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2 w5 aflehepralsar, LITLEHFLD SIS o (FUTEIS, STRTTH QUIBIGAS, STRTTH LOIDIIS,
SIS PG| TN A4S TILOGIDIE Fo)IGUHS BTLD GIHMIS OVFTGTGT (LpLg ULITS).
afehepraflsar @Qgaueng “o ulli” eraimmed eTararoleuey aflehehTer aflarasid I (LpLyw afledemev.
6TBS Q) IFTWET eLpevsEIsGar, epevddnnisCGert CFipg), 2 ulblTarad LB enT 2 euTL 156w T 606 6.
BB VSHe0 ‘2wl THTLSD G (h SeSFOFTD Fnl_& HewL_wing). 2 uild, s Lom @)uessr® oL HGLo
LTS eIsGLD LIGHL_LiLITef&@GLd 2 6iTar QO\STL_ [ @Q)enewILicnLid STL(HLIGHG GTGILIZ| 6TGH H(HSF.
BLog LTLIEehFSF e CHTOMLD, ST QUISSEISAT WAad “STmioaprest FoevioLiyy” (Irregular Order)
GTGTLIZ| TGS &(hFI. Lo LITedOeua afopens, ysar Csmmes Camig Ll LRSS GpLomisaer, @flw
LesiL_vs CHmeraefar SyenioliLy, LLT®), BEHIFH (Lpewp, DML LTS, SL L/ GeuliL Blene,

@&LH0leualls CarpmLd, srewbleual rPmid CUTEIDener 6T ML) Q&TNI% G TR (LPTEHTLIL L _e06,
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STDILOTDTGTEN G, Y,GSTTeL @F FTOLOLIL|GG 2 L LIl 1L _en6l. STTenT-ailenarey B S LiLILg @eTmed) (b
P OIDIGEIYI 2 HAUTTSTUL, (LSO QLY eUF FTIBSSTL, B BHSG LigLiLiguimu GobLi’ L gmui
NBsS wis aupglerarsmuis 0sNEnG.

@psL TuEhFsDer 2 atGar QumSHeumd Carner Camg srewsed QaflloBSHET, eummled
2_aiTaT i eSTLGHTH 6T, Y UDEDF FHDHMILD 9jewTL_5% CsTaNa% 60, Hewienls s O)5Nwmoed, %@ als@5% &3
QB GTLIBILD (1B BSHITH TS 6T, H(h6HFSHD), HIHeOLOLT LIesTL_LD, LBlulled o_airar Liudfesmiser, o ullflewsisar
AL PP BES REDTL 2 BLAY, HBOSF50SSF FEHNG Cgm_jlie [Hppsaa.
fluemal. YFTag el Wia/d @upens alFwret “srgenr-allenarey plwGenw i’ (Cause & Effect
Theory) QetLpmls Csreipwenal.

sp08unregw pafersd senfled] GopLinised Corl’ L mf eunsetid af(5ES W Tss FHomi 100 465T1(H% 6T
TSI GTATGS. GTYLOLIS Fo (B CLimastmy Ol &im) o> CLimi(® ClFuiF (LPS HTT QUTHGTLD 6THS6H G (LPGHD
LAY eoL_Bg OFbeow T pafests srgmul iy wyerterg ? el FGs1$I0 (PSS OFuUIs
WFEH6IT 2 MILILH6N60 2 (heuTeT eumeT 2a1j®) 100 e (REafled al(hS S WIHF FbHTensGF O\ FOaILD
graCsL L mul, @Gflw west_evid Fresrigw (LpFew urGuwegd aflesLinevmy wpeTGestpuyerearg).
& et 65f) LO)GWT (15 6) 6155 60 GOT 4,680 (h H 6T, 6THBEM ST (LPGODHGT FTTE) BaI6T U LD LOGS % ewst] 6ol T5
2 (HeUTH) 2 arang ? Frjeved Lriailler 9plailss o wilfler all}s%s CaErur®k) @Qumpens (Lpenmuied
6TSSGT SO 2 (HLoAPIF OFwed waPld Fym&), wreshlL b $HCLUT®SW YDHe LIDL GF 2 GHIears
weflgaml 2 el euBE DS ?

i @h@preflsar eamiemalll LNeTEG 2 amIasGer @)BsEGLd mestesiw LGrmi’L_mer, 616)6vsLq TTeHr,
Bl grest (Gpames, e1@ e, BB e eTeen)Ld LT Teisseer 6euaf Guim ) e pbPler oearenaud
sewligg @ L_md. Lugwressmanud L9055 eupBleT 99 L& FI%6THmans (os6)LFLilw e,
Cungnes, (Geumisen, GlevLiL_meared)) Het(BH LNy ss @il Lmd. 610evdig gmesr, LGumi’L_mewr, Bluyr” gmesr
P weupeapLi LOGeun eresrentiGensuiley CFisg, mIOMSEG Cupul L apevsmiser (Elements),
2, U TS HERISHE TG eLPVSIn DI H 6T (Molecules) @Quipens / QFwpens epevid swidssts Ll G @) LiGLng
wesflai LWSTLRHSS 6I%iauTE o aTares. 65 L{CImL’ L M6 6TLILIL GOaD L) TE6ST UMl eTs ? 6T (BLI
yGomi L _neyid 61" ® Bl grenid CFimbg) eTLiLg 9ysedlege urujeuresig ? eaGLimed e1LiLilg
bl g6, Cleerel, $miGLD, STLATLD, SSHILD, LITSTFLD, @) (BLOL), FWILD, STDFWLD, SHTFLIGT, eVeoDLIL,
Guigwid, Camilwid, yyCuesfluwitd o peumuiler ? GleuasBeum mest auLg QULD, LIGSTLIT(HGTT PLPGUSLD 6TEOGVTLD
srestws Caaarplesteur ? FgenioLitied, gyewsf! auflenauiled @) prE@GL @eweus STRILADTLIS CHIHML

T(HSF®UWIT ? 9edevg FIL L AL B LI SSHLT LIL" 1 esTeuT ?
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FLBLISHeO (2017 BeuLbLIG) FITesT, FInd LGS uled Crins Lol 500 GopuL’ L wrbsd wfsS .
@aieumn ek Csmmid LB Qupens @)L furhser serridlser, Guuiwewpsd GFsTamisSa6rT,
@mreuef, anifsgGseaiser $1s@se BLogl LLAlulled et erpuL Geuest(hd. LenL_ssLl L LflGui,
srernsg GCamarplw LolGun, 95 e Foeowlils Canearnsg Canain alledenev. LjLOS%@aTE@pLD
ywm Crrul ugeluyerers H1u%F 60 Lygent aul' L& Gararonss Cgear@ b LLd), Csmpm srevid (LpsGev
FDWI STOILLIDISSSIRT 2 (hounHujerard). Lefisi Curaip 2 uifles cuarTidfE@GL LewL SHLILIL L
BLOG Ly8) @b STILonpaT EgapioLiLjs GsnGar.

Caatgasar uilns Heisasm16T YSTHSTTL RRTDTUI 2 LpSSI% Fnl 1960 Cranerd CFisE) eim e
F135essTT5IF (560 Srestml g B O Buig pL e ull H& &ehFsar CUTIER DS QoL LjLpaum]
Fevaruiled Opallps LLp LSS Bleoew L bgG FHev BIL salled LPSGLD UL L MD YFPWrTss
SIS FUTHDG. EIOLTHS wellss GHImIFO)(hES ST LILgLILIQUITE DIYGTTTT ?
Vg @Gy LmuIFFeSled LoaWleSTTesTT 7 LIQLILIG WTSH DTYIGTTET 6TIDIGY HT) LOGTISE, eI
wesflser @) has CouastH)GLo ! & umI&H 60 (5BESI OGS GT 2 (16U TTTET 616N Foplestied, @)11GLITS e16wT
ABBIHLHFF sewtpar CrrpeauPaene ? @liburear@ub, wellsupd saflgsaflwm @Gy FowgFew
opgl, g QersansLl OLBsS), alhsP CFuig eumParmearGe !

2 W BlHUpLd lenesar YeaTssd @uet(h) allsomest pewplium e CrIiSSTDeT. @eTmn
QuPens BIBHEF: @T6 LS® FHIPDHEF. LGS HTe0F HIpHT), ()19 LoewLp Gleuarerd, Ljuied, FesTmih),
yabLh, erflenew Gurammenes wsuswmw Crpd Qupens Blspifser | HGs Fwowld LpFed
2 sl Gumd, @uesti_md 2 sl Gy, gULITET 9ewlGe(h) aiFaser, Hnl LOOIGT WsHeTs
Qsrap CarGevmapmevl’ CQsr@yd, mynd Ueml Qu@Liy, FBLSH® BsLHES FpLl Cumi L &w
MBS GILD YSHFILOLIL oS TTD 2 GWTL_THHLI LIL L G FTug Qupens GlFuicuans
wesflgi CFuiw wpLguimg). weflgy GauicuPed Qupens FRULTE, Seuil g, BHSHeYLD
OFuiwngy, gy,erTed e1dFfgeams OFuiuyd ! @ Hev OLaTDs5, QuemueT alleoearsear oeasfFer ClFuig)
s 1gweirennest. oemieneul Lerg Cuearey FEPew OleueflwrsGwg), @ fweler emiLiienaniay
FEF W 2 GHTL_TEE) HaUDLY T6T GeTenl_ 0)aul) SS551, IG5 [HF OFWPens Lpemmuiled eLpevEI%eT
(S WeDal, LIHLPWeDal) 2 RTL_TSHFIGI, @)eUDMI%HSGHF FTGITNISHET.

aflessrOeu el @il 6k @hTeTLd 9 @I B esTLd @Il (BS B TG LD LDSHSS M6t 21 LD BIH D TesTLy 6 BTLD 6umLH% GmLb.
aflewrGlovall ereysenemser LMLipg OFed QBUSTLD BHIDDTesTYed LIDES Qewares GlTedevmLd
e aflgmisaiey GL@mewiLl Hg Qsmararevnid. LpasHwons aflesoleual ailehesrerd Gugarailed

MBS ywLud @ WwESHTT Ws5HCev I YFW HYPLS Qllenate) sanard %rentdGmLb.
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Oeuscwrenflovalled HL_LH wausg LB oelFAeT oaGlLpL) a)baSseamars FaTCLTH | B S
QeTaid LS LD weThs T FaNed elIFHGT LESHT6T SL_mFar OFaleuTuis sers®GevuLd
u@eunss CunGeipes erain Blewers@Gd Gumg pLog Opehe Gewewrd geTallll LewiEs

aevemevwir ?

ysargde Gsresiy e1®ss Lyies wr@hsemerud, 2 ulflesr e1ayibLis Fnpsmarud CFrss)
sLps 100,000 e® (S0 UTPHSG UpbS aafl_fler cpev CHTODSMSS FTewT (LpLYFDSI
! 5000 oe®%@55 G (parGer prsfsn Csnerm §Ggss, Gomwreflw, 1&HLs @BHw, eoFes
FQTFFTIBIGEOT B (LpLyBFSI. LTL6HFSDeT Lo Gaum Yiaill LFisemer afl B allss LicdewmTuilgLd
2T (HFATTSH LOTGTIL_&F PSS MBS @HTTSHT (LPWSTN] 6T(LDS) QUBS (5SHDTIHET. FBSeSIs 6T FS5H W
reu®L Hev LFiser el HellEsLl UL L Teih L LS iseT @)eTend ed Gapuwrs af B allssL
UL (DI, LIL_TLOGOS TG [BLOSGST (Lp&T OB MmIFE O MessiLy (hs FeaTm et !
LoueEsss et L HFisalled p UFewg allhallssts CUaaTmed @eTLg LS THaT (Lpesard% 6y 6ol
ugngmissefed mestewsiw  Bluyg AGerm  Gisersar (Neutrino Particles) 61y afer6leuafuiled
o eI TH@IneT ?  FMons @ GleurgLiy (Gamma Ray Bursts), miLilwed Syewevsar (Gravitational
Waves) eTasipiey eretiest? GlFaueumuis Carafer $arLiLi$® aer eugest(h) Curersg ?  HHws G iser
(Cosmic Rays) eTBIG)(Bb%I BT eSTDGT ? Souehsdensl yFw “mredlentp Blw” (String Theory)
SLGUU@RSSHFDST?  FILUTDODED emevsenar (Gravitational Waves) o (haund@Geusl 61517 Q)B5%
FewarLl LS i @5s @D aflehehreslsar aflent_sment Geuewtigw BliLitpsd @QUiGLng eIl (R eTerg.
QU TsERs5@ elerg S Rersaled lledL  LIMILOTSS FEWL_SHILD. YOI SGMDILITHS
FenL_ssrh. Gl GsToed GLITHeTLD. UTesled a@hEhTaTLd ATIFF) DenL Wb (b
ol@ehepTens Flemm. Qumpeurfwnes P isepsE ol FeoL G5 Q@arad 6B EISTL
FMD. YW s@ailser umL sl UL ®), SRy Liys@sld o e 1§ (pay Owuiwunss
Ganarplweneui ererred Qumiwnsg Blenl9gs uLemh. @GplLiurs @QLiGLng aflawtleefenwd
sppleucpd apifer CsmeawGrrss Lw yflu aflawtleuels a1 Fsmers OCSTLGEg HITWLS
BBGBHF DI,
oTeng Syewr_Gleuall BlELHFF afleheprensd s Rengser 2002 pged 2017 eUeHT B GETCHGHNT. &ITLD,
UL &ML eUemeulgpsalled Geualapsmal DT SILD UMV B LITHGT TITITLD,
SIGSITLD, QUGGELD BITUTEHHAT eTRTTHTRTE, LIIeTFBISH YFHCUWTBHESG LPSDFT 66T
paplenwsg 05AalsGCner.  yBSH LITLEHF Wi HID LPSPOSTGLILYSE LT eI(pHw
afehepraflser, aT1Gseuar b1 &Ceser, o&CWr(hs%E e1er paPlenws gmphls CsTarHCner. Q)5S
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afl@h@prest mrenevri CugmieuggiLer HpLiLing Geuauill’ L BewILIT DeUWeIeIsE eTaTPesflw BT

2 flwsnss.

&. OewLimyse,
&) 6o1 HTI19 681, et Guim
SHGSTL_IT

peuLbLIg 7, 2017
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DTL|eTTen  Hlevorensmwl UTFHFHGar !

eTesig LSw mred “LITUehFSHeT wasssTeT mIm LFiser” @QuUiGung smilest] LSS
Qeuealluf_ms HFui Db eeuweuer Geualuil Gertarry erain wWHPHFFYL T  GCsHals5 %
Osmar% Gmesr.
LTLOLOTESSTL_LD TGN, LSS e, LofLolomest, QLi(hLd LB omest pLogy L9guiehstd erLiLigg Csmasiplug ?
e g slumGug ? gl aggaman Gluflwg 7 TLEss CETPDSHISE (LT TH LD QBESST
? e1tiGung Canarplwg Lguehsd ? e1ssamer CHmiy 2,a (0% @55  (Lpav Cararmplug ? sreLd
aiGung ymbIisss ? FTewd FQsTISH6T uwblgerest 7 @Awedler auwblgerer 7 Lylufer
awQsgerer ?  Bleovey e1LiCung, etLiugg Csneamwg ? Gsmimest Csmg aflesibersar 6% mesr
HMeV5% 6 GTRTG/LD QENLDBENSHAT 6TLILILY. 2 (HTUIGST ? BLOGI AW LoewTL_6vSFeT GC&HTaTSH 6T RRTLIST

QY GVGVG LISSHT ?

L7L1ehFLd TH OB BSI, 6TLILILG. 2 (BheuTewdy) eTatan/Ld GsaTais@ ailehehTessar Q)eTenid aInmIs
QS T6TeNTS T lg W @IGHL_GW WS Fo D (LPLY WRTNGVGHGV GTGTLIG] 6TGH H(BSG/. LIGHL_LILIT G06V| LIFGSTTLOLDT
? U uen Lum ? 9jedevg SIADTL 2 esTL_Te Fwg CHapmiom ?  Laieile er(p@uw
uflesstiwsg Casrlur®) 2 uiflers CarppsensGum ysar il BsHeawGut, wrppFendGuwim o,TLbLILb
Ws® peowns aarssaleeme. Lrjaier aflehesreard o ullf eTaTLg eTeies GleuetTn 61mI@LD
Fmp v, 2 ulgPpm Ceupmis g @FmarLi LpPluLd euPPeT eauaridd, alpsPemwi LupPluLd
g Luflestiod ApLiLns aers @SS
ouehad srermid Caaeaip) iy euBH G e1erm fl@hehTes 1S6T FnPlaTIeYLD, HL_af6lT LIGHL G55
TR YTLOSH LFUTHHaT FmmlesTayid @)uewr(l) CHTLLThSE@LD Q@eTnISTer.  @il@hehTestsaT
guehad e1iig g Careidwg i) alearss), @giauenT er(pSw wHLiLjs CaaL’ Lim(hSeT 6TeOeVTLD,
BTE@B%& Brar IP aupEHaiper. ruehsd ety @muied wpigeursti CUTGDG eTeTLIg LD
wsLys Carlum_nsGer Q) BsSmSI
LoueEsss et Lew YFisalled @p yFewg allhaillssts CUaeaTned @eTLg LS THT (Lpesamd% 6o 6.
ugressefied mestesiiw  Bluyg AGesrm  gysaisar (Neutrino Particles) eTuiulg  aflewrbleuafuied
o eIL_TH@IneT ? FMond @ GleurgLily (Gamma Ray Bursts), mililwed yewevsar (Gravitational
Waves) e1asipiev eresicsr? GlFaieumuis Canefer $e1LiLi@® aer eugess(h) Cumetsg ? qHws &Fisaer

(Cosmic Rays) eTBIG)(Bb%HI oI(HFBGTDGT ? ouehadess yFw “mredlentp Blw” (String Theory)
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SLQUU@SSHFDST?  FILIUTDDE Yewevsanar (Gravitational Waves) o (heunsh@Gaudl 61817 QbS5
FenarLl LS 15 @55 G L ail@h6hresfser aflent_sment Geuestigw BliLiLpswd @UiGLNg eIl (R eTarg).
QU TsERs5G elerg S Reisailed @llewL  LIMIOTSS FEWL_SHUILD.  HDTSGMDILITHS
FevL_Gsrd. HeL ESTod CLTSGTLD. auTesled aI@hEpTaTLd aTIFH) enl_wjb (b
al@hepTens FleOD. Qu@peurfwmes LPisessE ol Sl g5 @Qereid OBGEISTVL
S&HVILD. B SHmailser Ll ssL UL G, serGLgLiys@sd o il m&) (pery Owuiwunsg
Garaiplwenauli Lerermed Qumuiwnsg BlepllssLl uL . GPlLiuns QLiGung alesoleuefenw s
#ppleucpd apliter CsmawGrrss Lw yflu aflartleuels sr Fasmears OCSTL TEg HITWLS
SBIBSEDSI.

oTeng Syewi_Oleuall Bl&LHFF afleheprens s Rengser 2002 pged 2017 6UeHT B GETEHGNL. &ITLD,
UDLD. ST cuemeUilgpsaflcd Ceualleupsemal  HETHRT.EHTD UV HYPLITHGT TTQTITLD,
SIGHIILD, QUGVENLD BITUTEHGT O CTRTTHTRTo, LIIaTFBISH YFHCWTBES LPSDFT 6T6T
paEplenws 0s5NalsGCner.  yBsSH LITLEHF i HID LPSPOSTGLILSE WLl eIpHw
e @epresiaar, wsTCseuet, B &Cenrae, o,% G Ths@ 616 pRTPlen s Fnpls ClsTaTH Cnesr. Q)Bs
afl@h@prest mrenevri CugmieuggiLer HpLiLing Geuauill’ L BewILIT DeUWeuenIsE eTaT@ el BT

2 flwsnss.

&. OewLimgse,
&) 6o1 HTI19 681, Deur_ il Guirm

SHedTL_IT

BTG LIS BISGT : 428
aflemev e 450.
FleoL_&GLOIL_LD
Dharini Pathippagam,

32/79 Gandhi Nagar,
4th Main Road
Adyar, Chennai : 600020

Mobile : 99401 20341
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1. SruepadhdHen anuGdpeinenr ?

fig-1-our-milkyway.jpg

&. OlgwLinggeir B.E.(Hons) P.Eng (Nuclear) S&rL_it

ruehets Qs Gleurg Litfev
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Fg s
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Lessr_Lon&)Li L96eTBS)

2 @I TH),
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ST (DS CHTeTs6T FIesst(h),
OJGRTL_LDTS),

DY GHTL_F B0 SGTL_LOTH S
SIS PO

SIGSTL_LOTE)LT L96wTL_LoTS),
LessT_gFe0 LilesTerion&)L
erpgy CFm_gLi theralled
Gugereyd F&FwTH)
ELOGUBLOTE), PGS Fo D TH)F
Gon&s Caipgl

I GOTGSSTI UL 9] G 5 (1555 GiT
pLorfed 19esrenflLy
enewrpg CuGgmafwm®L
gibiomessri_ i LpLbLIn),
uf® @aflsGasrearTs),
LILDLITLOTUIF FLPGYILD LIS %60 6T,
FILIL euemevuiled
ufBeows FpmY afF oL (B
9 LOLOTED T 2, (h) %) e

9/ GT6N 6o |

“alleheprasisgeny GCured pluGsafied (Myths) LpFedled Heausswons), LIpEG <bBWTSH6T

TS gD FpermwiLitie Geuest(HLd. ”
LmsLg smied GumLiug, gyeviy Awer L9 10 oy Ceugnp®), Cuum@fwg (Dr. Karl Popper)
“Uouehssesll LPPIL LipgOsrerer wpywns LgdFemest eiesies GlUGTIDIG), Y [BITLD
MBI Osmerar @) weyiLd eTeiaid Hmerim().”

LTSL_[J QedLIiL" goarevenL_air (1879-1955)

LTLIEHFEP® el b% (5dGHLD eTewTewipm LB isafed @b LDeog allhalssrl CLmearme, @erLig)

B IsaT eT(LpFleTm 6T
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s Qg S Hwg.

https://il.wp.com/www.thinnai.com/photos/2007/11/40711011a.jpg

wiluiler arwGlgere ? GAwer aiwblgssrer ?
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QU@L BTOMIBSILD, HYPlwns albens LG e _Gsmerd BTH uFSGL LGCHTTLD PSTNISTET
! 9ps Camartd appleud @AweT g &wbleurel alesriler. yssenasw Casmmes Csmig g w6l mer
afewrlaisemaers Csmen_g “srevsed)” (Galaxy) eTesLiLi(R “@eflow Hes.” Lmedww afF (Milky
Way) etestiLi(®d BLogl @aflow opens LITLEhFSB 6 DS GT HeISHTT HTevT%HedHaflc) ey
! yser, Geueref, b, #pFoer, Geaieumyl, awmper, Fesf, wGuerad, OpLig uyesr CLimein e
Gararmigar miLiL] aflenssarted @) (LpshsLiLL HF @ & B OSSO nl’ L M5 (Q)(BHSTVILD, LTLIGEHFL

aGsr i aflevs @ allengwmed Ligyresr GLmed 2 1119 aflfipg OsreawGL Cur@ng !

yf) &wmi 4.6 oeflwat YaThHensE (pearuts Gsraiplugl e @il @hehrestsar
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opomuytd Gungy, (Radioactive Decay of Elemets) Ljafluilest euwig 3.8 L9e0eSlwest eTavrny il@h@hmest|sar
SSE L 19 (BSFBDTISH6T. Guayp yfluied alupns sl yorser afleawspsefer (Meteorites)
epvEs $HHwsss Cauienes Huins Curg, &Aw GHLUSH® LoluleT aiwg 4.6 1960656 616y

@ LiGungy Ggefleuns (pyey CFwiwLs LIL 19 (5EH D).

BIG BANG

Radiation in thermal
equilibsium (soup) (1)

nuotral aloms

in Hand Ha Tarm

A timeline for the Big Bang model of the Universe. At ~1 million years
after the Big Bang, termperatures cool sufficiently to allow hydrogen- and
helium-neutral atoms to form from the plasma (charged particles). This
event freed up radiation that was previously contained in thermal
equilibriurn with matter. Since then, radiation and matter have gone their
own ways. YWhen astronamers observe the cosmic ray background, they
are looking at photons released fram the big bang when radiation and
matter becarme uncoupled.

https://i2.wp.com/www.thinnai.com/photos/2007/11/4071101 1aa.jpg

@&iw GHLvusms ' & CFuuw Caupsr®wu ufG eriGung Gsraidlwug ? LG ufer
ermediom (Plasma) e@afllifipibr) Qeuiugeogujd, olevearss eurusseerujd sHefls@d GLmg,
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Cumsevnd.  euneflwed afl@heprerd ueTidd) gL ujd h aehEhTess gevm. Ol heumfw mest
yBiseps@ aflew Koo ss Qaieyd CpGmSTVW Ysmd. LBw s@pallser L sl (),
ST (R LiLjs@pLd 2 a1 ey Gluwiwnss CasrarPlueeli Herermed Qumuwng BlepssL
uLemh.  GPlLunrs afewbleuefeowd sppleups apLifer OsranewCrras Lew 9yflw alesToeueis

ST FHET ,TTWS FbS (5SS DI

Measurerments of low energy microwawe radiation show that the
¥isible universe is permeated by "cosmic background"
microwawe radiation, coming from all directions and similar to
what 15 expected from a black body at 3k, The Big Bang theory
predicts that such radiation is the red-shifted remnant of the
radiation released when matter and light became decoupled
about 1 million years after the Big Bang. The American
scientists who first made this measurement in 1965 (Penzias
and Wilson) obtained the MNobel Prize.
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Galaxy seen By the Hubble Telescope
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This diagram shows now the universe slowed
down and hen rewed up since the Big Bang
The concentric fed circles denote that galaxies
ane migrating-apart at a siwwer rate Guring he
first haif of the cosmos, Then a mysterous,
dark force overcame grandly and began
pushing galasies apart at an everdfaster rate,
signified by the green orcles, Aslronomers
found evidence of the universe’s deceleration
when they observed the farthest supernova
ever seer, which detonated so long ago

that the universe was still stowing down
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Milky Way Galaxy

A galaxy can be defined as an independent system of stars,
gas, dust, etc. held together by gravitational attraction. Our
Sun and solar system are part of the Millky VWay galaxy The
Milley Wiay, viewed as a band of lights stretching across the
night sky, can be seen by the unaided eye on a clear,
moonless night away from city lights Our galaxy appears
‘milky’ because our solar system is located within the flat
galactic disk Hence, when it is viewed from ‘inside’, a higher
concentration of stars appear in the direction of the galactic
plane than in any other direction.
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The Hubble Constant
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Hubble Constant
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Cosmic Distance Scale

parsec {pc) - the preferred (by astronomers) unit of
distance outside the solar system. Defined as the
distance at which 1 Astronomical Unit subtends an
angle of 1 second of arc {1/3600 of a degree), or
the distance an object has to be for its parallax to
equal 1 second of arc. Equal to 3.26 light years or
30,800,000,000,000 km.
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RUPEIEG LBSS 2 TTUIBS S 60, euTestlied euedeVIBIger 10-12 1960ew et eaflw mast(h) H175S 6 @) (H% @ LD
HMVTSHOFEGTLI LITTSE (LPLYBSS). (@I @aflwmest(®) 6 19 F16) @S 6vT 69 L6 2y evevdy 10 1 fledeSlwiert ). L5.)
BT LOTES FaTCentnsh @ aurestsSHed (Human Vision Horizon) 24 (12%12) wlledeSwest eaiflw messt(h

AL L wparer L9gLIEhF Qeuafenw BrLd &rest (LpLyE DG !
Steller Formation seen By Hubble

QeTed psL uflonent LITLUEHFL LSS BIDGL ellss Sansepsh@ L BGw
app wpepuiled @ bEs (LpLputd.  yermed aiflewrbleualuiled BH@HLD FTevTSedOuled @heud BleTm)
aflerGloval afefibewLiL] LITISST6 eTgSemaer yara Ll Cuyarey LNrLEhed ClMuLd eTaTLIG 9mlwiL]
UL Gouett(hLd. BFFWIDS BLOGI LSeT ImIFehEa LUTis@GL LTeEhFsens i, Hmevrsedlulled

Blaim uriLiveumsGL Wruessd Cuuearey CLfEnss Gge6sTLI(pLb.

YSFMEHW “ai%s BlwBeow” (Inflation Hypothesis) 61(0)FSHIF O\ FTGH6T 6TLD.80.19. [BLGRTT WG 53
(M.LT.’s Alan Guth) $&5181 &BSEHI% G MeTSHLD $BSTH. 0% @)erewowneT L9gUEhFd Sadllgiomui o i
QOu@BH U BS5 CouasT(HLD TRV M. 9F TS G@LILIGH LD W THS FoPle8TTeD 38 6119096 (5BES LNTLIEHFLD
@B Qpmguiled oL B COLBSHIL LIBSaTed@ LTyl o Liiug | 9$ s HHo afgsLd
RN TPLIL LY (BBSTD BLOE SDHEHTV 2 aTeyF FIFesimEafad(Brg @b Cuiearajerer LITLGHFsHens
THFLITISSTLD !

Surveying with Acceleration Probe

rLIEhFS BT GepBSeTalLl LIfiLorests SewflLiL] eTeres ?
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moder Cansdw efewrdear Fmiy

L

6L

http.//www.thinnai.com/photos/2007/11/40711081b.jpg
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Y VT ST 255 BB uiled e ClLIHLD @uwiLh eTPRDSI | SaIANFLD FeTemIs s 61F A mLoeD
YRV uUTEIsH@G IYLiLme, srewbeuelld Osm_feuns (Space-Time Continuum) eT(LphS GISHLD GRETDT
? @QuewtLm ?  epestpm 7 (LTI ?  epeumuilgaom ? yevevgl (Lplgafledevr eTessTenllbeamEBWiT ?
2Apg fleTnas@ el QOTFSTMD B CSTaImSY L SI555515GaT iS5, ABS HWS
Quiwnermed BHLo&@ CSAWTDED Q)BBHS. BLOLTED BlehLlss (L wns @)ereyd Lew TLEhFEISaT
QorPL wrd | yernew FHCugerer CFmanewCEnEGsE Frseniseld)BBg @l @hehTes%eT
Giwnestons yPleug pIOBSGL LITLEHFSP T GNISHFaTey GHODEsH 150 LheveSlwerr g fledeSlw et
®LVFHaT | YFTeugl sar il L 1d 25 eveSlwer eaflwrest(hE@ (25 Billion Light Years Diameter)

lenswns @) hasHeLd ereriGs !

The Cosmos
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6617 (DL (DA60)5S61T

http://www.thinnai.com/photos/2007/11/40711081d.jpg
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3. GCxrmm smevll GUmGemerny srng gBulL gl ?

Accalerating
Expansion

 ATOMS
RIPPED
APART
| GALAXY EARTH
| FORMATION ) <J\ ExpLopes

FORMATION ' % YOU ARE HERE
OF ATOMS '

| | ‘SOLAR SYSTEM
STAR SOLAR - | BREAKS APART

FORMATION SYSTEM GALAXIES

DESTROYED

*APP'RD}{IMATELY 22 BILLION
YEARS FROM NOW

b

yesflg Geoug mrevsefled B srewid Goearenowrest plwuGseoer Blevewnr g GlouiifssGeay,

weflg LpwpPsaer ailehehresis@ed GopOlsrareri LiL' L 6 616D 616515 Gg CFmesinIHmal.
afl@h@prer Goeng gmer GlapisdelFe (1792-1871)

flfluyd LguEhFsesL LBHB Plw @ LIDais Hrevd LppSId iLiueallssmed CLmsng!
LdODES HL_&GLD AYHewsP e iwmEer g FlsisGe weviFeammert! Crs LFW LS Tsamar
gLl GUITGLD THIFHTV WHBISE@5SHEHTH, QUIDeDS S6TLTH DUSSHOTTS! GTEOGT LDFLOBISEN GTUYLD

@07 310055 B el%s, Qupens @BCLISIW FLHL a5 (H 6uFHevamev!
Qe Basra T (PS5 BIDDTT(® @EhTest)

ouEhsLl Qu@ Gag Lieou afers@w paflw afl ghepreh
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PouErsdU 6)ur 6)sugOy

https://il . wp.com/www.thinnai.com/photos/2007/11/40711151a.jpg
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ruesss@er WpLigys Cesrlur@seled g@aiprer ‘Gluwp ety plwu@enw’ (Big Bang The-
ory) 2 piBwns pLoLY ews aBsH Osuis perGermysearter, Tapw ai)ehehTesd 96levsavTesTL i
ewg B onesr (Alexander Friedmann), 91Qofss afl@hepret o1’ aler anLiNer (Edwin Hubble), L9519 &%
afleh@presf] LAQ T apmuiled (Fred Hoyle) o3& Cumper wpEHwipmesioud gapw oiehehred, @omis)

SILOTE.

Qruehes@er wpups Csmppseasli Lfbg Osmerear Geuest(h) LOTGRITG) SFGHT ELOGULD TGS
Blestestlw Ligiongisseerud, ailfipg GO Gured o LiLjd Y &T LITLOAHTL Ulg aIFESU|LD
upPlw TOTS HhsHISE®S Fasfissatiums yPlw Ceuesr®d! LITLEEFsHer (Lpsew CHTHLD
@B LrGlL@Ld QeugLit9ed (Big Bang Theory) o GSSIL_MGSIg GTRTLISD S (LLSET (LS [BehLIGHIS DS
ST 1 We] g9mis SMomall SyFmeug Lev LIeee o (h%ehs G e @i CGueare GlaiwgLiL
BlapFFR UG (Colossal Explosion) 197u@has Caprery) aflfleuenl _Bg eubSIeTens 61D @05 H(HSS
50535, AsD@& Narssd yefsg Owuililfgseauiseaiey wpseveud, @mis smwomel G
Qeug i@l ety Wruehsd, ey meeteos sPiaidens (Background Microwave Radiation)

2 o155 U555 Couewt(HLd TR & MIFWTEHE Fn ), S LD BlebLISSHILD STL 19 T

12 to 20 billian
years ago

10 billion

Years ago

Galaxies evoive,
canstantly: moving apart
&s the Universe expands.

Galaxies and
quasars form over
the next few
billion years.

P5ugs0 Bue gy

https://il.wp.com/www.thinnai.com/photos/2007/11/40711151aa.jpg

Milky Way

QU@ OauLy LiL) aueriFd)
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1936 b YT (hSGL LID@& @Tigd FTwradeT %5 afeheEhTerd Fisemesisar LITLIehFs S 6w
Camomid Luppluyd, aflesstibaigseter pLiLy, eueridRepw L LUpplujd FTIBS BHST. 1939 @b aflflujLd
Souehas et wa%dla (Model of the Expanding Universe) Gam uiml’enl_ 94,5055 ens 9L9allnsS
QFwismd. s a1 CpLeTtssaflesr L9pLiL (Origin of Nebulae), giL’F&& OFLbiSestsar (Red Giant Stars)
FEFOW 2 PSP QFuiuLd LpeoDFHeT QYFwaiperp HITwipSTi. feilearser Clauys@Ld Cumg,
<upBeShpg Bl fGert giseiser (Neutrino Particles) QeuelGupieueng 1940 @Qed uiay GlFuig),
st EH W L Cpmeumailer By’ fGerm lu@enw (Neutrino Theory of Supernova) Gleuafluf® GFuigmy.

RTILW STLoTIGT @ilehEHTTS FI% 65 6oIH 6T

1948 @& af@heprest! gmed-Li g0 LI(BL 68T (Ralph Alpher) smwmeytd Caipgl, wHriu't G
OeugLitys@ (Postulated Big Bang) Bl&LpFREG wpeiL) LITLIEHFSFGT BleOGGHLD GTGHGHT GTGII)
SITUIBSH D 6TEhF W BiessTenTencv OleuLiLiafds: (Residual Microwave Radiation) @) (5LILIGNSS &GSSTL_ TS 6T
Qeuiseng ateuflw sat®LigLis) Cuuiwnes eremy 1965 @e0 LIFGTOVL T LIOS®VS HLpS
afl@h@prestsain, SnupLd e® o mIFLiLIGS !

o1 afleir apLiLfer aflesirGenrrs &)

aflesrOeuallevw aflevevmul euemends wpiguom ? TLIEHFSDET (LS GLD R(LpEIGaTS
CarLn® eresii(pb ‘erer”gmiily Blw@&@Lo’ (Theory of Entropy) eTesiest GlgmL_Ly ? yessi_ Gleuafuiled
sar(ppiaild ClFadayd grE0lsL" e16r (BB GF DG ? aflewibearser Oeuly LILIGD @ %P L4 LILIGHL uLb,
UDDISGHS HTTRIBIGET TGITOIUGIN BTLD SWBa Clsmessi_Fer alenearleussien ?  Fbs% uiesr
epevailsar (Genes) Lfluyd aflpensgL LB isewari Lupm pafet afehehTaTw ser(h) L9 SFHeMe 6TGH6sT
? 2 eagamsLl LUDY B YPEsans, ‘Qevssnisaiar Gl L9gisenestgsar (Problems in Laws of Num-
bers) 61010955 F60 LITHEHFHTDET ? ()55 68T QIQTTHEH®GTULD FTEHT 6T(LPSH W ‘&N, @)TT(H), CLPGITM)..
wporgailestento’ (One, Two, Three...Infinity) eTeiignid Bredled erpLitweaid, gayw H6wAEs aflehes e
@ris) smwrel (George Gamow)! gajwmalGev LIpEgG HOwHEsE GLuleTITRW QTie STLOTRI
Y55 CleTGsLd (Nuclear Physics), 197u@hFallwed (Cosmology) QLIGTSLD, eLpevsdnmi o ulfluied
gamwesiLd (Molecular Biochemistry) 9p@w wpLiGLipLd OLip Gleuty Liny Blu@uiesiiig, (rLehstd psm Fov
@) 1516 elestTig Hafled (microseconds) %) aflewgauns allflpg L L _g1! @Gp i o dFallens (Force) oL” (HLb
Wsebled Q)Bpg), Luehsd flfipg Gumis Gelipsgib 2ps epap aflensGu, Sererme propEs
riLiwed aflens (Gravitational Fpree), L0lewT 5% @ilews (Electromagnetic Force), 9|gI5%5% (b aU@IsS aileosF

(Strong Nuclear Force), 9g1%5% 1 BeS55 allend (Weak Nuclear Force) 2% \w Bt @ Lfleysarmui ompluwig)!
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Dr. Hubble, the noled American astronomer, guiding the 48-ineh Schmidt
camer: on Mount Palomar, Becnuse of ils wide-angle vision, this instrument
has been able to complete in 7 years a photographic survey of the sky which
would have taken the 200-inch Hale telescope 5,000 vears o accomplish.

https://il . wp.com/www.thinnai.com/photos/2007/11/40711151ab.jpg
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Hubble Deep Field HST - WFPC2

PRC96-01a - ST Sel OPO : January 15, 1996 - R. Williams (ST Scl), NASA

https://il.wp.com/www.thinnai.com/photos/2007/11/40711151ac.jpg
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apLifer Qau@gmms s &
GarLiLys GLPGLTe 2 1119@ LD LTLIEH&FLD

afleheprashiser gallgaiser wpGralwenevujd (Quantum Mechanics), miLiweneuyd cphmGs%
Hewesig@d ey Clung pluPeaws Csly uBFpriser QgeueT wWi(HL HSs5 et LIg55
wpyw deewev! UFster ‘@eoip BwWS) (String Theory). aiailgesrenL _ujd LIeneTsH@GLD TN
aflepepraflsar pLOYSDIISar FiLwe aflevFew woHm epein allF allensFs@pLcT L6 enidss%
Oararer ‘@ewip BwH’ LpwedHD! Iy erred CluarHs aflehesransear QLG QBS BTG ais
allengsenarud g5mIGs% LenenTs g ailers@GLd ‘L&T @a&w Blw)’ (Grand Unified Theory, GUT) gaetennd

&Ihadls sewr(h) L1955 LoHUL B uBEHDTISHT

Gamiiys @UIPGUred o @B (Inflationary Model) 197LIGHFLD,  YBBEO (LPLYBSSILD
OgieursGeu NG  Csmarwomwi afflyd L9TLEhssDer aflafliby) Dors Ceuels@Ld, epigw
Qeuals@Ld @ Cuw yemw@wg! L9TLEhFd HnEs Cleualwrs @)bBs e, 61LiCLITSILD 9% @I b5,
fpg, fps Cumis CsrerCGL WmsGL! apigw ofefburstl NTLEHFLD Q)(BBESTE, 6T
aflfla) plevew @@ 15 plain all@LW! PG g F@E% YOS, Halla) ILT55) OGBS,
QuniFuiled Qauggasd AspPlad®d! ruehsd epyw Camerom s Hwps Cleualwm ererLig
9B Dewtlay (Density), SyeIp) LI@H 9L_FSFewwd (Concentration of Mass) FTinss)! LNgLIGhaFLd LTS5

OGBS LI@H®6us O TGHILY (5BST6D, BT eLpLyil CHTGTLD 6TGID FnDGOMLD!

https://i2.wp.com/www.thinnai.com/photos/2007/11/40711151ad jpg
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21119 afluyd LrLIEhFLd

WruEssg@ar G Qaugliy Bspéa e aps Bow @GBS CIa@ID, edL T LT
an e &mi (Stephen Hawking) Cunesip aflehepresr Cevgsear Cseral eruplitd uipsSpriser Gl
Qang ity uBudss SriiGras@ar appana Heves Lp o Nerssapis @evera! sass s smrGio
Quey QeugLiing ey oL QubgSmpassnn! 935G Clump ey Liys@ LpeTL eTeTes
QBB B SL e1aIn) 61(LpLd CHaTalls @58 G @HSFTVSH 6 LIF e FlenL_sHerLd !

