

1877 @\6v ClFeusumIg GamerflesT @)\(h &l6065TE:CaHT6TEHN6T &6voT(H L9985
coGUITLITEN, 6mLLDOMEV 6T6oTM] GlLWIflLLeuy S0 ifl&e eumssflisy 691(pshmest]
SI6NMooll aMTev (Asaph Hall) erestLeuy uilepid, SeU(HSBEGWD (PesTGL
GCleorrLoesT 616 (ehTenfl Clgmammestsst 6iv GlagLILIeT (Johannes Kepler) (1571-1630)
Claeusumullest gienesorss Gamemasst @\Fesor(h) eTeoTm)| FFlWITE (PesTesTMNSSHTI.

36U SHEUDTETT STEHEHHH6V LSHSCHTET alwmpen|sE 4 (?) FhHFesrser,
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LLLO1&(& eesTMILD @)(HLILIST6Y, blgeueumuilss g, @ revor(h) FhSHTetT&H6T @) (HLILS)
@Qumens eTeTm| 2 MISHHTT. WUNDID Flemesors GameT Glasueumuils s,
@yesor(h) eTeoTm| STLTESISHEGHL UTH SHTHS 6UTSH (POD SHEUMTETSH !
gleneuots GCameTgseT GUITLITE, 6nLLDTON &HMHM eu(hHL &M 658 WwemnmGw 3 -

5 LOLMBIG6ITEY

Mars Two Moons
Deimos & Phobos

GClgsusumuis Comerflest allLL HTTHRIGET. &MHMID STeVRISET (Pemmbw 10 -
21.5 evsfl CHIMISET 6T6tTM) (PSH6016V HevofleasLl LILL6oT. LM (& &l6Vedlwnrss
HETTHEILLEI60 &FMHMILD &mevld 7.6 - 30. 3 wewsfl CHIMI&ST ereoTmID, &FMHMILI
LTen& &6 (PenmGwt 1.4 - 3.5 LDLMIG6T6Y ClFeusumi 691 L hIg&6TT eT6sTmLD MWl
eUBSSHl. 1978 H&EGLTUIT 19 @16V (LPSH6IT (P&H6V BITEFTallesT eneuds&im - | (Viking
-1Space Probe) elletorasliLiey GClFeueumiis Cosmenersds sLbHSE GCuTg GUTLITEN

glemerors CamemerLl LLOILHSSG!.
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2008 & 23 @l6v HrETellert ClFeusumLsS SHesoTamensiiLiL] 6Slesoress)emai
(Mars Reconnaissance Orbiter - MRO) (p&etT(p&6v Gl&mibime Casmerflest GlLiflw
b6t coGLITLITemen (Phobos) eustoressril LILGIWLHISS HemILNwg). HHSS!
2009 Yageuifl 21 @ev FMw sHETerT enLmedlssr (Deimos) BIMULLSMS
TbhHs5g. CFsusumuiles FrLUTMHME0l6L Fl&H8 GClametiTL lenewoTd CameiTassiT
@esoT(hd CasmestTeLTesT BeVEVE] USSEITTesT eNlesoTCameTSH6T (Irregular As-
troids). 1877 2yLD 24,600TL96V eme6r @\ Fevor(h)D 6 fl&H 8 sumesflwisy 6191(sh(spmest]
S{6MMeoll AMITEL’ (Asaph

nearer the moon is tu the'plmet‘ | The Ram&e
limit is the closest the moon can get to the planet
before it breaks up

Hall) etestueurmey &esor(HlNgss ULl QuwifliLl ulLesr.  HGrss
GClomlufiey Cumumsny etesTmmsv ‘1981 (Panic [Fear) eT6sTMILD, 6OLLDTEN 6T63TMITEV
‘epF&sD’ (Terror [Dread) eT6oTMID CILIM(HET. (MRISMHM coGLITLITEO6ST 2616
GO : (27 X 22 X 19) &).15. emLLomerOlest 66y &Lomiy ; 15 X12

X10 &L.15. Siemeu @\ yevor(hlLd &Fl-6U60088 &ifl @)6tTSH S 6 (LpMiI&6sTe: GasmeiT (Car-

bonaceous C type Astroids) euflengullsv Si6mL0&&sLILI(H &65TM60T.
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ClFsusumilg glenesrs Camerserflesr Hevflsgi6uLl LissorLIT(Hl&6T

Clgsueumigs Camer Hemgdle HHIWLLES Camlyged(Hbal (Equator) g 65T
FHSTETHEN6TL LUTTSHHT6V coGLITOVLDTEN P6TTMIEY 6R(HLOLMIE LiSluglest
L@bleve] Gurey ClsNEDSI. BhH LLL CETLHSE ClouE SMTSSH 0 HBHE
UTF&SSTeL Gumumeny FMwsTs 615H&EIMEl. Glasueuriis Gamefler Lesfls
Bl(HeU (PenerT&Herfled(HbSH LTTHSTEL 1ST(HeUmsn|&HE HLILTED coGLITLITEN
Claifleudleveney. Gs swWID enLTeV 6 se6rflafsrd elsvorfesr GLiTeL
Caf&EMmg). LLrmey wenmbal Lpbluiley 615w & &hé T Slyesrd GLimey
Clebblims Camefley &lrsesTd 6sifleudlevensy. Glasueumiiigs Gasmsir

QR (POMS SHETEN6TTEF &FMHM U 24 WestllCHTL YPEMGI. cobLTLITEN
Cm&ley 2 Hlgg &HlWaHley 551655 WesrhHlid 2 Hwiomsl 11 wessfl
GBI QY GWw. GuTLTeN HPeNMEF ClFsuITENWE SHMHMI6UT ST LD
6ol GBI Y EIMG|. HSH6oT &FMHM| 696 Geussid (Orbital Speed) : e BTIYE S 2.14
&).15 (696988 1.33 6mLD6V) Y6576V LM eiHluilev &MMmILD 6L LDIT6EN 6 (ThH(LPEDME
Clgeusumils Gamemsrg &M euy &MY 30 WestllCHIL W&HME. @ Fevor(h
&len6ttTSHCHTETSHEHLD LLLBIUN6DT Bleve] CLITeL HevTal 6T (PHSHMNSHEH HTLI9E

Clgsueumgs GCamenems &Mmm|&slesTmeT.

coGUITLITEN GlFeusUmilgs CameneTalll HH CoUSHHSH6V &FMHMIUSITEV {606V
eflengseir (Tidal Forces) Gloglames (Gemmbg &OMIL b (Orbital Radius)
FNersls Glamessrh) eumEIMG.  ocoGuTUT 60l60T FMMIL LITEMNS QY FLD
100 syevor(hl&EneE 20 BLT (66 o) GODEDSH. WTD NbS 655560
&HOMBSBTEV cobumLTey 11 LleLedlwesT i evoT(h&6iflev GlFsueuruis Gamer :
H6THS6V 65HG| CIBTMIRIS 69L6VMD er6oTm)| WLSI&ESL LHISEIDS. V6V
&ITeT gremmsll Glumyg wrélg GlFeusumils CamerfleiT 660TM BEV6VE| LI6V
6UEDEITILI LOT&HEVITLD. SIHTEUG| HH&H65T &MM| 638 o yLd (Orbital Radius) @UGLITE)
9380 &).L6LI (5830 emio6v.) Gl (HemMbG 2000 &) LT (1200 6mL06v) Y (&HLD
Gurrgl, Gurume "Grre eTevemevenws’ (Roche Limit) smevorig e (Hi&Ima) ! LSHlw
&oTHSE(H CFLSHL AHHS Sifles &meud 7.6 Wleuedlwest <y 6vor(Hsserflen
eTHITL LL6VMD 6T6dTm)| FamLULbBSIMGl. THFHmeusHHleT e Glumpdlev
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Mars Eclipse captured by
American Rovers

Eclipse predicted for 1st Feb, 2004 at 00:46
13.6 degrees North, 269.5 dergrees West on Mars

These phenemena are particularly sensitive to observer
location on the surface. Even a few Kilometres or just 2 degrees
difference can result in an eclipse that is shorter or longer,
occurs earlier or later, or doesn't eccur at all. This property can
be used in determining one's geographic {or arecgraphic)
location, just as the GPS satellite network provides peositioning
and navigation services anywhere on the Earth.
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S16m6V 6l6MEFSH6ET LIgLILIGUITES (F6MMIHE| SMHMID YT (§6oTM) Crme erevemnsv
(Roche Limit) &Lb&l ClFeusumiigs Gsmeflev a9pbgl coGumumeny GlBHTMImHI&
el eredTm| HHSLULGHIEIMG.  OLOTEN &I6M6sTEGHTET coGLITLITEm6N
el Glglums Glgsueurils Casmensrs &OHMISINGl. P HEVT6V Si&H6sT 6l
coGUITLITEN Glen6taTaCasmeiT GLITeL fleyLl LmTemsuiley @6venev ! coGUITLITE
enLLomensnLll Gmey 4 wLKIE CoussHlev ClFsueumiis CameneTs &MHMISIMS).
coGUITLITEN H6T&HSH) 0/(HHSI LITTHSTEL Glasueumut 6400 WLMIE, GlLflgm&seyLw,
2500 LRI Wpwdenw L eefleiflub sridl smemsg).

Deimos eclipse Phobos eclipse
March 4, 2004 March 7, 2004

Pancam Images of the Sun and Martian
Moons from the Opportunity Rover

Femellesr GlFsueumil Geus alletoremmiemeil Cl&UIS LIWI6wTLD

FGrmLNwesr eNesorGleustlg glemmwad (European Space Agency (ESA)]
et 2, 2003 @60 150 WleveSlwesr FGFmE [Euro] Gl&svailev (133 wlsvedlwiest
&G LTevr) sWmifleg, 240 Wlsvedlwest snwey Liwiesrd GlFwuiw en|liNwg),
GClaeusumil GeussasLiLey (Mars Express with Beagle -2 Lander). 948 Gl&sueumiis
sOmIFFIOILD (Mars Express Orbiter) peoT6mmULD, &6 &y uley&FBILD LIHleT (Bea-
gle2Lander) seetTemmW|D &WbHGl Cl&smesor(h) , Faswmelest Gamwen - WNiflsl
gr&6lasL (Russian Soyuz& Fregal Rocket] mewimellsst smuGaHTenTy SmervGLom
19 @rrmid [Baikpnur Cosmodrome) 61686181601 (b eF6ULILILL &).
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Selected Moons of the Solar System,

Pluto

Jupitoer Saturn Uranus MNoptunae

o . . Litw .
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. r Earth Mars

Tothys

Dlana
i
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Titania
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i
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2003 9 &UIT 26 b CHH ClFsusumiis Camener 150 6006V (&M U TSHEHI60
CQpmmE), wCrmutlu soHmIFHBIY HeraulLeHHev &mmL  CuUTeUSHTS
aTHTUTTSSELULGHISEIDS). &OMIFFILIPl0  GlgFeueumTuilesT (SLPLOESITL6VLD,
Gamerflest oyemoLIL, SHemalwey LI6soTL, 6T 2 L LGS &lweumenm S Fmw
J( SHNG&ET enasL LIL(heTemest. Gl Fwesflufsst eNflCHr&HS s smdlym
[Stereoscopic Camera), LNFTesTErO60T HTHISHSH6IT ST &H6M&HS(HaI [Mineralogi-
cal Mapper), @&&TeSluNesT (&L 2 6m6] &(Hedl [Atmospheric Sounder), @) &&T60)
- Ol 2 hg yuleusbd (JPL California) ClFwg Grumy 2 emell [Radar Probe)
Sieummlev GMILIINLE SEHEemeL.

Mars & its Two Moons

Google Earth hack te display Mars' two satellites, Phobos and
Deimos. Same idea as my ‘Google Saturn’ file where | create a
supersized model and encase the GE globe.

&6 Blseyd FMlw ser 2 small. 1831 @ev 2 ufliflwev elepepmesr Gens
grijevey Lmyedlesr (Charles Darwin), &&euensvd Gslg Lblufey SHLOLLTS

www.Kaniyam.com 116 FreeTamilEbooks.com



S46v0TLGl6uerflLI LIWI6BoT RIS 6T &.OuILImy&6oT

HETHG|5EHEF Glgsvsull Liwest LhHSH W sLiLedsst Quwiy &l -2 | bHsL
CuWCY CrmUNwg S6m 2 6mailsE meusSLILILLG|! GlFsueurils &emsdlev
o uNiflesTuser @\ (HHS6oTeUT 6r6oTml, S&leT 2 6ma| GlFWW L.  SH6MEHH60
Blemev GlumMLNesT, IHleT ellevorGleusfles Gamefley eumpnbs 2 ullifleord
[Exobiology), semellwiev @ gemwest [Geochemistry) oyllie|s&eners GlawiwL.
&MHMIEFFIBILD HT6oT(S) 24,600 (H &6 (2003-2007) H86160 HeH)ILIL|LD & (G eumlibHs
FITS60TRISEN6ITE OIS TEsITLS|.

wedry gallw Cl&Fsusumiig C&HL60 LIWI6wTHRIS6T

1971 @6v mremallest wmiflestj - 9 (Mariner-9), i(h&&1 1977 @6 BrETa 60T
emeussSIm -1 (Viking -1), Nm@ 1998 - 2003 b oy evor(hl&6rlev Glasueumis
Gamers gerLiLjsmadl (Mars Global Surveyor) , Si(H&g1 2004, 2008, 2010 gy &lw
oL evoT(h&61fl6v FrEFmallet Glasusumit Geuds ellesoTesnsmad (Mars Express), L9\6oT60TIy
2007, 2008 oy &lw oy esor(hlaserflev Glasueuml sesorss eoofllilg smmiemedl (Mars
Reconnaissance Orbiter) GUTesTmemeu Glgeusumis Gamememwb i&6sT @) resor(h)
&lemewoTs CHMETHEDETULD &IOMT 40 2 600T(HSEMTU Y TTUIHS| 6UHSI6TET6T.
2005 GeuesfimamevsHlev Glesueumiis semeumsssrid (Spitit Rover) Gamgemenrassit
ClEwsg|.

1988 @60 FORWT coGUIMUITEY - 1 - columumeny - 2 oy&lw @\yesor(h

eflesoresn)|sTal& 6T OlgFeueumLS Camener CBT&HE 676ULILILL 60T

Fogwesr  elletorCleuell QY emeTTWSHLD  coGLITLITENY  LD6BOT680F60) (HH S
wr&lflenw eT(hSHSHIL LSS BEHLD eN6toTsLILIe0 SILLLD 65TenME HWMfSH]
UMHBIMG. G 2011 y1b yevorigev HlemmGeumll GurElmgl. L& @EHE
Clembime GCameflest wrHlflemwiss Glamssor(h e (WPHCLTSHEHS SILLLD HG.
Clgsueumiigs Gamerflev wesflar @uISEW allessrsliLey @Mmi&l gmieug| W&
Weg Fywmer Curmhsaienm HIsDSHD. ASMGL udleors elevsroleuerfl
eflomesflasT coGuTLTEOley @MMmIES SHRIGHETD NDHS!, SRS (HHS
ClFsueumuisEL  GCums  (penesteug| ereflsm@n  erestm  6)(Ep(ehmesflasiT
&(HBIS M.
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Mars Reconnaissance Orbiter (MRO)

ELECTROMAGNET

Mars Reconnaissance Orbiter (MRO) science operations were
initially scheduled to last two Earth years, from November 2006
to Movember 2008. One of the mission's main goals is to map the
Martian landscape with its high-reselution cameras in order to
choose landing sites for future surface missions. The MRO
played an impertant rele in cheoosing the landing site of the
Phoenix Lander, which explored the Martian Arctic in Green
Valley.

The initial site chosen by scientists was imaged with the HIRISE
camera and found to be littered with boulders. After analysis with
HIRISE and the Mars Odyssey's THEMIS a new site was chosen.
Mars Science Laboratory, a highly maneuverable rever, will also
have its landing site inspected. The MRO will alse provide
critical navigation data during their landings and actas a
telecommunications relay.
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Mars Express Space Probe
By European Space Agency (ESA)

The goals of the workshop are to integrate the main results of hoth the
recent Earth-based observations and the missions to Mars (MarsExpress,
Mars Reconnaissance Orbiter, Phoenix and Mars Exploration Rovers) into
a new global picture of Mars evolution. With the same spirit of the
previous workshops, discussions among scientists of different disciplines
will be encouraged and it is foreseen that they will help refine the
scientific goals of the future missions to Mars. This workshop is an
opportunity for the young scientists to be updated on the most recent
results and to be frained in some specific data processing techniques.
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Mars Icy Water Deposit By
ESA Mars Express

Adsorption water-driven processes on Mars.
D. Méhlmann, DLR-PF, Berlin.
FIRST MARS EXPRESS SCIENCE CONFEREMCE.
21-25 February 2005, ESA
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2005 oy,680TIg6D GlFeu6uTUIES CaIT(6THE (S, LB6uoT(HGLomT afletarasLiLIen

15115T [NASA - National Aeronautics - Space Admistration] 2003 @)6v Gl&6u6UTIIS
CamEmssE grGeuwy (Surveyor), lg6m06rdl [Mars Odyssey| eflessraLiLIGV&SEm6IT
gallwgl. WmE FCrmlaNley rem (ESA-European Space Agency] Gl&eusumul
erdevLlgevemeny [Mars Express] 9165 FwwsH ey SeniNwgl. — Crmeur
oer &l &6 @ Fevor(hd 2004 wssTeuflullev Si(h&55bHISSHIF ClFeUTILS S6TSHSH160
SLID en6eusHs| BHLITL Y TLNNSSHeT. Hett Mm@ BrET 2005 s e 12
@6 ClFsusum eletoraMMS SLiLIEmeVE [Mars Orbiter] ClFeusumiigs Cam(EhHes (S,
geallwg|. eflesoragmn)l 2006 WIMFEF6L GlEFsusuTenWE &FMHM U TOLNESH], HHSSHI
M| Y 600T(h SmevmgssT (2012 6usmIy) 6usVd 6U(HLD | HULIWESTTSHSHIMS
B H6HTmE & H&W0: 720 WBlevedlwesT LTevf | (p&H6e0F6tor(h) &STeud &)
GClaeusumiig Gamerflest l(hHeuL Lesflg Qg milNullesr (Polar Ice Cap] suFeummenm
QP (PeTHSS)

2025 &y,6807(h\ & (56T D63l 1B HLLD 606U ELD (PSHEV ClF6LEUTIIL LIWLIESDTLD

@ 6TenID @(HLGI ,600T(H&(ETHEGH6T (2025] BTEFTa D, FEFTEYL LO6vFlSHT
@QusEgw elesrbleusils  sLLeGensms [Manned  Spacecraft] swriflsa),
Clgeueumils Comefley S| HLEMS 06USHS SHILLMEIGMETS SHWTHHSHSH
Gl&smevoT (H) 61 (TH &) 65T M 6DT! SILumeuGeur  FlLLGHElev  WesllsF  Hlevensus
GlgmL 250,000 emwev HIID LiwessTd ClFwiw Geuesorly UNHBSSHI!  4,65TTEV
LLBluNeS(mBg Ol&susumuilest SITTD 34 WleLedlWIsT 606V (LP&H6V 63 LBl6LedIWI6sT
enL6v euemy CoumLh&lmg). HILLLEI[HIWD efEhEpmesilasT LmLiLi(hib CadHlenwis
86001 & &L LILIETT [BITL&HE6ITE (&60MES HlFessTwbd Glguiw Geusssr(hb! GLoey|Ld
ClFeueumils Gamemer GlB(HMIS W6ofHFT L6V LIHmISST Lodlwl FrLLlSlen
(Zero Gravity) LiweroTd GlaFwiw Geussorigwl Sl(HS@ESW! UNSHuNesT HEHSH TSH6T
STHEGEUMSL Loy THRISET SHMhiSEH Glamemer  GCeusoorigid)(hHesE)Lw.
Siliuesflenw  Guomblsmersr  aSl@EhEpmesilser  SHiey Ol Geouesorigul
NT&genesT&6, Sisnileus FFomssT HCHeD | HCmHeD | urgsTiurs
SIHSL LWeTHmSHS &leumisl HlemmGeumms gievoflujd 6316k (shmesfl&erfleor

e 2 Mmilemnw [HAD Wee b Glgs CeussoT(hlb.  BIFT S6V6VG| FET
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Color image of Phobos obtained by Mars
Reconnaissance Orbiter on March 23, 2008.

Color image of Deimos taken by the Mars
Reconnaissance Orbiter on February 21, 2009
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Clgsueumiss CamEhHsHE et lSTaHeneTL LTHISTULTS HenLILT, ClFsueumiis
SemsHHlev sLOILL KM@ urgisruursl wbeE WLd Qswusmsy, gl
BlgFwd 21 b mIMMTessT(h) elesorbleustl euFeumMHMIEL 6F LO&SHSHTEST
e\(EhH(EHTETTE  FTHEMETTWITS  (PSH6T6O  GluMMILT GClUmesT TS SIS S61T160
Clummlsa L.
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6. @&iw GBUSHen WPHBEHTET LHneNF

FBBID BrTFT oleignienel (Gloarv(ler el .

[BL(Henr: 6]

YES@ETE &))D

(NASA's Messenger Space Probe Entered Mercury Orbit)
Lifllenw 8868 Gk (HmiSIw
Fw 218585 CsHm6T L|&He G e !
BITET Hew)|LILw omiflestiy
(P&6L allessTesn)|smai
Lg60T CoHTene6ms smm)
eflenbg| Liwiesorld Ol&uig)
R UDSEDS QpTTULLD !
BTETe 60T @)T60oTLITLD
elesoTsrmiemal Gl Gl6r (6hE T

L&60T G menerT
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@@ Upwb &H)

PWS B8 SADILLEDS)
@uGumsg).

L&) &L (B ClUTE&ELW0
&Ifl&GameT L gs6Gas e !
LTenm& &L GCLo(h&siT

Lmuev BIFbLNwg)!

2 L &(H 2 (H&& Sliyevor(h

2 emMbhg| CLimest

R CUBL QHoLs Gevr(h) !
GleuliLipd G el (Hw M LML UTSl&EGW UuTenmE Camer !

Messenger Space Probe
Orbiting Mercury

Success!
The First Spacecraft to
Orbit Mercury

MASA’s MESSENGER probe has become the first spacecraft to enter orbit
about Mercury. A1 9:10 p.m. EDT, Mar 18, 2011 engineers in the
MESSENGER Mission Operations Center ai the Johns Hopkins Unkhversity
Applied Physics Laboratory (APL) in Laurel, Bd., received radiometric
signals confirming nominal burn shutdown and successful insertion of the
MESSENGER probe into orbit around the planet Mercury.

"ufHHE We CBmuSlw Lser Gsmener CohmesHlE ClFeTm HTET
eflesoresn)|emall FIMIW LIT6DM S{6TITLEHEMS H600TIeE &HMHMID (LPesTCL (PSHEHIWS
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HH6U6V LIVEUMENM D)L W6Temg|. @IT6etoTLen] 4,650T(H&(6THE (S, (LPedTL
BIhIGT HlenersHS(HHSH GCumsy @UGLTEHl @lsveney  LiGHesT  Game.
ClwevGlenErsy elletstamiemall GClLmHmIEGWIL SLmISeneTWD, &HLbBS &IT6V

TfIDEMEVE SLMISENETILD aNWILILLL (HID STLFIS6EMTILS STLIgu|6Ters).

QIT6dT FMeVLD6ST (LNTSLD QY UIUTEITT, HITEFT Glevblen & aletrssnlemails
GmlLuessfl) (sev(H 15, 2010)

"uflgle Camefler W GHHRISIW 58 CasmensT oy Fmub wwmeluiley
SILILTeVI6TeT MM HeoTsHs CamersGsmm(h  wrmiubHib  GCeumium(hleemer
BTRISET MBS Cl&merCGeaumd. (GUILLTE 3586 CameT LHemers GsHID
QL TmEFuilev BLg| LeNsGamensil LML Liflhgl C\&meTsr eumiLiL|sTerg).”

QBT FTEVLO6HT (LNTSLD Y, WISUTETT, BTEFT ClLo6VGI6N(EREFT)

"BrETallest (P&6v allessraLiLIsy WMflesty - 10 GUIT6L HIT6T (S SI6V6V&] BHS
LTHHIGET6V LGt Camener BImIGsT allemyallsy GlH(HE&E S &HMlull(HEs
(PlWd. eoTmev WmiflesTf GClFeTn iS5G Ien6sT CousSHSH 6V HTMRISET L&H6sT
Cameir FLIL eflengullsy GleVGleVER FenF @MMmIS en6eUSHSIF &M eur
@uweurg). Lgett Camemer Glb(HhELWD CUTg| & CIng|aIT&HE ClF6sTMTVSTesT
eflesorer)iemal LgHest FLL ellem&uiley @mmis (Spacecraft Orbital Insertion)
BEIRIEILE

QIT6dT FTEVLD6ST (LNTSHLD Yy, UIeumersy, BTEFT ClLoerGl6er(EREFT)

PSET(PSH6V L|S6iT Camensm @QIHLMPLD SMHMW BHrET eSlesorassmei

2011 & 17 gyb Cs58) mramallest elsvsresn)|small ‘Cloev6len (EhET ,Men T
S6v0T(h &6 Liwesord ClFwig) uflHlenw 8l&s GlhHRISEF &HM) euHLD L&Hensot
b6 UL LSHIL eul LSl yrwlesgl. uflHls GhHwusstsu Wless Fmw
Ha&CasmsT LfléleE Wles OB(HRsSs SHHMmIeUSTEY H6M 2 61%K6TD (FHGL M)
FLSMSS Fal 2 (H&E] alLE Sy 2 6Terg). LflSuNesT 9556085 S(HID
CleulILSMES HThISIS Cl&meTer GlevblenEh& T allesrsomiemeails gL Gumslw
GCleuliLg &eusLD @enetTa sl LIL(heTerg). GleblenyehaT 6l6sorson) 6l & mest

(WPSET(PHV L&H6etT GCasmener @@HLMLPL UTTWE &HOHM eumSmg. 1974-
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Messenger Space Probe Launch
[August 3, 2004)

it et M s L i, 1 ottt el 1S oot 1 il
Meruny.

Tha nama cami rem “MErcuny Seilace, Spece EMviionmsnl,
GEochemisry, asd Kanging,” hghlghting the projec’s bread range of
scimiific gosle. Maomger wis the srvanth misios selecied far the
HASE Discowary Pragram.

W ban O v ©

1, Wiy i Mescury we dems 7

2, What I the guolegic hisiory of Mooy

. What s the natun of Meroury's magn et eld?

=

. Wl bt Stractine of B eay's ce?

W

. What are the snususl mstesisls al Mecery's poles?

=

. Whad velatlles ars impertsi af Mecery?
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1975 @6v Brem en)Llw wriflesty - 10 (Mariner -10) eSlesoraLiLIey GleueTerls

GCamensrg sHMIL MG LHE Camenerwd iy smmIl UL er(HSE
eflugmIssneTULD LLLOI&SE HenINwg).

SOCUTEI GEOBUDWLD &OB aUBD CIeVEeVERE] glomete(HlEE (e
2004 &6 3 b Cadhl olwiflasmalss NermiflLm GCl&esTmeursy ey
(emesTuIleO (bl gFeuliLLLG|. GlenvblenEhsf LgHenss Wl&a b GlbHmis)
200 &L15 (124 emwev) 2 WFHSHlev &HMLU CUTEUSTHS SILLBILLILL(H6Terg).
eflesoTes)smafluflest &MM| HeTeulLs GOMTIL @ 200 &Ly (124 emwev),
Hemmy : 15,000 &).L6LI (9000 emLoev).

GlenvlenyEr &y (MESSENGER) etsotLigSlest elifleumest eNlem&ssid Li&H86GasmsT
Gm&erd, @Lpoleuerf], Lgerallwey Clgm@LiL (MErcury Surface Space ENviron-
ment GEochemistry & Ranging) eresTLl Sm@&L. ellesorssmiemalluflest Hlemvm : 485
&).&mb (1070 ueyesor(h)). 446 Llevedlwiest LITeVIT &ILIL|6T6I elesoTesn) smailullest
Lflomesorid @ (1.85 WBLF 2w, 1.42 LBLF S&6vLD, 1.27 LBLIT &Y LpLD) (6 iy 2 WIFLD,
4.5 9y SI&H6VD, 4 g Y LOLD). eNlevorermemell 608 &l.EIFmd (1340 Lieyesor(h)
) eflessd) SlFeud, HWHSW 2 eorLmsl CurdHw afedluin gy Hlweimsnms
STHEF ClgFsvsyId M (sTerg). SHlens CHTe

ellesoTer smallemws SHl(HLILUSM(E BIeTd Gluflu 2 bhg FTreH6sL(H
&(6THLD, HIT60T(S FIMIW 2 H&)| TTE&6SL(H&EHLD @)enessTassL LIL(hH6TemsoT.

Uss Gameflesr @Imemwuesrs &6veneusem, L Gemallsy, STheHellwev
LessTLM(h&emens Glevedlwmall ugle| CFwuiw GloevbleneEhaly ies|liuLl
UL (leTergl. eeulillL KM@ ClevblenEhaf ellstsTesnisall ep6eiTm| (LM
FrUY ellemns eiF&lev (mevteuifl 2008 @e6v L 8l& &mm| efsa , H&GLTLIT 2008
@e6v Gleuserfles Camsr MM 6568, GlEFlLLUF 2009 @6 L&Hs CameT &mm)
eigs) 2 haluLh @miSHluiley Ceus WBlgwreEsl ULk 2011 LIFE 18 @6y
H5&6smseT Ll ellemsuiley @WaesL UL Siemg Hemeullsd Hlev &MHm
UTOINSSS. LSHetT CamensT GloevGlenEhRsFT (§enDhaHg| smessT(hE, 730
(pemm FMHMleUbH ] LIS EHS S&H6U6V Sen)LIL|D. 6TflFss SlFeuld allessress)|emai
e mesoT (h & (& GLoev Lissof] Yiflw Curlwr oi6mey 2 siTemg).
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Messenger Space Probe
Launched to Orbit Planet Mercury

Streaking into the early morning sky on August 3rd, a Delta |l rocket
launches NASA’s Messenger spacecraft on an interplanetany voyage to
Mercury. Scheduled to become the first probe to orbit Mercury,
Messenger will begin by looping through the inner Solar System in a
series of close flybys of planet Earth and Yenus,

The flybys are designed as trajectory changing gravity assist encounters
to ultimately achieve the goal of orbiting Mercury in 2011. Prior to
entering orbit, Messenger will also flyby Mercury in 2008 and 2009 as the
first spacecraft to visit the Solar System’s innermost planet since Mariner
10 in the mid 1970s. This dramatic view of the Messenger launch was
recorded from a pier in Jetty Park at the north end of Cocoa Beach about
2.5 miles from the Cape Canawveral launch site. So what's that erratic blue

streak on the right? It's the reflection from a camera blurred in the time
exposure.
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The Planet Mercury

+ Closest planet to the Sun
+ Diameter: 4, 800KM

+ Mercurian year: 88 days
+ Has global magnetic field
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ClwsvGlsnEr&T alstoremmiemed] gaflwigetr (peélwiss & mlLiLesflaser

Lgeor GameT bLog| hlevensu eNlLE Fmlg) Cluflwug). g6t efllLwb : 4800
&l. 6L (2980 6mD6V). H60T 2 L&(H 2 (HE 2 6nmbHG GUTeT 6 GILI(HLD
@ mbLs Gevor(h). L blenwl GUITeL 6umu LDESITLEVD @eVeurs Li&Hs GCamerfley
LeVLILILITE 62(Th Gloeuedlwr eumwg (&Lpbleustfl (Exosphere) &mmlujemeng). ibhs
SiTrRI&lev LfSuNed) (mHHg| GleueflGuImID 31650858 (THLD, HWITETSHEHLD 2 6v6
6U(THEEBTMETT. LSH6TT SH6TSHSH160/(HHSID @ FTFTILIET FLPEVSMISEHLD 2 SHMLILIL ()
eT(p&leoTmest.  Gamgwid, GUTLLTH WD GUTETM H6sT ELPEVSRISET L& 65T
CumaeTs et i(HCs HeupsleTment. SeumenmLl Lfl&lules eperfls gis6Ta6T
(Solar Photons) elletorGleverfles &8 &6 (6TH&) 60T M60T.

1. Y& Camefler gerl Glum(pHLEen6TS (Surface Composition) &16VeOIWILDTE
SiMleug|.

2. Yss Gameflerr L gemailwiey sugsummenm (Geological History) suenywisnm
ClFI6LG).

3. yss GCamefler &MHHE HeTHH6T H6VEOIW LIVSHOSWWD (PreciseS-
trength of the Magnetic Field) 918 &6 2 WFSSleT FMHM @MEHEHSHS 6TV
LOTM|6UEMNSW|LD SiMl6Ug).

4. Uss GCamefler Hlemsll VppFFenw (Mercury’s Libration) oemmba)
o Lemellest Slyeu Gleusflessm @ @@Euenu  HAMeUsSHE Y TTLES
ClFI6Ig).

5. Yss CssmeT gl(Heumissserfley 2 6iTem eumestensy eT&hl6lgmedlliLy GlummLas

efflest (Radar Reflective Materials) LissstUmT(h&6n6ms SFomesflLiLIg].

6. eNlwm@ WaEHlW Sesflmisensrwd (Volatile Species) Sieummlest eLpevs
STULN&Sen6TULD, Lige SHensmud L&H&GasmeT sumwd @Lpleuefluiley (Exo-
sphere) @\(HLILIENS S, TTUIELS].

ufl$& @ i (mBlev &{HID CleuriL efesorbleuefluilev shHm) eu(mLd Lgesr CameiT!

Grmwresflug sLeysfleor gray Glwi@fl [Mercury, Messenger of God]
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Mercury Image By Messenger
Space Probe

The MESSENGER spacecraft got the closest look at a solar flare in
human history, from a distance of about ¥z AU (an Astronomical Unit is
defined as the distance between our Sun and the Earth, approximately
93 million miles). The Mercury, Surface, Space Environment,
Geochemistry and Ranging Mission, or MESSENGER, is tasked with

studying Mercury, the closest planet to the Sun. It will insert into orbit
around Mercury on March 18th, 2011.
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MESSENGER Probe’s Entire Trajectory,
Looking down on Earth’s Orbital Plane

DsM 2

Venus Fiybys 1 and 2
(2867 and 338 km aistude)

: Tpad
DSM = Deep Space Maneuver \-—___—-—"/c AT

DBI'I- 1 DSIH DSMS DSM &

a—a OJ—HDJ—-O—l—-O

RO BO205 10’34-'0! ﬂ-'.’ﬂ]‘? 11408 |Mwa A
Eath Earh Mty Bsacuny

—Image courtesy MASAfJohns Hopkins University Applied
Physics Laboratory/Carnegie Institution of Washingten

Cluwenrs Csmesor(h) WHMHGsTET LgHesfleor Gluwiy GwF@fl (Mercury] srestm)
emeUSBSL LLLG]. 17 b MITMHMTEsoTIe6V LNemm GleusTerflemi mirmies)|6soT s 6v0Te
(P&65160 HevoTL @) &HSHTE0W 6umssilwey Goens &medledlGWIT, LiSHen)|b HeusumrGm
Nemm eugellsy @ HLLUMNSS Clsmensy GCohTsSEIWNy LUTTSHS, @ Feser(hb
ufl$lenw s &m) eu(HE6TTMETTEUT 6T6TM)| U TTWLHSTT. He0S 2 MISIL L(HES
Hgeor, GleueTsrll y&lweummlest Nemmaeensrs GlETLIBG udHey Glauig),
LLLBluSN6sT Hlevemens Gumev LIS BaFEFuIlev Nemm ClufSTeusns Wb, HHES
urgl paFFFIuiley Nemm FMlsTeuenswb Hevor(h) YigsHgl, LgGHest GleusTerfl
@ressr(i LflSHlemw enwwOTEHs Cl&smesoT(h &HHM  eu(hHEleTMEsT 6T6sTM)
BlepLISSHIS STLgeTTy. (FHFlwenb MM CHTETHEHLD L Blenw 6nWILDTSHSES
Clasmevor(h) &M 6u(hHSlesTm6DT 6T60TM| Famlwl, HGT&Es (6hmesfl&6T B ifleruLmigev
(Aristotle) Lmeuldl [Ptolemy) u&lGwimiflesr ClsmeTens Nempwimsst ©O&e6sTm)
TbH&HSIS STLL, &TededGWwme]s @, Gleusierfl Lger Lélw Cameirassiflsst Nemm
eueTEF WD, LNemm& SHeMTFEFIWLD FTESTMTI 65D IHSH6DT!
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Precessional Orbit of Mercury
Around the Sun

UG cuVDIGD YseT C&Hmen 6T
0)enG58)6 YR GO
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LLBIUNeS (pHg GClememey CHT&HE] epeud LIMTTSHSTEY, Gl 2 HWHHM S,
getTenm ewfl CHISH MG (P6TY 6TWRHSI, G enMe &S @eTenD e
CrrssHnHEL Kery st Caflumbey CUrSIngl. &&&lTenn smeneuuiley
91516umev allly GleusTerflwms ey, wremevuiley b GleusTelwmaea|b sl
ei&x&Hlngl! smensv CHISH LflHEEs &HlsGs Camys Hlengullsy [Great-
est Eastern Elongation), Si(h&&! wmeney Ghr&HSHlev ComEHss Camiys Hlensuilev
(Greatest Western Elongation) WL (HGW LiHenesTs Smewor (PlpUld.  HST6US),
Hgeor GCamemerLi LLLSIUI 60)(hb&) 28 19&lifl Camemrsslev LflfleE @ mymLpLD
simesor (WG sHelly, wmm 656 masrsFluilenv gl & flwesfleor CLGFmer
CleusiTerg &lev ep&IL GUTSIMS|.

Processes at Work
in Mercury’s Exosphere

low energy genorally

mw return to the surface Some atoms will be
photeionized and be removed
" wia the magnetic held
&eE .
Frupton Ylrmadated
m—uh.:.:— Magnesium atoms are
wvirtually unatfected by
High-Energy radiation pressure
@'_ o Calcium atoms are
N &7 " accelerated much less
Lo Sprallreng
4 oS
Sodium atoms can be accelerated
rileased veith n the anti-sunward direction to
fo ded tail
i?hﬂh:n:mj ;:m make Thasa mers anergetic slems rm an exten tai
it to highar aithudes are airborne long enough _/

M tobeaffected by solar

radiation pressure

&&&ITenesrLl (Venus) CUITEY, LSH68)18 &L &I60650T8 CHITET 6T&I6LD @)6V6m16V
Gl evTLevSHle0 MM eTeveuTs: CameTaERS G (LW, ClFeusumil,
eflwmpest, geofl, W Crevreny, OBLIGUL6ST, LEHGLT] 6p60Tm| Si6v6vg| GmLILL
&l6m 65018 CHTETHET 2 6TemssT! &IJ(h) (LTLTET &I6D6TEHET HlEMMHES &(HLD LITEmM
606U L|&H65T Glasmevorlg(HLLSTEY, Gl LUfSluNer sperflemw er&l6lrmerflss gL
Smid (Albedo = 0.06] W&y GEmMHSHSI. Lhblemwilt GLITeY LITGISTLUL 6umw]
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LD6TOTL6VLD 6T&I6D LiGHesflev @evevmssmey, (& flwesllesr 2 &l Gleuliuib
(PPEUGID AHSH6T 6UTeTITL  (HLYSHemeTd, 2 F&F LenevEHenemuld &L (H&
sl emeussmgl. UflS GHLuSSH 6T (WHMHEETET LgHestlerr SeofleFmLiLL
LiesoTLIT(H 6T

2 (HEUSHSH6L L& @D FHSTenIsEW0 @enLLILlL F allgeneull UMM
LS60T. 35607 e1LLLD 3030 6mLD6L.

Inside Planet MERCURY —=seace__

The planet nearest the
sun has a diameter of
3,032 miles (4,879
kilometers), about
two-fifths of Earth's
diameter. Mercury has
a spin-orbit resonance,
rotating three times for
every two revolutions
around the Sun. A day
on Mercury lasts about
59 Earth days.

THIN ATMOSPHERE
Extramely small amaunt
of helium, hydrogen,
oxygen and sodium.

GRAVITY !
0.38 OF SURFACE CONDITIONS METAL CORE The planet’s liquid

EARTH AIR PRESSURE: None iron core makes up about
TEMPERATURE: B40°F (450°C) three-fourths of its radius.

WINDS: None

ATH  MERCURY . gk %
26 ft. ---'
- bt Lo R b ST
dunk AT ‘ |‘+'|'.=? .

Kl

The swurface of Mercury phobtog raphed
by the MESSENGER probe in 2008,

ghslTenestll GUTeL Lssnid &Fh (prLmest GLWlasT [Craters] BlevmbEI,
6UITL| LDEBITLEVLD 6T&HIOYLD @6V6VTEH gME (HeOMW (Fxeorwiomest (Vacuum]
GLRIblemsy enws Cl&TestTLS]. L&6tT s&eélTeneorL (Venus) Guimev Wlg LB)Epdlw
GLTeoTE480 1&lfl @&F Gamerma @6vevm NLLTEYID, 2 61K6TTD HSHSH
Siemailev -180 1 &lifl C (pasv +430 &)l C eusny Ml @M, &HID GleuliLiLd

www.Kaniyam.com 136 FreeTamilEbooks.com



S46v0TLGl6uerflLI LIWI6BoT RIS 6T &.OuILImy&6oT

&6 (HD 26mEhgF6L Y HID (FH CHTET. HH6T FTLLF 65 Bl&HeD eusdlento
SIOMg!! Wluler FFLL 69ems 1 6TetTm| 606uUSHS|& Cl&mevoTLTeY, LigH6vflesT
FrULY edlems 0.38 & eme]! i5meug| Llullev 100 L6esor(h eremLu6iTerm
62(Ih LI6soTLLD, L|&6vflev 38 Lieysvor(h) eTemLgmest STL(HIL! (Gl eeflowislev
ufllemw Wsea b CBHESIF &mml eU(mHeUSTEY, LiGHen6Ts clhmensy GHrmes
EpeVLD STetoTLIG|, WS slgesTd. UIf&&HEE &My 28 LlevedlwesT 6nLo6v
aMrssHlev mHereul L eSHluflev [Elliptical Orbit] 88 BTL& (6H&E (FH (PemML
ufllenws &Hn) euHSI M.

Mercury Picture Taken By
NASA Messenger Space Probe

A NASA spacecraft aimed at Mercury has already returned valuahble
observations from the planet closest to our sun, despite still being
maonths away from entering orbit around the small, rocky world, the
mission’s lead scientist said. Sean Solomaon, principal investigator for
HASA's MESSENGER mission, said the spacecraft is poised to enter orbit
around Mercury next March to build the most detailed maps ever made
of the planet.

BTD eum Wl ufldleE uumsv 93 WlevedlwesT em6ey HTTEHSH60
o eiTemgl!  eTeLELTS GameTseneTw b aflLl ufllenw Gleug elengallsy,

eosflésE 100,000 emwev GCeussHlev &MHM RSNG|, LSH60T! 6UTETEn6vs
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SL(H (Radar) epeuld LgesilesT &HlTemevsemer o ImlbSHSHI6, g SHeoTen6Ts
STGesr 59 BIL&6T6L &HMHMIE GlamsTeug| HMIWIL LILLEG|. L& EW0 Ufl&l& @b
@enLCGw smM eu(HL F&HES&IT6oT, FHETeneoTL CUITETM|, LHEDID IH60)|60L LI
88 BITET LIW6sITSH 16V, (FHflw sperfluilsv LNemm 6uigemeuds [Crescent Phases) &L Ly,
Nemm eueTFFFILD, LNemME SHemFFFIwd Glummi eumHSIMGI. seeflblmL LLenL
S WI6960 (Spectroscopic Analysis] g6t Camemgdlev Wsea b medlhs (&W0s [At-
mosphere) 6SITLEV(PLD, BiHlev Gamguwib, GluTLLTFw @@HUUSTS HMIwLl
LLLGl. HeummlesT 4emm)|&&6T Hemrll UFLilNedl(mbgisHmest &lembpluil(mes

GeusvoT (HILD.

Mariiner 10 Space Probe

Mission duration
Now 3, 1973 to Mar24, 1975

Gravitational slingshot - Mariner 10 was the first spacecraft
to make use of a "gravitational slingshot" maneuver, using

Venus to bend its flight path and bring its perihelion down
to the level of Mercury's orbit.

6(H MITMHMTetoTIgey 15 HLemeu Lgeot, LLBGSEGL UflHle@En @enLGw
SmIsEH) [Transit] CFWSI M. HUGILTE] L), Lgest, Lifléh epsstmib G Ciiy
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CaMLilgsy 6! HHHF FLOWSHSH6L L|&H6tT CHT6T 6(H S(HLD LisTerflwimss,
ywmesorLLomest LIfl&lulest eul L (p&HSH 560 Gl (h Gumsv Clef&lmgl. 1677
@\6L (PH6L L5607 (HMISBES(H smessTLILL (HL LISleumsl weTsrgl. HeMm &L LesrLy
@ &l6uenT 44 L 560T (SMISS(H&6T C\STLIHS STesoTLLL(HL LiISleums oy FmwiL
LI (heTermeoT.

BTET SIS (PS56016V gl eflevorasLiLiev omiflesriy-10

BTET 1973 QLD gy 650T(h) HeUDLIT 3 Qb CaHS) eallw, alflessrGleuerfls sLiLIew
miflesty-10 [Mariner& 10] &&&lFenest [Venus] p&69160 &y Tmilibg| LLOWLHSS,
Sihsa 1974 Wugeufl 5 b Cs5&H Lsem Gamensm GlHHEIS 197 emLosv
3I(HGs LUMHSI (I LMSH0S WLHIWD LULCIWLHSSHS. BTET &as&lFesiler FyLiL
g&Hlenwll LwesTU(h S &), 696vorasL1LIe0 60T GLIT&HeM&HE SL(HLI L(HSHS), L|SH6em60TE

GUDEUSHSE.

SDYWOHEF Cleumm) emLbBSl, WMl LTS @enL Gleusflsefley bHSS!,
201531 rlery-10 EPETNI WML LHenesrs: sLbBSI, CISTLIHS UgIL U
efugriseneTl LL6&E HemILINwg|. wriflesty-10 Lgesfletr Seml L&l semnsm
(PS6TT (P&H6V LILCID(HSS HewILILIeD, sTSHIFLMTTSHEUTM 6(h ClLI(HLD &MHHE
&S0 58 H650T(h) LNlg85561 LD 6]5|6UTEsTS)].

L& LD6BOTLEVLD &MHE &&hS Glamesnr(heTemgm @, ST 2 L& (Hedlev
@\ (mwys GCamerd @\(H&Hs GeustsT(HbD ereoTm| 2ar&lsSasl LHISImG!. Lwluilest
ghdlTensrll GCumey Gev HemsHHlev LTemme G WlssT HIFLLN @)\(HHSTEVID,
He6oT Sesfisgleud ummis Hmlgerey &Mbe &&6&6  Clsmesor(heTsrs).
FhHTes 160 &SMHS LO6ETITLEV(PLD @l6Vensn!  @)(HLOL6ITET 2 L& (Heh @evemev!
60T &SemsHSHlev Gamyph Gumetn OlFmIGSHSTET  eneV&6T, STLPHS
LI6T6ITMRIGET  6fJT6ITOMUI  @\(h&&l6oTmeT.  esrmev  Lpbluflest &mhalresflev
LeemeoTLl GLI6V GlEFmIEGHSHSTET LDemeVEsT @leveney. LigetT Gamerfley eumw]
SIS @6vemev | LNTTessTEUML, EMBLET6T TSI SlenLwimg! Hiflevensy !
s LL8lulest hlevemeuls GLimevGeu

6Th & 6918 2 uNiflest(LpLd 6uMLY 6uLl @eveuTs GlFss ieverLGLo [Dead Planet] !
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GClFsueumil, &&&TeT CoHmeTeHensmLl GLITeY, L& e8| &(HI GleuliL, @sfye
GLpIblemsv Cl&mesor(h) Wmemrwb euFGCeumsams eursseTL LImemm HleuGo! eumyy
LO6BOTL VS SHl60 @IbLblwisrey oy Fssmest [Argon], Blwmest (Neon), anjeSlwid (He-
lium] Vless FMu HWSHSHSHI GHLHSI6TEMS!  SLILTEnNM HI6VLD 6THIGLD
eflessra M6 ell(Wha eNWhEl LR (GHWIssT qoul(hsTerend LOmflery -
10 eT(h&H5I85 SMligwig. wrflesty -10 yuieysHblp LHesller sMHS F&Hs
Lluflest &sMhHe s651UN60 HIMMIL (Ff UMISGTe| @(HLLSTHSES SH65oTLEI.
Hseor uflSlenw @ (mupenmE &HmleU(HD STeusHSIME6T [88 HTL&EST), i)
SH6TTE060TS &TC6IT SHETEOTEFEFISV eLP6ITM)| (PEMMEF FLPVEIMG).

1991 @6v LBluNeO(pBg WssF &8585 UTLBS 6UTETNNS 6l&HTemey
GCrr&eél (Radio Telescope) epeud LMTTSHSHIL LgHest Casmerflest gi(Hous
H6eMRIS660 Letfl&asLlly SiH&EHS6T Call @(HLLINSS STLIQUIG]. QL6STTEY
SIbsL LGSlssflsv wmiflesty - 10 gy uiesFslp, 1974 @ev Liwessrd Gleuiwl
Ly weflevsns !

‘.‘ +'-‘__ .ﬁ o .

-y

Ouer 40 D{ID !mages frum L
Orblt and Countlng

Mercury Images By
Messenger

L BluNesT UL SIHeuSSIM(EG Cwev 2 wWrSHS S (HHE LUTTSHSTEY, (FHFlw
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GbHbusSev LEHCLTemeusd S, MM 6T6V6VMEH GHTETSHEIHLD  MbIL S 60T,
Gleusiterfl, b, Glesueuml, eNwimpsst, &esfl, W Grevreny, GIBLIQULETE] ME
Gemnw Gy LL eiflsefley er&lfs - ssmy [Counter-Clockwise] &Lpm&ludlev
Gflwenesrg Frmiug &M eU(HElTMEDT. SHL6Y 66T LDSHSHSHTETT LIEBLLIL|E(S),
LOLOmessTL LOM6TT LNTLI(EHhE H6BoTL RIS 6TTl60T 62(LpM!I(E) @WSHE Hlwd) e iflw
T(h 5518 &TL(H!

1973 @)6v Gleusiterf, Lig 60T @ r6vor(h) CameTamenem 6Gr LILIETITESH60 2y Ul6)
ClFwg wmfleri-10 @6t Glumy) mIsTnISBSL CuTEmaL LweTUh&HS), HTEFT
(NASA) 619 (sh(shTevfl &6 24 (h 581 G allessrGleuerfl LiwsssTg &Hlev, Lifl&luflest Lm
Gleustfluflev &mmM) eu(mHLD eNwiripest, Fesfl, WGresTery, GIHLIGULETT &L HIT6OT(S,
CameTsensr T SmenLit eurGuwigary - 2 (Voyager-2] oy li6|&H8lemLps
swrfsgl 1977 ysevh 20 @60 eIt Gleumm) GlUuMME!, §(H LTGILI(HLD
eflepepmeoTl GlumrMlufwisy srgemest! 2014 24600TI960 FETEYLD, OTHENVTELD S
(ESA-JAXA) (European Space Agensy - Japanese Space Agency) L&6tT G&IT(sTH& (S
eflesoTern)|6al Sien)LILILI CUTeUS TS HMIWLILIHISIDEI.
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Earth Orbit

/i

s Superior Conjunction

Mercury

Inner Flanet Orbit -

e

Greatest - ; Greatest

Eastern —. ~"Western
Elongation ' Elonmgation

i Inferior Conjunction

>

™~ Earth

Visiblity of Mercury

The apparent motion of objects in the sky due to the rotation of the Earth
is 15 degrees par hour. Mercury is not visible, due to the brightness of the
Sun until 45 minutes after sunset ar hefore sunrise, therefore Mercuny
must be at least 11 degrees 15 minutes away from the Sun before it is
visible from the glare of the Sun.

At the Greatest Eastern and Western Elongations, Mercury is between 18
to 28 degrees. At 28 degrees Mercury moves 1 hour 52 minutes behind or
in front of the Sun. At the very best position Mercury would only be
wisible about 1 hour and 7 minutes for a given day.
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7. @GHIwIb@ AMmBL ABWID LHen GChbmer

HiHaBIBeTev Curenmey BHiliuel Galiy

[BsL{Henr: 7]

NASA Space Probe Messenger finds large
water Ice Deposits on Mercury's Polar
Regions
[November 29, 2012]

uiflélenw B1& OB (HRIS] 36sTe0160 HMHMILD
Nl 458066 L&HeCasme!

BTET (PSH6016v en)ILNwi wmiflestiy
eflesoresn)|6Ta]

L5607 CHmenems smm) eubg)

RO UDSMS QTTuLo!

BTETE 65T @) T650TLITLD

eflesoresn)|6ail GlLD6MGl6NY(EHE T

Lgeor GamenerT

@ Upwb &H)
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PS5 556160 ADIULEDS)
@uGumrg|.

Liflé) &L(HL Clumss &LW
&Ifl&GameT Flw L|&Hs CameiT !
Lmenma &L Go(h &6

LmL6L HIFbLNwg)!

2 L& 2 (H&HlS SHliyesor(h

2 enMbHg| Cuimest

@b CUBLD GHLS Gevr(h !
CleuiLpd Gerfl(mLd

rp) LTI LTS &ELD
LTenm& GCamei!

o31GeuL9l @) (heugl GLITeL LygHedT
ufl&lenwig smm eu(mLb!
&l(meuLl LiG&lserflev

Clumb Uil uTemm @\ (HLILIENSHE
sevor(h g S Hlemers)
eflesoTetn)|6TE!

&l wesTLevESHCov LIflSlenw Bl& CBHESF &FOHMID Lgesr Camer
6uLESLILIYE ClFTevsvLl CLITeTTEL ClFTMLI H6TeTleLSTET @GN S FmwLl
UL (bleTergl. L|g 60T CaT6T H6mE 5160 eTeveuTs: GameiTasnerwb a1 L1 L) (eheFwl
Gleuliu Hlemev Blevell euHEIMGI. SI(HEUL LGS UL 2 66T MMM Y05
&LPluNev [Crater] oyeor60 (HILIY GUTeL 260 @MIS500 26erd] 2 EiH6BITD [HlevOV
CarslsEn GCurgl, HevotenL elleflbL GeflFbg Guml, B GleusTersemsLl
Les &L Lisv LN6veSlwiest i 6voT(H&HemTHE CFLEISSH) (HESIME!.

@Qeuells Qupenswmer  (Geflymasleser  (Natural  Freezers]  uwifl&)
eefl LILTE WmiseumeT Hi(Heus Glseflert elleflby Blpsv LGS serflev
Blemevg geiemest.  @HS HILILelIL uTemmeensT LigHest GCamemer edlL&
&HS5S JeaT MmalsHHev GComearmi QFaHmefle SHeusFd eTm| el
BbrLUesil 2 (HSM6L LUTHISTSHS U(HEIMGI. LI&H6T HemdHdlerr Flev LG e
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New observations by the NASA MESSENGER spacecraft provide
compelling support for the long-held hypothesis that Planet
Mercury harbors abundant water ice and other frozen volatile
materials in its permanently shadowed polar craters.
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Wea|b (FLrél Biluesil 2 esorLms allsveney yullenib, LBlufey 2 sirer
GrLmyser @uUu@ESHsefled(mbag sTWn  eeflblGnhs  LKFsHuedlliLjgsensr
(et smiigujeremsst. GLeIL GlLwign [University of California LA, Professional Ice
Finder - Lead Author of the Science Paper][November 29, 2012]

Messenger Space Probe
Orbiting Mercury

Success!
The First Spacecraft to
Orbit Mercury

HASA's MESSENGER probe has become the first spacecrafi to enier orbit
about Mercury. &1 9:10 p.m. EDT, Mar 18, 2011 engineers in the
MESSENGER Mission Oparations Conter at tha Johns Hopkins Universitg
Applied Physics Laboratory (APL) in Laurel, Bd., received radiometric
signals confirming naminal bum shutdown and successful insertion of the
MESSENGER probe inte orbit around the planet Mercury.

"uflfleE We GpmmESwu LsHer Cosmener CrmeEsHlE Olgetm BITEFT
eflesorern)emall FINJlW LITenM SI6TOTLEH6NS H6ToTleE SFHMIWD (PesTGL (P&HHIWS
556UV LIVeUMenD HeB|LILT w6Temgl. @\TesorLen 46507 (H & (EHEE) (LPedTL
BMhIGT HlenersS(HHSH Gumsw @UGUTsl @lsveney  LiGHeT Gamel.
GClwevGlenErsy alletoTagemell GlLHRIEGWIL SLRISen6TWD, &HLbBS STV

eTflDEmEVS SLMIGENETWLD aNWILILLL (HID STLFISEMTILS STLlgu|eTerns).

QIT6dT FMEVLD6ST (LNTSLD QY UIUTETTT, BITEFT GlLoevGlenEh & adletrasmiemals
&mILiLenfl) (<sev@ 15, 2010)
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"uflgle Camefler W& GHHRISIW 58 CoHmensT oy rmub wpwmeluiley
SILILTeVI6TeT MM HeoTsHs CamersGsmm(h  wrmiubHib  GCeumium(hleemer
BTRIGSET MBS Cl&merCGaumd. (GMILLTE 34586 CameT LsHemers GsHID
SLTTWEE] uNev BLOG) LellsCamsnerl LmMIL Liflhg) & meTer sumiLiLjsTersg).”

QIT6BT FTEVLD6DT (LNTSLD Y, WISUTETT, BITEFT G666 (EREFT)

"BrEmellest (LP&Hev 69l6vsTaLILIEV LOMIflesty - 10 GLIT6L BHITEST (& B16V6V8| BHS)|
LTHHIG6T6V LGt Camener BImIGsT allemyallsy GlH(HR&E S &FHMlull(HEs
(PlWd. eoTmev WmiflesTf GClFeTn GG IeneseT CousSHSH 6V HTMRISET L& 6sT
Camer FyLY eflemsuiley GlevblenveEh Feny @MMIE neusHHIE MM eur
@uwevrg). Lgett Gamenem Glh(HEGLWL GCUTg| B8 Clog|eUTsHE 6l&6sTMTEVS 6T
ellesoTeriemal LgHest FLL ellem&uiley @mmis (Spacecraft Orbital Insertion)
ggleum@GL.”

QIT6dT FTEVLD6ST (LNTHLD Yy, WIeumersy, BITEFT G666 EREFT)

Hgeor Gasmerflev HirLitiest] GLipemallev @ (HLILIG] (PSH60T(PSH6L 2 M| Glauwiw
UL (h6Ters).

2012 muf 29 o Gz “elEpepmest @sLflev” [Science Journal]
Gleusiilwimesr BrETaN6sT GlwevsnEhET 6ellstorsomiemallufiest (NASA's Messen-
ger Space Probe) epettm| <y rmigd) Gleusfluihiseflev epestmi, Lgeor Camerflev
bruuestl @@@uusml Blevell eubsd Qwiuml Hlemev wIM], 2 MHlwTs
2 6TemGlGHeoT HleHLISESL LULL S&HeUensy HAMeNSSHSH. LevGeum| SHesflluliL
SUHTIRISEMeO(HHGE, UIflH eTev s EGL Lser GCsosmefler  g)(meuL
LGSlssflev Gurerey Brluesfll umemmssT @HLULSG Glsflw aumHSIDa!.
UL GI(HeUll UGSlssflev LIflE serev HTEHESETS BHIPM Semmisserfley Bl
5Tl &6m6ITs & (HLILILI Lilge &6 (Dark Deposits) eLplgU6iTem & T&H s SmesoTLL(HE&ImE).

&m60leoGUIMT6s LT LIL&EEMEVE &P Y UIUTETTS&ET, TEFT 6Slessress)|emai

Gl 6len ERFT M ILILNW HEHeuemevs CFLIS G,

&l westTLeVSSH60T &S Gamem Lgesfleor Wlg WEhFlws (&eflis
SEMMRIGENET (PH6T (PHeV Gleuli Hlemsv ML6Y [Thermal Model of Mer-
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UCLA Researchers Find Evidence
for Water Ice Deposits
and Organic Material on Mercury

[NOVEMEBER 29, 2012)

Planetary scientists have identified water ice and unusually
dark deposits within permanently shadowed areas at
Mercury's nerth pole,

Using data collected by NASA's MESSENGER spacecraft, a
team from UCLA crafted the first accurate thermal meodel of
the solar system's innermest planet, successfully
pinpointing the extremely cold regions where ice has been
found on or below the surface.

The researchers say the newly discovered black deposits
are a thin crust of residual organic material brought to the
planet over the past several million years through impacts
by water-rich asteroids and comets.
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cury) epeuld WSS, HbHS HenrssT GCGsum evevg| SHCLT BHiLiLest
&mesoTll U(hleusng s GMILLNILLETTT.  eUFHeT SjeuallHDd SH6soTL & (HemLLl
LIy &6TT 6o(Hes Sy Tamestil CILM(HLEET 6r6sTm| FamiSIMTy. 16w Wlevedlwiest
s evor(hsemml 5 ClFWPISHS eumev B6tTa (STHLD, (W6evor GameTs (sTHLD ( Water-Rich
Comets- Asteroids | LeT(WenME ST&HS], HeuMM) eS(HH&I H(IHD, U FeHmesls
ClUM(RHLESEHLD eN(WHSI Lighd (Hess Ceuesot(Hb sresTm &(HSLILIHISIMS).

1990 gyevor(h) Y TOU  STVSHSL  Lbluley 2 6irer  GELMTY  eLpeVLDd
SUTTWBRSSL Lger GCameflest  gimeull L@GSlssfley  supsssLblest L
uerueTLmesT eerflbleasll Lieflmi@@aseT @ (HLLnSS &evor(h 69(6h(ehmest &6l
ClulgIb eNWILILIEOLHSHETT. Hemeu 6(HGeuemer HFLI LeflmiSTe @) (HE&6VMLD
6T60TM)| VW MMETTY. L|&H6sT C&HITeT H6mEHHl60 sTeveuTs: CamsTasnemwd 6L LS
lep&Flw Gleuli Blemev Hlevall eu(HEBIMGI. HI(HEUL LGS U6V 2 6T semenm
S8 (GWIuilev [Crater] i6oT6v (HILIL Gumsv 260 C [500 F] 2 6%6w0TLd [Hlemsy
ClardlesEn GCurgl, HestenL elleflbL GsflFmbg Cuml, B GleusTersemsLl
Les WML Lisv LN6u60lwiest i 6v0T(H&BemTHE CFLOISSH) (HESHIMEI.

@euells @umpenswmet  (Geflymasleser  [Natural  Freezers]  uifl&)
eefl LILTE miseumesT Hl(Heus GLlseflert elleflby Hlpsv LGS serflev
Blenevg g|6iTemest. @B HILIL6STIL LITemmaEeneT Li&HesT CasmensT ellLs &(HHS
gesT MmagHSHn Comermiu oy FaeEmells HeugFd ¢6tTml eply, HyLiLesf]
2 (HSBMEV LUTHISTEHSH| U(HSIMG]. LSH6T HemsHsHler Flov LGS &6 Bl&Hey LD
GLTE Brluesl 2 esorLmas allsuensy <y uNsyid, LLBlullev 2 erer GrLmysssT
@uLGS e e0(mbg eT(pL eefldl(Ghe LNTHLISILILSEST 2 6Temens (peoTGL
&TLLgU|6IT6IT6DT.

PSET(PSH6V L|G6iT Camensm @IHLMPLD &MHMlw BTET eSlesoTasn)emed)

2011 & 17 g Ca &) mramallest elesoTesn)sadl ‘GlLosVGl6N (EHET U MED T
S6v0T(h &6 Liwesord ClFwig| Ufllenw 8l1&s GlhHRISE &HM) euHLD L&Hensot
beTeulLSSH60 eul LBl Y rosSssl. UflHs GhHLusS G Wleas FHnlw
He&CasmsT LfléleE Wles OB(Hmss &HHMmIeUSTEY H6M 2 61%K6TD (FHGLM)
FLSHNSHS ol 2 (HeH LSS Sl 2 6Temgl. LS UN6T HHHn&HWE &([HID
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YES@ENE S)IID

CleulILSMSHS SRS GlamsTer ClenblenEha ) allstoTstmemalls @l Gumdlw
GCleuliLg &6u&LD @enettTsHaLI LIL(H6Temgl. GlenGlen eh&T 6l6toTsss)|sal) & mesT
(WPS60T (PH6V LgesT GCommener @ (HUMWLD Y ITwE &OHml eumsSIingl. 1974-
1975 @6v Brem HentSlw wriflery -10 (Mariner -10) efletorssLILISy GleueTerls
GCamensrg sHMIL MG LHE Camenerwd spymWb &mmIL UL er(HSE
eflugmssneTud LH&E A ILNwgl. smHéurgl @@HUDWL &oH)
eU(HL  GlevGlenEray gLmessT(hlsE (WwetTy 2004 gusevh 3 b GCaéh
S0 flsareller WemmflLm GlessTmourey g6y (PenesTuNed(HHg| FeuULlILILLS).
GClwenklenErsr LgemerT Wl&ea|b GlH(HME&S 200 &5 (124 enev) 2 Wirsslev
somU Cumeusrssd SILLBILL Ul (eTerg). eflevorsmn)iemalluflest &M
beTeulLs GMMMFL : 200 &Ly (124 emwsev), Hemmy @ 15000 &)BLF
(9000 emLo6L).

GlwevblenEp&T (MESSENGER) erssTLiSlsor ellifleurmest alem&ssid L&5eGasmsr
GCum&erd, GLpleuefl, Lserallwesy Ggm@LL (Mercury Surface Space En-
vironment Geochemistry - Ranging) eTeTLST@GW. BIEFT 6Mlevorssmemeludleor
Bleovm : 485 &L&EIFMD (1070 ueyessr(h)). 446 leveSlwest LT W&ILIL|6T6r
eflesoresn)iemall ulleot Liflomesord @ (1.85 WLy 2w, 1.42 6L &6vid, 1.27
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The Planet Mercury

+ Closest planetto the Sun
+ Diameter: 4 800KM

+ Mercurian year: 88 days
+ Has global magnetic field
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BLT Lo1d) (6 Silg 2 WD, 4.5 iy S4&H6VLD, 4 Silg Y OLD). ellesoTesn)small 608
&.EITmD (1340 ueyesor(h)) erflgssd) SHlyaud, HWSHSW 2 esorLmsll GuTSHw
afeSlwb y&Hlweumenms GTeHIE blgsvanIb SMWsTergl. SHleng CHTeHSH
eflessTerpsmallemwisd SH(HLY 6usmHE BrsoTE OCuflw 2 mbg Fresblsl(h
&@EHD, BIeTE FMlu 2 hg TreH6IEL(HSEHD Genesrasll LI (hHeTemsor.
Uss Comeflesr @ITETWeTS: H6V6n6US6ET, LLSemallley, &SmheHelluley
LessTLM(h&emensd Glevedlwimall usle CFwuiw GlwevblenEhay sl
LL(heTerg). egeuliulL LNm@ Glwevblenyeha] ellessresnismall epesTm| (Wevm
FrUY elleng eSgdlev (evteuifl 2008 @ev L& smm| eFs, &sGLmury 2008
@e6v Gleusefles Camer &MM| 6568, GClFlLLUF 2009 @60 LHs CameT &mm)
eigsr) 2 Bl ULH @miSluilley Geusd WISwmEsU UL 2011 wrjs 18 @6y
He&CasmsT FLL ellenguiled @pssl ULb g HeTeulLiHHlev &FMm
UTOINSSS. L&t CamensT GlIoevGlenEhET (&enmbaeHg eImessT(h&E, 730
Wenm &MMIUbHE LIS HS S8H6U60 HeDILIL|D. 6TflFsHSH) SlFeuld elstorson)|emadl
e mevoT (h18(& GLosv Liessfl Liflw Cum&lw Si6mey 2 6iT6mg).
GlwsvGlenvEr&T eflstoreamiemed] gaflwigesr (pedluis & mILILess &6

L6 GamelT BLog)| Hleveneu elLg Flmlg| Cluflwg). g6t aS1LLLD : 4800 &l.
LBLI7 (2980 emLD6L). H&60T 2 L& (T 2 (H& 2_emnmIbg| GCLITesT 6o(h ClLI(HLD @) (HLOL|S
&6vor(h). Lyblenwil GLIT6L ULy LO6BITL6VLD @16V6VTS LiSHs Camerfley LjeuILILTS
62(1h GleLESIW UMW &F (FLpGl6usI] (Exosphere) &mmlueTers).

SBS  STmSL  uflHuNed(mHg  CeueflGwumibd SIS EHLD,
SIWITETSHEHD 2 6Vl euUHEOTMETT. LG SHemeHSH60|(HHGID @ TS Tt
EPEVSMEI &(EHD 2 HMULIL(H er(pdleormert. GaFmigwid, GlumiLmdFlun Gumrestm
S60T CLPEVSMIGET L|SH60T CLMmS6TEHSH6T (HESH HeUDSTMETT.  Sj6UmenmL
uifl§lufest sperfl &g &6a6IT (Solar Photons) elesotGleusrfl & &8 &61T(6ThHE 66T 60T.

1. yss Gameflesr Herl GlLM(HLEHen6TS (Surface Composition) &l6VeSlWILDTE
SiMleug|.
2. yss Comeflesr LLgsmallwey sugeummenm (Geological History) eusmiwisnm
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Mercury Image By Messenger
Space Probe

The MESSENGER spacecraft got the closest look at a solar flare in
human history, from a distance of about ¥ All (an Astronomical Unit is
defined as the distance between our Sun and the Earth, approximately
93 million miles). The Mercury, Surface, Space Environment,
Geochemistry and Ranging Mission, or MESSENGER, is tasked with

studying Mercury, the closest planet to the Sun. It will insert into orbit
around Mercury on March 18th, 2011,
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ClFI6Lg).

3. yss GComefler &MhHes HeTHSHlET HlLEOW LSHensHW|D (Precise
Strength of the Magnetic Field) 98| &6 2 WIT&HSHl6T FHM @MEHEHSHS6TTEV
LOTM|6UEMNSW|LD SiMl6ug).

MESSENGER Probe’s Entire Trajectory,
Looking down on Earth’s Orbital Plane

Marcury Orbit
Insartion (MOI)
AV = 0860 ks
Marcury Fiyby 3
200 e ailtitucier)
Fiytwy 2
{200 kom alttuda)
Mercury Fiyby 1
{201 km alttuda)
Earth at Mercury
Orbitnsertion 7 "
DsM 2
vienus Fiybys 1 and 2 |
(2887 and 336 km altude) M [
=" Eart Fiyby /
b (2M47 km altitude), g7
. s P Lounch
- Tad
DEM = M = C, = 16.4 kmls
Dﬁr DSM2 DSM3 DSM 4 D3M 5 aioe
o—a' 0.0 tlel .ot 9t .3
1T BO20S 12408 50T 11408 10608 22000 anen
Eath Earih Weru Wipnu Masrowry Merniary Blaerury Bsacuny

—Image courtesy NASAlJohns Hopkins University Applied
Physics Laberatorny/Carnegie Institution of Washington

4. ysps Gamefleor SHlemgll VKIpeHenw (Mercury's Libration) oiembg)
o Lemellest Slyeu Gleusflessm @ @@Euenu  HAMeUSDHE Y TTUEFS
ClFI6LG).

5. 45 CaTeiT &(hHeumiserflev 2 66T eumesTensv 6T&h 6lrmedlLiL| Gluim(mLasrfleor

(Radar Reflective Materials) LisssTUT (h&em6TS STLOMesiILILIGI.

6. eNwm@L Wa&HlW sesflmisensrwd (Volatile Species) Sieummlest eLpevs
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&L &Sen6TULD, Lige SHensmud L&HsGasTeT sumws @Lpleuefluiley (Exo-
sphere) @(HLILIENS Q4 TTUIELS).
uifl$& @ 2 (m&lev &[HID CleuriL efesorbleuefluiley shHm) euhLd Lgesr Cameir!

Grmwresflwg sLeysflesr gray Glwi@fl [Mercury, Messenger of God]
Cuwenrs Csmesor(h) WHMHGsTET Lgesfleor Gluwiy Gwi@fl (Mercury] sresTm)
emeUSSL LILLGI. 17 b BHIMMTessrigsy Nemm GleueTsflemw (Venus) (p&66l6v
&60TL. @) &5 me0lWw eumssflisy Geng &medledCwm, 4semib HeueumrGm Nemm
eulgeley @\(HLILIENGS Glgmemney CHT&HEIUI LTTSHS, @ Fetr(hib LflHlenws
&MOM) 6U(HSIOTMETEUT T6dTm| YTTWUHSTT. A0S 2 MISI UhlSHS L6,
Gleusiterfl gy Hlweummlest LNemmesenss CISTLIHS LSley blguig),

Precessional Orbit of Mercury
Around the Sun

UG eueVDIGD YseT ©&Hmen 6T
0)emGS55)5 GY GO

LblufNest blevemeuls Gumsv LTS maFEFuNev Nemm GCluflgmeusmng w|w,

SIhss ursh meFeFuiley Neovm Fmlgreusnswd sesor(h NgHg), LSH6sT
Gleusiterll @ yesor(Hid LflHlemws emwWILTSHES Glamesor(h) &MM 6u(HEslesTmest
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ereoTm)| BlepLSSHIS STlgestmy.  GFHlwenid wHm CosmeTsEhHLD  Lblenw
eWTsSsS Glamsor(h  &mml  eumElermerr  etedtm  Famlw, HCrsHs
epmesflaser oifleuLmigev [Aristotle] Lmeusl [Ptolemy) oy &lGwimiflest Glasmsitemss
Nempwimest 61g65Tm)| eT(HHGIS STLL, &TedledCwimes s, CleusTerfl LjgHesr o,&Hlw
Gamerserflest Nemm eusTeFWw, LNemms S6mTEEIL|LD FTesTMITUI H6BLO[HS60T!

L BIuNeS (pHgl Clememey CHT&HE] VD LIMTTSHSHTEY, (FFl 2 5WHHMSE,
gerenm Wewfl CHISHMESU (PeTY TWHSI, G Wenme s S @eTenn e
CrrsHnHEL ety YaeoT Caflumbey Curdlmngl. &&&ITen sremneuuiley
3151CUTeL 6y GleuesTalwmaeyd, WTenevuIled HHH GleueTswmeseaybd e
efx&lmagl! sTensv CHISHL LflHEEs &HlsEs Camysd Hensullsy [Great-
est Eastern Elongation], Si(h&&) wmensv CHrsHlev CmEs Carysd SHlensuilsy
[Greatest Western Elongation) L (HGL L& Heneords &SHmessr (PlUbd.  SSHTeUS),
Hgeor GCamemerLi LLLSIUI 60l(pb&I 28 19 &lifl Camemrsslev LflHleE @ (myMELPLD
smesor (Wipw|C sHelly, wmm 65F mesFeFuiley gl G flweslleor CLGFmer
GleusiTemg &l6v ep&IL GLTSIME).

F&&lTemertLl (Venus) GUITEY, L|SH60)I8 (G0 &I60655T8 GCSTET 676D @)606m16V

&l etoTLeVSSHl60 MM eTeveVTE: CHMETHEHSBGW [, Glasueumuy,
eflwmpest, &eofl, W Gresreny, GIBLIGUL6DT, LEHGLT) 6e6TM| Si606v&| GmLILL
&l6m 65018 CHTETHET 2 6TemssT! &Iy (h) (LTLITETT &I6METEHET HleMMHES &(HLD LITEmM
606U L|&H6sT Glasmevorlg (HLLSTEY, Gl LUfSluNer speflemw er&l6lrmerfles gL
Slow [Albedo = 0.06] l&seyb GMDHSSH. Lbleows GUTsL LITGHISTLIL
6UITL LDEBITL6VLD 6THIOLD L|&H6sflev @eveuragsmev, (& flwesflerr 2 &&lr GleuliLi
(P(LPEUGILD BIS&H60T 6UT6toTL (5LHH6n6MULD, 2 F& emevseneTwb &L (hs siflw

6USEIMG)|.
uflé) GHwusSetr WHHCsT6T LjFevfletr HevflaFHmLILILI LissoTLIm([H &6

2 (HEUSSHIV L& G FHSTenISHELD @enLLLLL 6 auigemelll ClLmmE)
L&6eoT. HS6oT eJlLLLD 3030 emiev. FhHSHlFemertL GLITeYL UHenID &F(h (PTLT6sT
&L\&6T (Craters) HlemMbBS|, 6UMUL| LOESITLEVLD 6T&HIOYLD @)6V6VTSH ME (§6MMW
(@soTwiomest (Vacuum] &Lpbleneven s Gl&messTLg). Li&HeiT &aslTenesrLl (Venus)
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Inside Planet MERCURY

The planet nearest the
sun has a diameter of
3,032 miles (4,879
kilometers), about
two-fifths of Earth's
diameter. Mercury has
a spin-orbit resonance,
rotating three times for
every two revolutions
around the Sun. A day
on Mercury lasts about
59 Earth days.

THIN ATMOSPHERE
Extremely small amount
of hidium, hydrogen,
axygen and sodium.

SURFACE CONDITIONS
AIR PRESSURE: None

TEMPERATURE: 840°F (450°C)

WINDS: None

MMERCURY
261t
sk

Ther wwirface of Meroury ph
by B MESSENGER prole in

www.Kaniyam.com
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METAL CORE The planct's liquid
iron core makes up about
three-fourths of its radius

By Largeer Bhan the r
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Gumsv g WlEh&Flw @GLmeor [480 w&lifl C] Casmemrms @e6vsum e9lLLTeY|LD,
2 61%600TLD BSH&H Sjemalley -180 w&Ifl C (WHev +430 w&ifl C eusmy el
@&, &HID GleuliLiD &6 (HLD 2eTEhEFV S (HILD 62(TH CHTET. iH6sT FILILE
g55) s b euedlenw MM Lbluflet FILLY ellems 1 eT60Tm| 606USHSH|S
Cl&mevoTLIT6Y, LiSHestlest FTLIL| eleng 0.38 &0 6mey! SiHmeug| Libluilev 100
L16)630T(h) 6T6DLW|6ITEIT 62(Th LI6BOTLLD, Li&Hesflev 38 Lieysvor(h) eTemL&mesT STL(HlLb!
& Fflw epeflbwsSlev LiflSlenw Wlaea| b O\H(HRIS & &M 61(HEUSTEY, L|SHen60TS
Clameney CHT&HE epeud &messTLg), W&a|D SHigesTd. Ufl&H&EGEF swomy 28
L516veSlWwIesT emDey GTT&HSI6L HeTeul L e5&uNNsv (Elliptical Orbit] 88 BT & (6TH8 (&
R oL

Mercury Picture Taken By
NASA Messenger Space Probe

A NASA spacecraft aimed at Mercury has already returned valuable

observations from the pl net closest to our sun, dssp! e still being
months away from entering orbit around the s:nall Ilywnﬂdﬂl
mission’s lead sclentist sald. Sean Sol for
HASA's MESSENGER mission, said the acel:l aftis poised to enter orbit
around Mercury next Ma rch to build lh rnustdetal dmap s ever made
of the planet.

ufllenws &mnHml eu(mHSIME).

BTD eumw Wl ufléleE uumsv 93 WlevedlwesT em6y HTTEHSH60
o eTemgl!  eTeveuTs GameTsenmsmw b eflLl ufllenw CleuE ellenrallev,
oevofl& & 100,000 emwsv GeussHlev &MM U(HEIMSI, LSH65T!  6UTEITEn6VS
L (Radar) epsuld LisesfletT &&HlTemevsemer o ImilbeHSH60, g SHeoTen6oTs
STGeur 59 BIL&6TI6L FMME GlameToug| MWL LILLG|. L& @ Lifl&l&ELw0
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@emLCGw &mm eu(HL F&HS&IT6oT, FhTenesTll CUTETM|, LHEDIWD iH60)| 6L
88 BITET LIWI6TITSH 16V, (& flw eerflullsy LNemm 6euigemeuss [Crescent Phases] &L Ly,
Nemm eusTy&F WD, Nemms HemFaluwyn Clumm) eumHESIMS!.

eeflblmL LlemL oy uieilsv [Spectroscopic Analysis] Ligest Gamemrgglev
e BmeOlHS (Fps  [Atmosphere) evTLEVWWL, SV  GEmiguID,
CuIrLLrFAWD @EUUsTE HMIWL ULLG|. HUDMIETT HB)|S5EH6T SHeniyL
LTLNed(pb&ISTesT SHlembLNuil(mes Goussor(hlLb.

&(H MITMHMTEtoTIge 15 HLemeu LgeoT, LLBl&HGW0 UflHle@En @enrGw
GMI&SE D) [Transit] ClEWSI Mg HUGILTE| LW, Lget, Liflé epssrmib ¢Gr Ciiy
ComLigey Henu|bd! HHF FLWSSH6V L|SH6eT CHT6T 69(H SH(HLD LeTerflwms,
FwmesorLLomest Lfl&ludlesr eul L (p&HS5 5160 Gl (h Gumsy Clef&lmgl. 1677
@6v WHL UseT GHMISSH STesTlULUL(HIL LSleumsd wereng. HSHMEGL
et @ gleueny 44 g6 (GMISSEHSET 6\STLIHS smevorliLil(hil ugleurs
SLTTWL UL (h6iTemest. BTEFT LSH60IHE (PSHeVl6L el 6l6vsraLILIey LomiflesTij-
10 BT&ET 1973 b 6v0T(H HeuLT 3 Y 1b CaH8 gallw, allessrbleusls SLiLIY
miflesti-10 [Mariner-10] &&&lyenest [Venus) p&Hedlev Qprmiibgl LULGIWH\SSI,
Sibhsa 1974 Wugeufl 5 b Cs5& Lsem Gsmensm GlHHMIS 197 emiosv
SI(HCs UMb @(H UmSHems WLLHWL ULOLHSSH. BTET &&HlFesileor
FIUY Fsdlenwll LweTUhsHS), et sLLeN6T CUTHmSES SL(HIL LhHSHS),
LBED60TE SDIDUSSS-

SDYwmHEF Cleumm) emLbBSl, WMl LTS @enL Gleusflassfley bHSS!,
Sihss MfleT-10 ePsTml (WemML LGHenesrdh &LbG, OSTLIHS LU
Hgl eNugrisensrll LbeE HAetwgl.  wriflery-10 ysesflesr Seml
LGSHHe06T (PSH60T (PHV LILCIWLHSS SisnIliLia|d, eTHFLUTTTSHEUTM| 6(H
ClU(BLD BMHES HETHMSHS &H6vtoT(h LgsH&HEe D gHIeUTETSH|. LS LOESITLEVLD
&MHS F&&| & TeoT(H6TEITHM (S), HSH60T 2L &(HeNl6V @) (HLDL|S CaTerTLd @)(H&5H s
Geuesor(hd eT6dTm) 26nlSHHEL LHIEIMSI. Lbludlet Fhslrenerl Gumsy GLoev
BeTHSleL LTenms Gl HITDLE QHHSTID, L6 Seuflgieun Clubmies
FMgeme| &MHE &5 Glamewr(hsrenrgl. &FhHlesflev &MbHE LOEBITLEV(LPLD
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Mariner -10 Space Probe

@\6uemev! @)\(THLOL|ETEIT 2 L& (HeYLD @levemev! L& 6tT &Hemselev Gamyrd GuimssTm
ClFMmIGHSHSHTETT LDDEVSEH6T, SHTLPHES LIGTEMHRISET 6JTT6ITOMUI @) (&85 60T M60T.
opeormev  Lbluflest gFm&lTesiley LigHenestl GUT6L ClFMmIGHSHSTEST LDED6VS6IT
@evemev. LgeT Gamerfley eumuy (PSS @6vemev ! LNFTEsITOUTW, 60BlgFE65T
6T5|61LD

SeoLwmg!! Bifleveney | Ysemib Lblullest Hlevenesuls CumeuCeu 6rhs
alls 2 Wiflerwd eumyp eufl @eveurs 6f ClFsHs evorLGL [Dead Planet] !
Clgeueumil, &&&Terr Gamersemerl GUMsy, U en|b &Hib Gleuliui, @eflie
GLpIblemsv Cl&smesor(h) Wmenrwb euFGCeumsams eureseTL LImemm HlevGo! eumyy
LO6BOTL6VSSHl60 @bLblwisrey gy ysmest (Argon), mHlwimesr (Neon), emjeSlwibd (He-
lium] Vleas ML SHWSSHSHHI0 (GLHSHI6TETS|!  SLLTEnNM HI6VLD 6ThIGLD
eflesora M6 aN(WhG a9 (WH& GlL(HE (& LW&sT ULl (hsiTerend miflesty-10
Th&5518 STLigwig]. TfleT-10 QY uleyFFIBID LgesfleT sMbhg F&8) L bluflesr
&MhHE F&H5UN60 BTOHMIL 6(H UMISGETe| @(HLUSTHS SH6toTLG|.  L|SHedT
uifl$lenw @\ (HpemmE &MHM6U(HLD &TeVSHSIM (G 6T [88 BITLE&EIT), G| &60T6060TS
HTGesT H6oT6TTEFIGL eP6tTM| (PeMmMEF &PV&HEIMGI. 1991 @6v LLSIued) (Hbg)
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Mariner -10 Orbital Path
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Weg F&&H eumibhs eumeTenevd GClgmensuGmmesl (Radio Telescope) epeuld
LUTT&HSEHI0 LgeoT Camerflest &i(Housds Hemmigsiilen Liesllaslily 3i(h 8 @&Hs6T
Gl @RHLUUMNSS STLIQUIGH.  HW6TTEV AHBSL LGSHlS&erflev wmiflesty-10
SLWeyFFIBLILD, 1974 @6y LiwessTd GlFWIW (Wigwiellsvuensy !

\ VENUS
S FEDRUARY HIT4
i

Mariiner 10 Space Probe

Mission duration
Nov 3, 1973 to Mar 24, 1975

Gravitational slingshot - Mariner 10 was the first spacecraft
to make use of a “"gravitational slingshot” maneuver, using
Venus to bend its flight path and bring its perihelion down
to the level of Mercury's orbit.

LBluNesT UL SIHeuSSIM G Cwev 2 wrHS S ([HHE LUTTHSTEY, (FFlw
GbhbusSHlev LEnHGLTeneus ey, LMD 6revevnds GCHM6TEHEHLD  (LSH60T,
Gleusiterfl, Lo, G&eusumis, eflwmipesr, &eofl, wWCrestery, OBLIGULEST) ME
Gmmw Gy wLL eigserfley er&lfs - sysmy [Counter-Clockwise) sLpm&luilsv
G Hweners Frmiug smMl 6UHETM6T. SL6erflesT W&HSSHTeoT LIenLLIL|S(S,
OO MessTLLDTEST LNTLIEHTF 63T RIS6TT60T 6(LpMIE @WiSHe Hlwd) e iflw
abhszs STLH! 1973 @6v Gleusielll, Lger @psvor(h) Camsiramenem G
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LiwesorsH S0 ylie| ClFws wmiflesty -10 @esr Glumm)l e ssL CLTSHenSL
vwesTU(hSS), mram [NASA] ellepepmesflast bHSEH Cr 6levsrGleuerfll
Liwiesor&H 16, LIfl&Hlullest Lm Gleustlulev smm eu(md eNwimpest, Fesfl, wjGrresteny,
CIBLIgULET S&IW BTeTE CameTaemsT YITun Soepsnrwl eurGuigr-
2 (Voyager-2] oyie&flblenps swmfleg 1977 gusevh 20 @60 en il
Gleumn)) CluMHMGI, §(H LTEILHLD 69 (EhH(EHTeETL Glummluilwsy FrgHenest! 2014
S4,600TI96V FFEFITEYLD, QTEHEMTELD @lemertTbgl (ESA - JAXA) (European Space Agensy
- Japanese Space Agency) L|&6tT Ca&IT(sTh& (&, ellstorsomeme] Sisn)LiLili GUTeug TS
SiPw uhHlE M.
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8. @&flwenen GHmBIHF HABBID WPHBEHTAT LjFH6o

OGwHiuTilF FmHbIdDd GleTa®h aIHBBHI

[BL(Henr: 8]

The Innermost Planet Mercury has
been Shrinking

Beneath its Sun-scerched exterier, the planet Mercury is
cooling, which is causing it to shrink ever so slightlhy,
scientists said on Sunday [March 186, 2014]

Over the last 3.8 billien years, the planet has shrunk by
up to 14 kilometers (8.8 miles) to reach its present
diameter of 4,800 km (3,032 miles]), they said.

Mercury, like Earth, is believed to have a superhot
metallic core.

But unlike Earth, it has ne tectonic plates which bump

and jostle and slide inresponse to the stress that heat
loss causes on the planet's crust.

Lfl&lemw C\B(HRISE &HMmIeUS)
WPHMHECSHTET L|&H6dT!
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YES@ENE S)IID

BTET Sen|INw rifleoTy

(P&6L elevaTEs)|6ITE)

Lg60T CHTene6ms smm)
ellenrhg) Cl&sTm)

Lr&le Camener 2 srallwig) !
BITET6N60T @\ F650TLITLD

eflesorenn)| 6l GlLD6MGl6NY (G & T
L& 60T G memerT

@ Umod &)

WS 556160 JDILLSEDS)
@uGursl.

LSS &S &L(HIL CluTassE)(Hib
&Ifl&GaTeT LsHs6Gsasme !

g6l L6y Go(), LsTerLb,
wpmleyssir HlFbLlwg)!

2 (HEIW 2 L& &6 FHEl, 2L 6V
(HR&IL GumEGL
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2 Geurmss CameDd 918!
GleuliLipb G erfl(HD ),
Liflé eFAL uBST(HID
Fjlw Carmer !

THE INCREDIBLE SHRINKING PLANET
MERCURY

[March 18, 2014]
This breathtaking image of Mercury is net quite what the
planet would look like to the human eye. In the image,
colers enhance the chemical, mineralegical, and physical
differences between the recks that make up the planet's
surface. Young crater rays, extending radially from fresh
impact craters, appear light blue or white.
Medium- and dark-blue areas are a geclegic unit of
Mercury's crust knewn as the "low-reflectance material”,
thought to be rich in a dark, opaque mineral. Tan areas
are plains formed by eruption of highly fluid lavas. The
giant Caleris basin is the large circular tan feature
located just to the upper right of center of the image.

Image by NASALJohns Hepkins University Applied Physics
Laboratory ICarnegie Institution of Washington

HEW H&6u60 Sesor(hllilgliL] LsveumessT(hl&sim GleuliLl [Hlemev euFevmmm]
LOTL6V&(EH& G, UHSHCHTET &(HHe WHIIT (H&EGWw (Paradox between Ther-
mal History Models - Estimates of Mercury Contraction] @emLullsv [Hlsvelw
wresstuT(h&EeneTs Sr5sHgl. @UGuTgl Ceulin 2 MusSH), Gleuliu @i,
CasTeiT & (H58 euFevTm (PFessTUm(h) @levevTs EFNTs (HLSHSH| 2 6TT6emg). LTV
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enLITeoT [Paul Byrne, Planetary Geologist, Messen ger Spacecraft Scientist] [March 16,
2014]

1974- 1975 &y evor(h&erflev wmiflesty -10 ellessresn)|omall H&6U60 Sfsn)(LILTwl
Gumg ysetr GCamerflest 2 L& (H Gleuliu Liflessmngglev (Thermal Evolution of Mer-
cury Interior] eTestés (& Coulensd W)(&HHG ihlev FHILT(H Gl mesoTCLEDT. 24 60TT6V
CleuliLl [Blémey LDITL6V EPEVLD &6oTL i6mey, Lpsemellwisy  ell@épepmesflast
wereoTMeNs85 Lg et GCameT &F(HESH Sfememeu el BlenswTs @ (HHSS.
Gey|lb HUCUTemsW (WestesrMleNlliL] wmiflest - 10 elevorsrmiemel) LjgHest
Cameflev LTH&EGL (GHOMHS HeTey GCamersHeng 2 emall Ssn|LiNw
55616V WLHIGCWL . BTOHUS| Y 600T(H&6MTeS eThis&6T Camium(hs@EHmw, S uley
elleneme|& @G @enLCw ¢o(f WIS @\(HHS @QHS (WPresoTumh @UGLITE)
(PlY6UTEHS SIFEUTETTS).

6uIT6dT 61VITEVLD6ST [Sean Solomon, Principal Investigator; Mariner-10 Space Probe]

"uflfleE We GpmmESlwu LsHer Cosmener ChreEsHlE Olgerm BITET
eflesoTern)|6al] FIMIW LITeDM SI6TTLSHEMS H6T0TIeE SHMHMIWD (LPesTCL (P&HHIWS
HH6U6V LIVeUMEenM SIeD)ILILT W6Temgl. @IT6etoTLen] 4650T(H&(ETHE (S (LPedTL
BMhIGsT HlenersS(HHSH GCumsw @UGUTsl @lsveney  LiGHeT Gamel.
GClwevGlenErgy alletsTamdiemall GClLmHRIEGWIL SLRISemeTWD, &HLbBS &6V

TfIDEMEVS SHLMIGENETILD NWILILLL (HID STLFIS6MTTILS STLIgu|eTers).
apmedT  evmevwdest  (LNpHW  uieumery, BTEFT  GloevElENERET
ellssoremismailss (GMLILIess 1) (&6 15, 2010)

"uflfle GCamerflerr W& GIHHRISIW H&5E Camener QL FTuD WwmFluiley
SILILMeY|6TeM MM  HeoTsHs CosmersCsmm(h)  Hemnem  HIMIGST  MIHS)
ClamerGeumd. @EHMILUTE &S CameT LgHenersd CHHIL L ymugsluilen
BLG| HelsGasmeners LMmMIL Lifihg) Gl&meTsr sumuiiiLeremrg).”’

QIT6OT 6rOTEVLD6HT (LNTSHLD Sy WIeumeITy, BTET GlLo6rvCl6r(Eh&Ty)

“BrEmedlest (p&Hev eNlesorsLILIe0 WMIflesty -10 GUITEL HIT6IT(E) HVEVG| BHS)
LTEmISET g er GCameneT BImseT allemralley GlHHESEF &HMIUN(HES
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Earth's Interior

Il.;nlilarn -f.‘ora
75%

(ot to scale)

Mercury & Earth Cores “although

lllustrations by Nicolle Rager Fuller, National
Science Foundation (Mercury) and Mary
Crooks, National Geographic (Earth)

Earth's interior has more defined layers—the solid inner
core (yellow), molten suter core (orange), mantle (red)
and thin recky crust. Mercury, on the other hand, has a
huge partly-meolten iron core {orange) covered by a thin
rocky crust. [Three Fourth of Velume]

Mercury’s metal core has everything to do with its
shrinking state. Te queote a terrific BBC article on the
subject, “although seme of [Mercury's] core must still
be liquid, part of it will have cooled and solidified, losing
volume as a result. This will have scrunched the thin,
overlying layer of rock.”

According to NASA, Mercury is 14 kilometers (8.6 miles)
smaller in diameter than it was about four billion years
ago
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(PlWd. eormev Wmiflestf GClFeTn G5 GIeneseT CousSHSH 60 HTMRISET LjSHesT
Gamer FIUY ellemnguiley GlenvblenEhgemy @MEIS en6USHSHIF &M eur
@uweurg). Lgett Camener Glb(HhELWD CUTg| & 6Ing|aIT&sE ClF6sTMTeVSTesT
eflesorer)iemall LygHest FLL ellem&uiley @mmis (Spacecraft Orbital Insertion)
g&leum@GL.”

QITEIT GMEVLDEHT (LNTSHLO Gy U166, BITFT GILD6VGleNERSFIT)

Jupiter

®*  Pluts

o
®
:

Mepune

» 2003 UE

March 18, 2014

Mercury is shrinking
MNew maps show the smallest planet
in solar system is getting even smaller

Detailed maps of Mercury's cliffs and ditches show the solar
system’s innermost and smallest planet Mercury has lost much
more real estate due to cooling over four billion years than
scientists theught, accerding te a repert.

Cooling of Mercury’s massive iron core has pared about 14km

frem the planet’s diameter, more than twice as much as
previous estimates.

Scientists studied more than 5,900 surface features, including
cliff-like scarps and wrinkle ridges, to calculate how much
Mercury has condensed.

(6T eTevaressfliens eNlL LilenssWITEE S (HkiH eu(HEIME LiSeir Camer

2014 wrFgFs 16 “@Qumens L gemallwey 69 @EhEhmest @&HWH" [Nature Geo-
science] GleusfluiLig6v, BTETall6sT allesoTern)|small GlLoENVENV (EHEFT B LILNW|6Ter
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HHw GCamers semallwey wLuNgliyt  udlellestuly, Uss Cosmerflesr
CluflgmesT 2 L& (me &evrev Slyeud Geflmal, ellepepmesflasT ey ClFWS
LI HE&EGL Benswress s@Hmasl a(mESIngl eerm SMwl uhiSmal.
H5&CaTeT 2 e §6fibhal, s@Hmél eumn Curgl wnhs, Siflbs 5900
LL&6T  6UIgeUEHLILSEMET SLUIHGI, HSoTSHEILL UL(hg SFeumsst (plgGeu
3G ABSHE Hevor(HNgliNev LasGameflesr GleuliL bHlemevls LIflessTmo |
SIYS5SLHIL luwFsd), erflsney sugeorm), Wasl Gluflu 2 Geurs 2 L&(m
SiemwLiL y&lweumenms (Thermal, Tectonic, Volcanic History, Structure of the Large
Metallic Core] Glgsrfleumits Yiflibg| O\ meTsr sumiiLiLg SHlenLGHSHaI.

Lublevws Gumey ybH&sbHissTer LsvGouml SysHsL(hssflerm), Lss
CameT emenm HSHHL(h) C\&TessTLS. BIFT Lg et Camensrs &mm (P&Hedlev
SinILINw ellevsresn)emell wmiflesty -10 [Mariner& 10] Lgesr GLm&emsems 45%
Si6mGeu Y le] OlFwiw (PYbhsGI. (PWL LTLOLS &(LD6UTS], &655flEH5 LisnLowl
&I (H&6T 3.8 LN6vedlwiest &y vot(h&61fl6v Ljgevflest o7 0.5 - 2 emiosv [0.8 -3 &.
BLT) GesTlwg etestm (ML L6sT. i 6sTmev GleuliL hlenev eugevmmmleoTLily
3 - 6 606V (5-10 &l. L) YT (HEOMbHSHSH! 6TETLS (LPETERIENTEHSL LILLG).
@uuSlw eflensreyseT LssGsmeT Lisnpw emenel el 4.4 enwev (7 &.L5LT)
o166y CeVTaHE S (HhISlwg) sTeTm| STL(h&leTmenr. Hmeug| Cleuliu Hlenev
LOITL6M6V §LILI, SHCLTEnS I S T&E\60T HETLD : 1516 emLoev (2440 &). LBLIT). L6V
enLTeoT (& (edlesty (Paul Byrne - Coauthors] 5934 GLo(h), LISTEMMRIGSEN6T Y UIHS|
, Us&GE&TeT 5 (Lp&Hsv 560 6m06v & (HhIS 6N LHTHS FamSleTmmy. @ILLgs
SHEEL GuTEL LsHsGasTefler Sy 2 L[, (PPEUGHID QH SHTeVSHEHI60
2 emMbHG CUTLE F(HHS @SS (PHMISVID HIMISSLOMELD !

&Ly 3.8 LNeveSlwiest oy 6007 (h & (6T & (&) (el (HBCS, LseGamerflesr 2 L& (m
Clgleumils F(HhsEs Gleumdl, @ geueny 8.8 enwev (14 &LIBLT &Hsnmba),
Uss Gomeflesr oy smGuTg rmefl 3030 emwev [4800 &).LBLI) er6tTm)
sewfl&sl LUHSIngl. wblenwl Cumey 4s5sCasmeflsr 2 Lameyd &henws
&6Tev 2 Geumss &(meuml (Super Hot Metallic Core) 2 emergy).  Lgs6Gsmerflest

SIgSHSLH LBlulleT S HL(H&HeT CLmey spesTmlest Goevy spesTm| eFml Hlev
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9. UusHCHTT aMwmpsHeitd FBBID Lisiel B
QITUJL UL emL&b6lT QpliLend 23Gsur

olleotamlenoX]l LILID 61(HHBHIGTETHI.

[sL({Henr: 9]

The Colorful Cloud Belts of Jupiter's Southern Hemisphere Dominate This Stunnung
Photo from NASA's Juno Spacecraft in Orbit around the Gas Giant, Released on January
1, 2018. Juno captured this Image on December 16, 2017. It was Processedby Cityzen
Scientist, Kevin M. Gill. Credit: NASA/JPL & CALTECH/SWRI/ MSSS/Kevin M.Gill

2017 w&wUF 16 @6v BTET eleoraiemall OCerm ThHE G\Ferfleumest
LILTBIG6IT :

L&5&CasmeT  ellwmpesilest eumw s (SpGleuslenw  eThHG IS STL(HIWD
GCleusuGeum| eumwsaserflest  LedTesfllmL  LILemL&erflest  [MulticoloredRibbons]
LILMBISET GCUTHIBUT LITTen6UE S, BIFT 6160605 SHemsHelev @I LILIL(HsiTemer.
@(hH ULSS6L Les50smsT aflwrmpesilesr mhHlsnww Grensuiley (Equator) W&
glevedlw Qgefley ellergswmil eurwll UlemLl UL 6T sl UL (hsTerg).

S150sefleyll uLmsefley eurysassT Sl GClummemsrl GUTEL  [HI650)|5HE
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Jupiter

eNUTRIGET SlenLsEleTmenr. U TEhs HmULLenL L6T6rfl&HeT @LL WF&HSHLLD
Gumsv [Speckled Knotty Wood Plank] 15 f1&Img). Gleustoresst vl LIL6DL LD6BOTM
&6 (66 &, GmmLLLD Gumsv [Sandy River Bottom] &mesorll LI(h&SIM&!.

Citizen-scientist Gerald Eichstadt processed this image of Jupiter's south polar
region, which highlights the distinctive cloud bands that wrap around the gas giant.
Credit:NASA/JPL& Caltech/SWRI/MSSS/Gerald Eichstadt

SIHSHCHTT LLESHL L s5eCaTeT aNlwmpesilesr Gl&esT Gi(hHeuLl LGS ulNsv
Hwiev STLEF&6T @(pLenI, LeflFblasTs Glefluyb eustiTesTsHSHl6v eUem6ITw

www.Kaniyam.com 174 FreeTamilEbooks.com



S46v0TLGl6uerflLI LIWI6BoT RIS 6T &.OuILImy&6oT

UMW &&6T SHesflssesflwumi Ceum LL(heTerest. LLSHSHCHTEN6T 6(H(LPEHME
somleury 2OGCestm ellesorern)|emall 53 BTL&6T 6T(h&HGHIe Cl&TeTERHL SFHMIL
LTengs 66oTMlev &Ml eumEImS). UL oSG smedluilest Gluwiy
o®@esTm&MD [JunoCam]. eumwll LIL6nL&(ETHE(E eusvoresor WILLeuy GlLiwifsssr

GClaallerr erd.  &lev - Glggmev(h w&evLmL (Kevin M.Gill - GeraldEichstadt].
@ @meU(HL CIVL 2 HesHen6wsT Y iesFal Hmsg [JPL - JET PROPULSIOL
LAB] Geimhbaeursser. ULMm&6T (hss 6s5d : yawuf 16, 2017. ooOGesrm
eflesorern)|6al B(Hlemww Cremnss s (g Goev 8453 emiosv (13,604 &),L16.) 2 wirsSlev
LUmBS CUTEl THHS LILMISET. Gl&H6eT &I(HeusHSH6V 6T(hsHs LILMmgsT 64,899
eney (104,446 &LB) 2 wrsHlev wOCGestm ellsvorssmiemell LMBS CUTH)
T (HSHHem6L.

S0wifss alhigemen HT6T (29Osmev 4, 2016] Gl&mesoTLTLL &lesTs 60
eflpmellesr  Cumgl, AHAHSES WsSwWL urymlh Bispssl g GeTm
eflevoremmienall LL&H&ECsTET eflwmpesilesr &mm  65Hlulley  FlevedwimsLl
HebhoS. @& BremellsT glessfilEFgsumsT pwmel. @S LESH 60 @\gleusniy
6hg elleseTaLILID  GlFLWs glewlwumss Srsblswevsenst TOCesTT
CEwgsTiLl CurESlngl. @gisueny MWL LLTS LL&5s GCameT alwimpssilest
eusy| Ilemmbs s&HleigFs: euensmwmigsT (Radiation Belts] Lmml oy 16 GlauwiuL.
ewrps ComeflesT 2 LHemHemns WML 2 6mey OlFwg), g iUy
D (HEUM6TTS, BLOG (SflW oetoTL6VLD eTliLIg & GCamesTmlwig) GumssTm LS F&Hemnsm
el (hell& L.

gmyed) GumevLesT [NASASpace Program Administrator]

oo®Ceotm ellevorsrmiemed]l 1.7 L9evedlwissT 6mW6L ST LiwlesoTd Gleuig),
Lwadlern) (WPWEHSmemwuNey @QuikiSlug|. LGSGsTeT eNwmps smmieis
mienpey [Jupiter Orbit Insertion] [HIEED)|&HE LDTEST, &F6UTEVTETT 6(F GILI(HLD
eflesorGleustlll QurMluNwisy eri(h) emeuliy. @b& (WerGeormly GleummMlenwis
FMHSENeUSTEsT MM TOCeTT SHILL S (M &CHT6ITSHEIT 6T6V6VITLD.

N&Q&T({H enpUTSssesT ( JPL Juno Project Manager]
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W PEY&GE 6)56VD

efcvorgyere)) eTXSeur

316lwiflés Brligesr e9l(HHem6v BT Cl&mTesaTLTLLLD

2016 o99emev 4 SCWLHHE NHGHEM6V HTEO6T LO&HSHET 6l&HTEBITLITIY
eU(HL FLWSSH, AHHSCHTT eflesorbleusl Gleumn)) SistTemMW SHl6sTSHH6V
UTFTLLL ULLGl.  HOTMISTET MbsTessT(h&eT L5eH6asmeT aSlwmpensst
CrT&&IL LiwestTd Glguig eg®CeuTT 61650T&HLILISV, H&60T &M M6 FITLIL|S &6
CleumMlsFwLIUl HGhsal. GHwsisE AHOHSSUGWTLL L CaTersemnsLl
Cuflgib urdliug Usscsmst eNlwmpGer. (&l CHmeT essTLevsSesr
AUYEUSHENS UTTSHSHG eNWTCsoT. LLTeull Le9lul6v eJFmeImomest Liesil&a6rTL
LesoTLmIsemem ellengsHss eNwmpGer. Nn@L LelGey eumevbesrselr
GCumesTm L6V O&THT HBTLMRISET 6Py, LUTHISTHSHID eNwimpGsor.
eTLILIg (PSH6016V 2 (Heumestdl eNWIMTPesT ?  GlGIeUTs i 2 (HEUTETSHT ?
3160605 0T FLWSHSEHL emenm FILL BHlaspFFluiley Ly allessrbesrGLImsv
CamerHlwusr ? 315 BeITHE! 6UbhS C1H6TMTEV, Y HUN6 EllgeTEsTS] 6TLILILY?
BreTellssr @bs oOCeTT SLLESI6EE clgevay 1.1 LNevedlwest Lmevi.

@bsl UHrs CoereallsEnsE w9OGsrm elletsramlenell Lp&asCaHsmsT
eflwmpemest 37 (emm 3000 enwev (5000 &.b.) srrsHHlev &HMleungl, LISV
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Juno enters Jupiter's orbit

ill
mation
uments

yrobe is powered by
n-lo

2 September 2012

(3) Fly-by of Earth
~ October 2013

(&) Arrives in Jupiter's orbit
July 5 2016

crashes into Jupiter

Source: Nasa Pﬁ

&6vot(h) Lig&H&L. @em & (wpsorL 1995 @lsv eNlwimpensst CHTaS! el (P&H6v
&601e01CWwIm 6l6voraliLI6y 2003 ievoT(heuen ] &Flov Y i6|HeneTs GlFUISHS).
6oy 2oOCeotm L&HS5CHTeT elwimpsmnest pwmil 2 erellLl GUrEmg).
eflwrps Csmefler FiLL 6lenssd SH6emsHeng [Gravitational Field] suemyLiLILLD
ClFWIWD. H60T 2 L& (HeN6V @\(HLILIG 6T60T6sT? LITeDME H(HEUT, 2 6MMbHS
Slyeuom? 2 Geumss HMHeUT? @bE 696TTHSEHSE allenrailsy HEL6Y
556Um60 2IOGesTT 69l6voTEmB)|6TAN Y UITHG| HMeN&ESL CUTSIME).

(PHVTUHTEH 54 BIm6T Glgleumest &mmieisHlufleyb [54Day Slow Speed
Orbit] , WMesresty 14 mmer Geusd sFmmieSHlulleyinp [14 Day Fast Speed Or-
bit] eg®Cevtm L,&5&CHMeT aNwimpests &HmleuHL. efwmpesilesr SThHeFES
MM Lells &MHS sHSHlenw a9l 20,000 wLGEIE ST 2 S&EIT T6TS).
@ &en6T YLDHG YUTTW 2OCeTT allstorsrmiened] 20 LT&HMmIG6T (240 HTL&6MT)
eNwmps Cosmeners smMleupb. @&leusny LeSHCsmsT elwimpssilesr 67
gh&TesTaem &evor(hNgssl UL (heTemest. woOGeTm GSTLIHS GV L)

FHST60T H6M6TE SHTETTTEVTLD.
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WHAT PROTECTS JUNO FROM RADIATION EFFECTS?

* Diptectors 8nd thas SECtrons be DUl 10 wahatsns
rachation

eflssoramnemal ggOCerrm eflwirpesflesr sbHmisTH FFLIL6L HienLPHS S

2016 g79eme6v 4 g 1b G5 &) Cleummlarms ellstorstniemell ea®Gssrmeallssr 650
BlLLLL 6T 2 h&) SemerflgeT (Newton Thrusters]

35 BIBILLD @uikig), Ceusd Genmasl GlummiLl LLg&GasmeT aflwimpestlesr
smMleis alLsSHlev LGhag. HUGurg ellesraistallullssr Gousd 1212
mph [542mps (meter per sec] emy&dl SevLbgl, eNwmpesilest FFLL 69en&
oOGerTTen6US H6tT LNgs&H6lEmsT @ (RSHSHIS Gl&TeTLgl. ASHGL INmE
oOGesrmallest Y MmmMev W&Es 18,698 G&flw seerflg GClgsvsst LflHlwimey
@wssLwrs) allstorson|emells &) WBleTFsS) 61l g 6.

‘LuflE) BletTESHSH S SL(HH6T @lenesTH S WmIGL (Solar Panel Powered)
eflesoresn)iemallll LiwiessTs SILLLDTETSHT6Y, HI(HEU [HET 6ULLSHSHV FMHMILD
ao®Germellssr LIS WleTsL(h&eT eriGLTGID (Fflwenest CHTEHESGCW LIDHSI
GClgevey|d. eNlevorern)iemedl eNwimps CasmerflesT WemMe|L LMEHSH6V LILIETOTLD
ClEWIWITSLILY BTHIGET SHeuesi&Hg| s ClameTes Cmm.”

evaml  GumeuLesr, 2gOCerm Sl Ngsw  efEpEpmesfl (2gOCesrm
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el evoresmismailuiledr) (pasBlwl (P60l Tetar(h) C& T emevTEs6T :

1. UBHCasmeT aflwmpesiley sTeueusTey B 2 6Temg? 2. alwmps Camerflest
W 2 L& (Hedlev @) (HLILSI &6t CPeuSmIG6les SFLFlwm Heveus| H(h
EnLDWILD 6U6DIT @ (HLILGI S(DS5S 6urw|s Slewofleur?

6VSTL GLITeVL 65T
Earth flyby: Launch: 5
2] l:h:L__f-_;‘E'r]El* 3 .-"iuq. 2011

Probe: ; & g |

=. Daep space manoeuyras:

3.5mx 3.5m ~
130 Aug and 14 Sept 2012

(11.5ft x 11.58)

Solar Arrays: | g
9m x 2.65m . Jupiter orbit insertion
b | (20.5ft x 8.7f) " 5July, 2016

.

"&LHS HITMMTessT(h&erflev &H650T6t0)(5(ES €S WMy WenMbBS (HHSH L6V
L&HSSHTET SHTLEFIEemeT, HreoT WL(HIWD (PSH6e016v STerm)|bLilg eumiliLeflss
&L6y6rfl6oT CLITT(TH(ETHE (S HETeUMM 6T60TS) HTMIenS Fam|HCmest”

BTefeSICWI (1564-1642)

BTOMIHSHENEU TVEMNEVEHE 2 LLLLeN6N.  BTOMIWTHEMEU &65oTE 160
eTevoTesaTOMeEn6L.  Liflhgl O&meTsm (ppwms Semywumm e &Lev HHIG6Y,
Fml Fo seetTMlev M6 UemLSHS BTD HeoLUL(HeTGemmb.  BL&SEHS
Clamflsv spsubleumm Wmellufeyid mrD Gweyid FMIG UHIS H6TH0HE

6M&LILIMM|6USISTEOT.

BITLO6M & 6vedl [Thomas Huxley] (1825-1895)
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Atlas rocket launches Juno

The United Launch Alliance Atlas 5 rocket blasts off from Cape
Canaveral's Complex 41 to propel NASA's Jupiter-bound Juneo
space probe on its five-year, 1.8-billion-mile trek to orbit the
solar system's largest planet.
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NASA's Juno Spacecraft Headed to Jupiter

Key things te know about Juno

Spacecraft launched August 5, 2011

Fivewyear cruise to Jupiter, arriving July 2016

Spacecraft will erbit Jupiter for about ene year (33 orbits)
Mission ends with de-orbit inte Jupiter

June will impreve our understanding of our solar system's
beginnings by revealing the origin and evelution of Jupitar.

Specifically, Juno will...

Datermine how much water is in Jupiter's atmospheras, which
helps determine which planet formation theory is correct (or if
new theories are needed)

Look deep into Jupiter's atmosphers to measure composition,
temparature, cloud metions and other properties

Map Jupiter's magnetic and gravity flelds, revealing the planet's
deep structure

Explore and study Jupiter's magnetosphera near the planet’s
peles, especially the auroras

= Jupiter's northern and southern lights

= providing new insights about how the planet's enormous
magnetic force field affects its atmosphere,
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Inside Gas Giant JUPITER

The largest planet in
our solar system,
Jupiter could hold
more than 1,200
Earths. It has dozens
of moons and an
enormous magnetic
field. The plai

maostly a giant ball of
gas and liquid, also
has a dark ring
system composed of
fine dust grains.

TU

SURFACE Ci
AIR PRESSU

tt

EARTH  JUPITER
200 Ib: 480 Ibs.

2011 @6V LL58CsmsT eSlwimpenest ChmeE LB6soT(HLD [HITEFIT LIWIGSTLD

6(1H LIlevedlwissT LITev(H&sE GumuLlL H&lE Glasuallsy Wesor(hb mreT 2011
&6 (H 5 b BT KemmflLT Cl&6TTeUT6Y 661 (LPen6tTd &Hem&HSHl60 SLOMT
200 oy (60 BLI) 2 wipwseTer Leumeny -5 FreH6lesLllgey (Atlas -5 Rocket)
wesflarmm eg®Geotm 6llevoTann)emalleni FMMIE Cl&mesor(h <y Uie &6 Glauiw
SN wisirerg). 3OGesrm ellstoTermiemall 5 gy evoT(higsT 1740 LlevedlwissT
EMLD6VEET LILesoTD Ol&wlg) Clebblimss Casmer blasueurenis &LbS, CHMys
&6T0TSHE 60T (LT 600T CHIT6ITEHSIT &FMMLD, (LPT63TCSHTEIT 6LER6TLISMS 26 (h) (Hedl&
(Asteroid Belt) Glgestm), 2016 @60 Lm&GamsT aflwmpsnest Olb(HE& emesor (h)
&Ml eursd SILLBILL UL(HleTergl. HLevme -5 Treblsl sLiu{HID (pesry
315657 GV (H &6 afedlwb FMHMILD FTSHE0THS6V &6y 2 esoTLTE LI T&F6m 60T
T(PHSHITEV, NS SI6DLES 6J618 SHT6VLD FMHM| HTLOSHLOMETTSH|. 86N (H 5 LD
G geuliLilL ggOCeoTm eNlesoTaLILIL @UIGCLITS| SF(PSLMSLI LILIETITLD Gl&F G|
eU(HEIMS.

a®Ceotm 6levoTarn)ienell (PSHEL @\Fevor(h) S eveT(hH&B6T LflHlenws smm
6UMb G|, L6185 (&) LBesoT(h) Si& 60T FITLIL| 6558 ellengullev Gosy|b 2 mLILIL(H (Earth
Flyby) 94(h&& epesTm| oy ev0T(hl&s6 elwimpsnest Chmesl Cousmiig Cl&FeuayLD.
LLBlueS (Bl 390 WleveSlwiest emwey (640 wlevedlwiest &lb.) gMTrHS60
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Juno Payload System Overview

Phillip Morton, Payload System Manager

Jovian Auroral Mdlm;a:-um e "
Distributions m““"‘““mw fucsons ot Gnvltrﬁgt]:mnn

Experiment DE campodi
PIOTATIONG §:3% ] bl The Junc Gravity Selence imestigation will

I probo the mass propertios of Jupler by

uSing the Comimuncaton mymm
Jupiter Energetic-particle
Detector Instrument (JEDI) -

JEDI i & sule of dalecion
Tt will measure the enargy
and angular distribution of
charged paricios

Ultraviolet Spectrograph
(uvs) /

e T
Caltaal Falilie of Tecm]y
Parsnders, Calomes
g
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@ MG USHs5CaHTT aWmpen|&@ Ll LiwesTd ClFWw (p&6oT (P&Hevmss LIl
WeTas 58S &L (H &6 (Solar Panelled Mission) eLp6sTm)| Si6mL0&S&LI LIL(H) @) WIMki(G)LD
eflesorGleusils SILLD @& Gl WleTsL(h) sestTmlest Hemd 30 lg. HE&6VLD
9 9. UsSH6smeT eNlwmpsst g Lbb UflE eeefl Lbluflest g e9l@p
eeerflemwis GUImeL 25 L KIE) (HODHSHSI-

Juno Payload System Overview

Randy Dodge, Payload System Engineer @

Scalar Helium Magnetometer

(SHM) Advanced Stellar Compass
SHM will moasure the magnitude of B (ASC)
magnetic feld in Jupller's emarormant

ASC acturaloly moasures the ofiontation
of the magneotometers.

with greal accuracy .

Fluxgate Magnetometer
(FGM)
Tha twe FGM sansors will maature the

magretude and direciion of the magnetic
fald in Jupdar's envirenmaeni

MW i dosigned 1o sound
deap irlo the atmosphers
and measure thermal
emission over @ range of
alitudes.,

Plasma Waves Instrument

Jovian Infrared Auroral (Waves)
Mapper (JIRAM)

- - ! o \
——
Waves will moasane plasma

JIRAM will sacquere infrared waves and radio waves in
images and spectra of Jupiter's magrabosphorg
Jupier, JIRAM is located on

tha bothom deck

P ghoc il b baimii pievmrmid lon de el Gridrgyl ad (f Scid WO coslan il Sl dals

450y 2gOCestm  ellevoTermiemall  eNwimpesilesT  WeMMEL  LiM&SH6V
SOOIV Hl(HeUmISensTsF &FMHM eurll CUTSIMG. @&M(E (WesTy eNwimLpesT,
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gevfleCamer GBI & & ClaFeuey|Ld @)6161918 [H650TL LIWLIGTITRIS (6TH& (&8 &SI W&H e
weirerm LepGLmesflu letTgsevd LwesTU(hISSL LLLG. OGesmalley LIl
Wesress SylL, 120 y&Hlifls CosmeanrsHsHlev @ HEEGWL eperm G Hws
sLbhseflev 18,000 uflfle Glgevser (Solar Cells) SemLILITE 2 6TeT6oT.
LL,&&GsmeT elwimpssilest &i(Heus &mm| eI&HluNev 33 [HeTeUlLEF &MHMm|&een6rT
3000 emwo6v (5000 &.15.) 2 wirsHlev germever(h) Liflbal euy eo®©Ceorm SlLLLSILL
uL(pleTergl. @miSluflev L&l Wlersl(hisem LwsenLwjn Gurgl eNwMLps
GCamefly ooOCeorm  ellevoresn)emell  &HmieiHlenw  (WMIHHISH Glamesor(h
eflwimpesflév e9l(pLbLilg BITET 61916k (6HTEsTI&H6T FMUIT(H Gl&FUIGITEITT.

June Space Probe to Jupiter

—_ S/B2011
= ]

Jupiter orbit

insertion

ST2016
.

aOGevr ellstoremmiemeNls S LGt (WHEW (& WLILIessil&6iT eTedTEDT ?

L,&5& G e eNwimpGeot L& evoTL VS S60 SMMleu(HLD MM CaHmeiTaen6rT
Ll Guflugl. o1& Gflwsnerl GUTed(H&SEWD ¢ eurw s Gsmer.
eflwmpesflest CHTHMSHMS WD sueTFFFlenww|d Liflihgl O1&messTLTev spTemey
Gl ESITTLEVS ST QYTIOLSHNS HMHG! Cl&TETeT (PIQU|LD 6T60TM| BTET
ed(eh(epmesilasiT eTevoTerm SIMTY. gOCeoTm  6l6voTEnn)|6TEONUNEY  BEMLDSHSLI
UL (66 ‘SITT (P& TEFS s(HellasT (Remote Sensing Instruments) L& 8 Gamerflsor
LeVeV (& GF (Fbleusflenw 2 emall HeumMlesT 2 61%660TLD, 2 L GILIM(HLE6T,
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(P&l BEFTEF, LMHMILPETET 6Ll LesoTUT(hsemerll Lgley Glauig), LLW&S,
T &HeU60 AL neuss@&Hn.  Geyb eflwmpssfles CamesTmid (pehlev
6L6BOT6TOTLI LIL6DL&6T160T 2 6iT6memLoLIsnLIss SevorLmlujd. FoUums &sLbs 300
e00T(h HeMTEHS SmeserLL(IL ellbengwmeT ‘GClambsaflsEn Fhsleusd’
(Violently-Active Red Spot) eTesTest GleussTm)| < 0b&I SMIWLILI(HILD.

eTeLeVTEUMMID GLo6VTs L &5&6ssmsT elwimpssilev 2 sirer BHifleor GlaLfllisnL
SIPIbS o HEDIRET THZEMET  SieTe| E\BHHSHSHI TN  HEWTSHEIL6LD,
ufl&l wessTLevs CamMHMEHmMs 2 MISI LbHSSWD LweTUHID..  I&5HSIL 60T
L&SHCHmeT eNWmpenisE BHHGeu o sirerg SHlevoremsil SHIL LTemMWIT
Si6v6vg| eurw s Slessfley WGBS NwMpssT 2 L& Helley (PSS (LPL6oT
2 b CuTL 2 6TersT ereoTmID HMwiLmb. eNwmps GCamerfles
BMHS SHETHENG|LD, FTLILIES HTHMSWD LFley euenrLLE &H(Hed 6UenFuLD.
L&&5GsTeT ellwmesllesT gi(Heus HMHHE GHmemsHens (Polar Magnetosphere)
2 emelll g erliLilg eNwmpesilesT (FLpGleusIT UMy LDEBITLEVSSLI LITSHSESHI M)
eTeoTm)| rmuw. ‘eNwmpesilev GlgeTLHID C&HesTaHI(HeY, eULGI(Heu seallws
Camevmigemerw|b’ (Polar Auroras) e3©CestiT Sy FmuLb.

eNwmps GCamemer (ebrL &HMIW BrETelleiT afl6voTasLILIEVES6IT

Brem smrenvedlesil ellesoraLiLisy (1997 - 2004) @6v FesfleaCameners s&mMm
SiILLeusm @ 6TL(H U 6evT(hH&EHSHE (PTG, &medledlCwim aflesorGleuerfls
sluey, ellwmpsenests  smmMleur egeulill(h), eTmemmesT  6(Eh(EHTEITS
SHHEUVSHEN6ITLI  LLLD6TITLOVSHIHE AsnILfwsitergl.  adl@EhEhmer GCemns
SLEVLITL goetTervemL6esT ‘Heest GClueT&lesgdlesr LN&T (Father of Modern Physics)
6T60TM)| L|SLD LOTem6Y (SLlgwl, STedledlCwimailest ClLwienys GlamessrL HTETallest
eflesoraLILIGey, eNWIMpen6sT QUTTULD (PSH6L ‘ellevoresn)emall’ [Space Probe)
SLEVTH| | H6IT 60BWITEL HenL&HS GlGTemev CHTESIUIN6L y6voTL CHTETRISEm 6T
SUnHgl, elessrCleusflullest (PeHHlnTen 2 60GHE5ES SMHGH MeUSSH6UT,
&redledlCwIm! L5850 TeT afWImLpenesTd sMMILD HT6T(S) &160680T8 G TeTSHen 6T

P&6016L &6voT(h) LYig&H 5| 2 6v60& allWsHS em6UsHSHeUTT, &TedledlGwT!