Qu@ Qag Liy PuBeow QuUiLiLGSSILD BlELHEF ST

Qouepsd Gump Oeaug el 9pe ofbgs GCsraaGL Golirg CUIS D). OLip
Qe i9neg ek ey sfssL 4Tl L neiser o eaLmuiler. (LpSe epeim BILOL BIGefed
yGomi e, plyl gnersepld LevenTbgl, anlyIemeewl W asepelnmes (Isotope) 19.ujtg fuith
(Deuterium), 9HS& eTeflw eLpevEmisartest apedlwd, eGwid, Clufedwid, Gumgner (Helium, Lithium,
Beryllium, Boron) @ weneu 2 ewi_muilest! aflessrOeuafluiled i LehPw erey anfedlwid @)HLiLIg,
Clu Casg iy pluGew Cuuitiu®sF o Bl LGSHS DS, Wy fus ruesssde Guiearaie
uged) U BLILIS), HFwFF 6T w15 Hewstlenaus (Density of Matter) &essfl%a 9 ag|dmevLomul () (5% D!

ruehaLl aTws ST A

O Caug iy eaPpul’® @ LWt yeaT(BhSersGL D@, LNILEhFsPer o ayewiid 3000
&N C YyareysGs GoODbssl! 2LICumg LCumL L neisepd eTevsiyaneisesd CFipg Tlig geoer
2SI SHET 2_GTL_TUlleT. e QD19 TG IS %Har gaflufler @GmILLIL L Hev Yewev HaTEISAT, [B)DEI%SaT
B waipenm e1pLitiGeour e adpmisGour QFuiud! YIQITYI 2 GRTL_T6ST SIS H6T, S6flss
TS TTST@5% @ @)L wmi ClFuiujd, gefullear wPpp e Barsisemer Cal@ SMTSFDG 2fLiLITeD
satafl GG et @)Bs winised GeauLitaifens alBalss @)em B &TewibLIgd CFuiSng!
v evallwer yeTBhsars@L DG &aliss s ‘yPovallwed ey OeuLiLiaids’ (Cosmic
Background Radiation) &iomi 3 198 Kelvin (3 K (-273 C/-454 F)). 1964 @ad (psa wpsad oyRavafwiaed
Heryev OQeuliuaisenss Csys san® L9855 90wiss eutallwed Gueamgser @) wpeud: 9iGerm

Glustrenewwmew, grLfL” afleewet (Arno Penzias & Robert Wilson).
B1&TG @il IFev aflensser

Ou@ QangLiysEL pe ey OeLiu afss
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Measurements of [ow energy microwawe radiation show that the
¥isible universe 1s permeated by "cosmic background"
microwave radiation, coming from all directions and similar to
what s expected from a blacl body at 3kK. The Big Bang theory
predicts that such radiation is the red-shifted remnant of the
radiation released when matter and light became decoupled
about 1 million years after the Big Bang. The American
scientists who first made this measurement in 1965 (FPenzias
and YWilson) obtained the Nobel Prize.

https://il.wp.com/www.thinnai.com/photos/2007/11/40711151ae.jpg
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Temperature - )
of universe 1072 K 107K 109K 108K 3K

Strong force
ey
Electromagnetic force
 E——
Weak force

Gravity

Time after 10-%s  107¥s 10125 1065 5% 1017 ¢
R eng ( = now)

https://i2.wp.com/www.thinnai.com/photos/2007/11/40711151afjpg

1989-1993 g er(psafcd CsFw eunaflwew alesGleued <y emenrwsd, BaFm (NASA, National Aero-
nautics & Space Administration) ‘9&levLl L9eTLjev o emafl’ (Cosmic Background Explorer, COBE) eTaiTagiLb
aflesrOleuald Allenip (Spacecraft) e1af), yewr_ Geualufled yFevLi LeTLjev ClauLiLialiFenss SaTLiLG ey
(Mapping) Qaisg. 9ps serLiLG ey Cum ey iy Plwug’ werapalgsLiy sg seralwwors
Uarye Qeuliu afds 9 _igsSeow (Intensity of the Background Radiation) 2 mi@L1 LIBGSHWSI! 9SS 65T
IFvalwe Lerev GeuLiLialds Frms Bleweaung (Not Uniform), g onmpiuil’ (H& Smesrll Ll L gj!
9BS LIDIFVFHET LITLEHFEP® FTewsabdlsar (Galaxies) P YOLOLILITHSNGT UTIFFSS,

9Ly LILie L wTuls H(5FLI Li(h S ST et/

Herye OQeuLiuaids ouessti Qump Gy ipgL Ypg eaehfw peas st aieare!
OaoiLoer afl@h@pres) omsad Nerresis (Max Planck (1858-1947)) & miCsnens %% dafdens (Black Body Radia-
tion) Q,TMUIBG TP D, ‘L6165 &G Faidss HewtlLiim(® (Planck s Radiation Formula) epevid o 1" FeutiLy,
BicwTeaRTaney, aureTenev (Infrared, Microwave, Radio Waves) &waipples denev Harsisenars &esfGw
FSEEHL (B afl_eurd! eupmleT gl L eowiCu aiyevsd s% jafdasaier 9L jsFunss (Intensity
of Background Radiation) &1eetLl LIGEDSI. @F GDSS 2 apent Blenevulled &% Taifs L FEP%EGL0, 56T

O FATSHDGLD 2 GTaT @ QRLILITGT 2 peveu’ Lorsead LIer1T6s auemarGsr®h) wperetn alls&Eng).
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Qs Ceury L6 L9671 SmIBW LT s $Fiafds 3 19 K (-270 C/-450 F) 2_ayewnt Blevevulley, LoTsad
erresta (petarpailss auemarGCarl el allisss FHFUTN RSHIaTaTS!  aDSGHapW LT s
@ iafds LNTLEHFEH D 6T enFulled ‘Fo GleuLiLiBlenev’ (Isotropic State) )& messt(H)eTonTS 1% MWL

LUBE DS

HUBBLE ULTRA DEEP VIEW

® Hubble Deep . Hubble Ultra
Field { DeepField Radiation Era
' I::] A -:_Il"-u ':] -111 O‘"a 4
“Dark Ages”
.i:I 0
First stars

:_'_,..i'-"'"" 1 : A o

Hubble S " First galaxies

1
i
i

— Normal , B Big
. Galaxies sl .ffEanq

Modern Y Big
Universe : " Bang

1.0 /S Jo.7-04 e
Age of the Universe, (billions of years) NASA

DO’ e . 6)SrnVNGHTEHS

https://i2.wp.com/www.thinnai.com/photos/2007/11/40711151b.jpg

apnLiLer QgrenavBprEE L HBL R
Y Helasefluiled galaisd Liredw sTewsed, O\pLjeTTSS 6T
B uiar psed rerwiomis Careiplu Gl Oeuiy it (Big Bang) aflenareumu 10 9608 wetr
2T DS @SS (LPGT LIDBSeaulTH STevsedlser smsL LG amest! Nruess Gleuafuiled aflewriSesr
F®SFaT OFTHIL FTVSHa0HT Frmest ewioLiL|s BayFarmul 2 w16 allevede! YFews B er
5@y aflenFwmes FiLLwed (Gravitation) UesSIL Q)(pSSH Q)ewmewiggs Clasmesi Foys

FL L BsaTTw devet Csa@IL@Eaimet! e LNeveSlwer @aflowsd Beyser e aNewTS6w s
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wpensHer (Giant Clusters of Stars) LNTLIGHFSH 60 2 aTeTSH 1% 2a1FEH LI LIGSDSI. 2bS @afows $eajsGar

srevgedlsar (Galaxies) e1eTmI )65 6HTESOTTE) 9w LpSHSLILI(BLIGH .

RaIGeurm smewsadulled 100 LNevewer TSSO Fnlg U GTOTGT TGN HesslSHLI
uL eterg! s EW @@ FW ReNLCT BLOFHGF FL_HHLD LRS! BLOF FEFW LOGSTL_GVLD
BELD FTvGadlleowsd Osmest Limeoow Geueafuiew (Milky Way) eIgmampmest Lopm Fmevd el @hLd
QsF et srwsedlselar Qe Glouafser BlenaiggLi LTIGS LpLywns CFmenevay STuLh! BLOS
uteww of%HsE CpmESw srwged 1.9 levadlwer eaflwre(h) &II$He o ereng)! (Light Years
-Distance light covers in a year at the rate of 18600 miles/sec). FHTavFabdls Gaysar Hereul L o HousHGevr
QWG F(HaT aUlyals% Gevrsmer (Elliptical or Spiral Shape) Canemid! @@hails @LpEIG L aILpLD

@ Fmevsadlsaer, LTLEHFSSH e L% LOFHS GHMDa.
uaGaigy @afipenss CsmppLd
oruehs aflfla) Lp s LapTeT @eETaben L 6T &BS .

1915 16 pewriged @LIwed BluHeow YsGHw YIbL FLOWFEFHD @96 TevenL 68T LITLIEHFLD
Blenevwnesig) eresiny BLoLlerms! QL Geug iy Blwu® Qeualwnd), guehsd Comlinyg GufGLimeD
21119 aABDG TR FHS®S (LPSeSled WGTaveL 6T LILIE CsTeTers SWHIFGTITE —SaITs
Qg @LIwed BlwHs serallwed FwaTLT®seler Siasel aS@prps L@ Geug iy Bw® Csrem
@I Fal LeanioLiL) (Framework) o (5eUTeSIZ). eSITED LIV HYewT(HhF@hsGHL LT @)eirmiid eLitfuied
pwug uller e aflugrEiger wIPpLl UL ® uGBFSTDeT! BwSHFE Foarur ' g6 9TUeEsFH NS DS T
9DV FHBIGHHDST TRTLNS aTshs b Q)L 5T, @eTavenL T eI Blevev Wlewsssansd (Con-
stant) GFigsH M0, aflflajd FpaspLd siflay Ll B Cumiler! estestred LrLehFd aNNFng e1eTD
F(HSB5I556T 2 mHwner CLngl, HFe plenev ullevsssensd (Cosmological Contant) @)ewL_uled B1eWLOSS 3,

‘515 LAGILI(HL Seum)’ 6TGIMI SheOLITL @G TaveH L 6T GLIL|% )& mesTL_mi!

Click to view large image
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As you blow up the balloon, the
“galaxies” move further apart,
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EQ E3 E7 a0 ¥ rlh':. ; M irragular
|
[""I ““'I"'fl I':'lll....ul"'l..
SBa SBb SBc
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6)u 6)ougOyd :
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https://i0.wp.com/www.thinnai.com/photos/2007/11/40711151c.jpg
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Bl BANG

13.7 za Big Bang
t= 0 seconds Lniverse bedins in an instant in time. It grows,

t = 0.0000000000000000000000000000000000000000001
seconds -—-Flanck Time

Gravity separates from the other fundamental forces . Physics
wiorks!

7 Known physics cannot explain the properties of the Liniverse
between the Big Bang and the Flanck Time, To understand this
period, gravity, which controls the interactions of the largest
scales, and quantum mechanics, which describes the behavior of
the smallest scales, must be United.

Liniverse is incredibly dense and hot, about a billion billion Billon
times hotter than the Earth today. This early universe contains
anly elementary particles {like protons) and energy. Mo planets,
stars, or galaxies exist yet.

t = 0.001 second -- Universe has no center and no edge but it
expands. (Balloon Analogy)

Farticles of matter and antimatter annihilate one another. For

every two billlon and one particles created in the Universe, two
billion are destroyved . Universe continues to expand and cool.

I = 3 minutes -- The simplest atomic nuclei are formed from
protons and neutrons.

The matter in the Universe is about 75% Hydrogen and 25%
Helium by mass, with a little Lithium and Berglium. But itis still
too hot for electrons to attach to nuclel to form atoms. Particles of
light — photons — continually collide with electrons, Though these
energenic photons move at the speed of light, they cannot travel
farinthe Universe (See the Periodic Table of Elements.)

The energetic cosmic background radiation still prevents
electrons from combining with nuclel. Universe is hot and opague
but continues to expand.

t = 300,000 years - Era of Fecombination

Atoms form when the Liniverse cools to about ten times the
temperature of the Earth today. The Liniverse becomes
transparent the cosmic background radiation s free to travel
through space. Ve can observe these photons from the
bedinning of time (see Cosmic Microwave Background).

Gravity pulls matter together: regions of higher density grow. The
Universe become lumipy. p

t= 1 hillion years (12 7 Ga) -- Galaxes, clusters,and
superclust_ers of galaxieg form_as ir_nmen_se _c_loL_st of gas
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4. smewwi WeaLp (Dark Matter) etenmmsv ereorenr ?

Dark Matter

“wesfls apwmPPGCe Faured FaLd wrCU@mL $alg alir upRurss GCleuis aaIg),
Bruehsd erliug QuEIGHDE, GIRIF(BHS UbSSH GTRTEILD YITWIFRAWTSGL ! LITeOLDW
afBuiled HAw et wsPer @i Lsd Py e g Caumefled @Q)hBg Glsmesst(®), LNTLoTesTL LD TENT
gL W LNTLGHFSmS B BSG Clsmarar well$i (LPTRDIT TRTLI®SS FDLIwT GlFuwiw
wywaieeme. 2 w5550 LML SFLULL L g Fearert weflslitinal HHFF e 2 cress

UL L Lienis MW (LpLgufLd 6T TN 2 MISWITS BLOL|GUS] DSBS TSTOSTT F S GST M@ LD, ”
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Gy Glggev-Lomest (Murray Gell-Mann) From the Book Stephen Hawking’s Universe

COMPOSITION OF THE COS5MOS

Heawy Elements
0.03%

Neutrinos:
0.3%

Free Hydrogen
and Helium:
4%

Dark Matter
25%

Dhiark Enr_'rl.]y:
1036

https://i0.wp.com/www.thinnai.com/photos/2007/11/40711221a.jpg

The Composition of the Cosmos
TLIEHFS o (RS GTOET @) (5EGLD LB It GILIT(5L S6T 6T6tr6wT ?

srflper aflewrGeuel erBisamihd &alps G Gured LTbg alfbg PG 19TUEHFSS 6T
FTnT(H&GaTCar PFPE FL_s@GLd CLTHeTHeT 6T6tTes ? @&flwer, @E&fw wewtLeLd, @FGHw
et wgensll Cumed usdewmuigd Gamg aflesrifearsaier g@olld @@BUOLBISGT Gl&TeSIL BHLOF)
umedLow &%), Lneww ofF Curew Car_mes Csmiy gaflow wpewssHer OsrenrL g LNTLIEheFLd | djemeu
sTeveuTLd GLITg Spenownsg O\SHuLd LITHS %(h I eHTestIc) 2 GTCTE"6US TG 6TGHGHT ! 966U GTGVGVTLD
@aflw et _cvlom ? Gleupytd @)@Her ewrLeiom ? QBss CHarals@L LG 6O Sment (LpwedFH D

Q53 &L HengullasT (PSP LG S.

&rgnsd Glenevevl) Cunerted LIrLehFsSed 75% H@Hewiod &%) (Dark Energy), 21% &(pewLoL]

Westi_1b (Dark Matter) 4% et Gflw esr_evd Curen g@afiow opensgsar (Normal Matter). FDm)
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Dark Matter & Dark Energy

Dark Matter is matter that emits or reflects minimal to no light, but does have a
gravitational influence. Evidence for dark matter appears to be present in

+ the motion of stars in galaxies.

* the orbits of galaxies in galaxy clusters.

+ the temperature of intracluster gas in galaxy clusters.

* the gravitational lensing of distant galaxies.

Some possible types of dark matter include:

» Massive compact halo objects (MACHOS) — These are large objects,
like brown dwarfs and Jupiter-sized planets, that exist in the
halos of galaxies.

= Weakly interacting massive particles (WIMPS) — These are subatomic
particles that have extremely small masses, but exist in great
quantities. Neutrinos are an example of a such a particle.

Dark Energy is the term used for a possible unseen influence that may be
causing the universal expansion to accelerate. Recent observations of
supermnovae have produced a value for an acceleration that implies a universe
that is about 70% dark energy.

Dark Matter & dark energy
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NUgLonss QFIGITT) H(HenLod 5B 65%, FhewLoLl LlesstL_Lb 30%, aflessiLbetsar 0.5% (Stars), 2 e LD

amig gegert, ayedlwd CFimg 4% (Free Hydrogen & Helium), 6w eLpevsmisar 0.03% (Heavy Elements), Lomw

By AGerrgsar 0.3% (Ghostly Neutrinos). @eupmsled BLog@Ll LAwWALLe) LFITHL @)(H%SGLD H(HeLOLI

LewrL_LD 6TaSTLIG) 6TavTas 7 dewgs OsHleusn@ (LpeT LNTLIEHFSH D RalldssD), edldss), LOaTFsE),

QY eIFEE LUDY APBS BT HBSH LB S8 S@henind FEHevwLi Lppy) 6\5MBg CsmerGaimiom ?
The Composition Details

LITLIEHFSDe FaeIsSGS s Aung &wenLoLl LIesTLEisarT ?

B VSFW BILYBS T BIHANGT LIGHTL_LD 2 aTaTSH. HSHIL G FH(HOLDF F5HF) IR/ LD
U ST QGTILD 2 aTerTsms HYPWLILIGFDG. FHewlod 553 eleriig LNTLehFsens Cous HL Guley
alfley Oewiyd @f yFomes eflens (Dark Energy is a mysterious Force that is accelerating the ex-
pansion of the Universe).  L90L@hFSDT SL (HLoMesid GloFmIS0Sallcd Q@GIDIRT H@HLD LIewTL BT 68
FL B uewuTL enl Oogleuns@eug (Slowing the Clustering of Dark Matter) 197L6hFsPer QFmL_g
aflflaflwssGw | Gevedlwiwns powred apLitfer ailflader eugIhenD HeTss (LPLYBS, Fewtley
QLoLIL6r (Mass Structure) eUeTiFFeow GUMILIL LODTSSE (LPLYBSTW, HHeoLod FEFuller CLaT® s
plwu@erw auGsHL. Queys. UwGeun BlwHser LeGeun LTLEHsFs FTLUSFHdrT WHSH5F
QFmeOeYLD.

9O fassTailed &L RomesTon@Ld wrGlud LSST OsmenewGpna&) (Large Synoptic Survey Telescope
(LSST), Arizona) &@ewiod &G eow pren@ ails auflseaied uia) GFuiud. yeuppler alLgmsiseart
Y BB amd aupLd S RHewgll LGB saflev M GeumLd.

Dark Energy and Dark Matter

L9TLIEHFS BT S@HLD LIGHTL_LD GTRTDTE) GTGTGHT ?

F@HLD LTS Ll upplw ST QBB IT @Il L_med L9711 65FS BT 9 LOFBISewaT @l @) (65 Test) 5 aT
Fgsc0lery) eraflsns Bliewrwd CFwiS LTy CsrenevCprsFsar epevid 2 arey OlFuig) LNTLIEhFS®S
STTUIBSF 0, HeSTEIFH@HLI LjeLiLL M, eTairest Gleuein) Ogafeumul aNenmIsns, LS TmesT LIGwHTL 515 6T
&L 25% Glasmereareralled GyullBpsest ! afleheprefsar LeGan auflaafled LNTLomesTL_LoT6T 955
MBS LKL FF Ha1shs (LpPUL L Tiger | BTopbs yHews Camearsafier G aflwpd &@HLd

LTS BT LITH LIL|Fe06TS HEWTL_MH56T @@k 6h M6 % T,
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7 39 DARK ENERGY

The Major Composition of |
the Universe

Composition =, | Heavy
; clements:
of the — ' | 5.03%
Cosmos iy
neutrinos:
0.3%

Stars:
0.5%

Free hydrogen
and helium:
450

Dark
matter:
30%

Dark

energy:
NASA/A. Riess 65%

https://i2.wp.com/www.thinnai.com/photos/2007/11/40711221aa.jpg
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https://i2.wp.com/www.thinnai.com/photos/2007/11/40711221b.jpg
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1930 @& L& eunaflwed Goeng gresr g@il" (Jan Oort) @&AwWesHHEH 60 ailewTLO6wTs o 6ot
paiFRFmar yomujd CUTg, (LPSERTLPSED FH(HLD LIHILSHST LpLiLienl PP FeTenLD6n L
QMBS TI. TS HYPFW WHLD Q)SFISTET. BHLog)I LimeOow afF) GLimesny, LedemudlT afllow LobeDSS%6r,
(Galaxies) openg 3y, BHsar GLmed yewL_LL L @Gy Foysarmul Hengalledevmioe O\&TL_TBS) 5% 5%) 68D 6.
BTG 2 BS LDB®S 9Tl EIS6T Gleual CumrsLiy @aipTLl &al)ES Hd% Lo&TL CLI(HLD SesT(LpaTaT
QurwpLser yeuppPled BléFwd Cupearalled @Qhass GouesstBLD eTeiimy BLOLIGRTTT.  bS HGSILDTET
QurpL sCer aflessibaiser LI @L 1HLIY, STwTseder ewwFams CrrsHs seuisd) afleoFw med

@35 @SS LGB STDST 6T FL_L_LDT5HS FHessTL_BbS M.

The Giant LSST Telescope
(Arizona)

https://i2.wp.com/www.thinnai.com/photos/2007/11/40711221c.jpg

The Giant LSST Telescope

2T QUL GAWeISGL LSS5 e, allewribarsafar psisFeow Crradw Cumg), @iw el
LesTL_geng il YFFH®BW F(HLD LIGHTL_SF 6T Hlewtley eLpestny LoL_m1G Q) B5% Couewt®Ld (Dark Matter

Existed 3 times as much Bright Matter) eTelieqiLd Fe5igl Hhdews Oeuafud’ L mi. eeny o4 uicysemens
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OsrLips eumasflue euedBiser eellgsL Bsearwtd (Luminous Disks),  &mevngedlsears
sppPld 0Osips ol eueamerwmisear (Halos) sewi GUNg @rgear S LTl g@er o6re

2 NISWTESLILIL L G.
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5. ool wWhHBmET RQUIBGSID BHHEHFHD 66l cl6ie 7

Time
(~15 billion years)

Accelerating
expansion
%, Farthest &
Slowing “ supernova ¥
expansion - 2
Bi
Ealr?g

k
r

Expanding universe

What does Dark Energy do ?

This diagram reveals changes in the rate of expansion since the universe's birth 15 billion
years ago, The more shallow the curve, the faster the rate of expansion. The curve changes
noticeably about 7.5 billion years ago, when objects in the universe began fhying apart at a
faster rate, Astronomers theorize that the faster expansion rate is due to a mysterious, dark
force that is pushing galaxies apart.

(Dark Energy)
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L9TL165F% & W evest) 6ot

FEHIF Feil Lo ewT O FBIFH 6D

SIS G5 O

H(HeOLOLT LIGHTL LD !

ST %G LI L|@LILIL_ TS

F(HOLOF F&B),

LTLI6HFS FHFTSFewT

&P gF 555 !

FUFFF enFs G 61F) FTee

Mewd @ allenF &5 eEhFs5) !

&S B D GOT FGETL_TGYILD

FHGVS B G HETL_TYILD, LIeHL_LILN6)

SMgessT, @666y & TeTLIS]

Qupens Bl sefer

FrewioLiny !
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A {-_lr.gtlnq
Expansion

Ir_1TI.:-1hr_:r:

T ATOMS
RIPPED
APART

GALAXY N > EARTH
FORMATION N i ~J | EXPLODES

FORMATION | YOU ARE HERE

OF ATOMS | SOLAR SYSTEM

STAR SOLAR . ' BREAKS APART

FORMATION SYSTEM AALAXIES

DESTROYED

R \Q\ \ : APPROXIMATELY 22 BILLION
R W YEARS FROM NOW
N -

\

Big bang to big rip

R
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Bg  LGsrars@eyd, afeiSarsefies ruehs Geuliug Gzuiey (Entropy) Seilgiomu
Beoswn®s Casren(h) aBHDS. IYsTauF Pmissd Anis (igaiGe aflealearseaie) oemiss b
611555 SinsICuTyl semeu Cesg Ceupid seatewpp N _ons oG afesrLlersar oalaflsLd

@aIOleuneip Tuid &L_Glgmef omIS LI LNTLIEHFLOTETS R (HSTRVSH G0 Q)(HERHTL HesTL_LDTH ) (HLD.
LmsL g 10SCunr s13@, (S ewallwe afleheprear Goams,)

1998 YaTHFHS (LPRTRTTD “SHhewind F5HF)” elaianld @b &iGhEhHTews F(HFemS WL
Caaraditl’ L. Hevewev |  SHLDF FEF) 6TGTLIG T _misefesr miLiL) eflewgenwrl (Gravity)
Gunew @@alls alewsd @ allewsFGuw (Anti-Gravity) | 9% (LPSHWLDTHS HTVTSH0HNGT BHTFF WS
SLQULGSHBDG. 2F5&IL 6T FTevnseadsallear agaimsmard Apiecowl Cure 0551858, semal
et wrey Cwr®s Osmearermsenn yeupnier Qe Oeuaflszmer apLBSHS 6% Tesnt(hLd

QUBEHDSI.

S Neb O)_moL1g Sairedleded (aurGerasmens, FrL 19 EIQDTLD LIVEGVS SLpSLD)

IFWGFGT LoFLoL] LIS TEener TmuLl L|GBS afl@hehrelser

ouEhFsPeT iwEISear YITwLl LGhs STelCum,  @end  pluyllL e, QyedLgL
oeTeve L6, @ris smonal, sTied Gsser sHuUgweswer FEHrGssd, evLmOlUGT anTE&E
2Gw aiehehren Cangsafer yenflulled Blarn, @UiICLIg @BHwraled allehehrerLl Liewnt Ljflbg
au@pLeud, LrsLj Qgups pidlsr o ewsll sy Cupp Bicdsd eurGarms@wed, ouretaiied
OUeTHHLD, YFewalwed YFH W FHDEEbSSHS (Astronomy, Astrophysics, Cosmology) GLI(BLOGTEY LIBIGHS
geafsglereraud. Lruehss CsrppEFer 9% eugewrpepud, pur’ k) oflfleneuud aflersd@Ld
QupLouneien oGuwimg gpLiLys Gamewr ‘L@ Oeuig il yFHewalwed BwPs% @S (Big Bang Cosmology
Theory) Faumevall®d wpewpuiled, alleheprafisar Goupii’ L Car’ unseied o,qTuIFFSHeT LIFBFIL
auLfl e1@Ssem,

Cwps piellsfear afleheprear iy LiLienL L Licsflsar!

Oewrg Bicdlsi HPvallwe gempulled yuieysar Lflud @f ITuIFs ailehepmest (Cosmology
Researcher). 9Hevallwed uicy LN71165FSB T LNTLOLDTEHTL DTG enioLiewLil] LUpplwg). LITLIEHFLD

6155|6060 9 6MTey OLI(hSS 2 L LDGHLI 2 0L WG ? 3G 6TSSSHW 2 LIJILT LIGSTL_BISGTTC) YHHLILIL L F]
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& (GMVUWDd m?saar(ﬁ’sar

https://il . wp.com/www.thinnai.com/photos/2007/11/40711291a.jpg
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2 @@ Qud Krenug@Ped QBsL LITLEHFLD o L TeTST ?  IYBS (LFS® BSHIREGL LIDG
Crips Qa1 aflenaresar wremal ? e Gleualuied 2 ulj gfailser eralalsLd, 61miGs Ggmeper
2 AouEhFsFer @QmIF (P SIeT GIaieT 2 F TGN SF6H LOFLOLOTGH, LF)TT6, [Bi%eoTLO TG,
pengwret Qrs alletTssens@GL LP® Csyw pHsTew aflehesralsern Csys GlaTewniLy (hdELD

BIDDIS SeTSHTT $H%MTev ail@h@hreshisaier euflevsulled eupLieud, OQuwps piedsH!

awnOder GCrrsdw saeva&emy

https://il.wp.com/www.thinnai.com/photos/2007/11/40711291b.jpg

BIO&T ST @meunest LA 1gal aflehepresd oSG T enmulleyL a1 (Fred Hoyle (1915-2001))
Qg S5 PLYss CpBlsGLuBL FiLliy BlwFeow’ (Conformal Theory of Gravity), ammufled-
BIS&g FiLwed BlwHwrsg (Hoyle-Narlikar Theory of Gravitation) spGLingl ail@hGhTeTE FHLIMLYEGT
apms Casmear@priser.  @Geaevried (Cured ailewiber s@uevev er(pLitisen), LOGFsS aumesfluied
QueaT&LD, GeureniL_Ld YFwallwed, Hrr LlererTi L b (Quasars, High Energy Astrophysics, Quantum Cos-

mology, Distance Electrodynamics) ,%w a@h@hITess HODS@hd @ Clewps piedlsi GL@pLoarale) $er
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LIGHL_LIL|FH60 6T S S| GTTT].
9019 @y Goeng o516\ apmilgyL_ar piedlss C\Fuis o TTuIFs s e

Kouehes@er Csmppseans aflars@w i gey afleheprest] LasL g 190y awmufleds e
(Dr. Fred Hoyle (1915-2001)) ‘QungyBleoev yewioriyt L9i@ehs Oy Oeuig iy slw® (Standard Theory
of the Origin of Universe (The Big Bang Theory)) 6T@IeQILD LIGEIFEET (LpFe0l60 LIGHDFTHPIICIG! 9 esTTeD
2ABS BuBeow apnis CFmererts) anmuiled Lpssallssald! D@ IDTs SLIC Tl anmuile) eg
‘BlIbSIBle»ev SemioLiLLl LATLIGhFSeS  (Steady State Theory of the Universe) L97sL_eLd QFWiS Ty | 2ye1med

s00ung apmuieler Casmlumenr BLoLCeuny creenlisens PG FPsTuis @pEs O%merGL

UBHDSI!

https://i2.wp.com/www.thinnai.com/photos/2007/11/40711291c.jpg
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anLifer aflarGenTsS) ser_ @ LiLgGpranm

anmuiled pIedlET @)mel(hLd LenpFToPlw ‘Blopsableve WS’ 2,e0LTL" @aTaben L T 2,55 W
‘Cung @Liyend BlwBuler’ (General Theory of Relativity) ImISDGeT L mS LI L9eswTL_Ld O\STL_FB)
2 peun@Lb (Continuous Creation of Matter) g bL_LiLimestd CHmLLITen L (LpSGI(LpS6d)6) Fnmligy). Olgw bs
BIeO&@LD L0 T apmuied UL g5 ‘LTuehss CenppsSear Blupsilenew BlwuSenw’ (Steady State
Theory of the Universe), BLOLY e (b LIGUT 6TeosTewl18 698 LOS@YLD @b oL L &I ! srgesid Gl Oeuig LiLy
Bw@ eow poL0 aurerigmuiss) Csuig aumuIiser, LFs16s5 SeTBLIgSS SmenioLl et Lb,
FHenLod F55) G w Car Lm@®Fer O\ Oeuig iy BluBuie plpevnsL Ler O\sm_[F& e 6.

TLIEHFS g0 T (RS GG @) (5EGLD LoFLOLT G\LITIHL 6l 6T6wT6wT ?

srflper aflewrGleual ermiseyid Gallps G Curew LTEg afBs FL_F@GL TUehFsSer
FmT(HSGaTCar HFPsE FL_s@GLd Ounmerser ereres ?  @GAwes, @GAlw LoD, @AW
el wgeamsll Cumed ucdewTuigd Gamg aflesibarsaier @olld @@LUBISGT Gl&TeHIL BHLOG
unew af%), Lmeoow afF Cumred Car_ner Gy @eflow openssaT OlsresTL_g) LNTLGhFLD | 9emeu
eTvTLd CLng S@mevLowTeS C\GHud LITHS F[h I ETT) 2 GTETEN IS TET GTGIGHT ? eHaU GTEVGVTLD

@asflw Ler_eoLom ? GleumyLd () (BT LOGSTL_GULDT ?

&WIgnsd GleFredewrs Gumermed TLEhFsPe0 75% s@henind &%) (Dark Energy), 21% H(HeoLoLl
et (Dark Matter) 4% gnewr @&flw et _evd Gurein eaflow pe»sHer (Normal Matter).
NugLonsd QFTGETETTD &HEOLLF 8B 65%, HMHedLoLI LewTL_Ld 30%, aflesTLbaIsar 0.5% (Stars), 2 evayLd
a1y geet, aedlwd CFipg 4% (Free Hydrogen & Helium), %681 elpevsmigar 0.03% (Heavy Elements), Lomw
By AGerngsar 0.3% (Ghostly Neutrinos). @eupmled BLog@GLl LFWALOG) LS ITSHL @) (5% SLD S(HeDLOLI
LewTL_LD 6TRTLIG) eTaIaT ? pafld585), edlFssS), LOTF8S), $M1h% 555, 9 ewIFsD), FiLiL|F 555 CLmews

OsRuyLd LNTLIEHFSB G LB TTGST % (he0LOF F&P) GTGITLIG| 6TGHIGHT ?
s@penLoLl Ler_Lb LyfleuGlgeres ? smenLos 58S L flaublseirer ?

@Awenarti Cureiy Gasrines Gsmy oflewbaisemears Gamesi pog LMW afFuier
essrLber e1g1ad BF FTvTHeemw L ® CeualCGuw gy ol nsuy aGsr eim s BHLILGSS
UBFDG.  ASTUF AHSSMT NRTLOTHNGT YFHTSSHGTLOTGT FILIL] YDDOFI®GT L 555

SLGLUU®RSS aGsm CLIarea) mmed 2 aTeT @ETn| 9eevg) Liew LiewTL L (Matter) {e0evg) LIeSTL 515 6T
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Composition ) | Heawy
& B elements.
of the s W | 0.03%
| Ghostly

neutrinos:
0.30%

Stars:
| 0.5%

Free hydrogen
and helium:
404

Dark

matter:
30%

Dark
energy:
65%
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QB35 Couat(hLd eTesin) @I @hEhTalIHaT 2arGFFeTH. LG LITGOLOW FHTevTsadlulled gyenal 61mGs
LOGHD bSIGTATEST TN HLPBSI FBFSS CLngFTer FTevmedluiled HewTemls@GL LQLILIL 1% S(HeOLOL]

Lesr_g S @) hLiL] (The Existance of Dark Matter) L) 9ymlw (LpLq B5S).