BTET 1972 @6y gallw vwestwi-10, wwesfwiy-11 [Pioneer 10, Pioneer-
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JoI FX8
i

—gy e

Juno's Interplanetary Trajectory;
Tick Marks at 30-day Intervals.

EFB: Earth flyby;
DSM: Deep space maneuvers;
JOI: Jupiter Orbital Insertion

Juno requires a five year cruise to Jupiter, arriving around July 4, 2016.
The spacecraft will travel roughly over a total distance of 1,740 million
miles (2,800 million kilometers). The spacecraft will orhit Jupiter 33 times
during one Earth year. Juno's trajectory will use a gravity assist speed
hoost from Earth, accomplished through an Earth flyby two years
(Dctober 2013) after its August 5, 2011 launch.[6] In 2016, the spacecrafi
will perform an orhit insertion burn to slow the spacecraft enough to
allow capiure into an 11-day polar orhit.
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The burn of the Inertial Upper
Stage (IUS) rocket carries the
Galileo spacecraft away from the
Space Shuttle.
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1], 2Bs&s 1977 @60 et surCGuigny-1, eurGugy - 2 [Voyager-1,
Voyager-2) oy,&lw BresT(s (pesTGeormiy 69l6ssT&ILOLP&6IT LiwiesoTd GlEulg| (Lp&6oT
WP&6516vL elwimLpssT, FesfleGasmerflest el (6hEpTesT eNLITmIGen6T 2 6mallLl L 618 (S,
JITTETLOITENT S&H6L6V Si6n)|LILT6oT. 1987 @6V 6w |LILNW &TedleSGWIT e6voTSHLILISY
eTLLmeooT(h&6m Liwessrd Glgwg Mm@, 1995 @ev eNwmpsGameflesr FiLL
LD6BITL6VE SV @ (p&sLILL(), HeTeulL eSHlullev &M, e 2 smeygFHlblenLp
[Probe Module) eNwimp semgdlev @M, allessrleustl sugevTmMMlev (LPS&H6TERNLD
ClUDMS.

6)aniealéen 6)es8aeh

Jupiter's Great Red Spot of
Viclent Storms

(I ‘&MmI& FB WL’ (Orbiter] 6( ‘(&R 66ueTfl 2 smey &bl (WL’ [Atmospheric
Probe] @emessré&sl LIL(HHS, &medledlGum ellstorbleusfla sLiLisv @yesor(h)
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WaSHWL Lssflsemer HlemmGoumme SWITTTeTS]. (PSH6V Liesstl alwimpsnest
QM) sHMIFFBLY Fpsveislullsy allpmemssd &OHMleU(hHELG. HHSHS
uessfl 2 emeys Flblemp allhHialsHgl, eNWUMY HTHHeL ensg Clgleurs
@maGeugl. Wergss uflbmml LeEhGLmesflwb soLwmssnen( (PuO2)
LwesTU(HIb @esor(h) ‘s&HlFeiFa: GleuliL geresflgem (RTG, Radioisotope Thermal

Generators] &{60L0& 8L LILLg(Th[HS560T.
QarbgefléEL ClehhHleusbd! LLgsCameafls Ljweb srhm)

NWmpsF  (HRSHS60  ClLMmIS  eT(PLD  6umML| LDEBITLEVLD  6ULSEIe)LD
Clam&lsnib Lrhgl eNflEmg!! WHSIL Crensll NFCassHems CHTES 6is D
&IMm| bHevsTL LITenguilev Glasvsyib GuITgl, &i(Heu (Wenest CHT&SEIL GUmELD
STOHMIS GSMISW UTmHUIND S&HEMG. Heueumm| SH(HLLLD HemLULD
SITMHM|&H6T, G0 LD6BITL6V 3i(h & (&HSHEMET SIMISSHIL! LILemL, LLenLwimil (Bands]
Nfles&lssrment! SiLiLLenL (BN CLOSMmISET, &HMHMID HEFSHE, RLILITES 24 06wof]
CrrsHslev &HlpssE CrTssl 11 w&lifl Camesst eme SHifihgl LTMISIMGI! Ljwev
STHM| &SI Crensulsy 3igs @ 2 &F& Geusd 360 mph! |

efwirpesflest Gluwy Glumm ‘WrEILHL GlFbSlevssd’ [Great Red Spot] &iflw
Clamemey CHT&HE CamerMlw BT6T (WHeV, 300 2y 6voT(H&EHEGHWD GCeVTss
sresoTlILL () Clamhsefleg aumsIingl! CFhHevsd (WLemL eulgeuTesTs)!
3| 5607

Cl&MH&6ILILIS 58 STT6ewTD @6Ten|b MWL LILaTlevensv.

W& WLLGHDGE CEHEnSmssS HHuemal, LparsT [Ultravi-
olet] eeeflemw eNPmiEGD, &bHSH&WD [Sulfur), colITeVcoLITE (Phosphorus]
GumestmeumnilesT @TEmTwesTs Sal (HmILiLgsT (Compounds]. WM& Cl&mesrGL
eU(HL GClehdlevashsleT sHGLTemgw LiflwmesTd 16200 emwesv Herd; 8700

60ILD6V 3|86VLD.

LIEL@HL  HwevssT eNwmyp  wesTLevgSlev  Slief  Slieblyesr 658
Sls&lermest!  (Gflwesflest gLy, Gleuliu wrmigHeumev, Lpbluflev @mmeuerf],
amifleaCaetr g &lweneu  gmLI(h&esTme6oT. oLeormev  eNwimps  Gasmerfleot
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Jupiter’s Clouds

Atmospheric
pressure Altitude m

0.4 bars 23 km

-
b

Oscillation of
sky brightness

ﬂ‘—-
i‘

.-

Laser beams

Expected

Gmmeusflll HuieusseT, Casmbsefls@d 2 Lger saurw s (Glpssrmey [Gas

Bubbles] srLy), HLFSSWITEST (&L 3i(h&(ESHM6ETEH S8 3198 8]65TM 60!

6UTW| & (§LOILD&6T STMILTMTET GleuliLig S (h&ener STmile 6 messr(h), Ljwev

STHMI&ESHMTS SLHIU LUbHSHS, eNwmpssfley G, LIETETRISET, DeneVs6T

FHID @6V6VTHI, 6T6V6VTEH Hlemaseflad, GMIGHE CBHESTS (WMmIsH

Sil9 & &) 65T 6DT!
Artist's rendering of the Juno spacecraft
Artist’s rendering of the Juno spacecraft
MISSION TYPE : Jupiter orbiter
OPERATOR : NASA/JPL
COSPAR ID : 2011-040A

SATCAT NO : 37773

WEBSITE : nasa.gov/juno (NASA) missionjuno.swri.edu (SwRI)
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Image Gallery

Galileo took thousands of images during its 14-year odyssey. In addition to extensively photo-
graphing the Jovian system, Galileo also turned its cameras on asteroids, Venus and even Earth
and its Moon. Galileo also captured the only direct view of comet Shoemaker-Levy 9 fragments
smashing into Jupiter in July 1994.

.
= Callisto : 4

Jupiter » Ginymede Artwork &
.I Europa _ ‘ Animations

Y

hiv l.;
.:/.Ij “u
Rings and

Small 5atellites Spacecraft

Images Taken an route to ]I.Ipi'lil'
The Earth and Moon =

Venus »

Asterokds »

Shoemaker-Levy Comoet and s Impact on Jupiter =
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MISSION DURATION : Planned: 7 years
Elapsed: 6 years, 5 months, 19 days
Cruise: 5 years

Science phase: 2 years

SPACECRAFT

PROPERTIES

MANUFACTURER Lockheed Martin
LAUNCH MASS 3,625 kg (7,992 Ib)[1]
DRY MASS 1,593 kg (3,512 Ib)[2]
DIMENSIONS 20.1 x 4.6 m (66 x 15 ft)[2]
POWER 14 kW at Earth,[2] 435 W at
Jupiter[1]

2 x 55-Ah lithium-ion

batteries[2]

START OF MISSION

LAUNCH DATE August 5, 2011, 16:25 UTC
ROCKET Atlas V 551 (AV-029)

LAUNCH SITE Cape Canaveral SLC-41
CONTRACTOR United Launch Alliance
FLYBY OFEARTH

CLOSEST APPROACH October 9, 2013 559 km (347 mi)
DISTANCE

JUPITER ORBITER July 5, 2016, 03:53 UTC|[3]
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ORBITAL INSERTION 1 year, 6 months, 19 days ago
ORBITS 37 (planned)[4][5]

ORBIT PARAMETERS

PERIJOVE 4,200 km (2,600 mi) altitude

75,600 km (47,000 mi) radius

APOJOVE 8.1 million kilometers

INCLINATION 90 degrees (polar orbit)
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10. @b alenlleuatld CHLsv = ememIUIBID
e (PpFHev (leusitamld@ elenremion e

SIS HI L 1D BHHBSH!

[sLHenry : 10]
eusSIFLLTengS N6V LIfl&Hlenwis
&DM6U(HGSILOl6TEILD
FHETHCHTET!

2 &&T6leuLILID Cl&TessTLS)
eriflemev GlevigLiLig)!
siflwbleveuru] Camemwomiis
&6UFLDL]600TL !
LA Gauam @ GLb

2 CumsH5HmS

2 (HEBSI(HILD 2 61%660TLD !

2 CeUSSHSH6V HTGesTEHRMHMID
&60T60T & &Fl6V & & &7 60T!

QETTITEV B{G560T6UITIL{LDEBOTL6VLD
SI&TCeusBSH S0 FHMILD !

L 81 & (&L

emmblevmrGumsy
SODWPSOSTL(HILD

FS5EH\y6oT!

PRYSSMS LODLILIS)
&flwieor!

LL8luSlest @ Tl emL&GameThlsusiTerflemi
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&4, MT600T (H & MEVLDITL
SLueyClFwwyLd

rETellesr CougseiletoTaLILIey !
MITMTesoT (h & 6 &I (H(LPem M

G flweneoTF a8l est
LbLO1S (&

CrersL&ELW.

Solar Probe Passing Close to Venus

Artist's concept of the Sclar Probe Plus Spacecraft, fully deployed
in cruise configuration, flying past Venus during one of the seven
gravity assists that sends it closer and closer to the sun.

Credits: JHUIAPL

effeurev er&eivLNyeiy e9lesoreamiemai)

@nSHlw efletorGleuel Sylle] EMETTWSHD (PSHET(PSHEVTH {GTOTENL5
Gasmeir Gleusiterflemw Mg S LD

2019 gugev 27 o GCsdh @bHlw ellessrGleustl gyuie] o emeoTw
&&HSH60T LNTSHTETT Y ULIUTEITTT (LPSH6IT(PSH0 @S el (6h(ehmesi&eT GleueTsrflss
Ca (& (E allstorstnemel] Ben|LIL|D

ydlw  SlLLd  gleumdE  eNllLg]  ererm  SIMIeNSS (HSS M.
GleustoTessiloveyH G, MSHE &HLHG OFHBIMECHTET GlFeusTUINGELD
Cleummlarwrs  ellsoremiemallseT  HenILil]l, 6uUFeVTHM| 6MLEVEHE)  [HLL
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@mpHwur @UCurg etoTenL&HCHTeT  Gleusiterll Crmesl  allevsress|emai
SIS QLTTws SILLSIL(HeTersl.

Cleusiterlles  CGaomensm YITWWLD Fauw, HWFESS SlLLmgssr 1960
S evor(h&seflGsv gy rbLibmuilest. 2017 G T sueny GleusTeflECamemer
Crrs&lg ClgeTm Gleumm) GlumM BT (HS&ET : FakwIT, HCIl&eT, FCrTILwest
eflesorGleustil g emesoTisd, UILTeT WLHGW.  FBuSS6v iiLmes 290
L5levedlwiesT LTevy Glasuellsy Glasueurmiis CHmEhsEF & @IS E WhHSHrs
GaL6v elevoTern) sTail&emer (Robot Explorers] ien)| L1l we6T6Irg).

L5len)|L560)| 8 (G LD S &) FedT (& (mHLDL6iTerf)) (G fwenesrs &L&EH DS

Gleusite&Camer  Lblullest @rLlemLs GCosmemmils sSHSL LbHSMG.
SITT6sTD  Heummlest  eulgeusTey, [Hlemm, Slewofley (Density), 2 LG
SiemwLiL &6 (Bulk Composition), FFLIL 69lemg &l WIen6L 68 8)(6IT6T6T. {6n6L
@resor(hi 4.5 NeveSlwest oy evoT(h&sL (S (WesTeoT] Gy FLWSHSHIEL 2 (Heums
o siremert. 6T s GCoumum(h): yblemw ¢l GCrmaslestmey, Gleusiterfl
Gflwenesr 30% @enLGleusil GIBHHRISEF HOHMISEIMS. HSHETTEV (&HFlws
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&HTSH STH&H6V 18 & GleusiTerl Goev eN(W&EIMG|. @HSHWIT HeB)|LILIS
SILLBHID geyssensst allesoresn)|emallll LigHEgen (Payload] 175 &).&lFmib.
S1H6T 2 hglellengd MMy 500 sumlen. GleueTsflenw allessress|emall &mmiLd
SOMmIL UTengd 6T Qb: 60,000 &.5. M yw: 500 &b, Heireul LL
Lmeng CumsLll CuTag g (Hhi GleusiTerfle CaHmeneT GIF(HRISF &MHM S &Ha&61160
SIWILLLD. @SEHLE S5 LSS STEF6T Bl 6288 &L, HlenmCeumiLd &rev
6UEMTWIENMW|LD @)65TED)|LD STLOMESTLD Y &H6Tl6V6m60.

Image of the Day: NASA's Solar Observatory Tracks
Yesterday's Transit of Venus.

{June Tth, 2012

HASA's Solar Dynamics Observatory (SDO) had a ringside seat fo
yesterday's transit of Venus across the violent surface of the Sun
--something it has done only seven times since the invention of the
talescope. This transit is among the rarest of planetary alignments
and it has an odd cycle. Two such Venus transits always occur
within eight years of each other and then there is a break of either
105 or 121 years before it happens again.

wp&Hev @enLwilenLCw HhHsHeTeID memeflyeysd (& flwesfley &g s mest
SIbhS FHSITSH SLULE STLFlenwl (LY CHIF(LPLD HTTLISET ST6stT (PLYHSHEI.

enL&GH6L GlLflel 9julLsiy (ESA European Space Astronomy Centre ESAC)

Gfwenerts &&H&EITeT HLEGWL CumTgl UG eT  ellevorCevormadlaerflest

udleysenerd GleusTerfl Geus ellesstas LiLev (Venus Express Spacecraft)
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Lgleysenemyd eUNLH), &H&&lTesilsv allengeumil WIMID (FLPHlenevenILS
Clgefleurs HMlw TS TEHTES 2 6TCemmLd.

Gamaseir &GeugLd (ESA Venus Express Project Scientist)

"Gous eleseTaLILIEY Sien)LIL|D LSl LILMmigsT Gleusierles Camerflesr 2erGL
B& LD @uisHs LrmUM(hseners GMIULNL(H& STL(hLb.

@eumenms Glamsvor(h) (PpHlev CamersSlerT HETFE S (WP&HHS5MSHS (Trans-
port of Momentum) QI&TLI G| &600T&T6t0f 188 (LplglLLD.

F&ET6T (G066 DT QRLLSSHI6T fLp6v sTretaTsens (Origin of the Super-
Rotation of Atmosphere) SiMHg| Cl&TETOUSM STEST (PSHSIW 6D WLITETTRIS6T
CgeTU(hIL.  &&SHITE GCamer &PMEFlEEGL GLpolsueafl (pHlev &HPmEls @D
@emLGw 2 6item  (prevoT  @emeroTlienL  (Mismatch) oypmuileuGgs  esvTeiv
ersevLiFevendlesr Waslws Gms&tGasmer.”’

19181 if] 191 el (Dmitriy Totov, Max Plank Institute for Solar Research in Germany)

Venus/Earth Comparison

Bulk parameters

VENUS EARTH RATIO

(VENUS/ EARTH)

MASS (1024 KG) 4.8675 5.9724 0.815

VOLUME (1010 KM3) 92.843 108.321 0.857

EQUATORIAL RADIUS

(KM) 6051.8 6378.1 0.949

POLAR RADIUS(KM) 6051.8 6356.8 0.952

VOLUMETRICMEAN 6051.8 6371.0 0.950

RADIUS (KM)
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2012 Venus Transit

On June 5%, 2012, the planet Venus crossed the face of the
Sun. This event, called a transii, was seen across the Earth
by people who viewed it in person as well as online live.
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ELLIPTICITY 0.000 0.00335 0.0
(FLATTENING)

MEANDENSITY (KG/ M3) 5243 5514 0.951
SURFACE GRAVITY 8.87 9.80 0.905
(ED.) (M/S2)

SURFACE 8.87 9.78 0.907
ACCELERATION(EQ.) (M/S2)

ESCAPE VELOCITY 10.36 11.19 0.926
(KM/S)

GM (X 106 KM3/S2) 0.32486 0.39860 0.815
BOND ALBEDO 0.77 0.306 2.52
GEOMETRICALBEDO 0.689 0.434 1.59
V& BAND MAGNITUDE -4.38 3.99 -

V(1,0)

SOLAR IRRADIANCE 2601.3 1361.0 1.911
(W/M2)

BLACK& BODY 226.6 254.0 0.892
TEMPERATURE(K)

TOPOGRAPHIC RANGE(KM) 13 20 0.650
MOMENT OF INERTIA 0.33 0.3308 0.998
(1I/MR2)

J2 (X 10& 6) 4.458 1082.63 0.004

NUMBER OFNATURAL 0 1
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SATELLITES

PLANETARY RING No No

SYSTEM

Orbital parameters

VENUS EARTH RATIO (VENUSI EARTH)
SEMIMAJOR AXIS (106 KM) 108.21 149.60 0.723
SIDEREALORBIT PERIOD (DAYS) 224.701 365.256 0.615
TROPICAL ORBIT 224.695 365.242 0.615
PERIOD (DAYS)

PERIHELION(106KM) 107.48 147.09 0.731
APHELION(106KM) 108.94 152.10 0.716
SYNODIC PERIOD

(DAYS) 583.92 - -

MEANORBITAL 35.02 29.78 1.176
VELOCITY(KM/S)

MAX.ORBITAL 35.26 30.29 1.164
VELOCITY(KMIS)

MIN.ORBITAL 34.79 29.29 1.188
VELOCITY(KM/S)

ORBIT INCLINATION 3.39 0.00 -

(DEG)

ORBITECCENTRICITY 0.0067 0.0167 0.401

SIDEREALROTATION -5832.6 23.9345 243.690
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Venus overtakes the
Average planet distances from the Sun Earth on the inside every
[million miles) 584 days, but because

of the inclined orbit,
5 L Earth
— e — e transits occur only four
'3 67 931 times every 243 years

SPACE

www . SPACE Com

I.ﬁst Cﬁancé! See Venus Cross the Face of the Sun

11

transit of Venus, June 5/6, 2012

as seen from the vicinity of Mars
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PERIOD (HRS)

LENGTHOFDAY(HRS) 2802.0 24.0000 116.750
OBLIQUITY TOORBIT 177.36 23.44 -

(DEG)

INCLINATIONOF 2.64 23.440.113
EQUATOR(DEG)

"2 eigeoT  LMTMIUTHISET 6TULUG  WOM  QUESHIGHEN6TS  GT600TIeE
&&&lTestlert (GLOleuafl GCleuliLgss GesmEuy, @wlenul (Energy Budget)
LTSS G 6T6tTen|D SigliLienLenit e6m&&sTs SHMIHGl Clesmsreug W&Es
Seudwib.” GLedL Hlymeiverdl (Scientist IFSI-INAF, Rome)

"(BILLBILL sTeusHemss Smesorly) Femallest 'afsoreiy er&evlFen’ BT (S,
S evoT(hsemmlg Glemleumest 6ll(EhHEHTETS SHEH6UMEV HBILILNG  Glamevor(h)
eU(HEEIMG). @Qmnhs et oFlev BILGHL Gursneuuilsy (2010 Interna-
tional Venus Conference at Aussois, France) Sieummlev (Pp&H&EIWIDTETTENE Fl6v
SiMelssLiLHiw.”

Gamaseir 6B (Hakan Svedhem) eestsiv sT&smLN eV S L Sy (ETHBT

"Um& &Fflws Camerflest (Extrasolar Planet) 2_ 616007 LD, (DS SLD, 6UMUL|SHEET,
eurwylr Huwev Geussld, p&HlGeumiLLd GUTesTm S6mLiLiessrLLl LITfILD 65T kIS em 61
SerLiLg| a9 EpEpTesilsefleT WwaesHlw @GmeEGamsT. Seummlest epsvud HmIGCs
2 ufliflest eueTFFFGGL GUITHIOTETT EUFHSH6T 2 6TEITETEUT 6T6TM)| U TTW
Y&

LOMF& 6luemeuedt HITEFT CIWL 2 HaIFSES QY leusd (Mark Swain, NASA Jet
Propulsion Lab, USA)

""Gleusiterflas Cameir CaTMM eusTEFlenwits Yl

Clamsireug| Lblullest Cammm eusty&Hlenw SMIHG ClesmaTeuCaHm(h),
uf&l&E HuurpulL Csmersefler enwlumbhssnerl umHml C&fbHs
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2004 and 2012 Transits of Venus
- N
2012 Yeaus Transil
Contact Times '___.__—H"x 2012 Geecentric Data
(Geocmtne Coondinses) L . Chreatest = 01:29-28 UT
I =2209-290UT P gy \ Position Angle= 3454°
I =22726UT ""*“v-h,__r__ﬁ "m.hz,u Separation = 554 4°
. i e R T
: AT= 7504
IV =04d927UT ,-" lh.....m.:.: 4 r
[
| Sy, o o \— w
\ "”“ri::'_=
. /
) n
5 Mo ary, o
ﬁ\ T i B MMJ..'.‘
. 4 g K m
2004 Venus Tramit \ St 10 P o o 2004 Grocentric Data
{Geocentric Coordinaies) x"‘“‘*———.____,_._..-w-""ﬂ 12 Greatest = 08 1944 UT
1 =0813:29 UT $ Position Angle = 166.3°
I =053255UT Separstion = 626.5°
Greatest = 081944 UT o 3 % =k Duration = D6k 2m
M = 1 )0633 UT AT= 6504
-l e
I =HIEPUT Fred Expenak. NASNGSFC

Figure 1 - Path of Venus across the Sun's disk on 2004 June 08 and 2012 June 06
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GClamsiremeyd 2 g6l Glguwiu|w.”
&ITedletT 6N6V&F6IT, Q,E6MVcoCLITT(H LISVEENEVS SHLO&LD

"gevfles Camerfleot glemessraGamem gL meor (Titan) (s&&lTeneorls GLimev)
CleuGGeusLMeHE &FLP(IPLD (FLpGleusI] (&lev estTL su&Hemn&Hs (Super-Rotating At-
mospheric Cloud <https://jayabarathan.wordpress.com/2010/07/11/venus - express-1/>)
ClamevorLgl. @\evor(h Camsirasneml LMHMIWLLD BID MBS 6T 698 WbHSHT
@WESMISET [HlHLPS6TMEITEUT 6T6TM| Y TTWEVTD. HDWenm Gamerserfley
eTeue1S alema & 6T CFIHG| H6UeNG &T Couss FLpbleuslenw 2 (HeuT&Img|

eT6oTM)| SIMIW 2 FHeuevmin.”

&redlesr eflevgetr, QY &H6VcoGUITT(H LLEmevs &S LL&E Choy
@& flwenerrs SLHG C&6tTm &8 [FedT

2012 ggeett 5/6 Godlaerflev 100-130 o 600T(H&(EHEE R(HLEOM H&(LPLD
R AMYUSS STLE Gflwu wweTLeusSHlev BlsHSSE. Lbluller @ rlenL
eTeoTLILI(HILD [BLDS| Si6voTemL 8 CaHTemTenT &&1TeiT (GleusTerfls CamerT) L Lo)& &0
L&l G0 @enLuiley Cr CrT Camiysy subhg| UflHlemws sLbHS Cl&FeaTME!.
Nl messTLLOTesT  (Sflwenests SesoTenL&SHM GCumeTn &H&HETH GamerT
GMIECE HLHG| ClF6TMS. @HSHE (HMIEGL! LIL6sTLD 238607 5 Q41D Y TLOLING S|
29607 6 Co5) (P BB5SI. 120 YET(HSHEHES R(HPMM 6B GQbS CHT (&S
SLULS sTLF 8 gy ev0m(h) @ 6L blauerfl ulsv @\ (Hpemm BISPEIMG. 2004 godest
8 @6V F&H & T60T HLLIL| (LPH6T(LPemM (& ifwissflest GlgstTLm & Hl6v CHIHSSI. 2012
96T 6 @6V CHIHS FEHSIT6T HLLILS STLE UL LiM&HSH6V HSLDHSS.

@smE wery @&I6umsy goulL &as&lFer &Ll 130 60T (h&EHS S
(wpeor 8 su(HL @emLGleuerfluiley 1874 19&buy 9 @6V, 1882 w&FUIT 6 @YD
@ (mHwenm BLBG6T6mesT. HHES &&H5ITE SLLUL 113 2 6t0T(h&EHSEGL LN &,
2117 y&wuifley(b 2125 iw&buifleyib Cmyevmd eresTm THITLUMFESL LHSIMG).

@by flu sTid ComE uFs sLOH&EmTsE6faWD, UL HEIWFleHs
auLGMEL  uGSlssflsib, SOLILIT6DT, coLN601LI6mLISTT O, &p& (&,
e Credlwim, By, Bevesor(h) CumesTm mIT(H&6Tl6vL smesorl LI (heTemsor.
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Maximum brightness

a\ (crescent)

; Greatest elongation
. {haif)

“.Fhmus waxes and wanes as viewed from the en‘th.sinﬁla* to the moon's
phases.

When Venus is full, we can't see it because the sun is in the way. AsVenus
wanes from the full phase, it also gets bigger because it is approaching us.

When it is closest to us,we can't see it because no light is reflected towards
us.

www.Kaniyam.com 207 FreeTamilEbooks.com



S46v0TLGl6uerflLI LIWI6BoT RIS 6T &.OuILImy&6oT

9165 sLWSHHL @&HHETLH GlgetT olwifleasTallsst GlL LGS UL,
U flasTaller CmEL LGS UNeIb sressTlLL 691606m6V. 6VIT6N 6] (6hF6V6NV
ammedleyl (@Germlev 2 smer &lifloolNs ellessrGesorma &l (Griffith  Observatory)
S SHFALESH6T ClHTemeVCHTHSE &o&EIT6T sLUemL CHTEHESS HWTTTSH
CUTGIESET STetoT S(HLUUL ULy (HHSHS. O6UTHILEST SHFenTes &olg
@ mbseTy. HICLTEL ameuruiley 8 igmensy CrHT&ESIGHen6T SHleng &) (HLLI
emeusg| Cluflw Slenguiley sLLULS sTLE sTetT & LLLS).

36,000 &).LBLIT (22,000 emwo6v) 2 wiggHSlev mramallest (NASA's Solar Dynamics
Observatory - SDO) &&&lyesT SLULNS 10 WLAEIE Fafenbwmilsds STLigllg).
2012 o096t &&&EITE Cameflest sLUer GUTE| eumesflwey el epepmesflasit
LeVGeUM| YUIESHET [BLESH 6UTWILILISHEHET &Hl6nLGHS60T. ® SMJ6s0TLOME
@ C5flhe T CameT (FGflweneTs &LEEGW GCumg CHIHS (G flw
6T OmISEN6VS ST HITD|HHED aN(HEHSHWTeTsl. @Q6H HITNISES (Pemm
eflesorGleusluflsy LHlw Lblessit Cahib Gumgid LweTuhHb. HHGHILesT 11
SUBT(H &S R(HPEOM 2 F& eretoressfl&Eemnasulley gmuBib Ufl&Hlg CaevsseT
&(HETTTHSH6V &&HEITS &LLIL| Hlapad Chihe (HeSIME.

&&&\rs sLUer Curg) eurasfluiey 69 EpmesilseT SiMibhseneu

1. &&&ITs  sLUNsr  Cumgl uflSlullest  KNeTLeVSSH6L  eT&HSLILILL
Si&etT  QLL, (WhH SMHHens Nl FHM  HleLedlembWwTs
@m&sEW0. @56umsy @bwenm LmesGsmsTssrfler (Exoplanets) ojeme]L

LIflmessT& 16V &1606016MLD STesoTLI LILLIGOTL (HILD.

2. uger ellesetCeorma a6, Famallesr GleuesTerfl Couss ellstoramn)emall (ESA,
Venus Express Spacecraft) Gy FwwHSH6v &&HEIT6T SLLOHL CHTSHELD
Gumgy) Gleusiterlg CasmerfletT (FLpHlemev, &meviblemev GCeumumenL @\yevor (k)
pemms6rflev LIl CHT&Hs 2 gall Gl wiuL.

3. amller CeTenevGHTESl Hlevallss eeefllNFSluedlisnu TSI,
T(h&H518 Cl&messT(h UmECaHTeTa6rfl6T S6Tem&6em6ITLI Li&6)| Gl&uliwevmLD.

&&HITH SLULY FLWHH6L (Gl eeflomaessy LHle| @esrhleTm(m
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(PEMMWITE &) (6h(6hHT60f18(6THE (&) 26U (LPlgLD.
Gleuereflss Gamsir gulesener 2010 @6v SFEIGsMHMIWL 691 (Eh(sHT6UTLI
Gueneu
wesfllgeny eIt Hlevemeu 2 emallwgl  Gumey,  wesflgiflsveur
edesoTetn) 6T &61T, &6 emell&H6eT GlFesTm| Glasueumuis CaHmensm o TmlbheHE|
Gumey, BL&HE HevotenLullev LflHlemws smMM eumL &FHESTs Gamerflest
HSITHen6Tud, LM SHenemujd  eumssfluisy  allshEhmesil&HeT @) gleusniy
al(helss allevemey .  &&SITeT (Fflwenested &mM euy 225 L8l HTL&6T
I (\EZ:3 )=
ga&resiler (&SI LISTSH6IT epesTm)
1. Gleusirerfles Gameir 243 L) BTL&6II6V 62(Th (PEMME SH6tTETTEFI6V 6F63T L&
ClgleuTss &HMISIMEHI?
2. 9165 FLWHSH6V FES&Tesilert euTWF (FLp06leus 66T D& CoussSHlev 4
BTLEEHSES RO SHDIEIDE!?
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3. 358 GleusTerlls Gameflest &Hem 2 sinevord 60T 460 19&Ifl GlEFsvdlwsn
gml QeuliLll LITen6VEUETTIONS 2 6IT6mg)|? Feuw, o6wflés, FaET
el epepmesflasit 1965 (PpHev @esTmieUen] L6sIlSlsveVTL  LiwiessTsSHl60
ellesoTetn) 6Tall&emeT Hen)|LILNE &FHEITenesT CHTEHS YTTUIHS| UBSTH.
Si6ummlev

Control Centre
ESA, Darmstiadt,

* Placrma analyser

» Magnetometer

* Spectroscopes (atmesphere and
surface mapping and analysis)

= Uikraviolet and optical cameras

* Radio sounder

(PSHEWLTETSH| HSMHCUTSH| Y \ITHG| 6U(HLD FEFT ien)LILNw GleusTerfles Camsir
Gouss sLiL6L (Venus Express). 2005 meubuifled yemitilill ULL SbH&He
eflesT&LILIY WH&| LTS SIS G| 2006 LiTedlsv &F& &l Fenest Olb(HHI&S & &Mmm
UTOINSSS! HUCUTH(HHE @eTmieuent (2012 eg86tT) 6SesTery 6r&6MLIT6ON
CaTLIHE] LS W S86U6060L1 LSS eI 6UHSI6TETS).

Fem 2005 meuuflev Semitiflw ‘efesterv er&evLNyeny’ (Venus Express)
SISME (6ot 2003 86sflev Glgsueuriis Gamensm CHTHSE ol FETell6oT
‘omyeny  erdevLIgevemenl’ (Mars Express) Gumetm(Cs. gM& (SO
eflesorGleusiile Camgensor &eiflev CaTed GlumMM ClFsusum elesoresn) smailulest
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&smeNeGer  Gleusitefluflest  Geussd SLLEOYID  LwWeTUHSHSL  LILL6DT.
efeotery ergevLNTevEOl6T Fevflegieus Hmellser @ GleusTerfles Gamerflest
&Lp0l6uerfl sumyy (PHIEL H(WHSHMSLI LIV6V(HE(E Siemev IHermLt LLGIHILIL -
sefl&Esmenme sevorGessrmLLLD (Multi - Wavelength Imaging - Spectroscopic Obser-
vations of the Planet's Atmosphere - Clouds). &jeumnlev HlemLEH 66V ELPEVLD
&&5TH Camerflest aNem&sLmeT 2 LM STLE], HenLLIL, 2 6T(ThMLIL|SH6n6IT
HIED)SH&ELTE HMleugl. Llgmerdley BLEEGWD 2010 essToy &(HHSTRISI6V
VMC smblgmellest (Venus Monitoring Camera) LILMGIG6T (PSH6ST(LPEHDWITS
SI6MEBTEU(HE G STLLLILUGHID. SHesfllLlL & R6oTmI FaslTesflerr ‘GClumg)s
&mm| rLeney’ (General Circulation Model -GCM) eflem&ad Glawiwits CUTSImg).
gesllaCamerflest  glemessraGameT  1gLmesflepid  (Titan)  Gleusiterfles  Gasmeir
Gumey, @HL66uefl eumuy essTLeVD GCamemer el CouswLTEEF SHHMIS MG
soLiLimest 6lesoTGleuerfl gy uleugsd 2010 G 21 @l6v &H&SlFenest <y uley ClFuwiw
eflevorern)iemal spetTemM EMILILNW6iTemgl. G 2010 w&FLUFl6L &S Fenest
QIB(HRISF &HHMS GI6UMI(GLD eT6oTM)| TH TUTTEHSLILHISIMS).

&5&I55 Camerfler LiFlymesr eumw|& @ 6leueflullesr eflemrGeurmiLLd

L 8luNesT 2 661l (H85 &L Clsuerflas(h Wwersfles g 960 smLo6v

(wewsll&@E 1600 &.B.) GCeussHlev eMHMISIMG. NS clly LLSu6sT
GM&6m(PLD, Lblenws &HmIL6TET &eugFs (§enLIWmesT eums &Lpolsuerfluyb
go&GoDW 36s GCeoussHdlev &M eumsleormest. Lblufest &mm| GCHID
L6V 6% 2 Jmie] @UISHBIGETTEY (HL6V S6M6V 6T(LPFFI&H6T, SHTeVmE6emIs
&ITF&61T) 100,000 24,6507(H & (6TH8(& (I (PeOM 2.2 BT &6T BLEF SemLEIMG].
SLEOTTEY &&SITes lev Hem Gous b, eumwsF (Gpbleusfl Geuspb aNwESS
558 (Pemmullev GeummdlesTmest |  &FHEIT6IT HeTETEFI6V G(H(LPENM &MM
243 BTL&6T (W66 Hgsmyn 24 el CHIL ) eThHiHEMG.  Heuallgd
315607 H6m Gousld Y en GCousselev sMHMID CUTEHl HSH60T (FLpleus] sumuy
LDO6BOTL6VLD ‘& Geussselev’ (Super-rotation of Venus Atmosphere) 4 BITLS 6rfl6v
R(HPODF &HOHMISIMG| ! SHS ellbengwmer CeumuTL(h& G STTTSHmS
@&l suenTuilev el(ep(epmesflasiT Cgefleurss SMiw wWigweallsvensy !
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6)suerer’s Gamer efswrgmyare’

/SPICQVJ'SOIR
A

ASPERA

ESA's Venus Express

1. MAG: Magnetometer - measures magnetic, field strength and
direction

2. Virtis: (Visible and Infrared Thermal Imaging
Spectrometerjimaging spectrometer that eperates in the near
ultraviolet, visible and infrared parts of the electromagnetic
spectrum

3. Planetary Fourier Spectrometer — measures atmospheric
temperature and concentration of known and unknewn minor
atmospheric constituents

4. SpicaviSeir (Spectroscopy for Investigation of Characteristics
of the Atmosphere of Venus) Imaging spectrometer which
detects ultraviolet and infrared radiation. Seir (Solar Occultation
at Infrared) will observe the Sun through Venus's atmosphere at
infrared wavelengths

5. VMC wide angle camera which captures ultraviolet, visible
and near infrared images

6. VeRa (Venus Radio science) Radie-sounding experiment
which will examine the ienesphere, atmosphere and surface of
Venus by means of radie waves transmitted from the spacecraft

7. Aspera (Analyzer of Space Plasmas and Energetic Atoms) will

study energetic neutral atems (EMNASs), iens and electrons in
Venus' atmosphere
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Lfl&ls GHILuSS G We eNlwlienu efls@n WD &H6T 6umwy]
LO6BOTL6V ‘& TF SFMHMIWSHSHD’. 1960 Y 650TIg60 HTEIT (LPSH6T (P&H6L GleusiTerflss
Gameflest eumw] wessrLevd GCosmenem el e Ceuswrss &MHMISIMG)
eTeoTLIG  SIMIWLILIL Iy (HSEIMS). eflepEpmesillast SsmEL  UevGoums
Camiumhseners sgamluersmmy.  Uulenid golHTeTmID Gl&FLDemLDWITesT
&HSHTH T(hHEHGHIe Gamersr (uywealsvenen. @LICUTE HlenLss LS
H5H6UMED 86US5G| Cl&EMGET all(EhEpmesllasT &&&lTm &GS CleTensvailsy
2 676l (FHFIWL W6V STHE HEHTEF &6V L L&HENSH 2 600TLTE GHS MG 6T6sTM)
6(IH GILIM(HSHSHLOMET QUINENS 2 [HG)|&H6016V8 FaMIW|6TETITIT.

FEST60T HEOTEUTFEIV 6(H(LPEMME &LP6V 243 [HITLE6IT 4, &165TM6DT.

QLEVTITEV GH60T 6UML| LD6BITL6VLD Hemd el Bl& Geussiome eNlbmigs & 200
BLy (&Lwmy 100 mph) eigsHlev saslTemest 4 BIL&eflev &M aHSMEI.
SmsLIGLTeL Ferll&Gamefler glenevre Gamermssr emLLmesflsy (Titan Moon)

6UITLL| LD6BOTL6VLD

&eoTg| Camer  WestTLevGHmSL CUTeL ULeTLBIE Geuss ey  &Fmm)
U(HEIMG. Cl&eMlEssT CHFWILI LIV&H6VS HLP&SS 60T 611(6H(6H Tl ClamsLIT
CoyeNwiy giyestL - WH&GFTevT (Hector Javier Durand -Manterola) 150-800 3.LI (90-
480 ML) 2_wir& 8160 2_61T6Ir 3w G6uTmen solNwifl6sT 6260 Cous & 6m8 L) (6h&FI W eumu
LD6BOTL6VS6mS LI LIMM) (Supersonic -Speed Winds in the lonosphere) &y FmuIbSTH.
‘SsLUL (Plg6 eumwy epL L LD (Trans - terminator Flow) eTestLiLI(HID 18 eNBTIgs (&L
Li6v &).15. Geu

&5HS6V LlF6L6ELG).

mreTeller ‘(perrGestmiys sas&lTssr smmiemeall’ (Pioneer Venus Orbiter) 1980
@60 (Gl Huev gesorly goUBID AHHS CoussHmss SHestT(hHUgsH S5
glyestL -  whsCTTeuTallest (Gpelesty &HlemyGumensoSlwiy (Cryosphere)
CamerssHlev SLLL - (Plg6)] QLLLD HSMEGHS H6Y HWeHESHS5mS (Momentum)
SIMEVGEETTILS &H6T6lll HemTFFSl emLEImG| sTedTm| SiMeNSHs 601y,  GLosy|d
@relleyid, L&EOeID GleusTerfluflest eumu] LetoTLEVS SV Hla P Lflhluflest
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Venus and Earth Compared

/" ™ Manlie
/

-

VENUS

This image suggests how the Earth and Venus might appear
without their atmospheres.

1. Venus' diameter is 86% that of the Earth's
2. Ithas 82% the mass of the Earth

3. Ifyou weigh 180 pounds on the Earth, you would weigh 163
pounds on Venus

4. Venus is about three-quarters the Earth's distance from the
Sun

Venus is roughly the same size and density as the Earth, but
beyeond that similarities end. Earth's surface is a varied one, with
liquid water covering three quarters of its surface, while dry land
has been highly medified by plate tectonics, weather, and life
itself. Venus on the other hand is far too hot to host liguid water.
Velcanoes, massive lava flows and the occasional impact crater
characterize its anhydrous surface,

Latest ebservations suggest that Venus may periedically
resurface itself completely--and catastrophically-through
massive, planet-wide veolcanic eruptions. The last such
resurfacing "event" appears to have eccurred about 500 millien
years ago.
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S(WP&5H emeus&seT GeumLi(hi&lesTmest. LsM GlumWslev LflHleE eSHrme
2 6iTe &r&81Tesfl6oT 6umu LD6sITLEY L LD @l Glumpg Coussms el Lilss
1518 S &L (G LD!

LBlufesr @ylemL eresTLILI(HILD Sr&seblyest GlL(m eugL&l s

Gleusiterfles CameiT @ GleuliLgsHesTev (FTTEFfl 2 awesord : 450 C/-30 C)
Gamerd | sEHIbL CeuinGw GClu@meurld]l 2 sorLrsEWgl. @sM@EWw Wl(Epe
eueser(h) Gumesr Camemd GCouml eTgIeYD Gl (GHGHLUSSHL @QHLLSTSHS
Claflwelsvsney | @\revor(h) 6mLEL YLPSHEHL6V Cl&BTesoTL LiLO&GEF & adlFest
FgCarsrs CamEmnileusney | g6 @rLenLll Lmailujwlevemnsy ! Glsuererfls
Gasmerfleot 691 LD LBluNeoT 691 L&HSHIHE 95% ! Gleusiterfluflest Blemm LiSlemwil
Gumsv 81% | &F&&lFesflev (FLpGleusfl eumy SWPHSL Lellemrwt Gumsv 93
LOLMEI(E LOI6M&SWITETTE. DIS60T &I 6UTL LD6BOTL6VLD fpeu(h&E hlemevuiley 30
606V (LP&H6V 55 6mLD6v 6usnIT eNWIMLNSGI6Temg). LLBIUIN6L 5 6011060 2 WITSH SIS (S,
GLo6v 6uMW66T (WSS & &S (HenMme. &&&Tesl6tT 2 L& (I LD6BsTL6VLD
Llemwit Cumey SyemwliLd Sellys Glambaerfliiw GlameserLg) ! (&siflwesfleor
3158 Gamemmest LLLBIUN6L LNFLIEHEFLD H6U(LLD LI(HEUSHSHI6V L& L6V GleU6T6ITLD

ClumElwg Gumssrmid, 2 uiliflesTd eueTHSHGH GCumeTmd CleueTerfls
Gamerfley b CamesTm) uIl(HESHEVITLD BEVEV6EUT?

SLTOUSTEY W amssflev @ yeor(h Cosmerseflayin oeuallsw Guipsrey
BILOWI(LPLD, STTLIET emLWITEenen(hib (CO2 - 65% Nitrogen - 3%) G FLOWIS SV
2 6UOTLITES @) (HESHEVMID. 60TV LLBIuN6L @UIGLITE| STTLI6T emLmensn(h)
ClU(HLUTEID  SILSSHLTSHIE SHLOIGEG6T(EHWD, UsflluTemms  (§6T(EHLD,
LgIm&EsE SLessmgl.  FMserey C02 (G&Lpblsueafl wetTLevg SHl6v LTl
Slifssrameley allenemencl 2 66oTLT&HES eU(HEIMG. HSH6eoTTeL LLSlulley LS

2 _61%:650TLD [HlemevwIme)

wesflay 2 wilFeury WPuslmgl. Wrewrms GleusTefles Camerflsv L blenwil
Gumsv 250,000 wLRIEG C02 &ahHlFwTsl Gurers CEFImal EL6lsuefluilsy
HleSHS 6UTW|E (HOLWTS 519858 6U(HSHIMG]! STV &lifstTarmer e ellenemey
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Venus Thick Greenhouse Cloud

\

\" Surface heat \
\

Runaway Greenhouse Effect

Massive everheating of a planet caused by a high atmospheric
concentration of greenhouse gases. Such an affect operates on
Venus and is responsible for the surface temperature on this
planet baing several times higher than would otherwise be
expected given its distance from the Sun.

There is presently a risk that a runaway greenhouse effect could

be triggered on Earth because of the rise in atmespheric carbon
dioxide levels caused by burning fossil fuels.
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Atmosphere of Venus

200

T gn
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Temperature (K)

Venus has a dense atmosphere, composed chiefly of carbon
dioxide, which generates a surface pressure 90 times greater
than that on Earth. This massive blanket of carbon dioxide is
also responsible for a runaway greenhouse effect that heats the
planet's surface te an average temperature of 467°C (B72°F) --
heot enough to melt lead.

Venus' atmosphere consists almost entirely (979%) of carbon
dioxide, with clouds containing droplets of sulfuric acid along
with compounds of chlorine and fluerine. These precipitate an
acid rain called virga, which evaporates before it has the chance
to reach the surface. In the upper part of the atmosphere,
clouds swirl by at a rate of 300 kmfh, driven by fierce winds.

www.Kaniyam.com 217 FreeTamilEbooks.com



S46v0TLGl6uerflLI LIWI6BoT RIS 6T &.OuILImy&6oT

LetTOL®IE Wlemswrdle (& lwesflest Gleuliuib GlerGuwsyid  GCadliiumé)

Gleusiterfles GasmerT TGILI(HLD "Cleuling Casmermas' Ml a9 Lg)!

GLoey|Lb Li51u9l6v smesoTLiLI(hib GLIT6T6)Y 6nBLe 65T 6UTW|6Y LD, 4861016165t
6UTWeYLD &&H&IT6sflev @6Ven6y . 6(F W&HSHSHI6V MLILL GlamhaerflliNey HEmes
eTfloeneu&6T SlembLll GleuliLigs (HLPL|LEST 2 L6 LITenME(ETHLD &M (STHLD
i srlwiiLC(l Guyemey svevuf emLwmsen(h eumy GlumEIL Gumesrg).
SIbhg 6umuw| GLMSET BFEOULET SH055H SIRbseTTSUY GleusTerfls
SH6ITGILOMIGLD HHSS TGS BITLILN BreGeomasmas) el Lg)!

F&EITET Herenests SHTGer W& Clgleurss (Clsuererfl mmer = 243
Ll BITL&ssT) smmluyb, Fmml GCeuswrss (Gleusiterfl oyevor(hl = 224 Lyl
BTL&6T) Gflwenestdg &FOMIWWL umHSImgl. OleusTeflullesr &wFsHHM W&
GClgleursg ClgsveusTey G flw Gleuliuw FGLMHM) &liferameaysi allemerailsv
&&&lTestlev Guierey GCleuliLb CallLT&SIng|! Gusevib &&&Tesflev HFwwLD
CleumIENLWITETHM (58 SHMTHS LO6TITLEVLD @)6V6VMLD6V GLITETTHILD 6@(Ih &HTF6soTLD!
L8 setTemests; HTGest 24 wessll CHTHH6V Q(HSHTLD SFHMHMIEUSTEV & 60T
SMHSWHS T SNFors @uinkiGsng|!

(PTETTTTS &E&EIT6T H6T6n60TH SHTGET (HLPeNM &HMMIUSME 243 LW
BTLSE6T LNg&HEHBTMET. SHTUH| HH6TT HMHS WHSH T F&& ME Gemnm
@6veme6v 6T60TCM CIFTEVLEVITLD | HHTEUS| HMTHS WIHSHT F&H S @EVEVTERNLD WITEV
315607 Sjwesflas Gamerrd (lonosphere) &L LIsueSesToN s 2 6T6mg| | HSMGLD
2 WHs Cmsers GCasmerbd LflSIL Luwsumsy STésL LHSIma!!

&&&renestLl LMHM) (et SIMHS Semeluicd af\6ITs e mhigs6iT

&&&\Tesflest H6m (WSS 100 LLeu(psSsLD [Earth atmosphere) etestmid, &6
2 %6007 LD 462 19&1if] C eTeoTmD GCleuestm-6 @\6oT HemEFOILD (P&H6Ol6v L& (S,
SiLwgl. [1 Weuwssd =14.7 psi. Gleusiterfluflest &6 (W& 100x14.7=
gwmy 1500 psi]. eumw] WettTL 6VEHMEF CoTHSHHSH6V &iflullest 2y &Hemen(h
(Carbon dioxide] 97%, embLI™e6sT 2%, MM (PLEUTWSESHET (Inert Gases] 1%,
Slgmesor eumw| 0.4%, <u6N 6y (Water Vapour) 0.4%. &&&IT O6BITL 60816V
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Venus & Earth Comparison

Distant Relatives

Donald F. Robertson

SKY & TELESCOPE Apriimﬁ' 7
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BlevliL@dHlenws selly Geum| HFLILIEGHS eTgIeaD SlemLwimg. 2 ulliflermigst
eum(PLD LLLSIuglev (p&&EIWLTE @) (HLILIEN6Y, eMBLFeo6sT 78%, L Fmesor sumw] 21%
LN BT 2%.

BF&sL6Y epstTmley @ yesor(h L@E&S); HleoILTSELD epesTmley 6 LGS
U&5C6 FHEIT WestTLeVSSHIL 2 ulliflesTd eTgIa|D 2 6toTLT&HCeUT Bi6V6VG)
eueTyCeurr 6Ths eUFSHILD @6vemev! &&HEIT6T (FIflWem6tT 6(F (PemMEF &)
6U(THLD &IT6VLD 225 BITL&6IT. LLLS (Siflwesrs &mm) eu(hHLd &mevld 365 HITL&6T.

getrenerrs HTGeor L8 24 wewsfl CrrHSHev &mMls GClamsiTeusngLll GLITeL
Cousmlg &NMTEI, CIGIUTHS &SI SHetTenesrd &MMle Cl&smsTem 243
BITL&6T Y &HlesTmert. &&SlTesilert &FWw &FPMEIWLD [Spin], SiHesT &LP6L6TH &
&mev(WLD [Orbital Periods] L, 81uNesT &rlpsveidlu|Lest &FiflemesoTLilen @ uwimigs [Syn-
chronized] L1518 (&) S1(H &6V & (HLD CLITE| & &8 TetT TLICLITSID G (PHSHemSHE
&Ll U(HEIMG].

6)evarrer? Gevss SOUBY

\u

ESA Venus Express

&aEFenest CBTeS SieyiLiw FErmLNw Ceus afetoraLiLIen

2005 meuuy 9 @ev FCrmLiNw 6SlevsrGleuerfl oy emevoTwissLd (European Spce
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Agency (ESA)] reuwest Camwen Freblslysy enliwr efsoreny er&snLaysn
(Venus Express) 153 BTL&6T Liwesord Gl&Fwig) 2006 efLigsv 9 @6V &&&lTensot
SI(H& SemsF &FOHMl yule Olsuws sTLmE WS | allsvrsmiemel
Gleusiteflemwis smmMw Heeul L 638 (GmI T : 250 &).15. GIB(H 7LD : 66,000
&).L6.
effevrev er&eivLNFerverdlest (&M)&Cameir :
1. &&&IT6esflev  (HLpOleuefluilesT sumTWSHE6T, 6uUTW| (PSS, STOHMIGLIL]
SIM1H6V.
2. &&&lF6sflev STMHM) 6TLILIGE SFMHM|SMGI?
3. 2 WIHGISHE FMHU STMHMIEL 2 6T6T 2 LI 6UTU|SHE6I6T HET6 &6 6rLiLlg
LOITM)|&)63TM6TT?
4. &sLpGleuer] eumu & s6rflesT (WSS SHemHensd erliLigILITSH SEIMS|?
5. &&&ITesflev  CMSET  UTWSSEST  eTeuallHD (Sl Lusvmsy
L ifleur&lesTmevT?
Fem Geuss efletarGleuefls sLiLIeO 6T 2 6T s s(HellssT Gous afletartleueflss
&LIL6016L 9enL&sLILIL(h6TeT 2-6T6 8 &(HeNl&6IT 6 (LY :
1. Mag (Magnetometer) : LDIT& - &&&1T8 CaHM6IN60T HMHSHS SH6MEH ST LIVSHENS
SfeTLILIG|.
2. Virtis (Visible - Infra& red Thermal Imaging Spectrometer): edlijig6n - LjsuLiLI(HLD
316V6V5| 2 L FlauliL| eperflégeTev suenTLLLLD STL(HLD eeefls&asmenm wmesfl
3. PFS (Planetary Fourier Spectrometer) : NGwlGlwen - &Gp6leustl eumrwy
LD6TOTL6VSSH60T 2 6%6t0TLd, WMmMIL eumwelley Glaflhs | Osflurs
[ 650)|(THESHEM6ITE SHITETB)|LD & (He).
4. Spicav/Soir (Spectrocopy for Investigation of Characteristics of the Atmosphere
of Venus) : svlN&&mey - Umeusm, 2 LFaulils sHreiss il
eeflésmenm mesfl ./ Soir (Solar Occultation at Infra& red) : mulliy - &8l yeor
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&L6euefl Wp&Hlemev 2arhlmeall 2 LHleulil jemev HemsHelev (& iflwensst
QLWL &(He).

5. VMC(Wide Angle Camera) : efl6lwid - ymeu,sm, GCsfluyn 2 L&HeailiyLl
LLGI(H &G e9flGCasmestTs &mLslyT.

6. VeRa (Venus Radio Science) : eigm - &&&lger (GLpoleusfl eumyy
LD6TOTL6V SWITedT GCHMeTSHemsW|D, (FLpGleusIl eumu] LO6ssTLEVSH 60 S WLD,
SETLILITLIEHLWLILD 6UTEIT6N6 ELPEVLD 2 6ITEYLD 6UTETTEN6D 66016 &
Gamgementss (Radio Sounding Experiment) & (med).

7. Aspera (Analyser of Space Plasma & Energitic Atoms) : &gev6lugm -
F&SBT60T (GLpGleuerfl eumw LessTL6VSH 16V 2 66T ' MM6L Wl&S H(Hblemev
S|ew0)18:861T (Energetic Neutral

GLOBAL FLOW Two planet-scale “conveyor belis™ [called Hadlry cells) operate within Venus's atmo-
sphere. At the highest levels, sanlight brasks down malecules ol carbon dicadde, and the liberated aloms
migrate to the night side, There ouygen atoms recombine inte molecules and emit a distinctive ghow at
infrared wavelengths. Lower down, near the cloud decks, warm air rises over the equator and moves
teward the poles. it cools, sinks, and returns to the equator to be heated again. lmet: This double-lobed
vortex, discovered high over the planet’s south pole and seen hore at infrared wavelengths, has 2 peak
L\ temperaturs near <10°F [<25°C) and is surrounded by a collar of cooler gas (dark areas). _)

April 2008 SKY & TELESCOPE
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Atoms), |wiesfl&6iT, eTCl6VS I TTEsTE6IT (lons - Electrons) oy &Slweumenm 4 uley
GClFwieug). 2009 G TS eUOTSHT6T 656sT6n0 Gouss el6vtoTHLILISY ListoflLfluLd
eTeoTm)| SILLOILL Llg(hHbHS GCUTHEVID, AHHS eusnFenws Sresorly 2012
SLEvTIgEV|D CIBTLIHG @6eTenid HlesHg @umsl Gursimg. 2010 G 21
b Ca &) UILmesT Hen LN ‘' H&E5 S| &8 & T6oT afletorasLILI6v (Akatsuki Venus
Probe) 2010 w&Lflev GleusiTerfles Commemer eub&HenLW|D 6T65TM| TSHITUTTEHSLI
LULLG|. QLEBTT6V DG &8E\T60T FTLIL| 6U6M6VE &6 @IMMIS (Plglliaflevensv.
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11. uymgaflu oleurGlsuat eursvibes epflemb
ufldHuiev uminbgml alliliuensd amBLNI6T

eller et b Bt [BLIQDHHHI

[BLBHenry: 11]
LL,&5& G e eflwmLpest
&AW Gboud
Hm&GameTserflev Gluflwg)!
&flwsst GumsyleTer eumusGamerr
&6tTGlesTmerfl ulleor
&6voTO\6voTmerf] (& (HLMWUL GUmeTg)!
&eUTF 655!
L,&5&6CsTeT @ (HLL6w &mmieug|
6RMEB M EUEMETWILD !
Sl LIuy euemeIrw eumevLesT
LITens HLpadl
elwmps GameT FyLIL ellengullev
eflWbSI HMemTs)
b8 &6 (Eh&FlwLD Flgm)
Geuremeu 69 wWmesrg)!
Cleug LIS T&EF (P& LD
elwImLpesflesT eeMemMm EUEDETILISHENS, !
HM& & FW Si7mhis eumevLbest
eeiflemd Lifl&luflev
LTUbhSI,
eefleiga sTeuems LI
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Hubble Detects "'Exocomets' Taking the
Plunge into a Young Star

[Jan 9, 2017 ]

This illustration shows several Exocomets speeding
across a vast protoplanetary disk of gas and dust and
heading straight for the youthful, central star. These
"kamikaze" comets will eventually plunge into the star and
vaporize. The comets are too small to photograph, but their
gaseous spectral “fingerprints" on the star's light were
detected by NASA's Hubble Space Telescope. The
gravitational influence of a suspected Jupiter-sized planet
in the foreground may have catapulted the comets into the
star. This star, called HD 172555, represents the third
extrasolar system where astronomers have detected
doomed, wayward comets. The star resides 85 light-years
from Earth.

Credit; NASA, ESA, and A. Feild and G. Bacon [STScl)
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LLGID(H & &HLD
am L6 69 6vorCevoTmas ).

B! (FFlw essTLev eumevLbeTgseT ComeTig 69 (peuengLl LIMFLILISIO]LD,
Um&EGW SiTmissSlerr eumey Westsem [Interstellar Exocomets] smyens L5g)
Lmeuengd GCrreH@Geudenn mImseT AMbHE Olsmereugl, @bTSHIf]
eNlesorCleuerll  HlapeHlast, Ljeu @erwufldle smeumsefley GluTgums
Cry&lestmert 6r6oTLIGCS.  6umey LBesTa6I 60T LIST(PEmM 2 F&LI LITULIEFEVEET,
ufl$lserflesr setresflliLHeu @QUISERISEmET eT(hHHGHIS STL(HEleTmenr. @bHS
BlaspeFlesenst CrreHs eumLCUTE, BLEH GHlw GbHbus Cosmsrsens,
Ll 2 L LIL, 6umev LB6T&H6T LIST(Lpemm STHSIWETETHM(E U STTHRISET SHlenL s
&lestmest. GlWwms, @bsHU LRSI LTLEs v eumsvLbssr &emmev [Star-grazing
Comets], Byeuers Gl&PllIL& G W, 2 uiflersd CHTHMHSHISEWD, WHM 2 ulliflesr
eueTTEF &S CHemeuwimest smyLesT GLTeTm epsussLl [Life& forming Elements]
Cumfley &EH&EGL g HIUTL @ (HHSH(HSEGHW eTerm| 2 MSwTss Gl&meusy
W& DSI.

&0rmev HICylg (EurekaScientific Inc. Oakland, California, NASA Goddard Space-
flight Center]

CleusHgF Hsmlw eumevlbesflesr eumw s GlemIHEGSHT (GHMILLILL
uifl$luflest [HD 172555 DEBRIS DISK, SURROUNDING THE STAR] eflerflioL9Gev
arflbgl eflwmuiest. amUiller Glgmemey CHTSHE epsud Y eNwmsll Cuim@LD
SIT6THEDETE HTetoTLIG)| 6T6MSTE @ (HHSHSI. LflSHlemw Gomdlweneu sumsuLbss
Gumsv Q&HHEHTEVID, WU NSHGHTETEH66T Heveneuulley eresteor 2 L GILIM(H6IT
o gitemest 6160TM)| GISFWIMDE, Siemeu eumev LB6tT&HET eredTm 2 MiHl GClaFwiw
Wewrgl. Seumenmll UMM eNerssmil @)6msn|b MWLM, Sjeneu Lissfl
CUTTSHS W 6UT6LLBEITSHETIT, H6VeVE | LITenM HIFLLNW (presst CHT6TSH6ETT

(Asteroids) etesTm)| 6T6NSHTHS STLOMEBT1&HE @UIGVTS].
&Qymev &G [Carol Grady] pUILIAA Syriflev &etor(HLNyS5g SN,

2004 - 2011 gy,ev01(hl 86116V (LSBT (PG 6V LGN T6sTE 6umesflisv el ehepmesflasiT
@mbs setresflll Li(Heu ellevoriieneste (HD 172555] &MMley|d FrEev&6T GLImev
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C-:-mmunic::sticrna_‘
anlenna {

Control and
peinting
aysiams

Instrument
and system
bays

NASA Space Telescope

Clms @ GleustlliLim sumevLiesTasnems [Exocomets), FGFTLILNWI6HT 615 60T60TS
CrresasHHler anmylsv 6louE memisEss Cosmer Csly epsud [HARPS -
High Accuracy Radial Velocity Planet Searcher] [European Southern Observatory]
&evor(HlySHSmy. 2017 Levreulfl 6 @6V H6IWLIflEs sumesfley el @epepmesflasT
L1916 69l6ssTC6toTITEH &) ELPEVLD LDIFEST 6UM6V LBESTS6IT LIMUIHE)

aflbgl Cuml Sellwmeuensd @ HLpsnm 6 HT6T @enLbleustl uflev
usley CEwsTy. seflullsv amlUiler &edSl&mser, SMTL6T EPEVSHISEN6TSH
&600T(HyHS5SI. ©CleuysH6l&H WL <y eNulest Geusd &my : WwewsfleE, 360,000
6006V

[Comet Shoemaker Levy colliding with Planet Jupiter]

GleusiiLm eumsvibesr Glumfley (Exocomets Plunge) ymUufldl opmiglev
[Interstellar Region) s&nyems GHISSEIL LMWLHE eNWT6Tens, BHTEFTaI6T
a6 ellesstGevoTma & &H6voT(HLIYSHHSH] (LPSHET(LPSHEVTIL. HHSHL Lifl&luflest
Cluwry [HD 172555]. &ibs Wjeu sestesfll Lheull uflludler euwigl 23
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The comet Shoemaker-Levy 9 collided spectacularly
with Jupiter in 1994, The giant planet’'s gravitational
pull ripped the comet apart into fragments up to 1.8
miles wide, and they struck at 37 miles per second,
resulting in 21 visible impacts. It was estimated to
have exploded with the force of 6,000 gigatons of
TNT.
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L5l6LeOlWIedT eu(HLEISET. Gl LWBluNeS(mbg 95 sesflumesst(h) &MrsHeev
o 6iTemgl. (Gflw gmum) [HD 172555] epestmmd Lm& & flw emwLliemug (Third
Extrasolar System] C&fb&agl. SibHS LflHlenw s smmlgmest Goms) (pmlujLd Loryesst
6umev LBesT&6T [Doomed Comets] F&svgsT GLITEL &eoT6L GIH(HLILINEL LITWIHESI
eflpélesrmest. HLTHIFIL LfldesT wmey 40 WBlevedlwiesT 6vsT(H&L (&8
(S6TMIW 6UWIG|6ITET @\6TT(6F (& fILI6TT H6IT. HS LOF6TOT 6UM6VLE6ITEHED6ET &6L 65T
&m&eT Gumey FFuUTmMM 60160 658 ermleug SimH&Hv &FMHMID eNwimpest
CumetTm 6F LLSHHCHTET. MmLPHV LILSMSL UMTTESE. @QIHs Hlsped
Gumsv BLG| Gl WwesoTLeVD GCHTETMIW U TDL SHTeVSHEHIE0 CBITHSI6TET6oT.
LLLBIGLo6L eFLpH& eumevLesT a6 SLM (G LPlemw HIFLIL B CleusiTemsens s GlamLly
@\(H&&HEVITLD 6T6TM)] &(HS ULl L|6TET ).
L5&Csmer eflwimpsniL st GomHlw &CL&s7-6levall sumsvLbesr

coSMIC
CRASH

A shattered comet is about to hit
Jupiter, creating the biggest explosion
ever witnessed in the solar system.
Could it happen hare on Earth? Yes ..

L&&CameT ellwrpesilest (GLp6leuefl WessTLeVSHS6D &IOMF 10 606V
2 WSSV 2 66 6Vl TTL6MsoNlWwifl6v (Stratosphere) sHCLITEI O\sflud B
ePLLLD, 1994 @6 eNWITLP6sT H(HEIeL (WPMHG Cmdlw eumsvLbst (&GS
- Glevell 9” [Shoemaker-Levi 9] &Wbhg C&STLIGW BFSHTET eTeTLS] @UIGCLITS)
2 MISI LBHSSL LL(H6Tems).

Gamymest LNevLN L [Herschel Project Scientist, ESA]
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STHEIW LI(6TH LBl & & 6um6L 6T (86L& ST - Glevallullest GLIsnL &6 aNWITLOE
CaMTET 6UMETWSHNSHE FleNSHHHOSHWILD, NS (PMI6YS HTFHEmETW|LD,
bengwd e EpepmesflasT  aletoTCemsTTaHSIN6L  (PSHET(LPEHMWITSHSE  &IT6ToT
YPYHSSI.

G GuietTsiv, HMTFEIHEL LILEHENEVE HLP&HLD

&l 6BITLEVS SV JLILITEL @) (HS&EHLD BT6sT(E LS Lm&SGasmeTsserflest
(eNwimpest, Feofl, W GrevTery, GlBLIQULEST] (S5LpGleusTIuT6L HFemD el SmevorLl
LGHEDG. SUMMISE BTG 698 eNeTsHHEMSEsT @ (HHSHEVMD. LSS
Gamer ellwimpesflev 1994 @ev GamesrMlw Hifl6oT eLpeuLd, sumevLbest (&GS T
- QeveIGw. MM Wenmseflevib Fmlgemey B aNwmLpest GlLIM M) (HESEVITLD.

Lm&LIJ &meuedl [Astronomy - Astrophysics Scholar]

remellesr  Clamisblssy  eflesorGevormaSIGU, eflwmpsGamerflesr
&LpGleustilullev 2 6o K78 CamyesorLl LiSleny, BLog CHIrgLl Limeneuuilsy 1994
@6v eN(Wbhe eumrevLbes (&CW&EST- Glevallwimey CHIHSS TeTLmS @)(HLG
eTETLIENS @) (LIS 4,600T(h & (61H S LI LM (& Gsefleuras Siey ClewigsTers).
Garriyest LNeLLNL (ESA Herschel Project Scientist]

rgmellest Clamieblasy ellesorCevormadl aNwmps  (GLpoleuefluiley By
Bouums e mIFLLHSSWSI.

2013 gugev LrHSHSHL FCrTLSwesr elesorGleustls Guysneu (European
Space Agency] SisnIliNw GlamFF6lasy ellesorCevormadl uleusd (ESA Her-
schel Space Observatory] sHCUTEH L s5&ECsTeT eNwmpssiler (&pGleus
CumaersHHlev HF @ (HLLS STFestTd LUmmlw HessTL STl ST ¢esTenm
aN(HeNs55Ts M6NGS6TETS]. HSTeUG| 1994 2O6em6V

Shoemaker-Levy 9 omgLb eNwimpesfley Com&lw &GLw& s - Glsuall eumeubGest
SITT6soTD eTedTLensS @ILIGUTEl 2 mISIL Lbh\sSHlweTerg. eNwimpesileor Clgest
GCamerl LGSHluilev e surgmll CHIHS seeflowinmest Gleugliy wpnlalley
21 eresoTessllEemas  wisirem  GlesoT(h&sm Fmidledls GCesTLFGUmsy sumsvLbest]
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Rings of Jupiter and Comet
Shoemaker-Levy 9

eO(HHGI CleueflGwim efwbaest! (Wiyallev @b GleugliL eumest CeugsHemns
LI6V 6UMTTaIG6T Hleshaeot! ellesorCemrmad) epeuomss @)&|Geu 691(6h(shmesf g6
CrBImeHs SH6sTL (PSH6V (Sl LevsTL6v eumeuLiest GLom&ev Hlapadl! eumeuLbest
efpsflumsy Glgerr Gamem  aflwmpesfley Hremwsd Gsmrewrd Q&5 fHSSI
ETETLISILD (PS6IT(LPSH6V BlemLIESL LLLSI.

@eaummisgL Cumsel GlFws elsorGessTeslssT  @yesor(h), 69l6vor
Gleusfluiley &MM eu@D BTETallssr amULN6T Gl5TmVCHTEHEE, AHbHSSH
FEmellest @&m gyuieusd (ESA Infrared Space Observatory] [ISA]. remellesr
@&mr g ueusd 1995 @ev L ssGasmer alwmpssilssr Comsers (&L 6leueflenw
SLTTWeUSM(E eeull ULLgl.  eumeulferr (FHGWwssF- Glevall Gum&Hlwgmey
ewrmps (Gp6leuslulev By CleueTemd Gl&MLly @)(HEHSHEVMD  6TeTGMITH
oar&llIL @(HHSTID, 1995 @6V g 2 MSWTE HlieHINSEL LLeNsusney

20 gyevThsEnsGL UmE 2mdl ubhss Femeller Glamiysblasy
eflevorGesoTm&H &l 2569 O\FWLISE!.

elwmps Gsmsr Gpelsuslufisv Cameorlw B7s5 CHMTewTD 6TH6ETTITEL
TWHSS! ?

1. w&edlev LsstasmsT allwmpssilest bhs 2 L&HemHS 0 HHE Bis
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Hubble Space
Telescope

Herschal
Teloncope

James Waebb
Telescopo

Sumward

abowve 400k

ESA Herschel Space Observatory

Herschel is an infrared telescope, home to a gigantic mirror
1.5 meters across — which makes this the largest and most
powerful infrared telescope to orbit our litle blue dot to date.
The mission itself was launched in May of 2009 and given a
mission expectancy of three and a half years
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Comrewrd e(P&H(HSHS (PlQUD 6r6tTen(Dd 2enEINL HeNlTeHsL LULLSI.
glleotesfley  jeuelsd 2 Lger o2earmm BT "Gefly HemLLy' ™ [Cold
Trap] Siessfledlpbg WM ComEHeTsH516E ur Wiewrgl.  ys6eu
GleusfliM& S (HH&ISTsT B a(Whe(HEsS GCeustor(Hid.  GmEHev
Crimg 15 etT(h&6T SLBGIWD, ABSL LS T efligallsst uLmoGsy
bu&Hss. 2009 @ev Fem gallw Qamysblasy o Lfleulil HIsm)I&es
&evor@Gevor  [Herschel Space Infrared Observatory Eye] efwmipesflesr
G&Loleuefluilesr ClFmIGSHSI, WLL [Hleney B FEFETWET S eMOLINHLIS
ClgeMeunss smLily HlemLINS 5G]

2. Qamyeblgsy 2 L&Heuliy GCrreEssSHler sewflluyluy L &HeGsmeT
eNlwimpesilest GlgeTLEGHSHIUN6Y, eULLIGHlemwt el 2 606V 3 LOLMLIE
BTemey &mesoTLl LILLG)|. NI HNHbHS BT CHTTessTLd eumevLbest &G0 sy
- Glsval 1994 @ 6L NWHS QLSS5 E 3H(HHIGev 15 FHSS!.

3. epesTmmeugy| WEIlL, eNlwmps Csmefley smesrliLbb HFsH Camiyessrid,
SImIGs Lyhs L &Hlev Cleuefls GrFlesermil @)\(H&HSH6EVTD 6TETLIS).
SILILIQUITEBTITEY HBSHSH SITFISH6T e NWIMLPS CaTelT L TTeyLd (SsLpleuerfluflev
@Gy Frmesl urell @mss Geustor(Hibd.  Hewwflhs WLL 2 wrmiserfley
eUSLLL UL (H&SE GCeustsT(hld. SH6TTMEL SibHSH WEILILD SH69FEHsL
LbHISIDSI.

4. eNlwmps Gasmerfleot Liest] EPLLLD 2 6T6rT 6o(1h GlenstorssGasmerfled(Hbhal ‘LS
byenL euenemwid” [Giant Vapour Torus] Gumev ef(Wb&! LFed) @) (HE&6VITLD.
@& Gumsv Fesf&GamerfléL 315 66T &l601650TE: CaHT6IT ET6dTEN06VITL 6101601 (IHH G|
ueslby eusmemwid 6Sl(PHGI6TeMend GClamFablgsvailey ellesorGevorma
SMLIGUI6TEMS.  HbBSHSE Camiurhib seNfeasl LhHEImS. SIF6srD
Seuallsd Cry CleuE iMmHEHIV aNWMPETHEHSH &I6M6stTCSHT6IT 656 LD

SlenLwirg|.

5. (plg6ums 2009 - 2010 gy evor(hserflev ChIHE Flml GCLmSHeL&s6IT, 3j6um e
6160166 & (6THLD, 2_61%650T LOITMM 61916M6T6Y &5 (6THLD [H&H &L Li(H & 65T 60T.
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Through the Eye of the Hubble

The Hubble Space Telescope is probably the most famous
telescope ever built. The images it has collected have
transformed our knowledge of the universe. Michelle Nichols,
Master Educator at Chicage's Adler Planetarium, will present
some of the well-known, and not-so-well-known, images and
results from the past 20 years of the Hubble's mission and offer
a sneak peak at Hubble's replacement--the James Webb Space
Telescope.
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6. remallest ClamF&F6lasv allesstGesormeHE CWw, eNwimpsCamerflesr &LpGleusf
b7s Gamyeserl LHlemy, eumevbest @GL&EST- Glevallwimey CBiHeHS
TEOTLIENS @) (HLIGI 24,6007 (H & (6TH& &L LNM(8) &6y blgwigeTers|.

sumrevLBesr eNlwimps GCameflev a9(WHSI UEMETILSENSHEH HENEVSHSHSI!

1979 @6V gyeulil L eumrGuwigory -1 [ Voyager -1 | e9lesoT&sLILI6V (Lp&60T (P &6016V
LL,&5&6GameT eflwimpesilev seofleGamsT GLmsy &lov eusmeTmssT @)(HLLnNSL
UL eT(H&5S5I. Fesfle CHTeiT suensmmigssT GLTsL spérflegdlsorm)l eflwimLpestlsor
EUEDETILITGIGEIT L1&6)LD LOMISIWLIEnEL. 6T650T6001186m8 N6V (§)6MMIHSHEMEL. S{6m6U
T6VEVIMD HTEFIHECET.  bHSH HTFSHET LIV6VT6oT(H&HET HLHG! HTETenL 60
6UEMEITWILD (LP(LPUGILD elwimLpesflev emmbg 69 (HID er6tTm)| 2eT&lSH&LILIHEIMG).
Goey|b CameTaseT Gamesrnl 5 LNsvedlwiest

.
w

-

m-- -

Comet Shoemaker-Levy 9 Falls Burning in Jupiter
Atmosphere and being Smashed on the Surface

24,6007 (N &6 SLIHGl6TeT GUTE|, MG Temaerfle suensmuimigser Ggmesrm)
&lev LB16vLedlwiesT 2y 600T(H H6ITHT6ET &5 UN(HES (PLgULD eTesTm)] &) (6h(6hm6vflEs6iT
&(HBIS M. eflesoraLiLiey  eumrGumy -1 el (WPpHev  LILSSI6L
L&SHCsmerflerT RISlW eusmerwid 150,000 enwev (250,000 &).16) 69 L&HSHl60
@ UL 5T&Hs STLIgWS|. eNWITLP6T eUsneTSHS6T SlgliL| 20 60L06Y|&ELWD (30
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&1.16) GeTMlwsrs @ HLUUSTL HMIW (Piebhegl. eNwumps Camerflesr GamaLr
(Gosamer) eusmemwig Grsirasr Camerflesr @ yesor(h) glemesorss Camerfledl(HHG)
[Thebe and Amalthea] eNWPHSH(HES GCouessT(HId eteoTm| 67 (EH(EHT6BIlGH6IT
oanfl&EEHINTY. HbHSHS WHSEIW, Cwedbhs , ebHimSIw suensrwid Geunressr(h
glemewors Camerfledl(mbg (Adrassstea, Metis] eN(Wb&H(H&e GeustsT(HD eTesTm)
Qs fEDs.

eumreuLleiT (FHC&HHT-Clevall 9 [Shoemaker& Levy 9] LL5&C&meT 155
NQH55!

Hm&GamerflesT  6UensmmIGSensT  LIsVeVmesoT(H&6T QY ImlbE|  6U(HLD
euresfley elepepmesfl wMTs GagmeumsvLy (Mark Showalter) gesfleGamerflest
EUEDETILITGI &6m6TT FGCHIT 660TM| LITHSHG] 6U(HeUTL SIMHST. FesflsGamerflest
FITLILS WwI6L

alleng eueneTILmISETIEL DenevEHeneT er(WLILeUSTL &S(hHSleormy. 1996
@6  HNOICWT  eflesoTermierall  SeLNW  LHSHCHTET  elwimipssflest
EUEDETILIRIGENET  GBITE S 60TITH. SLCUTE] eUEmETWEISETI6L  LOFLOLDIT6DT
3165 LISl EMEVEET 6T(LPEUNSSH HEVITLTY. NHHS HEM6VS&6ITI6T Semaoy
bersem&s [Oscillation Length] sesst&SIL(H @gesor(h) HISLEFHET HMSHS
grevorguN(H&Es GeuessT(Hd eTedTm)| WHSSHTT.  ASTeugd 1990 (H&H5)
1994 g &l rymesoT(h&erflev gCaHT s Hlawed LTH &S (HESIMS| sTesTm)]
Srwresil&Hamy. eNwmps Camens 6lh(HhIELD eureuLiest (& 6WwassT - tlevell [9]
1992 @6V &6voT(h) LNg&HsL LILLGI. 1994 @60 MBS sumevLbest alwmpss Gamerflev
Gomg)

CIBMTMIMIES GT6T HIemmerrgl. Uy Grdhl eNlwmpssfley LFIN&ESL
ugluemelley 6@ Gluflu Semmenwt 2 6STLTSSIWS)]. GoxmeumsvLIy
eumeuilbesr (WPMICeu LLHEHCHTET 6UMETWLSHHI HHMBW  H6D6VEHER6IT
2 eoTLT&EIWN(HEE CouessT(hi eTesTm| HMIONSSTT. 1994 @l6v eumevLiest
HTFS GLenLGT elwmpenssrd &HM| 655 uT6v &M, 60T suemsTwsCaHm(h)

Caymhagl C&mesoTL6oT.
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The Impact of Comet Shoemaker-Levy 9
Sends Ripples Through the Rings of
Jupiter

Jupiter's main ring shows vertical corrugations
reminiscent of those recently detected in the rings of
Saturn. The Galileo spacecraft imaged a pair of
superimposed ripple patterns in 1996 and again in
2000. These patterns bhehave as two independent
spirals, each winding up at a rate defined by Jupiter's
gravity field. The dominant pattern originated between
July and October 1994, when the entire ring was tilted
by about 2 kilometers.

We associate this with the Shoemaker-Lewy 9 impacts
of July 1994. New Horizons images still show this
pattern 13 years later and suggest that subsequent
events may also have tilted the ring. Impacts by
comets or their dust streams are regular occurrences
in planetary rings, altering them in ways that remain
detectable decades later.
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Internal Structure of Europa

Metallic Core Cold Brittle Surface Ice

Rtﬁcky Interior _
H>0 Layer

Warm Convecting Ice

Metallic Core Ice Covering

Rocky Interior Liquid Ocean Under Ice
H,0 Layer

This image shows cross sectional views of Europa’s internal structure.
Our current knowledge of the interior of Europa comes from observations
of its gravitational and magnetic fields. Europa's relatively high density
of 3.04 grams per cubic centimeter implies that is composed mostly of
rock and metal, with relatively litle water ice. This material has probably
separated into a metal-rich core and a rock-rich mantle, with the core
having a radius of 500 to 1000 kilometers. The surface of Europa is known
to be predominantly water ice, probably with some rock mixed in, based
on spectroscopy studies. This outer shell of water ice is 100 to 200
kilometers thick.
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&Iflw esTLevS Sl6tT GlemevoraCameiraerley G &L6v, eumws SHliyeuld

&l wesTLevSSleL LBHE AHSSUYL CureTels GlameTsmeTs)
SIYHH6TSH SHlyeus &LV 2 emLwensl (FHflwl LmECsmersserflest @\ rsvor(h
glemeror&GameTsHeT @ FOFmLUUT - enLLmesr (Europa - Titan). L&&SGsmeT
eflwmpesflest FIMw gienesores Casmem FGrmLLIT. FevfleGamerlesr W& GlL(HLD
8606501 &HGSHTET 6OLLIT6T. emLLITesT L&t Gosmensm el Gluflwg). Lysluilesr
Bleveneu ellLg FMlwugl. (Gl wessTLevsH S Gov L blemwit GUmey &M
EESTMENIT LOLMHIE (1.6 LOLMIEG 60% WG &) eumuy H(WSSLD C1&STeoTL&| 6DILLT6sT
&1606T0TECHTET GRETMISHT60T!  6MLLTETI16T LTSS IWITEST 6UTL| S (PSHHEHNS
SyeflliLieney QY raemesils Fal(hs sevsneusserT (Organic Compounds). &{&6sT Uy
LD6BOTL. 6V&H G160 6T6V6VTEUMEnNM WD el 6nBLIgFEesT 6umw LWl(&HSWTEH6LWD,
SIh&sUIg LBCHeT surw] (Methane) 945H)& ieTeSle)|LD 2 6T6IT6DT.

L blufest  (SLpGleueflufley WBCxHeor sumwy 2 uwiliflesrs  SHlemer  allemerey
eumwjeuru1& (Byproduct of Living Organisms) GC&F&SIm&|.  60TM6V 6mLLITEST
&lenestT&CaHTeT W&HE (& 6flfhe Camemomit (94 1w&lifl Glassvuallsr) 2 ullifleorLl
meN &6 eur (WIgWms &S essTLeumIL GumiellLg|. BB Slyeunmul
GLo6v H6TH 16V HleneV&H & (PTG, 6(H SHTeVSHSI6V ClLI(HSHS LTMISH6V eFHLIL(H)
Gleuliu WlE&Hlullev Lsslleslly 2 (HE BT Lreu ws 2 ulliflesrrigsT (Primitive
Life) e(mSHH W @) (HSH&HE0MD 6T6dTm)| 6T6soTessT Q@QILLS(HSHEIMG].  Y,60TT6V
@uUGuTg) enLLTesfl6v eThg 2 ulliflest(LpLd sumLp

W 6&eTm| eumssfliiey 691(6h(EhTesl&HeT &H(HGE SHIMTFEH6T. L ulen)|bd
Gurerey LBCH6T 6UTWIEITEM 6MLLTET (DHSH 6UML| LOETITLEVGHNS U LPHS)
SLTTWIHG| 6U(HEMITFEHEIT.

prETeilesr erHlesmevs GCI&LI6TT Si6torL 6Nlé CaHmeTmiliey Ll LiwewTLD

2009 wryE 4 b Cs&H HTET HepLILIaN(HESEGW GlsLieTy allessroleuerfls
Camer GCohHib SHILLL LwesTd GFl WWeTLVSSS ST6ooTly  BLILITEY
GClasve|LD. SIbs oleuefll yrrugsdseows GlEwww GCumg @ flw
LD6BOTL 6V5 8|85 (86T ClFeusUmILIG &6m&HSHeV|b, LLslulev e(pLd eesorsmas6rfley|b
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HUBBLE SPACE TELESCOPE

A 2 4.metar reflecting telescope, which was deployed in low-Earth orhit
{600 kilometers) by the crew of the space shuttle Discovery (ST5-31) on 25
April 1990. The Hubble Space Telescope is a cooperative program of the
European Space Agency (ESA) and the National Aeronautics and Space
Administration (NASA). HST's current complement of science instruments
includes three cameras, two spectrographs, and fine guidance sensors
(primarily used for astrometric observations). These instruments produce
high resolution images of astronomical objects. Ground-based telescopes
seldom provide resolution better than 1.0 arcseconds; HST's resolution is
about 10 times betier, or 0.1 arcseconds
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"eemenmE GlFev WHGISHSEST  (Unicellular Life Organisms) 2 siTemesreurm
TETLSDEHEF FTETM|SHEM6ITEH  &650TL MWL LD. SibhsSe BTET L&HHCsHTeT
eflwmpesflest  glemessraGamem  FOFTLULITEYSE — 6llesoresn)|emall  ¢6tTenMm
gall YHHETHHIEL 2 6T6IT HIHSLEMEV Y TTWeD, SH&HL60l60 2 ulliflest
CUSTTTEF|&(&HEF FITEITMISH6T 2 6T6IM6sTeUT 6T6dTMID HMlweyd SHILLISIL(HeTerg).
geofl&Gamerflert (&LpGleusluiley BFemd @ (HLLIGIOLD, HS60T &I6M650T&HCSHT6T
emLLmesflev (Titan] wesfl epuuwl &LV @HLUUGIODL, AHBS BHF 6UHS
glemeroT&GameT  eT6TorOl6VITLENV  [Enceladus] epeud  SlemLLiLgieyd, (& flw
LO6BOTL6VSEH160 B LOWILD 6TLILIG 2 6BOTLIT6OTS)| 6T60T6n)(LD eUTeVTmenm 6T(h& g5
STL(H&EMmG).
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12. FelldbCmmeilsdt aMem6mLIBIG6IT 6ILILIQ

o (HoUTHe?

[BLHenry : 12]

"9Ih5s5 LSSTETT(HS SleusssHSev BreT Yflwl Gum@n ‘ellesorbleust
oar(h(Hey femLiLgdh SlLL' (The Space Interferometry Mission (SIM)] 30
Sggd FLLEHSHL LMLV Glgmeney GCHT&HEIGEmeT HenwsHg so6rflullwisy
Cluer&HlasginmullesT 2. & HEDISHESHL allstrbleusilenws Fafbal
Crrasl Gurdlearmest. SibHE elleorGCesormessl allflser Lblenws smmls

Clamevor(h) Glgsueurmiiss Gsmerflev elevorGleuefl allomesfl eo(HEUSTT EMEFMS
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STLHL ensellens@ eflemws gald sHevor(h lHIL. AHHS 2 6mallssT
LLBlu9eS (BHgl 50 seeflwimesst(h) STTHSHI0 HLmiEW 1000 edesoribesrasener
SUTTWS Fabhib!  HHEH BTET geull CUmEGL ‘oevorLbleuefles GCsmer
GCrr&e&) (Terrestrial Planet Finder) yflemwilt Gumeyiemer wmm CameTaenens
&600T (HL919. &G LD & &S 2 6Temg)’

BACWT smeE), Cuerdlall CumAflwy, Bl WTjs HSFL LIVSm6VEH
&1p&LD (Michio Kaku)

@ gl6uenT HepILILNW jevoTLGleuerfl 2 6meys HLiLev&aNGov &menverdlesf -
amluyCleest ellstorsomiemalls &LILIG6Y 2 65TesTs Coulendss Cl&HmenevLl LILIEsTS
&(HANWTSS &(HSL LHSIMEI. Wwesflg @6uTd SyeverLGleuslenwis Calys SrLly,
BLOG)| TS T&HIT6V 61 (6h(6HT6TT SIM6L 85 () (PEITETLY 6DI6UE GHLD 4 UI6)LILIEsET] G

LT&LT 607Gy LNmanilsé [Dr. Andre Brahic, Professor at University of Paris]

LL,Ca TS SH)60T HLHS &IT6V 6UFVTMeNME &ML (HILD 6o(1F ‘&mev WhHSIFLD’ (Time
Machine) GUIT6sTM &, 9L 60T sT6TLILI(HILD FesflCasmerflest slemevorasCameT! (Lpeslev
LD6BOTL6VLD (FlPhS AHBSLI Lissfl Blevey, L Fedsls Ll 2 ulliflesrmissesT Glu(mE)w
GRIETTTLLONS  6T6UellHD 2 (HeUTSHIWG| 6r6dTUSM(E CLPEV U SHTIHISHEN6TE

Cl&m6voTLY (THESHEVTLD!

Lr&Ly GlLetresfleny Lomienesr, mrervm &meiverdleslls HILL eN(epspmenfl [Jet
Propulsion Laboratory, Pasadena, California]

gesll&aCameflest sellsgien EHSHHIEU  sefleuemsmmiser (G flw
LD6BOTL 6V G6v Hiowiomest Lblenwl CUmey &esflggieun Glumme) sperflow
EUEDETILIGIGET 6woflhs eTflevmest FesllHCGasmeT | BTEMITM| 24,6507 (H & (ETHE (S,
wery &smellefiCwmger LHw  GlesmemevCGrrssliuiley  FesflaCamenerd
@m&emns CUTL OS5FHE SHETT EUNHETWRISEN6TEH &H6voTL G| 6UT6si 6L
6 (6h(EHTETTLD 2 6V&l6L 2 HWITS iyGaTeolwg | Feflabameners Clgmeney
Crrassluiley guley Glewgs WUGLmL ellEpepmssillasTt, @ &5medluiley
Nmbe &reedlGwr, L& Guweng &liflevigwssr amlu,Gleesrery  [1629-
1695], WGliyesrg &Hevoflg  (spmesfl  HlCGwimeusttesll  smeverdlesfl  (1625-1712].
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F6U1°  6U6Y)6 UIMIS6TT

W&eT(PSH0lL ClamemeuGhressSlenwill  uweTUhSHS  FesflsGasmensT
SUTTUHSEUT 2 6V8S5HleT (WHL GluemdHla allEpEpmesiles  &(HSLILI(HILD
&redledlCWIm. 9jeuf Y &HIW GlgTensy CHTESIL KNHGCUTSSTETSH TV F6vflullest
EUEMETWIMIGET ClFbenWTss Csflweailevemnsy | smev CeumumLLmey 1Nm(&
g6vfl uememWIMLIS6I 60T &ifl61 8 GaMesTLD LTM|eUEMSW|LD, &T60eSGWIT SHTesoTTS)

&eum eSILL !

1655 @6V .M UL 6IS6BT6N (LP&H6DT(LP&H 6V F6uflulesT &lem650TSHCSHT6IT 9L TemI60TE
(Titan] sevor(h) LKwHSTT. euen6TWRIGNT 1610 @60 Fevflulles &b TesTSH6T
6T60TM &H65T H(HHenSH MMM 1612 @ev sTedledlCwim Fesfl s HeTGHTETLD
(Ellipsoidal Planet] eretTml Seumnass samlestmy! 1659 @l6v anjluyblgoesreny
&m601601GWImeN6tT &(H&H0HS H6vT5| GLLILL GlgTenevCGHT&HEILIeL FALTTHS
CuITgl, Simeu FHST6TEH6T Bi6V6V CleustTmILD, &6vfl HETCaETET 9 6voTLLOSVEMEV
eTeoTMILD HMINSST. Fevflemnwis &M @ (HSELW ‘SLs SL(hsmesr [Solid Plate)
seuallss srLfemws sTedledlCwmeysE iy ul(meHs Ceustor(hb ererm)
amluCleesTeny 6T(h & 5|8 FamlesTmi.

S5N&EHH5S @erenib Faflw 6sTemsnCrreESlenw HyYeslw NelFeTs
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&6v0f1 & (6hmest] smenverdlest] , 98] HILLI ClUIM(H6IT HL 1960606V 6T6OTMILD, FesflenWwS
CaTLTgl &FMHM) U (HE G GI606TE SL(h) 6T6oTMID S6soT(HLNgSHSTIT. &mrenverdlest]
Geyib FesfluNest 2 Lgem, OCleuefliym eusnHeTWRISET, 6Uem6ITWmIS6TTlesT
@emLGleuslsem, &gevsflullest MM MHTesTE UILLIHS Slenessres Camerasst
@urluLs, lwm, enLCwimsst, GlLglen [lcy

A color-enhanced ultraviolet image captured by
Cassini shows Saturn's A ring. The A ring
begins with a "dirty™ interior of red, followed
by a general pattern of more turquoise as it
spreads away from the planet. The blue colors
indicate denser material made up of ice. The
red band three-fourths of the way outward is
known as the Encke Gap.

Moons: lapetus, Rhea, Dione, Tethys] Qi&lweumenmud 6ot (HLIgSSTT.
eusmeTwimseflesr efleflbyser ybleow GCohrmes GChres@EGL Cumgl,  Hev
FLOWMRISETE0 euememwmigseT Glaflumg sesfluflest Gamem euigeoud L (HIGL
ClaTemeuGHTEHEILIL C15HHIME)!

geofl&CameiT euemeTwinis 66T SHevflg g6 SjempLiL|geiT!

&l GOHLusSHeL LeHsECasTeT aNwumpsnisHE HHSSLLY @TessTLToUg)
Cuflu GCamer FesllesGamCsr.  FeofleaGamsT mBLE Lblemwis Gumsv 95
wLEIE uflwgl. sereners sTGest &MM 10.5 wevsll CHFWLW, UflSHlenwis
gomleur 29.5 gy eser(hlaEHL THEHSIS ClaTeTdmg). &FeflsGamerfler afllLLd
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w&HEW Crensl LG lulley 75000 emweumss HessT(HID, Hi(HeUF GlEFmIEGHSHSHIL
L@&&Iuilev 7000 emoev FmisHg| eNLLLD 68,000 6NO6VTHSE (&H6TMIWL|D 2 6T6ITg).
gesflemwi& &MHMleU(HLD eUEDETILIRISE60T 6TesoTessl 18608 &Lomy 100,000 eresTm)
S160)|Tes 1&H& L LHEIME]. SiHS Uem6ITILRIS6TTI60 611655T&HME (6THLD , HTEF & (6THLD,
&1650)8 G5 EHD  LesflGeal @lenLClsueflaEmLs Glou@ GCouswmig &),
GAw sesflemwis Ng&HluediLgmsy, Siemeu &FLFNL(HIL Ny mF e esrment.
6UEDETILIMGISEI60T HlgLiL|&6T 10 606V (LPH6V 50 enwey euen ] GlL(HSH Goum)
Lbi&lestment. FesflesGamerflest GleusiflLiLm eusnemwigglest el L b L (Hib 169,000
6DLD6V 6T60TM)| HesoTSHEILL UL (heiTergl!  &TTHSHm GCamu euemerwmkigerflest
8165018 (& &6 LevGeum| Ceusmigserfley &esfleCameners smm eu(mHeuSHTevSTesT,
Slemeu Feofluflest FLIL eflensulley @aesLLL(H Fesflssersslen Gms
CIBTMIMISTLE HLILINE Gl meTdlesTmer!

g6afl LD6BITL6VLD UL LIT6mD 2 6nDIbS (1 Lesfl&CsmerL!

gefls semsSlerr Slevofle (Density) LSluflest SHlessilallev 6Tl 1960 6o(H LIMkI(S)!
&yesord  Feoflds  Gamefley  GlL(HLUTETENLWITES  @(HLLGI UTenDWTS
2 MBS (HEGWD emamigyeest (Hydrogen) eumyy. W&es LEhH 2 6mLWl
gesllaCamerflest  (FBIMD, (HWPS HWPSHS5SH0HE (Atmospheric  Pressure)
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gesflwilesr 2 L LGS lullev aflenrailey 2 F&MH 6mamIgTe6sT 6UMWL| &HlFeULDTUIS
GefNybg sLlipwrdlmgl [Condenses into a Liquid]. o Lemellev  Hlyeu
6maM L9 Fe6tT &S CUT(PSHSSHSTEV @) (HLOUML @Mm|&), 2 Ceurs sneaumigeest
(Metallic Hydrogen] Limemm 24,8, lesTaL &8 wimss (Electrical Conductor] Lbmmi&Sm&|.
geofl&Gamerd  e(h  LJmessTLLOmeT &SMHSHE SHemms  (Magnetic  Field]
@mLUUsSDE @Hs 2 Ceors enamigreCest &MyesTd HTET el smevsrdlesfl-
amluClemestery  elletorsomiemellullesT  HemevwimesT  Lissofl,  amjluyGClenssTeny
2 emellemw& &LohG Cl&mevet(h Fesll&HCaHTensT i6s0Tly, HMSBF FMM) 61(HEUS).
geoflaCameners smHMIL GCUTEI, SIGH6T HITSHETT 6UEN6ITWMIS6EIET 2 6emLoLiL,
Liflomesorid, CLITS (S, @emLGleusise6T L &lwaIMenm HTHS| U TTUIEUS).

Sbhs5a Fesfllwlerr FhalTeTasneT GIHIHRIS euMenMUILD QU TTULHS)
&S SH&H6USEHe6TL LLLOIGE HeILILWD Lessl. ‘@ gleusnrsd &Ly sSLedll
LUMF&s wrenssTenwll Gumsstmigmesr, &esfleGCameflesr &Mhe CoHTaTSHensLl
umml sumesflwey edlepEpmesilasT ClaIfihg) O\&mesTig(HHS6oTH! @LIGLITE|&HTesT
WITEn6TensS Salfbhgl UTFHesL GUTESICmTD' sTestm LT&LF LD Sliflblélen
[Dr. Tom Krimigis John Hopkins Applied Physics Lab, Laurel Maryland] afagaﬁ]mrrlj.
ufl$luflest GCesluNeSmmbal CeueflGwmML LULL UFWLTem|&Haerfler Ljwev
CleusiTemd (FHWHS &FHS &S GISHETHET 2 (HeuTsSEIW &MbHeH GamerGL,

geofleCameners smmlev|b CUTT&HS W6T6rg).
geofl&Cameir SyewwflbgileiTer geeflearid erLflev suememuirigsesir!

gé6ofl LD6BOTL6V &5 &) 65T eoerflowiLnmest 6LI6D)6TT LI MBI & 6TT L5l& 61D
LNTDOMEssTLIOMesT LIfIOMewTd 2 emlwened | FesflulesT 6165 6TWIERISH 60 61T
CluevoTensflesT  em&  euemeTwiey  eTedTGMM, &MeL  FlevbumsGeum, et
@enL esosflllmsGeur eriiLily Geustor(h mesTTEYID ceLIflLevmDd | &Feofls
Gamerflest eNLLD &M 75,000 6mD6L 6TETMTEY, HSHM(F SLILITED SMHMILD
Cleuerfl suemsrwgHleor lLLLD 170,000 emwev! 2 6TGem @HEEGHL (PSH6V
eusmerwsHlest eflLL 1 79,000 emLoev! E.GF.ABCD, srettenid Gluwiy
Cl&T6TOTL. 6](L) 6UEMEITILIMRIGET, FesfluNesT @6nL6nW 6L IgUITETOT B{65511&6TTUl

eTLPIGVITL (H&Hl6oTM6TT!  E 6T6ETEDID 6UERMETWILD B 6MmeTTSHGISHGWD OleuefliulLg).
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Jupiter

'\

Liquid metallic Muiétu[ar
hydrogen hydrogen
\

10,000 km
— Saturn

The interiorg of Jupiter and Saturn are composed
of layers, including molecular hydrogen on the
outside, liquid metallic hydrogen intermediate, and
at the center a rocky core which “resembles® a
terrestrial planet (25 gscm3). Liquid metallic
hydrogen is an extreme state of hydrogen, that
we do not have on earth. The very high pressure
in the interiors of Jupiter and Saturn sgqueszes
the hydrogen atoms into a metallic state, but still
liquid, rather like the mercury in a thermometer
on earth
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CASSINI - SATURN ORBITAL TOUR
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D 6T60TED)|LD 6UEHEITWILD BI6DETTHHISGW (POULLG. S 6UMETWSHSHISHEGLW B
EUEDETILISHG|S G @enLbleusil L (H &Lwmy 3000 enwev! &HTedlev 3f6vofluyLd
&leubL| & (5)6TGC6T @HS G (PHGHISEHen6TL GLITEL 6R6Ubl6UT(TH 6U6R6TWISS65T
o 6TGer GCamLmest Camysd sHesflleserfls gismis@ssT [IndividualRinglets]
Lyeueurs), Fesfles GCamens aulLeiglserflev [Circular Orbits] &mml eu(meslesTmeoT.
eflesorasLiLIey eumCumy -2 Hevflesmeall epevd eresoresaflwigley  Fevfluflesr
6UEMETILIGISEIT6V &L 100,000 GLMHUILL &ME&EHLD, LITEOME(ETHLD &HMHMIEUSTSE
3| STLIgU|6Terg|!

EUEMEITWIMIGET WTed FeofluNesr &SHILCTens WLL&HSH6V [Equator Plane)
sOmIL, eulL eiHlHE 27 y&lifl erinhsd CosTeTsHle0 H6enLDHS|6TET6T.
GLJeI&LD 6UEM6ITWIMmISET 6T6V6VMD ST L& wimest HL(H&a6T (Solid Disks) 246v6v!
&lov @)L & S6v 6uem6ITWID 16 L9 WiTa HEOIHGILD, &Flev LGS uI6L 3 M6V HlgSHGL!
CL(HSHID 2 6T6MEDT.  EUEMETILIRISETIEY LISVVTUNTHE60TSHESTEsT LisoHls 6 mey
CuMTsSHIW salpmD &MEST [Pebbles), LTemM&ET, Lies & L1986, HLL euUTws
&L1g&6T [Frozen Gases] GI&TLIHG ellenrouns les FesflsCammeners o)
eU(HEI6TMEDT!  eUEHETWRIGET (SHflw eeeflufley WeflFeugsm@L uesfl epgw
&M&(EHLD, LI6sf1& &L 19.8(6THGLD

elesoTetn)|6TE]  SITF6TOTLD. geofl&sCammenem  GIHHRISIW 2 6T 6uULL
EUEMEITWIS 16T &1650)(8(8&61T 2 6wt CHTSHSHIME (M (Ppemm GlouE Cousmass
somleumn Curg), Gleuefl eulL eusmeTwsd &I6t0)|5HESH6T FMig GClogeUTs
15 ewfl CHISHHIEV (hH ST SHMHMISEETMETT. 6UNETWS &I660)|5HESH6r lesT
uflomesord  grFlwmi @bl ereNedl(pHgl, uTemmaeTml 1000 g
SIHEV(LP6ITET 6ULg616V, UL L 6551ull60 2 6VIT 61(HE60TM6DT.

&6vfl8CaBIT6IT UEMETWIRIGET 6TLILIg 2 (Heuruslest eredTLIg L|SHGr

Lesll&HCHTL el HITDISEGHS6T, GIFlssT HFblw  Fesflulesr
eusmemwimigst UflEluflesr  eeflemw  er&l6ITmerl&&lesTm 6! Sj6umnlest
bg eflp 80% eeelSEITLFlenw jemeu  eT&lTen)|LIL|&l6sTM60T. eL1L]
Crraslermey Feofl&Gamer smer GluMID 46% (FHflw seeflemwis &)(HLLI
aNH&mal. L ssCsmsT aNlwimpsst, wGresreny, CBLIQULesT oy &lw CaomeTaeT
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~ liquid molecular .
| hydrogen,

metallic hydrogen”S

_ 6378 km
. 23000 km.
radii) '
Saturn-Earth comparative data
Saturn Earth
equatonial diameter (km) 120 660 127
sidereal period of
axial rotation 1040 23 56. (4,
inclination to orbit 26" 44° 23
density (kg per m?) 706 5517
mass (Earth = 1) 7436 1-0000
surface gravity
(Earth = 1) 1159 10000
escape velocty
{km per s) 3626 112
albedo 076 0-36

mean Sun-Saturn distance 9-5388437 au
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Qfl(h eUEMETWMRIGSEN6TSH  Cl&TEsTIg(HHSTD  Sjemeu  LLBIuNed (pb&)
GCaflwiiupeudSlevemnsv!  LflHluNest GleusflesGameTaemmsesr eNwImTLp6sT, &6ofl,
W Gryesteny, GIBLIYULETT H60160TSHGHILD ClLI(THLOLITEITENLOWITS 6UTW|&&6T Cl&mesorL
eUTW|& CHMETSH6T. H&T CoussHSHeID, LpHs SeUTEFH QMMedlsvIb SsLILILL
GamLmest Gamy glevor(h), SHITDISHEHSHENET Fesll&HCHTET ¢R60TMISHTEIT &H60TH)
L&HHID Crenssd HemsdHlev (Equator Plane) sulL eSHluflev &mmib LsvCeum)
EUEMEITWIMIGETTIL Y &HEIL NIgs5 818 Clamevsr(heTergl! Glasusumiis GCamEns (&)
Siiumev CamLmest Comigll eflessTaM&6T, LTenME6T LL&5eCaHmsT allwmpsst
FFLUUTMHMeSl6L &M 6UHSTEVID HUDEOME H60T&| CIFMHS 6LED6ITILIRISETITS
wroMl @WESIS GlamsTer (Wigwelevemsy! Fesfl&GasmeT WL(HIL 6Ly
geoterT(Hos GosmLmer GCamgll ussllasmasensT eulL eiflaefley  s&mMID
SLH&eTTLE GlFLISS eTerTLg @6menibd LSHrmateu @ mbal su(hHSIma|!
CuprdAflwy VIHACWT smeHE samwg CuTL @HEH LSHW HITMHMTEsTIE60
gevflaCamerflent 9ib& MITSHeTL LiSHlemy WTFmeug) ¢(h 61(éh(ehmesfl a9l (HaNl&sLl
CUITEIMITT 6T65TM)| BTLD 6THTLIMTT&HEEVMLD!
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Sunrise over Saturn

"The view is a familiar one with space art fans -
the rings of Saturn as seen from the cloud-tops of
the planet. A view of Saturn similar to this was
made famous in the late 1940's by the
acknowledged master of astromomical art - Chesley
Bonestell {in The Congquest of Space — 1949).
Several other wersions were painted again by
Bonestell in 1961 for ‘The Solar System' and again
in 1970. This is a fore-shortened view employing
a narrow field of vision - and results in a
compressed 'telephoto” appearance.”
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13. galbGarelen L HIHADHHIL HPNID L HF

FsBmedsl FHewr(HLNgLL] !

[sLHenry : 13]

[April 29,2013 ]

The spinning vortex of Saturn’s north polar stoarm resembles
a deep red rose of giant proportions surrounded by green
foliage in this false-color image from NASA’s Cassini
spacecraft.

Image credit: NASA/LIPL Caltech/SSI. Narrated video about a
hurricane-like storm seen at Saturn's north pole by NASA's
Cassini spacecraft.

BrEmellest ellevorson)emed
&menerdlest] euemerwisy esoflbs
gevfles Camerflev

&65f15818 SHM] eu(HLD
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24 MI&T GCeuedl 3jemev(Lpeslev
696U S0 55 S600TLS)|
6L BI([HEUSSIEL! SASMG6T
&(TH6BoTGIL(LPLD 6Q(Ih
&mmeuerfl &mesm)|b @LICLITS)!
eumw (Lp&hlev GameuLom?
6U1L9618 &6001S el WILDT?
Frmest o m| Camesrs
GomiyesoTom? HmiGs eTliLgs
GCamermlwg)|?
L L8luNesT eI L LD GLimev
@\ (HLOL (8, SISH6T0TLG)|!
&S CsmeT aflwimpesflev
ClEnblns Slevad GCUTGleum(H allhens (Pasu!
BreTellesr eletorGesoTma &)L
LIfl&) wesoTL 6V8E1G6v
2 (HeUSSH60 Cluflgmest
61Tl 6LEM6ITWILD &6T0TL &)
geofla Gamerflev !
@UGIL(HLD
GRLILIEDIEOT 6UEDETWIS 60
eTLILIg & F6ofl 6t bSH S|
STEITLIS] (1 LZ)1!
T(WHS Emeust] (b LFT!
CluDMD SpMISTLD
OGO LSI]!
The Rose of Saturn: A massive hurricane that's twice the width of Earth
"'BrmiseT Breraller smeverdlssfl eflessrenismall en Il @bs &Fpme
Gmreusflenwis gesfl&Gamerfley sevorLaLesT, @ULenLll LSley GlEwGHMLD.
&TyesoTLd @& LLL81ugl6v 2 esorLm(& L amiifl& G 6T CLITEL GI&H65TLIL L &). 4,60TT6V
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318 CrHInsg &FefleaCamefley Guyeme] eugausHEHle0, MG LFallweTer
Mg F06dT (FLpGleusluNsv CamesTmd Flpjlgemey 51 (p&levmev am il Gaest
2 (HEUTSIWS|.

Sy.6trem @ rusFEmev [Cassini Imaging Team, CIT, Pasadena] |

SIS (PHISL SITEISI6V BemLLILL UL G| (HeUEF FmTeuerf] maFhHg 6&606v
WPYWTE|. S5 s6ofle Camerfler euLg|(hHeull LGSullev Fle&ls ClsmesorLg).’

&6oflGwir evwiestreb) [Cassini Imaging Team, Hampton University, Virginia]

‘Olumib  eeeflemw  e9lLs ML eefl  FellsCasmEnsE @\
LGIG Vlenswml 2 6T6mg| 6r60TLg| LeVeumessT(h&semml  e(h L&Tms
&) (6h(ehTesfl&B6ITTeL &(HSLI LIL(H euHEIMG). eTeuailHLD FeoflaCameflsy Sisuals
LSl6n & WIT6TT F&H e 2 650TLTEHI MG 6T6TEn)|LD 69160TIT 6T(LREIMG).”

A storm on Saturn so huge that it wrapped
around the entire planet

Cassini has captured something NASA scientists have
never seeh before: A massive thunder-and-lightning storm
that wrapped itself around Saturn creating a seamless ring
areund the planet, But when the |lead portion of the storm
finally caught up with itself, it began to lose its steam.

Q&e6uett GlLugletTeny (NASA -JPL Cassini Probe Visual - Infrared Mapping Team)

gesfl&aCameflest auL  giHeusHlev GComermlw  ammifleGassr GumssTm
SbHEHS SHETO&ETETENTES SHeUTFH STLFlenws &mesT (Pipbhsg, STeverdlesf]

eflesoraLiLiey Fmle] CosmemnrsHlev Cey HersHemns ellensTwMLLTES &MHMle&
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ClgeTmaTeL&TetT | FevflesCamerflert &HSH W Crensss smhm| eidserflev (Equatorial
Orbits] 691685T&LILIEV & (HEUMRISEN6T CHTEHS (PLgUITE).

61VESITL 6TIQMBIL

Saturn North pole
Hexagonal Cloud Pattern

North polar hexagonal cloud feature, discovered by
Yoyager 1 and confirmed in 2006 by Cassini Spacecraft.

The straight sides of the northern polar hexagon are each Approximately
13,600 km {8,600 mi) lony, making them larger than the diameter of the
Earth. The entire structure rotates with a period of 10h 39 m 24s, the same
period as that of the planet’s radio emissions, which is assumed to be
equal to the period of rotation of Saturn’s interior. The hexagonal feature
does not shift in longitude like the other clouds in the visible atmosphere.
The pattern’s origin is a matter of much speculation. Most astronomers
seem to think it was caused by some standing-wave pattern in the
atmaosphere; but the hexagon might be a novel aurora. Polygonal shapes
hawve been replicated in spinning buckets of fluid in a laboratory.

6ot [Cassini Deputy Project Scientist, NASA JPL, Pasadena, California]

"@8 F M6 BISPFF | Hlevedlw eligel SeMWLILN6Y M EHmMIL
gowreT Ym| ChrICHSTLHL USSEMSET 6l&meL Henlusd @&
Coublpmhes Cameflepib @& GuTeL HIRISET &H6ooTL  &HleLemev. euLL
6ULgE16V BEMEVS(STHLD, GleulILF &HPME (PHLSHEHD Hnev HT&HHEF Foofls
Camerflest QILFHS 6UTWE (FHD LDETITLEVLD 6UL SHI(HEUSSH6V SLMIST 6UIG6LSHNS

www.Kaniyam.com 259 FreeTamilEbooks.com



S46v0TLGl6uerflLI LIWI6BoT RIS 6T &.OuILImy&6oT

2 6UOTLITEE) @) (HLILIENS 6Tl (HLD 6TSHTUMTES (PIgWm].”
Q&e6uett GlLuglesTeny (NASA - JPL Cassini Probe Visual - Infrared Mapping Team)

"srevedlesil  efletoremmienall  emILINW  HHeuev  @lev&Hs  (Data)
MG MW F6vflds CamerflesT (P (WLILLSMSS STL(HSI M. HSH65T CLPEVLD LL&HE
Gamerflev spesTmmenT Fovfle Camemmentgy) GleusiNCWIMHMILD FH MW (LS 60T (LPS6V
BITTRISET SAMIW (PSS

661L81m160) (Liming Li - Cornell University, Ithaca, New York) |

smenerdlesfl  efletorasliLiey  FesflesCamefley Camerilw (@M meusTlemuwiL
LLGIWLHSS HemILNwg|.

2013 gLigev 29 @6v BrEmallest smevemdlssfl aflessraLiLisy ellepepmesflasiT
geofles Gamefley Comermw  W&HSTET ULGI(HUE (FDmeueflenw L&
QMRS uLObhHSH LWWEE ASIUNwUg aerm HMNSSTTSET.
Clgefleurest allere&sll LULSSH amiflesGasesilsst &evor 1250 emsv (2000
&lB.)  HVHEHL @QEBLLSTES SHTesoTll LLLG|.  LSlulley 2 (Heum@Ld
Gomeueflenwis Gumev 20 wLBEIE Gluflu sevor alliflemeusds GlamevsrLg).
premellesr  &mevedlesfll UL ellerss  allEhEpTes s  amiifleGassflest
eerflfl& s allerflbL (p&ledlest (Wemest 330 mph (a9l6vTTIg 88, 150 L) Couds g &Hlev
GLPE0TME| 6T60TM)| &H65sflSHSHTT. FesfleHCamerfler HemsSHlev Gluflw By sLCeur,
&L0euefluiley B WPEHIGeLT eTHIOD @VEVTHSTEY, eTLILIGE FlM&Heme] B
w&levmev amjifleaCamsst 2 (Heumdhl HlgsSletTmgl eTeTm|  6)(6h(ehmesflasiT
SLUIEYG6T LGS 6U(HE6STMITIT.

gesfleaCameflest amyfleaGasr LWBlEF (FGmmeustlser GumsL euLSHlens
Crrasdl BarTgl aULSI(HUSCHTH @Llgs Glamarslngl. SHGUTE Feoflulley
sresoTliL(HID amiflesCGases Lsv LeoT(h&HemTses el &I(HeUSHSH6V  &LpesTm)
ClamevoTig(HBSIMG. CleuliLs &LV BHImev Lluiley 2 (meum@ amiflesGasest
SIMWLILEEN6T Y IThHg, FesflsGamefley Camsrmib (Fmmeustlesr eulgeneu
SIMw nwesTU(HlSSH & Cl&meTSlmmy.

am & CasetTaH6T @) T6toT(H&(EHLD 2 66T MMM &HPMEF 6nLOWISHSH6V (T
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April 30,2013
The Vortex of Saturn's Colossal Hexagon Storm

MASA's Cassini spacecraft has provided scientists the first
close-up, visible-light views of a behemoth hurricane
swirling around Saturn's north pole. High-resolution
pictures and video, scientists show that the hurricane's eye
is about 1,250 miles (2,000 kilometers) wide, 20 times larger
than the average hurricane eye on Earth. Thin, bright
clouds at the outer edge of the hurricane are traveling 330
mph{150 meters per second). The hurricane swirls inside a
large, mysterious, six-sided weather pattern known as the
hexagon.
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2011-07-12%

A storm on Saturn so huge that it wrapped
around the entire planet

Cassini has captured something NASA scientists have
never seen before: A massive thunder-and-ightning storm
that wrapped itself around Saturn creating a seamless ring
around the planet. But when the lead portion of the storm
finally caught up with itself, it began to lose its steam.
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&6v0T @ (HLILIGI! 3 (HSHS eDmIenLd @\ FessT(hib euLCasmerrLl LiGSluiley 2 (hHeums),
THTE HLsTrEF &FLPMmEuilev [Counter-clockwise Spin) &mHmieug)!

@ reveT(h& G 2 6Tem lLMhHEHs Coumium() : FesfleaCamefleor amiiflesGasest
Ll amifleEGaser sSenem afll e Wlasl Gluflugy. gevfleGamerflest
amyifl&Gaser GleuE GCeussHlev &psveugl. amifleaComer Hevor eumw| L)
amyifl&Ga6tT &H6voT Ljwiey Ceussems L BHIT6sT (S LLMKIE, edlengey Cl&mesoTLg)|.
(PSHETT(PSH6V BrFTallsst alletorsLILIey &meverdlesll FesflaCamener 2004 @6v
MRS Curg), FesllsGamerfleT ouLg|(hHeud @ (HeT epips SHLHSS! | AHbHS
gWsH 6V FesflesCamefler euL Hi(HeusSHlev GeflFesmsv mHILILHeun. 2009
SL&H6VIG6V HT6sT &Hmerverdlesll allessTaLILIey (PSHET(PSHEV UL HI(HEUSHENSHE
HTET0T (P19THSS).

‘@Qgi6uenT HWILILNW evorL Gleustl 2 6meys HLiLILSE6ITIGev &merverdlesf]
eflesorasLlILIGey WTEILMHLD Geulenswimer GOSTensvll LwiswTsds &HeTwmss
&sHsLUUHSEIDG. ey @erd esorLGleusflenws CoHys SHylly, HLOS
THTEHIT6V 61(6H(6HITEBT N6 85 () (LP6TTETTIY 6DIEUSEHLD 6L LILI6ssi] 5"

LT&LT 657Gy LNymanils [Dr. Andre Brahic, Professor at University of Paris]

"o Nlenvg eflesorCevormaSluNesT 2 LFleulilg s@Hedl (Infrared Instrument
of the Spitzer Space Telescope) epeuld Fesll&CHT(EHEHE GlouE GCl&HTensvailsy
S MHM6U(HLD & 60T

FHS 7607 coGuImMILIIulesT (Phoebe) e\ hew & Wi m6oT Cleusii&&
aHGITTeaflliLenss Sevor(h) eTRS6T Quley CIGTLIHSHS. HTeHID 6umesliwen
CuprdAfluy enwsbHev @G MHLevSIW D (Mike Skrutskie) STFlLD &ISEHLD
&b gogm @ @aluly bss shslyer Ca LESDESETN ke
&LiGeTmd.  bHe elbHensd seflulluCw L& eusnerwsHSler @\ (mLienL
BleplS S8 STLigwg)."”

Sy,6tr60f1 Gl6uTLINGIerT (Anne Verbiscer, Scientist, University of Maryland)

‘9Ih5s LSSTEETT(HS GleusssHSlev BTET Yflwl Gum@b ‘ellesor6leust
oer(hl(HeYs &SevoflliLg SILLW' (The Space Interferometry Mission (SIM)] 30 o9&
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Bizarre Hexagon on Saturn’'s North Pole
April 5th, 2007

NASA’s Cassini probe, orbiting Saturn, has taken the first directimage of
a strange hexagonal pattern surrounding Saturn’s north pole. Using
infrared light to see through the darkness of the planet's 15-year-long
winter night, Cassini’s cameras were able to show that the almost-perfect
geometrical pattemn is a gap in the cloud cover, surrounded by a dense
ring of clouds that appear to be whipping around the hexagon like cars
on a racetrack.

Earth has a similar, but circular, vortex surrounding its north pole, caused
by winds blowing around the polar region. The image of Saturn’s narth
pole is completely different from the hurricane like shape seen on the
planet’s south pole. It doesn't seem to he produced by radio waves or
auroral activity. What is it? NASA scientists think that the odd shape will
help them to figure out Saturn’s actual rotation rate, which so far remains
uncertain. We can only wait to find out.
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Unsolved Mystery of Saturn's Hexagon
Four Times the Size of Earth

November 12, 2010

"Cassini Spacecraft is indebted to Voyager for its many fascinating
discoveries and for pavingthe way for Cassini,” says Linda Spilker,
Cassini project scientist at JPL, who started her career working on
Voyager from 1977 to 1989. “On Cassini, we still compare our data to
Voyager's and proudly build on Voyager's heritage.”

But the Voyager Mission left a few mysteries that Cassini has not yet
solved. One of the most perplexing mysteries is Saturn’s hexagpn. NASA
scientists first spotted a hexagonal weather pattern when they stitched
together Voyager images of Saturn’s north pole. Cassini has obtained
higher.resolution pictures of the hexagon - which tells scientists it's a
remarkably stable wawve in one of the jet streams that remains 30 years
later — but scientists are still not sure what forces maintain the object.
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FLLESI6L LMLV Cl&meney CHT&EIGEmer Si6nwsHg sefluilwsy ClLeTSHless
glemmullesT 2 55 MHIDIGHSSHH6L elletoroleueflemwis Fafbhg CHTSHSL
Gum&lesTmesr. B 6NlevorGesoTTHES allflseT Lblenws s&mles Glamessr(h)
Clgeusumiis GCamerflev  alletorCleuefll eflomesfl ¢e(RHeU6TT eMFNSH SHTL(HILD
en&edlems & eflenws galds sevor(hall(Hib. HbHS 2 smallgsT L6luied) (hHbg)
50 gperfl wmessr(h) HTTSHSHIL LMW 1000 6916voTLO6ITSHEN6T Y TTWE Fo(hLD
I sibhss Brem geull Gum@w ‘'eserLGleuefles Camsir Crmes) (Terrestrial
Planet Finder) L Wlemwilt Gumsy|6iTer omm GCameTsemens &esor(hLIgs &0 &@&H)

2 eTemg|”

ACWT sméE, Cuerdlall CumAfwy, By, WTjs HSFL LIV&Hm6VEH
&1paLb (Michio Kaku)

‘L CHTeTSH S 60T HLIHS &HIT6V 6UTVTMENME STL(HD (I STV WHSHFLD’
[Time Machine) GumeTM&l, WYLT6T Glemesor&GHTeT | (P&HI6V  LDEBITLEVLD
GBS ABSL Usslleghslgerr, o uliflormiser CLHEGWL 6RESITLOTS
eeuellgd Ljeisl Ll o (meurdlwug] ereTUSM (G PV U SHTIHRISEN6TSE
ClasmevoTlg (HEBSEVMD! LT&LIT ClL6tTesfleny LOML6n6sT, BITerm &meverdlesfls Sl
e\ (ép(epmesfl [Jet Propulsion Laboratory, Pasadena, California ]

gerfles Cameflsy smeverdlest] ellesorammiemeall &etorL YU MISTEF FLLLD

2006  yevoTigeuSTET  Feofl&EGETemeTE  &FMMleU(HLD  &menverdlesf]
eflesorammiemell (pSHeT (PHEOlL UL FHIHBEUSHYV HFOHMID RT BMISHTE
FLLEDSHSE SH6BITLS|. (GMTeusIil eumw] (pahlev &pmalwime bla oL

@bs YUMISTF FLLENS 1970 - 1980 gy svor(HSerflev BraT graflw surGuignry
eflesorasLiLiey  (Voyager Spaceship) ULGIWLHSSH AHepLwg). eurGuigory
SILGUTE| STl B HIH6TE STLFmW  Smevedlestl  ellstorsomiemel
@uGurgl (2006) 2 MISIL LHSHSH 2 6TeTGl. HSHSHIL6T YMIGTE FLLSS 60T
SIHEVSENS LD (PEI6V Y LPSHENSWLD ((P&HI6V HlgLiL]) smerverdlesi] allstorsomiemel
(PSHST(PHEV H6etollHgH HEHeUuev AHepLlwgl. 2004 WsHev &meverdlesf]
eflesoTaLILI6L Fevfles Cammenems smm 2 emall eu(mS M.
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Cassini Spacecraft Goes Around Saturn

CASSINI - SATURN ORBITAL TOUR
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Jupiter's clouds and the Great Red Spot
Jupiter's Huge Redspot

HASA Voyager 2 image of Jupiter and the Great Red Spot. To the lower
left of the Red Spot lies one of the three white ovals. Note the complesx
patterns of clouds associated with these features. The Red Spot is
approximately 12,000 km from top to bottom, and the smallest features

which can be resolved in this image are about 170 km in size. North is at
about 11:00.
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Origins of Jupiter's Vast Magnetic Field
[August 21, 2014]

Superlatives are the trademark of the planet Jupiter.
The magnetic field at the top edge of the cloud
surrounding the largest member of the solar system is
around ten times stronger than Earth's, and is by far the
largest magnetosphere around a planet in our Solar
System. Just why this field has a similar structure to that
of our own planet although the interiors of the two
celestial objects have a completely different structure,
has mystified researchers for a long time.
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UMIBTE FLLES6T i&H6eud 15,000 emwev (25000 &lbLy). (peledlssr
LD 246V6VG] HlgliL] 60 emoev (100 HLLBLEY). 6TV GIFH60T &I(HEUSSH6V
@\LiLIg 62 HMLS MITHETT Y MISBTEF FLLEHNSHE SHTervsrdlestl amrier Clgmeney
CrT&EIGWIT 36v6v8| 6lletoTess)|emaNlGWIm STesTalleusney. HBSLI LiGSIullev
H\D (M WHCLMLLEmSGW (Jet Stream) SHT6woT (PYHSHHI. AHMEI(E, UNISHS
GOreusflg &PHEF @6Ven6n. HSHHMSW LDFODTET YMISFD sreuallsHD
Comeormlwig) erestm| 6191(6h(eHT6vflE6T @l6tTenID 6l6T&HS (Lplgwallsusnev! L
Bl(HUSHH6L CgHeTUhHID HETTeT UmISTE FLLID 6T O1&H6sT HI(HeUSSH6L
SIT6TOTL! LIL6N6VEN6Y 6T60TLISM@EHLD STF6esord Ml LLegleveney .  QibHS
MIT&6T (P&HIGeVTLL eugeud LL5SHCsTeT eflwirpestlsy mramallssr &medledlGuim
eflesoTetn) 6T (LPS6IT (P&HEV &6voTL LTGIL(HLD GIFHBINS SHlevssems Ll (Jupiter's
Redspot) Guimev LY&FmesrGs !

meubuifley  Gger  GimHeusHlev  ammflstser  Gumestm  (Lp&lev
Clambsefllienuss smeverdlestl allstorsoniemeall HeseTLS . Hemeu s(HeNls el
efleflib& & (meiT (Pp&lev (Eyewall Clouds) et6sTm)| SamLi LILLeoT! @& CuimssTm el
eNefbL& & (hHeT (Pp&HlevasT eNwmps Cameners Hally CeublmbsHs Camerfley|d
smesorLILIL. ellsvensy. eNwmps Gamefler O&bBHINS HlevssHmaesF &FMHMIeY|LD
@bs el elleflbL& & (e (Lp&Hlevss6T Glg 6ot Li(hi&lestment. FesflsGamerflest suL
BI(HUSHH6V STeseTLILI(HID U MISTEHS6T 6(IH LSS &M 8600 emiosv (13600
&\.16). b Hemd mHg| LLbluller @GmisseTenel (ellLLwD) el & wmesTs|!
CousMIE &LPVID JHS WMISTEF FLLD (H (PemM &MHM &my 10 wewsfl
40 HIBILD eTHSBEMG. WMSTE FLL (P&Hl6V HetresHl(HHens ML (He &HGLp
@omiEGeugl Wlevemsy | GlemEss Crens Cmmadl (Movement in Longitudi-
nalDirection) & Feug) L5l6VEM6L .