Possible models of the expanding universe

r Decelerating unlverse - Coasting universe Accelerating universe

By detormining the rate of expansion of the universe we live in,
astronomers are able to bettar estimate the age of the cosmaos. If
the universe is decelerating, it is likely to be young. But if it is
coasting or accelerating - expanding faster as a repulsive force
pushes galaxies apart - it is probably older

https://il.wp.com/www.thinnai.com/photos/2007/11/40711291e.jpg

1930 @& L& eunaflwed Gens gner @il (Jan Oort) &Awes HBHHD ilewTLdews 6 6o
bEIFRGmar yomujd Cug, wSETLPS® FH@HLd LI ST yLitienl LDBI S6TeHLOeHWL
MBS TI. YIS HYFFW WsHLD Q)SFISTET. BHLOG)I LTeOLow afF) GLimesrny, Ledemudly alflow LobeDS 56,
(Galaxies) openg 3y, BHsaT GLimed yewL_LiL' L @Gy Foysarmul Hengalledevrioed C\&TL_TBS 5555 681D 6.
BTG I BS LDB®S 9Tl EIgaT Gleuel CumrsLiy @aipTLl &al)ES (Hd%5 &L ClLI(HLD HesT(LpaTar
QurwpLser yeuppPled BléFwd CGuuearalled QBass Gouest(HLD eTeiimy BLOLIGRTTI. FHQTLOTGT 3YBS
QurpL sGer eflewriSaiser $LILN @L THLILG, HTTSaO6E wwsems CrIEHs Faidsd aflenaw med

@) (W3S ®AUSFETDET TN F L L_LDTHS HETL_ D) BSTH.
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1998 YaT(HFHSG (LPRTRTTD “HHewLod F&HF " elaiey/ld @b «iGhEHTersd F(BHFE®S WL
CaarailliLl L. Hevevev | FHHeOLE FEF ewiLmiGafer miLiL allenFew i (Gravity) Curew g@hais
afleva @ allenFGus (Anti-Gravity) | 281 (LpSHWLDTSHS H M6V M5 eb)Hef6ST BEHIFFR WS S (HLI LIBHSH B DS
SBGIL_GT HTeTsedsafer augeumsamard HPL) Cumed 0Fgs%), ey @arenpuwrein Gr®s
Osraternsang yaupner Qe Geaflsamaer apL®GSB LD IBGRDS 6TaIn FapiFmrd, LN 1L eur
BTG BIQDTLH LOEmevE Hp&s5F 6 Cumpenwmard, aurGernssmarpd Hw Hfed 6l mobLid

saradledev (Christopher Conselice)
Computer Model of Dark Energy In Supernova

FHLOLT LIeSTL (oL, H(ewiod F&HFud (Dark Matter & Dark Energy) 1970U@haLl LiewL_LilSesr
FETIeW % $S Ol FWTS Lo FLos &heisaeT. Heans s O\5Awng el LiL epevsPeT LNTLIEHTF @)Ws5s
FHaIS6T Yemau @uesTHLD ! Bluyl’ L T SeT(BH L9 $F FiLiL allens aIeRTLEGH GOTU|LD 2 GWTL_EIHEW GTiL|LD
QnisFL 1995515 Csressi(h) @i GOIULIL L aflewbeuald @peded QUEHW cUGHTERILD 2 GTeTS).
9% CLTev HHenLoLl LIGHTL_SFHGT 9 FHTS HeuisFF aflens &mevrsedulled 2 6Ter afeRTLOGTS T &L0 G Fw

@Emsuiled QuinS) e1mIGLd gLy _Ts5LILy QmISFILT L198515 C1FmessT(h) o (HEH DI

FHeOLF 555 LNTLIEHFSH60 eretios QFwiSpa ? LouehsL L Geuy ey Hghlé ey
2 GWIL_Tes &aevrsedsar Bluyl L esfler BwuGLiLig pEGBL Saysarmul WsHs CF@@IDeTr | 2,DmeD
gs s L CgreowCrrgFsar epowions Cpns@gd Cung, ruehs alaflibLsaied Ba@HLD
Qs remeagTr srewrsedluller Ceusid LB@Bg alleoTamT@gGeaans (Acceleration of Galaxies) @6k @hTeshs 6T
sewiLerg |l L efler y®F0ST1H HluPiug sefllliul L Qsrmp alleFuleip) %mevndendsef et
Gousd LAGPWNS (LY WTS. B FTIT-STHW WHSH VST HTVTHa0E®TSH ST@HLD F(HEwLOF

F5 Ui Q) (BLIGH LI @5)6h@Eh Tl % 6T 2 NIFWTEF BB S5I5 Foplesid !
@afiopeangas CE1sg 6T
LITLIEHFSDT HaTeI% G5 O\ NS LofLod & pallser

ouehss@er i aflFser, yPorer plwPser L @etenid Blenllss  LIL TLOSTET
@rsSaper. LIueEhFsHaT ailfle) g FH(BS5SMSH Siwnalss FHpenioLl LT g5 6T
@ wLieoug Cgafley L®BSSHILD LlgdFenest ! SpenioL] LewTL_LD “sressing Hewfley” (Missing Mass) 616D LD
wp&EsL LGS LguehFLl ClummL sefler 90% Henflouns &mpeioLl L9ewT_Ld HHSLI LBF DI

<emeu CluLbLITeyh C)Fss aflebarsaT, & hmi&Lser, LjeLiLIL 1% Hi%eTsaT (Dead Stars, Black Holes
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GUUFCHIEVTET6Y

HHNOE &
(e’ 6o’ D6V }5)

https.//i2.wp.com/www.thinnai.com/photos/2007/11/40711291f.jpg
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SIS (PSS emg' 3) G567

https://il.wp.com/www.thinnai.com/photos/2007/11/40711291g.jpg
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& Unknown Exotic Particles). &esiewis &g Ogflujd QunmpL sefler 5g LG %15 01§ allenseow
oluys Cung, alehepralser sesianis@s Osflaems i, Weaswrss CgAwng 6LrwmL %er
QLums BLLUSDIIS6T 9% Guuiwreime Lguehs aflflevasd $BHSH LBL &6 gmigw CLgeareys
Bewflay 2 arerClsaIDILD, & (LPLYuTss Hoest(h Lgerws Fengeuent B (Eventual Collapse) “eLpigwi

ruehs BluBeow” (Closed Universe Theory) 2 mi@wnsss OFuwi% ng.

Suernova Cygnus Loop
By Hubble Telescope

https://il . wp.com/www.thinnai.com/photos/2007/11/40711291h.jpg

@GLILFGBTIT (Lp1g FHSH6T

1998 @)av @il @h@prestsar L7L16hFSB e HLomi 75% Goall 9 FHewsess ansuils @ 6T Qmis& L L9551
BLOGOLDF HDHPUYGTOT H(hewLod FSFevw Ll LPPE FeT(HLIySSTis6T | st @)pLicous OlsMuwimg
BT GBLITw QBEPBIHCoah.  TLEhFs meweni_Li Gu@oeralled R TLlsg eTaTenss

saily, QB33 HHevLod F&F WG BlevewLiLg erenLo b9 S5 me0, $HCLTmSW COLaTHSE CHrL LB Se6T

83



8. Qlggwi LIy 6o LTLI6HFS BT LDFSS TGN HIMI LY BT 6T

aNps% OFuwiwiui Gouesst(BLb.

ILEHFEB® SHerLodF 555 1L FullaT ensgs S e !

srwrgeluiler Csmpms Car ' unhseaied Qe uilenr_ Guw Capmoed @)(hs@GLd @wLiLimhsanar
Qe G @i QeeTLilwuTs FHWF FEF eTeTeRTL] LIL T  UPPled @F (LPLYay
snevngeadlsellar Filumpmed aflfleneus F@LILIFVeme (Galaxies’s Gravity does not resist Expansion).

F(HBHLDM% eMEEH T GLH&STeRILD (LpeDUI6d &(HenLod FHFenw Ll LPHF CIFTGGTLD :

SRV T & HHEHVEF &6

https://i2.wp.com/www.thinnai.com/photos/2007/11/40711291i.jpg

1. seiamIs@L LU Moed LTLEhF (LpUpeowns @i &y allewsdd allevFwns (Anti-Gravity
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Force) 9L & QFuiyLd &(heviod F65 “9yFHov aillewgeuns s (Cosmic Accelerator) 6Ta8Im GmILILIL_L]

LBE DS

2. Bouehssss GarGer @)ha@Gd CummL seflle L5 &Benind 555 aflenaralld@Ld Q)Tesri_mLb
SOL LTS LiLsaer (Secondary Effects) e1aiiest Gleuasipmed : OLigpLoLinaienio djarailed LewrL g% et
BIGSTenLD GI%6T FrenioLieoLt (Filigree Pattern of Matter) oyplw o gallwig). FmiLITeTenLd 9aTaile)
<0l LA T (HEEr5G LparGer “srewnded (pEpHHsE C&Ts5%6T” uaTIFRenw

FheoLod 5% OGSl (Choked off the Growth of Galaxy Clusters) !

3. 10as Eplw yerailed F@HenLod FEB) HTevTse% 6T GETNIL 6T QRGN &) (LpSSHI% OFTaTeuemnS LD,
Cur®s Osmeareuemsw), aiells Csmataemsud GpaGIarars | eSS EIS6T
srevrsedlser o (heursd oL Geuenew YAFGIDGT. — SBheowd F4F euayaupm H1%Gem,
uwetd WPDSTESeur QBBESBBESTW, BLOg LMW STvrsed Oogleuns o (heurs)
@BsGD | ygered BLog LGCHTaTSSH Blowillujerer “ser epevsmisar” (Heavy Elements)

ewesrpg Osrent(® sngissermuid Cagmoed Gimui(hs @ Lb.

Expansion slows,_ 4

Farthest supernova
detected by Hubble Is
evidence for a
decelerating

universe

Ex DANSION accelerates

Nearer supernovae show
an accelerating universe
! 7 10

Time [billions of years|

https://i2.wp.com/www.thinnai.com/photos/2007/11/40711291j.jpg
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aflewgaumat e fyLd L9gLiEhFLd
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6. GurmBmed Gamewi Nruechdd BHbHImendsst (Black Holes)

Y FVSFGOT LDTWIF; & (15 [bF] G5 G GIT

&S FILOEISEISET !

2 DEIGLD L4 2 HILDLSFET !
flewrSer afl(Lpmi& e !
@mLier edevenmsar !
ouehad A Luflesr
O)FmB1% 6D

FheoLoLl L9eusTL_LD !

Fp L6t H(HewLOF FEF)
&Bewrd 555 !

FUIFF) enaFs G e1F IT%
afleva@ allens !

FL_&erflGar
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WESBDLD FTGHTLIG]
Qouwiliun® o cwriaug),
epeLD Y Pleug),

o681 % AT LOSG S QULD !

FL_aaT6TLILILY (B)BF 2 WenHLI LIHL_FSHTH eTIm] HreST Aqmlw (Lo & Cpar. @ Bss Car ' Lim(®
B335 Carlum® eraLamss CaL LG eransh@ @QFewaFullevencw. YBSL LML LILS FHL_afefe
2 GTOTS H(BSHISHans Gzl ailewpSH Co&T; LOHDEN6 GTGVTLD 9SG )65 B1% GTS TG,

QOLIFL. geTaven LT (BMev0lasefa @ LU LTLIEhFEI%e)

(BTeVLD 6TGUTERILD) BT68Ta MaUgy) LiflomewTid 1910 2y,ewT(H%efed O)LI(BLOLITEILD LILpBIGLD Ga(h afL (H&F
Qerevwrs gy Halll L g. NernGLn, sp@er ygewr Gouititim® (An Ideal Platonic or Kantian Reality)
(PSS FHUEIE UTEIVGLD 2 L LIl § SHETL] LS TTeT ailehGhTeTL LITFFenesiHer 9eneiss|d @ L

oflenL_wirs TOTITEYILD 9% IDDIS GlGmaTerLiLi(BLb.
Cuogn@feow Lr&L_g et Glaper_fener (emeuilwe allehehrerLd)

L6553 Cev  Fewtensflod LjULILIL TH FHBBEHIMOTET YFBVGEFH0 LG arest IFg % gm1%eT
I il F@mpgIemansarsiest LrLeEhFsFer o Lilw eugaled 90% Gummerns Blydererest
! eraflgnsgd Glanaiarme, @@ Fwoeurel afsxp alewriSer e1fes® (ppeusid SumsGimu
FestloyLs Cmsstew erpd Cugerey mILILTDDI® FHewsBH “@ROeOD (LPL-S&HI6u” (Singularity)
Blevev yaugl. LGS &@BHSI®TUIGET 2 (LpSFLD, Fewllay sarssaralied (LpLyailedemoed LAEbs

QOB & (At the point of Singularity, the Pressure & Density of a Black Hole are Infinite) !
aflawrtlasaf allenL_& enamred (The Handy Space Answer Book)
ruEhs afleheprear Geang avieGLicT aprs®m

@Qwug, QBUSH @@EpTd BIPpIsTGSaiar @UUDD Gua®s Gueanswrss FpCLTS
sBewwrer Cpmuiled stewp sarefl 2007 Q@60 YUSHOWHS UWSTT avie-CLIG QnIsHE
alehepresr ypmedled FOCwm,  @evs Byl ar  Yyouil @meTavenL e % CuTmsS
Qemewrwimss HHsLLGL LA gy aflehepref | alfipg OFaud NruesFsBer CsmpmiLb,
wenpe| (The Origin & Fate of the Universe), miLilwedL9685T %S GI1%6T BB (Quantum Theory of Gravity),

BlEFwiopm plwS (The Uncertainty Principle), Qg LiLienl_g Fiseisaer, (Elementary Particles), (@)wimenaulesr
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https://il.wp.com/www.thinnai.com/photos/2007/12/40712061a.jpg
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2 pg1ailens (The Force of Nature), L90L@HFSD T HHBIGIeoansar (Black Holes), Fmevs@eT (5% enFLI
Gung@ (The Arrow of Time), QuUaTHSSH T @sFwLitin® (The Unification of Physics) 2% weupmpled
sag YPBS SBSSISs®AS Cseflaurs, calsns qBS5S mplwey.  gwresri oner TLIchs
9 HTL_EISNGT (QUISS Q(LPSHEHBISEGTUILD, HETEWIHSGLI L{GOLILIL TS IIQLILIDL S FiHeTHeneT (Fun-
damental Particles) 9je®LoLIGHLIWLD QRGTDTEH N6NSH5SH Fnlql “LoHT @85G W Blw” (Grand Unified Theory,
(GUT)) @atenm ail@hehTes|saT 6TTDTeUS 6p(HBTAT 2 (heUT5%5 GCauest(RLd 6Tl (LPHLIL (B e LIcFled

Ry, avie-O)LIGH e 1aS) B!

@EFHvTEH® anrs&E esTedlwet saflsll Cuan@fwans (Lucasian Professor of Mathematics)
Cao9fL gd LWFmevs HLps3He0 LeIwTDY UBSaIT. (LPGTETN 26T (HSE@5%H S (LpTLTs 4Gs
ugeiuied 9Gs QLB ILIFSBESMI, FILLMPD®E seBLY 85 saflsLl Ouarss Guams,
i @ewd Bluyr L 6 (1642-1726), CprGued Lfle Qupps sewlls Goeng Limed 19016 (Paul Dirac (1902-

1984)) eradtiaupLd 4 Gs @)L $Fev Llararted Lgal auFgsali!
LITLIGHFS ST & (155G NG GTGHID 6D GTEHTGRT ?

1916 9y1b yewrig o0 @eTavenL_esfler gLitwed BluBHuiler g Livenr_ulled GleoFioesr cumestlwic
aflep@epret] smied &eurgevenged(h) (Karl Schwarzschild), LN7LEHFSBD (LPSSTLPFGD P (1 bII6H 6T 6T
QLusTs @uilu aassaemimw yPaNSSTI. eI HHBHIdMMSMGTL LpPw OsreTens,
UBSGLD (LpetTastTed 1780 pewt(RFHafied gomer OF0lFew, Lwi enger eorLitlermed (John Michell &
Pierre Simon Laplace) @ Gwimg @) (BeuLd &g FiLiLmpmed Qsmewnt “s@Ld aflewiiberasar” (Dark Stars)
QLIL®S THSSHIdISSTIS6. Yauppler seauis@L Cuumppeilelbrgl el gl g SLiLF CFae
(P WG GTRIMILD FeTLPBSTIH6T | Y uleid HeTeIs@L LQLILIL TS F(BbSIeaTHaT OouiwTs

2_GTOTGT GTGTLIGNS @) @hGHTewl%aT TP MId O\FmaTar BIDM) (LPLILIGI 26T (HH6T HL_[b%5 6T !

1970-1980 yessaiiey  Cuonpped UL SF5 ST CBIEHE6T  EPGULLTS  6uTes L6
o@heprasiisar BIHMIS HewissTeT srvrseadlsemer CrrsHwFed, F(HBIHITHOT BIFFULD @)(HHs
Caua(BLb TAIDILD FBSF 2 DIPUTETS. HBBSIET RIS @0 HTewblaial yrmGled G gif
Sewfloumest FFLILITDDE FaTld (A Black Hole is a Region of Space-time affected by such a Dense Gravitational
Field that nothing, not even Light, can escape it). yfluiler aflpsenew Goustd ailpmys@ 7 ewioed (11
G185/ mMy). YFTeUG @I eTeysenent BT sE 7 W6 afsFe0 FardLierTe, oyg LaiufiLienL
51 afessrGleuafluied erplaf®ib.. HCLred s@BpHImansE B Cousd - gallGeusLd (186000

e LoGY/@IBITLY.). garred el Goussgis@ epPw Causd yHwblaaiuied @evenew Owermy
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Pgugsss EGdEemaT

Simulated view of a black hole in front of the Milky
Way. The hole has 10 solar masses and is viewed
from a distance of 600 km. An acceleration of
about 400 million g is necessary to sustain this
distance constantly

https://il.wp.com/www.thinnai.com/photos/2007/12/40712061b.jpg
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oareveL_aflar B TBhSHIS FnmIFDS. 9FTUG BBV aflsd L yw CausgiFeyd
U@L el mgamerGum, aflesribearsamarCGur sppgimenser saiall Q) pssHs Olsresst(HGLiml

a9 1pm Raf BLb.

https://il.wp.com/www.thinnai.com/photos/2007/12/40712061 c.jpg

saTamIFGHs Osflwuns  Bs  NFIS  SGBESIGOTS®eT  ofeherTellsar  eTalallsLd
ST L9 5F5Ti%H6T? GBI WTSS: STGTLILIL 1), H(BBIHIHETEAT S65Td G 2 (HH D 2 aTar aiesTLE6wTS 6,
UTWSH6T, FTRS6T Y FweipPler 55 ailewaralls@Ld LTHLLFS®6T ail6h6hTesl1SaT HeT(h 2),TTuyLb
Cung euppler eypeaiTet @)HLicLI eionelSg OouililISHDIiser. BLoG @FW LOGRHTL VLD
FOnid ureow afFulled Liew eflewtSes &@pHIemarser (Stellar Black Holes) @yGuig) o arerest
! eupplesr Gesstley Bleom (Mass) FHAwenerti Gunetpy Fwmi 10 L m1@ ! CUBSS BlevpujenL_w
< aiails aflenber germ Gl s@Ld Cumg g @i @&LLTCBTTS (Supernova) LOIMIBDS) | ,65TT6D
Qeuy gs ewibellar o L s @@ Bl orer eflewribertsGeur (Neutron Star) evevg Dewfla) Blenm

QLBSD BBS T &(HBSI®aTw TEGauT L966155IS) a)HB DG

LoLEhFsPC sewtensiled LLILIL TH HBBSZI®THT YHwWSH0 LS amest RS IsI%eT
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I ulleyid F@mpHImensarsret LrLeEhFgFer o Lilw eugaled 90% Gummerns Blydlererest
! eraflsnsgd Glanaiarme, @@ Fwoeurel afsxp alewriSer e1fes® (Lppeudid SomsGimu
FesstlayLi Cmpsstew erupd Cugerey mILILTPDEI® FHensps “@OeOD (LPL-SSH6u” (Singularity)
Blevew geugl. YLGLITG FHBBgIeaTulleT < upssLd, Hanllay sessaraled (Lpgallederoe LB Ba

QN ®F & (At the point of Singularity, the Pressure & Density of a Black Hole are Infinite) !

| NS W ol
Safi, Orli, Neta and John Bahcall with James and
Elaine Wolfensohn Washington, D.C., National

Medal of Science
(1999).

https://i2.wp.com/www.thinnai.com/photos/2007/12/40712061d.jpg

S TL_Glasafld &b BSIenarsair LIpP aunma®)E oy miid&ser

1965-1970 @aupmis%@ Qe LiuL’ L yesrRsaie, LruehFallwenei (Cosmology) Lpm mluiLi
HOwS senlls (pevpsaars aaswrest®), aprs@n ung e@uwed BwHulew (General Theory

of Relativity) “@pedm (PL-GHISenS " (Singularities) YTTUIBS @IBSTH. LiLenflulled euBs @
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afl@h@presh) pmggd GLicTGumat (Roger Penrose) gL' L_meflwns Geusmev GlFuigmy. 1970 (s avie:6)LicT
< ewrL_Oleueld & mlGLflsemarti (Black Holes) Lpm) o uieyser QFuwinw o oibl9gsmi. yLiGung sjeud
F(BBIGPHNGT @I DFSFTRT GQRUPSHLILITGL S (Property) &et(h)LI955 M/ @afl &@HBIG LS
s1Cs GlFavev LpLyuwing! afggisemar yaas ailpmG) aiHLd! FvTe0 YniGs HaevLd
(P H ! sBhEGHIeT CeuliLgsne sHialés eTpH ! Oleodioesr @6k @hmest)
Qeugesii aneVGTLITE HEHW SFISHF6T BwS (Quantum Theory), eOLIFL. @9GHODEH L GOT
UL gs Oung e@ufwed Bw® @uewen ujd LWRTLGSHS HHESHITS6T sHiaiFens (Radia-

tion) Qeuef GuPmIBETDGT 6T63TM D TEF B! BlehLISSHIS HTL 19 68T/

abie-CLIGT QPIE&E @)eTenL UTHEME aUgTRI

1l Cwr Qwrg Serefwinns 300 HYSTHFEbSGL LIDG, QBFHWIEF 6D avwe: 6L
anra&m 1942 goasteufl 8 y1d C3P YseavCuri® pasfled LIDBSTI.  BSSHI LTSHLJTT FHend
Kgnmis anrs&s, CsAw @HsSHe 2 Wie sk Fnl GG 60 (National Institute for Medical Research) Geuestled
BT ® Gpmuisefled (Tropical Diseases) ApLiLing yomuidd Oauig eups o uiflwew alehehret (Re-
search Biologist).  smumri @ewGlued amras&m, FadCUTI®R LOFmWS Fp55F60 CougsTpsLb,
YIRwed, BFsHmD UPHIL LY FSFald. YUTSTH BIRIEG GLH®SHaNed abe LTSI wpss
@ LI ULI GYT. Qeues LIpEs Fowbgresr @uestimd 2 sl Gumri Feums), Glgiwer &L L eoar
T1%0&L hsaT i9Es1y gaulitl’ BHs GerGser alluppg, AL afled L FEIBISGT FHTHHLI

UL L et/

Amieuens 2 eter GLrGs avie- O OLTHSSB WL, HessllssPiLd LA L0EhF W FTLOISSFTES)
wns Qpsrar!  ewanGsL’ (Highgate) yuibuili vetelulled LggsgLier evie- Quer L9p@ Ljefls
QY eOLIGaD (St. Albans) 2 wiiBlevevri LiaTafulled O\Fm_fpsrer. 1958 @60 CopLig Lit9m @ 2ygebdCmi®
LOS®mVG $p55F 60 CFIBSTI.  SBewsSWTT OB HIILD 1(hS5S Hresigud Caarngy, abie:6)Lier
sz Ld, QLTS HLD (@) gessten_ujLd @I HLOLT TS SH1% ClFmessti_mg! 9ymiG% gyeud OleuriLudwgsaiwe,
puUwe BlwP), $Pissiser wprallwed (Thermodynamics, Relativity Theory, Quantum Mechanics) 9j,%w
UGBsdard FpLiunsl UygsTi. 1961 @6 gmwed afesTCenTsEHs Fnl_gBe0 (Royal Observatory)
Caipgl, sar Aoyl ur_misefler Gl asuiled Hev wrsmiser yrmuid@ulled FEHUL L TG 1962
@60 s CuTi® sevarfuile B.A. Quear@sL L' L gml %), 9®3aH% CHoLNfL g ClFeryy 6ClLimg

RULIW®, P wailwed gepoafed (General Relativity, Cosmology) umuiFd QFuiwL L|&bS T,
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Caoliflil gdled wpsw Glouss steweuengli wgLiy (First Term) wpiyps LIe1  LOSeyLD
Cemgpg Gpmuips Gumer abwe- Cuemers S $Mwl, LISLIL UMISGLOLILY  LDEHHGT
UPLDISHeTnd.  @uess(®) eung o L bl CangemersgLi 96T, eaumeh@G ALS erastanid (Amyotropic
Lateral Sclerosis) q@b@ils pabL|s sena Gpmul (Neuro-muscular Disease (Motor Neurone Disease)) 2 6ieTs s,
L& %67 sty ssmiser  0whssmaled ypCrremw “Georm Gshle Gpmui” (Lou Gehrig’s
Disease) e1edim) GMILULGSpriser  ypGCEIL epewar, (LpSiGs sewt(h (Spinal Cord) 24%)weummled
FWSFHF QUEHGMS L & CFuiyd prbys GlFevsamand (Nerve Cells) ensSg aBILD!  y,e8T6D
epearuilasr yPleunppeoewd FPIGID LITHEHTG)! 9AD3S Crmurels$Hd FUTHSGHLD SnFFHaT
GiCGsL_1%) epsgenr_gGsm ywevgy BCGwrellwum s1E&HCuwm E&E i aestLd o erL_m@Ld! Hie Glges
g 2 L pleve LFa D GonFon), L mEL_[f&HeT 9eud Ph.D. LI L LD QUTEIGH6IS QUGHT Fnl_ QUTLD
L mg eta1n) (LpaTeBalssmiser emss CasL L abie OLGT anTEFE B IFF UL QUHSS(LPLD
DL BSTRILD, LTS Qrmuidd CFuwiuyd GLng e o pPuyid, o L& eueleyd OLpmr NrLehs
aflfley gy uiceysalled (LpaTGarpld Cl&messt(®) cupbsTH!

e

e emear QWsGD SGHSMET

LOAZY &6 LomessiasLomaT Loenesiall Geeir apma&m!
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aumpsensuiled ClprEg Curet anrs&Gmsl, 1965 @)ed Caair quiled® (Jane Wilde) eTavTeniLd LOTeHSS
B@pLoesd Clauig) Gasmewimg.  wewesal) Cer anrE&) B OIS 6T @(h LoTelsHL!  LBlebedweshled
RABSF euar! augg sHW Crreowri upp HPps Leteyid, yeui peswi FHmewld o ufli
umpLomLmy e1erny Osfps LlerayLd, wer 2 G Cwr® avie:C)LieneT ewTpg O\FTTL G, LOTBSI
wiinew L wé QFuiyd werdblFuGe! anrs@n sFps GUTeT aTLHe»e UFBS aUTLHeITUT LoTH D),
rOL@mL alehehTestd Figemaisar Lilw awsd Gsuis eellsmesl, Gwmer apms&m! 1962 Qe
Geovr Gafla Grmul (Lou Gehrig’s Disease) eumuiLiLiL’ L gid Q)uesst(h) 2,657 (h % @5 &6l abie: ) LGS oy ujer
(P BHNBHLD TR L THL_FHeT HewsTshEH L L miskeir! QLTI BIHLSFOWBS 2,657 (h % @5 G
GopGlasmesstHILD (2007) eugd 2y ujer @)erenid per® GlasmearGL CLT@mg! 9aisend @ @)Ter(®h

LSOaUISH@HLD, 6p(h LFevallujLd o aTermisaei!

SITHTHL auFons BEHIFH pooL) Gpmuiled (Motor Neurone Disease) &HTLDILD evie-O)LIGH,
ppeugId BL&% plgwngl ploas Gumul, Gussg @GP o (mewar pIHSTOUID, afed Gar
afeheprasiiumy 2 walld Gewaid Blevweno aPpul’® i L g wpnitb Fev pewmSHafed
e G Cunsupd @) BHSSI! 9ougg wemeal Gwer amrs&ml, (Jane Hawking) LFeOeud,
ysaall yallg@d 2 gal, ysrey avie Clusgys@ aflehesrar Laflsaiey Gleupmluyd, FLpeHLOTET
wumpEemswd Clup eIHTs QBESS!  HauTd aflehehTens dnl' L mefgerter gred OLarGrmead
(Roger Penrose), gmugl’ GleGurg (Robert Geroch), L9gmesiL_esr gL (Brandon Carter), @2migd 616065 a0
(George Ellis) 9%Cumi gy omuid@uieyd, Ouear@sli vesfluileyd Hyeumps@L GCuinggeursad,

QLB BSIeRTUTTSRLD 35BS Q) (1B BS68TH!

1985 @0 “HTVSHT @B F(hdHs ugewnm|” (A Brief History of Time) eTignild euisl HBeSlewr
WpSDLLY 6T(LPSSTH5LD (Drafi) (pLypssl. Oegefleaune)s s Cgam GlFier LiTTay aflen 7auTsEH ulled
(CERN Particle Accelerator) ,omuid&Fasns5 sniGw Gung, plCretlur Crmu eumuiliul B o@hs5 als
FILSHDGS HM6HF QFvevs Ll L mj 2 ulisgenentd Frgersens (Life Support System) Sau[hs @
Q@) ewen1a P (BLILIS GO 6156 LD LGV 6N L THL_JoHaT Fap, LoenaTal Ceer an s s GsermLoe,
9euengs CaoLfL g BSHIUS Fnl_SB DG aIoresigFed Csmest(h) cupsTi! mGs CgmeseyL &
GLomus symieweu (Tracheostomy Operation) SjeuBsGF OFuwiw CrAL L & ereen FFAwid! Symiemeu
QeuppPlun® evie-Ouer 2 ulf L9ewpSss% ClsmesTL_ T  YeTTed YIS GHI® LPPPIILD mibS
Cumied L g yseriear yeui Vol b e1ps a$s CSTLFL eussHS GlGTaTer (LpLg W Toe)

Cumuiad Lgy!
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GUUAGCHTEIT SHIENT AS WS

https://i0.wp.com/www.thinnai.com/photos/2007/12/4071206 1i.jpg
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LUICUTE Yeurs LomessTeu(heT eheugTest Lewgwest @il (Brian Whitt) eTeLIeul BIGH
1(p® py5s5 2 FNwCsTRHIL LKipAL b Csmgry Qsmerer “eumpelwss eoowitd” (Living Center)
eTaIey/Ld OBmL_[Ls sessfleflll LenL_LiLy (Communication Program) g@a&ienm avie-0)LIGYIF@ 2eDLOSFHIS
Osr®hssTd. “eumpailwss ewiowd” ewerest Gaued 65 Gumiesflumaied o arer aumredr” aumedL_mad (Walt
Woltosz of Words Plus Inc. & Speech Plus Inc. Sunnyvale, California) 9jeuflest yesriianLiL)! oengLl LiweL(HSS)
avie CLIGT SR 6IpSeLD, LSSHLD SWTHEHILD, P 2 atar CLds @)eventLiluier (Speech
Synthecizer) epevid avie-Gler LipLer Cuagewmd! Grail’ Gewer (David Meson) eteiLicus GLids:
Q@ewenrLily, llevsentesf] @uestenL_wd HYeugsHl o (hewar BIHETANND uFRWISL LIeHenTS)
wmeugsmd.  QLiGumgy evie Guer iaraflwe @Gredlled (Electronic Voice), (peiievet afllg Glgafleurs

Q@ auppled epevd a1psaLb, Guajib 11y FFi!

Stephen Hawking and his second wife
Elaine

https://i2.wp.com/www.thinnai.com/photos/2007/12/40712061 h.jpg
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7. qeafibemadmst (Galaxies) emingd Cxpmempdenr ?

Galaxies

gofipangs CsmppLd

“Blenewner aflesribersar o 10upd @eflssFiser @Gilw gefleow @55 QUDMSS FeTenLn

O mesr_emeuGur.”
afleh@prer Goens evy gevd BlyyL” L 6
aunestlwed OsrenevCprsGsar eLiGLIg D BlwBsenar G L (HSSH LIGH6.

ruehsd 2 119 aflflyd Cuing, srewsedsar poenio oI B aflwdd QFFarmet! sz Gaumy
NBL0M188 FpPlaricd, sTewdedlsar pLoeow Il () aflwid GlFeusre, Iruehsd o 119 NS D
eTaTLIg) Clgalleun@mgy! 9Fmeug LNTLIEHFLD BleHeVWITSH (LPL_BIFHS HL_&@GLD (b FoGRI(B) TGN F (5SS
w15 95 Cariing GLfGumed o 11194 GasmeGL Cum@Ld e ClummGsmerid !

aresfllwed Blessty 61" afleir aupLiLSeir
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EvoLUTION OF GALAXIES

Dark ages

First stars

First galaxies

Galaxy development

Galaxy clusters

Galaxies -6

Click to see large image
“LO1% eTaf W H(HSSHIHHET 6TVGVTLD F1FHE TS LSS OB TRHTL &) [5S a0 G TaT(H S 6TL-(HFHeTn 6.
o0 & GamgLomeir”

“wefls UTHEH®S eTaTald BTL_FF5F BTG BLQFITHEQLD, ST LITITEOWTATITSRLD ()1

srLifestgmuis sl & 9ellsHCmmid.”
aflehepren Goang Bevad Gumabi

@B5 CluaBs 2 wassH G WIisGmss Srewigd ClFain GO 185 @@ Wi Qe !
IdTHH We af%%@pLd, BlwFseler safl auflseps, Frgsear yHLILFEsL Ly ailGo, efls
&G OFTL (LI wns @b LN1sLs CsmpsailicoL (Primal Chaos) Cpng& & Gl Haiper.”

SEISET LTFelerL (19TLIEhFLD & L TEL_ getTadenL_air)
Hubble’s Tuning Fork Model Of Galaxies

9rLEhFs srevnsedser erLiLig 3 Cgrearper ?
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Mormal spirals

- * .

Kinds of Galaxies

= =Y | — ] 1 S — 1 v

Ellipticals

id

A AR

| 1 § s [ - o § 2 i s— |

i

Barred spirals

272 { T — -

UsVGEUN) 6ENOW DHESS6NT

https://il . wp.com/www.thinnai.com/photos/2007/12/40712131a.jpg
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Pvallwe sFgeumnigaier (Cosmology) aflerssmisar euraiiue GgrenewGprs@saier Gz ed
epevLoms aflengeuns aBsHwrgd Cung, eteert: WrmpFwsHed LgLehFsPer (Infant Uni-
verse) LlewTL_Lomesgy etauadls wipGalwed plwGuled @aipmuid CFipsest ererLiens ail@hehTe%ar
@UIGLITG FoibGl YTTUIBS QUBHDIIHET. BLoSEG eT(pld CHaTal @)FIST6T : 6Tewau (LpSET(LPS 606D
Caresrpdwer ? srewngedsert ? flewrbeisernt ? yedwg F(hpgemersart ? Lerenerti L97L1@EhHFLD
G ue) LTUTS FeTFHsTT 19G)I 2 QUERT(LPOTAT UTUL|SHF@HLD, H(henioLl Liewri_(pLd (Dark Mat-
ter) Fg1%% BB (HES HL_WTS Q)(BBEIHIGTATH. SWIEW|SHGL LJGLILIL 1%, LOFLOAGS, LTS T6TLDTes
QU@L LD @) (BBESSD &% srevrdeadsaier 5g o ewrmesr s FiLiwed ur@LiGU wemps
BlebLesIBISarTU 6T(HSSHI% Osmarars L' L 6. oy ulenid revnsedlser, allewTLEGHS 6, & (1 BSIeH 6% 6T
erLiLig @hEICEH CFIBF (BB GIRTLIGZISTET ail6hGhTes|Femard ApFEs eausbs@GLd LITLIehFs S e

LS IS TS @ LD, LDFLDLOTSRLD () (% F)6wTm 6o !

12 to 20 billion . .
years ago @U@@W(q-qu
10 billion

years ago

Galaxies evoive,
constantly moving apart
&s the Universe expands.

Galaxizs and
quasars form over
the next few
billioty years,

L L] L] L] -.
snevéerPaer Cermmwd ...
https://i0.wp.com/www.thinnai.com/photos/2007/12/40712131aa.jpg

Big Bang Events

oLEhFs e mewaanevl] LIaTLewsg aflewarasafier (Microwave Background Effects) eLpevLd
2 IMUIBSH®, LTLEhFd Gelib@bps Cuigl, Lesid @aipruis Soesi®k), Ou@ Glaug LiLjg@L
m@ 380,000 yewsthser sifpg “Lefm@&Gumed” (Transparent) Q)(BBSSHI SITIMI % (5HIF D TISHGT
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I Quep Qeugliyggl 96 1 9e0elwer yeaTBhFeaT SL_bg, LITLEhFSBGT SL L 6DLDLIL|SGTTET

Q) GRTLOGSTSH @ LD, HMTeVTHe0S@HLD o (heu TudeeT 6TeTm & (B LILI (DB D S.

1950 gyes@safied s CGumgaflum  Gweresr”  alevevest arGarsss3He0  LewllyfFs
wpeTGestmig Hafled peugmest, Glegi6)Loesr eumeiwed eue e B afledOlamLd eumedr_§ LITGL (Wilhem Walter
Baade) &mevngedsafed o arer ailestileiaanar amuibdg, FTevnseablsar e1LiLig g GCaaarpler eIarmn)
QMBS BLOG LMW afPenwd Hoplujerer @b & p alaribarsaled enanly eer aealiugams
L& seronet 2 Geovnsmiger @) BLILINSS SeT(BHLIG55M0 | 11 196065 W 68T 4,687 (H % @h% G (Lp GO TE)
Carardlwenay, psL Lials aflewrbearser! &LiuiGpmer Qe iy Syevevgl o aflewrLbear Hengey
Quésmisearte aleatleuafluied aff erflwiiu’t o Cewnsmiser Bog FHTevrseduier @)emarw

S LD ewTLScvTHam e ail(Lp Bl aTerTeT !
ruehssS® Qum Geuly L@ Lar alleenss LT &)

Quamp Geuyliysel Kar KTuehsFsPe alewarsss WIDLTRS6T WGBS LLTGLIHL
smevlleuaflls Lol & (Space-Time Chaos)! e1BI05mI@G Cpra@ed srmuonm, Q@UpmISeTd !
aflerGlevafuiled aflewriSeaser @evenev! LiTeOw afF Qewee! Frewsedlser @evemev! o uflflerGLom,
MewmIFerGom e1giayd @evenew! JFTWETS Fnl HH6T Fewl_wm  YBIFEIG GIRTTSLILG GTHIGLD
530 gpsfger G affxser Ceupid gserser (Particles)! LTLOAGIGHET (Sub atomic particles)!
gisarsafler priquid ! OFM_ipg e wirejb p&ipg (pL 1y Gond), @)mepg), LaaTbsl LSS
Flem&Gaar o anr_muiler, Gomgsedled Hev gisersar yflpgid Cumuiles! erEIGLd Fewted, GlauLiLiLh,
FHLHSS @Quevns eralled LTl Hg gi%er1sar (Chaotic Particles) o LOILpBES 2 ayewid! 2G5 %ewnTs S 60
Qar > Culgref o @waisar B3 eTEIGeEILD 6156bGr $FT5H6T T(LHFF)! eoLow DTS, H5IG
sIUPD eTevede Plw Gleual ! e1mIGlsEIG Sresieyd ¥4&) wwid | 61h0SES 9Ly LiLIGHL Fafled
LIm&s 1y uGom psEs CHTPmEIFaNed 2 (5euTHlF &35 ullesT &resTL_aiLd!

Doppler Effect

a355Pad aflfley! OQeualQumigd alfley! oifley! aflfley! miLwe @)L ad
aflfley, sfls allfley! guud ueyrest o Uiy Cungl, @@ LeTell HyBHW LaTalemw (LpBSTLOGD
e aflfleug Cumed, yHwsHer (Universe) qaiQeuniy seripld seriptd afpsg! e@etGeumd

amISUpLd (Region) @aitenm oI () geim aflewd oyLiumed CFaingl! qBSS FSF 6D BlHLHBSS,

sanflLiLy (Cooling)! @efipg GeuliLih enllBg ITTOTOIGT FIFHGTHOT F(HEI%H Q)L UFF eoLoLiL]!
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SoaTOVEN T & unuJaT

Einstein In the 1500 solar tower eleadone ot e MiunbWilkon
Obsenvaitony, Pasadena, Californio, in 1931, He s with staff member Dr St John.

https://i0.wp.com/www.thinnai.com/photos/2007/12/40712131ab.jpg
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AC=2AB

Inthe "expanding-balioon” analogy, galaxies are represented by
spols sttached to the surface of a balioon. As the balloon doubles in
size (between times t, and £, the separations between galaxies
incraase to twice their previous walyss,

alliptical lenticular
' |
|M| t*m*w il --*-- :

Irr
EO E3 E7 50 :I r‘ @ itregular

SBh SBl:

GALAXIES OF MANY KINDS Bared zpira)

la)

chaervar g | T2 Doppiar effect. {al When a source
apperce @1 light is moving {from feft to right in
this illustration), each successive wave-

ey crest flabeled 1, 2, 3, 4, etc.) i emitted
from a different location, Fewer wave-

MW erests per second reach observer 4
{{from whom the source is receding) and

more wavecrests per sacond reach

observer B (toward whom the source s

maving). (b) Compared with the wave-

: lengths that they would have in the
il e spisctrum of a stationary source, the
|| u!_l fines in the Specinum cfa I'E{Ed.l'l'ig

source are stretched (red-shifted) to

! longer wavelengths, and those in the
receding saurca UI b lﬂg "
squsezed (blue-shifted) 1o shorter

wavelengths.

m M“ suoolitre THE DOPPLER EFFECT

abserver A
soures receding)

b b

=]

B
-
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afluyid aflerlleuelsd F&Pulle 2 S5 TSMSE HODSEH, AHPVSH D 2 apew(LpLd G@IPlwg! Lpigafled
RUPEIBETS FTTL_aUEISaNe) ale»aThs LSS SIemIsGSaher LInLiLsaT @uipset! fla) @uissLpLd
RUIBS! yerted aflewrOleuafuler allfley BlDsmoed, QOsr_ibg afBg COsreanGL CGuGyraf L’ BLb
wEIGHDS! BSULL GG SEFW 95 S5 GHST &GeNibsl, 2 TG HL 19501155 B IewT(h
aumy Gusmsermul Lspges! yUiGungy ys mitilwed ailews (Giant Gravitational Force) eT(LpBSI
Cussisemar 9(psPF &Hs%% allesbaiser Coramler! srengedsaer (Galaxies) Cpnarmlest! @ Mw

LewrL_cvmI%ar Ggrermlest! e Gamarmiser Gg mesr)est!
Redshifi and Blueshift
W33 OsmereGpraduied LgLehesams uiss allehesred

90w Rss euresilwed Blyewrd, el allesr awiitfer (Edwin Hubble) 1929 Sylb 9y,ewTige0 &Hesr(h)
g gs allawOeual albews Cluwp Oeagliy HuPs@ yallssawrer Fraiprs eg!  Oeug
Csrevevey srewsedlger (Galaxies) aBHID ol BlwLl Ll ewL_eow (Light Spectrum), #4%) aunips LSS
Osremev CrrE® epevd omuins Cung, g CFpElD alefiben Crra&l CLwiaienss (Redshift,
QepppL CLwisd) sewr_mi! ‘Lmifers eflenaray’ (Doppler Effect) FapmiLitig QFpBnL Quwisss
snvsadser garemp LB @earmy alewd yLiurew Curdaper e Ggelans BlenlsSns!
Cuayd srevgedsefler Hrow HPFHwTs HHHwrs, Haupdlear Ceusupd LOOSWIFDS, 6TTNILD

o1 afesT o Li1L96T HewT(H LI SS T,
gofipeng Ly

1925 yssna(® FeagBHew auradmiLer D.C. @60 BLbS 96wfss aunalluwe @&palerier
(American Astronomical Society) (LpLILISS) elpe¥IDTaUG Fol L S5Few, 160 Cumiesilwmaiesr LimewGLesm
(Pasadena) p&MeOpps, Cpors eug (wpypwns @llenarechflar allehehTers SMaT DL 1D UTHSHHLI
Ul L g)! qUGunegw 2 sl Glu@pd alledenvat HHIgF e 100 2 miGe 6196 gmef i Nufed (Mount Wil-
son 1000 Reflector) wiessfl wapplw, 32 euwigeo_w, 90whs$s aunaiiue afehepret oL aler anLifer
(Edwin Hubble) (5 L& llewiLleness (Giant Star, Cepheid) Sesti_mj! 95| gpafl oeviFFuleyiLd, ag afleyiLd
(Luminosity, Size) ompld eilesribesr (Variable Star)! 45Geu &b BL195s BL14s%, 6666w
eafluller wpupll yoent wHLiLjsaer (Absolute Magnitude) HeoL_g@Ld. HeTGamibi_m (Andromeda or M31)
TGN Y PSHFLILIBLD b aflewTilenr, ysewr Hper Goasd Curetn @b rG U@L BlLjerT (Great

Nepula)! 25 flewriber 9% evs Gramisenar (Cosmic Distances) SeflLiLIsn @ LOFeYLD 2 FayHeTng)!
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6)6OUC ML B)uwrdd BuCaH L 6)uwisd

Had =hift

Violer Indign Blue Gren  Yellow Omnpe  Red

Srtionary
Ohserver Star
R
Srar moving away
2 Observer  fram observer
.‘—"| b g
¢+ REDSHIFT =
Star mioving
' [Hsgepver towands
F-.——__ k) e
BLUESHIFT ©
Spectram

Redshifts and blueshifts in spectra

Rapidly approaching or receding stars or other self-luminous bodies alter in
appearance (colour) in a similer fashion to the Doppler shift with souad.
Motion towards the observer causes 1 shift in wavelength so thar the blue
band in the spectrum s bluer than ctherwise. Conversely, motion away
fram the observer results in the starlizht appearing more red.

light travel time in millions of years

o0t 10 100 10000
L] T i 1 T T AT T TR
mast distant known quasa
-0k
Quasar 3C 273"
r Cygnus A radlo galaxy
Coma cluster
o 23 1
i Virga dua.ter./
= * i
2
An
=
2 [
M
0000+
L LMC
1 i i i 1 1 1
oo f e 100 10000

distance in Mpec
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Galaxies -2

<,eTCumiSLm pLogy Lneww afS S (Milky Way) LiLimed Qeu@ Ggsrevevalled @)hLiLsTs anLifer

aowblery ples9551% &1y T/

i afer anLifeT eugsl FTews@w, rblum alvvevet Crrsssg@er (Mount Wilson Obser-
vatory) 100 gymiGev Gsrevev CHraFevw LpS6T (S QUISH UTRT LDGHTL WSHBS HI(HaTl L L
WO ®, yflu v sear® Ky tyseer Geuealuil L eug NruehssPer Cuoeare) &L L ewioLiLy,
uesTLT(H&6T YFHweppler ypPlajed OL(hEs LTYISRFMT 2 L TSFetTd! oTOLI(HLD 6uLg 6y
Qs resTL &mevEedsaT (Galaxies) ‘B & evmigar (Island Universes) 6T6sTm| aup LiL9 6 68T 2y, U161 & 6T Fo il GoT!
Guogyid amLitfer e srewgedsellaT ailgausisear GrT55), aupmleT @erl LEGLL apuT e’
(Classification System for the Galaxies) &S TH. B eapLIT® QLUICLAHILD LIl _& engwmarLl LIBHF G/
UTH 2 TS YEFHLD, FHTvFHedleT FTISPOGHL, 4H v psBL CoussHPGL 2 aTar @i
o L arunleni_ 1929 @b ser(h L9555 9BTeug Hrevsedlsefar Geousd aipsler o550 Cni
NFFFF eV 2 airangy e1ain HPlallss1i! srvsadsaiar Ceussss@Ld, HISEHISGHL 2 atar ailG%LD

(Cousb/gruid) ‘apLitfer plenev @)evasid’ (Hubble Constant) 6Tasn) aumestladled GmlLili L LGS ms)!
Galaxy — M81
1924 @& rLIEhas@D et LATLOLDMGSTL LD, 9SeniaT 2e1ipg ClFe@Ld eTewntenipm aflewnrLberser,

FTEedl% 6T YR waupemLl LPBIW LB W &6FSHSH6T Lo 6T(LpBset 206wfas aimafled aievey b
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anoder Corédw srevmsemny

https://il.wp.com/www.thinnai.com/photos/2007/12/40712131b.jpg
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https://i2.wp.com/www.thinnai.com/photos/2007/12/40712131c.jpg

Qevaler avaSobLig (Melvin Slipher), o1 eflaT amLitlar (Edwin Hubble), 10601 &1 @m® iomewest (Milton
Humason) eLpau(pLd yessrenl_ufled pd Lmedw afulled @)pLiLgns eresient] udBbps Fev BlLjeTTss6T,
Quuiwrsts rueEbsFs@ed U LNDWGT MLOFEFEE YLILITCD 2 GTeTSTSSH &CHIL TIH6T!
YHCgrern LernsevL_mooLl Opresss®ed (Flagstaff Observatory, Arizona) eved-L@BL), @mLitder,
Q9 Lomew et @)BeuHLd Hred) Curieflum allevewear ey CrrassassFed (Mount Wilson Observatory, CA)
uest] yfBg aupserd 45 Couss@ed srevdadlser Lyllenw ol ( yLiumew e Gsremavaied
&g ClgFavauemns Crrad), LITLehesSer Lrbonenr_Li GLgarenausd ser(y) aflwpgestd! “Lmiiferg
aflewarenauLi” (Doppler Effect) L9eTLID D)% FMevedlsafer gaflplnLi L e ufled CFpBm LI COLwiss (Red-

Shift end of Spectrum) aflaflLOLI6D (LpLg U S S FesT(B), 2UPMIGT 4P Coussenss Het(h) QilwLiL|Dmestd!
Various Galaxy Images

anLier gareven gLt CFing Liewflwmmp), eugdy GlLmg @Lwed BlwGF FLocsTLm ()% e ed
(Equations in General Theory of Relativity) Slev omppmisar OFuiw o gaflerry! 1929 @60 anLilefler alls)
(Hubble ‘s Law) Qeuaflwmeng): 'smevdedlsar proenio oL (), sLOLp6T @atenn @ain oIl () aflews)
QLT Q)L g HTIEIS@h% & apL Cpi allHss e GBS B Ceusnisaied ClFParper erarLGs

ancifer alF)! 1929 @& aniifer wH il L srevgedsefer Gousid, allestmiys@ 45 eioed (162,000
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https://i0.wp.com/www.thinnai.com/photos/2007/12/40712131d.jpg
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mph)! @erevenL_ar apLilfer mplw aflfuyd 19TU6HFS FhSHSFmar @LILs OEmewr_mi! 193] Qe
168> Gumietiwm allecdev et Gb s 555 % 60 26T 6» LT eLp GBI 24,6557 (5% 6T eup L1196 L_6oT Liew] O Fuig),
LoLesF estLmisenar CrInassd sesi(®), Heu(bL el afleuTHsHS ST QLI FLOGTUT(H SHenears

s @ ery!

Galaxies -3

@efipensser C&1sg)
anLifer e ® L1985 B Oeual QowiLiLiT@®ser

1920 1RSI FIusESH® apLifer srewsedsaT wiemel 6T uieysar CFwismy. Fev
F(HOT BILjaTISS6T (Spiral Nepulae) $10&GaTCar Sesflsset] aflewricisears OsTewIL_GMdh 6TesTestlw
F33l, 2 NIFLILGSSL UL ToCev @) BESH! TG dnl' L LD BLOG FTevdHeadlenwd CFipsHsH T
Qevevgl el Ul ‘19gueEhFs Geweud’ (Island of Universe) Fnipssm Oeuasin gowith e1(pBssl! 1924
@ aplitier 100 ymiGew OFTeamewCrTsH ecpevid ‘oearGurGrm plyermeilesr (Andromeda Nebula)

SIS I aThSI, Hl BLOSE (BB 2 aTaT TG Fnl L SHWGHLD LILITGD BIMTUITLD LOL BIE
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Osremevalled QBLILISTSES ML 19 estTh! BLog LimevLow afB %@ (Milky Way) e@LiLITesT 6uig afled, 9y,6Tmed

QLILmed Gleu@ HTTSHV 2 6Ter g Fals &mevg e (Separate Galaxy) GTGIDILD Fn W GSTTL!

BoC & S60T Sr6VTENIS6T

https://il.wp.com/www.thinnai.com/photos/2007/12/40712131e.jpg

Pwin Eye Galaxies

anLi9er wHnihd Fev FTIEOSNT STTBIS®ET aThdl, ey OeualalBLd Glgafeamer
Raflenw < uIBs euPPleT FTTSSS ST HILD ClLTg ereys CHTevTs 61(HSS5I% O\HTATETCVTLD TG
@O L i @ srewrged piewn il ® el Curgd CousgsemsGuim, yedevs 9 HLOGHLD
Crra% 9% aumpd CousgeamsGuin, og afsxd ‘gefluller Lrlilers Quwbidd’ (Doppler Shift of Light)
epeVLD aTLILIg LS eTaflS GTRIM HewTL_M. @(Beud Juiled HewrL_eumerd &L_LiLjLi (Railway Crossing)
Lrengulled Blarm gulled gargid aNPemevd G’ mew Lmiilerg Quuwisfevwis Lfpg ClsmarareomLd!
gued Uiy eumuileoew ClBpEIGL Cung, aIFN T geas LGnhs CsTanCGL. OLmSGFH e Tuled
LU aumuflenevg gressiig wayL_ e alFedleTr @ens @bl O\s1aiGL sesll@ng! Q) BBSLHIF &mest

114



&.CleowiLITrS 6T LTLI6HFS BT LDFSS TGN HIMI LY BT 6T

‘Lrtiferg aflenaray’ (Doppler Effect) e1esimy FapLi LIGE D). @afld FE&SHuLd, @edldFss GmewGes pL_Bg)
Qsmat@ng!! sressgd Gead gulled alPemevri Cume, BLOLLE FL_Bg CFORILD HTevEeduiles

@afBlnL L ew_eww (Light Spectrum) Gpra@enned QFpBlnLd enswnSng!

CerC e & GHmaT 66N 0W WHES

https.//i0.wp.com/www.thinnai.com/photos/2007/12/4071213 If.jpg

Barred Spiral Galaxy

BLoewn GBBES au@pd srevseduilear eaflBlpl Ll e w Cpre@ermed e1$F aleflidLimes
b Blpd ewswrSpg! CGupaplu QFppnL Cu@mEsd QOFpBnll CLwidFd)’ (Redshifi) eTermy

GOILEL L L®Swg! awLifer pewisswTeT @l e auegaetienwiLi (Sensitive Spectrograph)
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LWL (RSP, allev&F ClFevayLd Liv &mevged safler ‘OFBEDL QOLwiFFsear 1929 b 9y6wTLg 60
CrLilag @i euengLiliL_$%60 GDSSTH.

an L1967 &m6v& a0 afl6sr GTIs5ewss oL L 9 FFeILD (X axis), Syeuppler ClepBlnLl ClLwisFFsemar
Cpd @b (Y axis) @MsH auewgns Cung, e1@iumgng aflswns ey Cpi Car® o heursHwg)!
BTG FTVSe0% TG HTTBIS6T, Yemeu LILITD alew&d ClFevad Causmnisens@ Cpi ol ss 5 60
2 aireres (Redshifts or speeds of the Galaxies are directly proportional to their distances) 6TeSTD @IBeOSWITGST G
21 Grurl e g ser®) L9 ssmi! srevsedulles HTuss51%5 L, ClFedad Coussss@Ld 2 ater )bs
9w o L arunGL, ‘anilefler ol (Hubble ’s Law) 6163Tm) SapLiLi®& . Srevdedsafer OFpplnL

QuwiFFenws (Red-Shift) SEHTL_T6D, e BLOGLD I () SYLILITG 61& P GHIDGST GTGTLIG| Y TSHSBLD!

&TVTSNY (P5S )G Mg'g)&sﬁ

https://i2.wp.com/www.thinnai.com/photos/2007/12/40712131g.jpg
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Galaxy Clusters

ruehsd 2 119 aflflyd Cung, srewsedsar poenio oI B allewdd QFFarmest! sz Gaumy
MFLon%s Fmplesine, Hmewseadser pLoemy Il G aflw&d GFaeaugmed, LIguehsd 2 L) oINS D
eTaTLIg) Clgalleun@mgy! 9Fmeug LNTLIEHFLD BleHeVWITSH (LPL_BIFHS HL_&@GLD (b FoGRI(B) TGN F (5SS
wmLngl! g Ceriiyg Gy Cumed 2 11194 GasmeanGL Curg @ Camerd e aLilferTe)
Blep98s L L g)! Gung Litlwed Blw$ s @ (General Theory of Relativity) o L LiL" ®), 1915 @)ed gpevLifL”
oareven LT Yy sHw ‘FiLfwed Blu@uller’ (Theory of Gravity) $aiiss (LPLYWTS (LPLYG], GTEDGVT
FTsads@pLd, oM LITUEhFD e G, Lo LevedlweT eT(H%@b%@ (LTl Csrearmlw

‘G Qg L1960’ o ewrL_mestenat e1657L1 G !

Milky Way Galaxy

= :
. Sagittarius Arm

Perseus Arm

SHITTRIL G BRI W N AT Y] et i B ) 20T

Galaxies -5
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8. GeomidGasv ®aIBINgdhd UTeLWENS, BTeLHMNOBT, BHILGTTHBDET

SUG60T (5 T TELP6V (Gs/MT6U6N”

ureow afF) @Ew Hrevsed) !
uf@ esstL_evs G meirsseir

o2 (BTG THILD
aflewerwm’ HF Fheng !

L% omiGEmy CleuarerT(® !
@ grL g estd Grimed
Camarsar &mpsleus
OeuuiGuimesr

DG FHETEHG 6UGRTEIF)

QIGVLORI(HLD
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gofitowismer wjms !
LU flwg !

L) spmibd @ Awes Fplug !
@A war Fpp) upLd

umeOLows af@L

L35 Hmevd e Hplwg) !
Gam_ner GHmig

gofliow wgesaer Guouiss
2 9 ClFavaLd

QrLehes GLfsner Cufwg !

“yefls Goug mrevsafled prd srewid Goaiienowmes BlwHsemar Bleancvpri g OwuiifssGal,

waesfla LpwPFFer ol 6hehTersHed Cop s meTart: Ll L 6T 6D 61681% s CHTaimSma). "

&t O)apFglse (John F. Herschel) (1792-1871)
unedLow afpemw s arpseile Crrasw aflehepref &a5edGwm

1600 2y,e8TL968T QY TLOLI FTVSHD @Q)BFTdlw aunestiwcd alleheprar Goensg 56ed)Gwimgmer
(LPSB(LPS BLOG LTVW &f% (Milky Way Galaxy) smevgedleows sesig 6lsmenevGpms&uled
sar(p) 2 a1ay OCFuigeud. Iybs ol aleaTarin & erestesinn TLGEIET (Q)(BBSDSS 68T(H)
Awpsmd. ysP@&L LKDG 1755 @ Oeiwer Geustp® @)bwreieued 6&er’ (Immanuel Kant)
unevow af % Gallwmy Gunep allesrLdeisefesr peng (Lens-shaped Group of Stars) 6T6TmILD, %6 GSTLI
Cuna Goumy essrbeigeler wpeangsar o arares Gouamid Faplernd. IR L esfled Liewllyfps
2ABDF0sT1H Oeiwer cunailwe Crrgsrers alevellwd OawiFblFasmest (1738-1822) (LpSeT(LpSadled
il@h@prest FH W s Limedow afBenws &i(Hall Qrmuipg eT(pBHwald. sDGL LIDG agg FCoHms M
#Cpnallasr QapiFOeaweyd Lsaeaud @rer GlanisblFas alevelwugeasL LIGILDD eIImTaTLDTesT

snrgesmars 6sTeameCrTsE %6 opevLd SR LI SSHILT LB 6y OFuUiSTis%er.
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—e Erion

FmevgeadlyLd He FppPlaimLd Cam_ner CEmy. ailewTLEers @pLd

srvged eTainTey ereviarr ? FGfwenes Gumein Casmimes Camy @IewTLSGHTHET 66LOWI%HSEHT
RRTODEF FEHPIUBL @06 g aulgauter aflesentanisGn srevsedlunss HBsLULGSDS.  BS
HMevsadluiled alesTLOcs S @hL_6tT, ailewTLSeneTd HOMmID el _%CHTaTH@pL), Qaflow BlLeTTsHsEhLD,
UTYSFHE@HLD, FTFFE@HLD LTy s FL s&Haipes | Cuad srwdedseied wrGugpd Sesiad,
®LWSH®O yeTaunm FFLILTODILD OFTewTL_ FppgIevar (Black Hole: A Single Point of Infinite
Mass & Gravity) @aeipid @ psserd.  ruehes@er GupLOLITaTeLOWTeST Fesstlounss (Mass)
FBSLULGLD 50 evellwed@ Cupul’ L srewsabdlser @Q)BLLSTS ail@hehTetsaT &enllsFnrisar
! SeTamls@GLl LeLILIL 1% S@henioLl LT @)edevrioed, el Gw LIrL1ehas@er 90% Fewstlenals

O Fmess1Ly (BLILISTHO LD H(5SLILIBH B DII.

sngedlsaT Hev HaTTs @Q)HLLMa. Fev Hateul L g ailed @QuLitmaear. Heo Cxrenievns
@ @Luau.  LmeW STevsedluld g6t HbGs 2 arar ety CorGoLm srewgedluyLd (Andromeda
Galaxy) &(BeTTGTenG6. HTeVHen) (Lp(LHeUBILD G HFF 6D &P DIaISTe0 alewTLcISmand: Haiaild 6)% meunt(H
F@mer sumiser Cenarlet. Heteul L HTevEadlSafled FH6T SIBIGGT TLHTLOGD O)LITHIUTSLI LIGH LW

aflesstLS68% @pLD LOBFE FPISaT6y UM SESGHLD, FTFSEHLD 2 GTETGT.
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Two Views of the Milky Way Galaxy

Our Milky Way Galaxy
{Picture taken on October 19, 2007)
G W werC D 6)areiTC LW 6F

https://il.wp.com/www.thinnai.com/photos/2007/12/40712201aa.jpg
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@ grigesd Gumed pLog LIRS et _ewid Fes\BH @(h MLDWESHETeTE HDB U (BH DS/
urevow afF FrewsedlCuw ! urww afPuied LufSenwrr Gumed mImnl LNe0eSwesT aIlesTLE6TS GiRL),
ROCUET F(BBIHIOT RRTDILD (B)(BSHVTLD TR H(hS Q)L LOBIFDE. BLog LMW afFufled
ofewrileir (ppF s Csngsmsend (Star Clusters) ewiL_& GHTaTs@pLd, @ENLDWLDTGST BlLaTTSHSEHLD,
aumy Gusmigesd, FTAsesLH, Qeupmlpd CFing o ererer.  Lyials aflewrbersesd, ©)bk5%)
QYL (b5 O5188155@5LD (Denser Clusters), HTev&ed) HLOWSHIS S BB VILD, Q)ewanis aflewrLdes @hLD,

BaTips O&1581556HLD (Open Clusters) $mev5e) SeTSHL 19 GO 69 LD bS] GTGTGHT !
umedow afp srewsaduller sesfggias SpLiL|ser

BLogl LIf® ewTLevd HOPleupd Lmeww fF eTerLgl @hallsd &@per srevseGw (Spiral
Galaxy).  Suneuef s@erTf wasmLiLy Cured Fpedeug.  umeOwW ofHuiesr afll L b Fwmrg 100
2 uilgd epeflwnest(h) HroLd (One Light Year : @i qpaflwimesst(h) 6TeTLIg HIT HoTe : HFTeug alBMgsHE
186,000 o106 CaussBHed ClFaaiLd gpafl @uressi(h) ClFedeVILd FITLD). 69LDWSSHewTesstGo Sig LiL) FrmuilgLd
@aflwmesT(h) HITLD. O LOWSHeTessicd Liewpw TGS @FLD (5 F(HBSHIGTLLD @)(BSHTLD 61T
FBSL LGS DG LMW afPenwd &HpPd e “gafleur’ L 1d” (Halo) afestLS6s 0% 155155 6MTeYILD
(Band of Star Clusters), &Hegmis@GLl LjeoLiLL_mg s@eoioLi et Gosggsaayd (Cloud of Dark Mat-
ter) YewossEL UL (Hateng | 9ps F@har e BreTE somiser HOP umEHainer.  2ullzs
F 655155 68T Q) wTL8 6% o G Myewtsisarmi Ll L6Te W BT6wT(& %515 60 6TS &TEIH LITGOLD W & T6Vd e &e6uT

®LWSHDSS G\ 1B FPM BB DG !

UflB) LOGSTL_ VLD BATE SIEIF6aN RRIDIT @AW HI5F 60 (Orion Arm) WSS (BB 30
< uilgid gaflwresi() S1ISH® @L 198 ClsTeig BEEHDS ! BLogl L &Awamars &P auwpaig GLime,
@Aweyd uredww ofPuler ewwwseans alpTysE@G 137 e CausgiGed (220 &.16./alpmg) Fpp
UBEDS. 9BS CalsFe G HIeT @BUPED LpUpeL L L DM 200 LE)6DeS) WG 2,657 (B)% 6T )& LD
6T SeISHF L1 LIS DG !

afl @i &led eTarLiLIBLD BlLjerTaser (Nebulae) e1GTDIED 6TeiTGwT ?

1924 @& G55 eunaiwed aflehehret] e’ afler apLiNeT LPSGEILPS® R (b F(HGT GULY6TGS
Blyerteneatd %edo%Cumieilum aunGeainssssd 0CsraevCrrs&uiled ey, BILJQTT 6TGIMTeD
W& 6Tt Glummer.  yHwg HTHRF6T, Yo _Gleual eumuysser FiGamevps aiesTLOeTs 66D

FePLICuTIS, ST & wpeopulled evswreTLiLGL @@y QFmed Blyert | Hev eumyssertul eTehFw
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MHaorma
Am

The location of the Sun in thé Sagittarius arm is
indicated in this generalized side view:

100,000 Light Years

SUN Galactic Bulge
| A

: ]
27,000 Light Years

Johim Carpenter and Robort Hurt'2HASS Projoct

The number of stars {of all sizes and states) in the Millsy
Wyay approaches at least 100 bilion and may be as much as
200 billion. Cne MW, star has now been accurately dated to
be about 13 billion years old, using a measurement of
bervllium {synthesized in the first stars from low atomic
number element fusion) of star composition determined
spectrally. This means that the MW began to form
{probably as a globular cluster that continued to grow in star
numbers into the billions as it evolved into a spiral form) early
during the half billion vear interval after the Big Bang during
which most of the galaxies organized.

ﬁg—Z—milk)Mgl;jage—stars.jpg
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FRewsas sravdedser! Fev plLernssar GG gmeafu)L 6T &HeTTs, BRIl BI%aTIS, $FIafsLIenawTs,
r@ueSitivewaiwnsayid (Spiral, Planetary, Emission & Reflection Nebulae) 2 6To/TGs. OB D
GLUUIGETUT Oeuiys51F PFPW SIS SHFaT. eI BlLjert etariig (Planetary Nebula) eumuy
wW&H&ECar | CgreanewGpra&uied Limis@d Cung Gsmar eaugailed GFHfaugred 9eveu oyeurL
BILOTTSES6T GTaIm enlpSasLl UL L e  &Fiaids Blijert (Emission Nebula) eTaiiBed eaflaismLd
T (LPHGOFGT 2 GTGTGH. auppler o arGar aewg LISTCeT L5 gaflaisd ailewriSer
@BsHDE. umusser Yuesllsermuill A% 2 WiFES) Lneysns $Fiseaer (High Energy Ultra-Violet
Radiation) Sjenau 2 LOLPGSETDET ! 2 FTIenTions e ilweT blLjerraled (Orion Nebula) & & 19 T8 & Tl GiTET

ROBANSL LIFensF Bp LpHed OsNB DG

Milky Way is the galaxy in which our solar system is
located. As our planets revolve around the sun
along a flat plane, the sun is revolving around the
Milky Way in the same plane. It is best seen on
clear moonless nights when, because of earth’s tilt,
it circles the sky in an irregular band from the
northeastern to the southeastern horizon.

https://i0.wp.com/www.thinnai.com/photos/2007/12/40712201ad.jpg

rLEhe srevsedlsemer HITuIES OapiFlFed &@LOLISSTT
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AL 19 oy Glegiioer afl@hepret allevadlwid ClamFFblFe), 9eaung smiens &Grmedler Oanido)Fev,
STW T e OapiFelFe & w epalbLd LIGOSTGTLISTL KD TSI 60 )b W TeS LIGY 66 56
wpmssar aflarbloualulley seTBHLIgSH, urelwed eugIDPIeY LT Seow o GSTL 165 GoTTi% 6.
evaSwid Caniglae wGesad L5isCsmemaruyd, 2sei(h FicneTCHTaTUILD SEHTL_aIT. HBIGHS
#Curalerr #6515 g6 a0l WG LT FlenesTwiTa Ll Liswilwmnn yeaupemnsd ST kg LB ey QOFuig),
Hov aunevibaiseeryLd Hess®h) L9 ssaid alledelwsPer Lo&eTr @meT GlanFFblaed cumresilwie), &ewflsLb,
Ouer@sLd (Physics), BlppLL_ @ oamwestd (Photochemistry), afl@h@pmest GougmbsLd (Philosophy of Science)
2 F W gHewpsafled Fesig Codu’ L LBIeS LPsH W LGHUeD eflsHBsEDTI Fijewed L miaier,
®w&EGse LmgGL, Guwd Gevmwialled wPmid Lo 2 s Guamssar aipL a1 OFT6wTy (hhS
7500 QSML_[Ls FLYSBIG6T, HYUTSH HID SMGHAWSHeO (Archives) LingisrLiumyl CFilgs eeussL

LIL" () GITGTGHT.

spmgwL Letupp) 20 9y, 40 9y Galbars OsranevCETsE%aled auTenass sessTerarTalls
ST @rer Qanidtsew yfps Leflsar CrsLd. GClgarearrLiNgsraler Osmn s Camguiled o arer
BaTBLOLIFSma (LpewaTulled (Cape of Good Hope) LIGOTGHT(HSET &b1%H GlG6iT LOGHTL 6V @il6Tdnm 60 T6n WS
(Southern Celestical Hemisphere) GgmenevCprasGuiled o aray GlFuig 3347 Qo e aflewrbersenaruyLd
(Double Stars), 2602 BlLjerngsevanutd (Nebulae) e LNGSSTd. geud Geualui’ L wpsed Bljemm
9L L_cuewentulled (First Catalogue of Nebulae) &mamiid 5079 LimtedLowl GaflLbeT LOBESHaN6D SBenS W Ty,

evaSlwid CanFFolFed HesTL_eweu 2477. T6T SessTL_coau: 2602.

Gueytd LgCsTeTUSTL BIPDITIYe Csreplu BlppLL g gewpenw (Photographic Works)
waridd Gleuis wearGarmysaiey pesHw UL LiuTelwnss swmsLULG 6T, grer OamiFolFe.
“Cum GL_n&gm 19’ (Photography) eTeiienid GlLiwengLl LenL_Fgeul euismer. BlpPLL g Flenmuied
‘eT@ILLL_Blpey’, ‘CrurLiLL_Bliped’ (Negative, Positive Films) GT@IgILD eUTISNSSMGTLI LIGHL_S% 6 (LD
arer Qo 70 Fev S mer!

2r1aT QapiFolsed Lfips &35 TeT afl@hehTaTLl Licwshaer

anar Gapistlaed 1792 @& Qm&ewmpg avGevral (Slough) erasigyd pafled LI L esfled
G LG5S Oeiwer aflevalwd QanidOsasEL nps as Lgeaear GCsoifll glew o arer Ljesls
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Edwin Hubble's
Classification
Scheme ®

Ellipticals \ .
E0O E3 E5

https://il.wp.com/www.thinnai.com/photos/2007/12/40712201ac.jpg
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y Caffeine Nebula

https://i0.wp.com/www.thinnai.com/photos/2007/12/40712201e.jpg

131



8. Qlggwi LIy 6o LTLI6HFS BT LDFSS TGN HIMI LY BT 6T

https://i2.wp.com/www.thinnai.com/photos/2007/12/40712201f.jpg

132



&.CleowiLITrS 6T LTLI6HFS BT LDFSS TGN HIMI LY BT 6T
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seig&He aflewibarsemar Camarg@ed o arer_s5% Csresni®), LLOuleadBpg Oeu@ Oou@ HTTsPHeD
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(Wp&eV’ (Cloud) e168Im| Y TSSLD. jessiL_g CHmeisel, aumeOL5eT%er, aiesranaar (Planets, Comets, Astroids)
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Planetary Nebula

https://i2.wp.com/www.thinnai.com/photos/2007/12/40712201g.jpg
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Suernova Cygnus Loop
By Hubble Telescope

fig-8-supernova-cygnus-loop.jpg

138



&.CleowiLITrS 6T LTLI6HFS BT LDFSS TGN HIMI LY BT 6T

Cuenswnss s@wsLILIGLMT. 187] b yesTIg 60 STeVLoTeT @mer OapidolFew GleuevL LllaredL i
<2, Cuuied g5 CFwiwiul’ L i seurg L ssa amguiled L160)761d Senlls BlLjewTd agmesr Liwim "
(Jean Biot (1774-1862)) gmplwigy: ‘sesstls Goeng ewrLiferted (Laplace) 1827 2y,e85T1q.60 LOTGRTLD eOL_[bS
a1, s LIn@ @emewnwins wHssL L@, grer ClanifGlse. LI L afled evi @evs
Byl LT ewpays@GL L@, et 6lanidoFaelsr wrerGw m@H OFuiw wpywns @f @pLilins

BTG & (5% % Cmevr!’

William Herschel John F. Herschel

fig-1-william-john-herschel jpg
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Life cycle of a Massive Star
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Life Cycle of a Star

Red Giant Planetary Nebula

-
\ , Neutron Star
Stellar Nebula . — _— N :
Massive Star ﬁ

WL e 0 Superaeve Black Hole

Life cycle of a Star
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White Dwarf

Mot an obscure member of Snow White's
entourage, but a former star that has first
evolved from being a Sun {much like our very
own in the solar system) and winds up
annihilating its nearby planets {in our case
Mercury and VYenus).

https://il.wp.com/www.thinnai.com/photos/2007/12/4071227 1 a.jpg
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Stellar Evolution Cycles
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= White Dwarfs

In this simplified H-R diagram stellar evolution begins with
the formation of a Protostar that is a large vortex of dust
and gas, which accumulates matter. This large red star will
collapse into a variable star which eventually settles down
into a main sequence star and will continue to accrete
matter as long as the supply lasts.

https://il.wp.com/www.thinnai.com/photos/2007/12/4071227 1aa.jpg
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pLyays Carevid. g g aIsHed FPwG! 2 eTTed FH68 Hewdlay (Density) 10)s L% LOlenskwmeaTg)!)
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The progenitor of a Type Ia supernova

Two normal stars
are in a binary pair.

a secondary, lighter star

and the core of the giant

star spiral inward within
a common envelope,

The aging companion
star sktarts swelling, spilling
gas onto the white dwarf,

b
rr'-._ q-‘- .
\
“ay

The more massive
star becomes a glant...

The commen envelope is
ejected, while the separation
between the core and the
secondary sktar decreases.

The white dy/arienz
increases until it reathe
critical mass and explodes. ..

. : .
\
}

..which spills gas onto the
secandary star, causing it to
expand and become engulfed.

The remaining core of
the giant collapses and
becomes a white dwartf.

-..causing the companion
star to be ejected away.

https://il.wp.com/www.thinnai.com/photos/2007/12/4071227 1 ab.jpg
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White Dwarfs
in Globular Cluster M4

Brighter

Normal
stellar
population

Oldest
white
dwarf
stars

Bluer (hotter) 2 Temperature Redder (cooler)

Supernovae!

More exciting are the stars that really blow up. Aside from
the special {but very important) case of White Dwarfs in
binaries, itis only massive stars that blow up as
supernovae. Such stars begin their lives around 10 times
the Sun's mass or more. The remnant that they leave
behind has too much mass to exist as a White Dwarf, so
that gravity further constricts them, eitherto end as a
neutron star, or if too high, to collapse entirely to a black
hole.

https://i0.wp.com/www.thinnai.com/photos/2007/12/4071227 lac.jpg
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Sun’s Post-Main Sequence Evolutionary Track

Effective Temperature, K
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The exposed, remnant core that ionised the planetary
nebula material is basically an extremely hot, dense sphere
of carbon and oxygen. Any hydrogen not ejected quickly
fuses via shell-burning. When initially exposed, the central
star, with a temperature greater than 30,000 K may have a
luminosity 100,000 = that of our Sun but it quickly fades by
up to 90% within a century. The stellar remnant becomes a
white dwarf or wd with a surface temperature of about 104
K.

https://i2.wp.com/www.thinnai.com/photos/2007/12/4071227 1 ad.jpg
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@wusTd BEIDDIIY T HeusssFew CLeflead aflehesrall @ehsi GCamil ebywps (Ein-
Jjar Hertzsprung) 9jQwfés afeheprafl Oaperd gevGeved (Henri Russell) @)Beu@hLd (LpSET (LpSeD
ewribersafler gaflafFensFud, o ayetgasud CFsHs%!, @@ uenTLiLIL $F 6D
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Gupd GPssL Ul L e GuGlgnefl afxagpn@ ofesiber Qu@mss ugLiLere 6&Teiy (5%s
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Point #1.The Hertzprung-Russell Diagram is a conceptual
device used by astronomers to graphically plot the
relationship between the color, brightness, mass, and size
of stellar objects. The data from large samples of stars are
plotted to produce a scatter diagram where each type of
star occupies a unigque position on the graph. Itis
immediately clear that most stars occupy a single belt
running diagonally across the graph, commonly referred to
as the Main Sequence. etc. etc..

Point #2. This grouping suggests the existence of a direct
mathematical relationship between mass and luminosity,
and luminosity and color temperature. Blue Giant stars are
very hot and massive, whereas Brown Dwarf stars are
relatively cold and are reddish in hue.

Point #3. A second prominent graphical feature is a
grouping of stars occupying a horizontal branch off the
Main Sequence. These stars, Red Giants, are very large in
diameter, but not as massive as Blue Supergiants, and
nowhere near as bright.

Point #4. The point where this branch intersects the Main
Sequence is found a region devoid of stars having fixed
magnitude or brightness. Stars that should logically be
found there exhibit periodic variability in brightness, and
are known as Variable Starg’/

Point #5. Small bright objects known as White Dwarfs have
theair own rediaon on the aranh =senarate from aeither the red
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Supergiants and White Dwarfs
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Carun®, 99 196 aflehepresflsar gred-Li Laievd (Ralph Fowler), 9,055 6TiqmiL a1 (Arthur Eddington)
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The Sunis not in fact a yellow star, but has essentially the
color temperature of a black body of 5780 K; this is a white
with no trace of yellow which is sometimes used as a
definition for standard white.

A white dwarf is an astronomical object which is produced
when a low or medium mass star dies. These stars are not
heavy enough to generate the core temperatures required
to fuse carbon in nucleosynthesis reactions. After such a
star has become a red giant during its helium-burning
phase, it will shed its outer layers to form a planetary
nebula, leaving behind an inert core consisting mostly of
carbon and oxygen.

If a white dwarf has a close companion star that overflows
its Roche lobe, the white dwarf will steadily accrete gases
from the star's outer atmosphere. These are compacted on
the white dwarf's surface by its intense gravity,
compressed and heated to very high temperatures as
additional material is drawn in.

https://i0.wp.com/www.thinnai.com/photos/2007/12/4071227 I c.jpg
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Artist’s impression of the binary system RS Ophiuchi.
Hydrogen-rich gas is transferred from a red giant onto the
surface of a white dwarf and has just exploded there.