2016 syev0r(h) Q&6 LIS LLGHSGsTT ellwmpensTsd &mmL GumELd
316lWifl& s allessTerm|emall eTOCesTT LS W &H861160 HEBILIL), BIS60T 2 L& (HeneuLl
LMHMIWLD, eNHEOSHWITEOT HSH60T HMHS LD6BOTL6VSHemSLI LIMmMIw|d GLomCl&smesst (h)
eNleT& s samLb.

Clrammsiresteiv eN&L (LrEe NeTmms Gl essTLey QYUleys (515
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&emevemLp 61(6p(shmenfl]

L&s5CsmeT  eflwimpesfley  Clu@pm  &MhE  essTLeVD  @)(HLLS)
SIMNS&ELILILLE)].

G&flwu GHLusH G  Blsl  Cuflu  eurysGasmeT  eflwimLpedt.
eurw&Gamerfley Lpblemwis GUTeL LISG | WLMIGEE GCMULL < mmey|eTsT
6(h ClL(HLD &SMHS L6toTLEVD @\(HLILG| FLBLISSH6V Sevoresflll GLImed) LOTL6V
epeuld (Computer Simulation Model] Bleplissl LLLEl. 2 Ceomsl LTemME
Gamermesr LLOIGCUITEL 6TILIG 6(F Slesolley eurws Camemmest e9wimpesilev
&MH& LOEBITLEVID 2 630TLT6sTS| eTeoTLIg| 6191(6h(shmesfigsensris Glum elwiey
QLSS eTergl. 2014 gy sev(h 21 @6V CIWFLO6T T&EN LN6TTHIS Y68
gaLdHSlerr Gl goumh WrrugsHuNeTy @ 696T&SLOMeT  &6toT6s L
Gumel) LTLEm6L BemLDG G|, ONWITLP6ST UMW SHCHTETSH 60T 2 L& (Hedlev 6TLILIg S
&MHE LDEBITLEVLD 2 600TLIT6OTE)| 6TeTLIens S GlGHerfleurs ellemsalwsiremmyser.
SiM&ems CeueflliL wrsev Kemmmis Gl Yrmusdls (& pedlestifleor
H60606MLD 61 (6h(6hT6vfl: Gl mam mesT6uTENY 618 L 6TEBTLIOUIT.

LU,&5&CasmeT eflwmpesilest &MbH& LetoTLeY CrenssHensr QL TmbHS TV
Simel 2 LLMESHeL lHs Flaseumert Hlemevuiley @ (mpLLg OsKlweu(mi.
2 Lgem 2 Geumsallisy 6TeLEmeVEnIs SHTEsTies: &MHE SHemsH e SHalld
g FAmsTLS GmmEIDg|. eNwimpssiler CLoMaeTsHlev @) (H&I(HeuLl LGS
¢eeoTm)| [Dipolar Region] &MM&&&E 10 &lfl CamessTaSHlev FMUIBHE| U, (ETHEMLD
Cewslimgl. &MhHe Cremssefler Syl STHS SHMHHET 2 Mm|Henws
sTLHE M. wsHEHW Crensl LGS lullev (Equatorial Region] 2 Geurs 3i(h& (S,
eTeuemey (HGas [Metallic Layer Transition] e 2 g &858 &lp&E-Gome
SenFCrHreHs o (PSHHLTHEF C1F6V6Y|D &MHS CrensSHEn6IT 2 680TL TS SIS

Westemy el L HBlswb Cumg euGurgId &MHS CremsssT
ComesrmiSleoTment. B! LLOIUN6L Bi6UNSHLD 6 SMTHS HEITD (SLPHKHI6TETS].
glettesfley L BluNesT 2 L&H(H YHSHL @I(HLL-BISSEN 2 (HSIW  SlFeuld
2 6iTemgy. Lpbluflest sLpm&luilev 318 &mmIb CLITg) WIeTEFT 6L L LD 2 6voTLITE),
@ m&I(HeUsE &MHG SHemd CaHmearmISmgl. GlusTés allEhEpTesflEHerT SemsLl
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Origins of Jupiter's Vast Magnetic Field

[August 21, 2014]

The magnetic field lines illustrate the high complexity of
the magnetic field inside the planet, which, however,
quickly decreases beyond the metallic layer (black line).
On the surface, a dipolar part that is inclined by ten
degrees with respect to the axis of rotation dominates.
The thickness of the field lines is a measure of the local
magnetic field strength. In the equatorial region, a jet
produces bundles of field lines with a pronounced
eastwest orientation at the transition to the metallic
laver
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LL&6m-a06uTesf] [Geo -Dynamo] etestm) (GMILILN(HISTOTT. Sy esTmev L,&H&GasmerT
eflpmesflest eNlwitiimest WleoT gesTenf]l eTeLONGHD Gouemsv GIFWISIME| 6T60T6B)ILD
eflestr @LIGLITE) eT(RSIME).

Cloud layers (30 miles thick

Gassier hydroge
L:r:||..".r.'lu.-'i' ?'l_-,dr-:::-_l:l]t.-':'l e
Helium-neon fain

Metallic hydrogen

Rock &
e core

Great Red Spot

L&&5CsmeT elwmpssilesr 2 el Us5H0ameT allwmpesiley enamig e,
afedlw eumw&sem &l Geum| eTgieyd @HLLSTES @IGIeUenT HMIWLILL
alevemsv. SHE (PSS (P6TET 6mamilgrees Liellsslly 2 Geumsms
(Metallic Hydrogen] wmml @ muug Gumsv  Gla&EME). LL,&5&Ga el
bg uevevmetaT(Hi&Hemml GlU@BL  (Emmeusll Lwey (Pp&H6V&S6T  lgliLig)
Caf&EMmg). (Pp&Hledlsst GMLM 2 6ikesTd ( - 100) 19Hlifl GlEFsudlwen. L 6sTTeL
D Q%600TLD, (WSS, WeTESS SLUL, YpS5Hle0 blgFsveusd ClgFsvey GuiTeTey
lenswiméleoTment. 10,000 &)LBLT S LS5E160 6mamIgTeest eUM|a6sT (PSS
L6V LlevedlwiesT LLeu(p&HSD [Several Million Atmospheres).  obBs O&TEHT
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(55550 Hlevsfley emamigrensst eury] FaL 2 Georsd GUTeL Wl6TSHLSHS)
SAHMG|. @&ICLIT6L I (PSS [Hlevr6v HLOG] LLLOIUN6L 6TTRIEHLD @) (HLILIZ6VEm6L.
LL,&5&5Gs e elwimpesilesr 2 L &(hHedley, LICLITEL LITenm 2 6TEmSIT 6T6oTLIG) LD
Clgefleurss Glaflwelleveney. 2016 evor(h) U &6V(H WIS LLSH&HCsHmsT
efwrpenests &HMU CuTEL 6lwfleEs alsoremiemall wOGeTT LdHlw
HH6UD D)L, &H60T 2 L& (Heneull UmMiub, eNbeng WITEsT HSH6T SHTHS
LD6BSTL6V&605 L1 LIMMIu|b GLomGlamesst(h aSlem& e FamiLb.

geofl&sCamerfled mIsTE FLLLD erliLIgS CoHmermISmsI?

AMISTE FLLD ereuailald Camestm) HessTL STV HlenevsH g s SHrLd
31611558 eu(HEMG) 6T6sTLIS| 611 (6 (6565185 (6TH &5 (&) §R(TF LDFLOLOM&HEYLD LS TTE&H6LD
QOmhsl UBEDS. MHEF FOD MUSGD PHMEV &Feufl ThISI(HHS
CUMIBIMEG| eTeTUGID (T eNBensHCw. YmIsTs Caomesrmhiserley (LpdHlev
Cambsefliy 6Ll Wlysdh SHeng SH(HOLL RIHEISHNI 6r(pD i6n6uLl
LesoTLUM(h  S6emem Y ITUBSTY @Q&HME PV SMJessTD  STessT  (LPlglbd
eTeoTm)|  &)(6h(ehTevflE6iT  6T60TETm) ST AMSTE FLLEMSEF &MHM)
Cllevwb bH&E wWwHeL eury (W&HleL emwliLimbhisensT (Multi& Walled
Structure) QLITWHSTEL (HMILULTSHS STTEOOTRISET &Hl6NLEHEVTLD 6TesTmILD
e (eh(epTesfl&6T &GS DT, Ceyb "& MmUY SHlevss'’ (Dark Spot) eeesTenmss
smevedlesfl eflessreomieneall sesfl&Casmerflesr CouCmmy @L&SHeD HHCELITE)
&evoTly(H&BSIMG|.  FesflaGameflesr GleueuGeoum| L@GSHullev TMILILL F&SH
GleusNGwmHmLD

&l GHbusHler CameTasT &G FoHHlenw Gleusfl wWTsEGe6ug)
CleuliLg s&HleiFs CLPEVLDTESHSTEDT. SIbhs &&H Gamerflesr  ereveVITL
LGSHWNeO(HHGID &  BHBleneoulley GleuslGwmD  eT65TM)  HTEILLEVEVITLD
gm&eTGeL  HlenetT&HE(HHHCMMD. oy eoTmev GClwwmss Feofle&Gamerflev
Bls6US| SLILIY Bj6V6V. eeubleum(h SemT&HGamerl LiGHlulley gsslullest
GleuslGuwimMLD (Emitted Energy from Each Hemisphere) efmjl @mmi(&HLb. yufeniLd
&LHS WHSTesT(h&6flev sevfl&Gamefler GClbmgss s6H5 QLU WBlenswimees
geflaCamer &6 THgl 6U(HEHIMG. GH6eoTTev &8 CleueflGwmmpLd Feofluilev
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Saturn North pole
Hexagonal Cloud Pattern

MNorth polar hexagonal cloud feature, discovered by
Voyager 1 and confirmed in 2006 by Cassini Spacecraft.

A persisting hexagonal wawve pattern around the north polar vortex in the
atmosphere at about 78°N was first noted in the Voyager images. Unlike
the north pole, Hubhle Space Telescope imaging of the south polar
region indicates the presence of a jet stream, but no strong polar vortex
nor any hexagonal standing wawve.

NASA reporied in November 2006 that the Cassini spacecraft observed a
‘hurricane-like' storm locked to the south pole that had a clearly defined
eyewall. This observation is particularly notable because eyewall clouds
had not previously heen seen on any planet other than Earth (including a

failure to observe an eyewall in the Great Red Spot of Jupiter by the
Galileo spacecraffi).
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Saturn North pole
Hexagonal Cloud Pattern

Morth polar hexagonal cloud feature, discovered by
Voyager 1 and confirmed in 2006 by Cassini Spacecraft.

This image provided by NASA Wednesday Dec. 9, 2009 shows the
hexagon jet stream flowing around Saturn’s north pole captured by the
Cassinl spacecraft. The last visible light images of the entire hexagon
were captured by NASA's Voyager spacecraft nearly 30 years ago, the
last time spring began on Satum. According to scientists “It's a mystery
on par with the strange weather conditions that give rise to the
longdived Great Red Spot of Jupiter.” he hexagon was originally
discovered in images take

A persisting hexagonal wave pattern around the north polar vortex in the
atmosphere at ahout 76°N was first noted in the Voyager images. Unlike
the north pole, Hubble Space Telescope imaging of the south polar
region indicates the presence of a jet stream, but no strong polar vortex
nor any hexagonal standing wave.

HASA reported in November 2006 that the Cassini spacecraft observed a
‘hurricane-like' storm locked to the south pole that had a clearly defined
eyewall. This observation is particularly notable because eyewall clouds
had not previously been seen on any planet other than Earth (including a
failure to observe an eyewall in the Great Red Spot of Jupiter by the
Galileo spacecraft).

The straight sides of the northern polar hexagon are each Approximately
www.Kaniyam.cd@B00 km (8,600 mi) long, making @&hy larger than the diameter offhee TamilEbooks.com
Earth. The entire structure rotates with a period of 10h 39 m 24s, the same

period as that of the planet’s radio emissions, which is assumed to he
equal to the period of rotation of Saturn's interior. The hexagonal feature
does not shift in longitude like the other clouds in the visible atmosphere.
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&sormlL GumesTgy),

"geofls Cameafler &8 CleueNCUMM LTMISH6VS&ET (Lphlev GUTTemeuen W&
gMjbeHgl erermibd (pHlev Gumyeneuullest Sl MM GuTg, &F&&H
CeusNCummMEp WM uhl&mg eermib  GasmLmylh Camsr (& H DU
S UeusSHm&F (Goddard Planetary System Lab) C&iha L] emenLoest - LBlsvsvIy
gamISIOTy. FesflaGammeflesr oiFa LLBlulleT iFe GUTEL FTIBHSI6ITETST6Y
SIMhIG)LD LI(H6U &TeVLD F6vfluflest eprmevorigel &

MmO euBHSIMGI.

SUHVTeY (FHflw eperfl seolles Camer g e9Wbg 2 MlEhall LHleugiL,
CleusGWIMIUGILD @)L 5518 @ILLD, HTVSHSHI5EHS STV MMIL(HISTMSI.

32 yeooT(h&HEHEE (Pesr (1978) sesfleGameflerr eugbhs HTevsHSHlev
BeVeL Gflw Gleusiegsd uLL Gumg eumCGwigy eN6ToTSHLILIS (PG 60T (PSH6V
QUL SHI(HEUSSHIVL &LPNID YMIST 6UgeUSHnSL LULOWLHSSH enIwg).
M@ uHeneThgl u60T(H&6mTe (1993 24600Tlg60) UL HI(HEUSSHIL @)\(TH6T
GLPHEHSH. 2006 @6v WessT(Hib seeflulL Cumgl smeverdlesfl elstorsmn)emadl
CleuEs Glgefleurs HUMIST eUYaISmSES &6vor(h LLCIWLHSSH. 6T g
3 &G GlamhaerllL (p&lGsurLLLD wessflé @ 100 WL Ceussslsv (220 mph)
LMWHg| Cl&F6Tm&).

"smenverdlesfl ellessrernismall eI SHH6UD @6VSHEHD FME(EENM
gevfles Camerflest (WWLLLSHMSHE STLHEIMG]. H60T epevd LL,&Hs Gamerflev
eeTMTesT Fovfles Camemmestgy GleusNCLMMID FoHHlemnw (PH6T (PHL Ml
WPYbHSHS!,  eTesTm| STTHEV LIV&6060S &85 6T 6l (6h(6hT6vfl 601L6Im! 14 (Liming
Li - Cornell University, Ithaca, New York) &0\ N (HI& .

geofl&sCamener GHrsE) Hramailer eurCuigar - smeverblesf] aflstaresniemail

2004 y,6007(h) 2oO6m6L (PHL CH S &merverdlesi] allessraLiLisy Fesfl&Gasmerflest
FTUL LD6EBSTLEVS SV FlHE], (LPHET(LPHVTEH HNSHEF &HMHME &I6UMIS] 600TL
Gleusfl W&HSH60 6o(MH LW 6006V &H6V6m6V BITL Ly W6Terg)! LNemmiflLm GlasoTeoriy
efesorCleu6r] gFey&H6m emwWSHH 6N (BB, 1997 H&CLTUT 15 b CHS mIerT
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Saturn's North Pole Hexagon
Mystery Not Solved

The hexagon was first detected by the Voyager missions in the 1980s.
Infrared mapping of the strange shape by Cassini in 2006 showed that it
had survived for at least 25 years.

In 2006, Cassini confirmed the Yoyager Program’s obsenvations of
Saturn’s hexagon, what did scientists make of it at the time? (NASA)The
Oxford researchers made a model of Saturn’s North Pole. A
slowly-spinning cylinder of water represented Saturn's atmosphere, and
a small, rapidly-spinning ring represented a jet stream. They added
some fluorescent green dye, and got a pretty well-defined hexagon.
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gellw smeveldlesfl - amluylgestery allesorGleuefls &LiLIY, &MY [HIT60T(S,
SevoT(h&emml 2.2 1N6vedlwest emey &LbGI, Fesfls CoHmensT WHmiemsuIlL
QLTS G6TeTg|! STUSSELILEY &menedlesll Fesfles Camemsrs smmleury, 2004
l9&UT 25 gy CaH anluyblemsrrsiy CawissLliLey Niflssl Ui, UmymE@l
&L aNifl&Hg| emLLmesflev 2005 soesteurfl 15 @60 @MMIL (LPHETT (LPHEVTE
CIBmHEEIL ULOLHSSEL GCUTEIDG. FesllECHT6T, G 6UENETILISET,
SIHeT &HMHE Gamerd, emLLmer GumeTm WMHM LS HeTsH Slenesors
GCameTser y&Hlweumenmll UMM WlemswimeT GlWLILIT(HE HHEU6VSHER6IT
SiPwl uslGerp 2608 BTbH&6fleT Hlmenw W&EEH 260 696k EHTesl 1&H6T
e(HaslenesoTbhg| Lessilwmmm] eum&SImmissit! 3.4 Wlevedlwesr Bl blgsvailey
2 (meurmest &menverdlesfl?  anjluy, Gleestery 6SlesorGleuefls SlLLLD LOTGIL(HLD
Si6voTLGleuerflLI LiwesoTLom (@)D, &menverdlesl? amluy6leesTen MITSH6sT 7 630TSHLILIGY

YWD L0&& S TetT &6vfleGaT6IT - 6L LIT6dT LiwlessTd 40 61 (L

SigmiLeud Clumm BIET, FET 6lEhEhmesll&SeT LsVIfl6iT 616V6VERLOWITEY
66l GlLMMEI!
1979 =y 6007196V Liwtestwiy -11 [Pioneer-11] eflesorGleusiils sLiLev 2 emal

geofl&CaHMEmeE 13,000 snwev S(HGH LIWesTD GlFUIS| LILMKISENETWLLD,
HHEUVSHENET D)L wemerg!  1980-1981 gyevor(hiserflev surCuigoy -1,
eurGuigor - 2 [Voyager 1 - Voyager-2] &6sfl suensmwimigserflest 26enGL mienLpbHS|
ClFesTm)], 6USHETWEI SemermLll LMMIL D, Yml HHW HlensworsCasmeTsensiTL
LOHMILLD H&6U6L Hene6ms GMILILITS en|LiNesr. 2000 i 6v0T(H&H HS&HEU6VLILY
geoflaCamerflesr LS GleTL(Hg Glemesorss Camsirast HlFswll LHSSUILL(®),
MM 12 FhHlFeTssr @ HLUUSTS MWL Ugsn|b 2 mSubHSSLU
LILTD6Y SOWLILIMIgey 2 6iTemest. SMHGUTG| Fevfles CoHmemer (PSHeT(penme
&OM eu@ smevedlesfl HTUISSELILIEY @\6TTeRID [BHT6EST(E, 6U(HLMISET L6V
Comesormigsefley 70 (Wpemm  6uUeUDEUBHS, QWLILITIQEY 2 66T &)|60650TE
Cameiraerfleor GlowLiLMhessners Glgefleurs 2 MSIL LUHSSHID!  HSHGHIL6T
gevflaCameir suemsmwmigserflest Liflwimg Lev Y&lFsensmub ell(halls @Lw!

g6vfl LDEBITL6VSH6V 1955 @\Tevor(h) (Fxmmeuefl GLUIL Ljulev e

www.Kaniyam.com 280 FreeTamilEbooks.com



S|6v0TLGleusrflL LILIesoTmIg 6T &.ClwiLmy&est

F6U1” VDT WMIGET

www.Kaniyam.com 281 FreeTamilEbooks.com



S|6v0TLGleusrflL LILIesoTmIg 6T &.ClwiLmy&est

What is the Mystery behind the Hexagon on Satum?
Posted by Qossay Takroori
on February 11, 2009

Static Photo of the Hexagon Shape over the Morth Fole of
Saturn taken by the Cassini Space Probe

From the picluras we saw of Saturn, it seems a very beautiful planet.
Recent pictures of Saturn taken by modern imaging technology showead
something strange and something never seen in the universe before.
Here are some photos, | hope that you can see the hexagon which is
located in the North pole of Saturn,
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2004 wryE 20 gy GCaHH werrm &Fesflemw GCIHHRIGL &Smerverdlesf]
eflesoraLiLiey @ evor(h)  (@Gmmeueflll LuieuseT &Fesfl &SLU  LD6EBITLEVS SV
eT(peuensWD, @ TessT(hid (Wigalley T @\6n6sThHE| LS  LjUIsVmUl
US| LD CHITESIW6Teng)! @8] @ TessTLTD SLeneu FesflesGasmerflev hHlas oL
albengss Foueud! LUsHCHTT elwmpenisE HAHSSUY @nmeuerflast
S119.8 (8D 6 6voTL LD, F63fl&CaITeIT! Ljwisv @enesrLiL&emeLl Limmles smerverdlesf]
SILL ULSSHITLHS & W 2mitSest (o, &.g0.19 etoTL&GHT6T 6ll(Eh(ehmesTL
GCupmHARlw(HLOmesT LTSLI 260TlgeH @misFerumev (Dr. Andrew Ingersoll, Cassini
Imaging Team - Porfessor of Planetary Science C.I.T.] gamI&SImmi: ‘'L,&5&Camsira6rflev
LesoTT b &) Cl&meiTeug), Ljulsvaerflest 6(h SHesflsgleult LieserL! LL,&HemsHHle0 Ljulev
eiFaser gifl(h eumrmsGer BHlys@EHw! eoTmey FesfleaGameT wmHmID KM
LL&SHCHTETHET60 DigH@GD SFTL L{WEVSEHET LTHES HSTSHEI0 H6V6Vg)
QU(HLE SH6BOTEHSIE HlgsdlesTmert! Flev FLOWLD 6(h HITMHMTEsT(H Falll L6y
6iF&&6T GG 6Tm6DT!

M@ &FLoleusluNsy F&Hlemwt 2 Ml(Epsid SH6oTend @LP&HSL Li(HeugTsy,
GmmeusflasT WHTEF HBlemev 6T Coulbgl wemmélesrmerr!  HLUGLITE)
Copubngl smrhHgl CUTSTSHI, L6V LUEVS&SET 6R60TMIL6T 6R60TM)| (@)60650THS)
ClasmeiT &l 60T M6DT! aULSlem&Ll Luwiey weofle@ 25 emwey GeussSlani,
ClgeoTHlengll Ljwey wewsfleE 13 enwev GCeussHlanid GurdHle & (mer
2 UTLT&ES], 6THlJH &HusMrsH Hlensuilley [Anti - Clockwise Direction) Sjemeu
eeTMMIE &lpeoTment!  Lpbluflev ?  fl&Cam6T LWeLSHeT SiLILgE &Lp6ums)
aHITeEE SFOmiSleTmer. 620 emwev eJLL(6Tem Fesll&GHTeTs SH6msdlen
@resor(h (Fomeuefll Ljwevss e GCm@ ChrTssl 6 LITHWLTS HEFHEI,
& [19-20] SlesTmisslev Hemeu CarmHG ClsmessrLest! Fesflulleor &S CTens
SITRIGS6IT60 6T Lwev&sT, LWessfléE 1000 snwev 2 &5 CoussHlev
SlsHleTmest! MM LEGSHH6flev Glogleumest Cousgdlev Gome)dlestmeor!
‘ereuellsd  (FHomeueflasT LSS Comersefley er(p&lesTmest eteTLI& 6(H
HSITTEG @msEIng! SLySeny all(hHleN&Ew &meud BTET 6Il(EhEhment]
(U FamleoTiy. FevfleGamerflent eeMbS (HHS LS 2 (T 6U6DETWILD!
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Saturn's Rings

The full set of main rings, photographed as Saturn eclipsed the sun from
the vantage of the Cassini spacecraft on September 15, 2006 (brightness
has been exaggerated in this image).

In 1655, Christiaan Huygens became the first person to suggest that
Saturn was surrounded by a ring. With a telescope far superior to these
available to Galileo, Huygens observed Saturn and wrote that "It [Saturn]
is surrounded by a thin, flat, ring, nowhere touching, inclined to the
ecliptic.”[4] Robert Hooke was another early observer of the rings of
Saturn, and noted the casting of shadows on the rings.

In 1675, Giowanni Domenico Cassini determined that Satum'’s ring was
composed of multiple smaller rings with gaps between them; the largest
of these gaps was later named the Cassini Division. This division is a
4,800 km-wide region between the A Ring and B Ring.

In 1787, Pierre-Simon Laplace suggested that the rings were composed
of a large number of solid ringlets.

In 1859, James Clerk Maxwell demonstrated that the rings could not be
solid or they would become unstable and break apart. He proposed that
the rings must be composed of numerous small particles, all
independently orbiting Saturn.

Maxwell's theory was proven correct in 1895 through spectroscopic
studies of the rings carried out by James Keeler of Lick Observatory
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2009 o56Lmuy 6 Y GCsHd 6lwifless CGwiflevmessT(h) LIV&SEm6VE
HLP&HSHH6T 6M(Eh(EhTeslIge BHTaEm evlileny ellesorCevormad) epeud (NASA
Spitzer Space Telescope) UIfl&l wWesTLEVSHS GV WleBL GlLflw  RISEVTEsT
eoerfleusmeTLD 66T Fesll&GasTensTE &M @) (HHHMSHE &H650T(h L9865 60T
@b W&SSHTET elfleuensTd @\gleUenTs &TamTesnTt 6lgmensvCmTadluilesr
NYP&EHEEGS ClEeTLLONGVEm6Y 6T6tTLS F JeFflwb! hss 21
S HIMMTesoTigey  BrEmellssr 2 LHeulils smellwysnrw  evlilieny
ClaTemevGmHTEE (Infrared View Spitzer Space Telescope) 46088 &H6voT(h) LNgSH &L
LLOIWLHSSS! @ eNhensd ! AHbHHS &Hevor(hllgLiL] FefleCameT FheTeoTae6rT
@uevrigeor 300 gyevar(h)l eumesflwey Lgleny ellhleflsssl AOSS! TWL R
Clumelwiiy!

MASA Spitzer Space Telescope

The Spitzer Space Telescope is the fourth and final element in NASA's
family of Great Observatories and represents an important scientific and
technical bridge to NASA's Astronomical Search for Origins program. The
Observatory carries an B5-centimeter cryogenic telescope and three
cryogenically cooled science instruments capahble of performing imaging
anid spectroscopy in the 3.6 to 160 micron range.

"o Nleng eflesorCevormaSluNesT 2 LFleulilg s@Hedl (Infrared Instrument
of the Spitzer Space Telescope) ¢epevld Ferll&CHT(EHEE GlouE Gl Tensvailey
somleumL &6t Fhelgesr GumiLfuflest (Phoebe) allbemswimest Glsueflas
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aHCITmeaflliLenss sevor(h) TRS6T uley CISTLIHSS. HTHID 6umesliwisy
CupmrAflwy enwsGasy snvE@mLevglwD (Mike Skrutskie) STFIUD &ISEHLD
HhS gogm @ @aluly Abss shslyer Coa LESIDESETN ke
&LGermd. B Nbhensd sefluliyCu g eueneTwSHSler @\(HLsnL
BleplssIs sTlywgl.” eerm Goiflevmesst(h LeV&EmeVs &8 6191(6H(6HT6of
oy6resf] GleuFLlNGlenvy gamlestmy. 2003 @6v (Sflwensord &M Uy eFeulILILL
evliLevF eflesorGesorma &l @ LIGLITG| L IuNeS)(mbg! 107 Wlevedlwisst &.LBL T (66
L516LEONWI6BT 601LD6V) HTTHSHI6V LIflSHlemwis &M 2_small 61(HSIMS).

Saturn's Largest Ring

Gey|b oy eoresll GleuFlNGleng Famlwg : "FefleaCameners smnle(HLD
LMCOTY &h&Tesilert LHlenTuLd BIRIS6T HiHs (PipheHg!! owmSLen (lapetus)
eT6oTM)| SMWPSSELILHILD FeofleCameflerr GB(HESHE SFHEHITT 6(H HITSH6TSH
Cammm (PpaLiL ClamesoTly(HhSHGI. euTesflwisv el (EhEhTesilasT Siens '@)esT Wb
ghslyest (Yin Yang Moon) erestm| eNlefl&gesty | &MyesoTd &M, o6t (psibd
€(HLM(LPLD, &(H(PSLD MILM(PLD STessrll LLLeoT!"" (LPeTEenTM| 24,6507 (H&6TTS
eumesflwey 6191(sh(EHTEBFlE6T @HM(GE SHMTTETITRISEN6TE SHT6soT (LPlyiellsueney
| YesTTev SLHS BTMHLG| 600 (hsemmaes Cumuill sbdHlren|s &)W, swmiLen

www.Kaniyam.com 286 FreeTamilEbooks.com



S46v0TLGl6uerflLI LIWI6BoT RIS 6T &.OuILImy&6oT

FHHTMISHGSGLD R OSTLIY 2 6TeNHTEH (I O6l&ETETenNsd 2 (HEUTETS).
@QuGurg seoThHNyss gFeflaCameflesr L& eusnemwGw  euailyeser(h

FHST60TS (6TH&(GHLD 2_6T6IT (LPSHEIWI @)6em6T0TLIEOLIS SHTLIgUIG)|!
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14. galbChratesn FHisnemnrdCbmeT
GIHMBHIHAUBHHL QelbBHIeNTeN 2 [ILHIHL 6MHVF
FIDHNBH CPGVID BIT6TV610N  6X60TWIGTEN

S (BLIYSH DI

[BLBenr : 14]

gevflaCamerfleor glemevordsGasmerflev
LI6sf 15 &6ITLD &L6VT&HE
Clambserfle @0 C1&6sT &)(HeuLD!
SOTSSETD LleThHg)

sufllLulenL eumILN6mes(&Lb!
wpmleLs Nemessrflsv
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(LPE6V LOWILDITET | WITEDT 6L E861T!
L6sfl & 561118 &)18H61T8 (6THLD
eriflloemev GLIM6L
eflesorGleustluNsv Gleuig s 61 & (LpLD!
L|65oT6B0TT6DT LI\ 61T6| & 61T
e (b esoT(HID &M (& Ld!
HelT(W&EH Geussid sevsflub, efenru|Lb!
eumuilemev GleuLiLl LDITE (G)LD!
L6sfl& a6V 2 (T
TLLIYS CISETSI(HoU SblpS Sl
GleuliLl ymesTgy?
sermm| HEFWEF WM CleueflGwm,
2 hglelleng Sefliug ergl?
GeflFaGameafley aflhensg HemmHMIssT!
HAbsIb YAlwrsL
ruEhe HIwL Lylgl!

eTesTEFleVITL 6V GlemevarsGasmerflev G0\ (& 2earhm)&s6ir

smeverdlestl ellessTern)ismall eresTEFleVTLEON GlenetorSHGHTen6T 24 (LPOME
&sOM eubgl &WeSTlLy 2 hgiellens [Gravity Swing Flyby Force] Wenawime),
SIUMMIEL WOME GlH6tTHI(HEU HOlTLPFEF 2ermmisHesT [Water Geysers]
2amGL L|GHHSI WLPMUI Y UI6&H6T GlFWsSS . LTSl all(EhEhmeT U686
(PLlyeuSM &6, Flev Fwwib Geummest Hlemasuilev ClgeTm), THTUTTTS ML SHE
&evoT(HLN g LIL|&6iT ChHihHgleTemest. SeueumGm smerverdlesfluilest &leorsot(6h&FMlw
&MhsL ufloments HmHells Fleens [Magnetometer Signal] &L jeudmis

glemeror&Gamerflev FF&saL6v @) (HLenL GIWLINNSSHSI.
60levoTLIT 6V 60L& (e smerverdlenfl L el gp(ehmenfl]

WP&&HIW aflenere : (&l WetTLevSSGov erHITUMTTS all& 55160 2 ulliflest
eudlILEF GHL6leusfls &@&& [Habitable Environments] Glummierer Gameirassit
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D 6IT6IT6OT. 6T6OTEIEVITLEN &|60)650T8 CHIT6IT &6 2 61k6voTLD &M (-180 C] [-292 F].
SLEOTITEL NWILILITE S H6TSHS6T HCLP HTeUbBTs SHL6V 2 6TT6TS).

VFlwimGesrr ggwienv [Luciano less] smeiverblesfl emevemin gy uieumerf] .

smenverdlestl allessresn)|emall eTesTFlevmLsN GlenestTa:CamemeTs smmleunhs)
o hgleng WlensWwm@GL FLWE S FFLULNNE WLIHMSHNS H6TEHES
wweyb Curgl, SigsT LTMILTHSE gHM Wenmulley elessresnsmailuilest
Goussslev HHiLTHMLD LSleurdSlmgl. [Gravity changes due to Liquid water pres-
ence near South pole). @& Geus LTMHMLD eumeTTENEY &[Ty [Radio Frequency)
LTMHMWTSL LISleUTSme).

Signs of underground .
ocean found on o
Saturm moon

may contain
Alien life..

gevflaCGameflest Fmslyer sretTolgeumLedley 101  HemmM  6T(EF &6
&evor(Hly S HleT (GMILIL6ettTT6], B (Sl 6sTLVSHS6V THITUMTTS
eurm| 2 ullifleer UFILIYSEGS SHEGSWTETT 6UTUILILSEST HeDLDHSHEDLDE (S,
SLBMTRIGET 2 6iT6mesT 6T6dTLICS. 6T60TOIF6VMLEN GCLOMESGET 2 QH6sTD @ SO
- 180 GQlFev&lweny (-292 19&lifl Fl. gy eormev SLiiLesilS& em Sjiguilev @\(HLILIS]
elbensw s Slyel . HL6V BHFOWILD &M 6 6n6V Y LS5S16V, 20 - 25 681106V
o wIFsiTem SILUUTenmESEHS HCp 2 6oy et6oTm| &SHevoflsHal LHISIMS).
&LV 2 ufiflest suEILSE FOHM &@E&HSHWIN6V, LIsVGeUM| TETWIETT @ UISSHMHIS6T
B1&(LPLD 6UMILIL|6ITEIT, 62(ThH LITemM L L &S6T GLoGC6v H6mILDHSI6TET ).

www.Kaniyam.com 291 FreeTamilEbooks.com



S46v0TLGl6uerflLI LIWI6BoT RIS 6T &.OuILImy&6oT

VFlwTGeorr gwev [GTD, 6VEMLIGTENT LILSHMEVE SP&L LSS
Hemevenid g Fflwiiy]

STeUSHSHL6V &|6m6ettTEHGaHTET Cl&H6T HI(HeUS CHTEMHSH6v, LIt lHSL (& FH
& gloumisl LHEWCTens eueny LFell @ (HHSHEVMD. NG| CHTET (LPLPGILD
BTN @) (HESHEVITLD 6T6TTER)ILD & (HEHG BITTHINSHHEL LILON6VERN6D . HHHSHE HL6V
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g6l &G meneTs &M 6L6DETILIRISETTS H6BLDHE|6TTET6T.
GLedL evLe GleustitaesT [Co-Author, California Institute of Technology] |
SiLLTeuU LletTesTemevs FLOl&Hens BT eL6V @) (HLenL GILWILINGSHS).
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CIOWIWITETS]. MBS SiLLT6UE

glsens (Geflibhg Gumsr, eumw @6veurs Hlenewwrss CameneTs
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eumevibesr  GumesT, R Q@QUSHWPETET  S6BTLEHNSHE  SHESOTLITI.
Feoll&BCHT6T, AHMBHEF (GDHS HIEOETTHCHT6T, SHMHEHNFOWE SHTET)|LD
eflessresn)sailuflest &MHSHL LflomesnTs &mell, 66T Hi(HeULl LEGHSHenws
&LEGW Curg &MhHs UflmenrsSley, Hm @m&Ess SHiLTmmW 6\s5fhaeg!.
IBTeUg| Gl  HI(HUSSHL sSmeworll ULL  HOlFp&Fsd) 2earmmisemer
CleuslGwMMIeug), 2 6TCem eeflbGleTer 6 &lFeu HISHHL6V 6TeTLS]
BlepSasl ulLgl. — usslleaGamermest glenevraCamsT  ererdFlevmLsivendley
SFeussL6y @(H&HE GleulILFSES) TmS(HHg), TlUly TWEME? HoFwess
oarHm)|&6T L (HeTL(h) 6u(HeUSHM (88 SITTESTLD 6T60T60T? |
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Thick Water-Ice Crust

Rocky Interior

Subsurface Lake
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The Geyser Basin of Enceladus
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Enceladus erupts

Scientists say subsurface reservoirs of
pressurized liquid water could fuel
geysers on the Saturnian moon,
sending jets of icy material into space.

H20 vapor
plume and ice
particles

Hydrothermal
circulation

— and
convecting

’ Pressurized
HZ0 pocket

Tidal py— ot rock
heating O————— Tidal heating

SCURCE: NASA Reuters
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Enceladus|

April 30, 2013
Saturn's Enceladus "Emerging as the Most
Habitable Spot
Beyond Earth in Solar System"

Saturn’s icy moon Enceladus is emerging as the most habitable
spot beyond Earth in the Solar System for life as we know it. "It
has liquid water, organic carbon, nitrogen [in the form of
ammonia], and an energy source,” says Chris McKay, an
astrobiologist at NASA's Ames Research Center in Moffett Field,
California. Besides Earth, he says, "there is no other
environment in the Solar System where we can make all those
claims.”

In addition, geyser-like jets spew ice crystals and gases into
space, allowing a spacecraft to sample the subsurface by flying
overhead. The current Cassini mission has done that several
times already, but it's only equipped to find the building blocks
of life, not more complex molecules.
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Saturn's Moon Enceladus

As it swooped past the south pole of Satum’s moon Enceladus on July
14, 2005, Cassini acquired high resolution views of this puzzling ice
world. From afar, Enceladus exhibits a bizarre mixtura of softened
craters and complex, fractured terrains,

This large mosaic of 21 narrow-angle camera images have heen
arranged to provide a full.disk view of the anti-Saturn hemisphere on
Enceladus. This mosaic is a false-color view that includes images taken
at wavelengths from the ultraviolet to the infrared portion of the
spectrum, and is similar to another, lower resolution false.color view
obtained during the flyby fsee PIADGZ49). In false-color, many long
fractures on Enceladus exhibit a pronounced difference in color
(represented here in blue) from the surrounding terrain.

A leading explanation for the difference in color is that the walls of the

fractures expose outcrops of coarse-grained ice that are free of the
powdery surface materials that mantle flat-lying surfaces.
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American Yellowstone Park
Geysers
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eflesoTetn) 6Tl 2008

Fountains of Enceladus

Recent Cassini images of Satum’s moon Enceladus backlit by the sun
show the fountain-like sources of the fine spray of material that towers
over the south polar region. The image was taken looking more or less
broadside at the “tiger stripe” fractures observed in earlier Enceladus
images. It shows discrete plumes of a variety of apparent sizes above
the limb of the moon.
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‘Plumbing’ in Plumes of Saturn's
Enceladus

Gas
and
lcy Grains

This graphic shows how the ice particles and waler vapor observed
spewing from geysers on Saturn’s moon Enceladus may be related 1o
liguid water bene ath the surface. The large number of ice particles and
the rate at which they are produced require high temperatures, cloge 1o
the melting point of water. These warm temperatures indicate that there
may be an internal lake of liguid water at or near the moon’s south pole,
where the geysers are present.

This internal lake could he similar to Earth’s Lake Vostok, where liquid
waiter is locked in ice beneath Antarctica. The presence of liquid water
ingide Enceladus would have major implications for future studies of the

possibility of life in the outer solar system.
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[July 29, 2014]

Saity sea

Saturn's Moon Encyladus

MASA's Spacecraft Cassini has already revealed amazing details of
Saturn and its Moons. Now, Cassini has spotted 101 geysers through
which water is coming upward from Saturn’s ice moon Enceladus.

According to NASA sclentists, the geysers are composed of tiny icy
particles, water vapor and trace amounts of simple organic melecules.
They were first sighted in Cassini imagery snapped during flyby's of the
310-mile-wide (500 kilometers wide) meon back in 2005, But at then the
scenario was absolutely different — water level didn't rise as present.
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Liquid Water on Satumn's Moon
Enceladus

Enceladus "Cold geyser™ Model

H.0 vaper plus ice particles

H.,OII:I' T==TTK
Vent to surface

Pressurized Liquid H,C Pocket T=273 K

24 4 A

Hydrothermal Circulation
& Conwecting lce

Tidal Heating Hot Rock Tidal Heating

As Saturn’s active moon Enceladus continues to spew icy particles into
space, scientists struggle to understand the mechanics of what is going
on beneath the fractured south polar terrain. This graphic illustrates key
aspects of the model proposed by the Cassini imaging science team in a
paper published in the journal Science on March 10, 2006.

The model shows how proposed underground reservoirs of pressurized
liquid water above 273 degrees Kelvin [0 degre es Celsius) could fuel
geysars that send jets of icy material into the skies above the moon's
south pole. In the graphic, the vent to the surface pierces one of the
“tiger stripe”™ fractures seen in Cassini views of the southern polar terrain
(see PIADG247 for a look at the tiger stripes). Temperatures increase with
depth.

Some combination of internal radioactive decay and flexing -- perhaps
concentrated within the tiger stripe fractures and brought about by the
particular characteristics of Enceladus’ orbit--is implicated as the source
of the heat creating the liquid reservoirs. Howewer, it is not yet clear how
the deep interior of Enceladus functions, nor whether the moon is fully
differentiated (separated into layers, with rock at the center and ice
outside).
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et Lblemwil Gumey SiHSLH HSTFEFGW 2 Fmie] Gleuliugeng (Fric-
tional Heat Generated by Tectonics Plates) eresT&lLm6ver0l60 2 630TLTE (&S MG)
ereoTLIg| ¢(h Gamiump. wGresfluw Gumestm &S flwss 2 CevmrasmigsT
Cowieusmev srpb Cleuliug ss&lwmsv (Radioactive Decay Heat) Lissfl&ssLigserT
STeuLms oMM ElesTmesT 6T6oTLIG| @\ T6soTLToUS| Camium). B GleusTers g8 (S,
2 hgl 65 Heflliug), LBluNey seTmdlenwl 2 66oTLTS G &LV BigHSL(h
QL 2 &Uyser Gumerm Hlepsdlow.  smevedlefl aflesoreomiemailuilev
SiemwsEsL  LUl(leTer “o LHeulils &sHieisgs wmesfl” (Infrared Radiation
Monitor)  eteoT&leumLeMOl6sT  Gl&H6THI(HEUSHHIL  LO(GHHIETET 2 ON6TITSHENS
SieMHG| CleuliLl LEGHlseT @ (HLUMSS STLYWS. HSHCSTH &mHel
LOM UGS @eveuTs SHevoTetormigll LIt 1SSHeMTmISen6Ts  SILIgUISI.

Gey|b STOITTESEST ListllggHerselev 2 66 ClLHL Nemey (wmleysensiTL
LLGIWL(HSS60T. LMMICILT(H &(Hed HITHMIS

Trapping of Methane in Enceladus’ Ocean

Minimum depth ol
clathraie stability
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RocuyCore N Potential sources of methane

SHETITHSTETT M6V 2 WITSHSHI0 er(WHSHIL BFLILes s HT6TEHET HeVbHS
6UTW| (PEI6VEHEMETS STLIGUIS).
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&1p 40 6Ly (130 9y YpHS6V) ClesTHlesEw Gleunby @(He&s Geussor(hHd
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Frictional Heating Explains Plumes
On Satumn's Moon Enceladus

Plumes of water vapor and other gases escape at high velocity from the
surface of Saturns moon Enceladus, as shown in this artist concept.

(Credit: NASALIPL)

Tidal forces acting on fault lines in the moon's icy shell cause the sides
of the faults to rub back and forth against each other, producing enough
heat to transform some of the ice into plumes of water vapor and ice
crystals, according to a new study published in the May 17, 2007 issue of
the journal Nature,
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H20 Vapor.and Ice-particle Plume
L L]

Venting, “Plume” Model
Enceladus “Cold geyser™ Mode

Vent to surface

H2O lee T=T70K

Pressurized Chamber

Tidal Heating H20 Liquid T=2T0K Tidal Heating

Hod Rock
Radiogenic

Heating

Tidal Heatin ]

LSSV BHEDS!
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vwesfwiy, eurGuigry (Pioneer-11, Voyager-I- 1]  <oy&lw  6Sl6vorasLiLIey
LIW6esoTmIg&ef ey STssUULTES LSlTeener yQuibsmlws smen  erdlesf
amluCleesrey eflesoraLiLIey esorLGleuefluflev GMlLiLime gevflaCamenerTyLb,
Si560T QUi glenestTsCHsTenETWD 2 6Tl HemILUIULLEl.  SILLWBILL
(P&SIW LwietsTss (GMILILIeTsT1&6iT LIlesTeu (HLIsn6w:
1. Feoll&CameEns @l ufl&Hlulled(mhg 2 MEpsbd seflggsslenw el 87%
Slen & WITesT &85 F65flul6tT 2 L& (H6Y & (S 6TRIS (HHE] HlenLs&EHIme)?
2. seofllsCamensrs;  GlamLmwey  Gleug  GCoussdlev  s&mleu(mHDd
6UEM6ITWIMIS 6T 60T eLp6VLI LNMLILIILLD 6T&)?
3. Fesfl&HCameflesT eUEMETWRIS(ETHEEHS SH6vTHeU[ HIMMISET 6Tk (HHSI
LL&LILI(h &6dT mesT?
4. wuusd Glumestm Bleveysenems GlesmesnL Feofl&Gam(EHeE, Goum)
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Cassini Spacecraft Goes Around Saturn

CASSINI - SATURN ORBITAL TOUR
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FHhS\TerTEH6T FCHepId 2 evorLm?  [@UGLTE &meverdlesll Goeyb 21
(ClT&BLD :52) glenesoTe: CHTeTHEN6ITE: &6voT(HLIllg8 5 6T6emS].)

gl sCsaen’str G)en)surSCETaTSET

Simulation of Saturn's moon Enceladus around the planet,
as seen from above north pole of Saturn. Created with the
help of the Celestia software.

5. gevfluflest &BH&lTest eresTeFlevmLeny (Enceladus Moon] erLiLilg euLpeULPLILIT6DT
e(hH Gwesfllemwis GlamessTLE T 2 6iTerg] ?  FBUSSH6L 2 (HEIL Gumest
Gy  YsGPIssner [Craters] BIFUNIWSTIIS S(HEI6UH  G(H
SITTEOTLOM? LIS 1SHS6TTS @ HHSTEV Hl9SHHeTHSH60 HIHSHLED 6R65TM)
2 6Tem&HT? 2005 YLD 4,600TIg60 STesoTLILINM GCleumbIBIT 6T(LDEEF 26TMH M| & 86T

eTLILILg 2 600TL & &) 60TM60T?
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6. gesflaCamerflsst Fm&lyest owmiLen [lapetus Moon] eemYML WL (HD &iflw
SLT&HTesllE @IEFTLETSHMS 66T LLEFIWL6Temg] ? Si&H6st epsvll LNmLUILILLD
618 ?

7. emLLIT60T (SLpGleuerfluiley symLI(bHIb @ FEFTW6sT @UISEHMISET WITen6U?

Saturn Has A Newly-Born Moon
[April 14, 2014]

According to a NASA statement, the new images show perturbations
aleng the cuter edge of Saturn's A ring, the outermost of the
planet’s rings. One such disturbance occurs in an arc 20 percent
brightar than the surreunding ring material, 750 miles long, and six
miles wida.

The outer edge of the Aring, usually a smooth, sharply defined
berder, exhibits several strange bumps.

The perturbations and bumps are likely due to the gravitational
affects of a small, previously undecumented object nearby. The
object, infermally dubbed Peggy, probably will not grow larger than
it already has, and might be disintegrating already.

Itis also possible that the object might be in the act of exiting the
ring system and becoming a new meon of Saturn, which currently

boasts a population of 62 moons. At no more than a half-mile wide,
Peggy is too small to be imaged directly.

8. Llullev 2 uNiflwev mLLLSES, (Biological Activity) &M eLpeVSSFa L LT60T
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GuITg), suen6TWIMISET 6166 LPHE] 6L 60T TesTm)| Cl&FTeL6VeVTLD. LLT6iss 60
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April 15, 2014

MNew Moon Formation on Saturn's Rings

The disturbance visible at the outer edge of Saturn's Aring in
this image from MASA's Cassini spacecraft results from
gravitational effects on ring particles by an object that may be
replaying the birth process of icy moons,

Cassinl's narrow-angle camera recorded this view on April 15,
2014

MASA's Cassini spacecraft has documented the formation of a
small icy ebject within the rings of Saturn that may be a new
meon, and may alse provide clues to the formation of the
planet's known moons.
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Clameney CrTEEILIEL g uley ClFWs (WLIGILI(HLD 6d)(6hEh Tl &6, @188 Tedluiley
Npbe &reledlGwr, L& Guweng &Hliflevigwsst  amlulblgesrery  (1629-
1695], WNOyesre &evsllgd  (shmesfl  HlGwimeusstestl  smeverdlestl  (1625-1712].
W&T(WPSH0lL ClamemeuGhresslenwill  uweTUhSHS — FesflsGamensT
SLTTWHSEUT 2 60&5HS6T  (PH6V GluemdHles  all@EhEpmeslls  &meLL(HD
&mededlGwm. jeuly Y &HEHW Os5TensvCHTHSIL LNHCUTESTETSHTEL Fovfluflest
EUEDETILIGIGET GlFbenLWTES 6lgflwalsvene! &smev GCoumuTLLTey LM (S,
g6vfl euememwimiserflest &ifl6& GCamestTLd TMIUEnSW|LD, &TedeSICWIT sTestTTa)

6Um el Ly!

1655 @60 amluy, Glmersny (WH6T (PHV FesfluNest GlemesoreGa el
gL Tenestss [Titan] sevor(h) LigSSTT.  eusneTwmisensT 1610 @60 &eofluleor
FHSTEITHET 6T60TMH H6dT &H(HSHMS LIMM 1612 @6v &medledGwm  Feofl
e(h HemGasmemd [Ellipsoidal Planet] er6tTm| Seummesds samlesrmy | 1659
@ev  amlublmestey  HTENlOICWITaN6TT  H(MHHMSHS Heorgl  GobLLL
ClamemeuGmTeEILey  FfluTiss GCuTgl, Semeu  FHETEITHET 6LV
GleussTm|LD, F6vfl HETCHTET Si6vOTLLEIEVEM6V 6TETMID HMONSHT. Fesflenwis
&Ml @QMme&EGL ‘HlLs sLbemer [Solid Plate] oeuailss srLHenws
&medledlCwme s @ &Tlyul(Hess Geusssthib ererm| amlulbleeteny er(h&HeIs

M)\ 60TITIy.

S5N&EHH5SH @erenid Faflw 6sTemenCrreEslenw HYesHlw NelFeTs
&600f 15 (6hmest] smerverdlesf], 9181 SILL GClLUM(H6T HLg606m6V 6TETMILD, Fesflenws
CamLTgl &MHM) LN (HE G GI606TE SL(h) 6T6oTMID &65oT(HLNeSHSHTT. &mrererdlest]
Cueb &esfluflesr 2 Lgem, GleusflliLm eUEMEITWMIGSET,  6U6D6T I MhIg6T 6o
@enLGleusfsem, &evflullest MM HTesT(E ULLIHS Slenessres GCamemassr
@ureluLes, flwum, emLGwimest, GlLglenv [lcy Moons: lapetus, Rhea, Dione, Tethys]
SpElweumenmud &eseThHLNgSHSTT. eusmeTwhigerflesr efleflibyseT Lyblenuw
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A color-enhanced ultraviclet image captured by
Cassini shows Saturn’'s A ring. The A ring
begins with a “"dirty® interior of red, followed
by a general pattern of more turquoise as it
spreads away from the planet. The blue colors
indicate denser material made up of ice. The
red band three-fourths of the way outward is
known as the Encke Gap.
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Crrme Crre G CuTg), Flev FLWmkiseTle0 eusneTWmIgsT 6lgwme)| &Fevfluflest
Gamer eulgeuld WL (HIGW C&TeneVGHTESIULIN6L G5 S ng)! |

geofl&Cameir euemeTwinis 66T &H6vflg g6 jemLpLiL|geiT!

&l GOHLusEHeL LeHsECaTeT aNwumpsn|sHE HHSSLLY @TessTLToUg)
CQuflw GCamer FesllesGamGsr.  FeofleaGamsT mBLE Lblemwis Gumsv 95
wLEIE uflwgl. sereners sTGest &MM 10.5 wevsll CHFWW, UflSHlenwis
gomleur 29.5 gy eseT(h&EHL T(HEHSHIS GleTeTdmg). &FesflsGamerfler afllLLd
w&HEW GCrensl LG lulley 75000 emwevms HesoT(HID, Hi(HoUF GlEFmIEGHSHSHIL
L&SIWilev 7000 emwev FAMiSHs| eNLLLD 68,000 eMD6VTHE (HTMIWL|LD 2 6T6ITS|.
gesflemw& &MHMleuU(HLD 6D ILIEISEI60T 6TesoTessl 18608 &Lomy 100,000 sresTm)
S160)|Tes 1S&ELILIHSIMG]. B 6UM6ITILIRISETIE0 61650T&HME (STHLD, &TEF&(6THLD,
&1650)18 & EHD  Lesf1Gel @enLCleueflaEmLer Glou@ GCouswmiig &),
Gflw eeflemwis NFSHluedliugmey, emeu &LFNL(HL NFsTElsdletment.
6UEMETILIGISEI60T HlgLiL|&6T 10 606V (LP&H6V 50 enley euen ] GlLHSHH Goum)
Lbl&lestment. FesfleCGamerflest GleustlLiLim euenemwgglest el L b L (Hib 169,000
6006V 6T60TM)| S6toTSHSILLILIL(H6Terg)! HTTHSIM CaHmu

EUEMETILIEISEII60T &1650)|8(&&6T LisuGeum| Geusmissfley FeufleCameneres
&OM U(HEUSTEVSHTET, 66U &Feoflullest FFLIL ellengulley @\ (pssLLL(h
geofl&&6meSHl60 Comd) CQBTMIRIS T SLILNE Gl TeTe)6oTmesT!

&6vfl LOGVITL6VLD 6uTW|LI LITEmM 2 6mMIbS (T LiesflsGeameib!

geoflg semg et Slesofley (Density] Lybluflest Hlevsflaiev 6T 1960 6o(h LIMkI(S)!
sryesord  Feofles  Gamefley  GlL(pHLUTETENLWITES  @(HLLGI UTenDWTS
2 MBS (HEGW emamigyeest (Hydrogen) eurw] .  Wl&&S LIEH 2 6LW
geollaCamerflest  (FBIMD, (HWS HPSHSSHMSHE (Atmospheric Pressure)
gesflullest 2 L LiGSHuN6v alemralley 2 F&FOTH MOMIgT6sT 6UTL| SlFeULDTIS
Geflybgl sLliyuwirélmgl [Condenses into a  Liquid]. 2 Lameadley Sl
MO FE060T & &L CUT(PSHSHSHSTEL @ (HLOLM @Mm|&H), 2 Ceurs sneumigFeest
(Metallic Hydrogen) Limemm 24.&), Bl6oT&H L& &) Wimss (Electrical Conductor] Lbmmi&Sm&|.
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oy R y2)

o
& &, G 5

o

geollaCamemd 6  LNFLOTESSTLOMET &SMHHES &6momses  [Magnetic  Field)
@mLUUSDE @b 2 Cevrs enamig G &ITTesorLD

BTET gallw smevsmdlssfl - anjlul6lgesteny 6916voT688)|6TEONUN6DT &65I6VWITEST
uessfl, amlujClemesrey 2 smallemwd  &Fwbhgl Clsmesor(h FesflaCommenerT
Si6v0Tly, HMHEF FMM 6U(HeUG|. FeollHCHTeneTs FMHMID GCUTEI, HSH60T
RITSH6ETT 6UEDETIIRIG66T SjemioLiL, Uiflnmessrd, CuTEE), @enLGleustlgser
EWUMEND SH6MHGI PTTeUG.  SAbHSHG Fesflwiler &hlyesraemer
QIB(HMIS] HeuMemMULD Y TTUHS LIS SHSH6UVEN6ETL LiLO&E SIen)LIL|LD
uesofl.  ‘@&leusnrsds (GH@HLT SLeNll UMFHS wmeneTenwll GLImesTm&meoT,
geollaCameflesr &sMHE GCoamersdensll LmMM  sumesfley  edlEpepmesflasT
Q5 flhgl Cl& ey (HHS6TT | @LICLITSHISTET WTen6Tens Fafbha LIMTHeL
CUTSIGMTLD’ eT6oTM)| LASLF LD &liflbl&leny [Dr. Tom Krimigis John Hopkins Ap-
plied Physics Lab, Laurel Maryland] gami&immy. uiflglufiest Gossflulled) mbg)
CleuslGWIMML  ULL UFWLTesy)|Sa&6rflesT Luwey GleUeTsmDd  (Sphe &S

&S HIG6THET 2 (HeuTHSIW &SMHE CHTerGL, FesflaCasmeners smmley|n
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Jupiter

Y

/ . ‘
Rocky Liguid metallic Molecular
core hydrogen hydrogen

10,000 km
t— Saturn

The interiors of Jupiter and Saturn are composed
of layers, including molecular hydrogen on the
outside, liquid metallic hydrogen intermediate, and
at the center a rocky core which “resembles® a
terrestrial planet (25 gscm3). Liquid metallic
hydrogen is an extreme state of hydrogen, that
we do not have on earth. The very high pressure
in the interiors of Jupiter and Saturn squeezes
the hydrogen atoms into a metallic state, but still

liquid, rather like the mercury in a thermometer
on earth
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CUTFSHS Wy 6TETg).

Saturn Armival
July 1, 2004

Jupiter Orbit

CASSINI - SATURN ORBITAL TOUR

geofl&Camer gewoflbgieiTer gefleigib eriflev susmemwirigeir!

getfl LD6BOTL6V &5 &) 65T goerflowiLnmest 6L6D)6TT LIRS 61T L5l& 6D
LNTDWMessTLLOMesT LIfIOMesTd 2 emlwened | FesfluNesT 61656 WIS 60 61T
GCluevoTenfl60T 6M8 6UEMEITWEY 6TETGMIT, &HMeL FlevbLmeHGeum, 6T @emL

SievoflwimasGeur erliLily Geussor(h OmeoTTeYID eLINL6vTD | Fevfles Gasmerfleor
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eflLLLD &Lomy 75,000 6MLO6V 6T65TMMEY, HHME SHLILUTL &FMHMID Gleusr
euemeITWIS SlesT aJILLLD 170,000 6mLo6v! 2 6iTG6IT @) (1H85 (&LD

00 6)2063T
ol

P&V eUemETIWSHS 60T eILLLD 79,000 emwoev ! E,G,F,AB,C,D, 6r6sTen) b GlLIwWIf
Cl&TETOTL. (LD 6UEMEITILIMRIGET, FesfluNedT @6nL 6D 6RLIgUITETOT B{65511&H6TTUl
eTLPleVITL (h&l6sTmesT!  E 6T6dTenId 6U6m6TWILD B6metTSHSISHEGWD OleuefliulLg).

D 6T60T6n)ID 6UEMETILILD EMETHHIHGWL (WOULLEI. A 6UNETWSHS|5EWD B
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EUEDETILISHS IS G @lenLbleusl L (H &wmy 3000 enwev! &Tedlev 3f6wofluyLd
&leubL| & (8)6TCem @ (H&B G (P&HGHISHHn6TL CLITEL 6R6UGIUT(TH 6U6B6ITWIS 65T
o eTGer GomLmerr Comys HesllsHHeels gismisESs6T (Individual Ringlets)
Lyeueurs), Fesfles Camens aulLeaidlserflev [Circular Orbits] &mml eu(meslesTmeoT.
eflesores LiLiev eumGuigy -2 Heofleasmedl epeuld eresoresofliglev  &evfluflest
EUEMEITWIMIG6TIT6V &L 100,000 GLMUILL &ME(STHLD, LITEOME(STHLD &FMHMI6USHTE
3G STLIgU|6Temg)!

EUEMEITWIMIGET WTed FeofluNesr EHSHILCTens WLL&HS6v [Equator Plane)
somb, eulL eifleE 27 wadlifl smlbhsd CoHmemTeHSHle0 SI6mLDIHSI6TET6oT.
GLJeI&LD 6UEm6ITWIMmIGET 6T6V6VMD SlFLEFwimest SL(H& 6T (Solid Disks) 24svev!
&lev @)L &HS6v 6uem6ITWID 16 Si1gWiTs HEOIHGILD, Flev LiGHuil6v 3 mL6L Hlg&HGL!
CIL(HSHGILD 2 6T6IT6BT. EUEMEITWIMIGEII6D LISVeVTUINTE SH65TESMenT Li6silsGs mev
CUTTHSIW FalpMD &HME6T [Pebbles), LTemM&6TT, Lisslle &L19&6IT, SLLI 6UTw|s
&L1g&6T [Frozen Gases] Gl&TLIHG ellenrouns guegFesils Cosmeners smm
eU(HEleTmesT!  suemETWmIGSST (FHflw eeerfluiley Wleflfeusm @& Liesfl eplgwl
&M&(ETHLD, LIesT1& S 198 ETHGL STTesTD. Fesfl&sCHTener Glh(HE&w 2 6T eul L
EUEDETILISH S 6T &1650)18 (& &6 2 Wewsfl CHIHHIME (h (Wemm GleuE, Ceuswress
somleumn Curg), Gleuefl eulL eusmeTwd &|6t0)I&HEHH6T FMig GlogeuTs
15 ewsfl CHISHHIL (H ST SHMHMISEOTMETT. 6UNETWS &|660)|5ESH6r l6esT
uflomssord  grFlwmi @l ereNedl(pBgl, uTemmaerml 1000 g
SIH6V(LP6ITET 6ULg6I16V, UL L6THIUT6V 2 v 61 (hHE6sTM6DT.