Credit: David A. Hardy & PPARC (www.astroart.org).

The gas, meanwhile, is ejected at several thousand
kilometers per second, striking the atmosphere of the red
giant and setting up blast waves that accelerate electrons
close to the speed of light. The radio emissions of these
electrons as they move through magnetic fields in the
vicinity of the binaries are what the astronomers are
examining.

https://i0.wp.com/www.thinnai.com/photos/2007/12/40712271d.jpg
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Qeualw s @Ld, ¢ alewTLSe).
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eevLoeT erLiarmad (Piere Simon de Laplace (1796)) 24,8 Gy @)meuBLd &b HSIenaruiler g LiLienl s
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ShBGI®aT (Black Hole) e1a1Lig aflessiGlouafulled Guigr_[ig® (Highly Dense) Glamessi(®), Blw@Livig
QLUSTSS spueilas) Ll L @ e ! HYFew Geuefluiled miLiLy allensti GuompmpeiL e
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In old age, with further contraction and heating of the inner
parts of a star, heavier particles are ignited. The burning of
helium is followed by the burning of carbon, oxygen,
silicon, and so on. As the giant or super giant star ages, it
builds up layers of successively heavier elements in its
interior, with the heaviest materials in the core and lighter
materials in shells around the core, This process cannot go
on indefinitely, however. In smaller stars the material can
become so dense that it resists further contractions, a state
known as "degeneracy." The star then slowly radiates
away what heat energy is available and ends its life as a
cold, dark body. A star of this type that is observable is
known as a WHITE DWARF. It has not yet cooled to the
point at which it fades from view and becomes a BLACK
DWARF.

https://i0.wp.com/www.thinnai.com/photos/2007/12/4071227 le.jpg
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e15a0Cr @ isemar (X-Rays), Loluded o arar aunarene Gprs&ser (Radio Telescopes) BISTBEI Hewt(h
g as wpigud. LOLIBSS @b erSar serg e1OLTheT wiah Sibs LI, NS BleoDWITD
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BLog| LRBUIGT Blenns & @S55M1GLD!

us aflembefled BlapLd FiLiwe Henga) ! S5 pFIenarsaer!

Gugerey Lep GBS e alesriler Pevgud CLingy 9 1pssGLom, 9 em1ss @, Claug iCum @miG
QBroEISm BDissHI0 Hovewe! 9ps aflewrbefler 9uLb (Radius) PmisGLd CLing), 9Fer alefLbLler

auemaralew FiLiL aflewaLl ClLI(hSSLD dyeoL_HmG)!

pLy@iled 9, T1d LO&EFE FPw ), miLiy allend L9TLdomesTL %), ailaflbL9eT auenarey 2 aTGBTs5%)
QussLILL B Shpsiear o e 1Hngl! HLCLIg swppgmariar mCs @alss@i ClFesmmed
95 auemarssLl UL (), 2 aTCB165) (@) (1pssLl L (B allpmisLl LRSI ng!

RNE&H T wread aflpmisLl LRSI FHpSHarews OsTeme Grrs@ulled &ment (LpLg wing!
H(BbHIET LITLIGCHFS B @)TenILD @I LDFLD QGTL LD, LOMTW Q19 QIS F6 Q) (BSHMSI. BLoGI GpaflLows
aunesfleid (Galaxy) Lmedw afGulleytd (Milky Way), eTeSSIenTmm &(BbSIOTHET (Q)(BSEHGTLD! Y, eSTTeD
@ a1 wirpLd eupPlet @)(Hosemasewd ety L1955 2 IFILT LGSHWFevenev! &b B 6 arulei

9eTey YT o L L@pemaull Curmgs Opi I&Ss$Hed wInIFmg. B LUANSUIGT LIEH®6IS

161



8. Qlggwi LIy 6o LTLI6HFS BT LDFSS TGN HIMI LY BT 6T

Crrédw efewmdear Smiy

https://i2.wp.com/www.thinnai.com/photos/2007/12/40712271g.jpg

162



8. Qlggwi LIy 6o LTLI6HFS BT LDFSS TGN HIMI LY BT 6T

In a first, astronomers catch a multiple
star system in the process of forming

ne 1ime

-
|

fermation)

R e Ry i o Z
tNer and the massive ones

] 3 .
upernovae arcund the same me

[Ey

Y

o s i = = L L g o
supernovas creaie shocl wav

¢ e Lo |
I COMPress ine ¢

E o e skl I
star formation and leads

Star formation process

163



8. Qlggwi LIy 6o LTLI6HFS BT LDFSS TGN HIMI LY BT 6T

O 6T (D) GTGIT 6 (15 & (15 b1 &0 GTUIGET Dy TLD FLOMT 1 G9LD6D (1.5 km) @Q)(BSGLD 6Ty FHewsllBs Ll LiL (HeTengy!
QTTG0 LMD @aflow LoBewsHaned (Other Galaxies) %(hBSIeHTHENGT )(6h©Gh TS HGT FHeWTLY (HLILIS TS

BLOULILIGS DS

The Spinning Black Hole
ruEhrsSe Ceuss@ereal @)miBulled &pmi@ered &SI

QFBEIDLI s (Red Giant) Blenevuiled(Bbg5 @IGRHTLOGT (LpLYITRT QULY 0% SHS SaTieugl 65 CpaLyL
ureds! @GPl LEpeye L w aflenrSaiser Lewappsled, LITps QeuaflliLyp et yesrGleuafufled
oA pg CaresrGL Cuns, yeupmlest BEBHSS@b L HLd @aflg@SmLd (Luminosity) eup B0 euesst@eraflw mul
3% AB®Fng. U wLmEG LUAB Blep CsteaBerar aleawbarser CL®mGETouT urs (Super-
nova) Geuiggs G, yeupPlayd FEFrCFsT eupLdLys@ (1.4 wi_miG LASuileT Lep) o 't
BOSEH OFF gei_(pLd Oeuedrgarafl wrs oapd.  yaieumry 2 e mer 6euer@areiuled
STUIPVS Y e)5%efed) (BBl (Parent Atoms) 6Tevd g greT wreyd NGBS LIL®), e ewt_Lb (Mat-
ter) Y ST®SH L0 FenFaunes eumainssg (Degenerate Gas) FflouewL_SHesing)! 9ps NlLfs eumuisser
Qeuliug a8 wn&), Cungieunet aumyy uwFsearci (Gas Laws) LIGSTLIDDIIB V66! 616 TS 6T
Gugerey plevevuiled oy (LpssLD YemL_wevnd! Yaupewprl Cureap GeueGarelsar F45) 9efsELD
HIULS6T eTewauld @)eOeTLoe, BlIBSILOTUIS &efibgl, ®BSSH LbEhFed Garafwrs (Yellow Dwarf),
m@ Oemi@ereflwn® (Red Dwarf), LiLDLd LI(pLILSGaTafw ) (Brown Dwarf) @mi@ulled (Lpig e me

&l araflwns (Black Dwarf) $ess1as9ls &% O\ Mwmioed @)hpgILd @evewns o B0l HSH D!
Supernova turning to a Black Hole
FpBrCsFs I eTpSw auresflwed aflehEhreT Hredser

1952 wpse 1971 eueny eunasiiwed Gluer®s Gleuafluf® (Astrophysics Journal) a9 eh@hmesTLl LIS afer
<P P LgnsLl (Managing Editor) uesst] wnpplestnd. 9m@ s OeuellufGL oyOwfas cumreswie
Gugeweuuflest (American Astronomical Society) Ga&Fw @QFLpmul e81g). 1953 Q)60 9YewT(h) FTULIG) 6uT6wILIG)
Gugemau (Royal Astronomical Society) F5F T8FH(H% &S SBISL LISSHHLD el BS5F. 1955 91d 9y, ew7(R) CsFw
o ehepraiti Cugemeud@g (National Academy of Science) CaipOs®sSsL LL L md  FpHICssi LIS
BIOEH®ET eT(LpFWTarTy. QST FLpoHSF 60 &P IaldFmed BlEHUpLd 55 LS (Energy Transfer By
Radiation in Stellar Atmospheres), L@ uleT CLowFarsH 60 QeuLing &HCmmL L b (Convection in Solar Sur-

Jace), ITLOGT 9e L0 LILIGST (LS M LILG Y UIa (An Introduction to the Study of Stellar Structure (1939)), aSewTLO 65T
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OsrpsafLiller Csr Lim®&ar (Priciples of Stellar Dynamics

(1942)), a@ialéss Lg% (Radiative Transfer (1950)), Soeau Quwss & Dol ST
BlewevLiLim(® (Hydrodynamic & Hydromagnetic Stability (1961)), & mi& L% el sewfla BlwG) (Mathematical Theory
of Black Holes (1983)). @ ouitiuim®id e1eflepitd (Truth & Beauty), @9@h@hTesig B o0 Semevg gl LpLd Gaur” ensuyLd
(Aesthetics & Motivation in Science (1987)). @flessibet gpafuiast @) pLoL’ L QuigsLb (The Polarization of Starlight),

FMES SarsFellev Qeulig &pOnrL’ L aimusser (Convection of Fluids in Magnetic Fields).

1999 oy1b gye1(® ereuLitil’ L essgpm aiehehTers FlenentsGsmar (Premier Unmanned Scientific
Satellite) @i 61560 By CBrEs55m5% (X-Ray Observatory) Gl&mesiL_gl. 4%l @ Lo CLnssnet e1sabGr
aunaflwe LTSS oy, uied FngesLd (Advanced X-Ray Astrophysics Facility). “Fp@ o 61600 Gy CpréssLd”
6TaST Y®PSSLILIBHLD 9BS FieventsCsmer, @QpHw H6whEs euraflwed Goens, &LigLoesflwier
P rCFsmrs Csargalss emeauss CLWITGL. IYssHIementsCarar 61%ebCrs HFTsar 6T(LpLiLILD
erLb TS aflewr FnfenowmeT qaflBlnLl L el _senar 61(0SS5I% STL(HILD. g LLOUIGT FipedaiFulled
0D IbL985%0, @y pe® Bluyermaler QurpPlaf® elesiSeoerud (Pulsar in Crab Nebula),

sravedGuw il ysGpreuneneaiuib (Cassiopeia A Supernova) LiL_Q)o DS S 9je9iLiLu)eTeng).

FB TGS Fevig) 84 b auwBHe 9O whssrallear TG pEHAew 1995 b e 2pHab ()
21 g1 Gz9 sneviwmerry. @pULSDHE Lper 1995 Q& yaud erpHw QmuBLI LssaLd: GlLingy
BLBSS Bluyl L esflesr Gxm’m®’ (Newton ‘Principia’ for the Common Reader). 9jeufli_1b 1119 8% Q) Tewr(®)
et O L6 s aflehehresiiger (Tsung-Dao Lee, Chen Ning Yang) 1957 @)e0 gi%eT QLTS S3S)1G (Particle
Physics) GprGlued Lfla Quppriser @uesi_mib 2 sl Gumd pL_pg Cung), #65165% 5 el et (R
2555 P 1L PO HerGsralled (LpFed YewWIsHHs ClsT_Nwsisd yips @ssm1edlw fehesTest
er@rfIGsm -QuillGun® (Enrico Fermi) uessflunpplerts!  @Goalgengs SeTLO LITHLOLI(HLD
eraiigiLh (LpgOomfls Capr Crrlued Lfle CuPn 2 wsLl 4s) YL ps evd. H.ail.  Frioeser
w1 flsCsnarpevres, LnsL jFpFrGssi eunaflwe afleheprerL L Liln@ Ouar®ssH e CprblLie

uflensLi LB FKG Osrewni_gid CUIDD &&SBS HUDDTGLD!
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: magnetic

MNeutron Superfluid
| Neulron Superfluid +
- Meutron Vortex  Proton Suporconducto

Meutron Yortex
Magnatie Flux Tube

hitp :/Avwwn.astro.umd.edu/~miller/nstar.htmi

https://i2.wp.com/www.thinnai.com/photos/2008/01/4080103 1 c.jpg

Structure of a Neutron Star

Q@b Bl gret aflewtLBest &omy 20 &8 (12 eoioed) @)L 11D Q)HTGRTL ). YSGT LI@F & FweneTL
Cured o 1.4 DL BIGTATS. 9FTUS | Bl 168 IleTLOGT & 6Tal 9 uillen/Ld, LI@h S esT6en Lo W TeTS]

(Mass is Dense with High Density). pluyyl gnesr eflesiibeflear Smy 19ew1L_1D Fnl_ LIw L 6T LI@HeNG6IS
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Osrewi_gmul QBas@GLD. Bl omer aflewTSetIen L@ QYL J55 YTHI6), S FFLILITHDEY LD
Guparailed 1971055 ewauliLigmul 2 erergl. e By grer ellesribefler FiLiL) alens Loluller FiLiL)
alengGumed (2 x 10 to the power of 11 (2 X 10°11)) 1oL_mi@ Wevswness | 4GCs Gumed Bluyr” gmer

fessribelair &M% 55 LUl 5155 765 Gume 1 WeeSlwe LoL_ml@ ClLIBS55) !

G&UUIGETUT 10FFBISETTS (Supernova Remnants) pluyl gner eflesifergser Gsmaipeomd |
safiiul L gy grer afewriSearsartseyd Lnssevrd | @ui e Ll tpailserts (Binary Systems)
ST § aflsserd | yaiailsd QUL oL wis yeoopsearer B greT llenTibefler Liehe»eais
senflLiLg etoflwg). 9Ll s seRLYS5F 60 BluyL rer aflesTibearsafer Liep, LIRS uieT L@peaiLl
Guned 1.4 wL_mi@ (FpF168FsT auLbL) @QbBESSTs P’ L g @l el YeowLilfed BrerE
By grer afessiberser est_s Camearsanars 6)&ment(ReTearsns ymlwl GBS | &[5 BSHI6H 6T 6T
(Black Holes) 0lsajib seionesigmed “FpHoCGasi augidL)” @y LewiL_geng Byl grer oflesriSesm

QG| F(BBGIGH T T GTGTM] 3 6HL_WITATLD HT6HT 2 F6Fng) !
Colliding Neutron Stars
&9 L1 aflessriSeirasar (Pulsars) eTeILIGH & WTenas ?

1967 gy1b gyewrgevgner Can@edler e LifGlesed (Jocelyn Bell Burnell) e1aignild @5 S0
wresrall @Cr B ey afssH e ol BHalL B Lieareyd Hiig i) alleribearsener Gug Guim gemevalsHiid
epeoLl L9eT_miFerTssd seTHgssTE | Hpeyid Bluyl gresr eflewiibersGar gLl afesTiSewser
TR YMLPSHSL LIBQF@IneT | e @b HYFF Fpmiaugsred Ll BHall® LleTeyFearmer !
@uUGungy D eweisg e Cousmisafleyd FigLiL] eHILISISMaTs SHTewT (LPLYFMG. ol
Gousgens gL 1gw aflengailed o BHF ClFedeyLd LITLDTew)I %% er O massT(h) FipeviLd By Trest aflewrLs Geor
&I L1 eflewtiBeT eTaiTmy MWL RS D). HLLINISEG uflSTL B Sevsigar ailears@ GLme g LiL]
afewrBearser GleueflLiLi®ssIh gafl @I B eI B LO)eTen S ngy.

PAev gyLiy aflewribarser e1eavCr s@isear 2 10p@eper.  YsHOLDD Besst®h) Blyert
eIt Bl grer eflessiber @y @&LULTGETaur Geaug ey ppsgisner. &9 1054 b
gy esrLg 60 Gleumiid & LiLgGrmeur o HILd SaewtL L' L Fms HyPlwLs LGS DG | @esTeen L 6tT 61560 Gy
unGarnssss5% e (Einstein X-Ray Observatory) 2 emeurivil’ L pessi(h) plyermaier pRalled ol Gall ®

L)eSTen)Ld el s g1 LiL] @ieSTLOGT QETm| HTeRTLILIL L ).
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Curgw Bup_gaer 66w 6ot
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Atmosphere
/Eupsrhr:.'t plasma
Outer crust Starquakes
Crystal lattice: 200 m deep
nuclel + electrons

Inner crust Starquakes

Crystal lattice: 1 km deep
nuclel + electrons + neutron drip

~®— 20 km (12 mi) diameter

~ Quter core
Atomic particle fluid

Inner core
Solid block of subatomic particles?

Neutron Star Inside

Qoo gpur’iged @i HCrrEGw alewriSeyid, Hevgaled Ggrerdlw e BluyL e
afessrifeyid Lletresis CETaTH@IDT. — YHISSGILOTGT e SOBTaTL Bl gresr f)essrLS st eor
riLuTwpe Crra@w oiesrifellar LT _BIsmers FaTeusd @)(pSsHs% OC&TTHDS.  BSL
uesTL_migar Bluyl” grer afleswrbelar GimeuLl LGPsaflew LGBg CF@aineTt ! @)bs QUIGHLOT6IS
“aflessrLSeer L9ewrL_ LT GlLI@hSSHLD” (Accretion Process between Binary System Stars) e1esim) QFmedvevLiLI (D& ma).
QLG LT QOLpEsLD 2 esr_m@Ld CGung Bl grer aflesriSer & GL ) 616600 Gy $S dsear o P FnGI

!
Pulsar Signals
aflesLbarseflar Nenga s CHrevmiEer !

Cam_nesr Gamg  olewbearseafiesr Lnpssupd, Ifleusipd eTevemewpm LIILEHFS S 60
unewalfs gefwwsg HL_Gev (Milky Way Galaxy)! Gznesidlw 6155 aflewstibeniid oflwimoed 9jLirig Gus
2 (HSHGWTLO UTHLIME Yevev! LYLoluded LIpps elFis@ns @I, P 2 ulfes sl @ns @ Ld
eTLILILY QUL smevld eTa)) GPISasL Ll RerearGsm, 9Gs Cumeim e Oeuefuieyd afessriber
RO UTRTISGLD UL HTewLd GireNssLl Ll BeTeng)! QGaienrL Ligg L0 246u0T(h)%eT

aflessrOeuaflufled ser@LAL 1y aumppd aups Pev allessiberser @)erayd 100 O WGT 26w01(H)% 6T
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Crab Pulsar PSR1509-58 Yela Pulsar

Optical
Heo Known Pulse
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Period = 33 msec Period = 150 ms5ec Period - 89 msec

Time in Fractions of a Pulse Period
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s10551 qflBg Cursewmbd! Hev afesiSergser @&Awemer ol i Leiol m@ Quflwenar  Hev
g augFed FBlwemeu! CsrHLCUT®R Osrpselliuce Fev! Gellipg $LIQWTLS BT ey
Fev! @aflll pLoewuis Clasm Huamer Hev! ol upbg &L 1%L Curetenas ev! Licv Levedlwesr
®LO FTISH 60 LOlay) L0695 & LD aflewLbarsemarL LpBlw a9 @hehmests% el 6ir om)6)euedev LD, 96w m pest
RNSDIL Fensg Ll LTTSS), @efloIPP S LTISS, Q)L FSL LUTISS, @)L OIPDSSL LITISS,
@afBlnL Ll ew_ewwd (Light Spectrum) LITISSIS, $L0& CLTHs gomuet aSsearLs LIWTLBHSSHF

Oeuig Casness_ aflorssmisGenr!
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Life and Death of Pulsars

Rp etTSer seag o L beaniid Fplseare) Hangsgl aumy pHevew o HEDG. LiGLTG
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llewrilar (Lpaty @)BBsens @il 5000-10,000 wiL_mi@ ol aix&ng)! g GCrreur alesibear (Nova
Star) 6T1G8TM] S PSHHLILIBRB DG &LILFCBTeUT (Supernova) allessiLias1geir G)euig L1960 Fengeymmid Hmi
SlemisGasmen Geuafl Cupmd @Awenas afl_ 100 edewer oL_E1@ @afwgeamnsli 6)Lmn % e
@& &SGOG 6T ST mIsarTeT Lge, Oleuaraf], Lf), ClFaleumul, alwmipes, Fesfl GLiresin G meirs e
R GHLUUITCETuT GleuigLitled 2 L meremel eT@ImILD, deuperpLl LIGIerTed & MUeT Salips
QFrew1L_Fnsabd $BhSLILIGS DS

Rotation
Axis

CD Radiation

Beam

Radiation Pulsar Beams & Spin
Beam

https://il . wp.com/www.thinnai.com/photos/2008/01/40801031h.jpg

Pulsar Beams and Spins

uf@uilest Lepenaurs Gumed 1.4 oL_mi@ (1.4 times Solar Mass) Gopur’ L allewriSer @)miFuled

R Ceuergarafleow (White Dwarf) o (heuns@eu Hevenev erein) FEHTCFET doplestnd. (6)euess @ airal
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TG LUASUeT L@penau (Mass) LB, SWISHHF F5F) WHNIF PevSHs NeTLOGT 6eTm) 6wt
wpLyays Garevld. 9% g eausHed PG 2 eTTed 3ySH68T Hewtley (Density) L& L% LOlensw megy!)
ASDGL LB Ts YBs aflenrber O jbg Heavgeaypml, &LLTCETeuT Qeuiy Litied (Supernova Explo-
sion) QLIMBIS S Fev1) 6u ML S SHeN 6T @ L Oleualeow 2ar®) ysHY), @ Bl grest allessibestns (Neutron Star)

i@ ngl. ufGewri Gumed 10 oL_mIG LSS eTLE6T @aTnl, @)6sTenLd O\FmL_FBg)

Oprum®, QB uied @b SpsIewar (Black Hole) o essiL_nHpgl. FpHI0FsMer @Q)bs cpesim
gmlafliysepd @&ULFCETeuT, Bluyl grest ailewrifes, wPmId FBraHemeT HYHwaipenn aflarsGL

ruehed G uiled Cararplw wpewpaseoart Lyflbg OsTaTar 2 %6 %) 6op 6.

Making a Neutron Star

1. Massive star; dense, hot core

2. Supernova explosion blows off
outer layers; implodes core

3. Supernova remnant expands forever;
neutron star left at “ground zero"

Making a neutron star

Fov Fowmsaiied QmiF OpamymIsed (Final Collapse) aflewriSesfled emamigygoer, afeSlwd
G waIpenm & FETLOT6S epevsmsGaned (Heavier Elements) S)L_m0)IeT eI5s5 [ Q)UIs5 6560 0TS

grewng oemd!  In@ Yaleauemissns QuissnsGer &LLTGBTaTTS (Supernova) Gaily 55
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<uilgd @eflows 1L fsemer (Galaxies) ol CuGlgmell afFs smgest wrsewmd! @ImesT(h%E@L
@ Culgmef wmS), Lgeyd PWH® aumysser HaroLd, eapev aflesribelesr BHSE@, (Core) oL (HILD
WehFSngl!  bwpHed Lwens CFuig, ABSH D AP WHCT® FwES, AiLiwed
OpmyEsesle UBW e alaiSamer o ai_ré@n! aePu FEEsE Guiere)s Denflafle) (Extremely
Dense) @mi% GleutiLiptd, OeueldFuptd yollds erflliviewr_b (R)eOeVTd), (LPLLOTGS Byl et

) ewrLbestmd (Neutron Star) Lommi&Smgi!

Accretion Process
Between Binary System Stars

https://il. wp.com/www.thinnai.com/photos/2008/01/40801031;.jpg

SL LM QSGLD (LpempLiLIm®
By gret afesTLOeT (LpFed BIDTUNTLD 4ewT(HFET UTRTENeVs $3)Ts FDDEHEGT (Beams of Radio
Waves) Gleuafwna®), allessiber &pmid CLing @ iser Liluied o arar aumatenevg 6 menev Gpms & uled
&I LiL|&ener (Pulses) o ewTL_1&@GSHimest! g @)ewarw Bluyl gret $iig i) aflestiSesr (Pulsar) eT68Tm)LD
GOUNL_LL@Spg.  FigLy ewbellear @Gnisseara) FHoad 9 ewed ! uileid ST LIEH

LgbLomessTL_Lomet BLog LIRS UIGT Bleoms @ RSSHHTGLD!
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Jocelyn Bell Burnell

https://i0.wp.com/www.thinnai.com/photos/2008/01/4080103 1 k.jpg
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11. SGyuehab @ermr ? usveur ?

MICHIO

SARALLEL

WORLDS

- THE SCIENCE OF ALTERNATIVE UNIVERSES
AND OUR FUTURE INFTHE COSMOS

‘This book isabsolutely
impossible to put down ...
mind-blowing® 2\
RS £ Sy i
8

https://i0.wp.com/www.thinnai.com/photos/2008/01/40801101h.jpg

“Gloumien Louf S (BBGI 61510y GLD 2 (H6UTS (LpLY W), ”

W@y wew Gumonefiw Caugmp® (Lucretius) &. (Lp. (99-55)

“BLogl LNTLIEHFLD LSS LNV e (Hs@5%5@ Lpevy OlwuwiwmsGe Oeumienouled)hpg)
Canarplws s b6t 9eyonesLd CFuiHCpe! . . .16t YyalallsLd BsLHBSE eTaiayd C%aTald @, eTesgy)
SIpenLowneT (paterpleilliy) @aisneT : eTLiCLrsTaIg @k WHSFed ity CrpLd GsmmmmisafeD,
BLOG LNTLIGHF(LPLD QPEOTM GTGOTLIG) !~

a1 Garf® yeogwer, Quer@aLi Cuor@Awg Py wnis Ldsemews SpaLd (1975)

“saileher ewis Garearsefled weewLew Fanpss CouaTHFDIET  FIHHUTH Heur

LDGETGD L_& & 6T Y GSTL_BIFemans BF19d O)FOF DTS, SyYLIL|DLD UG SVSTET LITSF DG/

&5).Ga. QFadi_feveir (GK. Chesterson) (1874-1936)
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T'he Universe we are living in

e

\ niverse 6 f‘

Universe's

L=l

Universe 1

The multiverse {(or meta-universe) is the hypothetical set
of finite and infinite possible universes, including the
universe in which we live. Together, these universes
comprise everything that exists: the entirety of space,
time, matter, energy, and the physical laws and constants
that describe them.

The various universes within the multiverse are called

"parallel universes", "other universes" or "alternate
universes."

The American philosopher and psychologist William
James used the term multiverse in 1895,

Multi-universe -1
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@)emewtLi LNgLIEhFBIS 6T
@ e LgLieheniser allesrtlariefluiiey o ararasarm ?

aflepepresilsar @QLiGLg BLog LTLEsFsansLl Cumew g @)enewtwmest L97L1@hFLd (Parallel Uni-
verse) (@)(hdHMLD 616y OoWIwTs BLOLFDIISET. LSSSSH0 LIGEGLD alGhGEHTILI LIeHeTHmS
Qe Qg ! “Multiverse” eraigniLd ClFTwemeV (LpFalled YEHwald H6lwEs Caugrp® alledeslwLd
Gegroav (1848-1910). Qemevevrs Cumesied BLo& &S GsMwmped @M (LpLywTe 6TessT6RT% e U6
@evenrwimer “LedermsLl LTLEhFmIger” (Multiverses) @)(h&&HeILD 6T WHSHLILIG FeipeT !
BT YUDBGO RSIDIGT HL0&GHS ClMuyd, o i) aflflyd @ Cu@pGleuy iyl 19TLIEHssS 0% 6T
wmppg UBGHCDIL.  ybsL LTLEhFBSear srewbleualyd, LOFLOLDMGS, LISTTGT LIGSTL 1% EhLD
s mesig mEseTd | Qowiwns gl LITLEHFSH® 2 aTer FFLILITDD® QUVIUDD FLOSHS LOHD
@eewnrLi LNTLICHFSB S BB PRSI LGbs L L @aimsner | Qe aflwiGueies 6euatpmed
@ps @enewtLi L9TLEHFLD BLOG LITUGEHFSSISE LOSHS HYBH 6D @)(HHSETLD 6TTNILD )6k GEhTes 1% 6T

F(5&I B D THHGT.
Superstring Universe
LIEHFSB ST LIfILOTERTEIS 6T BT6 G e LIS Glermargy !

2 Gites Qv  BlwB  (Supersiring  Theory) QuBOeugLig@ phsw e SypLiLeHL
aflenareysemard aNaTs% 2 &g ! @peop pwHuled Qoo Blw LTTLOIEDISHS6,
QL. Qupensd o pgallewssar (Particles & Fundamental Forces of Nature) wWiaLd o cvests Frmest
Biessesstlenpsafer B ieyser (Vibrations of Tiny Supersymmetric Strings) e1aimy Gl&efleunrss ami&ms.
LITLDT@89)] %% 6 3T 9] G891 5o WTLY.6O (Q)WIBIGLD “BIGWTSI ST FFLILITHMED " (Quantum Gravity) 68169 LDS 6D G
afeng@Ld whewin CFTewiL_g Q)Bs 2 6ears Qe BwH | @& apsGempw 2 ulfwed LIpal
epevLomet “1g QweTGesr” (DNA) Guneimgy L9TL0 @hFS DT RUeoD 2 6iTesls Q)ewip Bl 1T 60 6USSHS

@& maraTevmLd !

Yol Pagwnes @ps @eentLl L9ouehss Carlun® erliGungy o swioners eraieyd Gserad
Tp@g QLCung | o aies Qevyp BwB, QOumGeuad, Swmeoiors LiesriLd (Superstring The-
ory, Hyperspace & Dark Matter) @ w LFw Casmlum®ser erpsLiul’ L gib OLer®s ailehehresisar
oo 6hFS B e ol eh@hTaTsemns alends BILOPIBS BT6E srewbleualLi Lifirenrsiser L Gd CLimgm

Qeuaipid, Syeweu Quwiwnsll LPOITEIY CTeETlGMSSHT GIRIDILD 2 ITHSTISET | alals
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d———————— Theeniverse as explaized by superstring theory

,‘ — Theeniverse as explained
by the standard 51«'"5'

| The preseat
Cleaning up
nthesis  the unkerse .

| Containment of elements
! Gemeration of  of quarks

! The big-bang theﬂlms

Bifurcation of universe
gravitational forces v

Bisth of the "u
unhverse

Nucleus

https://il.wp.com/www.thinnai.com/photos/2008/01/40801101b.jpg
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wpyas@ alehenalsar aupsgih, ABGSCHTT (oD o FwTmg ! ST BILDIBES
AruehaFrets eiewrentipm “Faiaiwed @LOflFafled” (Membraneous Bubbles) @eipieis | Falad

&IPS er LG Clermeprd Lflres@e C&mhsalls@Ld CLng 2emevsar 61(LpF et et !
Qu@Oary i) BepLd sTewGlasellg QST BlaHsd

@LiGung @GP ouEhFmIser @Quet(h) @erenn @aim OFTL L 16D 6T6IeaT BlapLd 6T6vIn
Blevars@piser ? 90 L alled Cabf’ e afehepmest! Hed guns (Neil Turok), 26ofldsmalest
QuearReGaalum LdFmews spssHar aileheyrest! Uil eaigt’ (Burt Ovrut), & L9fleren L cur
LISevs H1p5sT T ailehehret] LT evewl_aranriL’ (Paul Steinhardl) %W epaiLd a1ailsLd
Q@ uest(® GLAWILT LNTLIEhFBISET (1 UWFHS B OIS ML L 6o 6TGIM BLOLIBDTHH6T ! YF6T ailen a6 e etrest
2 Quuiwrs @@ Wsl Qumd Qengliny Crikgl @i YFw ruessd << pogl NTLEHFLD >>
nBsSTLD | LIy Seuiser HYPaISsHID 2 s ail6h6hTesIdF FUPSSHD S @RI O FTFF 2 GoTL_Tesig)

! Syps earssayenr FHLgsmw QLpOeay Lity BluFuiler Lpssamss S BLL ol L g !

sTeugl BroPlps OLmoleuiy iy Cwuiwns rLeEhFs@ et st psp CHapmLiledenev.
sre0leuallLs LewL il oFpH@GL oL L g, Coed Clu@pO ey iy B SSILD O\Fm_gmul BlspevrLd
eTaiigiLh LT Psgionest @i yPFw L9guehFs Carppriseisr “srewbleuealls Csm g BlspdFenw”
(Space-Time Chain Event) jeuisel eIQ&&H% dmplesing. GClupOeugLiyser erLiCGungid Blespeomrd !
QLiGungl KHTLEEFEFeT s CHMHPS®S @AISI BLOSG TFFHS@®S WL LSSTLOTET (b
vwmEisgs GCaerall erp& gl ! L9TLEHFS GLO%6T astenm gaitenm Comd) pLog) Lruehad Caresrplw
Oseimred et (HLd yeiaflgd Comgid g eumdiLiLjerarsm ? LIS Glestnetn LiflomesTLpen L w 2% eV

Oeuafuiled 6165 BlSLHEFR LD eTH LIL_GUTLD !
B6TE a@GLIL aigal flevwsefied LNTLIEGHF SenLOLIL|S6T

“vevevrEISL LgLEhFL” yaewg “Goplewevt LgLehad” (Multiverse, Multi-Domain Universes or
Meta-Universe) 6TGSTLIG| 515 1p% Fo 1w L1eO Goumy @)ewentLi LATLI@hFmISer PP @f FESTESLI O LITHSS
Gamum® (Hypothesis of Possible Multiple Universes). 9$@IeT BaLd eumrpLd LNTLIGHFULPLD 9L BIGLD.
s @B OLaT®s alehehrer GowiliLn®smer | upLe LTLEEFBISeN6T L L LoLiL$eT (Struc-
tures of the Multiverse), @aIGleuny L9TLEHFsHer @Quicdimes Liewrm® (The Nature of Each Universe),
ueGaumy ruehs o L Liest_migefler o payLitim(® (The Relationship between the Constituent Universes),

APwevey GPUIL L ruehssPer Fassnps COuar®ss Casmlume & Frisear.  “Multiverse”
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'Multiverse Rising'

Artist Sam Del Russi (samdelrussi@live.com) of
Taos, New Mexico shares the latest installment

from his ongoing series of paintings titled 'The
Multiverse.’

Multiverse Raising
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RemewrO FgUEsFmISaT

We May Live in a Multiverse

The universe we live in may not be the
ohly one out there. In fact, our universe
could be just one of an infinite number
of universes making up a "multiverse."

Multiverse -5
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Our universe

Part visible to us
{Observahle universe]

Multiverse -4
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eTairayILd GlFmevemev YsHweug 9 6lwfEs Cousnp® aflevedlwd Gerbev (1848-1910). deupenp (Alter-
nate Universes, parallel Universes, Quantum Universes, Parallel Worlds, Alternate Realities & Alternate Timelines)

eT@TOmOeTLd @M BHF DTS 6.

https://i2.wp.com/www.thinnai.com/photos/2008/01/40801101e.jpg

Parallel Universe

LeevIms LNTLEhFBISaT au@GLIL -1, au@LiL] -2, au@LiL] -3 & eu@LiL -4 (Level I, Level I, Level III &
Level IV) e1e81 pes1@ U@ LiLjsarmsLl ASsLLL (HaTeret. @)bSL aUIGLIL| (LPeODSMET 55 W el
epeus ;1. gflwmigd etevedled (George Ellis). 2. w). Gaigd@aend (U. Kirchner) & 3. 19wy, 9,0 obGLmggy

(W.R. Stoeger). LILARey LpedDS@HSEG “OL_&Lomis eu@Litwed” (Tegmark Classification) eT6vTLIg) O)LIWIF.
1. uedeES LgLIEehFEIS6T (Multi-Domain Universes)
LY : 1 (Bpps CeaelLs L9rLEhsLd)

ysmEer &sLps LTUEhFsPer et yHwbleuell afgss uPyh @@ Liefs
pSTILILE FSETHSLD Q). 9Bty YFFHTV BlLUBSMeTHAT T(HSHSLILL (B apLifer

OsrevvCETs8 SMent(Lply bs OsTaTarareysar Q) (5% Gouest(HLD.
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(Level : 1 A Generic Prediction of Cosmic Inflation is an infinite Ergodic Universe which, being infinite, must contain

Hubble Volumes, realizing all initial conditions)
Superstring Univers.

2. Gaugu' L Quear®s plevewsgiaid C\sresr_ L9yLehsmiser (Universes with Different Physical Con-

stants)
@GLL : 2 (aT SesrGLuller GLO BwS) (Andrei Linde’s Bubble Theory)

Osmpsais@l YFHwblual afgssHed Gleuli SyumisBIFer LfresTalled, BHesTSSe6T

@ LiysesL e Goupyi 'L, euerLiyyl" G QLTSS BlewevLiLimT(h)% 6T 6oL ady).

(Level : 2 In Chaotic Inflation other Thermalized Regions may have different Effective Physical Constants Dimen-

sionality & Particle Content. Also it includes Wheeler’s Oscillating Universe Theory)
3. uedGarpys LNrLIEsFEIS6T (Multiverses)
Q@LIL: 3

Biesgser wrSraflwenew alers@gd Cung Fwg Csrppd Osmewi oyeTmed ADILILIL L
sarevoujerer LeOGeun NrLEhFmIGaTL LUPPIS FmmiFmal. 2007 Qi bufed Crafl’ L muilevl”

(David Deutsch) L1edGaum) 2 & BISmATLI LIDDY QI6TES(LPLD [Beh LIGST(LALD 2 eflSS M

(Level : Il An Interpretation of Quantum Mechanics that proposes of Multiple Universes which are identical but

exist in possibly different States)
4. wpigeunes (oS CsnPpL LNTLIEs&FEIE6T (Ensemble Theory of Tegmark — Ultimate Ensemble)
QUGLILY: 4

wpp sals IuE@gser OGaeaiGag yyliuemL L QueaT@sd  FRTLITGHSET

2_GUITL_IT85 (% %) GBI D 631
(Level : IV Other Mathematical Structures give different fundamental Equations of Physics)
erassrempp LIgLIehFrisefar GLolps Csm Lim® (Bubble Theory of Infinite Universes)

Level IV Universes
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. Garlick / space-art.co.uk / Ho unauthorized usage

THE NINE SECRET CODES OF THE
MULTIVERSE

The multiverse might be the ultimate extension of
the Copernican narrative: Even the entirety of the
universe is not particularly impertant, but sits
among infinitely many other entireties.

Two previous measurements of the cosmic
microwave background {COBE in 1992 and WMAP
in 2007} have observed anomalies like those
measured by Planck, but at a lower level of
confidence. It may still tum out that the Planck
anomalies are overestimated. If that turns out to
be the case we will be back to square one. But if
the anomalies are confirmed, and with it our first
glimpse of the multiverse, we will have achieved
something remarkable. Neot only will we have
found evidence for other universes, we will also
have found the first tests of string theory, whose
description of the landscape we used in our work.

Multi}}ggse -1
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LEVEL IV MULTIVERSE

THE LLTIMATE TYPE of paralle] universe opens up the full roalm of

govom them. Far oxample, consider 3 simple universe; Earth, mom
possibility, Universes can differ not just In [ocatlon, ceamologleal and gun, cbeying Hewton's laws. To on objective oboerver, this

preperties or quartem state buialss inthe laws of physicn, Exlsting  unlverse leoks like a circular ing [Eorth's crbis amoored outin time
outskde of space andtime, they are almest impassibletavisuallze;the  wrappedina beaid [the moen's arbdt srasnd Earth ], Bther shapes
bestone can do is te think of themabstractly, as swatic sculptures embady otherlaws of physics (o, b, ¢, d). This paradigm sobees varlo
thatrepresent the mathematical structure of the physical laws that  probloms concoming the feundations of physics.

https://i2.wp.com/www.thinnai.com/photos/2008/01/40801101g.jpg
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uGLLY -2 @ eunpl JHw6leell afEss@ed Caraimd Curmpgsimes  @GLALHLI
Aruehemisearti upn y,arf SerCL e1(hs5 aflars@ertd. aflehehralsar L LiL%0)s% e
Car_un® @g1. @Q5s Car’un® Fmmiaig e1erest ? BiesigHer S & mewaulledps (Quantum Foam)

R “STuIL] 9711655550 (BBSI " (Parent Universe) Lopp L9TLI@HFEIS6T 2 FF 6T 6TadrI G !

“@)eoenTTesT 2 EHBIFHET” GTaTanLD FIewev eT(LpPw eoLiLineaiiu yHewadwed Gwensg LOFFHCGwm
&18@ (Parallel Worlds By : Michio Kaku) sner 2004 Qe Gevefluiil L &L Gevgulled LiesreuLomm

FnMIB D TH:

BIGT 6T(LPHW “Q)ewenTwiTeT 2 wamEaT Bredled HTewbleual gyewipLiLjFemnaer aflarsEasn @ L
uPTs FHLES LU Yarhlsaled uatins YHwallwe o el LTl Hasewers GOILILITSS
TGS Coeir.  (psew LTHEFO LTUEhFsensLl UpPlud, pHpCurssier oyFHev afssd LpPluLd
F) (LpLyafled O LipGlaug ity e (LpLyEmE). Q)IewTL_Md LTSS LIOTEISLI LTLIEHFBIFHET LB
e1pps Car’ un@semer aflard & Lifliorest eresteniigeans allfleuresig LpPPluLd, o cEers @enip BlwF)
uppluyd FHpsHGoer.  epSipIeug LUTHSFe 61l s GCarimesr GCaumg eths@ps@L LG

uehed el fownrd) (wpryeueoL_wLd eTartems aflersasd 6)Fui%H G e,

Observable universe

Multiverse -2
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@)emewtLi LNgLIEhFBIS 6T
1. http://www.bing.com/videos/search? gmultiverseparalleluniverse&qpvtMultiverseparalleluniverse& FORMVDRE
2. https://youtu.be/aUW 7patpm9s
3. https://youtu.be/z4rifLtsrX4
4. https://youtu.be/EwQEBWepRIY

5. https://youtu.be/Ywn2Lz5zmYg
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12. QruehadhHemd DIDGHSH JQLILUHL G HIH6THT eTHHID !

Particle Zoo

- e Electron

-
Qlﬂl( -

Energite” g JTIRON  MATTERITE .

- . . Y = = 4 ?
O -
® 2 muon ® Neutrino

Graviton

| =

b * particles not drawn to scale

Scientists have discovered a menagerie of particles, and
suspect that the universe contains many mere - perhaps
including particles of dark anergy and dark matter.

[Tim Jones]

SIBATEHGT LDHOS
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ruehets Qs Gleurg Litfev

Q) o (pessren L PFPs

FIFATTHS

SIS HHTHS F|ewTL_LDTF)LI

L96ewTL_LDTS),

LessT_GFeV LiesreronG)

2| S UTH),

IG5 SO 2 G e

LTIl ITHS

Fgesst(p)

L Gaumy eLpevsLomuiLi

airehs

Qs mLgL L9eraie

Cupereyd 5% Gleuai Gumn)

[B] GBI G| S GITSHGT L6 GoT 5.5/
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Nature’s building blocks

Leptons Quarks

Down guark Up gquark

Generation
=

Strange quark Charm quark

[

Tau particle Tau neutring Bottom quark Top quark

Force
carriers

W boson Z bosan Gluan Photan

THE 5sTANDARD MODEL summarizes the rules of particle physics. All matter we can
see and touch comprises combinations of leptans and quarks. Generation | particles
are stable (and were the first group discovered), whereas generations Il and lll decay.
Particles interact by exchanging bosons, the force carriers, These force carriers regulate
the strong, weak, and electromagnetic forces, but maybe not gravity. Sclentists don't -
yet have a complete gravitational theory that works at all scales. asteouos aosn =1Ly

https://i2.wp.com/www.thinnai.com/photos/2008/01/4080117 1 a.jpg
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wrkxe 19TLIEHFSBE LG W LG LILIGHLF F|SH6TSHGiT**

95 AL (D aflev@eu Hevenev @)eTen/Ld !

g 2 ewri& Cer, 2y erTed LfleuFevencv !

@3 i3 GearGar weuss (LpLg W afledenev !

wppg Cursaw @ue alleenev !

9G] (LPLHISILD FHLI LIL_L_T6eD

Y OTES (LPLY I QI DEHGV GTGHTGSTTED !

Régy ainserg, G\lgiLoeT @)enessem s el
(Richard Wagner (1813-1883))

wrGu@Ld F6% umlips A% mIewHTeniiL GiS6THaTST6 LITLEHFSHG OLI(BLOLITGT DS F&F)

BlaLHFFRFGT LP P @685 @5s G allenl_ 2655 6in e,
evam Gausal), (Scott Wakely) gienantLi Gipn@wig, PE1GaT LIOS@E S1pELd. (2006)

@usTd mrppresTyeT YroLsHGe LGrTL L Tes@pLd, Byl TTeNS@FLOSTGT (LPS6VTHS
ST (RGBS L Qg LiLieoL LI LIFLOAgmISSHaT (Subatomic Particles). jeoel HeT(H)LNQSSLIL1L" 1
FLOWSF D IeneusTear HYeyialler LNen1ss5 (WS eLpeVL] LITLOTSEISHSATTUIS FHSLILIL L 6T 1960
2T (HFaf6D YUDMISHSGLD BIL LILDTGT FIFOTHETTC) N6 2 (K6 TH UGTATGT 6T MWL LIL' L F).
ysw wpeopd Gengenenser epevrd Gomi’iner, Bluyl oreT Q& w LTDIEDISSeNaT 2 niFwpnm

2 ararenioLienis @QLiGLITG 9 (psSLomid Q) FTevev (LpLgFDS.
Kerma Mg & &g fwm G Lig (Klaus Rith & Andreas Schafer)

gohsgiser @L" BS3I56T 0G5l
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Elementary Particles

Force Carriers

%)
-
B
S
—
e |
(%)
—
(=]
e
o
(-T)
—

The particle physicist’s periodic table, showing the quarks and leptons comprising matter and the force carriers.

Funamental particles
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se’gg)86m —> 6 (HGg)s6n

FPhoton

STRING THEORY says that, now and
then, a photon can turn into a gluon.
ASTRONDMY! ROEN KELLY

'dentity Change ASTROMNOMY // FEBRUARY 07

https://il.wp.com/www.thinnai.com/photos/2008/01/40801171aa.jpg
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BIes51556T OLIaTHSS D etT BlenevGlLmyd om@f @9 (The Standard Model of Particle Physics) @5 @hmest
augerpPled Oeupmluiler 2 FFEHILD, AHMSS LS (LPATCHIDD SHIIsS (LPOTUIILD STV FF 68T
LB 2e16hFeVTLY & 0% TessTLY (hEF DI !

smjLar Gxeir, (Goron Kane) Guen@sLi Cuum@fwg, OSSR LSS SPSLD.

2 aireng @)ev i Pw LITLIEHFSDT @ was G pplarws %S gl

gl garaven_eflar “Glumg e@Liwed BwS " (General Theory of Relativity) aflers@Lb
9yewimsaflar miLiyaflens Caapm ewiLiy L9TLEHFSH T e Gleual o2 el _Ms@GL cuenarGey
(Space-Time Curvature) FigLiL eflenguyL_e1 GG mL_L| O\FTeTeUSTUIS Fo IBDI.

BlesTentl el aulgemaus &L (HLILIRSSILD LNTL6HFs “giser wpS T alPulled” (Quantum Mechanics)

L& QFUILIGH U YHVSGTT I GONG| &IHATHGTT 6165y LD 2 ) B uflesien Lo OeualLiLIen L wiTegy).

*+¥%c alleh@hrest) CLmab fer 9emig CeapmLo**

“@@peuTaT” Yevevgl L (heuma (Gluon) 6TTLIS| 98I % & TGET LITLOTE)| 556w e (Subatomic Par-
ticles) @&TDI%s L1911 LNeweTS S (55D @(HaiS QUSVIITET 9ew)%s @ aflend (Nuclear Force) eTaiimy
ABWLILGS DS

8% eLpeTSIILOeST QuIpens miewigarsafet (Electrons & Quarks) @QuasLILITHS @%@ 1960 -
1970 gyer(hsafied gp “BlevewOumid @Quiss wrBd plwBeww ™ (Theory of Interactions — Standard Model)
afl@h@pTesisaT all flouTE S SIS 6T, 60TTed 9 BS LTS F Fw D) FiLiLTPDeevL] Lpm Q)erend aflarss

(P wTs Blenevulled 2 aTaTS.

L7L1Eh&FLD LoD MILD Bl eTenTaR) () 155 mI%HeaT (K5 G ailens L g “e@s&Fw Blw)” (A Unified The-
ory of the Universe) gi&aT a1y aflev6vTs @memLi Lfloment Bred Gl mesri “@)ewip Blw®” (One Dimensional
Filament — The String Theory). Q)B& BIgeT Qewip BwH pgessrmi_mes Qung e@Litlwed Bluw@eowuyLd,

BIGSTSIFH6T WHSHT FewwuLd Q)enenTsFHm.

*rkxe aflopend GBrs&s 5iseaf6dr LiwenTLd**

9ruehe pEsw HuBs@ aflullGLbd o Greng @enrp Hlw
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PROTON
has a positive charge .
o

ELECTRON -

has a negative charge

Hydrogen
2 PROTON
has a positive charge 9 2
) NEUTRON é 9
has no charge E
» ELECTRON Helium

has a negative charge

- SIS

+ YRgal e

® Bubl_grer

g6 6o X / _/
2 ETeTNOOY 676)60éig.57 63T
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A particle’s galactic journey

Cotmlc-ray calllsion with a local protes

prodiocgs dawghter partiches,
i with ar gir thower
F

Coamlc rays aocel mated o
= oy the SUPEFNONA remmnant Optkal telescope detests
and deflecied by magnelc figlds C'!'H':_hﬂ'-' raciatian

2 decaps into v gamma mys,
which Eravel undeflected to Earth

Supemoa reFinant”
Partile datictor

THE JOURNEY lrom a suptmova rermnant fnvolve: saveral abstacles.
Magnetle flelds daflact some particles, while others collide and produce
cascades of secondary particles. Optieal telescopes on Earth detect uislble
lhight — Cerenkav radiation — emitted as gamma rays interaet in ths atmo-
sphere. Partlcle detectors In the atmesphere {on zatellites and balloonc)
and on the surface datect higher-energy cosmle rEys. v sommree

https://i2.wp.com/www.thinnai.com/photos/2008/01/40801171b.jpg
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o Girews  @ewip BwB  (Superstring  Theory) QUG LiLS@ (LpBESW Few  LgLiLienl
alewarajsemarujd aleTEs o S FSIDG ! @newp pwPulled @enip BWS LITTOTEISHET,
QgL Qupensd o pgallenssar (Particles & Fundamental Forces of Nature) Wb o cuTests Frmest
Blestentlenpsefier G ieysar (Vibrations of Tiny Supersymmetric Strings) e1avim) Gl efleunssd omiGms).
LITLDT@89)] 3% G G¥T 2] G891 5o @W3TLY.6O (Q)WIEIGLD “BI eI ST FFLILIMTHME " (Quantum Gravity) &8I0 LDS 6D O
afeng@Ld whewwn CsTewiL g Q)bs 2 aers Qe B | Q& apsGopw 2 ulfwed LIpal
epevLoest “19 QwastGesr” (DNA) Guneimg LT 6hFS S T P enm 2 IesTs Q)WL BIWF) 6T OIS SIS

O marareumd !
APVTSTTS %6 6T

Yol fsgwnest @Qps Qewentll guehas Carun® erLiCGung 2 swioneg eTesiaid CHaral)
&g QuGung ! o aiens Qv BwH, OumGleued, Hmeniors 19esri_Ld (Superstring The-
ory, Hyperspace & Dark Matter) ,%w LBw Carlun@®ser erupsLinil’ L g Queads ailehehmefsar
oo 6haFS B &1 a9 @hGhTeISemS aaTds BILLPIBS BIT6E STewbleuall Liflremiser L HLd Cumgsm
Qeuarmid, Seweu wrayh Ouiwnsll LUFOGTTEID TTRSHEHGT TRIMILD 2 GRTIHSTIHAT !
aIafl (1p1ya)sE ailechETalsar aupsgih, HBSCSTT (1p1yaLd o FwLoneTg) | HFTaugl BIoBlps
Aruehawnets eiewrentipm “Faiaiwed @Loflseafled” (Membraneous Bubbles) @aipiess | Falad

GLfser LB Clenep ) LIfloTenTsPed O\FTES 6N GLD CLITS SenevdsaT 6T(Lp&HeTm et !

GUTISGS6T & 19.UjL" TT6ETS 6T

LITLIEHFSBGT LIS W 14 LILIGHL S FIH6TE@HLD @l PBIT L6 eRTLIL|S@FLD

aflerGleuaiufiey Lileyflenis@Ld eTasstenflovr alewTLBGEIS6T (LPFSeVTH BLOG eLpeTSTT 19 6)wiesrGeor
(DNA) 2emIs5%6T aueny enasisgiLi et _mis@pd (Matter) g LiLienl_g FisaTsenans (Fundamental
Particles) Q&TeTL_em6). ELPGUTSTILDTGS IbSb BlIeTSSersemar Goad Lenss wpigwng. 1960 b
2T (h % G (Lp&TL @65 6hTe GLoews e ehs i Cmi® (1871-1937), peved Cuimabd (1885-1962) 24,8 Guim
werGarmysermul allarsSw e HenwLitie 2 L smalled LGrmi L nes@pLd, Bl L JmeTs @nLd
2_airenest OleuaimiLd, daipenm 6T0)eVELY TT6THET HDM U BF @D OUGTNILD FnMGSITIHET. B TEUS|
e10levgg gesr, LGom e, Bluyl” rrest 9@ wenaeu el ailes L6755 (LpLgWTE 14 LILIGH LG 5I5% 6T T

GTGTM]| &(IHF GTTIHGT.
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Fundamental Particles

FProton

Y Neutron e Lambda
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Up/ Down/

anti-up anti-down
00~ 00"
00

Neutron

| Newmeson? | | New baryon? |

In the standard model of particle physics, there are six quarks — fundarmental
patticles that are the building-blocks of many others. Each guark also has an
anti-matter partner, an anti-quark. Pairings of quarks and anti-guarks form
‘rnesans’, such as the K+ three quarks form 'baryons', such as the proton. The
picture builds up further: a three-guark proton and a three-quark neutron together
forrn & deuteron; adding maore protons and neutrons — more three-guark
combinations — builds up atomic nuclei. The discoveries of what seem to be a
new meson2, 3 and a new baryond don't easily fit the established picture. The
new meson may in fact be a 'molecule’ of two mesons, and the baryon might be
a ‘pentaguark’ state.

https://i2.wp.com/www.thinnai.com/photos/2008/01/40801171d.jpg
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From Atom to Quarks

?p Time
QUARKS =V Future? |
up charm top = 1980
e 0 O ¢ ‘/

©O © O 10:3_ Quarks

down strange bottom

ANTIQUARKS
8 charm top

O O . -
© © 0"

down  strange  bottom

N
=12
15 | . Nucleus

Nucleon
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1960 a1 (h &G LI LD & 14 LILIHL_G FIFHaTH6T LIDHIW b5 el ailed YenLoLiL|d HSSTBSLD,
erestmed aups aflehepreaflsearted HpassL LIL L &I LITLGHFSBT LB LY LILIHL G 5% 6iTH 66D
RETD TGS & eUMISG (Quarks) 6TRTLIG PIWILILIL L . QDI QUGHHWITET &6UTis%GSer @)hLiLig O)gMw
UBSSH. HSTaUG GUTIsGH%er << Goed, SLp, paflewLd, LFeLd, 2 F&1b, B&FLd >> (Up, Down, Charm,
Strange, Top, Bottom) 61681 Blewesiailed Blm@Ld eraflw QLwisefed GPILII L L' L e OLoeTenLow meT

GaumisGaser Goe, &1 eTarLiLB L. eaisTar O)Lngains e ailar o L swalled @)bLiLIe®a.
L Beuner & LyGgmL L _meir

TLIEhFSPO GeuTisGSeT ey Lllss aflenFwimed (Strongest Force) @asienm Q&I @)MISHL0THL]
Henesiggs OClasmeshar arenel. YFTeUS GeUTISGHSOT Sallwns @)hss AL LT ! @I &GTis
DD GUTISHEG F@bLaT auayafarar aflensujl_er eTLiCLITGILD @)ewents s @)BLILISI. 2BD a6 T6T
eng G@paunar eews L Geunar (Gluon) eIain HYeopsHLl LGS DI QLI LT Ll
wL_LiedL g gFarsarmed s L L Ul ewauGw @Qps ruehsupd yser Cammeswr GHmig Ll
et L1 QT S@HLD. YSSSW CLPVTHTTSH &UTIH®SUILD HUDHDLI L0 COTSSHIOTOT 95T

gy et aflenFewub HYPleuGF ailehehralsafar L9505 &nlsGamar.
ke 9 Flevd BT @aiflLILID e **

GUTIEGHFHeT allEhEhTesTd FHAINFTTD YaTES (PLYWTSLILG LOF  LOF  FessTent e al.
@uTisGs®arL L9065 wpuywng. @@k YOrmlL meoatll 96165 (LLWSTDTED, GHeUTIisGHSH6T LIS
L& aflens cuayaL el @L 198 Csmareaper. Syeneu % L Lwns @Q@pLiugmew LGl meyier
Hevadwesfled @i QL sewsLl L99s5s Csmar&pg. vl Lsd HPw aNFSLTs 2 6Ters).
yGorL_nefled GeunisGser Syenl_ggis Csment Appl_b CLnssd sTellwnss GiL_&@Ld @)L F5H
QLUGSGesT ? SBpSS 16 LenaTUlVSTET & @beuTer eraLiLiph NPT &eurisGasearL
Henewra@d L B oflenswns BloLills CasreBerers | SsmeW Geuris, &eapeurer L9 Cer
ouehas@er 98% uepeunsll ugalwyerers | Qupenswretg Gasmimet Gsmy (peomoHaied
LERIOT  (GUITHGHEH®OTULD,  UUTRT (GH@peuTarsenaryd Lleneidsg LITLEhFsansL

LIGH LS| 6Tens] !

@UTiaGs6r & CQeLiL Terser

211



&.CleowiLITrS 6T LTLI6HFS BT LDFSS TGN HIMI LY BT 6T

Here, three quarks — two ups and a down — are
depicted forming a proton, held together by the
exchange of (invisible) gluons. Because gluons
carry color charge they can interact with one
another to form glueballs, which decay into
particles made of quarks and antiquarks.
(lllustration courtesy Jefferson Lab)

https://il . wp.com/www.thinnai.com/photos/2008/01/4080117 If.jpg
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PARTICLES FROM SPACE

Cosmic rays bombard Earth at arate :::f
al;mut one parﬂcle per 5quare cenhmetEr
per mnnd Prirnary cosmic rays are o0
percent protons, with electrons, heavler
nuclei, and gamma- lE._'g.I' photc:lns makmg l.lp
the rest. Cosmic rays move fast, \ ml:h‘urelm_'k
hes near or at the speed r.uf light [any nhjact
with mrass can't reach light- SFEEdJ There-
fore; they have high energies ranging from
a billion {10%) ta 100 Billion billion (107 eV:
When primary cosmic rays collice with
atoms in the atmosphere, the resultis a
shower of particles — called secondary, or
daug hter, particles. The initial semndarle}
are mostly pl-mesnni— neuiral and
charged pions (.7, 7). hleutral plnﬂi
decay in’tu pairs nf gamma rays, whmh r'nw
create an elertron {E_l'] and a positron ﬂgtj
The charged pions eventually de.':ay nta
muons (i} and muen neutrines: {v]':l Asa
result, a large number {:fEIE{trdns, posi-
trons, and muons hits Earth's surface.
Scientists use optical telescopes and

pure-water tanks on the surface to detect
Cerenkov light emitted when Qannima rays. -

- and other high-energy particles tr@mrse

the atmosphere. They also use detecturs o
balloans to study these: panrcles inthe
atmusnh.ere o ifl‘tf_fﬂi!@.s_f.. 2

1I"IE'IJMIHG COSMIC RAYS — an. alpha. :

particle in this ﬂmulaunn T h

: ~ atoms in Earth% atmﬁsphe j :rea&ngg ;

shower nﬂuw-er-energy”parﬁdes, The

| alpha pamcleﬁeatei an array of parﬂftle-s

' | and radiation above the Auger Gh:semtw-
ry's ﬁmgentinﬂ site. F'urple corresponds to.
gamma ra:.rs. red te munns,_yellm-.r m elec—

https://i0.wp.com/www.thinnai.com/photos/2008/01/40801171g.jpg
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Sialled 20104

*¥Yet to be confirmed Souree: AAAS

https://i0.wp.com/www.thinnai.com/photos/2008/01/4080117 1 h.jpg
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13. TruehadPHen SiHevd HHTHNM & DIQLILDL G HIH6TBH6IT

00000000000000001

https://youtu.be/BOR7ZIl saVo

https://youtu.be/c-iCw8EnhSY

6151 0\ 51 (& & Mewsfl @) LD (@) wimi@GLd
ymIGsmy yFevLd !

YBVG G 6T

Y G GVTGRTL_ BTG UNGT & (1581 Fo [5G 60

2 FIGGLD LyssHaT !

YUDBIGd FSILD LITLDTGDIS 5% 6TS 6T
2 FVE & (155560 GTuil6wT

W&IbS lenSHer !
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smed apaeaved alleheprer Goeng (Thomas Henry Huxley (1825-1895))

@F g LilfeT ewuewws (Apple Pie) swrilUiugmn@ (Lper Lpsedled b @b LITUEHFS®SL LIGHL 5%
GouesT(BLDH.

@i e1Qwaggrefler o arGar Lwewd CFwiw wPpLYBESTD, RONBFBHSGL ASHDGAW @F
G VF®SLI LTiss (pyuyd | Coed 950 @&eaTGar &mevnsedls@hs @ @LILITGT QaflLDben S @rhLD
APl YTL_BIFE@FLD,  GTTGIDD BT FIFATE@HLD  AYBHBS AFVBHATTE () (BBHHGTLD
! UgLOIemISs @hsGeTGer YeiailsLd (g aflederined BB BHSSILT LNTLIEHFSF 60 LNTLIEHFBISeTTU]

aflessrOleuafufled o ararest GLimed @)BabHeTLD !
RTN Q) BLILISDHGHF FIGTDIHET (F)GOVTGNLD GTRTLIG| 3FI Q)OO TEW LS GHTF FARTPIVe6 !

216



&.CleowiLITrS 6T LTLI6HFS BT LDFSS TGN HIMI LY BT 6T

Primary Cosmic Ray
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- proton-nucleus
L collision
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Secondary
Particles

primary-cosmic-ray-showers.jpg

217



8. Qlggwi LIy 6o LTLI6HFS BT LDFSS TGN HIMI LY BT 6T

smjed Gewser (Carl Sagan) cunellwedgienp Coeng

LTSS FOTaT MGG o FFFlemewd F&F eumatiwe GluerGsrd (High Energy Astro-
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QP ILD DG TS M8 GLD IYBeVE B FSaT !
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W18 FaTEETRT HevE FFiF6T Fessllbs FHAWESSHD WeAST o L bewig 155 2e1(h) ol
QFv&epest ! weslsd aunmiFg O merenLd sewlleuret LIGTL VS $BHa5s By Fiomg 7%-10% (Back-
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aewaraflg@s. 4Gz FwwsPed LYolulew Qumpluyd APlsares $HIY HHWS S FHGTTC GGG
UTssLD emaryLd eTerLIgG WIhsGLW CsAwng. qpsSs Seopuiled Q&HeauenT oy ITUIFRS6T LifBS

wesflsm% @ TCSILD HFWs $DF%H6T &ml&%H%6m allenaTaildF D 6sTeu T 6TRTLIG MWLl LIl afledenev !
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Primary Cosmic Ray (usually a proton)
slams into the upper atmosphere,
causing an "air shower"  of other particles

Ghostly neutrinos
just keep dn going
right through the Earth...

. - Essentially only muons

(a "more massive cousin" of electrons)
These muons interact ke it all the way to the Earth's

with Cosmic Dance  gyrface as secondary cosmic rays

https://i2.wp.com/www.thinnai.com/photos/2008/01/40801242b.jpg
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Leptons

Particles Forces
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The Standard Model

Strange

sialles) 82104

Standard Model -1
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Sources of Exposure

Medical
53 mRem (15%)

Muclear Fuel Cycle \

0.05 mRem (0.014%)

Consumer Products \

10 mRem (3%) —_—

Inhaled Radon
200 mRam
(55%)

v

Matural Radio-
Nuclides in body — e
39 mRem (11%)

Cosmic
27 mRem (7% ) ——8=

#_‘_,.-f
A

Terrestial
Total Effective Dose Equivalent = 360 mRem

Cosmogenic
1 mRem (0.3%)

28 mRem (8%)

https://i0.wp.com/www.thinnai.com/photos/2008/01/40801242a.jpg
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Primary cosmic rays are particles such as protons and neutrons moving at high
energies through the intersteallar medium. Locally, many of these are ejecta from the
=un. When these primary cosmic rays come toward earth they encounter
atmospheric nuclei at around 30,000 m above the surface. The imapacts cause nuclear
reactions which produce pions. The pions decay into muons; this generally occurs at
around 3000 m altitude. The muons rain down upon the surface of the earth, travelling
at about 0.998c. Many decay on the way down while others reach the surface. A few of
those will encounter Jeff and Ed's muon detector.

These muons constitute "secondary cosmic rays" and have paths which are indicated
by the red arrows on the diragram. Hote that this diagram shows a "muon shower™ on
the Alps...such an event on the Rockies would look much the same!

https://il.wp.com/www.thinnai.com/photos/2008/01/40801242¢.jpg
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B ws FFiser.  yeaupPlar TGPl FisaTsaer FenesGsmalled o arar ewllenuiler HL_LILjSS)
@) evresTa) & (15 %) 68T GO,

ufS aflewTLiaT 2 SidGLD 9TV %B)[is% e

@EGLEGL HYHws sHismerts Cumflud @i o PLSGF Frseions GHAweh @)BHS
UBH DG uDPlesT $H RN WSS 915 HaLD, 6TCs 1y TTenId HAw § affsg Csrewmisafer (Solar
Corona) B IFF YOVSTTRILD, SMBS FSHWTRILD aNe®TUTESHLD (Acceleration) LB GTDET. HPWE
B iFfST HAWS FHaTHOT Fnlgw L FD 10 psed 100 MeV (Million Electron Volt Energy) 5%

Quppeeiwng o ararer. He Fowld o FFHevev e 1-10 GeV (Gega Electron Volt Energy) 59

O\ TEHTL_656u W T 6T(Lp )G TDGr !

High Energy Particle Collisions in
the Accelerators
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Development of cosmic-ray
air showers

. Primary pacticle

{e.g. iron nucleus)

—+— first interaction

ey T pion decays

T
by

——second interaction

pion-nucleus
interaction

(T3 1999 K. Bernléhr

The earth ig hit by elementary particles and atomnic nuclei of very large energies.
Most of them are protons (hydrogen nuclei) and all sorts of nuclei up to uranium
(although anything heavier than nickel is very, very rare). Those are usually meant

when talking about cosmic rays. Other energetic particles in the cosmos are mainhy
electrong and positrons, as well as gamma-rays and neutrinos.

The cosmic rays will hardly ever hit the ground but will collide (interact) with a
nucleus of the air, usually several ten kilometers high. In such collisions, many new
particles are usually created and the colliding nuclei evaporate to a large extent.
Most of the new particles are pi-mesong (piong). Heutral pions very quickly decay,
usually into two gamma-rays. Charged pions also decay baut after a longer time.
Therefore, some of the pions may collide with yet another nucleus of the air before

decaying, which would be into a muon and a neutrino. The fragments of the incoming
nucleus also interact again, also producing new particles.

The gamma-rayg from the neutral pions may also create new particles, an electron

and a positron, by the pair-creation process. Electrons and positrons in turn may
produce more gamma-rays by the bremsstrahlung mechanism.

https://il.wp.com/www.thinnai.com/photos/2008/01/40801242d.jpg
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Fermilab Accelerator, Chicago

https://i0.wp.com/www.thinnai.com/photos/2008/01/40801242af jpg
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S VG &G TH6T

Cosmic rays and particle
astrophysics

From space, a flux of cosmic ray particles reaches our atmosphere; here
the particles multiply in a chain of ive interacti and decays,
and give origin to a “cosmic rain” which hitz each of us at a rate of about
4000 charged particles per minute.

Primary cosmic rays consist mainly of protons, heliom and iron nuclei,
photons and neutrino=. They come from the sun, from supernovae and
other not well identified cogmic sources inside our galaxy, and also from
outside our galaxy.

The study of cosmic rays is important in itself in order to study this
natural phenomenon; it was also the key to explore the world of
subnuclear physics in the ‘305 and ‘403, when accelerators could yield
particies which could barely reach the surface of atomic nuclei.

Today cosmic rays allow the investigation of the cogmos via high energy
particles, the study of fundamental physics at energies not yet
achievable in our laboratories, and to obtain indications on the first
phases of the evolution of our universe. The Gran Sasso Laboratory, in
central laly, i a large laboratory dedicated to the study of this field.

1) The interaction of cosmic rays in the atmosphere and in terrestrial
rocks in a presentation which also shows the three experimental halls
of the Gran Saz=so Hational Laboratory

https://i2.wp.com/www.thinnai.com/photos/2008/01/40801242e.jpg
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aaravenL_efler 0urg @Ufwed Fw ufF wesr_wSFer &L uTamssmar aflarsea G,
ruehss srev-Gleuall alfips GClFdayd alsgmSud FmnIGDE.  ASHL T auari CalssPH e
O FQORILD LI@h6U TGS S eWTL_BIGaT (Accelerated Massive Bodies) eT(pLit9BLD “AiLiLIGH S GTLI " LipmluyLd
FDIGDE. et wiad fehehTes H@Haisar epevrd CrrssLiul’ () BlepLenTd 28w aTeare.
@uUiGurg prpleug): ruehFLs QL Claug LiGL (psetpsed CLiTerea) 9esTL_El &@h%E LT6)LIBLD
wariGousgeng o i ms8) wererg. GCaminear Camg oD% ehs @ (LpaTeaTsnsLl G\Lm Oeuig iy
BlaBEB BhBSTeVID, @QLICLTSID e mger Hevapmler FiLiLeney 615 0)gredlser 2 arey OFuiujLd

Cung LS TESLT LI(H)F) TP .

0.00 181.25 39034
v N

= -0.001 0 0,001
Qzp - I

AEIZIB
density: I

The image shows a three-dimensional snapshot of the
gravitational waves emitted during the collapse.
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LITLIEHFSB FILILIGHGEEIT 6TLILILY. 2 GSTL_ TGP T ?

FiLwe $@iafsds (Gravitational Radiation) edevg miLilfuied yewevafds (Gravitational Wave)

eTaTLIemey STewbleuafld SLedled eIpH D FigLi P ieysar (Ripples in Spacetime) |  peOLIFL
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aareveL_efler gLwe BFlw® Byl L eflear Fily oflasmw @Ballss srebleual aemara rss
P0G, QsHPGF PYG alardsd sgewrd.  earGsrearselet LI@hE@GL), Hmev-0leuallL
Leiresiay s @Ld 2 6T @ 2 peneu el Ouing @Lwed Bw® GHLIIGS D) : LNew1L_-F&F w resig)
Fr-0euaflenw 6TLiLIG UMETEETLD TN FmmIBDE | Hmev-Gleuellwnerg L6 -F&Hew
GTLILILY BHISSGVTLD 6Tl ClFTOHRDE. (LPS® HHSB G YILOLILT LITHF FLOGTLIT(RS TG FFLILIwe)

Y@V FHEFSmGTLI LIHMY Bl LimTensd ST RHEHmS.

Gravity Waves Measuring

LEFT Space Tool
ARM

END

T STATION
BEAM TUBE COVER

M
STATICN

2 km

CORMER MID END
ETATDN STATION STATION
RIGHT
ARM

b okm — w2 kM ——
Schematic layout of LIGO Site at Hanford, WA
( Installation at Livingston, LA has no mid-stations)
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FFLILIGHGUSEM QT 2_GRTL_T%HGLIGNG : LI@H@GTT GRTL_BIG6T, (LPSHHWILDTS “@)T1 9L Bluyl” gresr
flewrLbeiger” (Binary Neutron Stars) 9evevgl “Q@Q)IL 6oL % FhpgIenarsar” (Binary Black Holes) GLimem
“@oLeoL (pLLBGT eugeysar” (Binary Stellar Objects) Sjevevgl @aTenn ReTI O\BHEIGL FISTI6HwT

flerLb s 6 9),Flwien 6 Gul.
FiLLwed yenevaldssE cpatml BlLBSmeT BlsLHFFSH6T Gpr Gouest(hLb.
1. Filwed Syemev 2 GIL_Me@GLD YL LD eIgmeug OsmL i psisFuiled OFavev Geuedr(pLd.
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BHIFF) @)GOEMEV GTRTD T IJBbF I TL_SH 60 FFLILIGHSET 6TLD LOML LT !

Millisecond pulsar

Radig signals 3
frompulsar

S
v

® Earth

Gravitational waves affect time
of arrival of radio pulses

Gravitational wave detector
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2. LOGHISTBES YewmevEaT HIPHA-1 (Spin-1) QlHTGSTL  OGHIL_BIFGTTG) 2 GRIL_MTGLD. 2T
FILILIGNGUSET FIPHF-2 (Spin-2) o 6TerT YewTL_mISHarTed er(pLenal. Goeyd Fflu o (hesren
g eumes (Spherically Symmetric Object) @De®Ds HHBHSGIaT (Single Black Hole) miLILIGHe%eaT

GT(LpLILI LOML LT/
3. miLuemev YFDF (Amplitude of the Gravity Waves) (LpL_S&I6U I GWTL_SFH G LIG@BOIWLD, BFHTFF)
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Causgmsyd CUTBsss. LEE Laswretnad, Cousd PFHLOAGTIRLD FILILIGH GV 66T

25D CLASTH SauPedDF e T(HLI5F TSIUTH DG
FFLILIGHGUSET LIDMIL F(5SHHD F(BBSHI% 6T

— FFLILIGHGVSGT FTMTGT ULy euopm, LIE@BLOSSE BH(HLD (LPL-F&I6U GRTLEGISETTC) 2 GRTL_THSL]

LI(hF TG,

— mriLiLenevsaer el GeussFHed (186,000 eowev/ailestniy) LiTalls HTIS®5% SL_&% @D CLng Amiss
A3 CauIE ).

— miuueser aTETEs Ymwsmarts Cured uvGeum HySie) afssHe0 (Frequency)

L1176y &) 681D 6B,

— milusear @alsd CFmiGss AFiayLs Cunsg wpepuled (Two Polarizing Modes)
ugey&eimest. (Polarization is a property of Transverse Waves which describes the Orientation in the plane perpen-
dicular to the direction of the Waves)

FLLvsEmer 2_arail prenailer allewtleuals S L_misar

(PL-BSIa YesTL_& CHTATHET 2 GTL_TH@GLD FIFLILIGNGVSAT Y LILITD LIFaIL] LITeU QDD6D &)
BlUML_FGEIDT.  YFTD Yaupenn 2 aTalls ey Lig LsF Frwgess CFTHSF DS
wom yermigeled UL R TH0ITEGL wEGW FiLUmevd Fllsamassamar Loluled o arails
Osdleug RBLpedD. ABS WEGW FFmssmar 2 aral yBlwu “Govsi Fiflsamss sHLL wpeon”
(Laser Interferometry Method) LiwesTLIGEDG. Q)Iewi(®) 055 sestomest Hesstloys gewnrL_miger (Two Large
Test Masses) B$F FMISHe0 ®UGHLILIL (B FILILI® 2 aTe) OFuiw o FoyFHaiper. 9%Fenlleys
SIGHTL_B15 6T 615D FUNGVILD BSHT 1% UTH e Lo&EH LI LIL (HeTaTes. eupmleT @enl g Grigams Cevai
&AWL T5E Fenllsg aBFDG. Yalaflges(h) Hentleys FIewTL_Eis@p%@ Qe Gw FiLLeeSeT
GsH G Cung Hrod Fllgemsuller yara) AP INILRSDS. 2BS CLTVIBIENISS (Lpewnuied

FFFLILIGHGUEHED QT I GTHE 2 cVHSF O LIGV BT(HEGT (LpWGTM] ¢ (%) GTD 6ol

wreven&HGlevL ad 61Ld.g0.19, uraflEiL 6 $TeO6L &, eredlwrett almiebL T G W eLpesrm
ail@h @hTesT 2, WIa s Fnl_migaflesr O LmpBluiwed eucdevpiser CFipg “@GsT” Oeuaiayd Cprss556%
(Laser Interferometer Givitational Waves Observatory (LIGO)) 94,8%WjaTaTTigaT. gnerew, @35 med)

25w prhseler @Grmilw riliuemew CrrssssSer (European Gravitational Observatory) eumesiliLied
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AFOS WY ensvsaT (sl e’ wmC6D)

Computer model of the gravitational waves
coming from the collision of two black

holes.
Image: MPI for Gravitational Physics
W . Benger-ZIB
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plyesigser “affGsr miLitenew o erafleww” (Virgo Givitational Waves Detector) SWTHSSIGTOTTISGT.
AL e, OagiGefl @w BI®S6T (GEO-600 Detector) Gaipg 0gnGum-600 o eraileowiLi
UL SHBEFmIiser. 1995 @60 guiurer Fmor-300 HL Fewg (TAMA-300) obl9855 94Bs
2 areflyyLd LicwllOFuIwg Fi6umISH W eTeng).
Dark Energy
Accelerated Expansion
Afterglow Light

Pattern Dark Ages Development of
400,000 yrs. | Galaxies, Planets, ete.

Inflation_

Quantum
Fluctuations

1st Stars
about 400 million yrs.