&6uf1& CaIT6IT 6UEMETWIRISET 6TLILIg 2 (HeuruSlest eredtLIg L|SCr

LesllHCHTL el HISDISEGHS6T, GrFlssT HiFbw  Fesflufesr
eusmemwimgsT Ufl&luller espeflemw srllgmeflsslesrmest!  eummlesr LB
(b 80% eeeflESHITLFlenw Jemeu eTSHlFenILiL|lesTment. LIl GBmaSlenTmsy
gesflaCamer  smesr GluMIb 46% Gl seflemws Slmpull eNHi&msg).
L&5&6GemeT eflwmpsst, wGresteny, CmLIguLer yHw Cosmerser ifl(m
EUEDETILIBIGEENETES  Gl&TetoTly(HHSTEVID  Semeu  LSIuNeS(mba  GlsflwL
Lbleudlevemev! uLfl&lullesr GleusflaCasmeiTsemmesr eNwimpest, &evfl, wCresren,
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~ liquid molecular

h\"_dl’ﬂﬂﬂl'l " = \ ice

metallic hydrogen”" 6378 km
. 23000 km
l"l_dﬂ]l‘_. Py i
Saturn-Earth comparative data
Saturn Earth
equatornial diameter (km) 120 660 127
sidereal period of
axial rotation 1040 23 56 (4,
inclination to orbit 26" 44 2327
density (kg per m?) 706 5517
mass (Earth = 1) 7436 1-0000
surface gravity
(Earth = 1) 1-159 1-0000
escape veloaty
(km per s) 326 11-2
albedo 076 036

mean Sun-Saturn distance 9-53388437 au
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CIBLIGULETT HEMETHGID GILI(HLOLITETENOWITES 6UTW|SHES6T Cl&messTL eumLs
CameTser. &7 CoussHHleIn, LUHS SHeUFFd Ummedlsy|d sl
CamLmest Gamy gievor(h), SIS EHHENT F6sllHCHTET 6R60TMISHTET SH60TH)
&SI Crenssd HemsHlev (Equator Plane) sulL e5luflev &mmid LsvGeum)
EUEDETILIRIGETTI &SI NigsH g8 Glamese(heTerg)! Clgsusumiis CamEns (S,

IILILIT6V

CamLmesr Gamgll eletoram&6T, UTenMSET L&HSGsmer  eflwimpest
FFLUUTDHMeSl6L &M 6UHSTEVID HUDEOME H60T&| CIFMHS 6LED6TILIRISETTS
LTOHM @EHISE C\smeTer (Wigwellevemsv!  FeosfleGameT WL(HID eTLiLgs
gettesT(HGes CGasmLmest GCamyll ueslisamesenst Ul L eiflsefley  smmid
SLh&TTLE GlFLISg| eTeTLg @emen|b LSHrmateu @ mbal 6u(mHSIma)!
GCuprfAlfluy VIFACWresTsE samlwug GuTL @B LHW HITMHMTESTIE6E0
gevflaCamerflent 9ib& MITSHeTL LiSHleny WTFmeug) ¢o(h e1(éh(ehmesfl a9l (Havl&sLl
CUITEIMITF 6T65TM)| BTLD 6THTLIMT&HE6VTLD!
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*The wview is a familiar one with space art fans -
the rings of Seturn as seen from the cloud-tope of
the planet. A view of Saturn similar to this was
made famous in the late 1940's by the
acknowledged master of astronomical art - Chesley
Bonestell {in The Conquest of Space - 1949).
Several other versions were painted again by
Bonestell in 1961 for ‘The Solar System' and again
in 1970, This is a fore-shortened view employing
a narrow field of vision - and results in a
compressed “telephoto’ appearance.”
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15. mroTeler smervertiel ellsursmmiemed
(WPHANPHV Foulldb(GHBTalled Fimmi

IMGMTLIGHNSH 2a1(BHoN Llile)] GFilHBHI.

[sLHenry : 15]

sl &Gamenensd GMHeVGD

sa6rveny el -au uyb)eiTery 617 evorsugyerT 6y

gevflaCamerfleor glemevordsGasmerflev
Lesfl&H&6mD (Lpmlwis
Clambserfle G0 61565t &i(HeuLD!
SOTSSETD LTeTHE)

sufllulemL eumuILN6mes(&Ld!
wnleyLs Yereyserflev

MGl (LD
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Fals Barallar suemarw s sar

Cleumb by 6T(&F 2emmm)|&&6iT!

(LPEI6V BWIT6DT 6UITU|EHE6TT 6T(LPLD!

Lesf 5561118 1568 (STHLD

eriflloemev GLIMT6L

elesoTGleusTluNsv Gleulg 801 & (LpLD!
L|60oT650TIT6DT LIN6IT 6| &5 61T

e (Hd LBesoT(Hb Hm&(&)Lb!

BT (W&EF Cousld sessflub, eNenyuyLb!
euruilensv GleuLiLl Lo & Ld!
Lesfl&B&L6v 2 (HE1SH

Cl560TSI(HeU LS S16V L (ID

g6 merg) e L !

sarMHM)| GFT&HE SH65T6M6VWLD,

ML 2 hgiedlens SieflliLg) e7g)?
smenverdlesfl eflesorsmn)iemall @ LIGLITE)
EUEMETWIS MG 26T (h) (& Cl&FeTm)]
@migIL uewofl Lyflujwo!
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Saturn

The second largest planet
in the Solar System, Saturn
is famous because of the
amazing rings that orbit
the planet. The planet is
mainly made up of gas and
has been visited by the
Voyager probes in the
early 1980s and more
recently by the Cassini
probe. Orbiting Saturn are
at least 60 known moons
including a moon called
Titan which has an
atmosphere that may have

Diameter: 120,540 km bean like Earth’s during its

Distance from Sun: 1,427,000,000 km formation.
Number of Moons: 60

Time To Turn on Axis: 10 hours, 39 minutes

Time To Orbit Sun: 29.5 years

Surface Gravity: 1.16

Atmosphere: Hydrogen, Helium

Average Surface Temperature: -180 degrees Celcius

&Imen 6r016sfl ellsvoTsrm6mallLl LiTemSemwig FMgemey &L (HiLLm(h) Cl&Fwg gD,
RIS EHSGL LW Gml&Gasmst [Radio ScienceExperiment] HlemmGeum 6suLf
SIOWHSGE. BrET ellesorenisnall FesllHCHTeT euemeTwsHSlerT @lemLeuLf)
LGB! (PS6TT(PSEVITUI 6UER6ITILIMRISERN6T LLDHE| 416 ClIFULISHS).

g1y6L emLoeiv [Emerverdlesfl SILL g EHBT, BTEFT CIQL 2 HF| QY WleusLD]

LI6V6VITEsTT (N &MWL BTTaIg6T SILLSILLE. @UGLTg| 318 Cleumm) Glumm)
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eusmerw GCrmeEGE smmIt uTengulley [Ring& Gazing Orbit] 4w H&6euev
@6u&ED eUHEIMG TeTUmS MW DELTE)| 6THRIG6T LO6STD HI6T(EHSIMG).
@b LsvsuifliyL Liwesste 560 @516 61 2 65T60TS &(TH6DOTLD.
eblesorLIT sivLNevasly [smeiverblenfl L 69 En(spresf], CIQL 2 H&I Qi Ui61&LD]
Encke

Division
Cassini

Division

D ]—\l[‘lL, \
C Ru‘m
“ B Ring

A Ring

(;I{htg

geofl&CameiT euemeTWS NS 26r(h(HeLd &meiverdlesl eNlevoTswn)iemeai

2016 19&LOUIT 6 @6V (LPSH6ET(LPSHEVTS, TFTall6T &menverdlest] allesoress)|emai
Sleng (LUl () sefleaCamefler suensmwmigseflesr @emLGleusill @b
eflemsasmil UL 6(h&se Y ToNs gleTergl. WwabuUf 4 b CasHlwermi
ellesorern)ieall Fevfl&Gameflesr (pHleyisHE Gsv 57,000 emwsv [91,000 &).L5)
2 WrsSlev LiwestTd O1FWIg| 68 TesoTly (HHSS!.

SeuelLgSHlev smerr FesflesCameflest Fm| FlemetoTe&GCaTeTSH6T “emesTen”,
NG glerv” [Janus - Epimetheus) 2 (Heume) L) (eh&F W LOMIGHEVTET HITEF] 6LU6BETWILD
6T &MHM] UHSGHI. 18 F6eoflEGCaHTeT euensTwid F @)65T 6mLowigSHe0) (hHbg)
[Saturn’s F Ring] &Lomiy 6,800 &5 5160 2_6T6mg)|. smeverdlsstl eflesoresn) smailulest
STOITTSHEET 6UMETWSMSS &HLEGW (PTGl LLGILGH&ESES CleTLmi&leoT.
36 suensTwSSHl6oT Lule &L 11 @e6v SILBLU Ul (hsTerg). Clmg LD
20 6UEMETWIMRISETT fLIT6V 22, 2017 eusmy Glb(HHISS] & Fmuiiu(Hib.

@miSlwirs ellstorsrn)emell Fesfl&Gamerfles &lemesoTeGameT enLLTeneot [Ti-
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EVEN MORE D? AM _I-II’EHDFIBITS ARE AHEAD THAT BRING CASSINI
CLOSER TO SATUE NITHAN ANY SPACECRAFT HAS GONE BEFORE
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tan] CIBHRSIF &M [Flyby Swing) efNlengeurssid Glumib. g 6ot KM, 1500
606V (2400 &.15.) &0 (WsiTerm FesleCasmerflesr 2 LM euensT&Hens LIT6L 26,

Cassini Spacecraft Beams Final Images from New Orbit
[December 8, 2016]

This view from NASA's Cassini spacecraft was obtained about two
days before its first close pass by the outer edges of Saturn's main
rings during its penultimate mission phase. (Image: Credits:
MASAIPL-CaltechiSpace Science Institute

"This is it, the beginning of the end of our historic exploration of
Saturn. Let these images - and those to come - remind you that
we've lived a bold and daring adventure around the solar system's
most magnificent planet," said Carolyn Porco, Cassini imaging team
lead at Space Science Institute, Boulder, Colorado.

2017 @6V 22 (PemMSET SHLHGE| H&H6UV JBILILD. (Plgeumss ClFLLDLIT
15, 2017 @6v eallessresnemall FesfleGamer (GLpolsuefluiley allp eNLLILIL(H),
FH&EmME SHMHD UMTH HHUD eDILILNG Glamevoriy(HEEGWL.  &menerdlesf]
eflevorsmn)iemal 1997 @)ev reuLliLiL(h) 2004 @6v &evfl&CHTEMETE S:MHM U, TLOLNSG).
12 oy evor(h&6T, FesllHCHTET, AHSHET &I6D6sTECHTETEHET,  6LUEDETIMHIS6T
uMMs CSTLIHSE SH&6Uv HBILL auHEImg. @UGUTE| suen6TWLSHns
STy @mISt  ussllCwmh  smeverdlesfluflest LiwessTd  (LplgoLemL WL
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GCumslmg.smevedlssfl  ellesoremiemalluflest Flpliumesr &evor(h  LNigLiL 6T
glenetoTsGameT eTeoTdFlevmLerdlev [Enceladus] 2 66T &L6V e MMIS6IT, 6L LIT65T
glemetorsGamerflev 2 emer Sliysu LGS 60T [Liquid Methane]
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prerailer eurGugpi 1 & 2

BITHLS| 46507 (H &6 LILI6soTLD Gl&u1g)
mreTellesr ellstorbleuerfls &LiLI6Y
@evor(p)

LIfl&) essTL 6v&SlesT

efleflbL SjFemestTs: &LHG)
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L8885 611600TLE6T LDEBITL 608816V
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Nasa Jet Propulsion Laboratory
% California Institute of Technology

Voyager '

The Interstellar Mission

CryCasmL LenwLliev eubs
& flwssflest
Geueflliyme Camsiraenerm
691650THLILIVGH6T |
SLLDHS| 2 6T6 86T GleuiuL !
QB LI UL esleoT Hlevemey,
&(Hb CHL6m6V,
ClL(BHLD Hwen6vs STemm)| !
BTeVT6sor(h SILLLI LILIETOTLD
BeTEIM G
BTMHLIG] 24,6007 (H &6
3Si(H58 L& evsTL6VSS6T sT6VEmsVUTIEV
Si6tT6sf W G&HTETE (6TH & (S,
glestesTOM 6T(H &5 &F ClFesTm), HLOS]
(6HTEVE &H6mG OIFTELEYILD
&meug FBILP !
&LHS 40 g evor(h) &mev BTET ellessrGleusils GmlLiLessilgsflsy sumGuigary
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eflesoTa LIl LwetTHensl  Gumey @Quiridlw  selifleveor  elleserGleusfls
GCaLev Caublimgia|b @evemev. UMMM HOG| LNTLIERFSSHI6T CSHWTS
SIDLSHIGHN6T HMHG| ClamssorL CamlH), (GFlw WesTLVSSISHE SLILIT6V

2 6iTemens WD @IGLITE| ST6ssT 6uUMUILILE SHlenLSSHI6T6mS|.

BIToei &rijL|Cl&eT [NASA Science Mission Associate Administrator]

pr&Tellesr CbHHSITY, [HEvoTL STeVLl LillesoT 61163T&SLILIEVS6IT

1977 &6 [ GlelLwuifley geulitil L eurGwgy 1 - 2 ellessTaLILIsV&6rT
40 gyesoT(hlameVd OSTLIHE Lwesrd CFwLg, @GHlwl YmesGasmerssT
L&5&CeTeT eflwimpest, eusnemwis Gasmer &eofl, eumwsGamer wGresren,
CBLIgULET &SLBG, Gl GHDU erevensy Hmesorly, @QUGCLTEH HSS
&flw evsrLev elleflbenug OsTligmeSleTmerr. eurGumy - 1 sHGUTE)
LBluNeS (mHE 13 Neveblwett emweL HMTSHSHIL LMBG GlamessT(heTers).
Gosy|b eumrGUIDT - 1 el6BoT&HLILIGY [HLOG| L{eNIFEFl6sT6nT DML 6UL L& SHTEVEFILILD
[CircularTime Capsule] eetTemms &T&HEH& GlFsu&HIma).

eurGwigy 1 - 2 ellesoTaLILIEVE6T SHevoT(hUllgsHHemen eresrest?  LLLOIE (S,
SILumey Ls5&6amsT elwimpesilerr glenstrsGasmst “Geur ' [Lo] Glamessr(hemer

ClUMRIGLD P&V eTflemev | elwimpest GlemesorsGamer "FGrmLLIT (Europa]
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Termination
shock

Heliopausa?

ClamessT(hleTer 2 L &H6ems &L6v | FerflsCammerfle glenesreGameT enLLmssr”
Lblemwit Gumsv @ mLiugl. UmaGamsr wGrssrerdlsy Lissfle&Gamerr WlymesorLm
(Miranda] glemesores Casmemmy @\(HLILIG. Lm&GCasmsT CbLigulLesflev Lesiby
eT(p&FSEeT umUey  GlenetorsHGHTeT  gemgLmest (Triton] Gl&mesoTig(HLILIG).
Lbls@l 13 Nevedlwsst  emwev  HIrsHHlev  Olgsveyd  eumCwgy -1
SievoTLGleusluNley  SiHl6vs  SEHTH6T, W) &HSH(HEBSH6T 661 CoUsH S 55 &
LW eNlengalley, e(hleuemns s &650T(H6T6ETS).

LBlsGL 11 Nevedlwiest enwey HTTSHS6V GlEFsuay|d eumTGumr - 2 G flw
oevoTL6v  eleflbLliley  LleoTenfliey GISH6TEH6T, &HMHE SHEMMIGET, Gevofley -
1576 Crilwim SemeuserT, & Flwl Luwev eefliNlpbL) [Solar Wind Plasmal]
SpElweummlest  LflometTHemns MWD  SHeNSHensTs  Glamesor(hHsTers).
QB HBSTTLD, HESITL STEVLD LIWwessTD GlEFwiw eurCwigay 1 - 2 eflessT&LILIGV&HEm6IT
@wsGeug LieHGLTesflwd -238 96088 (HFSHSH L(HD Hevflgses] eperm)
&5\Tepev Gleuliu-leoTasd) wertesflaer (Plutonium-238 Radio - isotope thermo-
electric Generators) QI&6T SITNFSHSH] UMMV 88 Y 6voT(hi&6rl6v LTS 6oy
GODULD. H6T SHenLFlE S(Hedl 2030 YD 6vTIg60 HIMISHLD SemLULD.
<4 uflen)|Lb 30,000 mph (48280 kmh] Geusg &6 LiwiesoTld GlEuiwb eurGuigary 1 - 2
elesT&LILIGY GISTLITHG] LIV 4,650T(H &6 LIMbH&| 6l&6V6VID. Sieummlest L&l
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EDGING INTO THE UNKNOWN

INTERSTELLAR
SPACE

HELIDPAUSE

The boundary of the Solar
System, where the outwand
pressure of the heliosphene is
in balance with the inward push
of tha interstellar madium.

HELIOSPHERE

The extended bubble of
solar particles streaming
into the interstellar
madium, It is neanest to
the Sun in the direction
of thie Solar System’s

FlaerTevsemens Golg 2 6TeummiGL CrLTy SL(H&6T : bremallest 230 3jlg &6V
CrLry &L3); S10wiflss Hlwy, lwseGasT CaHdlw sumssflisy CrTeasss SL(H);
oLengdl Gredlwmellsst LMo eumesflwey CHT&HSES SL(h); wLiLmesfler 2 &Lm

S4Lp elesorGleuetfl GBTs & emwwis SL ().

"@UGUTE| euTCWIMT -1 6T6V6MEV MMM HTMISSHSI6V LiwlesoTld [Transition
Zone) GlFW&HIMg| (2012). elflesora LiLsv & flw eNeflby HlimisHs suybenLs (He-

liopause) &LHGI &6 aflesorLB 651 FHILITL(H) 26Tl 888

6V [Interstellar Medium] Lj&b&! @IS LOMI(GLD 2EM&F0MTlY. @) (HEEH6VMLD.

UL GIL&sIy [John Hopkins University in Maryland]

&l WwesTLeVSHMSL LMWL DSHSSHTET (PSHEIL HHeUsney eumGuIgary

eflesoTetn)|6TaNl & 6T HMeN &8 61(HE) 60T M6DT.

Grmerblesr eureB1GlLo6dTL [Limiflsiv sumesflwsy CrT&ESSLD]

"eNlwmpest, &Feofles CHMETHEMHSHGHEF ClFevey HT6TTSHTERT(HE SILLOTS
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—
Heliosheath

NASA Spaceship Crossing our Solar Region
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SLTolssUIULL euTCwery -2 eflessTaLILIey LiwessTd @UGLITE| 35 i 6007 (H &6
Bl&Hs @6TenID &&H616D HeB)|LIL euHEIMG|! FHeHeTGCH g BT @) &I6U6nT
CB(HESHSHH0 sTesrTs W Grssren, ClbLguLesT Y &lw @ rsvor(h CasmeTsserflest
Clgerfleumest sTLFlasneml LLOW(HSSH SisnLifusirerg).”

eTLGeury(h) ervGLmesr (eumrGwiggy &1L efl(gp(epmesf] ) (C.I.T.Pasadena)

"Lifl&) wetTLeVSSl6oT CleueflimESHl6v 6T60T6T @) (HSHEIMG| 6T60TM)| &IT6TOT
B HeorsemeT eNflEsHs GlFlss eurGumy elflessraLiLisv! SINS5SH
CaTLIBgISTeT &601e01GWwm, smevedlesfl ellesoraliLey LwessTs S LnigsT
2 (HEUMS SY(LDSSHLOMEIT Y SMTIRIGET [HLOEGHE SHlenLSHSH60T.

eomedT &enmedfl, (eurCuig eflevoraLiLIc S L Sy (ehIBIT) (1975-1977)

"eumGuigr HIL L& &lesT eNwiLimesT edlenemeysserflev GMILNLS 558 18|
Liwiesorld 1&g &mevGLo | 175 oy 650T(h & (6THE () 6R(1H (PemM LIfl& oessTL6v&5H 5160
Bl& (LD

Hm&Gamerserflest CrremioLiL (Planetary Alignment of Jupiter, Saturn, Uranus -
Neptune) eflesors LiLismev g6l Sisn)LIL|LD 600T(H Herflev gFMLILLEI. ClHTemsvs
CamLry, Westesflwey, WlesTesTTmM6Y, e6toTHLILIN B&SFEFS SL(HLUT(HESS,
gmm &(HeNl&erflest ClLmm) mIstn)|SHems6T HLIGCLTEH| el(HSHSWITSH @) (THHS60T.

ammiflelv @FenLowiy (Harris Schurmeier, Voyager Project Manager) (1970 - 1976)

"eurGuigoy 619168oTHLILIEV LILIESITLD 6T&HSHeMSBW W&HHGHI6UD GlLuMm SILLLD
! Bgl Ufld wessrLevsSHleT ellifleurssr SiMleneull Glum  ufleuGHHS
eurGuwigoflest 6191(6h(6hT6vT S 650 (HILIgLIL 8616V BIT6sT ClLI(HLOISLD HemL&HEme6dT.
S4HS ellesoroleusils GETLILSEGW eumrGuimy elessTaLILIsVI&EWw 2 6Ter
buHs @enesrlenl eNWUbEH HHSHS & WedlesTflev emeurm @ (HLLISIEL
L lLiLen L&l Gmeor.”

Lr&LF 5L L6t (Qsmemevg CamLiL - SILL ghum() Si,Ehb) (2004-2010)

premellesr eurCwgy 1 - 2 ellesorsLLev&6fl6v B 6UTEVTHENM,

HEVTESFTIHENSL LILBISETT, LITL6VSHETTS Famild &HTeVE &FletTesTsems Ll
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NASA Vovyager -1 Spaceship
August 2012

While there's no official word from NASA on this, the buzz around the
blogosphere is that Voyager 1 has left the Solar System. The evidence
comes from this graph, abowe, which shows the number of particles,
mainly protons, from the Sun hitting Voyager 1 across time. A huge drop
at the end of August hints that Voyager 1 may now be in interstellar
space.

The last we heard from the Voyager team was early August, and they
indicated that on July 2, the level of lower-energy particles originating
from inside our Solar Systerm dropped by half. However, in three days,
the levels had recovered to near their previous levels. But then the
bottom dropped out at the end of August.

The Voyager team has said they have been seeing two of three key

signs of changes expected to occur at the boundary of interstellar space.

In addition to the drop in particles from the Sun, they've also seen a
jump in the level of high-energy cosmic rays originating from outside
our Solar System.

The third key sign would be the direction of the magnetic field. No word
on that yet, but scientists are eagerly analyzing the data to see whether
that has, indeed, changed direction. Scientists expect that all three of
these signs will have changed when Voyager 1 has crossed into
interstellar space.
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(Time Capsule) US55 HeBIILNW6TEMTTEHET. HG| 12 SiMhI(G60 ULLESH6V, HhiIs
(peormd LFILLL (H STITES SLb). ievoremL eTl6soTLO60T LD6TOTL6VEEH) 60T
(Aliens) ellevsrGleuerfle SLILIEMEVSE M&LILIMMIETTTEV B6U(HE S, 6(H HlemesTeyLl

uflemi o668 eneussLILL(H6TeTs).
BrET GeusflullL Mlsens

HSW eugeumrmm| emwey &6V BIL(hb eumrGugy ellessraLliLsvuassT 35
S evoT(h&emml &Wmy 10 L96vedlwistT emLev LiwiesoTd GlEulg), HHGUTE) & flw
LD6BOTL6VLD STesoTlgll LNTLEh&FS &mevbleuefluiley SLID eneusHgisiTem sumrGuigory
eflesoraLILuseT 1 - 2 HEWGCHTT FTHen6sT 6MD6V H6V6Mm6V 6UTEVTMHMI60
BITLIgW|6Temgl. @& BT el shmesilasriler TGILHLD eNstorblauefls GHLev
FTHMeT&H660 eTHTS WHSEL UhEImg. 10 NevedSlwesr enwev&sT
Srevorigl LNM@ELD HeummlesT 6T HeV6sTH6T FlengWITOey @\6tTen)|D Liessf]
Hflbal eumelestment. (Gl WwetoTLevS ST Lime CameTsemmsst L,&He6amerT
eWIMLP6DT,  6UEDETWMIGET 6ty &Fesfl&Gasmer, wGresrerny, GlbHLIgUL6sT
L &lweumnlest

&&6U6v  oMlalsgs @UGuTsl  (&GFlu  eTevemsy  smetorly HSHS
eflesorLO6oT LOEBITLEVSH SV blw(hEHG eneusSHImgl. @ resor(h) surCGwignry
63T &H LILIGVS (STHLD LD6BDT18 (&, 38,000 6mL06v Goudss&lev Liwiessrid Gl&WIg6oTm6oT.
SieuMMIey SIS (PeVTD LLFlw 12 miGev STSlTL uSleys SL(HID, HensL
Gu& sm6uSEHLD GCILLIgU|LD 6n6uUSHSLI LIL(H6TET6oT.

2004 oy evorigCGeuCw eumGuigoy -1 euplbL H&HF&F [Termination Shock]
SEMHMSHE HLHG GFlWl LHuedledT &IH6THEHD, AHMTTEH &LbHS
eflesorGleusrll &|&H6T&HEHLD GLMGID LGS UN6V LiwiswTd ClFWIgsTergl. @)&|Geu
ClammbaerflliLeTer rms Glestm| [Turbulent Zone, called Heliosheath] &(msLl
LGHEmg. @&I6u Fflba Wyellsy Giflw essTLey HIMISHS HTmsD (He-
liopause) ereoTLISIV @MISH YPEMGH.  AUUEGSHUWN 60(HHSH iSHlevbleus
eflesorLO60T SiTRISLD (Interstellar Space] O\ TLRIGSIMS)!.

@revor(h) eurGuigrsefler &mellasT @uisdl eumLemeU 6T [HesoTL
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Voyager 2 actually took off first, on August 20, 1977, followed by Voyager
1 on September 5, 1977. Voyager 2's launch provided a learning curve,
so that Voyager 1, whose takeoff was delayed twice, was able to avoid
the problems encountered by Voyager 2 and enjoyed a flawless launch.
However, Voyager 1's trajectory was shorter, so it reached Jupiter first,
on March 5, 1979, and then went on to Saturn on November 12, 1980.

Meanwhile, Voyager 2 encountered Jupiter on July 9, 1979, and Saturn
on August 25, 1981.

www.Kaniyam.com 353 FreeTamilEbooks.com



S46v0TLGl6uerflLI LIWI6BoT RIS 6T &.OuILImy&6oT

High gain
/7 antenna

rg
#

Magr‘[}jt ometer
boom

Cameras and -
spectrometer L 3 \ Radioisotope
/ generators

Cosmic ray
detector

“Star
trackers

Low gain -
antenna

Copynght © 2005 Peason Prenbics Hall, Inc

S1650)| 885 (I LB160T &6V60T& 61T [Long Life Nuclear Batteries]. 20254 OT T 019560 TOITMI
aTHTUTTSEL LUHEIME]. eurCuignry -1 ellesst &LILIEO6O(HBS L& &HS H&H616V
6uly &Ly 16:30 6wl GBI U EIMEI.

BTET SHevorasmesnfl&Hg)| eu(hHLD eurCuigary eNlesoreleusiflli LiwiesoTLd

2010 Gw w5 17 Y CHSH BTET CIVL 2 HE|Hen6stT 6JeusSHS16T (NASA's
Jet Propulsion Lab) Qummlufiwiev BlLjesoriaser 8.6 LN6Ledlw6sT 606y HTTEHSH60
L&) LD6BTL 608 &) 65T

efleflbenug smevorigll Lwiesord GClFWW D eumrGwy 2 @6 2 LLms
sewoflesflemw  (PpH&HE SiHesT Lswoflemw LTOHOL  ClFWSTY. S| SHEBTITEV
eflesoraLiLedlesT VD WLMMID  Hlemeveniogd H&euev WLHIGWL LSS,
SiemuLlitpib. G WsHeL G5 eubsH SHH6u60160 alletorsLILD HEVGLOM(H
LIW6STSH60S5S OISTLIOUSTS HMIWL LILLSI.

FLITEL 22 @6v eumGWI -2 @6V&E8E SaH6U60l6v (Data Packets) LOTM|&H6m608
&evoTLI. S HlLesorf eN(EhEhHTerTsH H&H6U6V NH6BILILHem6VE ClFenLoLl
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Voyager Spacecraft Still in Communication
40 years out into the Void

August 1, 2017

Voyager 2, now almost 11 billion miles from Earth,
travels south and is expected to enter interstellar
space in the next few yvears. The different locations of
the two Voyagers allow scientists to compare right
now two regions of space where the heliosphere
interacts with the surrounding interstellar medium
using instruments that measure charged particles,
magnetic fields, low-frequency radio waves and solar
wind plasma. Once Voyager 2 crosses into the
interstellar medium, they will also be able to sample
the medium from two different locations
simultaneously.

Humanity's farthest and longest-lived spacecraft,
Voyager 1 and 2, achieve 40 years of operation and
exploration this August and September. Despite their
vast distance, they continue to communicate with
MASA dally, still probing the final frontier.
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Voyager Spacecraft Still in Communication
40 years out into the Void

The mission's impact is still visible in California‘s
Mojave Desert. There, at NASA's Goldstone Deep
Space Communications Complex, the arcs of antenna
dishes peek out over craggy hilltops. Goldstone was
the first place where the two Voyagers started to
change the landscape. The farther they traveled, the
bigger these dishes needed to be so they could send
and receive radio waves necessary to track and
communicate with the probes.

The expanded dish sizes were mirrored at NASA's
other Deep Space Network (DSN) sites, located in
Madrid, Spain, and Canberra, Australia. The DSN is
managed by NASA's Jet Propulsion Laboratory in
Pasadena, California, under the direction of the

agency's Space Communication and Mavigation
(SCaN) Program.

356 FreeTamilEbooks.com



S|6v0TLGleusrflL LILIesoTmIg 6T &.ClwiLmy&est

Voyager 1 & 2 Trajectories

Launch ™ Voyager 2
20 hug 77 4

Nepluna
125 Aug 89

Voyager 1

25 Aug 81

Voyager 2 actually took off first, on August 20, 1977, followed by Voyager
1 on September 3, 1977. Yoyager 2°s launch provided a leaming curve,
so that Voyager 1, whose takeofl was delayed twice, was able to avoid
the problems encounterad by Voyager 2 and enjoyed a flawless launch.
Howewver, Yoyager 1's trajectory was shorter, so it reached Jupiter first,
on March 5, 1979, and then went on to Saturn on November 12, 1980.
Meanwhile, Voyager 2 encounterad Jupiter on July 9, 1979, and Saturn
on August 25, 1981.

Careful planning, as wall ag anticipation and correction of possible
sethacks ensured the overwhelming success of the Voyager mission. The
spacecraft were so extraordinarily successful at taking high resolution
images of the atmosphares, satellites, rings, and moons of Jupiter and
Saturn and of their magnetospheres, that funding was provided to extend
the mission. Instead of following Voyager 1's trajectory,

Voyager 2 was placed on a trajectory to Uranus and Neptune. The
gravity-assist technigue reduced the flight time from Earth to Neptune to
12 years, down from the 30 years originally anticipated. Voyager 1's
trajectory, which allowed it to pass particularly close to Saturn’s moon,
Titan, and behind Saturn’s rings, bent its path out of the ecliptic plane, so
that Voyager 1 would not encounter more planets. Remote programming
of the onboard computers enabled the extended mission, now dubbed
the Yoyager Neptune Interstellar Mission. Thus the eriginal Grand Tour
was reinstated and accomplished.
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LHES 26mey CswusTy. gl 30 @6v LBluNed(mBHg sumCwm(mse s,
SIWILILID OsTLIY Frmeasl UlLgl. LblulNed(mbgl eurGuig(meEs SaHeu6V
Gums 13 wevsfl GBIy, ML LIV LBluTev 2 sTer BrEFTallsst QLLpGleusfls
Clamenevs CISTLIL| 6usmevs (& (NASA's Deep Space Network on Earth) eumbg| Geiy
13 6ot CHITWLd oy udleor.

eurGuIgor 2 eletoTHLILIEY (P&H6VTE 1977 &6V (h 20 Y b CHS L5806 msT
eflwimpest, eusnemwSHCHTeT Fovfl Y &HW @TessTenL WD &i(HET 2 emeumiiey
ClEwiw BT6TE) ,600T(H&6T LIW6sTD Glewiwl geullllLgl. NS0T @FlenL

efesorasLILI6v euTGWISRT 1 @\T6voT(h) 6UTTRISET SLIHG| SHEDILILIL LILLG).

@uGuTgl Semeu @resor(Hid uflSlullest LmeGamemasmmest ellwimLpesT,
geofl, W Greorery, GIBLIGULETT y&HlWeUMEHMU|LD SHeuDMlesT Flov &)6m6ToTE
GCamerasemsmwd 2 smallll uflHlullesr eleflbLs  (GWlWlemwig (Heliosphere)
SITevoTly HLILITEV Bi&lev 6levorlh 6ot HemE Gleuerfl sumasdlev (Interstellar Space)

SLLD 6neus 5| 69l L 6!

‘eflwmpest, geofles CoHMeTHEHHEGHF ©lF6V6V HTETHTETT(HES SHILLLOTE
S TlSsUIULL eurGuwIgy - 2 69l6vsTaLILI6V LiiessTd @ILIGLITS| 33 & 6007 (H &6
bl &HS @6TenID SH&H616D HeB) LI euHEIMG|! FHeHeTG iG] BT @) &I6U6nT
CB(HESHSHHL sTesTTs WGrsesTen, CbBLguLesT oy &lw @rsor(h CameTaserflest
Clgefleumest sTLAGHen6TL LLGIWLHSSH HeILNuyeTerg).” sresTm| eumrGuigory
SLL 6 (6p(epmenf] eT_Geury(h 6rvGLTEsT FamISIMTI.

eurGuwigny eNetorasLiLIey geulillL GlLmesTesTmesT &meud FmLimestgl, 175
24,6507 (H & (EHE (S RIHWPeOML Lm&GasmeiTasT mresr@ Chy CasmiLenliley
6L (TH &S 65T M 6. Sbs  Siflu  eumilsnul  uweTuhHS  eurGuigry
eflesoraLiLeuseT  CHICUTES  BIer@ Glu@mb  YmE&ECsmeTasneTwD

SieumMmlesT Fl6v Glenr6voTEH CHTETEHEMETWLD L TTUI 6UFHWITEOTS).

Hm&GasTeTeEemner yrmibhs eurGuwigr elletorsLlueugssT 1986 @16y
eurGuigy 2 wGrestery Camenemuyd, 1989 @16V GIBLILGUL6sT CHTEn6TULD SLIHS)
ClgstTmgl. HUCUTE HmLums elletraliLey GlbLiguissfley @ (e @0 WisL
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8.6 Billion Miles from Earth:
The End of Voyager 2 Spaceship Mission 7

May 14, 2010

Preliminary engineering data recelved on May 1, 2010 show the
spacecraft is basically healthy, and that the source of the issue is the
flight data system, which is responsible for formatting the data to send
back to Earth. The change in the data return pattern has prevented
mission managers from decoding science data.

The first changes in the return of data packets from Voyager 2, which is
near the edge of our solar system, appeared on April 22, 2010. Mission
team members have been working to troubleshoot and resume the
regular flow of science data. Because of a planned roll maneuver and
moratorium on sending commands, engineers got their first chance to
send commands to the spacecraft on April 30. It takes nearly 13 hours for
signals to reach the spacecraft and nearly 13 hours for signals to come
down to NASA's Deep Space Network on Earth.

Voyager 2 launched on August 20, 1977, about two weeks before its twin
spacecraft, Voyager 1.
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Cluflw &(m eu(hlemeuwyLd (Great Dark Spot) ewsf1& &L 4 uINFD em6L Gouds e H6v
SY&HGL  Gmreusilenwwd T(HSHIS SHLigwig). ClFBBID  6MBLIT60T
uesfleasligull eSl(mbal SMILOL (WL 2armmissnemTuid (Geysers from Pinkish
Nitrogen Ice) i6m6u GIBLIGULEST &I6M6TTCSTET 196nTLTET &l(Heumiserfley (Polar
Cap on Triton) wesflwmit Ligeuengswd UL NgHg HenItlwgl. eurGuignry
1 Ue&GsTeT alwmpesileor glenesrsGasmsT "Geur’” ellsv (Jupiter's Satellite Lo)
SaSlyom eT(pLoLD erfloenev &enemll ULGIW(HISSHS!!

SOLAR APEX TERMINATION

"y SHOCK
HELIOPAUSE
L

i s
INTERSTELLAR

WINDS —— — _

Cueylb  FesllaCamerflest  oip@E uensTWmIGS6T6L 2 6Tem  Glberfley,
gfleysensrub, G usTeTmiGsneTWD STLigwig)! 2010 G wLr&HSHH60
eurGuigy 2 L Bluled(mbal 8.6 LNevedlwiesr emwev (13.8 Nevedlwest &.L6.)
STT&HSeVIb eurGuigor 1 LL8luled(mbg 10.5 NevedSlwiest emosv (16.9 LIlevedlwissr
&\.16.) STTHSVID LiwessTd GCl&WIg) 65T M 60T !

UG HILLMISET etorenld CoHmeT FFLULF &HOml eSFs 2 [hg)

wemmwimev (Flyby Gravity Swing Assist) eSlempeumsssll UL(h) Flesers ClFevailev
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(Two Third Cost Reduction) Gl&g| &TLL 2 (Heuruilesr. eumrGuigiflest L0& s meoT
&600T (HL9g LI &6 BISLHS (PH6V 12 yesoT(ha6iflev BrEmes 8, Hlhle Glasvey
865 LB16VESIWIET LITEVTT. SihS 2 60T63TS GleuMMIWLIMeV 46uM NI 60T |61 @)65T65)|LD
2 916007 (N &6 HlessLILL(H ComGlamesor(h 30 WleueSlwest LmevGr Hl&Hl& Glasvey
galguig|!

UIfl&) esoTL 6V S S)6tT 6TeVEMmEVS G LILSeM LIS HL5GLD 617 6ToTHLILIVS6IT!

eurGuigaiflest 9i&lev allesoribest ellesoTGleusrlg Sl L L1 Liwesstid (InterstellerMis-
sion) gleumiglw Gumg| LNSUNO (BB eUTCWF 1 &MY 40 & HTTHSH6V|LD
(AU -Astronomical Unit) (AU=Distance Between Earth - Sun), eurGuigory 2 &omy 31
316 HTTSSVID @\(HHSeor. LiflSlenw el (h) Hmi@ eurGuwigni 1 @6t GeussLd
. yeveT(h& (G 3.5 916 M. eurGuimy 2 @6t Geusd @ LevoTHSHE 3.1 A&
&ITWL. @evor(h) eNesoTaHLILIVSEHD @6tTen) D LIl Lo6ssTL6V&HS60T 6T6V6BI6V
SIS TEH siTrisleusmest (Termination Shock Phase) & IH&| ClgevdlesTment! oiHs
Geued) ormsley Lfllullest &MbHS WestTLeVE (GLpbleuefle &L (HLILIm(h& & 6T
@Qumidl aumEleTmert. 9iFH FeHEITD euTCumF - 1 sTevemsv & T&Fullev
FhHULBH uflSHle seussems (Heliosheath) 2 small QL rmws HloUmIGLW. 6r6vem6eV
SSTEH TSN EGW, UNSHS SHILL HTIHELD @enLbw @)(HLILSIST6oT
(Between Termination Shock Phase and Heliopause) uifl§lé seugb. eurGuigry
uf&ls GLllemw (Heliosphere) i@ CumgsHTesr H&lev allesoribesr Glausrf]
EUTFEN6VS CISHTLE Hl6LmkI(G)LD!

eurGuigy ellevorGleuefls; GsLeblesT 2 stTesTaHD eT6dTorT GluesTMTEL 33
SUBT(HHET HLbHS LNeTenid G LeTEFsHH YMmmev F&HHeTNSHE
ClFeveursd), paFFFlE SLHLUUTH CFwuwd 2 Hg FTsHerd (Use of Available
Electric Power - Attitude Control Propellant) Gl&emowims @ uimigl eu(mESIma|!

geb Curg) eurGuigay eleser &LILIGY|& (&) LletTFSHS) 61l &H5 8] : HHflwsHs
gaeey Gleuliu-lergss weorssfl (Radioisotope Thermo& electric Generators -
RTG). ws696v g uflbmmlu mmev : 470 eurien. 1997 &y FbLISSI6V
HepGLmesllugslerr sSHFeisss GCouleumsy HmMMev 335 eumlen &S
GMMHSSHI. 2001 @6V Y MHM6L 315 6uML6N,

www.Kaniyam.com 361 FreeTamilEbooks.com



S46v0TLGl6uerflLI LIWI6BoT RIS 6T &.OuILImy&6oT

ULTRAVIQLET

'lllﬂjl'ﬂ gEf' ‘I S/P’ECT ROMETER

INFRARED SPECTROMETE!
AND RADIOMETER

IMAGING CAMERAS

~—— PHOTOPOLARIMETER

LOW-ENERGY CHARGED
PARTICLE EXPERIMENT

%

COSMIC-RAY
EXPERIMENT

HIGH-GAIN
ANTENNA

TUPTICAL CALIBRATION
TARGET

RADICISOTOPE
THERMOELECTRIC
GENERATORS

-~ PLANETARY RADIO
ASTROMNOMY AND PLASYH
WAVE ANTENNAS

LOW-FIELD
MAGNETOMETER
BOOM

www.Kaniyam.com 362 FreeTamilEbooks.com



S|6v0TLGleusrflL LILIesoTmIg 6T &.ClwiLmy&est

BlesTgss UMMmeL @IOLIENLIS (§mMESEF Flev FTHESTRISET HIMISSHL
UlLesT. @bBS UOMev @IoLiL Blemevulley mB&EFHST6L eurGuigny 2020
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Blemmey ellpmeneus GlamesstLm(hlb. 2010 G 15 gy CxHSHLy @ Fever(h
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HHw Uiflh) essTLevgHSl6tT eumgFa)|&H @ eubg elllLerr. Gy eumrGuigary
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Voyager Spaceship

The Veyager spacecraft. Cameras and sensors on the right and
the thermoelectric power supply on the left. The long
magnetometer beom is not shown.

~ | UFO.WHIPNET.ORG ..

— T =
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The voyager Golden Record is a phonograph record included in
the Voyager 1 spacecraft launch in 1987, It contains sounds and
images selected to portray the diversity of of life and culture on
Earth. It is intended for any intelligent extra-terrestrial from, or
far future humans, that may find it. The Voyager space craft will
take about 40,000 years to come near another star.
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&lifssr Glamerev sumwSssT CHFUILL uOHMILL. DIFD LakagklesT LL(LPLD
@b ClLMMIETEIT6DT. [FLOG)| EUTEVTHENME Fam|Ld ‘HT6VE Fl6tT6TLD B 6TITEOL &

Gamerll NmelsL (g BLOG| @6Teus HetTolSTEnLWITS @) (HE(GLW.

Ermuwehsiom . Voyagens encounten
Ganymede March . 1979 20,000 km from Voyager | Jupitens moons
05000 km from Voyager |

iter March 5, 1979
349,000 km from Veyager |

Amalthea Juy 9, 1979

559,000 km from Voy Jupiter July 9. 1979

T22.000 km frem Veypager 2

Ganymede July 9, w79
(2,000 ke from Woyager 2
P

-

Callisto July 0, 1978
115,000 ki fremVoyager 2

Europa July 9.1973

ba July 9. 1979 by, 06.000 km from Vieyager

1130,000 km fromYoyager 2

L L L T L k]
L T e e T T LR L]
ey, RGN RP e BEY eRiE

DENTICAL CRAFT weighing less thana "
ton cach, but packed with sensitive instruinents,
Vesegers 1 and 2 were launched 16 days apart in

1977, On a fuster trajectory, Voydger | leads the way,
Voyager 2 backs it up and i targeted to further explore
firdings of Voyager 1 or investigule arcas it could not.
Bath will go on 1o Saturn, and, if all goes well,

Vipager 2 will fly by Uranus and Neplune before
sailing our among the siars.
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17. umsbCasrsit LemGLTeML DI9HBH6NL
LI BL 6V 2 emMBbH(HLILIHILI
LUBHIHOBHTHeuTen elswismioned 2 midHlLl

LGS HuleTen Bl

[BLBenr : 17]

Ice Mantle 1

Ice Mantle 2

Core

Pluto's Icy Mantle Ocean

Lgl5 Clsmbleumest eSleoremnTys)
(LPSHET(PS6V ©l (i)

L©epGLIT LssfléssL6v @\ (HLIenLIE FamiLd.
SIg|FHS) 2 HF) hDHMEOI6V

B@Hs CeusssHlev
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Pluto’s layers

&LHE| ClFev&lmg| allessraLiLisv.
L6l GLIT 6meuw|Ld

FITT60T &|601650T8 G&HTEm6ITWLD.
BITDLIS] 46007 (B8 (S (LPesT LDHS
P &S (1 eurGuigory

e esoTETO) T S H6TT & ITETOTTS

N [HEM & 6T SHTETH)|LD !
L|(6THGLITEY&(SHLD HLILITEV LIDHES)
&L LILIT 6U6m6ITWw & &) 60T
GameTsemeT 2 6meug Cl&6v6Y|LD !
&l esTTLEVS G

6um6VLB 60T LOIH60)& & 61fl 60T
eUsTIULL S 6058

GClgerfleurs

S U16&6TT GlEF I Lb!

UGy ellessTen) Ty SHl&H6T GLmsv
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Lfl&) oevsTL 6V

6ULDEDILIS &TEBoTIg
sueurMMIGev

LS 601106V &H6V6m6V [H(HILD
BIT&medlesr

4818 Gl&m(heumest sLILI6L!

New Horizon Spaceship to Pluto &
Beyond

@& steeTECaMT allbhensWmils C&HEME. & lwenls @ ClouE STTsHHe0
HepGLmellGev upmhse BHrows sLev (Guil(plLgser (Habitats) 2 sitergsm(s,
eUTWILILSET @\(H58 (Plgw|bd. HHICLITEL eumevBest GUITeTM &L LILIT euem6rTw
S{6BOTLMIG6ITI6VID [BFLOWLD @) (H&&ES Fa(hD 6T6TLGID LDSHSSHTETT HEHEU6VIT(E)LD.
BTMRIGET BT Famieug CSTLIHGI, BrETellsr CgmHleursst allessress)emai
SIDILINW FTTETONET SH&H6UN @eVSHESHHISHE RIFFTTES.  eumnlev
L©epGLm @siterss Camerfley SiusHsL(H H&HFESF [Tectonic Features) @ (mLILIS)
Caflbhagl.  AHeumenm ehHHGIs Glamesr(h emigser GCeuling GCHTHME
geuotlesfl LOTLemevg [Thermal Evolution Model] FTULGHISS (PYHSSHI. HSHEBTTEV
LehGLTaN6v 2 6mMHS Si9&HEL6V @) (HESHE Fa(hb 6T60TM)| S (PSHSLMULS &H(HS
PByHSS-
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Gmrmeur ammid wevorL (LNF&L 691(shEhmenf), LNGIT6metT LISLSEENEVE SHLPSLD)
HEbOLT GeiTers Camefled LTHS lgsHS6erLl LiesflesLev sevor(HLNgLiL

2015 g99eme6v 15 @6v BrETall6sT GCleM(heumest allessresnsmall Lm&Casmsr
LepGLmeney GlBmm&Es Glgerm Cumgl, pmbs YHsHem BHIsHsLY
Lesll&al s SlemLs s&mmle &6 [Liquid Ocean around /[ under Icy Crust)

@)\(H&&H6VTLD 6T6oTM

R Y TEUSHMS 2 6STLTESIWG|. LS W S ule SerflesTily, @6sTmID ULy
QR 6T &H&L6V @)(H&HHIMG) 6T60TLIS| 2 MIHWITE] 2 6T6Tg). HSHM(GL! LIWL6TULL &)
H&ls Clambleurest alletsramnienall el SH6U6D @QEVESSHMS 06US5S]
2 (HeumsSIW Gleuliug Gammm WwmLey (Thermal Evolution Model].  9leveSlwiest
SeTH&BL(E (PeoTCL BIsHsHLEL 2 6mmbg CuTl @ (HHEHTEL , LjeméLm
(P (PSHCHTERHLD Fr(HhIH

@MH&BGWL.  YETTeV LiLgsS CHTeT (PRGID SFHRSWSDE 6HS
SIMEOIYL @svensv.  LIMTE LEhbLm Gasmer ellifleurs mlEnl&ser
Caflbgerr.  (GeTemaGasmsT LEhGLmalley Lpbhs UevGeum SHyldflujenLw
SYHH6TL  uesfl&slly, [leyl-lcy 1l  BrssLsy, enmLysst, LBGCsHeor
ClgssTu(h&lesTmesT. 2 WFHS Wen6evsseT, &FbleueflasT 2 eTemeor. Lisv &l.Lb.
bers CsTLT s AgsL(H mBSFEFl [Giant Tectonic Features] LG lasir
@mLuens Ugls Glambheursst allessresmiemell &mily wjsmengl. Lj@ehGLmadlesr
L6t l&BELme 2 (HHEH CHemeUWTesT &H6sT60 SH(HD SHSHflWHs HesflomiserT
[Radioactive Elements] 2_L & hHell6v @)\(H&&HlesTment. (86Tem&sGasmeT Lj6hGLmallest
SIgSHS6TL LesllFLigedT SHlgliL] 300 &l.5. [180 emiwev] Gedl(H& @D eresTm)
&6l &&LULHSEIMS).

By, OCeammengger e6letorarmTeH LiEHELTEMEUWLD, SH6TT &)I6M6T0TE
GCameTasensmd Coly UUIHSHS, BTEFTNET &LbS 50 evoT(h suFevTHMIEn
B&sWHS WEGLE GlFwem@Gw. WesT(hib FTHSHS (F 6UFVTDM| (LPSHESTENLD
CleummMlwm@w. SEwf&aT LEhGLmensy CbHHRIS HMHS (PHeL CHFLMUI
weresllm&E M.  @&HIL6T LFlE D6vITL6VES CHTETHET I6D65TEH S WL|LD
&Ml (perGertmy yuley GlFws Caugwmul, mH @ensssrwumm CLWCT(HSS
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Ten Year Journey of NASA's New
Horizon Spaceship to Pluto Achieves
Historic Encounter.

[July 15, 2015]
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Pluto's Frozen Icy Ocean

D& S T6sT FTSHEn60T L|fIHGI6Temg).
Fmiyev6iv CLITEVL 6T [[BITEFIT Sy, (ETHEMLOWITET]

e  Gumestm  (HeTens  GamerssT  sumesfley 2 ulljEHgI6u
el EpEpTesTHEHI0 UHS Mlw [Astrobiological Potential] 8l&s  eumuILIL &6
SisrflliLisneu. esfle @l6tTD @ GI6UenTLI  LIGV6VT6TOT(H&SETTUL  (LpWI6sTM),
H&I856asmeT eTemmll UMMl eupmiseT mlw @UuugGuimy sumiiliy 9
BTH&EHSGS HLEHHHlevemev. LGl umnl mrw @UGursgsl HMHS
Clamemeugy) eteveumd Li&Hlw GleuefliiLimGL (New Revelation).

3|6v68T VGILIT6T (I, CleupmemyassT Lj(6THGLIT LNTSLD Sy Wleumery)

Ha50lsm(hleurest elletorasliLiey L maGasmsT  LiehGLmsneu  Glh(HhisIL
LIS &T6voT(h) LIW6soTs &g emest Gleummni).

2015 2g9emev 14 b Cadhl mremalle Lgi&H6lsmheumest ellstresnmys)
&M L&HSTesor(h&6T Liwesord GlFwig) 3 L60601Wi6eT 6n6V&H6T SLHG| HLOG|
Liflg)  wesoTLevSSHleor elleflbiNey &mmIL Yme&GaemsT LeEhGLmemsy 7750
60106V MICIDTDENL - BlULWITTS STTOF HTTHSHIE0 (PSH6TT(PSH0 SILLLOI L Lilg
CIBMHMRISIL LLCIWLHSSIL UEWCHTT ellstorbleuefls smgensstl LiflbgisTems|.
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Ganymede Callisto
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: Solar Moons & Core
P Earth

&LHS 50 yevor(hsermiy mreEm CFug smlgw  ellerleustls GCHLev
FTHNET&H6IT60, @& @ GTF FTHneTWLTSHS SHHSLUUMHSIDE. 2006
@e6v gallw @5IG GIflw wweTLVSSIE GCamersstleor @MmISHsH CHLLTHSE
&HSULGHISEMS).

BTEFT (PSHET(PSHEVTH )| FHSlenwll LweTUh &S LS50S (Heumest
eflesoraLILIey [HevoTL ST, CB(HIMSTeVD LiwesTd Gl&uig| wersflaE 30,000
6L HIifls CeusmsS16v LEeGLTemeu Clb(HRss SILLEIL(H wrelLmw Gleumm)
CuOMMEI. 15 upLS SHLLEHSH 6V 2 (HeursHlw Brameller LG lg 6l&m(heumest
eflesoraLiLIey GV GISTLFHE| LwessTd ClFwig), eTevoressTMM 6uTey LEesT&6T
2 MUSHWTGL Sy eusnemTwsHens (Kuiper Belt] Sih&Hg CH(HRISL
Gum&Im&). 700 BleveSlwiest Leuiy Glasvallsy swimifléasi UL L Lg|&06l&m(heumest
eNlesoTaLILIGV SHIWLLILIT 6U6n6TW BiHl6V &|658)18 (& 86T [Cosmic Debris] sTemeuw|Ld
STH&TUY SULNWG| GlLh eNwlienus SHEMG.

L&150\sm[Hieumsst edlssoremmiis) L& E Sieniliflw LSl Hae6u6v
&l(meu uesflg Tl LetorL L@emGLmallest efllLLD 1472 emLo6v eTesTm)
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Pluto and its Moons

The dwarf planet Pluto has five known
moons. In order of distance from Pluto
they are Charon, Styx, Nix, Kerberos,
and Hydra. Charon, the largest of the
five moons, is mutually tidally locked
with Pluto, and is massive enough that
Pluto—Charon is sometimes considered
a double dwarf planet.
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First Closest View of Pluto By New Horizon
Spaceship

[July 15, 2015]

lcy mountains on Pluto and a new, crisp view of its
largest moon, Charon, are among the several
discoveries announced Wednesday by Masa's New
Horizons team, just one day after the spacecraft's
first ever Pluto flyby.

A new close-up image of an equatorial region near
the base of Pluto's bright heart-shaped feature
shows a mountain range with peaks jutting as high
as 11,000 feet (3,500 meters) above the surface of
the icy body.

www.Kaniyam.com 375 FreeTamilEbooks.com



S46v0TLGl6uerflLI LIWI6BoT RIS 6T &.OuILImy&6oT

Hlevedlwbmils HevlleEs (PubhsHgl. GV enblgress eumw L@EhGrmel
Ol(HHGE OGleusilwmeug SMwl ulrgl.  YeEhGrmaley ellessrLmenmaessit
aNwhgl L eNpmoev [Impact Craters) &o6leuefls semmiger (Plateaus] 2 6ier

6ULPEULPLILITEDT LI(G &) 861T &IT60oTLILILL 6DT.
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eT6oTm)| 61 (6h(ehmesflEeT &(HBIS M. LEhGLTalley 2 66 Lissflenevs GISTLT
11,000 &jg [3400 B) 2 wrsHleL 6IWHlES FTHES WeMEVSHLISTLT GCUTeL
@mLuusTss Cs5fEME. (Gflw wesTLevd Camerm) &wmy 4.5 9evedlwest
60T (&6 Y uNen)d, LyEHGLT Camestm &wmy 100 WleveSlwest &y 6voT(hH&6T
&N (HEE Ceuesst(HD 6T65TM)| 6191(6F (6HTEdT &6 SH6voflSHSI M.

Hluy, Qammenrgest ellevorasn)emell LEhGLTaN6sT L&l FhTesrsenerL,
EUEDETILIGIGENETWLD HesoT(HLlg& @D  eTeTm| GloWIWITesT 62  TSHIFUIMFLILY

2 66T L(EHGLTE|S(S ghaeThel HBBS BbSl FbSTeTse (e, Bléev,
V6L EE, 0ITT - Q&T6ILGTTeN). SHevoresl] 6T6voTEBMWLIY 2 (IHEUTESH S SH60
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y@nCLr 2 &, @&GLpoeaaf

(Numerical Simulations] ellesor eTM&EM&HET FhelTesTaeneT GLTHE GTeTmesT
&650)|8 (5561 L|(6TH GLTEm6U 6L6m6ITRI SHETTULE &M 61 (HeUSTES 61&fl&lestmeor!
SibhS eUMETWRIGET GCHmeTm) emmalesTmesT. LevLILLTE L&l edlessrbleusf]
CrresEIl GuTHCMTD | LwetTeHSl6v er6oTesT Smevorll GUITESIGMTD 6TesTm)
SIMCWIMD. SbHS TS FLILIMTLILE6T 2015 gy 6007(H &Oemsvuisv HlemmGeumid !

J6v68T 6NVGILIF6T [Alan Stern, Principal Investigator, New Horizon Mission to Pluto]

amiler  eflesorCevoTmaHSIUN6Y  WRIGVTSHS 6GlSFlwL  L@EHGLTallesr
serallwey wmMleib @geuenrs Csyey OlFLWLLLTSS! 6umeTlI6Y
e (eh(epTesilasiT L(eHCLTemeUs: (56T6msS CaHM6IT eTeTm)| R&IHSHDID , &6
@QUESMHIGET TeUNSHSHEHINID STLPHSHEN6EU 6V6V. (I &MY Lj6THGLTallest
&S W Cremssullsy &M eubsmsv 5000 6mLD6V SITFLD 6T6tTM| C1&HTENEVE &(He
(Odometer) &mL1g6S)(HID. Bi&| BILLWITTE LOETTOMTLLET - LOM6NVGSHST HTTLD U (SLD.
SIHSL LWestTSHHle0 6(h Liwesstl &e6flfhe HolFWeHser, LisTers (&LW1ssT,
(p&levassiT (Icy Geysers, Craters, Clouds] &mesor GBIflLevLD.

|6v6tT 6VGILIT6sT [Alan Stern, Principal Investigator; New Horizon Mission to Pluto]
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Plute Charon

Radus = 1,150 to 1,200 kilomeaters Radius = 00 to 810 kilometers
Average density = 1.7 to0 2_15 gramalem? Average density = 1.3 0 1.5 gramalom?®
Surface ices Surface icas

{M,. CH,, ©0, H,0, presumnably organics) (NH,. H,0) S antaiedt

\ ‘

Un#form?

Layer of liguuid water
andior organics?

Water ice [ Rock [ Rock & lce Mix

& Pluto

® Charon

40000 km
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LEHGLIT Gsitems Camerleir gba 16065018 G T6iTS 6T

LEpCLmalley SjgsHsLey @U(HHS euTWILILeTenesm @ @ resor(h &y
SIETEYSHET (PSS (PSHEVTEUG| SIHeT LTenm 2 L&(Hellsyv 2 emer
sSHflussl QuriLrdlwugsler oemey [Radioactive Potassium Quantity] [75
parts per billion]. @\TesoTLTOUS]| 60 CLPLYIL{6TTET LI6BT &L 19UN60T 2_61%:650T {66y
(-230 19 &f C).

LepGLmellest Hlessfley [Density) sesoflliLliLig 40% Lmenme Gl&msiTemeTs).
GCoemeuwimest o6mey S flwssL GumLLTFWLD @(mHHeHTev, Cauley CleulinGLo
LesflésL g [Mixure of Nitrogen - Water] 50T& 2 (588 &S 2161118 &L0.

$lufleveuCod CrmLL&gesr - colfymetTley HlbGm (&medSlcoGuimyesflwim
LI6LSE5160 &LPELD)

"',5856s T eNWITPesT FFLUTMHMEY &PpMEF aflengenw GCleummlsFmsL
LweTU(hSSHE GlemessTLg| 6T0&| LIWMISTES SH65TeYs&EhHeE HUUTHULLE).
318! BLG| &S 6\gm(Hleumsst ellesorsLiLisy Swmfllsnu QuuwitithsHw Cam(h
2015 Sy e0TI960 LiTHGCLTem6eL GBIl eli(hib Criflwu eNenyeal Lmemsuilev
S(mLUul ulLg|. @gleusnyl LNm eNessTaLILIVSS6T L&

PYWTsS W LesTLVSMSE FIms UITwl Lgl wss Heiers
&(HeNl&Hen6ms Cl&mevor(h) CLMELL SibS eNetoTHLILIY S(HLILID 6 THTLMTTS
BlspeaFGw! Gey|b SiliLiwesTd G flw wessrLevg Sl Wlesl GlLmmhiGasmer,
SIH6T GleneseTs: CHTETHET, 6UEMETIRISET, (FLpoleueflemw oy LpmHgisTails
H&H6U6V D) LIL|LD &GS GClasmevorLg).”

3jevesr  6vGILFesT, 1Hly, Glammenyever LNFHD  QLUIUTET, [BTEFT
&6M6VEMLDWISLD , 6UTOGIBIL 65T, Ig.&.

prETelletr eflevoremmiemell L& O&mhleumsst @UIGLITS ermGs LiwesTd
CFwuS g ?

2006 goevreuifluilev eyeuliLi L BrEmellest adlevarasLiLev "Bl Clammenyessr
@uGurg (wryge 15, 2015] Gl wetTLeVGSHl60T HenL &l Camemmest
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New Horizon Spaceship

Orbital Path
New Horizons"  ——
3-billion-mile \
voyage to
Pluto i

MNew Horizons launch
\ on January 19, 2006

\ \
New Horizons is
speeding Maw Horizons and Jupiter
mms:::.g:am on February 28, 2007
already traveled about
halfway from Earth to Plute.
This lllustration shows the space-
craft’s position (along with those
of the in July 2010, Peritions of outer sols
mm - mmﬂ.iubﬂ.mtr nated

Charen-5un ocoultation
(135 minutes later)

L

Pluto-5un eccultation
(50 minutes later)

At closest approach,
MNew Horizons will pass

Pluto closest only 6,200 miles (10,000 km)
approach from Pluto’s center and 16,800 miles
(27,000 km] from Charon's center. It will

Wihﬂﬂi
w*‘ - zip through the system at nearly 9 miles
e b persecond (14 km/sec), A s tey

28 Astronomy- July 2010
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CpLIguiest UmeGamemer GBHRISL CUTEHIDgl.  BTOleTmsTmIsE R
L5l6LedlwiesT emeL Cous g Sy LiwesTd GlFWIG), &My 3 Nevedlwesr L6y
&sLHE, AhHHSH 2015 wOemevuiley (PHEST (PHVTLISE (FH6iTers  GameT
HepGLmemeu e GIHHE&SIL ULGI[HEEW. Y@ 2015 2g9emev 15
L©epGLmenen 6000 emwev [10,000 &).5] smrsHsHlev 2 6mey GlEFwg| LS ES
586160 6B)|LIL|LD.