Big Bang Expansion
13.7 billion years

http://www.thinnai.com/photos/2008/02/4080207 1d.jpg

FILILIGHE 2 aT6Y Y UIeYSH6T Ll BIFT eLpeTn) (Lpe»DEH6eied (LpwpF C)Fuig auBR DS
1. &Sewr 2_arad) (Laser InterferometerSpace Antenna (LISA))
2. 2 L19®bd o_ema) (Inflation Probe)

3. Quep Qeuigtiny GprE& (Big Bang Observer). eweisgILl Lgears B L migemaerud il Ll
Qupoeralled “eSewm” (Laser InterferometerSpace Antenna (LISA) etevigniih aflesemierallenws 2015
Q@ il pupRseT BLBH aUBHEIDeT. LU fleemiarall ESSTET (Lpenmudled
aeheprasila@ps@ srev-Gleuall Liewr_ b yFweuppler Lleresenevr LppPluyd, L9TLIEhFLD

eTLiLIg P CLTSW Blewevs @ aUpSS eTaiiard AT Ogaflainss 6)sMalld@Lb.

wevm 2 arall FrsIgest QUL (YL S LEGEIS6T, LOMILD QUL LS &(hbSIH6THGT

P weupPlet FILLmF®aTs STBHLINGSH HUDDHT FRTLOEHDGTSH  Fess%ELD. (O
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Laser Interferometer Space Antenna H

fice

(7

Related Links Brief Introduction

5 |:||'|. Earth,
than 10 Hz
Hz i
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aflesrgpionailuiled FoGsnent (psCsment (Equilateral Triangle) eniolilfed eLpeTnl NeSTLIL &% 6T
Cavewg smaisarmed gaterm atn Crrs& pas@;pL. @QBs psCasreansBar 2orGL FiLiLeme
saT GnISS®H Cewisne Covevd Flgmssalar CLng@ s L Ul G wInU®GL. SBS LOINIFE

FLOS DSBS 6T FFLILIMDH DG LIGSTLIT(H ST Sell55 61(HSS5Is Gl mararLiLi (L.

: spacet

Uravity Wave Detector

two lasers
QW
@—

twomasses
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aarevenL_aflar gLilflwe Hlu

QLT @maebenL_aT LUl g5 “@uiflwed Blw®” (Theory of Relativity) Hev Glevaf, HmevLd,
esr_1b, #5%) (Space, Time, Matter, Energy) & w eraflw QuuitiuT®Seer gLl WiIsHs
Clares(®) erpsL UL L gl Ug Cuatdsg sggiauneT arg Plufaowl LUl psald @LiLs
Qs marar aflevenev! YIHLISH® LVBSGL Liw aledensv! yFewTed LT BuFeow 615 Is55
wngmyesd! el & Apsear yHss wrGuwp e fln v Uiy, yaeuflu “@Ulwed Bwu®”

eIyl Fmplesing g mIHwsE Henfls Geng QLI gres(® gaveved. LI BIDOISTHSTTUL LITHS

241



&.CleowiLITrS 6T LTLI6HFS BT LDFSS TGN HIMI LY BT 6T

afleh@pre omaflensew erpLitiu, o wHler o aiesis Gengsarter, is&06wiged (Archimedes),
srugeflsat (Copernicus), 1edleGwim (Galileo), QsLiery (Kepler), Bluy” L et (Newton), -LimgGL (Faraday),
LrgeavGleued (Maxwell) 2,% Guinflesr Ggmeisar LBg) Beiim C)% 6wt (RS M6, 26TV L 6T H6Td| G LILIDMD
2P PluFow ssLd CFUISTI. gateabde L ar LUmL S5 P55 DG QBUSTL BIHDT6HLYajLb
afl@h@prest eueveBIFaTTes Glanerd LimullersGy (Henri Poincare), Gevmgasta (Lorentz), LO&Gs%meuav &)
(Minkowski) 2,@Cwd, @Liwed pluBFeow e1hssTewn1(B), Cogyid CFbenownssd OFflssd CFuisery.
AP YBSLD P, ereil wprguwins wmwlh 9guehF Qeuealuded srald, FiLilwe, ersTEsLD (Grav-
itation, Magnetism) % w@)uPpPIasT @)ISFWEIS®OT YPIBS, HEWISHSH 2 aTCAT 2 DEIGLD eTaIDHD

FEBenws sewigH L5 Oeualuil L g, geraven_esfler gLitwed Blw)!
alfipg CarawGL CumgLd alleartlaseaf aemaray!

Oumg @uUwe BwP LKTUEHFsHaT IeoioLiL] TSFS®SWFE Ty puiey OFUIS DI
@OV LT FeflggIal, Bleweomp g (Absolute) B wsensGuim, srewsensGuwm @LiL|s C)%TaTarTTLO
fev alehehTaFer @&HsHs satefatng!  Grrgsmeret (Observer) Sjans@Ld SrvpLd, GleuafluyLd
Seuet pHiFReow (Motion) L iguw g@LitflwedL) 2 e weveu! &Cau FaripLd, FTVUPLD S65fBH LD
@QEs AL a1 el @QIeaTHLD T SHAT YdFa| e CBI%GLMGT BHIFHWF
Fminps @Llwed ufliorerrsigserTul 9 Fel L a1 Cousd OGBS T QRETVIT FaTLd GRTNIF DS FTWS
$19&MILH ClogiauTsd OFe& ! aflewoleuafufler aulgaid &Lt Ll L & (Cubical)? OS] 6T
Gamaron? e Couenar 95 Camens gmerL_m? el gl @I eTevemewpm O\FmL_FFFwm (Unbounded

Infinity)?

Fev Gleualufler stV WS Hewsllgas @)@HLiLieneu Quet(h s@Hallgar Liev e WGT 696D
OsrevevallelBrg LLlluier 185, FL_Ggmefl afswy Cammer Casmgll “Lmed wwil uf@Gser” (Milky
Way Galaxies) eT(LpLiLjLd earf, LOHOD TGN Yooy SyeyLiL|Ld auTaTenever (Radio Waves). el 6Tebev s
FsGasalledBpab Lllawsg CSTRamSLI LITTSST6), QRGN g R(LpBISLDLIL] (Symmetrical Shape)
2 LW, YW (papp OCsTL e Gasnewi_g Gured pLoEGF Csraipevrd. 2 ewrenLouled
el QIeT(HLD Yevew! @eiTeve LT FmpmiLiLily LTLEhFE®S 6Ths “LpLLD g aluwed” (Three
Dimensional Geometry) SjeoLoLiLITeYILD o (BHouBss pywng. aGlerafled gafl CriGsmi’iged LiwewTLd

CFUIWTE $FHeUD GIFILD HeWILILITSS TV, djestl_ Oeuaflufler eTebenov @il af BLoS GG 6)gHeuFedenaev!

acTavenL_efler OLng eLilwued WS FpiFngl: @i LGS e L@ (Mass) ailesstOleuaf LBy,

B® Crrs&w aueoarenal (Curvature of Space towards the Centre) 2_aws1(p) LIesTaI B Gl. Sastlwings aflps§) (Free
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L
]’L;:Hlu?\ gravity waves (crest) g

directions of gravity waves
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An artist's rendering of the space-time ripples called
gravitational waves. These waves move outward from the
source in all directions at the speed of light. Credit: JPL

End Mirror

Beam Splitter

Laser Screen

Laser light in an interferometer splits to follow different
paths along the arms. The reflected beams recombine at
the beam splitter to produce the interference pattern
shown on the screen. The passage of a gravitational
wave would cause periodic changes in this interference
pattern. Credit: LIGOsLSC

http://www.thinnai.com/photos/2008/02/4080207 1 h.jpg

244



&.CleowiLITrS 6T LTLI6HFS BT LDFSS TGN HIMI LY BT 6T

Fall) Qupiid g syewri_d, CouGmmy syessr_g @ et Gleual cuenareys @ 9y;Cs O)pmmIGL CLing), Lpsed
YLD I BHSS ewTL_gend haraul L afBulev (Elliptical Orbits) FOmIGDGI. 2essi Gamarsiseifer
FILILAWED L& @ (Gravitation), g@eTeen L6l auSs Q) @)eran Glom@s QLiw g “Gleued euenerey” (Curvature).
@as plur L & FiLwede g S&T Lieis wpGrallwedled (Classical Mechanics) @i 2 Bgiaflens (Force)

eTaIm| 96T F)GoTT].

LISA will be the first space-based mission to attempt the
detection of gravitational waves. These are ripples in
space that are emitted by exotic objects such as black
holes.

Credits: ESA

http://www.thinnai.com/photos/2008/02/4080207 li.jpg

aflerGleuafenw e omaflens euig aumsGeum, Camar o heunsGeur wpLiLyp 9 mierasarted (Three
Dimensional) pLienest QFuiw QUGN @6TedeL G FmPmILILILg & BIDLD 3BI%eaTe, (Four Dimen-

sional) GlanessiL_gl. sy Glouefufler Bresismd 9 miserey (Fourth Dimension), &revLh (Time). GHmL_mest
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Camy gyewrL Cararsigseanud, @af ESHmaryLd (Galaxies) LNTLOLOTeSTL LoT6T LNTLIGHFLD F68T
P IS GaTGar emauggiarer $rew, afleoleual cuearpg cuewarpg, Csmewnfli Gumui (Curved & Dis-
torted) afpa OarerGL Cun&pg! s Qeuafuier miLiy aleoFwmed geafluller LTes LITHSHSLI
UBGSDG. BTl FMISHed Lwentd GlFuiuyd pof, yesrgPear wGs Cpi Casm’iged OFevevngy
et Gs CurHpg.  OCgreowaledBra au@pd aflewilbatler ofl @Gflw mFILL LOETL Vs S 6T
2hC8s QFapred, 9 o L Lpions @&iw ewwses Crrss), Cpiaemara evwd &aieemaraile
(Positive Curve) cueman@mgl. @af @GAw el wgams QOrmmEGL Curg, ®LWSHDSG THITs
QasalLiypgeamns Crrad), 1 iaumara) Yawewg GLlauearaley (Negative Curve) auemareFedenev! 1919
24D Yer(h) GIw HosesFer Gung, @@ oest® LI cay Gpailerd, allewribesr L9LbLiImis% e
wEHy Curseasll LL G®Sg, @b ol seaflsss Cumw gafluier Criaeamarsy BlapHFfew
T(HSSHI% ST 19610 @eTaven L aT LiLwed plwGulleriily, &g 25,000 enved spmareyarer LjSluiled
@fL_59eBEg FHerdLyd eaf, yali milLTe auewarssll UL ®), wpup L B ® ypiio

@ _sansCuw HHLOL LD aupg CFI&H DI

. (% Main
M Spacecraft
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15. odwGaaiulsv &mord AT Gemgrigser (Cosmos Gamma-Ray

Bursts)

“LmevLll (Ptolemy) @b LITLIEGHFSMS o (heuns&Hesmy! g mImuilgd YeThHer by Sser
By’ L &1 @h LTLEhFSe5s St (HLg S50 94F Q)b BIDTT(HHaT By sFer! @QuUGLAH L 1HL_§
@IV @F LS LITLEHFSmSS SR SH(HSE FpTi G TSN 2T (h%SEhd G
B9 &@LD 6Tty WiThs @G Oswng!”

21ig) Cugerm,” ay (1856-1950)

“@UUDD o arews  aileheprel edLil @eTeven ar afleheprard OCFSgs Guobi’i
BIDDIGSTIY O QUTLPBST! el GeT(h) 24sbsLd, LITLehati Qu@pOaiiy i), @eliggser OLeaTEsLD,
(Quantum Physics) 1astesflucd gewm (Electronics) QSwaupmled yeui ensssL Ld UL 15 LGS CWw

ufevemev!”
-QupLfig GasmredL_avr (Frederic Golden)

“&P&Tev oGS SET (LpFedled Heow s et (R L1955 LD &, 2 1L 1E5LI LI L emiF5%) LjLBlulGev

UL SsL UL L @ LT PEILonesT g 555 e1as1m) ClFme0 & Gmesr”

“epTDILD 2 6v&Ll GUTT eLpewTL_Ted 6ThS QSLOTET Y USBISHaT LIWSTLHSSLILIGLD CTRTLINS
BT Cuiest! 6816 BATHTLD 2 6vahLI GLTHed 1% @EHLD, HS5HL9%@HLD oL HGo 2 LGunsLiLIGILD

eTaIn) O\sNF I, 616515 S! "
Y eLITL. gacTavenL_aiT (1879-1955)
Gamma-Ray Bursts -1
rOu@Ld NruEhsLl P oner smwrssSh Olaig LiLyaser !

1979 op1b e (DS 16T 2 FevOleualufled (LpSRT(LPF STLTGSS T GleuLy LiLjser (Gamma-Ray Bursts
(GRB)) srewiLiil’ B yplaflssiu’ L er! 1969-1971 gyerpsaiiev yllenw Crras aups o6l flgs e
“Ceueur” @Qunemien 2 erey giewewisGasmarser (Vela Military Satellites) 2 608 Br(hSeMeT el 255

Cergewensd sailiLiy) @LiLipsLd (Nuclear Test Ban Treaty) eIpLIT(HEHeO6TSH FessTHTess 153 UBST | b
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Gam ma—Ha}r.Eursts (GRBs): The Long and Short of It

Long gamma-ray burst Short gamma-ray burst
(=2 seconds’ duration) (<2 seconds’ duration)

Torus

- i
= ¥
( [

=

- '-.. -,
Gamma rays

*Posably meutron siars.
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2 eyl LPe Ceuswarsailed GieOlgesr yPlwri’t Geangliyg &1l fser LrAluledBBS 6TLpTLOGD
APw0eualulled srewrLivil’ L e ! alleoralCevCuw gyeneu wreyLd LITLIGHF aflesOleuauier LS TTss
Ferdw sHJ OeulgLiyser erein yPpsets. BIFT 1991 Qo0 Feaig Q)uesiLmaug urGesinsg s
aflesreionallwimes “smdLiL_ a1 sTonss@d Grrssmuiad” (Compton Gamma-Ray Observatory (CGRO))
gailwg). 1995 @6 ailesgyiorailuilesr alleh@ehrearL LS ey (pLgajsemar LBsgLb, ooLlakLoeyilb (Meegan
& Fishman) Gssfigg Geualui Bererniser alesemyeraluied syeoiopgarar “GCleuig iy thenisyti
uBeyd Cersemend &@al)” (Gamma-Ray Burst & Tansient Experiment (BATSE)) 3000 Qauiq LiLjs @%@ GLocw
uB ey QFuigeTerg). s ey LilFseT Wiyl “gsFemas” TG wpewpuilew Lgaiwyerers) (Isotropi-

cally Distributed) mlwLiLil" 1 g.
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Gamma-Ray Observatory

FL_BS (LpLILIGI 65T (HFaTTH 9 Fevblauaiuied Hie O\ gt eT(pLdLLd LS Ts &ML Fuinest STLoTESS) T
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Gamma-ray bursts (GRBz) are the most powerful explosive
events in the Universe (after the Big Bang!). They are thought
to arise either from the death of a single massive star or
from the merger of two compact objects. In both caszes a
black hole iz born which accretes matter for a brief time and
launches two, narrow, highly relativistic jetz. The bright prompt
emiszion is usually over very guickly — the “burst” - but
further emission occurs as the jets give up their energy via
interaction with the surrounding circum-stellar and inter-stellar
material. Thiz “afterglow" emiszsion fades gradually over
periods ranging from hours to weeks and can be detected
across the electromagnetic spectrum.
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Schematic view of the likely evolution of a massive star
progenitor for a long duration gamma-ray burst. The star
gradually fuses its initial material creating heavy elements in
the core. But once iron has been produced the star cannot
produce heavier elements via fusion and the core collapses to
produce a supernova and a central compact object - either a
neutron sztar or a black hole. Only a small fraction of massive
stars, possibly the most rapidly rotating, produce a GRE
powered by accretion onto the compact object. [picture credit:
NASA]
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Gamma-Ray Burst Host Galaxies _Hubble Space Telescope
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In this artist's impression of the central
engine of a gamma-ray burst. a powerful
jet of radiation and fast-moving particles
blasts its way out of the central region of
a dying star. (Image courtesy of NASA /
SkyWorks Digital.)
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Bubble Chamber Detection
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(Fundamental Particles)

Bubble chambers have played an important role in experimental particle physics,
yielding images that can be beautiful as well as informative. This image shows the
interactions of a beam of particles in the first of many bubble chambers at CERH,
Europe's centre for research in particle physics, near Geneva.

The chamber, only 30 em in diameter, was filled with liquid hydrogen - the simplest
“target" material, as the nucleus of a hydrogen atom consists of a single proton. Here,
the particles in the beam, which comes in from the left, are pions, the short-lived
particles discovered originally in cosmic rays. One has interacted with a proton in the
liquid near the upper left, to create a spray of new particles. One of these was a
neutral (uncharged) particle, which left no track, but revealed its existence when it
decayed nearer the centre of the image, to produce two charged particles that leave
behind a sideways ¥ shape.

The chamber was located in a magnetic field, which made positive particles curve to
the right, and negative particles to the left. Particles with high energies, including the
beam particles, curve almost imperceptibly, but particles with lower energies
produce fascinating spirals. These are mainly due to electrons knocked from atoms
in the liguid hydrogen. From thei vention by Donald Glaser in 1952, bubble
chambers featured in many experiments through to the 1980s. Glaser was rewarded
with the Hobel Prize for Physics in 1960 for his invention.

Credit: CERH Photo
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Gumevreisar, (amlsav eTaTend 9,mreug) WHLiL GLmevret n@ @) ns5). LD @ eLpestnl @) wss
oflewasair (Physical Forces). (@aUMid @6 SGTLOTGT LG LILIGHL & FHIFaTH6T. OGULIL TG 6TGTLIGHG LIGHH
GO Yy LitienL g Fserser Gumevnreiser auass, Owedps, IGISTES e1ead epern ol
aNenFsenand (Strong & Weaker Nuclear Forces, Electromagnetic Forces) Q& mewt(h) GlFedLienai (Bosons are Force
Carriers). (FiLiy oflens @)eten/d CFissLI LIL_allevenaev).

(& @B U ITGHT GTGITLIG] (& 6UTIS &S ML LIewew1s P (53 GLD LIFGT. (& 6uTis@Hs @i, 0)6vLIL M6uTs@hLD

%O LFLAlwTesTS 6T (Fermions) 61e8T)] e LpE5 LT Li(5) S 68T Gor.
https://youtu.be/BOR7ZIl saVo
https.//youtu.be/c-iCw8EnhSY

Image Credits : Scientific American (May 2003), National Geographic Magazine (May 1985)
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THE STANDARD MODEL

Fermions

SJaIED 320

*et to be confirmed Source: AAAS

+ The Standard Model is a theory devised to explain how sub-atomic
particles interact with each other

+ There are 16 particles that malke up this model (12 matter particles
and 4 force carrier particles). But they would have no mass if
considered alone

+ The Higgs boson explains why these particles have mass. Particles
acquire their mass through interactions with an all-pervading field,
called the Higgs field, which is carried by the Higg= boson.

+ There are now signs that the Standard Madel will have to be
extended by adding new particles that play roles in high-energy
reactions.
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TROAN— o
ASTEROIDS <~ - . . JUPITER

» SCLASS
= CLASS
* DICLASS

MAIN ASTERDID BELT lies between the orbits of Mars and Jupiter, but
stragglers cross Earth's orbit [and sometimes collide with Earth | ar
revalve in sync with Jupiter [in two groups known as the Trojan
asterolds), The inner main belt consists mainly of stony or stony-
iron asterolds (S class); farther out the asteroids are darker, redder
and richer in carbon [C class and O class),

http.://www.thinnai.com/photos/2008/02/sc3.jpg
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Most of the asteroids travel around the

sun in an area called the asteroid belt
located somewhere between Mars and
Jupiter.

http://www.thinnai.com/photos/2008/02/sc6.jpg
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MAIN
ASTEROID
BELT

X TROJAN
ASTEROIDS

TROJAN -
ASTEROIDS Y

JUPITER

22 13 1.5 2.7
Light minutes Astronomical units

The asteroid belt is a region of the solar system falling roughly
between the planets Mars and Jupiter where the greatest
concentration of asteroid orbitz can be found.lt iz termed the main
belt when contrasted with other concentrations of minor planets,
since these may also be termed asteroid belts.

http://www.thinnai.com/photos/2008/02/sc7.jpg
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Brought to you by
the world's leading
astronomy software

www.alarrynight.com

Impact! Moon Phases

The Moon's cratered surface Quiter circle is Moom's orbit and shows sunlight

tells a viclant story. Bright hitting the Moon at each phase. Inside the squaras

areas are ancient crust that is what you see from Earth

make up the highlands.

Dark areas are newer Last ﬂua.rter

n?‘giunsff Ia:a hat [D-I'ITIEd Waning i

after asteroid impacts. aning
Creacant(]@ @ [’] it

Copernicus

This crater (left) is easy to

spot. It [nrrr::ed ibnm aEn m “*“’G‘@ @IGF‘*”

millien years ago, and is 57 @

miles (92 km) wide. Note @ Waxing

cenral peaks and lerraced Waxing (’ '::' Gibbous

4 walls, caused by impact, Crescent

e q—*,,*-,p* First Quartnr
F== .

¥ ik -t',

Mare Serenitatis
The Sea of Saraniy
iz solid lava, some
380 miles (510 km)
BCTOSS

Aristarchus
Young crater. So
bright that Sir
William Herschel
thought it was an

active volcano, Mare Crisium

The Sea of
Crisis is about

Hepler 340 miles wide
Small verzion {550 km) and
of Copamicus. i visibla Lo the

; naked eye. In
Erlmﬂ-ldl __l '\ m f'n‘ﬂt. itIE IhE’ ﬂght
Lave-filled crater is eye of the Man

ona of Lhe darkast 'M J o7 Y Ak : £ in the Moon,
spols you can see on . i 3

the Moon, It's 145 miles
wide (233 km).

Mare Tranquillitatis
The Sea of Tranguility
Iz a smoath plaln filled
with once-melten lava

Mare Humorum that walled up fram

The Sea of Moislure is _I balow after an impact
about 220 miles {350 km) Tycho : billions of years ago.
acrass. You can spat it with Young crater best seen dunng a full Moon. The first umans 1o
the naked eye With a Rays of bright material are gjecla blasted walk an the Moan,
telescope, you might notice out of the crusl when a large asteroid struck Apalla 11 astronauts,
twa craters along ifs edge. about 102 milion yvears ago, landed near tha edga.

SOURCES: NAZA; ADVANCED SKYWATCHING; CAMBRIDGE ATLAS OF ASTRONDMY, DE WISLIAL ENCYCLOPEDIA

Robert Roy Britt | SPACE.com Daily skywatching tips: www.space.com/spacewatch
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3. gefig@essenLo BlwS (The Condensation Theory)
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(LpLY- 61 B GVE 6.
4. Us3s 315G PuB Iyedag allewsd aiemaerw BlwS (The Giant Impact Theory or The Ejected Ring Theory)

Qubunatenowrest eunesilwed afl@heprafsear sPpCurg apms Osmevrenr Casmium®
@3 QB33 Oamarewsuiarig Osaieuruis Gsmer yeteunes L 195 Camer @eml, @fw

LOGRTL_GULD 2 GRTL_T&T @)aTdLI(heusBed LLilenwd $m165w $nsaw, Corgedear allenaraled (@)reur(h)

283



&.CleowiLITrS 6T LTLI6HFS BT LDFSS TGN HIMI LY BT 6T

Gamersefiar Guwpsarg s GLU Curplser Guuearalled erpdlwiini’t er Gleuein yeiLpmesiLd
CFriBng. PsPW HeWI%HGHFT PG @avin CFing. Blevaurs o (et Hoer(h) Lybleowd
&ppid @b Csmarmeng.  Curgeded e1pphs sated CauLiLgSTe) BlelG LITEWDEHGT @L THHLI
ul L esr! plevradler O LIBLLIGS eI LITenDS GGIDTS 2 GTaTS], %NS 6T 6TLILILY & &% (B0 LOW THSF
GLTaHLILL L a7 elasianid Cs6e15@p% @ allatasd $BPDS QBs5% CHr1Lun®. @AW wewrL_evLd

2 peunar LIpG Q)ssamaw Gomrsedser GLimLoaralled CHIBSSD &5 FIGHINI% 6T &) ew L5 %) 65D Gul.

The Giant Impact Theory

https://i2.wp.com/www.thinnai.com/photos/2008/02/sc40802717 jpg

2 pI® QFiwLiul L wpiyaimer Ploveys Csnpp Pud

1970 e (ps Fmevmisafied pleveys Carppsans aflarss ametluicd ailehehrTesfsar (Lplgaimest
Uss s1%5@ plwHeow (The Giant Impact Theory) amiGsHmmlestmiser. L) 155 Guor@w Fplw
Gamar L igw Gung), “Carenr-eoiows $1shGH )60 (Off-center Impact) GLomTHWISNE eilometlHsL]
UBGDG. YsFHW Corsed @etenioll LheuL LLOGE@ alleogameT Fieussd &pnFenw (Fast Initi-

tial Spin) 2ef&B (HS% (LpLYWLD GTGTMILD, THNILILIL L 6WTL LD Bloveuns auigautd OLpmid &DmBulHs%
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CouewrHLd eT@IMILD SBSLILIGB DG 25GIL &1 Corsale aflewarss CleauLiLFs® Blevaler LimeomL
QurpL sewerd &CLPD aguTs 2 galullBsGLd ea@in BLOLF CFUFDS. apISGoDPWU B S5
USSTETHSTTS “Lss $M16@G BlwFeww” aileheprestisar BOLIMDD Q) bBsers. 1984 @0 BLBS
RB FL (DS FBSSIBIFHD 610N BWHE@5LD aeuTHESLILLH), Lpigafled ©)LI(HLDLITETE LD TesT

eTasTeRsl 5 e FHUIGD LYFE FMEG BB LewTTed @LiLs0sTaTar Ll L g).

50 LleOedlweT 2,ewT(R UWSTH LI LYLO) SQULHBE UAT(HLD LIBUSH6 2 L 60 (LpmisCEnig HeiflBs
plaeuiled o arar GLngl ygsmaw L4s Curse BsLppE®Bes (o lwam pbu QL Blbssng
! 9e»g Blenlisss srL 6lwhgsraled Curer g, ClamewrnGLm CsearGLop @ 4 uIeys Fnl_GH e
griiesr saeiLi (Robin Canup, Southwest Research Institute), etetLieu@hd Hmed Gumgeilwm LOFamesd
BLPEHS DT 61015 6100 L1MS (Erik Asphaug) e1eTLIoU(BLD (B LD w “sessflesf) GLimedlLl LenL_Liewi” (Com-

puter Simulation) QeuP P& ILOMSF ClFUISTISET.

285



&.CleowiLITrS 6T LTLI6HFS BT LDFSS TGN HIMI LY BT 6T

About the image above:

Astronaut Eileen Collins described her first time seeing a sunrise
from a space shuttle. But here's an even more amazing gight: an
eclipse of the sun, by the Earth, az seen from the moon. Graphic
artist Hana Gartstein (Haifa, lsrael) created this composite
illustration. It an Apollo 17 image of Earth, surrounded with a
red-tinted haze as light from the eclipsed sun streams through our
planet’'s atmosphere. You can see Earth’s night zide, still faintly
illuminated by the moon, even as the eclipse takesz place. Because
Earth’s disk as seen from the moon appears almost four times
bigger than the sun’s disk, the faint corona we see surrounding an
eclipsed szun would be largely obscured in an eclipse of the zun,
seen from the lunar surface.

Illustration © Hana Gartstein. Used with permission.
Source: NASA APOD

https://i0.wp.com/www.thinnai.com/photos/2008/02/sc40802716.jpg
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18. agalbCamraled cusHATWIBIBT 6IILQ 2 (HouTder ?

F601”  6UEM)ENT UM SET

fig-1-saturn-rings.jpg

“‘YBSF USSTETIBSG FIusHSFe0 Brer yfwll Curgd ‘alewrbleuall 2ar®hay <yerLi)s
@1 1D’ (The Space Interferometry Mission (SIM)) 30 y19& FL 1L He0 LUpL® GsTeoew CBIgEsemer
Yaingg @ofluiwed CuaHsFgmPUIaT o dF Fawiss5H0 alanbeelamws Fmitg CrrasL
Sunr®aipe. 9Bs5 eanGeannad aflflser ybleowsd &pmls Gasmew®h GFaieumuis Gsmefled
aflerGlovall aflorefl @HeUGT Fms FTL GO ®FaNarsE Rafeows sl & saT®alBL.  bS
2 arailsar LYolulelpps 50 e@aflwresi(h) S5 L m&Hw 1000 eHTLOSISNaT 2TTs% Fo(hLD
! ss Brer aali Cungd ‘ewi_Oeuailds Gamer Grra®) (Terrestrial Planet Finder) Ljtllenwiii

Guneyerer wpp Carersenersd seat(hLIg6GLD &GP 2 aTens”
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19w &185@, CuarBaLi Cugn@fwg, Py wris psIL usmes SsLd (Michio Kaku)

@aiauenT 9 eLiw yes_Gleuaf o aTays &LiLIOF e Gev & mabedlesh)- ol uy Gleeir aflesiam aralls
sLLGew 2 aiiers Caul'enssg Ggnenewl Lwesd pallwnssd s LBFDI. wesfls (@)eurid
gewi_Oeuallenws Gsu9d Sy, pg THisTRw allGhEhTesT HYPeYS@ (LPTGTILY 6USGLD

< WI6y L1LIGSsT] 9.
L &L j ,&1Cy L9gman)s (Dr. Andre Brahic, Professor at University of Paris)

LUCsTars ST HL_5F HMTv UIIHEDS ST HILD @h ‘&1ev wWHG T’ (Time Machine) GLITETDS],
gL et eTaTLiL(BD FellsGsmaflesr geweniaGamar (LpF6 DML GBS HBSL L6 Blevay,
yiafsls yf) o uiflermiger CLp@GL @l o eTalalsd o (heuTHwg GIGILISDE LGV

B TIBISE TS )& TGHTLY (HHHGTLD !

LmsL g OLarefled wmever, prenr srevedans B allehepmesf! (Jet Propulsion Laboratory,
Pasadena, California)

Fafl&Camaflar saflsgial a5 e @aflaienaruEisaer

@A wesst_ews®Gev Frowinmer Lrfleow s Gumed seflggiais CluPmg caflow cuenarTsI%er
<yeflps erflevnes FesllgCasmar ! BTN 2T (HE@5%G (parL] STflelCur e LFw
QsrevvGrre@uiey FeflgGasmemarud @QnasmsCuie CFHAES SG CUCHETIIEIGCHETS &CSTL )
aureiwe afehehrard 2 wie o gwions IyigGsmadwg | FaflaGsreaners GlgremewCprs& ulled
g Wi OFuis LG aleheprasfisern @ssrelluiley L9nEs s1edledlCwm, L& Geng Gfabig wesr
ol Qegairad (1629-1695), 19Qyars sewiis @sra & Quraisia sravedleh (1625-1712). (1psaiipseed
OsremewCprafewr) LwaTLGSS FosflsGarenar YITUIBSMT 2 WSSHT (LPFSed OlLITHS
af@h@presila sBsLILBL STedlef)Cuwt. eui HsFHw CsTavCrrs&LI LD CLrssmensmed Fefluller
e mGer CFbewwnss Csflwaledeme | smew Ceumum’t med LIn@ Fesfl auem e misaier

FHleyd CEmewtLd Lommieuens wLd, %medledGw T &rewrig Seum il L my!

1655 @)ed ey Olegairad (LpSFeuT(Lp 6D Feuflullest gien e G meir eoL_L_meness (Titan) &6t (L1 S 5Ty,
UeaTwEISaT 1610 ()60 FeNulGT 65 TS 616D S6T H(HFenS LoAHM) 1612 ()60 H165)dGuim Feuf)
@ barGsmartd (Ellipsoidal Planet) 616511 $upnss dmpletry! 1659 @)ed anlyy6leered &med)ed)Gw ralesr
FhESMSSG Sevigl G’ QOFmewaCrradulled sflumigs Cung, el FHHIGTSOT IO

Qeuaipid, Fesfl FarGsmer SyewrLllevevev erapid HYPalgsri. Fellewwd PP QBEGL DL
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G601 6U6D)6NT UMIGETT

https://i0.wp.com/www.thinnai.com/photos/2008/03/40803061aa.jpg
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SL@Osmer (Solid Plate) ya1aiss 1l fevws F1a0lel)Cumeys@ sry ulmss Couatt(hLd eTesin)

oy, Cleesrad 61(HSSI% Fn )T,

A color-enhanced ultraviolet image captured by
Cassini shows Saturn's A ring. The A ring

beqgins 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 iIs
known as the Encke Gap.

https://i2.wp.com/www.thinnai.com/photos/2008/03/40803061ab.jpg

2YBDSBHS5 QeI o flw CFTenevCprs&Henw 2sHw L6 gerd %ewlls ehrest] &maveadest), g
i Qurper sy eTapld, Fallewwd Osming &Py ulBEGLD Sewears LG erermiLd
s (P9 ssTH.  Frevedlet) Cuayd Fehlullear o L o1, CleuaflLiyn CUEHOTWEIGET, 6UGHGTWLIHISe 6T
Qe Oeuellser, saflullesr wHD BTG UULTBS sevents Gasmersear QumrOluL eb, fwm,

e Gunes, GL_@aev (Icy Moons: lapetus, Rhea, Dione, Tethys) p@weupeopujd Hessi(HLGSS M.
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aemarwmisaiar aflefibLysar ylleww GCoors Cpnagd Gung, Hev FowmgHaled aenaTser

OsNwng gefuiest Gamar auigeutd oL BHGLo OFmewevCErs&H ulled OFNF .

FasflE s mar auenerwmEefier seflggal 9enLoLiL|BeT

@&ilu GOLUsHD LYssCasmer alumpeansd GSsUy Quesimeug OCuflw Gsmer
FaflaCanGar.  FaflaGamar pLog yYflenw: Gumed 95 L mi@ Cuilwg. setenets $1GaT HDD
10.5 wewdfl Cpouptd, LRFeowS &OPleug 29.5 YarBhsasd THSHS OsTar@ng. FosflsGsmaf e
oL 1b wgFw CrewsLl L@GHuied 75,000 ewoewns BeasBHLd, ZHHeud OFmIGSEHIL LGS uled 7000
@6 FiFs L L LD 68,000 HLOTHS GHRIHWLD 2 aTeTg. Fellenwd FHMPIeUHLD 6 QT BI% 6 65T
eTawTenllgend FHiomg 100,000 TSN YeIoTesGEL LIREDS. BS UHGTLBISNCD 6f6wTSH DS EhLD,
ST&@5LD, FiewIs@s@pd LaflGoal Qe Gleuaflseser Glau@ Gouswmuisd #pp), @& geflenwL
LIS udILILSTeD, e FL_FalL HL LITsTHSE H e, euenaT BIGeafeT $Lg L1L|SH6T 10 6HLOGD (LPF 6D
50 ewioav auew g GlLIBEE Caupl LIG B apest. FalldCsmafar GleualLiLyp auemerwig@ et L L b Lor” HLd
169,000 e®1o6d 6TavTn) Hewts&H Ll L (hateng! STIsFm CamL auenarwsiseier &amis@sar Licd Galm
Cousmisaied FaflsGasmenard &pm) eupalsTeds e, aneu Fesfluller miLiL) aflensulled @)pssLiuil’ ()

Feflgsa1g @ Cor® C\pmmmisTL FLIL9% 0% T6eTH 63T 6ut!
Fasflasememumisaied &HPpiLd aflessrssnser
Fevfl LOGIL_GVLD QIMYLI LITenD 2-DBS @b LicsCsmarid!

Falls ang G et Hewdlay (Density) Lylluiesr Senflafled 61 1960 @b LIBIG! FTgewid Fesfla Cxmefed
QLIBLOLITGSTEn oW TS () (HLILIGI LITGHDWTE 2 oD bE (5% GHLD »aunLq JeeeT (Hydrogen) eumyy. &% L@
2 L w FallEGasmales GLoBlever, @Glpd I (PSSSaSGF (Atmospheric Pressure) Festlullasr o 1" 11@ S uled
aflewgalled o FFLOTE ewawlgIL&T My FHoewmuls Geflips L gwrEng (Condenses into a Lig-
uid). o L' smaied Hoeu ewamiy g6 WassLl CLipssssmed @ Loumel @mi&), o Gevrs e L Te6w
(Metallic Hydrogen) Limtewp 2,%), LOlesiaL_g&) wis (Electrical Conductor) onpi@mgl. FeslaGasmarid 6 b

IO TeSTL_LOTeST STBS% SarTLond (Magnetic Field) @wLiLgw & @)5s 2 Gevns enamiq 7g9Ger &meniLb.

BrEr  gailw  sravedef-anlyblearet allewamyaralluiler savevwrer uest, ey blegeTad
o ateflenws FHwpg Osmesi(h) FelEGarener ey, HwFF HOP aUBeus. — FallECarenerns

&oOpid Guigl, ST BIFT euamerwmseaier genioLil, ufwressd, GCurs@, @)L Gleueafser
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https://i2.wp.com/www.thinnai.com/photos/2008/03/40803061ac.jpg
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Jupiter

Rocky Liquid metallic Muolecular
core hydrogen hydrogen

10,000 km
| —

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 grcm3). 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

https://i0.wp.com/www.thinnai.com/photos/2008/03/40803061d.jpg
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PWUDOD  YOTHS 2TTUIUS. DBH FoulesT FHHocTEmar GBHES S auDeDULD
ITUIBS LSS SSaUDS®aTL] LO%@& el uesf. ‘@gieuemis GmLg SLail UTiss
wrewesteowLl Guneinisnet, FeflaGaraflesr snps GCarargensli PP euresflwed aflehehTesfs%ar
Osipg Glamesigppseri! QUCUIFZISTET wieweTenws Fmipg LTIGSL CurHCprd’ eTainy
LrEL g b KBRed (Dr. Tom Krimigis John Hopkins Applied Physics Lab, Laurel Maryland) »mi@mrg.
uR@uiesr GuoafludedBpg CeuelGupps L't LgwIsIsselar L CeuaTerd @b F65) LOs5s5

BFaTE6T 2 (heuTEEW H1hs CHrarGL, FeulldCxmenerd HpPlavid CLITISS) ujeTearg,.
&ovfl 3G rair gyewfipgieirer gaflafsLd e1ifled auenarw misar!

Fesf]  LOETL_VEF T @aflowoTeT eueaTwEIGaT LWsead LTSI oTeT  LiflLoTesTLD
2 L weet ! Fenuler auearwnisemar 6Ll 9 aUmaTe) TaTCmT, Fme0 fevtdLing:Gaur,
ey @evr yewtlwngsGour erLivig Gouet(h) omestaayid Lt evmd | Fefld Cxmaflesr aill L b
Lo 75,000 6106 GTRIDIG), SDHD& LILITD &DniLH Glevel euenerwg@er afl L 1d 170,000 eLoed!
2 61Gar @) (h& @G LD (LS euemaTuGH e allL L b 79,000 eoioed ! E,G,F,4,B,C,D, etaiigy/Lb OLiwij O mess_
g auemarwmEser, Fehullear Qe _eow L ywrest enfigzermul erifleuil BHFe@mes! E eraran)Ld
UMGTWLD Y®TSSISGL QeualiLi’L g D 61D UEMGTUILD G TISSHISHSGLD LpPLIL L &I A
UMGTWSSHISHGLD B auemanwuggsGld Qe Oeuall wil G &wmi 3000 ewew! H1edled ojewfluLd
Fevib L% @eTGer @) (5% &L (LpSgISFHearLi GLimed gaibleunm euevearnwgFer 2 arGear Cam_mesr G&miy g
saflgsalls Hiawl%&ser (Individual Ringlets) Ligauewn), Fafls Canenar el L_afBsafed (Circular Orbits)
DD uBFerper. aflesssLiLicd eurGuwggr-2 Fesflasmadl epevLd erestentli 6O Fosflullewr 6u e e 1% 6if 6

Lo 100,000 GopLL’ L $HS@HLD, LITEHDSE@FLD FDMIUSTE G| HTL LY WeTeTs)!