LepGLmellest 6 2 aixevord (- 230 w&lifl C) s @(HLLSTEY, ULesils
H0T&GE HC 2 6mem HIFHST GleuliLl eTWEFF WML B WS HLV §65TM)
@\ (&G LT eTesTm WILILIT(H @\ (HH&I UHSSHI. L|(ETHELT 2 L&([Hallev Cl&TLiHaE]
Cleuliuw &7 uTenmuiley HHflWssL ClUTLLTFIWLW GemmbBsE! [75 ppb] [parts
per billion) o466y @) (HES Geusvor(HILD.

Earth: 12760 km

Pluto: Enis: Moon:
2300 kmm 2400 km 3480 km

P

& L I

|'l .."-
R

Diameter in km

@aleuen G6Ters CaHme Ly@6ThGLT QY DH&| b TTWLILIL 691606M6V. (LP6ITLY
CpmmSlF ClFetm suTCWmF elletorsLiLevasT (Voyager 1 - 2 Spaceships]
@ 55160657 3(HEI6V L|(EHGLTen6L CHTHSF ClFsvevailevemsv. (&6Ters Camsr
L{ehGL a6V LI6V LOTLOMISETT [ Li&TE6TT 2 6T6eIm6sT

GleussTm)| 63\ (eh(epmesflasT &(MHEHSIMMT. LEhGLmallsst Lissllasiguiley sLev
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660TM)| @) (HESHEVITLD eT6sTMILD [HOT (P& F &6 [Geysers] LIV @) (IH&E6VITLD 6T65TM)LD
wéHssl ubhdlermerr. @UGLTE ®b& Fhedlgeraener [Charon, Styx, Nix,
Kerberos - Hydra] yemGLm Glamstor(hememsms Hmlwl uhi&EImg.  Goeyd
US&THE &EhHlTerTser SHevor(hHligssll LLeVTD  6resTm|  69l(6h(ehmestl &6l
TEHTUTTSEIMTTHET.  LI6V6VTesoT(H&6mms, 6316toT 6TMHSME6T &FhT60T8H6m 61T
Curdls CleMsHs &I80)I5HEGH6T, HTFH6T L(EHELTEN6 6U6D6TILILISETTSS
&MOM) euFeVrd eTeoTMID W SHS&ELLGHISEIDE!! 2015-2016 yesrhlsHGL LNMES
premeller Hlu, Oammenggest ollevsrasn)enall eumevLbesTa6T G TEsTMILD
Sty euenemTwWSHMSL LLOIWHIGSHIS SHLbBG GlEFsua|. @mHwrs
2020 gy evor(hserflev Lflfl etoTLeVD HTevorly, (WHE HepLGlw surGuignry
eflevorsLILISV&SET GUTEY, L&l (FHflw essTLevgSlest 2emGL Liwissord Gl&wiuyb
eTeoTm)| SILLLOIL LI LIL(h6Terg).

@mnhs Glemmus GlFsvey LmebsmsT 2 6ma] efletorbleustles GMISSHILLLD
Cleummls semg Glameveug). By, Glammenrensst allessraliLey Fal(hmeys
Gpeesty LEmGLm 2 emey wwmdHullev Glumm @rlenL Gleu@sd @emneu.
Waeureug LUsH&EGsTer ellwmpensrs &mml FILUL elleng 2 sHelwimey
HepGLmellsst 2 hgl Geusd Wlemslumh). @ gesorLmeug| Lsv Blevedlwiest
EB)LDEVES (6TH S5 (& SILILITEV UIaI16V (LPL IS &L & (G)LD 6168078 LILIEO60T & (e &6TT
GCerdliy @uss Ceumml. STeug "quUie| (PLESHSL LIWwessT 6191(6h(hHTest
WaSHengs erermisLp’ (Certification of Hibernation Cruise Science). Lj6HGLTeme6U
Crrasll LwesTd GlFwsusley Lfldle GCamerl Limensd 6lb(HGeu eresT6lesTesTesT

eNHen s &6 sevoT(hLlgss sl CUTSICMTD eTesTm| HT&HS (HEHSIGMmMD."’
|6v6iT 6VGILIT6sT (Alan Stern, New Horizons Principal Investigator)

"&flw wessTLevGS6tT HTF 2 smaflwimsst (SDC - Student Dust Counter) &(mHe
eflesoTGleusIN& &TFHensIT 6T650T60f1S H&H6LEL HEBLILD. @QHSHS H&H6U6L LflhHe
G&L0euefls s ww bH&Hler uesTUT(HSEMET MW 2 Heb.  HH6oT
epeuld MM Ul essTLeVL LS T&HEm6ITWLD, LDFLOMmISn6TW|D 6)(6h(6hmesflasir
a9l(H6N& & (LplguyLd.”’

Gzbey 6TGev (James Szalay, University of Colorado Graduate Student - SDC
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_-—'_'_'_‘—|__|
Earth launch
| (danuary/February 2006)

e

Plute/Charon fiyby
(July 2015)

| Kulpor Belt 'D:-.\Tircln
| (2016 - 20207)

aturn

Mercury
5

e & ¢, B e

Rocky planals Gas glants

The New Horizons Mission Approaching Pluto.

The New Herizons mission has bean launched to Plute. Itis
the first ime a spacecraft has been sent to an unexplorad
weorld since the Veyager 2 craft visited Meptune In the late
1980s.

MNew Horlzens" trip ta Plute and the Kulpar Belt Objacts will
cover uncharted territory in the axploration of the Selar

System.

The billions of kilometras Mew Horizons must ¢cross to reach
Plute means it will net arrive until July 2015.

And even to achieve that, Masa must put the prebe in a
“slingshot" areund Jupiter, using the giant planet's gravity te
throw Mew Horizons towards the outer reaches of the Solar
System at speeds of 25km/s (56,000mph).
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Instrument Leader)

"gerll&ECHMEREE HILTEL HTF sTHemeT 6lsls allenrbleuefls &Ly
ClgesTm| 30 Y eooT(H&6T HLBEI, (PSHEOT (PSHV (FflW LDEBITLEVD SHIT6voTLg ULl
eurGwigory 1 - 2 (Voyager 1 - 2) ellevoresn)|6Tel & (6TH& &L LM (&, H6sASH&ILI LjeHGLT
Gamemer 2 6meu [Hlw, lemmenyasst elesoresnsmedl Sien)LiLiL L{HS DG

"@uGurgl @&l eeeflNpbL Huevaerflesr (Solar Wind Plasma) epeuld
GleusILiLI(HID, &e6vT6L EiF&HSHeMETW LD (Solar Flares), & Blewm 656 & &em6muLd
(Coronal Mass Ejections) (ettemn eillLs smellserfler epeud Glgerfleurs
Crresasl uhEMmE. GGl QussmssT WBlens WG @)&H5(HestTSHSH60
By, Gamrmenggest ellessresnismailuilest medssr MiesoTHIM6T H(HENG6T LIl
LD6BITL 6V S 60 &S Falfh& CHTE & 6uUg| HeuFlwl LhHSImg)."”

o5, aflev (New Horizon PEPSSI Instrument Scientist, Johns Hopkins University,
Md)

"@amE ety eletorbleuefly GsLsussefley smesrmosy el Leumenm
SIMUSD(HE SH6UTONES &(HeN&Hen6Ts SWTY Glauig CmuLlL adlEhehmest
CrresamsEnsE aufl auEsHesmn.  ellwmy wessTLevd GlISTLFhHg L)
UMEIDG. US Clambhleumet eNetoT&HLILISD L6tTSH Gllglil| 2 660TLITEHELD
&600T(HLIN Y LIL|SH6016TE &ITesoTE FIfIWLIT6DT HT6VSHS6V SFFIWLIM6DT @)L 56V LILIGTITLD

ClFwigysirerg).”’

gLl ey, eNwmps CameT Y le|sHE WS SEM6v6eu], BTEFT Clsiv
&y \16ussLD, &IredleoGumyesflwim

by, GCammengenet oouley (PLSHSHS &H(HeN&EsT LwemntiSleor GCUTE)
grreverigs GCemdlesl LlLer 2006 esteulfl WL LEHGLTenew CHT&HSIL
LiwlesoTld Gleurmslw bluy, Glammenrsenest allessrGleusiils &Ly Liev WlevedlwiesT
en6ey &LbBG 2015 wOemev 14 b GCa&h LEmGrmallsst FyLL eusnevuiley
BN & &MM Y, TLOLIE &)L eTesTm)| HITEFT6N 60T 6191(6F (65 T6sf 1S 61T TS TLITTESI M.
SHCLTEH| FMEHEHMMW (PSHSHITEV LIMkIEG STTSHMSHE (22.65 AU) (1 AU = One Earth

Distance from
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First mission to Pluto

Inber
with sol

.'J.I:I-;'I

1,120 Ibs.

Human to scale

Feb. 2007 2007-2015

JupiterTs will spin

SCURCES: MNAZEA, Tha Jobng Hepling Unnteriity ~Applisd Py cn Libasmery
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January 19, 2006

NASA's first probe bound for the planet Pluto and beyond rocketed

toward the distant world Thursd ay after two days of delay due to
waather.

A Lockheed Martin-built Atlaz 5 rocket flung the New Horizons spacecraft
spaceward at 2:00 p.m. EST (1900, sending the probe speeding away
from Earth at about 36,250 miles per hour {58,338 kilometers per hour)-
the fastest ever for a NASA mission. The probe should pass the Moon at
11:00 EST (400 Jan. 20 GMT) an a nine-year trek towards Pluto.

“The United States has a spacecraft on its way to Pluto, the Kuiper Belt
and on to the stars,” said New Horizons principal investigator Alan Stern
during a post-launch press conference. "1 have July 14, 2015 emblazoned
on my calendar.”
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“The Unexplored Dwarf Planet Pluto"

MNASA's Fastest Spaceship New Horizon
Approaching Pluto

One of the fastest spacecraft ever built -- NASA's
Mew Heorizons —is hurtling through the void at nearly
one million miles per day. Launched in 2006, it has
been in flight longer than some missions last, and it
is nearing its destination: Pluteo.

Closest approach is scheduled for July 2015 when
Mew Herizons flies only 10,000 km from Plute, but
the spacecraft will be busy long before that date
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&SLHBEGI B, Clammenrenest allessraLiLIsy Lj(HGLTemeu CB(HEIS @)6T60)LD
8.76 915 SITTLD 2 6IT6TG).

eflesoraLiLy LwetorsHSlesr GUTE @enLSHTTD BleuedSlwest &HesoTs 60
@ HLILISTEL LIV &(HeNIGH6T SHLD Y U|en6T [HlesHs “seule] (PLEHGIeUD’ (Hyberna-
tion | Glewiwl uh&lermest. @UIGCLITE! LUl 2 DRIEGLD &HENSET 6T(pLILILI
UL @umisl L B8luNedl(mbgl &metorLl LLLeor. @hs eIl @uiss Hlemnev
2013 eoevteuifl eusm Hles sl LI(HID. Bjemeu Wstor(HD @ik Hlenevss, mml
Si6voTL Gl6uef & (FpGleusTuN6sT HlemevdsenemLl Ligley Gl& L.

&l essTLeVD  ILEHS Glamesst(hemer  UflHles  GCamembd  (Helio-
sphere) eteTLgl, SiF GCouss (GFlwl Ly SHg 2 LD 2erglul
Q(H euensWmesT LTGest. Mo Wlenswmestamsv [Hluy, Glammeniysrest
eflesorasLiLieblesT LOl6tTenf ey &(Hell&sT HlMisHs LL([H ClLhHLUTYID euiey
(PLES 2 MEHSHSH60 H610fHS 2_61%655TSH H6V LIW6sTLD bl&U1EesTmesT. {6uadlgLD
BTET CFweugsmey elletorasliLey &mellserflesr Qujer Hysslt uhEmg).
915I6umey  allesoTalILImeVs SHleng H(HLUINE OCFSHSHID 2 HgeNens
g6l eI (Thrusters) &ewsflba Hlemevuilev @uimig) 611(H &) 60T M6DT.

P&6Sl6L SILLOILLI LILL Bluy, Cleammenrsenest G ¢o(h &(Hedl [(SDC) Student

Dust Counter in Heliosphere) oL (LD @)

MG 69letorSLILVTIIS SFTLTesf Sl ULLE. AHBS (& FQ) SH(Hellenwis
SWTlHSH6eUT GCl&TeuFTGLT LIV&SemeVs &HLP&HSHH6T 6(F messTeuCry.  (P&Hest
P&V Si&levGleuefl p&HElev Lissofl Lflw emtiniulL 2 ere|s &(mHelGw
3Gl QU WPLESSHSH6L alleseTaliLey LwesTd GlFwwn Curg & T
&(He) swml @QuimkiSlF Gl esoTLevE GLpleusfluflev &me @D relsensm
eTevoT6n01 18 HETTTSHSIL(HILI LN6vedlwiesT emey HTTHSHL @(HSGSWL LLOIGS,
SIWILILSIM&G|. L&) O6sITLEVSH S 6T HHHSHE SH8616V LINM (&I LO6TOTL 608 &) 60T
LOTLOMRISER 6T 61l(HeNl&H e 2 &e LD 6TesTm| sTHITUMTEHSLI Li(H&S M.

elesoTs LILI6V &(HeNl&6T [SWAP- Solar Wind Around Pluto - PEPSSI & Pluto Ener-
getic Particle Spectrometer Science Investigation] 1970 gy 60T (h&erflév Syem L
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LuCGumesfly 10 - 11, eurGuy 1 - 2 s@mHellsensT L HeSesTomesTensY,
FpliLmesTenew. @QbeHs sSmedlsst Lwesor  sufluiley WISHSHEGL (G lw
&SHflwss Wleresfliey giseTaener eresoresniles SHersEIHIL. aNBTYsHS,
500 &.15. Geuss8l6v (aNBMgs & 1 Wlevedlwest enwev Geussid) eSad Lifl&lufles
HGrmiLmesr Ljwedlsv r&lifl erhi&@w. 2012 wevteuifl (Lp&H6ev LIV eusmy 80
BTL&6T SDC, SWAP - PEPSSI gy &lw epestm)| & (Hel&(Emhd a6usv Liuimeluilev

ClFLDEMLD WITEHS 586UV BI60)|LILNW|6T6T6DT.

___ Antenna

Lofri

sDC
(under spacecraft)

1 melre

The New Horizons Mission Approaching
Pluto.

Antenna: Maintains links with Nasa scientists

Pepssi: Measures particles escaping from Pluto's
atmosphere

Swap: Measures interaction of Plute with solar wind

Larri: Powerful telescope and digital camera fortified against
cold

SDC: Detects dust grains frem ceollisions in Kuiper Belt
Ralph: Makes maps of Plute, meons and Kuiper Belt Objects

Alice: Probes composition and structure of Pluts's
atmosphera

Rex: Measures atmospheric pressure and temperature
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L8185 & m(hleumsst a7etaraLILI6V Li(6ThHGLITE & ILILIT6V LILIETTLD

1977 &40 Sy650TIe60 DI @rlemL eumrGwigy -1 - - 2 efevorssLiLIey
senerll estumnl 2006 @esteurfl 19 @ev geulillL g ls Cl&m(hleumest
eflesorasLiLiey (New Horizon Spaceship) (p&6esT(p&H6v L|(eHGLTen6UE (HMenous g
@uGuUrg Us58&CaTeT alwmpenesTwLd, eusneTws CameT Fesflemwiw|b &TesoTly
(PESTEL HTTEHMSS SLHG| ML LG|. 2007 LNLigeurf] 28 @ev eNwirpenssrs &M
SI&H6T FFLILITMMITEL 2 h&) 6levorasLiLIey Geussld Wlemaswime) (Jupiter Flyby Swing)
HEpeLmeys @& ClFsvanid GChflw umemsuiley SlmHUull UlLgl. HUCUTE)
efesorasLILI6 eNWITLPS CHTEn6TL|LD 15 68T Hlenesors CameT Gsumemeuw|Ld (Satel-
lite Lo) L& W& meenTss & (Hedl&6lT epeuld LG eflLfmigsensT 2 6mall Sien)| LI Nwig).
meest Gouss TUHGIGEL UFHGET HeOWESL LILL 6lessTaLILIey eTWITLP6en60TE
GMISEHIL 13 LISEGET ThHSg6Tengl. elenreumsT GCeussHlev GlFeveyLd
H&I& Csmhleumsst eNletorsLiLiey LiEhGLTensu 2015 so9emsv 14 oy 1b CoHSHluNev
CIB(HEIGLD eT6oTM| TSHTUMTESL LI(HSIMS]. SISHSIL 60T LILIGTITLD

BNISSD  HOLWTH PBETWPOD  eNeBTaHLILey  Liesll  edTLmigs6
BIFLEW GW,LILT euenerwgsns (Kuiper Belt) Glb (Hhigs] &y muyLd.

2006 gevreuifl 19 b CoHH LgIs Gsmhleumest efletorsLiLisy Nlemmiflm
Ga L1 &esTTeUT6L (LPemssTUNE0) (HHS] SIL6VT6N - 5 (PSHMSBLL FTTEH6I&L, ClFesT (1T
@nresoTLTD &LL pr&lsl, evLmy 489 FPeTMTD &SLL Jr&H6lsL eLpeuld

FeULILILL ).

@aeueny 2 bhasULLTS F GCous preblsl  ellersliusunss
SHSLULHEDE UHIS Glsm(heumesr. Hlesteorss Camem  L(eHGLTem6EUES
GMleneus s geuliLLLmeY|b Sl KNGl Uifldl wesstLevgSleor ellerflibLilev
SlWLILg  euemeTWSHenSW|D,  eumevlbestaser  Gleuefleu@m L wp&Hlev
Camergems Wb rmwl CurEmg).

eflesorasLiLey NesTLMMID 65) ‘LflS) - Lall eS(Hiedlliys umeng' (Earth - Solar
Escape Trajectory). stestLILI (heug). eflesoraLiLey 2 HeHLLLL Ceussd eNbmigs &, 10
emLD6V 615510 (L6v8fl85 (8) 36,370 emLnev Geussid) (16.3 &).L5/eBITLg) (Lo6evsflEs &) 58,500

www.Kaniyam.com 391 FreeTamilEbooks.com



S46v0TLGl6uerflLI LIWI6BoT RIS 6T &.OuILImy&6oT

New Honzons Full Tréjectow - Overhead View

v.(bkmds):-14.58

Distance from Earth (AU):
Distance from Pluto (Al):
Round-Trip Light Time (hh:m
27 Mar 2015 18:00:00 UTC
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&6 Geusid) eresTm SIMw LHSIDG.. QMBS CoussHSHlev LiwiewTd GlFIg)
L&&6GsmeT ellwmpesflesr Froummmedley WwhHssUULEH  LEhHELTeneuw|D
315657 FlenerorSH G TeT GCFFenesTw|b (Charon) (P&H6sT (PSH6V OIB(HMERIS] Y FTLLD.
ewrmps Cosmensmud 56T Glenetrsbasmer Geumemeuw|b (Lo) Gloevedlw
EUEDETILIBISENETWD @\gleusny 2 emellll LGS SHH6UN6V Sien)|LILNUL6Ters).
SIh&g FesflaCamefler LTengemw 2008 g6t 8 Y Cs5H GHMISEIL(HE
sLbg @uGurg wGrersy GlBLIguLesT ComsTemenst CHTHES GlFeTm)
Cl&mevoTIg (HEBSI M.

H&1s C&m(bHleumsst LILIeuTSHSH\6T (&M)&CoHTsIT eTerenT?

Hals GClamhleumest HLLww BHlemmGeum 15 oy evor(h&sEmHeE (2001-2016)
@g1&&HIW Hlhe Glasvey 650 Wlevedlwesr Lmevy. @&CFevalley allesoTaLILIcy
sLLenLIL, &HeN&6T, JreH6lEl gouey, HILLs SesoramessiiliL, Sl
@QW&EsSL, HH6UL QY UleysHeT, ellemburd, UWNMEF Yy sluiemel iLmiGLD.
H&I& Clam(hleumsst e9letorsLILeY &enmbhs erenluiley swmfliumesl Cousras
GClgsvsv IyemFesT GClewWwlILLLg|. geulilbhib Gumg aflessr &LiLIeS\6T sTenL 478
&1.&l (1054 uejesor(h)). Uss Glamhleumest SILLblL Gumgl LeEmeLm uflh
LD6BITL6VSS60T §(H CamTemTTaEs SH(HHL ULy(HhHss. FLHUSS G (M
&sirers Gamem (Dwarf Planet) et6tTm) i&lev sumesfluey osElwll Guiremeu
o mLNeoTymev (International Astronomical Union) Lim&&essiILILIMeTTS)l. @) &I6U6mT
ClFWIs LwettTSHE160 aN6soTSLILIED LS8 GSHT6IT a5WLIMLP6M63TULD, S 60T &)|65)650T8

Gamensmub, Fesfle Camememwb HeesTs: & (HENSETT6V Y TTUIHSI6TETS).

SiHS& 2011 wrFeFlev WCresteny CaHMEIT LTENHEDWE HLEEGW. AHHME
SIHs5a 2014 gy senigey CmBLguLeT CameT eiflenws smesor(hib. 2015 @l6v
LEmGLmemeu GBHRISWSID, G LEHOLTneUW|LD HSH60T &len6t0T8Gam el
GaremerTw|d 2 6Telg HHEUL HeyILiLd. 2015 yevor(h 2gOemsv 14 @e6v
LehGLTen6US STevoTigdF 6l&6VeVID LGS C1&(Hleumsst al6ssTaLILIGY 5 DTS MHISET
SIMSULD BISH60T Fl6m6toT&HGaHMeT CFFemnesTUD YT, KM@ &y 100,000
6T60OT6DT 1568 W|6TT6T (6oLl Lissfles Gamer y&leugemswb (Icy Dwarf Worlds)

LN606OIWIETT SH6ETTEHSIL @\ (HEHGLWD 6UTETLEET WHEMNS Henemwd Gl mesorL
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Had Gsrheurer ailearaperall
PEPSSI REX

New Horizons Spacecraft and Instruments

Image Credit: The Boeing Company

Spacecraft instruments are selected to meet a mission’s science goals.
On Mew Horizons, for example, NASA set out a list of things it (and the
planetary science community) wanted 1o know about Pluto: What is its
atmosphere made of, and how does it behave? What does the surface of
Pluto look like? Are there big geological structures? How do particles
ejected from the sun (known as the solar wind) interact with Pluto’s
atmosphere?

Ralph: Visible and infrared imager'spectrometer; provides color,
composition and thermal maps.

Alice: Ultraviolet imaging spectrometer; analyzes composition and
structure of Pluto’s atmosphere and looks for atmospheres around
Charon and Kuiper Belt Objects (KBOs).

REX: (Radio Science EXperiment) Measures atmospheric composition
and temperature; passive radiometer.

LORRI: (Long Range Reconnaissance Imager) telescopic camera; obtains
encounter data at long distances, maps Pluto’s farside and provides high
resolution geologic data.

SWAP: (Solar Wind Around Pluto) Solar wind and plasma spectrometer;
measures atmospheric “escape rate” and observes Pluto’s interaction
with solar wind.

PEPSSI: {Pluto Energetic Particle Spectrometer Science Investigation)
Energetic particle spectrometer; measures the composition and density
of plasma (ions) escaping from Plute’s atmosphere.

SDC: (Student Dust Counter) Built and operated by students; measures
the space dust peppering New Horizons during its voyage across the
solar system.
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Sy euensTwsHems (Kuiper Belt Globe) eflemsasLomas Gbme & Lo!
L5&CHmeT eflwimLpesflev e9l6toTEsLILIEY SH6T0TL ) 6T6oT60T?

WP&6T(LPSHe0I6L alwimpensst CHTHESF ClFeTm He0l6e0Cwim allessresy|emai
UM UeoT(HSBLE Gev Lwesrd GClFww GeustoTguN(HHSSH.  AHSDHESL
LLBlWImeL @ (ST FFLLTMHMEY 2 H&ID, CleusTerfle Camemmsy (ST 2 HGID
CuUOME. ABSMHEGU KNG GlFeTm &meverdlesil allessresnemall aSlwimpsnest
STl Gleusiterlles Camemmey @ (HLPeHM FFLLUTHMY 2 HGID, R(H(LPENM
LLBIWIM6eL FFLILMMMEY 2 H&ID Glumm| 3 eU(HLEIGET eT(hE 58I FeuflsCasmener
CB(HMmI&S G ePETMEN]T U 600T(H&EHLD T(HSHGH.  U60TTeV CeUsLTS
2 BHLULLL LUgls Glambhsumest ellesorsliniey LSluied(mbal 13 wrsmisserfley
(9areurf] 28, 2007) eNwimLpenssT GIb(HRIS) 6(H

HHw eugeumrmmiE Frgenestenwill Hfihss. UHSHSH 15 brsmiserfley
(eg®esr 8, 2008) &gerllaCameners &SLBHSHID AHHSCHTF euFeOTHMIF

grgenesrGuwl.

eNWITPEMEITUILD DS60T BITEIT(S HlenesTs CoHmeTHemeTwD 69163sTSHLILISY
CIBmmIEGL GCumg), LLWBlued(mbgl elletorsL1LIe0 6T HeTerTs & (Hel&eT yFmwl
@uwssL uLLeor. &56060Gwm eflssoramn)emall 2003 @6y 6pUiBS LM G AHHSHIL
H&18 Glam(heumest 2007 @6V 2 small LW &H&6U6m60 Hen)|LIwig|. ewimpestlev
BIMLD rmleu(md ‘ClFBBIM eubhlallsv’ (Jupiter's Red Spot) eT(pLDLLD §651GouSHSHemS
O(Ep&LD Gmmeusflemwt (Supersonic Winds) oiemhgl Si&H6tT GCUTEHEMS W&HS
efleTsaLTaL UL eTheHs5g . 2005 o 6or(h eusny Gl&mbblm suhlaserfley ¢
Gleusitemer Hemeul L (p&lev (White Oval

Cloud) O5flbsgl. GLabd eNwmpesilerr WHRIGIW euemeTWSHEMNSLI LILLD
NS5 HbHS 6ULL eUen6TW enlL1960 Gleu ) FLBLISSH60 2 650TL 60T PLP65TM)|
&rés CasrsgIsemerLl (Clumps ofFine Dust Particles) LILLD eT(hH& &8I

eflwimpeir glemevorsCamerfley aT6TaTSLILIGY SHETITL 606U ETEITEUT ?

H&1& Glsm(hleurest eflesorasLiLiedest saflwu smblym eflwimpesiles erifloensus
glenewraGamer “Gsumemeu” (Jupiter Moon Lo) Fflw (pemmMUN6L (LPSH6DT(LPS6V
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Ten Years and Threé Billion Miles . . .

sha héberrio
signaling oncd o week 18 i

* wakbrotion ond stence obeornation.

February %
H the spacecraft louwnches durmg
tha first thres wooks of ity kaunch
window, @ ton fy by Jupier and
nowe wp to thees years of gkt
ith tha shngihet-like graviry
dhed by this gEant plarst

J L v
Marwe Horizons spacssrol dus o
lawnch from Cope Conaveral, Florida,
during a J3-doy “lownch window. "

A whivraveslel maging spectrameter uied
primarily 1o analyze the compoision of Pha’s
airnasphere,

& hegh-resoditon ophdol ielesiope ond comera
shat willl start monitarng Pluto regulosly ol 200
days ol

A pombimation ophical Frared sniirument Fhal
will e wsed ta provide coler moaps of Fhe worfoces ol
Pliuto and Choren. plut compotiiasnal omd faeremal
imformation on the durfoie.
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ch duwrirg the first

g the Fiy-by ‘of Phaio, sien-
poi! @ fronmled 34 hourd

e vl paEs
miles of tha frozen dwarf.

Partile detetion mstrument uiad o detecr
molecydes and ofam swoping rem Pluta’s éimosphers.

Partichs inibrumant uied to meaiems Fhe

properiies of the solar wind orourd Pluro.

Rirden aupenient bo ey Flabnt st pherebip
shisrving the bending of rodic warves beamed wp bo.
Hhe croft by giost orlemnas o Bosth,

Devised by undergrods ot

y ol Colaroda! will iownk dust portids
impacts from Barth ofl the woy o the Kuiper Bale,
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QUTTUHS SH&H6UeV epIUlwgl. ellstorsliuedles Gsmeney BHLE 2 6mes
sTolym ‘Geumyfl LL Wgtiy)’ (LORRI-Long Range Reconnaissance Imager)
eumengJ erflemnevll Lems GlamdHleolgpd (Tvashtar Volcano) smldlemw
eflersaral UL NiysHg Smlfwug. Hser Casmrl Lend waélsv 200
6nL6V (320 &.16) 2 WITEH 5|88 T(LP6UNSHE STLIGWIGH]. HSHSHIL65T LSHw @\ irevor(h)
eTifloemneuS6Ifl6tT 6T(&F&FlSBemeruLd, 20 GMULL &Hemalwisy TmILIT(H&en6Tw LD
s HILN Y5551

Hals OCsmhleumsst elletorasliLey  LwestTHEHl0  @psvor(h  (p&Slw
eNepEpmenTs SHILLE GMI&HCHTETEHET Gleumm) HEOLHSHETT. (PHEVITEUS| 61T
SievorLE Gamerflest FLiLIMTMMensvull LwissTU(hISS) 6TLiLily Glh(HmSE ClgesTm)
CoussHems 6l6mTeUTs (G 6uUg eTesTm| LUWIME epsud CIFWSMNHSHSH]. HSH6OTTEV
e evorasLILI60 65T

Cousld HH&FHHI LW6EHTS HTVD (HOMHSHSI @\ TeveTLITEUS)|
eNWIMPen|8(E Si(HSHl6V FILLE SpsveiFengll Lwssr LHSSHWSTe0, CuFeTey
FOMWESHE FadHlenw (Jupiter's Orbital Energy) ellesstas LILISV &6IT6UMIgs
ClameiTerm (P &IMG| eTesTLSH] SIMIWILI LULLG). H6UaNSHLD ClFILISHS6V L5856 msT
eNwimpssflest FFLILIMTHMEY &LPMEWITEL (Gravitational Slingshot) eSlessr &LiLIebesT
GeussLd Lo6vofl8(F 9000 6mLosv (150000 &.L6/wewsf]) Blemas wWimesT 5!

LLBIWNeO (HHgl FUlEms eI BIET Hlyesry LEheLT CamEhs &
FHEITD  GlFsvsnd Geusl uTemsuiley eleoTsLILEmVS SHMEDWLWTHS
SlmLNeory | eNwrmpsCameflest FFLULTOMEY 2 [hg &F&HH SHemeurLL
LLeT6Vemsv GlwiesTMIT6L 6191685T&HLILIEV L|(6THGLITEm6U 6TOTL ELP6STM)| 24,6507 (h &6TT

@\60T60)(LD S SHLOMUL 6T(HE(GLD !
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Fuipe
1998 WW

Kuiper Bell and outer ,
Solar System planetary orbits

; The Qort Cloud
| ([comprising many
billions of comets)

Planetary
raglon
n_ ;

/ ]

Fio 10t 10t 1t o
' Al

Oort cloud —=

At the very edge of our solar system lays the Oort Cloud. This is the
where a vast number of comets (as many as 2 billion!) are believed to
have originated and exist. The size of the Oont Cloud, by solar system
standards, is truely enormous. i is estimated to begin anywhere from
2,000 to 5,000 Al from the sun and extend to as much as 200,000 AL, or
one light year, nearly one gquarter the way to the nearest star.

Since the Oort Cloud is so far from the sun, objects within it are only
loosely bound to our solar system. What this means is that extrasolar
objects, such as passing star, can perturh the comets of the Qort Cloud
and easily change their orbits. It is beleived that many of the comets
which make regular visits to the inner solar system (like Halley’s Comet
for example) where affected in this manner.
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18. ufld eI svHHIBEH DILIIT6D LIUIGIOILD

OGFWIWID 6THTHTEV DRI 6M6301H LILIGOIHGIT

[sL{Henry : 18]

6TSH 0 ST6V0 OUETIT

T
74l T

Bsus 617630T HIVEVSEYT

BTMHLSTe0T(H LIw6ssTd GClauig)
BT &medlesr

Lyeis ellevoresn)|smadl @) revor(h)
& flw esoTL 6v&

&Lp66uerfl Ceusdl &mevoriy
3|600T60)L 619\ 6B0TLO 65T
LD6BOTL6VE60S H(ThHE5 6191 L 6!
BTHUG| BTL&6Tlev

ClEmbBIme CaIT(EhHS EHF
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FH&TD GlEF6VaY|LD

Tr&6l&L SWTTTES 6u(H &S

LN6TTENVLDIT QUIT6sT JTE 6181

CleuEaTTL ClFsveug)!

6usy| LBlem&s6)! sTEmL (e mey!

Loedleumest GlgFsvey !

@Quwsss Slmerr Wlenge!

LIW6B8TS SIT6VLD (&6 MeY!

LTSI Blensey!

eTifleumuy & F&mest Loedl6)!

TS [ &FITS60TIRIS6IT

Geomey!

ufSlullesr & Teiegmen

edlomesfl &L (gL

LTSI &6 (&H6enmey|!

SOLDLIG| 24,6507 (H) &5 (86T

3i(Hs5s Lifl& wessTLevLDd CUITELD

6UIT6DT 26MTE)

@TeTHSle0 2 S8 GG

!
6(IH HTEVHSHIV HLEM6VS SHLLLIGCSH F6UTEVTETT FTHEN6TILTHS OS5HHSHS.

SMHGLTE| LweTL (LD 2_65TesTs FEFWTeT 6TIfl g8 8 TTEH01sL(H&6T i&HlevbleuerlL
UIfl&)  DESITLEVL  LIWESITSHSHISE 6JMMEH6V6V. THTHTVSH S0  LI6tTeoT
eeflGouasHlev ClFevad ey lilflenssore] &5 H&T 611600THLILIEVE6T

SievsTenL LI LIfl&) D6BoTL 6056008 GlH(HMISLI LILIESTLILEVTLD.
CluFeTTi(H Gl - Sj6VsoLITeTG6MIT eRHLIT (Astronomical Society)

“eumerdloy Nemmeruom pr&sblaL er@eh&Flest (VASIMR) eflessrGleustfll LiwissoTLd
ClFEWws sWTITS @ (HSEWD e sHensmrsensTub L HHle 655 uTlbHs
LlesTesflWisy 2 &) & FmgeuTLd (High Power Electric Propulsion System).”
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Project ‘Orion’; NASA’s 1950s Nuclear
Bomb-Powered Rocket
Posted by Ralph Bernardo on October 11, 2008

"BMRISET  yule] eNHSSH OCFwuwbd Jresblsl  Glummmiesn)|&HasL
‘Siemm|LIenestTey [T &S WM’ (Transformational Technologyin  Nuclear
Fusion) sTestLILI(hl6ug. eMletorOleuefll GLImE & 6uTSH SIS (G @TaFTwer erflFsS)L
LwiesTUm(h) Glowiwimss leu@GHS LD Gl&messt(h) Cl&FevevTs) eT6oTLIG) 6T6sTS] Clb (HIE!

BTV G| 6T600T600TLD.

colNrraihledl6dT &Fmrmigwimev (Franklin Chang -Dial, VASIMR Plasma Rocket En-
gine Chief Designer)

"oulp  ellesorGleusfl  ellevorermiemallulley  (Deep Space -1 Spaceship)
@ METTTSHGI6TOT  HWITedT 2 [hg| &F&&  erepdlest  (lon  Propulsion Engine)
eflesorGleusiils Sl eugsumrmmlsy @\Gleusny LweTULL FT&0sL(Hh&semnsr
L D955 smevsHSlev Liessf] LflbgleTerg).”

BrET a9Enepmesfl, gmesr LNCGTmLN (NASA Scientist John Brophy) (August 19,
2000)

(L& 858 Wlettesflwev erep&lsor) (Solar Electric lon Engine) erestLiLi(hlLd
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YW geysensworll Lwestum(h @uimens Blwdlenwis Nerumm) Clowiwms
eflesoTGleusIfluNlsy Geusmev ClFWIEUENS HTHRIGST &HMesoT (Pleh .  UFH
CleueNCGwOMID  Memmevdm  wesll sumwy LWBlullesr &MHS HTHOSHS
BreEGL Curgl @ meNswmer NermeudT HHE HTRSIDE euFbsnL
2 (HUTSHEGSHIMG|. euGeury HbH&EGWw GCleusuGeum) wlesresfliisy LisssTLIM(H)
ClameseTLgl. Sib& CeummienwCw L, CamerT eumuy

Project Orion

Estimated speed (max.): estimated 60-120 km/s, or even as high as 400
kmi/s.

Propulsion system: Nuclear pulse rocket (Nuclear detonation rocket)
lsp: 30006000 s, i.e. a exhaust velocity of about 30.60 km/s, or even as
high as 200 km/s.

([Compare with the NERVA engine which had a lsp of about 300 s.)
Power source: Nuclear fission reactor

Launched: Only scale models launched with conventional bombs.
Weight: 10002000 ton (Orion Midrange) / 8000000 ton (Orion Super) /
40000000 ton {Interstellar Orion)

Diameter: 40 m (Orion Midrange) / 400 m (Orion Super)

Mission Description: One of the missions objective of the Orion project

was 1o visit Saturn and its moons by 1970. The Orion project was aborted
in 1965.

LD6BITL 600858 SHIT& S| '611650T600T 6UT6HT p6Tflenwl’ (Aurora) 2 essTLT&E&HSIME].”
grEy eurssiy (Roger Walker, ESA Advasnced Concepts Team)

“Flov  gevoT(hseflev  HleFwd  @BsL  GlumMluiwey  HIETD)|SHELD
(Germeroom prsGleL) LWs@ELD Hleve s @, WsE0 Glasueumuils @l
eNeseT&LILIVSEN6TS CISTLIHS @uis & el & @w.”
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Ly smebrev 66T (Neutel Project Chief Executive Officer)

"Nemmevor  QUTMBIeEmISSD  elleeroleusfll  LwWemTHEmS )

GousLDTEHa|D, LIMTGISTLILITSED i &H&L0 CUTEImg).

Future Interplanetary Spaceships

| have often wondered, when we finally manage to start manned
missions to the other planats in our selar system what sur first
interplanetary spaceship would look like. Given the size of our
solar system would conventional recket ships do the job? | have
created this illustration of what we might design in the future.

I'm currently werking on Santa Maria MKIl Unlike the ship above
the SM MKII will be capable of faster than the present Rockets,

Jasen Chapman
Sun Jun 14, 2008

eTRIGen6mL GumesTm elstorasLiLIey eNlmesflasT LIfl& wetoTLev& 60T MM
CameTsEhss@E alengeaurssd GlasueuGasmh LsuGeum CosmsersEnasEL Gums
2 | GeoT HWMITEHS FHIUTEHEIDNG]. SHTUSH| SHGeUSL LILIESITD 6T6dTMTEY
MHl6sT6mLD FTLILN6V (Micro-Gravity) (g estmlw GiiL, & flws s&lyeigamev (Solar Ra-
diation) eNLomesfl& (61H & (HE (HMMHS HTEVS HIT&HEHSHEV 6T6TLS| STSHSHLOMGLWD."’

GLedIL efl6Ledlwibery (CanadianAstronaut TwiceinSpace)

"NemmenLom GlLmmlwev [HI6w8)185 8D 69l6ssT6leu6rfIL Liwesstg Glgwmuml (s,
goMma|. FT&H6uT Wlasea b Flwg), Simesflussid (Efficiency) B&&g). 50 &Geum
eurrL lesTeaTTMMEY|&(& 2-6V&HIGev &F FIMlw FTSH60TLD @) 5|

rr
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Bimodal Nuclear Thermal Rocket Propulsion
Investigated for Power-Rich, Arificial-Gravity
Human Exploration Missions to Mars

The NASA Glenn Research Center is involved in systems and mission
analysts studies for Prometheus and the President’s Vision for Space
Exploration. In support of this effort, engineers at Glenn have been
studying the application of nuclear thermal rocket (NTR) engines to
human missions to Mars.

The NTR is one of the leading propulsion options for future NASA human
exploration missions hecause of its high specific impulse capability (lsp
~B75 to 950 sec) and attractive engine thrust-to-weight ratio (>3). Because
only a relatively small amount of enriched uranium-235 fuel is consumed
in an NTR during the primary propulsion maneuvers of a typical Mars
mission, engines configured for both propulsive thrust and modest power
generation (referred to as bimodal operation) provide the basis for a
robust, power-rich stage with efficient propulsive capture capability.
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19108 ammijig(Neutel Project Head Engineer)

“Germeruwm presblsl 2 miSlwmeTgl. Hleves(E HLULTeY(D, ClFeusumuis
CamEmsHE SLUmaD Uwestd Olswuw Qwuwrsll NenesTey [[Istn)|&HE
LTHMLD BHLO&GHS CoHemel. eumerdlwf Tresblal (VASIMR) eu(Hhismeoll LILI6sTs
SSHMTEE, 2 &HS eueTyeFg glemm (Work Horse for the Transformational Infras-
tructure) eT6oTm)| HMMRIS 6T (HOILILN([HIEGMTD.”

colNrraisledl6bT Friguimey (Franklin Chang- Diaz, VASIMR Plasma Rocket En-
gine Chief Designer)

SjevoremL LI LIl LO6BITL6VLI LIWIEBIT S G1E5(8) LjSHW! 6916501851116V LienLLIL

wesfls @leoTd  CamesrMwSe0 (e WMHML  Ufl&H  LDESITLEVES|8E)L
LWwe6soTd  GlFWeusM(E 6U6VEYIHBI LISV &60T6Y &H6soT(hlD, L|6D6sT&H60SH 61
TS, evLmy 196lys (Star Trek) Gumestm GleueTeflgHlenys smllasr
STLIgULD BLOG| FlhHemesTenws SLlg eT(LPLILNUIN(HSBEIMTF. Y 6TTT6V HEEH60T6Y
BleomGoumieudley  Fesad, Fyww, Gurgers CFeva|d @ @HULSTEY,
316U6N5 S SILLEIGET STOSHLTSIWLLD, HHSSLUILL(HIW, &eTerfl emeussLll LL(HLb
eu(HElesTmesT | SyetoTemL Ll LIfl&) etoTLevmISeiflesT speflwimessT(hls SMmIg6T
SmLenest GlFwWw (Wpiywirg Curerallsy @ HLILISTEY SLILIWESTRISET HN|SHSLI
UL (heTerssT. @ gleueny Faxwm, 6lwiflessmellesr mram, soCrmiueallesr Fam,
soliLmesT gY&lw elletorbleuefls CaL6v oy enetoTwsmIg6T LiweTU(hSSH W Sliyeu
aflFssd) ralsl(hesT i&levblsuefll Lfl&) evoTL6v HET LILIEST RIS EHE S,
JMMEN6U B{6V6V!

BLG| LS WetTLevSH515E SIbHSHS ([HSHGWD W GlhmHmsw Nyresdlnm
Clems eyl (ProximaCentauri) eresten|ld  (Gflw  wevorLevd 4.23  eperflwimessr(h)
STTHS6V 2 6Temg| | @UIGCLITE| BLOG) LIS LD6TITLEVE ST 616065160 &T6T0TIg LI
eurGuwigny (Voyager 1 - 2) ellevorasLiLisugsst CUT@L CoussdHlev LNgmesdlnm
elesoTLO60T LDEBITLEVSH SV SHLID em6usESH 72,000 evor(hseT y@w! 1977

460071960 LILIGTOTLD G5 ML ai1gsiwl

eumGuIgT eSl6soTaLILISVE6T LM ML LK) 65T 6VE (FsLpGleusTIuT 6V LiwI6BTLD
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MNuclear Fusion Spacecraft Concepts

Mentage of fusion-powered interplanetary spacecraft concepts
{1987-2003)

VISTA (inertial confinement fusien, Lawrence Livermore
Mational Laboratories, 1987)

Discovery Il (magnetic confinement fusion, NASA/GRC, 2002)

HOPE [MTF] Human Outer Planet Exploration (magnetized
target fusion concept, NASA/MSFC, 2003)

ICAN-I (Antipreton-catalyzed microfissionifusion, The
Fennsylvania State University)

Date : 22 January 2010 fusien HOPE [MTF]

Source MASA
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VASIMR Based Spaceship for Heliosphere
(NASA)

a1

Ml
nolcu N

(August 26, 2009 )

What we need is Galactica Lite; a hab, small reactor, VASIMR or MPD
power, landerreturn vehicle etc. and a gas generating hab launched to
the surface long before the people. Get there in 34 months and you
minimize the risk of microgravity, radiation, solar activity,
micromateoroids etc.

Bigelow had this (bottom) as a lunar ship concept - might have some
merit for long duration missions too. That their habs can include water
hlankets for shielding and have many layers of Kevlar and Vectran for
micrometeoroid protection is sauce for the goose.

HASA actually did hypervelocity impact testing on the TransHab tech
hefore it was shut down and the patents sold to Bigelow. The results
were 5o good it was proposed that the aluminum modules of the ISS be
retro-fitted with TransHab style materials for debris protection.
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“nuclear rocket

reactor
thrusters

In a nuclear rocket the reactor and the crew module should be as far
apart as possible for safety reasons. The result is that nuclear powered
spacecraft, which are designed to transport humans, are somewhat
longer than spacecraft of a more conventional design.

This ‘extra’ length has certain advantages. For example, it is possible to
create an environment that simulates gravity by rotating the spacecraft.
We can capitalize on the increased length of the spacecraft, because by
increasing the length of the spacecraft, the rotation period for a given
gravitational effect is reducad. This is a huge benefit since longer
rotation periods are much more comfortable for the human passengers,
and are less likely to cause motion sickness, which is frequently caused
by rotational motion.

Transparency Master To fully understand the dynamics of rotating the
spacecrafi, we need to investigate how the mass of the ship is distributed
along its length, from the thrusters, at one and, to the crew module at the
opposite end.

The nuclear reactor is very massive since nuclear fuel, radiation

shielding, and other structural requirements result in a very massive and
dense rocket engine
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Clewiwl LusnLESL LLLeneu 3i6ven. efletorbleuefls CoHLeISHE @gisuenyL
LwesTULL &6y, SlLeu eTflgss) TreolsL(H&6T 6rgiab 50 24 600T(H &(6THes (86T
SI(HEIV @) (HE G 6THSLI LIS O6TITLEVE DS GlH(HHIS (LPLYWITS].

Lev eeflwimessr(h) STTHHV @ (HBGW HessTenL Ll LIS LD6sITLEVSHenS
QB Lererr eeflGoussdHlev Treblsl Glasvey GeuessT(Hib. eoeflGoussLd
eflpmigssE 300,000 &6y (9BMgs @ 186,000 emwsv). LiEH W(GHHS 6HS
gr&0sL{HIW, ahs erflFssSlenw 2 LCWTESSHID Lyl seflCoussensbu,
YesTenT 661 GCEUSHSHEMSCUIIT HH6DIL6UG| FOUTEVITETT HE T FTHEN6TT. B&HSHN&W
35T CoUsSHENSH 2 6T0TLITE:S HsTDLILNETE H6V6VS| S6TT)LILT6065T6Y &8 SH6mIL
Tr&6l&L1gey LwWeTUhSHS (PWevsurmd. HUGCUTEH| eflessraliLiey FreblsLLgesT
LIETHEYLD, DETT)| 260608 FMTSH6EUTHIGEHL ClL(HEGSleoTmert.  HlhlE Glasveyb
SIFHHLMGW. LSHH0 6 eeflGoussHle0 6(F L6oT LieTh TreblslenL (p(h&s
125 MeveSlwest &lGsum eumliLeuy (kWh) s&85 GCoemeuliLi(hid.  H,&H60M6V
SisvoremLLI LIl &) LoessTL 608 GHL6V 61(6h (6 T6vf &L (8D, 6T(6h & 65l (H& (& LD LBl &H&

F6UMEVITET (W MHEFIWIT(GLD.
315 Geus eNetoTHLILIGNIEH () euFIWILDTesT O [HI6w)|5 5 MmIS6T

epeTm|  (WPHEW  euflCHTSHE (PemME6T 6960THLILIN N SHHEHSH M (S,
GSOILNLOu(HI &S 6sTm6DT.

1. jesorenL LI LIf1&) eflessT & LILI6V [HeS6sT, 61(HRISTEVLI GlLITMH|650)| 58 56058
en&WmeIr GeuesoT(HLD.

2. o1& Gous 61968oTSHLILIEV 6 (M LO6BTISH UL &TeV&HSH16V &6iT (&M&HCHTen6T
blemnm Geumm|LbLIlg SiemD&EL Geuesst(hlLD.

3. y&Hlw elesorsLiLisy LisvGeum| eessTLO65TS (6TH8 (&L LILIssoTLd ClFwiws &G

2 L WM @)(HEH8 Geusvor(hLd.
Nl ey yevoTLCl6usfILl LiwiesoT Si8+) el6tsrasLILIey

Nl cas evorLbleuell &S sSLULY ClUTM) HITHISSTENT WU 555
SILLUILL masrgey SlLgHlest (Project Icarus) SgliLenLs (GmI&SCaHmeT
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Nuclear DC-X/LANTR S5TO Heavy Cargo Lifter (Mareh, 2001)
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ORION:
CONSUMABLE NUCLEAR THERMAL ROCKET

The ultimate consumable nuclear rocket, based on the "firecracker under
a tin can” principle. This concept has the spacecraft mounted with shock
absorbers on an armored “pusher plate”. A stream of small (5 1o 15
kiloton) fission or fusion explosives are detonated under the plate to
provide thrust.

While you might find it difficult to believe that the spacecraft can survive
this, you will admit that this will give lots of thrust to the spacecraft (or its
fragments). On the plus side, a pusher plate that can protect the
spacecraft from the near detonation of nuclear explosives will also
provide dandy protection from any incoming weapons fire,
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Nerva - Nuclear Rocket Engine

NOZILE SKIRT EXTENSIN

INTERNAL

SHIELD CONTROL <rer

REACTOR CORE

TURBOPY
e PROPELLANT LINE

EXTERNAL REFLECTOR
DISE SKIELD

An explanatory drawing of the NERVA (Nuclear Engine for Rocket Viehicle
Application)thermodynamic nuclear rocket engine. The main objective of
project Rover/NERVA was to develop a flight rated engine with 75,000
pounds of thrust. The Rover portion of the program began in 1955 when
the U.S. Atomic Energy Commission’s Los Alamos Scientific Laboratory
and the Air Force initially wanted the engine for missile applications.
Howewer, in 1958, the newly created NASA inherited the Air Force
responsibilities, with an engine slated for use in advanced, long-term
space missions.

The NERVA portion did not originate until 1960 and the industrial team of
Aerojet General Corporation and Westinghouse Electric had the
responsibility to develop it. In 1960, NASA and the AEC created the Space
NHuclear Propulsion Office to manage project Rover/NERVA. In the
following decade, it oversaw a series of reactor tests: KIWI-A, KIWI-B,
Phoabus, Pewee, and the Nuclear Furnace, all conducted by Los Alamos
to prove concepts and test advanced ideas. Aerojet and Westinghouse
tested their own series: NRX-A2 (NERVA Reactor Experiment), A3, EST
(Engine System Test), AS, A6, and XE-Prime (Experimental Engine).

All were tested at the Nuclear Rocket Development Station at the AEC's
Hevada Test Site, in Jackass Flats, Nevada, about 100 miles west of Las
Vegas. In the late 1960's and early 1970, the Nixon Administration cut
HASA and NERVA funding dramatically. The cutbacks were made in
response to a lack of public interest in human spaceflight, the end of the
space race after the Apollo Moon landing, and the growing use of
low-cost unmanned, robotic space probes.

Eventually NERVA lost its funding, and the project ended in 1973.

Date : 29 January 1970
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@\ &5 m6oT :
1. ojevoremLLl LIf1&) LD6BITL6V 2 U168 5S CHemeuii(hib L&Hlw HIrMmmessr(h
GMILILIWLIETITIRIS (6THE (8) lgenr&6sT GlaFWwiLiLiL. Geuessr(hlLD.
2. o)L Nen6mTeYy FHSIWIMEL 2 HSLILIHILD (Fusion Power Propulsion) o4& 78

SLILEVTS 60L& 8L LIL Geuesor(hLD.

3. meestll QlLMMHIETMISESD enswmerLiLL(h) Frablsl efl(h S Glauwiw L
GeuevoT(HLD.

4. BOG| UflF  DESITLOVSSHISE HUILT6L LwesTd GClFwiw  ellenpuyb

HIL|650T60 T8 SH6UTTHG) lgem&6iT GlFuwlIw 2eng&l69858 GeueoT(Hi.
& @Quis @D letorLGleuefl &y FrE6sL(Hss6T :
1. Nfllie 6% &S sLiLev GLLT6evsM (Project Daedalus)

@bs i&T eflesorasiiuey 1972 @ev Nfllicas yessten Ll LIflS o6&
Gelleotpmey SILLWILL UlLgl. @& 12% qeflGaussidlev (0.12 C) 50
24,600T(H & (ETH&G6T 5.9 eeeflwimesst(h) HTTSHHIL 2 66 “LiFesTmyigesT el6vorLd
emest’ (Barnard's Star) QEpH™SS SILLOILL UlLg.  @rlenL AHS&EG
eflesoraLiLIeumesT GLLT6V6V 630 Bl (190 LBLIY) H6MD 2 6T6mgl. (PSH6V AH(HES
46,000 GILLfl& LeoT LEhHeyw, @ resstLmd i(H&@E 4000 Gl.L6T LI(THeYLD
ClametoTLgl. (PSHVHSE TTH6IEL erEhelesT 2 au(HL(PL @ TessTLmd H(H& (S,
eT(eh&Fl6eoT 1.75 eu(HL(PL @QUWIEIGL. HlysHsH STV e LI Nenetore| F&Hl6H S,
eTflwes)| &8 (T (Fusion power Fuel) guplgflwid - gifliguwid -3 (Liquid Deuterium - Tri-
tium -3) uesflg&lTeud. FreGlaEL erEepdleoT LimLIGLITE@E Gsusbd (Exhaust Velocity)
10 WBlevedlwiest LBLF/6eN By | Slyeu erifléssmadlest L@ @ 50,000 L6tT. HT&HSEF
GClg6vey|Lb LIMFLD : 500 L6or.

Siem)|LISenetoTey FHSIUN6L 2 eU(HLLD @UIKIELD (PSH6V(HE(E, eletTasn T &)
7% eeflGouss e (0.7 C), g mml eflilulL 9m@ 1.75 su(pLLd

@umigb @reserLmd H[HS&E 12% eeflGoussslanb (0.12 C) Cgetm) LH&Hlw
eflesoriement GIBHRIGL. (WHV(HEE, 6TEpFleoT 46,000 LedT 6rflgssdlenw
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Nuclear Concepts
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Project Daedalus
Posted on September 30, 2008

A project to send a large ship to another star still fires the imagination (at
least it should). By the low standards of today, it seems an impossible
dream, yet just such a ship was seriously proposed on a cold night in
London in 1973. Members of the British Interplanetary Society (B.1.5.)
conducted the Space Study Meeting held in London on 10 Jan. 1973 to
establish the degree of interest in participating in an exploratory design
study of an interstellar mission.

1) The spacecraft must use current or near-future technology.

2) The spacecraft must reach its destination within a human lifetime.

3) The spacecraft must be designed to allow for a variety of target stars.
The idea of the craft being able to reach its destination within a human
lifetime (a flight time of 50 years was allocated) was in order to allow the

engineers who had launched the project to see it through and thus a
sense of continuity would be maintained.

414
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British Interstellar Spaceship
Daedalus Specifications

* Overall length: 190 meters

* Propellant mass first stage: 46,000 metric tons

* Propellant mass second stage: 4,000 metric tons

* First stage empty mass: 1,690 metric tons

" Second stage empty mass: 980 metric tons

* Engine burn time first stage: 2.05 years

* Engine burn time second stage: 1.76 years

* Thrust first stage: 7,540,000 newtons

* Thrust second stage: 663,000 newtons

* Engine exhaust velocity: 10,000,000 m/s

* Payload mass: 450 metric tons
Daedalus would be constructed in Earth orbit and have an initial mass of 54,000
metric tons (nearly 20 times the weight of the Saturn V), including 50,000 tons of
fuel and 500 tons of scientific payload. Due to the extreme temperature range of
operation required {from near absolute zero to 1,600 “C) the engine bells and

support structure would be made of beryllium, which retains strength even at
cryogenic temperatures.

Daedalus was to be a two-stage spacecraft. The first stage would operate for two
years, taking the spacecraft to 7.1% of light speed (0.071 ¢}, and then after it was
jettisoned the second stage would fire for 1.8 years, bringing the spacecraft up to
about 12% of light speed {0.12 ¢} before being shut down for a 46.year cruise
period.

Using this principle, the Daedalus’s first rocket stage, would consume 46,000 tons
of fuel while firing for the first two years to accelerate up to 76.6 million
kilometers per hour. The Daedalus would then jettison the exhausted primary
stage, shedding much of its size and welght as the second stage took owver. Just
shy of four years after departure, the spaceship would expend the last of its fuel,
and coast for the remaining distance at the respectable speed of 135 million
kilometers per hour— about 1/8 of the speed of light.
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e7fl&Hg) ellesoTaLILIEm6V 6ssil&E 76.6 Wlevedlwest &.LBLT euemyCouss §15 @5
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eT(eh&FleoT Lo6vofl&F 135 Wlevedlwisor &l. 5L eusTGoussHHlev aSl6vsTaLILIEn6D
2 HSHE GlFsvsId. eually &T GCeussHlen CLLTe elletorsLlitey LSlw
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Project Daedalus

Project Daedalus was a study conducted between 1973 and 1978 by the
British Interplanetary Society 1o design a plausible interstellar unmanned
spacecraft.[1] Intended mainly as a scientific probe, the design critaria
specified that the spacecraft had to use current or near-future technology
and had to be able to reach its destination within a human |ifetime. Alan
Bond led a team of scientists and engineers who proposed using a fusion
rocket to reach Bamard's Star, only 5.9 light years away. The trip was
estimated to take 50 years, but the design was reguired to be flexible
enough that it could be sent to any of a number of other target stars.

Daedalus would be constructed in Earth orbit and have an initial mass of
54,000 tonnes, including 50,000 tonnes of fuel and 500 tonnes of scientific
payload. Dasdalus was to be a two-stage spacecraft. The first stage
would operate for two years, taking the spacecraft to 7.1% of light speed
{0.071 cj, and then after it was jettisoned the second stage would fire for
1.8 years, bringing the spacecraft up to about 12% of light speed [0.12 c)
before being shut down for a 46-year cruise period. Due fo the extreme
temperature range of operation required {from near absolute zero to
1,600 K) the engine bells and suppon structure would be made of
molybdenum TZM alloy, which retains strength even at cryogenic
temperatures. A major stimulus for the project was Friedwardt
Winterberg's inertial confinement fusion drive concept for which he
received the Hermann Oberth gold medal award.

This velocity is well beyond the capabilities of chemical rockets, or even
the type of nuclear pulse propulsion studied during Project Orion.
Instead, Daedalus would be propelled by a fusion rocket using pellets of
deuterium/helium-3 mix that would be ignited in the reaction chamber by
inertial confinement using electron beams. The electron beam system
would be powered by a set of induction coils tapping energy from the
plasma exhaust stream. 250 pellets would be detonated per second, and
the resulting plasma would be directed by a magnetic nozzle. The
computed burn-up fraction for the fusion fuels was 0.175 and 0.133 for the
First & Second stages, producing exhaust velocities of 10,600 km's and
9,210 kmv's, respectively. Due to the scarcity of helium.3 it was to be
mined from the atmosphere of Jupiter via large hot-air balloon supported
rohotic factories over a 20 year period.
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[sLHenry : 19]

NASA Wants Ideas from University
Teams for Future Human Space Missions

Teams at U.S. colleges and universities have an
opportunity to potentially help NASA with innovative
design ideas to meet the challenges of space
exploration. The 2019 eXploration Systems and
Habitation {X-Hab) Academic Innovation Challenge
supports MASA's efforts to develop technologies and
capabilities that will enable future human missions
throughout our solar system.

The preducts and technologles developed for the 2018
¥-Hab Challenge will be further refined for
next-generation exploration systems, and could
eventually provide the basis for future demonstrations
and missions.

560 Y TLD6MIG TR [Hlevallev
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Soon humans will travel out beyond the
Moon

Construction has officially begun on the spaceship that
will achieve America's goal of returning astronauts to
the Moon. Lockheed Martin technicians and engineers
at the NASA Michoud Assembly Facility near New
Orleans welded together the first two components of
the Orion crew module capsule for Exploration
Mission-2 (EM-2)

MNASA building the first Orion Rocket Equipment that
will carry humans to deep space beyond Moon on
Exploration Mission-2.

Image courtesy of NASA.
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SIMeNssL UL (hsTergl. eumss(H Wwrigssr [Lockheed Martin] G mflmaienm
BlLjevoriy, Hlu, o FeSesrery BTET a9l6ssTaHLILID SL(HWMerTs Fal SHHl6v, srflwies
GWEF FLL alesorFSIDE FreHesThisensT, @FesorLmd ellesorbleustls CgHLev
SLLE 5|88, [Exploration Mission - 2(EM - 2)] @\en6sTE:88 SHl6UmkI&SIW|6T6ITTI.

prerellesr  SIHHS U SHsemenst  seflwenr  eflesorGleusifls  CeHLev
eflesorasLiLIedlesT SILLD - 2 [EM- 2] eflwomesflesemers Oemblime CamEhe L,
MM G CaTEhHE G SMEHEHE ClFevag|Le6sT HLILIMeY|LD LIwesoTd Cl&uwiu|wn
GM&ECHTET Q&ML B LS TreH6lasl Cluwiy : evsrLCleuerfli Liwissst
gmum) [Space Launch System (SLS)]. wuyeumiis GlFeusumiis Gsamerflev,
eflwmesflasit CUTHEGHMUTSHSISGW, BIFHEHT euFlysEGn HHw Gulwmms
FoLL LD S|6DLOLILIG).

SWTTTGLWL @ bhs eiflwest aflessraLiLIGen @) &i6U6nT @IS 66860 650TE
FIHeTRISEn6T Ls Slmen &S 80% LIETHE FTHESTRISHET (&FH60MDHSHHI.
30% L Hlemm Geormlwgl. (Sflws sSHliser srasl (WPolbhg CUTSTS.
LTSISTLILITET (L55F FIBILD [Pressure Vessel]. eumw|s sfley CHrmsg). 2018
GCleliLbuifley eNesoTdSILD SWTTMEGWD 6r6sTm)| TS TLUMTHESL LI(HSMGI. HSH6sT
D& S colNemmiflLm, Gl&6iTenTly 6J6SHEMESHIEE TTH6ISL 1960 @) 6ne6sTES
Sien)|LILILILI(HILD.

LIU&6M6VE &8 LOMEwTeU(HEE adletrbleuals CHmMH6L mIsTISES Y\l
SUTWILIL| & 6T

2019 oyevorigev  Hlswl  Gum@  eerflwest  ellevorGleuefls  GgLsv
GMLuessil&E CleTLH6v HIsTnIHS Y sHallenesTa6T Lflw , BrET H6wifl&ss
&6V, LeL&HeMeVsE: &IPS LOMEsITEUT&HEhEE GureTallsy  eumuiiliLefl&Hs
SienpLiy aNlhieNsgleTergl. MG CHFW allesorleustl SMEHEHLLen6TS
GlamemL (National Space Grant Foundation] 5lmi6, C&FHOIS(HSS 24, U168 ETHE (S,
LmTevy 15,000 p&Hev 50,000 eusmy Siefl&s (PetTeUBHGI6TOTS.  SHLP6U(THLD
eNesorCleuer gy 168 GHMILILI6TtI & (ETHE S, 518 (8158 eneuss e LIL(H6Tems).
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1. ellevorGleusflas sLILI6L eletoTFILID 2 Leseusd [ alflomefl sHeus 6oL
&0 & CEFTHEM6sTE 5 S CHEMEUWITET 565516 (PSS HEUFLD, HFleUMME)|.
&TMHM| ClFeISHI6US].

2. elevoTaLILISY FT&H6sT @l6n6toTLiL|g GCl&mLPl6v hI6tn) & &L [Fabrication Process]

3. S6voTLGleusIluNev 2 6xoTO Ll LIGTITLMIGe06TE CFUIGG 6n6usHs, (&6 Te
GLpblemsvenwill LiweTL(h &S (& eflFegmTseor Foum().

4. 9p GCsmersefley (Blevey, GlFeusumws) egoupid Nessfl, Grmuw
GIBITIY & (6THE(S) LO(HEGI6UE Fal S{6DLOLIL.

5. eflesorGleustluNev Lisssilyflw & @U18(F) HSHTELF] 6LTEHEDT H6BILDLIL|SH6IT.

6. &evoflesfl GLITES) LOML6L SWIMIAILIL] : 616T0THLILIEY & (& 2_61%650T MM - QMES
oUW Si(PSHS WIS TLb [Spacecraft Temperature Swing Compressor]

7. &MUeTenLWTSEenF(h 2 M) (Eh&rLD FTSHEDTLD.

BLD& (8, [Hl6VeY 61 i Uley&HFaL LD. Gl & Hh U euFsumrm et Gl&m (g LILgLD
; elesoT eTflEBM&6T, euTeLLE6THET HMTEHSLD, LIfISIL LuievigliL] WITeYLD S 65T
LD6BOT 6T S16V 6T(LDSLILIL (h6T6emssT. 6@(h bleveyd FmmTiy (Moon Village) SismioLiL]
&) (6h(6h 60118 (6THE (&) S1H6sT GameT LiessTUT(h&eners Calg Hmlweyd, L FeisL
L8185 Camrmm HMlweb 2 &l Gleuiw|Lb.

rEmellert GM&EGaTeT @ Hleva|l Liwesst Hlemevwid SMHE Biklev BTL(HL
LwesrumLIwgE Hmlg HAMsmil luflgrs GCeussor(hib eretLGSH.  6U(HLD
BTL&6Ifl6v el (HeEE CaHeneuwimer GCl&HTLHL MILLI HeMLOLIL|GEHST &L LLI
UL, Seuy umgIsTUUmUE Gl etTLeVSHISHES0D SHLLM6Y Gl&6ve D
LuNm&Flemwitt ClumIeUMT eTesTm) TSHIFUMFE&SLLHISIMSI.

wimesr Gleurmiyeuty [Jan Worner, Director, European Space Agency (ESA)]

HlevellGev LiwiesoT Hlemevwild Bemn&Hs Ll6oT eresTeor GlEFUWIeUS?  §R65TM)

esfls ellevorGleusilg CaL6L BIMISSLI LIL(H eTgia|b HSPTS(HLLIGI. HVEVS
SIHS5CHTT Blemeowd JemwLILG). Heng HlenerrsHG I UTFLLGCSEH &lgesTid.
316V6V8| CeubIMmIsToUg| GUTEUG). HT6T 2 MISWITS BLOLEUS) : HlevGeu HLOG|

www.Kaniyam.com 422 FreeTamilEbooks.com



S46v0TLGl6uerflLI LIWI6BoT RIS 6T &.OuILImy&6oT

Gar(ho pveme Cnrés

wilh paracihs

Crmir WASASoR Frannerdo and Azl
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SIHSHS 6] 2 6V&LD.

BT Caublmnbs &MTeE CamEnstar, Si6vevg| ClFsusuriis CameEhesCar
Curss glessflleusm @ (PsoTesTTey, W6slaT SIFlE HemsHSlev, LIflHs
&HlTeisa Bleses Gpoleustluiley WesorOlL(pw LulmFlenwitt GlumGeuesst(Hib.
Clgeusumils GamEhHeHE Wesfl&HenT HenliLjeusm @ elevorbleueflll LiwisssTL
QU MIETD)|S5H5HS56V 6T 2eT&ESHLD et GeuessT(hIb. HleveysHEHe ClFerm)
LB6iTeUgID YUSSTETHIST6T. 6(F Hlemmum(h) erestest GleussTmmsy, HleveyLl
LwesoT&H 60 Hmeugl seuml Comimemey, wesflgeng WBL(hes Glamevor(h e
(PlgWLD. ELPESTM)| [HIT6IT LILIETOTES STTSHE6V SHT6tT [Hlevey 2 66l LITSHISTLIL
LB &) (LPEMMS6TT 6T6VEVITLD 601G EUFLD 2 _6iT6TEDT.

@wirett HlymooGUIM(H) [Professor, Planetary Science, University of London]

GClesueums Camensrs Gsled C1FVILD HLOG| Y T6USMNSHS S(HLILEUSM (S
31606V, [Hlevey Ll LiwesoT Hlemevwid. 1960-1973 gy evor(hlserflev SiCIwfl&Es Lflihs
SILIELUmeVGeum WesflHL LIwesTRISET, Hlevensusd OSTL(HILD CISTLT6 6o(F
Flov BITL&6IN6V (Wighgl LTUTLLLLIgUIen6; LIMLIEY 69)(6h(6HTEsTL LIWLI6ST &6
SellHEemel.  geormev esorLGleuerfl 2 6u&HIGev, HevorL BHIL&S6T LUNMHE

SienILeUd Clum UMILIL&E6T &HlenL &8 619606m6L.
&g ifeor gmul [Lunar Scientist, Manchester University]

3I(H55 Hleveyll Liwiesst Blsnevw enwliL] UMM FET Y EHBFT GrmLLiw
eflesorGleusLl LiwiessT oy emn6toTwssHS60T LS L ETHHBT Wimest Gleumjesty [Jan
Worner), 150 9l6vedlwisst LIev i&lev BTL(h) elevsrGleuerfl Hlemevwid pmbgl,
Suummll uFNs sLedlsv eipbgl, eNstrbleustl allmesflsensrs HeoflGw
56158 ellLL LNM (&), 31(h&HS Glessiley (Pwm& Hleve Lt LILI6ToT [Hl6n6VW HemLOLIL]
eT60TM)| [Hl6mEBTSHSIMITT.

‘srygwer Oswusssmsr HimuflLb, CuTsIsgHenm, &6fllegimmns
Q& TLYVHI6TD)E5S HSILITSHETT (PeSTLITS, W6t Gleumyestiy hleveys Flmmiry [Moon

Village) ummll CGuélestmy. "'o4&l6v BTL({H (W e65Tm) Hlevellsst MILIMEHSHI6L,
LLe9uSlest l6tTEHMHS SigliLs STHSTHUTMI, R(HGILIHLD C&HTensvCHTEHS s
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FalLHengHs &L L Geuesor(hLb.

&(h SesflLILLL (W G s Feiss LTS &S 56065 (&§L9 W& HISEN6TE
[Moon Habitats) &TT&&l60 GiTeserigd SWLDMU @ Wk WihSHlTmigseT (Robots]
SIMWES (PLYWT GleustTm| LUMTHESVTD.  WLHGmmH CsTLey Mt sHs
SmLLILSD  GMHeUL LGS uNO B uslBy 2 (HeH&H, maunigrees,
S 5F 06T Y &EIW auTwsSseneTl KflHg TTeH6lsL sfleFss 968 (Pigw|wor
CleussTm| LIMF&H&SEVMD.  B(HSH6lSTeTm| HleVTEF HMHMIL LILIETT 6UFSHSHem6I
gOU(HSSH6VITLD.

2030 @6v Fagwm Hlevalley GuGwm efessrleustll Liwissor eFmUIM(H&s6T
CarLmsl GuTEmEl. BHlevaller @uwisveuerd, Seoflng Sesfleustd Colys
Crllss g ggeumGL. Goeyb yellew GBmHmEw Hewfleys &mom)
eiglullev 2 emeueyd, Hlevallsy GUGWMM 6uFH HeMEHSHD, MRS (HHS
ClFeusumis Gamer, LMHMILD Gl & bHIbusSSlest KNMECaTeTss 6Thes (&L LiliessT
WwH& Glewiweyw, HIFHSTOML Y U16&S6T HLESELD SHILLHIGET @)&H5|L 65T
@ emettTSHL LIL(H6TET6DT.

QLILAl CpmGamerdlesr, Foapws HlenesorLl LNFHID SeMEFT. [eLiFev 11,
2014]

sierLGleuslg  CoLeSletr BIIhsr wasH uyemeuly @Qbs bHleves
SleCwmm emoLiL| [Moon Colony]. &4,&560T6V HHSHS aLTTELD TS STV 160
eurll GUTGL yesoTLGleusflll LIWesThIS(EH&EHS ShIGLWD (F ellstrbleusfls
HlemM(P&LD [Spaceport] eTedTm| 2 MISWTSHSL LHIE DS

AWINen)|D SimIE CHTetoTly THTUTTESGHD 6m6UTHIGST, Lia&HE 6rhHs
eUTLILILLITEY eummlest alemev edleurs @\ (H&&TEHI.  Hlsvailsy LevGeum)
@ TEFTWESTS &606Mm6US6ITI6V &Hl601L & (EHLD 1,8 61016m160T (PSH6016V Y 16| ClFIWS

Gl MLMISHEVTLD.

seuest GomulGlgwel [Chief Scientist, Institute of Space Policy] Moon Research
Colony

Bleveys HlGumm GumesTm L& L Gl elevsrbleustlg S migseneTs
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geoflwmy sal(h Bineust umGspllern) Gleumib wrblevs S HSS
ClamensuNed(mHgl WL(HW HeamGeumm @uievTgl. g GuTey GlEFsueuTUIs
GameT GLubwmm, (WrerCamsrasfiey [Asteroids) TgI8&&6T GaHL6L GLITETM
LeLGeum| eTHITHETEVS SHlLLMIGET Heslwmy Fal(hpemnmuisy enL&SL
Li(hl&lesTm60T.

2|6TGy GlevredlesT (Russian Academy of Cosmonautics Member]
Blevelev Lewms S LA L efevorbleuet HlLewryassir

1957 @ev GCemellwg rewwmeller evlLesfls Lblemwd &mml eunbg)
SjeuerLCleueTlujsd LeIHasmE (Pertu sbglTs GLeumbmid upm wesllgy
SH6UTEUSH(ETHLD  L|en6TTSHMSSHEMHLD  LIV6VT6ssT(H&H6TTEH @) BB  6UHSI6TET6oT.
1638 @e6v LYlerull somest eNl6LEl6oToy 6TEITLIOU] &H6TTERTEL “6(h LS 2 608D,
LMHEMTT HesoTLESGsTeT LHMIw CLHemr” [A Discourse ConcerningANew World -
AnotherPlanet] eeesTmlsv “Hlevallev L6sfle @6sTD MWD& EHLD (T (§lGwmmLd’’
LMMIE eSO, Fauw HILesoT) SmeTevLsoTigest edlwsvGasmallsiugl [1857
- 1935] 95|Cumev Hlevelley eeremwlienLl gHUbBISSH U, CEVTFN6OTWITES
FaMIUN(HESSI M.

@resorLmd 2 svsll Gumflev LweTU(HISSL LULL CIWF6T s Treblsl
ClurMmIesn) & 69 (HSHEHWTE], 1950 o 650T(H (LPSHEVTEHLI LIV 61(6h(ehTesflaer,
CuTluNWEL 6UsVEVIBI, [HleveyLl LIWIESTTRIGET, (§Ll9UW6nOLIL] LDTL6V&HER6IT
LmMmlE ClETeLeSluNHESIMTT. 1954 @6V 61(6h(EHITEITLI Li6M6ETTEHENS 6T (LSS TEITI)
oUTsF &lemmyss (Arthur C. Clarke) smTmmM| 261H HeOWWEHS 6 Hleve|s
GuCwsnLemwit UMM TS W 6TemTT. &Gl CenLsE BHleveyll s
S600TLIL|S SHeUFTaHL LLEL UHEImg]. eneu eravslGmsserfls Lissflé&gal b
Gumsv [Igloo Type Models) 2 sitermest. LLLSIuN6O)(HH& elomesflgsT alevsrasLiLiedlsv
LiwiesoTld ClFwig), hlevemeu SienLIhg), eTerV&IGLOT MLV (8)l460&H6R6IT S{6MLOLILI
STHL L|en6THend eUlgsHGIeTermmy. omest GlyuilestammyLl srestuieul 1959 @l6v
Bleveys HTFUNeL WBISHSEGWL eIH UTHISTLUUTET Hleve s (Glgensvll LM
2L Geumaement Famlwemermy. 1961 @6V 6 fl&He esTTH LS 2mest Cl&esTenTLY
S16lwifleas eleorCleuefls Sy Hlevallsy HLID eneusg | BT (LPSH6IT (PGS
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euLfleu (&5 8!, 1969 @6V 6sfl& T 2 6V6u EUFEVTM| LIEDLSSTI.

bleve CrTEHE ClFLg (P&HeL Camallg esflgL LwiewTs SHILLmkISE6T Liey
Comevall oemLbE6sr. 1972 gy evor(hiLeot Hlevey CHTESIF Glasvey|b HTETallest
L0651 L1 LILIESSTRIGSET (LPLg6UemLHEH6T. 2004 2 650TI960 SOMTED L{61%, @)6DI6MWIOIT,
SO f&a&r 2020 gy evoT(HS61fl6v etoT(Hb Hlevey Ll LILesoTd Gleumig, 2024 @6
BlevellGev smIE sHemblwmerm| HiMieus SILLBILLTY. S5 GuTev GrmiNw
eflesorGleustfll Gupemeu (European Space Agency] 2025 @e6v HlevelGev 6pff
BITHSTE (SH6M6V 6N&EHS SWTTTEH eUHSIMG. QUILTEID, @ HSHWTeLD
S15ICUTeL 2030 g etoT(h&H6f 6L SHWEHCIEM([H Hl6VEES (BleeMmeV S ENDEHSHS

SILLLOL (hleTemesor.

‘Hlevemeull LenLSS Hlwdh Quissmster Lblemwwn wmm uiflé
LD6BOTL6VE CHMTETHEN6TU|D Y SHEIL6TETET.  HYHEVTEL  Hlevemeuls LM
SLTTUI6US| 6T6V6VML LUTenms Gamersensrll UMM SMlub Lsvsessiiwime
o eiTergl.  IHlevallest serliLgLlenu 2 emalls CHEMEUWITET ELPEY 6UETIRIS6T
(Useable Resources Like Water - Hydrogen) 2 _eemesteurm er6otm| Csle8 Glasusy|id

Spuiellev LiwesTaener TSl FemTeSlweTGermid.’
L @G (Todd May, Manager Lunar Presursor Robotic Program)

"mrETellest @h& @\stor(h) ellessemieTels (GHMILLessile@Embd (LRO - Lu-
nar Reconnaissance Orbiter - LCROSS - Lunar Crater Observation - Sensing Satel-
lite) BLOGI HevoTenLS Gamemmest Hlevemeull LMMIE SHlemjeadl Wl (Hib YSHlw
H&H6UMV 6L GLTSHl6Tm6T. CHEmeUWITeT &6ms SILFIL LILL Ligl6 &6
(Images), ursmer &emg &ifleyseT (Lunar Landscapes) §o( LBLJ &I606010& 560
CrrasUuplb. Heualss 556160 3 (HSSH BTET (GMIN6US G &6ITmhISERS (S
eNLUTRIGST &(HLD. HS @\Tevor(h ellevorsonemall&Hensns WSS (& (Lp6N6oT)
2 6TEOTS lg6mEF6IT GIFUIG| FTSHEOTRISGENETLI LIEHL5G|6TET6oTI.

L&6men (& (Douglas Cooke, Associate Administrator of NASA's Exploration Sys-
tems)

“hlevey &Hem ule] ellesorsliLey (LRO) MISTHISHSOMETT €U 2 60T60TS
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e evorsm) | 6TaN). SIhS g Hmedsefler elesorFlSID Hlevellesr Herm
LD6BOTL6VE 160 6TLOE FLI LISV6VIT6ToT (H &6 GHemeULiLIL L &&6Uen608 CSTLIHSI
31601 6u(HLD.”

&16lys (66) (Craig Tooley, LRO Project Manager at NASA)

"Blevellert  (GLflHenem CEmHSH 2 emeyd “eudlymen”  gleneseraCameiT
(LCROSS) 1bHlevemeuss GCamevmseudms  GHHRSL GuTEL  (Hs6LTUr
2009) &rLHAemWLD, ST SYSHSHMHS G0 B 2 6TeTHT  6T6dTM)
(PSHET(PH6V Tl CUTeUenSHULD 2 608 GlIUTG| &HESH6T &Hevor(h &H6rfleHss

T HTCHTHEIwsTGemmD.””
Limesflwiev gy 6brigemen (Daniel Andrews LCROSS Project Manager NASA)

"BlevellesT  HeMHH G  LemsULL  LFeus  Feuhserflesr  [Fossils]
sevor(HhlgiGL 6  LFUFLILIMesT, W&EPFFlWTeT BISWEFWTE @)(HSHEL
Curdlmgl ! mGsuenst Y Hlullev 2 essrLmest 2 uliflesrsd GCoHmmHMmiseles
SLTETENE &I6TDIEHGSHEHL HBICH @ (HHHEVMD. Y ETTTV Si6Mm6U WITEYLD
S, TeULTEGeu @) (HE (&L TesTMIST6sT TS FUMT&H S GmImD.”

&WevyGLom &etrervmeny, ClLiemless glemesorLl GLmlifiwiy [Guillermo Gonza-
lez, lowa State University] ihlevemeu Grpma &) LBevor(hlLd Sremeiiedr LiwswrLd

2009 96t AW 17 Y CsH BTET KeTTIfILT SHesTToUT6V (LPev6sT
(Cape Canaveral) eflomesrliLenL 66| &6m&HSH60(HHG WesSTHM @ yevor(h
8|60 65T&HCHTETEHEMEIT SIL6VTEN - 5 TIHGIEL epeuld GleumMI&FLTS Hlevsnew
CrresH emiNusiTergl. eummleT WPeHEW GM&CHTeTSH6T @ 2020 Y Ld
S600Tlg60 ClFeusumiigs Gsosmerfley HLID emeussl GUTEGWL BTET allessrbleusf]
eflomesflast smEL  US FalLsHgHE QLD GCoheug, Hlevallesr
SHySBeTHI0 B 2 6Tens, eiflesdleE mamyrReT aury QoHeSnsT
eTeoTM)| QY UI6 &6 ClFweug). mreamaliler @QTLenLs Hlemsorsbasmerser (LRO
- Lunar Reconnaissance Orbiter - LCROSS - Lunar Crater Observation - Sensing
Satellite) jeumemnm @6TER)ILD €U M6voTIe6V H6voT(HLNYSHESHWD. AHHS @ Fevor(h
glenenTsECameTsEHL Treablesl gallw 45 BHliblLmiser &lHsI0 Wb
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Glgestment. Hlevmellsst ellstorCleuefle &mMls GlenswrasGasmsit LRO @UGLimg)
Blevelest FFLILITMME9N6V &Flas s 50 &).LBLIT (30 6mL6v) 2 W& SHlev aul L e3gluflev
&OM eumEIDG. @\FeeTLTeug| SLL GlgsTLTy Frablsligsy (Centaur Rocket)
ClF6LEYIID &|6M6ETTTEGSITET co@)2 (5(8) BIT6EIT(S) THMISET HLPSHSH| (HHSCLTLIF
2009) Hlevemeu GIBHMILS SiHeUL LGS &6eflev &M @\(FH &Hen6sTaH6ITTEL
SETHMSHS STEHHS HlemeTWIL(h) HHETETST 6T60TM| Y TTULD. (PSHEST (P&H6V
Yl @nbs HAHUS @QTLenLE CamsHensts @ & W Hlhle ClFevey &womy 583
L5l6LeOlWi6dT LTeviy (2009 miTessTi LOSILILY)!

Gfw #8586 LweTU(HID LRO glenestrsGasmsT LIWiswTd Gl&Wig| HTeveny
BTL&6Tl6v Hlevellesr FILIL LesoTLEHS6v FleHlwgl. LIME gl Hlevallest
l(meuLl LG Sserflev 2 wersfle ) ¢(HSHTLD 30 emwsv (50 &).16) 2 wiFgHSHlev &mm
ubBSSHl. BrETeller @b ellssrbleueflll LiwesTd @\revor(h) Sj6udlwimest
55H6UM0 SIMIHG| Cl&meTer 2 Ha b, eTm| Hlevalle &HI(HEUSHSHIV YLD
GY NSS! SSSETSHI6V HIHETETSIT 6T6rTM]| S600T (BN LILIGI; GTevoTLTeUS)
aflFss efleEn mamigrmer eurw] Hlevalled 2 6TeMHT 6TeTm| U6y
Clgweug). elevorbleusiilg GasLM LwemTRIS6 60 FHETemIsE, @ L6y esor(h
eTemL LI CILM(HEm6TS HTHSE & 6l&F6V6V BTEFTEE(S,

50,000 Lmevj GlFeveur&lmgl. u&sGeu ellstorbleuet] allomesflasemhes &L
Gurerellev B Glameser(h) ClFeLeUGHT, TTHOSL(HEE, TflEsass Srousemns
gmml& GClFeveuGam ClLUHL BISF ClFevensy 2 6TLTEGL CHEMEUSETTS
@\(m&&lesTm6DT.

ySW Hleveys CaL60160 &H)j6lig 5, eMEUDIQTIEIT GUITL] S, TMTUIZHED

1969 QYLD SLEBOTIQEV (PSEOT(PSHEV [H6V Y TLD6NV TR [Hlevmalley LD
emeuss WmE 1972 gyevor(h) eueny HBIET Glrgsn 12 ellssorbleus
eflwmesflasener Hlevallev 2 svellLe GlFwigsTemrg. 1959 oyetor(h  (PSH6V
2009 euemy WOLG Y eooT(HSHETTEH 2608 BTHSET (Fapwm, H6IWLF&esT,
oGrmuliws sal(), UuumsT, engesrm, @bBSHWT) Hlevemeu GCrTeHS 17
LIW6TTRISen6TE GlFWIS(HEHITMEsT. U esTmev Hleuallsy @\gl6Uenrs SHLLD
6USS 6T6V6VIT el6voTCleu6IT allomesfl& ETHD HEIWINSE]T s(HEUGT ! SeuallgLD
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10w fl&ss eletorCleuefl alflmesfllast @ gluenTs &HTLmeUSHS GILHmIS6T
M. AHBSHS SHEMHIG6T Wme b a9lwmesflaemmey Lge0l6v L (HGELD 6uTE6sTmIS6T
epeuld GaLl LilLest | 2020 2y 600Tl960 LOMILIQU|LD BTET &H6518| 61LDTEs 1 &Hemerr
BleveysE SILIL @Gleusnrs GCsLTEH @ILmsenst @UIGUTE| Hlevalley
QTTWS SILLLOI (HeTergl.

LRO glenetorsGasmer sprmevor(h) MHlevsneus &mml eumbgl 50 @GMILNLL
S6MmIG6I60T &GS 60 THITSHTVLI LILIETT RIS (EHSE, oLl ChraEw. ' LRO
&6n6ttTSHCHTET EMILILD 2 W HIDIHSS 6L LILMIG6T (High Resolution
Maps) 6T&lF&mev Hlevell LIW6sTESHIM(E (I eUPISTLIgWITS @) (HEELWD" eTesTm]
LRO &lLL ellepepmesil flegyh eumsstigpmss (Richard Vondrak) semi&mmiy.
BleveysGEF OlFeuad erdlysmen  ellstorbleuefl  allmeslisensrsd HT&@EL
sHlTeigal uTSHlysener MWL H(HENSHEHD, FTHETHRIGEHD 3iH6V
SILmI&] wemersst, Goav|b emamigresst eumw g GCaullL WBl&se LEGSHleHensrs
Cahb sHmeNsEHL HeMLHESEL LLlghHeslermer. LRO glenewrasCamst
(50 &Li5.) 30 emwev 2 wWiFsHHleL sermetor(h) MM 6ubsl Hlevelles el
LI6BOTL|&6D)6T LD (FHLDGl6ueflenwiuyd CI&STLIHE! Q4 TTUIHE] 61(HLD.

LCROSS gemevsr&Gasimer 5 @)(HLIEDL QL TTUISH6D

LRO glemesor&Gamer gIfle 2 h&IH606mTaH6T p6suld [Hlevemeu Glb(HHkIS
BITEVENT BITL&6T SLIHSHEDT. U, 60TT6V @\T6ToTLTeUS| &l601650T8 G memmest LCROSS
Clgleurs B&ETHS Hlevensu Glb(HRIS HIT6T(S) LTHHISGET 6(h&EWw. LCROSS
glemerorsGamefley @ revor(h) SHevNSHHeflll LITSHMmIGST 2 6TemesT.  ¢60Tm)| 41
Sl [HEIT(LPETEIT LI(sTHeUMesT @\FeseTLTD SLL GClFesTLT Freblasl (Second Stage
Centaur Rocket). SIHHSH AHSHILET Qlemestrssll LULL Fm| &I6m650Ts
@smeT (Shepherding spacecraft). 2009 &GLTUF LTS (WPH6O6L ClFTLTT
Tr&6I&L Hlevensu CHTEHESS HTHE e LILLILHID. (P&H6V FTTEHOISL &I 556V
Blswhal 4 HUILRsET & Hg Fml HlensorsGasmEnn Hevensl CHTHES
BTESH SeDLILLLGID. Heneu 2 680TLTE G (SLOS6T Hlevallest 39855 6ms S 6T
S6T6e0L&EEN6TE SHTL(HeUGCHT(H ilpuflev B 2 6TEMSIT 6T6ITLIENS LD &(He&6T

8600 (L9 19.85 (&) LD.
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ClFesTLTY TT&H0ISL HTEHGUSD(E (PEOTEITTEV G| Hleveys & GLosv 54,000
enL6v (87,000 &.IB.) 2 wrHHev &FMHMIS C\&TesTIg(H&EHW. NGl Hlevensus
BTHGL CUTEH| H65T LIETH (§NMHSHSH| 4958 Lieyevor(h) (2249 &).&EIFMD) (PSH6L
2 &0 5216 L6esor(h) (2366 &).&ITMD) euemy @ (H&EGHW. &Flm HlenevoraCasmsT
1369 ueyesor(h) (621 &L.EIMD) WHeL 1909 Leesor(h) (866 &).&lmd) sueniy
@mBGW. OClFTLIT HTEHGHH0 HlevalleT H6emsHHlev 66 g HETD, 13 iy
e perer (20 LBLIJ (56D, 4 LBLT 691 LLD) LI6TEmT&6m& 2_630TLT&(SHLD. 3i&| GLITeV
Fm| &len6tTSHCHTET 2 6TOTLITE G SHI6N6T : 46 g [H6TD 6 g L L (P66
(14 BLy memd, 2 6Ly e9LLD) GW. WL WHeL @euallsd @FlenLs
BTHGHV ClFwg| Hlevalley HlaWb NS TEHS sTLFsensT Hramallsr LRO
&lemestT &GS meT, AMLILN6T Gl&TemnevGHTEE] MM (LPETEIT &)65650T8 8 M6ITE (STHLD
ClaTeneVGHTEHSHSETHLD LILOILHISHSH] 2608 D8 ETHE (8 HMel& &L.

bleveys emLiLFley glemeresCamefley 2 6rem e ML LIS &@Hellser | LRO
gleneworsGamerflev 6 (L HILLIS &(HONS6T SienLssLl LI (H6Terest :

1. (CRATER) (Cosmic Ray Telescope for the Effcts of Radiation) : &&ljeiearLl
UTSILLSensT MWD SHlevEESHT lsTemsnGrrssl.  allssorbleus
eflwresflesT FHET HemsHHleL BHLLIHL CuUTEH SeU[HEHE FoHHILD
sHlTeiFsl UTSHULSET 6en6eTWm  6r6iTLINS MWD  SFTSH60TLD.
wesflss Hems GumsTm LNeTmevigs LMOMID SHeUSFRIGET &S F6TeFmen
STHSLILILLTEV 6T6oT60T CH(HLD 6TETLIENSHE SHTET)LD &FITH65TRISEM6ITLLD
ClEMETITLG]. S60T eP6VD FMHS HEUFMIGET SWTHlHE HTFT6EESH
HE6L6V &0 & (&LD.

2. (DLRE) (Diviner Lunar Radiometer Experiment) : Gleuliu er&lolgmerfliiL&
Corgemestss  H(HeNl  Blevellsst Hem  GleuliLb, Sjg&HSem  GleuliL
abflweunenm &oHDIeiSuNeOlphs APlub smell. @& GeMihs
NrCasamisseflsv 2 sirem LiesflliLgey (Ice Deposits) & (LPFLTET SHLES),
UTenmU U@GSHleEener HMlujbd. @leéneu erdlysmev Hleveys Gy (Lunar
Landing Module) @mmi &L @ILmiseners C5T65H &S 2 56 Lb.

3. (LAMP) (Lyman Alpha Mapping Project) 6560LD65T &4,60LIT &emLILISILIL S SILLLD.
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LHmeW& eeefllILLenL & @& &LHS (In the Far Ultraviolet Spectrum) lemsvuilsy
HlevellesT 6D (LPp(peugId CrraSIl Ldle] GlFww b smed.  gi(meuLl
L@Slseflev LesflliLigea], Lssflll LLFEHWWD (Ice - Frost) smemid &med.
BIrbsTom LUl seflallprs Hlpedlsv @\ (mHHal LNme GameT Gleusl&sLd,
eumw eperfl &6 6Tl GlTmerflss @ LGSl &sensrLi LILG6I(H & &)LD.

4. (LEND) (Lunar Exploration Neutron Detector) : Hleveys GCsLe0l6v Hluyl mest
2 sma b &(HeIl. Hleve s GLoleuefluiley emamigreesT LIFaIluL|6TemesnsLl
ugley Glweugl. gnhdlrssfley 2 esrylU(BIL SHTeiFsH HTHIEGS6r6n
BILLLTTET LTIy S&EeneT MWL SHmHell. @607 fpeud &by
&6 S6v HLILIesT] @\ (HLIenLIS &6voT(H Cl&M6TemevTLD.

5. (LOLA) (Lunar Orbiter Laser Altimeter) : bleveys GCai7 @mmi@L LG glssrfeor
gifleneu (Landing Site Slopes) SeT&EWL  S(H. sems et  &i(h
(PTLITEST SH6TTEn&EN6MTUD HMluyd.  HIFhsTorwl  GleusflggpeTer
GleusiggLlleveVT LIGSHHEM6TULD SEMLWITETD ST H6M&H & (He.
alysme blevels Cay @MrIEGD GLusamens Coihelshss Qbss
55660 2_561|LD.

6. (LROC) (Lunar Reconnaissance OrbiterCameras): [bleveys &6l ULFLL
2 smelluflesT epetTm) SMBITTESET. 6 LT I6vedlbgHlev SmILiL -
GleusTememLl LILGI(HE &L @)(F HILLS GMInCHTewTe: SMSlTT&HE6T (Two
Narrow -angle High Resolution Cameras) &jemw&aLl LIL(hemer 6or... 100 LBLIY

&16v60ln&HS16v llifley GCamesors &mSlTT epesTm). (One Wide& anglleCamera)

7. (Mini-RF) (Miniature Radio Frequency) (Technology Demonstration) &lm)]
euge| CruCwm HHlFeuensus &TBIFT. SHiHeul LEGSHseflev Hiliuest
SienwlienLll ULOWLHISEW. KM@ @&l LLblulley 2 6Terr glenetsres Gamer
SLHILUT(H HTEIEGSEHLEYILD CISTLTL C\&TeTer sugs 6rfleGL.

BI&ET FhHrenest evor(Hd CHlE C\F6V6V8 SHITEBITLD 6T6TEDT ?
(LP&6Y L6fl&H68T Hlevallsy &6 emeusH S| 40 o 6voT(H&6T SLIHS LM HITEFT
MU HRGs CuTeusME&HS STewTd Glgsueumiis CamEmsE 2020

www.Kaniyam.com 432 FreeTamilEbooks.com



36T GleuerfILl LiwesoTRIGS 6T

&.OuILImy&6oT

Locations Of All Lunar Landings

#  USSR- LUNA
UNMANNED LANDINGS

Luna 2
Landed: 14 Sep 1959

Luna 9
Landed. 3 Fob 159840

Luna 13

Landed- 34 Dec 184
Luna 16
Landed 30 Sep 1978
Luna 17
Landed: 1T Naw 1870
Luna 20

Landed 21 Feb 1972

Luna 21

Landed 15 Jan 1573

Lumna 24

Landed: 18 Aug 1876

Apollo 11

Landed: 20 Jul 1940

Apollo 12

Landad: 1% Now 19%60

Apollo 14

Landed, 0f Fab 1571

Apollo 15

Landed; 30 Jud 1971

Apollo 16

Landad: 30 Aps 1972

Apollo 17

Landed: 11 Dec 1972

USA- APOLLO
MANNED LANDINGS

CHIMNA- CHANG ‘E
UNMANNED LANDING
| \___ Chang'e 3

Landed 14 Dee 2003

_Surveyor 1
Landed 2 Jun 1966

Surveyor 3
Landed. 20 Ags 1987

-Surveyor 5
Landed 11 Sep 1947

___Surveyor 6
Landed: 10 Mav 1967

Survayor 7

Landed: 10 Jun 1948

USA- SURVEYOR
UNMANNED LANDINGS

“We Came In Peace For All Mankind.”
Apollo 11 Landing Plague
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@6v sLOILL Lwesstd CQswwd Curg @emLCw uitleubhsss SHGLTE)
HhIE HleOEVWILD RETENME FhHTesflev SHenwLILGMEEH! DSHGHIL6ST L, LO&EHLD
Bleveysn @enLCw  ellwmeflest uItluhleass sSHGCUTH Lelsnws
&OME Cl&mesTiy(HE&EGHL 'HEe BTLH 6lsvorbleuerfl Blemevwipd” (Interna-
tional Space Station) swmymesL GUTSIME|. HaE6eTCou ListTesTTL(h) 69mesfl&H 6T
Clgsueumiiss CamEhssEGE 61F6La)(D HEsoTL STVl LIW6TSHSIS G LuNme
ClUOMI UHEBIMTTSHEIT. 6UTE(EHE(E)S CHEm6UWITEST GILIT(THLEHENET [FEHILITELD
S0 flsara|n swEl  elessr6leustl  eurssTRIGaNL ML el g
eu(m&leTmest.  (GMILLTS 2010 Sy evoTigey BTET LWeTU(HISSID ellesor6leus]
BeirasLiLIsv&6T ' (Space Shuttles) BITHET seuley eT(H&H@ELD eT6oTm)| SHyLOMmesilagsL

LL(heTers)..

SL&H6VIT6V BTEFTaI 6T (Lp&6evLI6ssi| aflesoTGleu6Tf] 6T LILISY 85 (8) () 6)650TWIT60T
elesT&LILIGY 6R65T6NME SWTIFlSH G| Si&l6v BITL(h eflesorGleust] HlemsvisH g8 &H&
FTHETTRISEENET AN LD SeneTs 6STLTUSI. @\ resoTLToUS|
ghdlresfley ellmesflasT @UICUHSES 5585 HMHMEHS CHTHOISHSS
SIhICs HmIGLOILLD 6R6TeNM SEMDLILIG]. CPETMToUS| ClFeueumiis CamEhHe (S,
wesflgy LwesT OFLIWS HGHS 6NetoTHLLND eTenms SWTILLS|.
@wepeTm| (WeSWL Usssflasner HlemmGeummesmest mramelles “sprflwiest
efesorCleuers SILLD @UIGLITE| (PLDWFLMLIS SWTTTE 6uHSIME!.

Blevelledl(HIbg ClEeueuTuie @GS Sreyd Wwmelseir!

66UGEUITT QL 6voTIg6VID @T6soT(h) (LPEMMESTT [Hlevemeu GCHTEHEIE GlastTmIeur
BIThaT Hleveys FaLmrsensd allengallsy emw&Esl  CUTSIDTTSET.
LLBluNeO(mBg Hleveys @@Ll GUMEGL &mevd, BITeVeny BIL&6T!  Hleveal
Lwiesords  (S(pellesTy [HesoTL  &MeVD SHmISF FhHHT HemHSHev &L G
Len&HE &H6MEHhEFIWBIGSEN6T QL TTUIEUTTEH6T. Hleveys L LEhH  goml&
ClF6LEY(D LI 6UM&6EDTLD, LIGSSTLRISen6T @Im&Sw Mm@ Smo L wlss,
eubgINHIL.  Hlevallsv Y uleyseT BLES 6U(HL Y TTUEFS (& LpeSleoT)
SLOTM| LTSHHIGEHEE R(HLPHM TMMLD HeOL6UF. BIEFT Hlevallest Glgesr
BI(HUSH6L emaigTeest erifleumyy HlemLs@GL BHILuesfll Lmenmaener
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aHTuTrsEImg.  BHlevallsy LflHlulesr eeerfl GleuliLgengl LwesTU(HISSIL
Gursey Wlergs &) GlLm 690mesfl & EThe & UMWILILIETENS]. Hemsa Glamesor(h)
Bleveys FaLMISHmS G6MWLTSES (PlYWb. UesfllLmenmEener 2 (HESH
by ummIs GlameTer (pwub. BHenrl NflHE mamigreest, 8606l est
uTWSEemeTs CFleg 186 GlsmeTsr  (LplguLb. BIThaT Hleveys saLmy
SIMLILN6DT (PSS STTesorid, ClFeueumil Gamemnes @) 2020 LD 4,650T(H 8 (& 6T
wesfl&F LwesTd GlFuig &mev LI eneusHg| Wereugl. LM@E Glesusumiis
Cameflev BIFHSHTS FaLTIL eDWWEHS| GlFsueurils GCaTemer QL TTiog).
SIS (&S CHEMEUWITETT & 2_[HG| FTSH6THRIG6T, 696vsT6l6u6Tfl 619110 mTEsT 85 (6TH S (5

cﬁ"m@w (5 V6DV @@zrasé’

LUNAR FLIGHT PLAH

larder in orbit (4). The crew
haads for the Moon using a

o Eart & 52
with parachuies (16)

GeuevoTigl LILNMHEFISHET WTe LD BTFTENNLLD SHWITITEH 2_6T6T6T.
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21 Sy 1b BITHMTETTIEL FHSFTenIsh &) esor(HIb Lwesorid GUIT@GLD Hre!

1969 oy gyevorigen  eNlesoTGleuefls Sy HEVOL QY TLDENIGTITES
(PSTT(PSH60160 Blevailsy LITHLD emeusHGIL LITGISTULTUIL LL6&@EHs &)(Hw
M@ SHCwflEsT GLaYID WHG SHLDEUSET FhHSHTefley FHLID NeUSHHSI.
240,000 6m)L06V HITTSHHI6V L5185 (8) 3 (HE6L &MHM& Cl&mesoTly (hH&(EHLD @ WMensH s
glemerors M6 Hleve) eeetTMISTET. GBS (Pemm 20 QYD HITMMITEDETLYED
ghdlTener Oeummleroris s&oMlw BTET WBeor(hd @nHs 21 b
RITHMTETOTIEEV(LD Hl6Va Ll LILIetT&Hensg etoT(hb Gleussh @\(HeHHME) 6T6oTLIS)
eNwliume @ msSmeHeveveur?  Liew Blevedlwesr Lmevf GlFsuailey Lismpwl
FMSHESTRISEN6TL LGILLNSSHIS Clesmetor(h WwMILQU|D BTFT FhSHTensHEL
Gumeudlest &Tyevorid eTestenT? Gamallwis

Fagwmeles Fh&HlTs Hemeysrall @mmidk Hlevalles LTEIS LoevoTem6s0T
Si6erfll  aUBSTEVID, Fauw Hlevbleuefls SrissTt Hlevallesr SemsHlev
@gleunrs SLID emeusHs ellsvensy.  Fauwm, elwflessr, LCrmiliws
(& (LeN6TT FFEFIT, SOLILITEDT, 6D&6UTIT, @HSHWIT Y HW M| BT (HE6T &FhHHTensoTs
Couys Olserm Hoeuensvs GCFUOISSTD, HOIWDIFIGEST 66T LDMILIGUILD
grmerLmest Hl&lemwgF ClFeveulfls 8| esflSLI LiwistTSHensd

leumG&HImg)| sTesTm GCa6iTal] 6T6V6VIT(THE G 6T(LESIMG)!
Blevellsv FL LD 6m6US S8 SHIT6V
b6toT () Loevf1 57

ClebBlime GameT Glaeusumuilsy
6TL(h) 6Mm6UEGLD

SILLLD swrymsl el Lg)!

@)\ 60T6)ILD

L1&&T6voT (h &61flev
Clagsueumiis (&Lgul(mLiy
SLLULL(H

STLFS Hmi(G) SH6ITLOMUI

GCUITS & 6UTSH G 6UTEH6sTLD GLITUIeU (HLD!
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Space X Falcon Heavy Rocket First
Launching

[January 2017]
SpaceX's Falcon Heavy rocket is'expected to launch in January
from Pad 39A at NASA's Kennedy Space Center in Cape Canaveral,
Florida — the same NASA launch pad that sent the Apollo 11
astronauts to the moon.

The January launch will mark the first test flight of the Falcon Heavy.
The first stage of the privately developed SpaceX rocket is
composed of three of the company's Falcon 9 engine cores. If all
goes according to plan, the rocket will launch its payload into orbit
around Mars, according to the company’s founder and CEO, Elon
Musk.

Measuring some 230 feet (70 meters) tall when complete, the
heavy-lift launch vehicle is designed to carry payloads of up to
119,000 Ibs. (57 metric tons) into space and could be used for future
crewed missions to the moon or Mars. Earlier this month, Elon Musk
announced on Twitter that Falcon Heavy's first payload will be a
midnight-cherry-colored Tesla Roadster.

The Falcon Heavy is also designed to be reusable, with its three
core boosters built to fly back to Earth and land like SpaceX's
current Falcon 9 rockets. Take a look at some of the first photos
released of Falcon Heavy here..
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ClF6veuBH ST

560160 BlGUTEGLD LHlw
&IT6V6STIWITUIE

ClFeusumiis GCamermel
FleuiGlumerf]

efesorCleu6rf] W& 8 E)6v
&LIU CUT@g!! MhHeHenTs
seurl GumGa)!

G estesTmILNfl&ST S
6J6VITLD (PN &S| 60T

2 etreo18 el6voTGleusI S S L LD,
& e80T 630TLOT UL

& 600 (Lp6dT [HlemmGeum)Lb!

Falcon 9 Falcon Heavy

o d

» Length: 85m
= Dry Mass: 52 tonnes

> Take-off Mase: 125 tonnes
# Payload to LEO: 15 tonnes
# Vehicle Cost: ~£1,200 million
» Refuel Cost: £820,000

# Reusability: ~200 flights

\\
EE

# Dry Mass: 66 tonnes

* Take-off Mass: 1,394 tonnes
» Payload to LEO: *28 tonnes
= Vehicle Cost: ~£60 million

» Refuel Cost: £350,000

# Reusability: ~10 flights

» Costi/kg to LEO: » Cost kg to LEO:
~£1,950 (pessimistic) ~£1,150 (expendable)
~£1,500 (nominal) ~£1,000 (1*-stage reusable*) ~£400 (1*-stage reusable*)

~£400 (tully reusable) ~£200 {fully reusable)

eflevorGleueiflss & (S 676 SHEM6TIT, LIETH&BS (DS 6 semetirs CEmILIL|&6iT

2017 wyabuy 23 gy CaH eueny elletorbleusle &G 9 g6 Hen6sTE

G(D6US 6UMS60THRIGET [SpaceXFalcon9Family Vehicles Launch] 46 (pemm&

www.Kaniyam.com 438 FreeTamilEbooks.com



S|6v0TLGleusrflL LILIesoTmIg 6T &.ClwiLmy&est

GCamrglesl UL(hsiTemesr. Sjemeu wWmeyd 2010 o0De6sT LTHLD (PSH6V Lgen&Fest
Clwwl UlLenel.  Seummley 44 egeajl UestflasT Gleumn) i6mLbHE6oT.
(I gesenesets Gargenest g6 HemsHHIGn (WMIhg CumeTgl. WMHGIMT(H
61 &H6m650TE CFTHem6ET LITE) Gleum ) SH6LHSHS. 6R(IF 6761 &60650T (6T G6oTTIg &
GamglesT g LSS 6V Clauigs g aNLLE)|.

&G geysensot : 9 Camdlller HmLL : WHMeLL

400

SPACE™
Falcony  Falcon XX
FalconX Heavy
w0
-
l = Falcon9 Falcon® § :
Faol Faleond Faleond  Heswy  Heawy

g ¢ 0 9@

:
100 ¢ e !
. i
!, LB |E
0 A ¥ &=
WEHICLE Falcon § | Falcon § m’ Fﬂ;ﬂi Falcon X I'g'l Faloon XX
15t Stage Engines ':"" Meerfin 2 “ﬁ"‘ Merdin2 | Merin2 | Medin2 | Meriin2
Core Dupmeter [raeters) % ie EX] ie [} -} 10
Numriber of Core 1 1 3 3 1 3 1
Engines per Core ] | 9 1 3 3 B
Ergine Thiust (ses ok | 1 | ok | 1w | 1w LM 1™
::'I’ ol Tha 1.08M (&0 3.24M 36M 3eM 1088 102
Engine Out Capability? |  Yes Mo Yes ™ Yeu ves Partial
Mass to LED [kgl 105k 105k 3Tk 3di 3Bk LI5k 140k

2 G| semevor (First Stage Booster Rocket] Liessfl (p9bhs LM (G LUTSISTULTE
SPmmE), SbHHS 6T LWetTSHHISGL LweTUhHSIDEI. DI SHEBTITEV
eN6soT&HLILIGY 6]6 & 6mettTE Llgsve] CLITeTailey GHsnm&ImaI. 25 (Wemm geallwiglev

20 (pemm (WHOELL 2 [HG| SHemesordHeT LT Lwens@ Wisl ul(heTereor.
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@UGUTE| &G g6 HeMm6estT -9 LI HTSHEHWD PMMev 50,300 &HlGeur &lFmbd
eTemL U960 (Hb&! 63,800 &HlGeum Hlgmbd eTemL&E GCLWLUHGS LULEH, (PSH6V
LEH&ES(D(E egeysenstordg Garsliy 2018 gyevor(h) wevreurfluiley SlLLbll

LL(heTers).

LLSSTOTET  LIEHEHSH(PE JoUSHenesT FhHTens@Ew, ClFeusumiis
CamEnsELL welsmrs STeHsHEF ClFLID HE&HSH HPMMEL 2 enLwig. 2018
meoreuifluiley Hlswll Cum@Gn CamdllNey gresHlE GlEsvsnb LIEHEF LI
ClLevam gemaujs Wlestamys &My (Telsa Roadster Electric car). @Q\h&& &meniy
yengerT GlFwgeu Hlyery GlgereormUNAST HOIWFSHES]T FeumeT (LPevs.
2008 Nugeurfl p&Hev 2012 WFOUT 6UenT 2 605D (LPLP6USIVID 2450 GClLsv&T
GrrievL [ WleTamyss SM&H6T slg @uimis) au(h&leoTmert. @b& GClFev s
Si6v0TLGl6ue g SILLLD (LPPSHES (P(PES JeVIT6dT (PervdaleT HesflliLLL Gl&sve.
S0 f&s JFFrms 2 56 gia|b @evensy. 2 608 allesrbleus HlLswoT 6T
JEVITEIT (PO LLS J6&H6M6stT GILEVEFT SH6meyTSHlenwsd HTHHE ClFevayLd
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Elon Musk's Tesla Roadster Car

-f :_. & X <_~"'""\.
The Tesla Roadster mounted on its payload adapter before fairing
encapsulation

Operator SpaceX
Manufacturer Teslk
Instrument type Inert mass
Function Dummy payload
Website spacex.com
Properties

Mass Approximately 1,300 kg (2,900 Ib)
Host Spacecraft

Launch date January 2018
Rocket Falcon Heavy
Launch Site Kennedy LC-39A
Orbit Heliocentric
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Space X Spacecraft Cruise to the Moon

—

SPACEX TO SEND PRIVATELY CREWED DRAGON SPACECRAFT
BEYOND THE MOON NEXT YEAR
[February 27, 2017]

We are excited to announce that SpaceX has been approached to fly

two private dtizens on a trip around the Moon late next year. They

have already paid a significant deposit to do a Moon Return Trip.
++++++t+

Space X Spacecraft Cruise to Moon 2018
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Space X Falcon Heavy Rocket
Testing 2017
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This year 2017, SpaceX will execute some key flight tests of Crew Dragon, avehicle
designed to carry astronauts, in preparation for our first human
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Falcon Heavy can deliver 53 metric tons
(117,000 Ib) to Low Earth Orbit

Falcon Heavy's first stage will be made up
of three nine-engine cores, which are used
as the first stage of the SpaceX Falcon 9
launch vehicle.

Cross-feeding of propellant leaves core
stage nearly full on booster separation

At lift-off the upgraded Merlin engines

generate over 3.8 million pounds of thrust
— equal to fifteen 747's at full power.

Falcon 9 Falcon Heavy
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Elon Musk
Space X Falcon Heavy Rocket Pioneer

Elon Reeve Musk
Born  June28,1971 (agedb)
Pretoria, Transvaal (now Gauteng), South Africa

Residence Bel Air, Los Angeles, California, U 5. 1Bl
« South Africa (1971-present)
Citizenship + Canada (1989-present)
» United States (2002-present)

¢ Queen's University

Alma mater ¢ University of Pennsyhlania
« Stanford Un MEEID{_EE]

Occupation Entreprensur, enginser, inventor, and investor

T SpaceX, PayPal, Tesla Inc., Hyperloop, SolarC iy, Opendl, The Boring
Company, Neuralink, Zip2

Net worth US$20.8 billion (October 9, 2017)'*

« CED and CTO ofSpaceX

+ CEO and product architect of Tesla, Inc.

+« CEO ofMNeuralink

« Chairman of SolarCity
» Co-chairman of Openil

+ Founder of The Boring Company

¢ Justine Musk (m. 2000; div. 2008)
Spouse(s) e Talulah Riey (m. 2010-div. 2012; m. 2013 —div. 2016)"1*

[214]
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Children &

Erral Musk (father)
Maye Musk (mother)
Kimbal Musk (brother)
Tosca M usk (sister)
Lyndon Rive [cousin)
Signature

e

Parent (s)

Relatives
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Testing Spacecraft for Private Astronaut Flights with
Space X Falcon Heavy Rocket

Earlier this year, NASA awarded four more contracts to Boeing and
SpaceX for private space taxi trips to and from the International
Space Station (ISS).

SpaceX Is working on a crew-capable version of its Dragon capsule
and plans to fly a crewed test flight in May 2018, while Boeing is
developing a capsule called the CST-100 Starliner, which is
scheduled to fly its first uncrewed test flight in June 2018, followed
by a crewed flight later in August. The companies are scheduled to
undergo final human safety certification tests in the latter half of the
year, with the first crewed NASA flights most likely taking place in
2019.

Each spacecraft will be able to carry up to four astronauts and 220
Ibs. (100 kg) of cargo for either a scheduled crew rotation or an
emergency "lifeboat” situation. The contracts with Boeing and
SpaceX will alleviate NASA's need to buy seats aboard the Russian
Soyuz spacecraft in order to transport astronauts to the ISS, while
also making strides toward the agency’s long-term goal to increase
the average crew size on the space station from three to four, (The
Soyuz can only camry three passengers at a time.
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Falcon Heavy Rocket getting ready for its first launch
Orbital super heavy-lift launch vehicls
Func tion
Manufacturer SpaceX
Country of origin United States
Cost per launch S90M for up to 8,000 kg to GTO Size
Height 70 m (230 fey~
Diameter 3.66 m (12.0 ft)*~
Width 12.2 m (40 fi)F
Mass 1,420,788 kg (3,132,301 1b)=
Stages 2+
Capacity
Pavload to LEO (28.5%) 63,800 kg (140,700 1b)*
Payload to GTO (27°) 26,700 kg (58,900 1b)F]
Payload to Mars 16,800 kg (37,000 1b)=
Payload to Pluto 3,500 ke (7,700 1b) =
Associated rockets
Family Falcon 9
Delta IV Heavy
Long March 5
Comparable New Glenn
Saturn C-3
¥ n
Launch history
Status on launchpad
Launch sites Kennedy LC-39A
Total launc hes 0
Successes 0
Failures 0
First flight January 2018 (planned)*
Boosters
No. boosters 2
Engines 9 Merlin 1D
Thrust Sea level: 7,607 kN (1,710,000 1by
Vacuum: 8,227 kN (1,850,000 by
. Sea level: 282 second s
Specific impulse Vacuum: 311 seconds™”
Burn time 162 seconds'™
Fuel Subcooled LOX/ Chilled RP-117
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Space X Falcon Heavy Rocket First
Launching
[January 2017]

SpaceX's Falcon Heavy rocket is expected to launch in January
from Pad 39A at NASA's Kennedy Space Center in Cape Canaveral,
Florida — the same NASA launch pad that sent the Apollo 11
astronauts to the moon.

The January launch will mark the first test flight of the Falcon Heavy.
The first stage of the privately developed SpaceX rocket is
composed of three of the company's Falcon 9 engine cores. If all
goes according to plan, the rocket will launch its payload into orbit
around Mars, according to the company's founder and CEQ, Elon
Musk.

Measuring some 230 feet (70 meters) tall when complete, the
heavy-ift launch vehicle is designed to carry payloads of up to
119,000 Ibs. (57 metric tons) into space and could be used for future
crewed missions to the moon or Mars. Earlier this month, Elon Musk
announced on Twitter that Falcon Heavy's first payload will be a
midnight-cherry-colored Tesla Roadster.

The Falcon Heavy is also designed to be reusable, with its three
core boosters built to fly back to Earth and land like SpaceX's
current Falcon 9 rockets. Take a look at some of the first photos
released of Falcon Heavy here..

www.Kaniyam.com 451 FreeTamilEbooks.com



S|6v0TLGleusrflL LILIesoTmIg 6T &.ClwiLmy&est

&630T (60T [hlemmGeum)Ld!
eflevarGleuefles &(D(8) 676 EHEMETIT, LIETHES(LD(S) J6|&Hemetsrs CEmHILIL|&6iT

2017 w&wuy 23 g Gsdleusny allesorbleusiles &HWE 9 6 &H6m6w0Ts
G(P6UEMSE  6UTSHESTRIGET [SpaceXFalcon9Family Vehicles Launch]46 (peonm&
Cerglesl UL(hsTemest. Sjemeu wWimeyd 2010 ooDesT LOTHLD (PSH6V LgenF6sT
ClEwiwll ulLemel. Sjeummley 44 geajl Lessl&HeT Gleumm) emLbHS6oT. §(Th
ge senerets Camgemest g6y HmHHGe0 WPpMIbHg GumssTgl.  WLHGIMT(H
61 Hen6uTE CFTHEm60T LITH GleuM )l HeMLIHSHSI. §2(Th 6761|860 600T (LP6dTGETTTIg &
CardllNest o rbUSSHIe0 Clallys g a9l LgI.

&G geysementt : 9 CamdlluNesr ML @ WPWHOSELL 2 hG| SHenevor (First
Stage Booster Rocket] uessfl (pipbhs LNM@E LUTGISTULTS SPmmE), 34hH&s Her
LILI6TOT S 85 (& L

LweTUHEIDGI. HSH60TTeV eNN6taTSHLILIGY 676 &HementTd blgevey GuFsmailey

www.Kaniyam.com 452 FreeTamilEbooks.com



S|6v0TLGleusrflL LILIesoTmIg 6T &.ClwiLmy&est

\\
i

Falcon 9 Falcon Heavy

# Length: B5m
= Dry Mass: 52 tonnes

% Length: 6Bm
> Dry Mass: 25 tonnes

# Length: 68m
# Dry Mass: 66 tonnes

» Take-off Mass: 325 tonnes > Take-off Mass: 506 tonnes = Take-off Mass: 1,394 tonmes
# Payload to LEC: 15 tonnes # Payload to LEO: *13 tonnes » Payload to LEO: *28 tonnes
= Vehicle Cost: ~£1,200 million = Vehicle Cost: ~£40 million = Vehicle Cost; ~£60 million
# Refuel Cost: £820,000 # Refuel Cost: £130,000 % Refuel Cost: £350,000
# Reusability: ~200 flights # Reusability: ~10 flights # Reusability: ~10 flights
» Costi/kgto LEO: > Cost £/kg to LEO: » Cost £/kg to LEO:
~£1,950 (pessimistic) ~£3,100 (expendable) ~£1,150 {expendable)
~£1,500 (nominal) ~£1,000 (1*-stage reusable’) ~£400 (1*-stage reusable*)
.1 - ~£400 (fully reusable) ~£200 (fully reusable)

GOMEIMGI. 25 (pemm galwglev 20 (penm (PHMHELL 2 HE| H60600T&H6IT L6
LIWen|8 (& L& UL (heTemest. @LIGCLITS] &(L(& 6y SH65680T -9 LIETH HITE (G0
MMy 50,300 &HlGeur &lymb eTemLuled({bHGE 63,800 &HGeum Hlymid

eTenL & CubUbhSSL UL, (PSHV LEHESWE Jeysensmreg CamshliL 2018
91,6807 () esteurfluilev SILLSILL LIL(H6iTerg).

LLSSTOTETT  LIEHSHSH(DE oUSHenesnT FhHTens@Ew, ClFsusumiis
CamEms @0 Wesl&HenTs HTHSHEF lFLNID &EEH WMHMeL 2 emLwgl. 2018
meoreuifluiley Hleswll CumEGL CamHllNey gresHlE GlEsvsnib LIEHEF LI
GClLevam gemaujs Wlestamys &My (Telsa Roadster Electric car). @Qb&& Smeniy
l9en &6t GlFigeu BlLjewoT] GlgetTesTTLLNH&ST OIS eFeumssT (pervgs. 2008
Ldgeurf] (P&H6v 2012 1Y &FDUIT 6UenT 2_6V8LD (P(WPeuUSIeY|LD 2450 GlLev&T GrmleuL
J WesTEM S STTSH6T 62l @Ik 6 (HE 65T 6.

@Qmnhs Ogsveis esoTLOleuefls SHILLD (WPLPSHS (PIPHS  6VTesT
(Wenvs&sEleT seofllulL  GClFevey. SI0wflss grFmmse 2 561 dge|wn
@evemen. 2 608 aflesorOleuerfl HIL|ETITTEET FeVmesT (PN LLS 6]6L|5H60)650T
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Elon Musk's Tesla Roadster

The Tesla Roadster mounted on its payload adapter before fairing

encapsulation

Operator SpaceX
Manufacturer Tesla
Instrument type Inert mass
Function Dummy payload
Website spacex.com
Properties

Mass Approximately 1,300 kg (2,900 Ib)
Host S pacecraft

Launch date January 2018
Rocket Falcon Heavy
Launch Site Kennedy LC-39A
Orbit Heliocentric
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Space X Spacecraft Cruise to the Moon

SPACEX TO SEND PRIVATELY CREWED DRAGON SPACECRAFT
BEYOND THE MOON NEXT YEAR
[February 27,2017]

We are excited to announce that SpaceX has been approached to fly
two private citizens on a trip around the Moon late next year. They
have already paid a significant deposit to do a Moon Retum Trip.

+++++++++++

Space X Spacecraft Cruise to Moon 2018
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Function
Manufacturer
Country of origin
Cost per launch

Height
Diameter
Width
Mass
Stages
Capacity
Payload to LEO (28.5%)
Payload to GTO (27°)
Payload to Mars
www Rai9ahtedklute

Associated rockets

Orbital super heavy-lift launch vehicle

SpaceX

United States

SO0M for up to 8,000 kg to GTO Size
70 m (230 ft)'

3.66 m (12.0 ft)**

12.2 m (40 ft)!*

1,420,788 kg (3,132,301 Ib)=

p

63,800 kg (140,700 Ib)™
26,700 kg (58,900 Ih)*
16,800 kg (37,000 Ib)

121
3,500 kg (757p01b) FreeTamilEbooks.com
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Comparable

Launch history
Status

Launch sites
Total launches
Successes
Failures

First flicht

Boosters
No. boosters
Engines

Thrust

Spedfic impulse
Burn time

Fud

First stage
Engines

Thrust

Speafic impulse

Burn time

Fud

Second stage
Engines

Thrust

Spedfic impulse
Burn time

Fud

www.Kaniyam.com

Delta IV Heavy

New Glenn
Saturn C-3
Vulcan

on launchpad
Kennedv LC-39A
0

0

0

January 2018 (planned)"”

2
O Merlin 1D

Sea levd: 7,607 KN (1,710,000 1by)
Vacuum: 8,227 kN (1,850,000 Ibg

Sea leve: 282 seconds['f‘l
Vacuum: 311 seconds"”’

162 s:ea.:i.'-m:is[dl
Subcooled LOX / Chilled RP-1!"

O Merlin 1D

Sea leve: 22,819 kN (5,130,000 1by)
Vacuum: 24,681 KN (5,549,000 by
Sea leved: 282 seconds

Vacuum: 311 seconds

162 seconds
Subcooled LOX / Chilled RP-1

1 Merlin 1D Vacuum
934 kN (210,000 Iby"”
348 seconds”’

397 seconds®’

LOX /RP-1
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