UG EISET WiTe b Fesflufler g @ oCrens L' L $%e0 (Equator Plane) &pHmiLb, L’ L af%s@ 27
1 & f) FTuIps CFHTeTE B 60 969 LD S GTOTE. FL_JaidHLD GUEH AT BIFGT 6TVTLD BT Fwinest S (HEHaT
(Solid Disks) gjevev! Hev @)L FF 60 euenarwitd 16 i1qwins BedlpgILD, Fev LGN 3 L6 FL9SSHIL
QLI(bSILD 2 6iTaTest. eUeaTWBIF6ND LIOTUITE Sessigasnest LielsGsmed CUTISH W FolpTLd HHEH6T
(Pebbles), LimTenp&aT, Licls L 19861, SL LI UMW d SL 1956T (Frozen Gases) QOSTL_[bg aIeoToUTS @L)&F
Faitla Gxmenard &om) S Sinet! auenarwsser FGifw eaflulled laflieisn@L et epLyw &5%EHLD,
uefd 5119 5@5GLo srgeniid. FellsGarenar O BHEIG W 2 6T UL’ L QU OTIS S G 5891 %% 6T 2 LD 6w
Crrs80@ @@ pevp Glou@ Causonsd apmsleumd Cungl, Geuaf aul’ L aeoaTs H1e81s &% eT HPls
Qgiauns 15 wenfl CEIZH e @ ST HDMIFGTDET. QUGS IS &S aNesr LiflomewnTLd STPw mu
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Satirn Arrial
July1, 2004

| Jupiter Orhit

Saturn Dbt

Oetobier 15, 1997 G
— _____._.--"'"

—

——  Launch to st Menus

CASSINI - SATURN ORBITAL TOUR

https://i0.wp.com/www.thinnai.com/photos/2008/03/40803061ad jpg
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@ o18) eralledBBgl, LmeomEarTl 1000 919 YsHevLpaTar aulgaile, e’ L_afFlulled 2 6T 6 @HFeTD 6.

rocky core
10000 km

ice

metallic hydrogen
23000 km

radii)

Saturn-Earth comparative data

Saturn Earth

equatorial diameter (km) 120 660 12 756
sidercal period of

axial rotation 10h40- 234 564 (4,
inclination to orbit 26" 44 327
density (kg per m?) 706 5517
mass (Earth = 1) 7436 1-0000
surface gravity

(Earth = 1) 1-159 1-0000
escape velocity

(km per s) 3626 11-2
albedo 0-76 0-36

mean Sun-Saturn distance 9:5388437 au

https://i2.wp.com/www.thinnai.com/photos/2008/03/4080306 1 e.jpg

Fasll& s meir euememumiger eTLILILg. 2 (haumuilerT eTaTLg LS Cr

uafigGasmed  eplyw  FigwisGser, HTFRser FHowlwu  seflullar eemetwmser LIRS udeT
afleow e1GCgrafs@eipes | geuppler sy aflipd 80% @elsGrl Heow yemeu 61HTeLiL]
) 631D GO, RULCETER e  FallsGsmear sner GCumid 46% @Gilu @eflews HHLL
ANBOFwg.  LssCasmar alwmper, wGresread, OpLIY 6T Y&w Cararser @fl(h euemaTWEISm6TS
O ey hpsTad emeu LLAludedBEg OsAwl L@auBoeme | LfPuler CeuelsGsmersarmer
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awmpet, Fasfl, wGuesad, OVBLILY WG yeeTSHILD OLI(HLOLIMGTELOWITS UMW SEH6T O)FTEHHTL 6uTLH
Gamarsar. Y&y Cousgs@aid, L4ss sauids) ypmedled ysLiul’ L. Csrner Gsmy 6w,
SIS GHSar F6uflsCHmeT @RIMISTT Fe5g 0 H Crenss sars%led (Equator Plane) aul’ L afgufled
s#pnid LG euemerwmSarTel HEFL L93Hs OCsres@ererg | Ogaleuruis GCasreps s
gLiumed Gamner Gamgll aflesiapsar, Lrewpsar LssGsTer aflwrper FiluTmwpedled &mpm)
UBSTHILD YUDODS Fa5G OFTbS euemanuBISeTTs IHHN Q)(pssH% Osmerer Lo waileene
! FeslE G mar o R 6TLILIg S Fevtest(hC% Cxm_mewr Gamiy Ll LislEsnasenar aul’ L afHsafled Fpmid
sLpsarmisd QFuigg erarLg @aread yFomsGear Qrs &g ! Cuum@fwi HCGwm
&M% G FpPlwg Cured @)ps LPw BIDDIsTY FoullsCsTeNaT 9 bs HISTL LSeoT WITTaIg &b

aflehepredt] allRailasi CUTSDTT eTeTm) BHILD 6TH TLITISSETLD !
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Sunrise over Saturn

"The wview is a familiar one with space art fans -
the rings of Saturn as seen from the cloud-tops of
the planet. A wview 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 wvision - and results in a
compressed 'telephoto’ appearance.”
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19. Gaoueuriics GCammellsv BT eugesr_gi eriGurgl ?

EARTH COMPARISON MARS

¥5Days 686 Days
(667 Sols)
GRAVITY J

38% of earth

SUNLIGHT
44% of earth

ATMOSPHERE
1013mb Total 7.6 mb
0.00035 GDE 0.85
0.781 No 0.027
0.210 0z 0.0013
0to0.04 Hgﬂ 0 to 0.00021
0.0093 Ar

£ L1 Waghington. Live from Earth and Mars (K. Dewar, I, Tillman) P James and NASA
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ufs Gsmgar oy misar !
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2 5% @%@
UTYSEFH6T GeoL L9 FSLD !
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eT(LpLbLYeT 61DV T !

@ pLoys Clamigpser Gleual Guwm)
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2 (hUTHSGH DS "

QYL geTabenL_GiT

http.//www.thinnai.com/photos/2008/03/40803201aa.jpg

LACILIGHLD LIEHE O\&TeTL 158 S5 pSIenar SamGLgLiL) !

2008 mig 18 gyp Cs% LNruehs Geuafluied 3.5 Levelwesr qaflwmesi(h) HTISF 6 LiHHILDT6T
&L Quilw G HBEHI®T FTHLIYSSLILIL L & | ST Bleom LorGLIhLD STevTHed) ULy aILDTH
18 LeveSwasr & NweTseafer LE@haTs sa&ssLiLLl L & | 9% @i QUL el & Swmpgiear ! Glufw
shpsImer HPwens i ym L BEG Bleop WGESH ! YLD SIHBHIT &eUen T
RGIVGT (Quasar 0J-287) 2 L &(Heoeu 2 (heuns®s Csneanry bpss. Cuieareys sSiafdamas QLmfps
e ST BISeard &ipmp) af(LpEIGLD FHBbSIemar C)FTenT GaevTd ererg GuGlgref afsmLd
Cumed) eflewriBeir syewrL_misar (Quasi Steller Objects) GlamewiL_g). alesOeuef afehepmetser Fmlw
& (1565 TUIGHT &M aTF 6w WS HewraTenllsg) (peaTenastalll eueyeureT FiLitwe #&FGwr® (Stronger

Gravitational Field) gastavenL_esflesr GlLimgy @Lillwe BluBenwd ConDss (pLybss !
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Gravity Probe
ruEhEsSar rGlLmLd i FFLIwue srew6lasef /

17 b mIHpresTged $e0GWT FTVSH 6 T(LphS, @evd B L T aflaTss), @e6TeD e L 6ir
B35S OFuis yFew mFiLIwed F68 21 oydb BIDPIesTIgd Fpp YBimsGe pleval eu@pHnal.
Bl L& (pFedled aflergGlw FrereyLi Lifliomest, $L e L wmest FFLILNWGED o BgallenFen i, 265Te e L 3T
BID UL T H1ev6leual euenaratns blen L8515 s 19 errg. @)LIGLING BTPbS FILILNWUSSS ‘TS T
FILLWed” (Anti-Gravity) @)BSSHDSI eTaIm) BlemL955 2 TTUIFF ST BL_55 LIRS STDGET | 06iTer 6w L_6uT
Al wGe Osefleunsl yilwng Cung, YPS1E 2 ateuliL®d 1@ FiLweev 6T6resT Glauaimy
et Geug ?

>

1687 @)60 @oew s Bluyl L& (1642-1727) Se915) 0555 Mes @il @h@hreril LenL_LiL) “LIflerabfwraie)d’
(Principia) (LpS&I(LpSOled ymlalssmi. GsLers ol seferig (Kepler's Planetary Laws) (e8I
Cararsenersd Fans Harall L 556 HOm »euss Gouatt(h) raTre, @mails 2 bsiFsS) (Force) @)(Hs%

Gouest(HLD 6TeITM 2BV @167 E) GorTy.

Guide Star
IM Pegasi . -
(HR 8703) : i 642 kilometers
.- _~Frame-dragging Precession * {400 miles)
f 39 milliarcseconds/year
(0.0000711 degrees/year)

Geodetic Precession
6,506 milliarcseconds/year
{0.0018 degrees/year)
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Probe around Earth
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Byl L6 omuipg BlevewblnsHw “riLilfwed o pgailevssar” (Gravitational Forces) el s

Gamarsallesr CuaT@sgmsLl Lyiluflew aflwpd GurmpLser, eileunessimigar (Objects & Projectiles)
B WP LenenTs S est ! Byl L el epestn b%HIES) Bl S%@pLd (Newton's Laws of Motion) {eugg|
FTOGaD HewllgLpLd LITLIEHFSH T LieoL_LiL] (pedpsemarti Lfps Clsmerarss GLiflgid o sajle.

Byl L eflesr Guer®as aleheprad LITLEhFSHer QuicdLLl LesTLTes “HewtlayBlenm” (Mass)
ueGeupy Osrjupp wepseaied QLSS ST HHDE !

DewstlaBleom  6TerLILIB UG
“pLgGIuLd” (Inertia) 2 esTL_MHGaug | Byl L a1 “@Quasailwedled” (Newton's Dynamics) o pg|allens

Sewflayplenp X aflengeungsid (F Mass x Acceleration (Fma)). Blyyr L _aflesr “miilfwed aiG)” (Newton's

Gravitational Law) 5&1@1@@@[ ;. (F G Mass-1 X Mass-2/distance Square (FGmim2/dxd)) 2Smaig) @U@’ifr@

9| GHTL_MBIH@H%GH6T 2L TGLD FUiFH 2 pgiallens eupplar Bleapsda apu Cpi al%ss% b,
@eL_Gleuallg H1r FIRSF 6T 6150 ANFSFFVILD 2 6TeNg) GTGIMILD Fo IS DS !
GRAVITY PROBE B
After one year, gyroscopes
predicted to turn with ]
‘spacetime’ frame '

IM Pegasi
. 0

(star)
el /F"Hl'fﬂﬂt alignment

‘Spacetime’

i
L]
¥
L
]
L]
L
L]
¥

Inside the probe:

Telescope

~Rotation-of Earth

SOURCE: NASA

Gravity Probe -B
LOFLOLO TGS FFFLILNWGY DM 6D 6TLILILG YeTH DS ?
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spasaar GoGe e1hlEsmed &CLp @l (LpF TS, s aT HL_eSl6D O)LITEIE) 6T(LpBSI 219 55 6HTD GoT.
& Gamarser LufGeowsd &HM aBHeIDet. FTevrsadluiled gafwpassar Csmarsear GLmewd
&OP) uBHGEDet. Q@eupeap eTevewrd HyHwblaaluley Erner @lwdsLi LewTLTL 1g9e Levedlwesr
QT BSaTTS 615 SUOLUUGSSH H@Spg aap aflam awspg ! BlylLer middued
2 BFIFES GIRIDIT. YT Yauf FpPpml HFHew FHWISL LIgwelledenew. DEETaVEL T s
Caupiaisionssd spusisss sar @Uluew Bu uied miLifuemews srtew Ceuelwrss smL gL
rLehFLl LBi% 5% &S Fie]| sewiL .

aaravenL_efler miLifwed Byt et wmplwg Gured mIewTL_mIseT Faiipsg OFTaTEbLd G
2 pGIFES) WOV, BTG G LIFILOTGRT 9 EISaTe) 2 6oL W & ev6leuaflLi LiesTLIT(®) et (Property of Space)
oareven LT aflers @ FiLitwe ! et Giom, et Giom (Matter), Syedevg) gaflopensGuwim el

9Fv Clauafenw 66w ars% 6T e !

Gyro Suspension System

B35 srewblaual auenarGou @eTeavenL e FILILNWGD. Yoo eTafleniowns Q)LiLig afeTEHeVTLD.
srev Geuallenwg L oL wires FFBISL LIFLOTERT G JLILIT STOTTEH DeUSSH% OlGTHIL T H6STdHS
LGRTL_mISeT gLl Srefled GLfl o ewTL_15 @ L. 9Bs IFH auamearGes RTEVENL_GT Fnm/Ld

AL TSHS & (5% LILIRFDI.

Fitwed FEHevw weflger L9p FaGHsamars s GLLBSSH Cumed wrvm Lpypwng | e
FEBFETH Fn L QVTLD; (HEWDIHFTLD, HeHF LDMHDHGTLD. TTe0 Y eSTL_S BT FFLILNwenev LI F
Qeuiw Quevngy. miLifwee TG0 TTNSss CFuiw Lpywing. Ogeurss (pgwigl. aflenTalnss
Quevns). FOFLOLADD (LPLYWTSH. BIDISSH (LPLYWTSH. S QRGTEOD RETH] H6(BHLD. 2,68 TTeD aflVHB TS,

Relativity and Gravity
aTaven L aT app eflersGw FiLILwed FluS !

1915 @)ed @evravenl et Bluyl L asflar militlwed allewsemw Goum GCanemrsded Cprad <jeas
“cuearps Gleual” (Curved Space) 61T FmMlesimy. yFMeug) FILILIWUG GTTLIG R(HalS 2 BgaIeOF
Q. L gHear Hanflaypleon aflerbleaienw cuamaTsSng 6TGEIN (LPSGILPSED @ (h LAIWTS
yBeng yPleissrh. Cogyid @) Test(h) 2fewiL_miseafar @)ewL ST GniEHw Gri CarL’iged @)eevng)
urenguiled o airer GeuGm i gyewrL_g@er FiLitlwed GLlwmed 2 aTGBIES auaaTEnGl. & Nwan %@L

Herermed o ater e oiewriSefler gaflewwil Liluledprg euheus GrrsfHerne, oofsGasr®)
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gw@ B500 emua(y

7yro Suspensmn S ystem

http.//www.thinnai.com/photos/2008/03/40803201ae. jpg
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relativity and gravity

Mnurdlng: to relativity, gravity is not a force; it's a warping of
space-time (which is an amalgam of time and space] that
happens in the presence of mass. The warping is analogous to
the bending of a rubber sheet when a weight is placed on it

0 When starlight passes near 4 massive body, such as the sun,
the shortest route is a curved line that follows the curvature of
space-time. Thus, the starlight appears to be coming from a
different point than its actual origin. The observation of this
effect in 1919 convineed physicists that Einstein's strange
theory was right. BosiiGn

of star’ Ohserved
position of star

Light entering
iz bilats h-:ﬂa

@ If & mass is concentrated
enough, the curvature of

space-time becomes infinite,

This phenomenon is known

as a black hole because a light

beam that comes loo close will TNESaptcs
never escape. i el

in 1915 Einstein broadened his special theory of relativity to
include gravity. In general relativity, light always takes the shortest

possible route from one point io another

http://www.thinnai.com/photos/2008/03/40803201af jpg
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@Alwefler FiLwed FaTEFTD UenaThg FTeRIL LIGFDS. SToUF QRTWTETS G5 HCRTCSTTLY
Qevarenen 2a1(B)had euemareus CLimed @ Mwel6r FFLIL] LOGSHTL_6VLD Qallen i USRS S TeUS]
paflenwg searetBF e sL_ggb Cumgy @&Mwelar miLitfwue @ “@alwmy Geverenrs” (Convex Lens
or Gravitational Lens) L& O&mat@mg. apLifer Csmewev Cpres ST 19w OTSSH HTeVTSHeD)
WHMSEE@HLD FILILNWe auenateured GalwLiul' ® of ewswns H5bss easser | G
FiLwed Geallwmg euemereumed aflenarbs srmsadsaier eaflow o BLIGLIBSSLD CLngairs 25

oL_ml@ (Magnification of Brightness due to Natural Cosmic Gravitational Lens Amplification) !
General Relativity
afipg QareawGL Curgd alawbaraf aemeray!

aflerGleuafenw e omaflens autg aumsGeum, Gxmar o heunsGeur wpLiLyp 9y migerasarmed (Three
Dimensional) pLienest QFUIw (LpLgWITG). SoGTOVE LG FnDMILILILG S BADLID SYBIFHeTa] (Four Dimen-
sional) Q\snewtL_g|. e Oeuaflufet preismd o mi&erey (Fourth Dimension), saeLd (Time). GHmL_mest
Gamy yewr CamarsisenaruLd, gaflowl LfiGsemaruwd (Galaxies) L9TLOLD TERTL_LoT6ST LI TLIGHFLD F6oT
P nisGeTGar emeauggiarer e, afleoleual cuearsg cuenarpd), Camewnflli Gumui (Curved & Dis-
torted) aNfpg GCasrerGL Cur@pg! alesrbleualuled pEHHL el _& Camarsafer FiLifweme

gafluiler LTeng LTHSEHL LD B DS

Betn_ S Lwewd Qs Gof, e sBa JGGs s miLiL wain_wFHd
siewpuyd Cung, Gpi GCamiiyed GleFeewngy aamersGs OFaw@mg.  GCgmeancvailed(BBg oL
afessribeflenr epafl @Mw il westL_wgFar obCs CFarpred, g o L Lpions @Giw Lwsens
Cpras), Criaemeara) aewsg @Galleusmaralled (Positive Curve) euenaTHmal. Qe mestd @Aw mFiLiL)
el wgems GClpBEIGL Guig, @wwsHHG aFurs Geelliypsess Cprad), THiaemerey

gYovevg alflauenaralled (Negative Curve) il LiTeu Hevenev!
Galaxies Amplified
aravenL_ar LjeilufiLiy yub efleireyierall
2004 eLiged 20 b Gs% mrgm 700 wleveSwer Lmewd (Gravity Probe-B) ailesiam)erailen s
Cumuim GlLevrm2 grasl’ eapewnstl yifleow 400 ewwed 2 wisHew SHPPleus oyenLitug).
2YBs el @rrest(Bser LLfleows &pp) eateven T Lyaiufitiyg Camlum e Blepiss

guieysar yfluys. 2 erafl-B @erevenLa LHw aflarssd $p% Oeuel, &mewid (Space, Time)
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relativity

the equivalence of
gravity and acceleration

Without external clues, it's impossible |
to tell if you're being pulled !
downward by gravity or accelerating
upward. Your legs will feel the same
pressure; a ball will fall precisely
the same way

The realization that gravity and
aceeloration are equivalent wasa
. keyinsight that eventually
. allowed Einstein to construct
his theory of general relativity.

RRITY OF HEW HAMREGME

B

LOTTE JADCOL AACHIWE—U MY

TIME,

http.//www.thinnai.com/photos/2008/03/40803201ag.jpg
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SPweupernd Car@LiLgL e, YeupeopLi Laflufiliy P eraialsd Fifly CFiSng eTeTmILd
2 emay GlFuiyLd. gareaven_er Car LmRsefler @ uest(h) LfloresBISemar o niHLiLim® CFuiw HrerE
2 (hessienL_geir Csment(®) FHmih @i L) WSLILY (Gyroscope) aflewigsyionaiuied @Quim) cuBH D!
2 aral)l wrewg @y auflam iy allewriSener (Guide Star IM Pegasi) Gpra&g seenet GpiLiLi(hss)s
Qe srevid Oeuells Gflysearti LI ey CFuiuLd. qumesT(Hs et ,L0% & 6T (h) %668 & DD EFHS 6T

(Spin Axes) eTaualsLd pSIFP @ uerarest Gleuetnl LISe) CFuiw LiLi(BLD.

http://www.thinnai.com/photos/2008/03/40803201c.jpg

Earth’s Gravity Space
FILIwe 19-2 6mall (Gravity Probe-B) 6TeiTLIg] 6TeSI6o1?
<O fssralar  evLnarCuri® Usds HPpssPer (Stanford  University)  GlLemrBs
afeheprefls@pd, Ourdmeysstarpd Caing Lifleowsd &psleipd @b aflaaarall eLpevLDTH
BIgwiss (Lpeomudled, goareven et Oleuaflud’ L &mev, GleuallLi LfloresTsesd FainS) (5% @ L FiLifwe)
$53I0F®F BlepLlss FHiomg FrreT(HsertasLl U wwpd Cleuis amPpriser yamsd CFuwis

Qs resTLy (5% G LD 9 essrL_Oleualls &maigmer, FiLitwed aflenrayyerai-L9. 5% mal 2004 4,6 (®) (LpSeD
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yllewws soplepsg g Liuesieows CFuig auBbEHns!

essramyoral-L9 erergy miLiwed Lt e LfwresBsaTTar HTewid, Gleual Y GweaipeomLi
uBaey Gauwiyd FriLy Blevew &OmTL) LS9 (Relativity Gyroscope). &5 HaNUINGET 2 L1%T6TEISEHGTLI
ueL_ggeui prgFm, evLner Cumi® plyeriser. LGCsrarsans 400 eoLbed 2 WISTH6D, &i(HaBISEHsE
Gpr Guwlev eul't af@ulled &pplaims @ allarfllfled ewwssl Ll Berer prard Gsmar
WsLi9seler 0% peseniiu Csmems Siysamer 2 arallg Fevalwionsll LHey QFuin GolesT(HLD.
Bra@ Ganermiger G 9ps WS e1ps 0i5g SLujb @)D QuEGST, TPSGDULI
uflygessiions smev Gleual LoMNISOHE®ET IS T B HaThs @B &P OLDPDE. 2 (FE@HLD b BTG
Canearmiser eraiaisd srewupd Oeualluyd LLoluler @) BsemswimTed aemare) LIBGF DT 61TLIDSS
glvdwinns yarsG. Geyd Liblufler FppFuned yser pGs srevptd, Gleuafluyd eriiLig
QPSS LUTHESL LBF e Oeuainid dyewer FarBLNgSgHL L6y ClFuwiubd.  Lyrdlufes
il wevned eIp LB @) BS Hev, Gleual LoTMILITHS6T e LD PP)FTETTEYILD, 96 MG LITH LiL% 6T
rLehF yewioLiliaih, e gB et Q) BseHuIaVILd OLIBSS LOTDHD BIGEHOT 2 GRHIL_ToHd 6UGDIGHGL.
BIFT 1RSS5 O)FTewnt gy uiag FL1L_misafled aflamayarall-9 o,rmuiddGw AGs 9y Lpions o aTaLb,
R BIgISH L6 @il@eh@hTers CHL_ewnss FhsL LIBS D!
Gravity Bends Light

aflesrGlarefiuiled FiLilfwedlear GausLd (The Speed of Gravity)

2003 ggesmeufluiled (LpF&ILpSVTHE alehehratser miLitweler Geusd Ouuwiwns el GeusLd
TR QTG gaTevenl el gLlwe BlwFeww wpnGorg CFrsener epevid BlepLlssTisaer
! SBS &FST6T yetenas Glouilitfgsaiiser 0whgsralar Oeuidleaflumaled o earar Gs&uw
Cry Cur eunallwed CrrEssgensd Gaiksg (National Radio Astronomy Observatory (NRAO)) e1L_Geug®
%O LTI (Edward Famalont) flabGlevmdl Lievsames spssansd CFips OFieams GxmenLi®er
(Sergei Kopeikin) —6TGSTLIGU (T LD TGHT. UFHATHINT  (LPSRT(LPFHedled Q@uIDeOHUNT 919 LiLienL
Bleoawggiauwner mitilfwed Gosgemss sav®Ligss @)@heui eTain Bl FWeTgevL. OIS
@zl yPlaigsLi ClugeLiuil Hg CsresT_miser ! @evd By’ L 681 FILILS Seuisd o 1 Gesr
OIGTL_BISENGTLI LIDMIIG 6Tl BLOLIeTTd. bl mearaven T $&1 @Lilfwed BluFHulled 95
RaNGeusgFed FM1sGeug eTain yaiwreard CFuisTy. H6lwfgs aiehehTet%er gerebenL esfer

Y @ILOTGTLD O)LDUIWITGSIZ GTETD] 9 (LpSBLOTSE Bleh LSS e !
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Qrange arows show the apparent posttion of the hidden source.

White arrows show the path of light from the true posttion.

Blue arrows show uitra cosmic incoming radiation.

Ultra cosmic radiation gets attenuated as it passes through massive body.

Radiation pressure difference
distorts space time

EMRP gravily theory explains bending of light near massive objects

http.//www.thinnai.com/photos/2008/03/40803201d.jpg
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Gravity in Space

Things movethe same way in a
gravity field as those in a reference
frame accelerating upward with the
same magnitude.

Thingsfalling freely in a gravity fisld all accelerate by the same
amount, sothey move the same way as if they were in aregion
of zero gravity — “"weightlessness'|

I t

T 1
zero meticn constant velocity acosleration

The path of a light bearn in three different types of reference
frarmes moving with respect to the person 2ues the slevator
The light path shown is what the person wms/ide the elevator sees.
Under large acceleration, the beam of light will curve downward.

It should also do that in & region of strong gravity

e
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e
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o Rl W e L
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B R T L o e o
e e G AT AL A LN ety e e N
Pt e Aot ap e g AN by e e G
A R P o T | R TR A
e e e Gl e D o T 2
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ST ight s ceflected
S A ok g A i O i ey ' LT
R o T R R e o 1) |
T e e s rom its original
A e e B o
g iy
S

straight path.

T as A
General Relativity: Light travels along the curved space taking the
shortest path between two points. Therefore, light is deflected toward
a massive ohject! The stronger the local gravity is, the greater the

light path is bent.

Gravity in Space Time
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yllewws Gunerp s Camarsar, @AwenaLl Cunerp geflafsd Fwbeurel aflewrbearsar
SAPweupPlest FILILITPDE F6% @aldssd Cure galGaussFed @arean @D LDPPS 6l&Tesni(®
&OP) aubEarper ! o grgesiions aflesroleuafulled @& Mwer Fe O geain wenpBa CLmeTred, Ll Ses1s)
&OmIafPuled 611 1L_coT BILOL_EIS6T @(LpBISTHEF HHM LD | yFTeug GAw ol Lrflenw jenL_ujLb
GruLd eueny L &Hm1afBulled CFedayid. @&Aw riLid #53) HriGetme 61 L_eog BILOL_mI%6T L0355,

Byl L e BlwuG g i gy spprg Cpi Cam’iged Gleedeyid !
IyesrL_& Camafair afpengwneat FiLILIwe) LicsL)

sOCwm  Fruipgerer ewuewt CsTLrsFedl(hrg SO (Q)(BLOL] (&SI (HHEDATULD,
ve@peilevewrl uestLmisewaruyd &G Gum'® @uewpw @Gr allengainssgs@e (Acceleration
due to Gravity) apps @Gy FLWFEH® sewgewmws G158 ST igerrd. 1970 yer(psaied
vwesstLd Glauis afleroleual ailLomesf)sair @, e LoTeT FES T LOGHTL WSH60 @) (HLOEH LILLD, LiDHe» ey uileur
@neasuyd §Gp Cur'® @ueav®w @Gr FwwsFed sagmws CsTL L ms5s ST 14 16565 Guim

Gengemarenw Oouililgsmiger !
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18 Billion Suns -A Galaxy Classic: Biggest
Black Hole in Universe Discovered
(March 18, 2008)

The biggest black hole in the universe weighs in
with a respectable mass of 18 billion Suns, and is
about the size of an entire galaxy.

By observing the orbit of the smaller black hole,
astronomers are able to test Einstein's theory of
general relativity with stronger gravitational fields
than ever before.

The biggest black hole beats out its nearest
competitor by six times. Fortunately, it's 3.5 billion
light years away forming the heart of a quasar
called OJ287. Quasars are extremely bright objects
in which matter spiraling into a giant black hole
emits large amounts of radiation.

Giant Black Hole Discovered
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aareveL_gienl_w FiLifwed Qeupid @upiy aflens wi GLfledenew ! g LNTLEHFS®SL
Lesrels &L BHomerd OFuis eoenrliLgd ClFmised Gestenitd ! LNTLIEHFSB6D LyFHTLD TGS LIWLIBI%TLD T6oT
shEGLHsear 9sGaughd FiLitwuGe | ruehswneng aflflesLiul’ L @@ wrGu@pLd FiLitwed
uBFdasW® GGG @0 Fmea® ! e misear Qeewrs LruehFsHed Fillue 555 Q) has
wprwng | ysmeug FiLiwed eratug Smew Geuefluiled @QuimGLd e@h Clumgeures BLLILIT® !

ouehaoneag miLilwed e1ilFsSwns @Qus@GLd @ Wb gL !

FFLILIWG) IDdGHeDW T TaUNeDULD LNTLIEHFSHeO L 19 L1 Ll _s&Hng | Liluiled o aTar
WHEST FISGIBIFET TG HYSRTTED LITHHSLILL (D) QUIBIGHSTDST | HLYSTILD (LPSED I606HT,
unetd, gns0sL, aflewslisc), GemenisGETar TSSO FILILNLIGYTCOSTGT @) wsIG S ST ey
FILLWed BLog o wgLh, euigeutd, 2 ewrey OFfLiy, Quss @l L Lb, epenarli Liest, epFFLpLiLy, eLpds
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Magallanes Gallleo

Apollo 17

Venus & Earth
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Orbit of the Earth

e

- Orhit of Venus M

Greatesielongation "'A:‘
(half) ‘

{crescent)

Greatest elongation ~ '
{hali} e

Earth

WVenus waxes and wanes as viewed from the earth, similar to the moon’s
phases.

When Venus 15 full, we can’t see it because the sun 15 1n the way. AsVenus
wanes from the full phase, it also gets bigger because it 1s approaching us

When it 15 closest to us,we can’t see it because no light is reflected towards
us.

https://i0.wp.com/www.thinnai.com/photos/2008/03/4080327 2ab.jpg
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Free oxygen atoms

Recombination
. of Oatoms
\ into O2
I"'.
| -

Airglow

i 4 3 R L]
EUV flux | | ' at 1.27 ym
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Magellan Venus Orbiter

FORW &R STAR
EUIPMEMT SoA MM ER
MCDLULE

FROPULSOMN MODULE

CGHET ERGIRE
o0 LILE

HIGH GAIR
AT E RIS

THERM&L CORTROL
Lo

SOLAR PAMEL DRIVE
AMD GABLE WRAFP

Lo Gk
ART EME &

LT METER

AN Z NN \

SOLAR PO MEL




&.CleowiLITrS 6T LTLI6HFS BT LDFSS TGN HIMI LY BT 6T

@i Yeras Gamalled o uwiflesr euenidfags Fflsens Geuiyd ps® WSFw yplefliLmgLd
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Venus Express Space Probe

https://il . wp.com/www.thinnai.com/photos/2008/03/4080327 2ad jpg

wiluilar @ e eTerLiLPL &S gefled QLB S BrsLd

“Bengs Gzipd O’ e1atuCs Bloveys yLume Lwewitd OFuiw Bleverss @) BLSTL

344



8. Qlggwi LIy 6o LTLI6HFS BT LDFSS TGN HIMI LY BT 6T

BIppresi® oflarbleual aiehehretisales mrs WHEHILI%S @)(BBESH UBHBEFDEH.  QBLSTLD
BIppresrgesr aflerOeuelll Ll PE@ ey LTaTGSarTs &E&Hger olullar QoL e g
Camemnss s UL L G. GDEGHMDW (Q)I6wIg 6T 2 (Hauld (Size) @eiCn. Hewilay Blenp (Mass)
@R1Cn.  Fewflay LG58 (Density) aiGm. yermed gayw, y6whas, mGrmifwu aflesrem)earallser
FLBS BIOLE YHT(HFATTE IBS% FH(hSHISF®ar Loanp il L e @&LHOeual eumusser
gamrieyd Gsmerareraysear Goupl, <pssd Coupl.  seor 2 apewrd Coupr.  Yilufled Bieuertd
WaEs 940s FwwgGe Geueralls Gamafleyd, Oeaicuruis Gsmefled Bieuerd L& ulpss
Couetr(pLd e1avryy eTewrtenst QL LOBEF DG 2 apewid Lgwres OFaieuruis Gsmafled Ggmeiplw
bigger @LUenLu, 2 ulfler auaTidFeowud 2 pIFL LRSS aleTaniare) LHWPFFeT Q) eTen/Ld
Qsr_i&aimer.  wipns Gleuerefd Camafler o ayjentid FLOEHF 9eOLOBED(HLILISTE) aIlewTaw)6me,

(PWDPFET 9B eTessTent|FHenduiled G 1AL 11 LiL_ailevenev !

Oevaranld Gamer gy GCleuliLigsercd (Fumefl o apewitd : 450 C / -30 C) Gsmerd | S@LD
QauLitiG Qu@BuIL & 2 ewiLns@wg. Qsp@Ld Llehd eugess® Cumes Casmerd Geumy e1giayLD
@&Aw GOLLUSHO QpLILSTSS CFflwaledeney | Q6T DD I psbHL 60 OlGTewiL L% ST
%45 g1 #FGH150% CHmepLiledency ! yser @) u e Li Lipaiu) thlevevev ! Gleuarelsd Garafiesr afl L b
yiluller oL L 3515 95% ! Geuatefluiasr Blenm Lyrfleow i Guimed 81% ! #E& gefled @ h6leued cumuy
9(pSsLh LyafleopwiL GLimed 93 LoL_ElG LGOS W TS 9iH 6T 5T Tl LOGSTL_6VLD eLpau (h% & Blewevuiled
30 ewed (e 55 ewied aueng awmiggerers). LOluled 5 ewined 2 wWIssI%h@ GLoed eumuaiesT
9Y(pSsLD L0 %S Gy FHeGgatler o L s@ wewtLeid Lbleww i Gumed genioliLj $ailgs
Qarpsailiyw Csresig | @Glweller oas Camearmes Llluled L9TLIEHFLO SeupLd LI(HeuSH e
SLpsLc0 Oeuarerd Cu@pHwg Cumeimd, o uiflerd eueripss Cureipid Geuerafls GsmeafeyiLd

Gamesrm) ud(BFSHeVTLD DJeDeVEUT ?

QYIbLSTR Wsssaie @uewly GCasrarseleyd yaiallswy Gugerey BIwpLd, SHTFLGT
L wrgeev G (CO2 — 65% Nitrogen — 3%) @Gy FLoWFF6 2 eTL_15H) @)(hESTLD. eTTed LjLBlufled
@LGung sriuer edLwreev® OCLBLLLITNILD YL SSTHS FLSGH6T@HL, LesLiLTenns
G@aTE@BLD, LIGIEIES &L S5 DF. APigare) CO2 @Gp6leual ewiLwgHew Lgal % Faranaeb
enareneu o 165 UBHDGE. FerTed Liluded 0% 2 akewid Blevew s wesflsi o ulljemp
(PLYFDF. wpuewing Oeverafld Gamafled yiflenwi Gumed 250,000 wi_mig C02 &SBFILOASLI

Gugerey Caipg @H0lalulled $1985 aumys G wis B985 UBRDS | YSesTTeD & FeTamafed

345



&.CleowiLITrS 6T LTLI6HFS BT LDFSS TGN HIMI LY BT 6T

Control Cenire:
ESA, Darmstadt,
Germarny

Launch:
|9 Haw 2
Bailk
IKazakhstan

23 h 56 min

https://il . wp.com/www.thinnai.com/photos/2008/03/4080327 2ah.jpg

346



&. Clgow LTy S 6o

LTLIGHFS BT LDSSS TGS BIMI LS T 6T

Yenus & Earth Comparison

Distant Relatives

For all theik basic similarities,
Venus differs from Earth in
decape of

Nenus {upper eft) is dominated

important ways. The

nds, with
i parable Lo
Earth's continents (upper |':Ehl:|.
What Venus
in ibiguitous 2
volcanoes, Theydot the planet's
smiooth, low-lying plains ke
pimples on a teendzern Yel there's
likthe sign of the'g JELEm
"ru,r.ta| f.-|ate:; that
5 torid itsalfafinternal

amie process friggered a

wholesale voleanic resurfacing
across much of the planet some
400 to 700 million years ago. If

that had happened on Earth, we

- Venus  Earth
Diameter (km) 12,104 12756
Mass(metrictons)  436x107 50710
Density (gfem’] 5200 L e KA

4302 days 2393 hours

Q0% HO  TEHO

likely wouldn'e be around today!
Most obvinusly, Venus's slow

backward rotation is unigue in

our solar system. That's hard

to explain witheut invaking

a giant fmpact that knocked

the planet out of ki

istory. [Fse, that titanic

collisicn feft behind no large

inits

muaion that coalesced from the
gjected material — as apparenily
acturred here at Earth.

— Donald £, Robertson

SKY & TELESCOPE April 2008

https://i0.wp.com/www.thinnai.com/photos/2008/03/4080327 2¢c.jpg
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Obliquity (polartilt) 173" 2345
Surface pressure (bars) 93 101
Surface temperature  864°F ST°F
Atmospheric makeup 965300,  004% 00,
3NN, TN,
<00001%0,  U%0,
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aflewerey LiaoL i@ Wenswr&HF @Gilwesfier GeuLivid GlerGueyd CHllLiLmg Geusrells Gsmer
iU “Ceutiug Csmarms” wrdlal’ L g ! Gueyd Lrfluled srenriiLiGd CLigearey eobLy 896w
umyayLd, sHedlbleer eumuyajb FEHgaflcd Qoeme. @@ WssHew epuL L Qsmpseilitiew
2 Cps erfloeevsar HardLl Cleuliug @GLpLdL|L 68T o L FeTLl LITeoDF@HLd FDHF@5LD aFfF eTPlw i’ (B
Cuperey ewaobLIT oL wndew® eaumy QLGS Cuieig. 9ps aury CpSer FieoLoul 6T SVSE

9 BIF EIG &6 LI OeuaTeld $aT0)EIGL SHSSTLVSmS BIILIL) BrsCavrswnsd ol L g !

4 )

! Hadley cell
5 Yenus lienospherc)

GLOBAL FLOW Two planet-scale “conveyor belts” [called Hadley cells) operate within Yenus's atmo-
sphare, At the highest levels, sunlight braaks dewn maleeules of earbon dioxide, and the liberated atoms
migrate o the night side, There sxygen atoms recambine into melecules and emit a distinetive glow at
infrared wavelengths. Lowar down, near the cloud decks, warm air rises over the equator and moves
toward the pales. It cools, sinks, and retumns ta the equator te be heated again, Inset: This double-lobed
vortex, discovered high over the planet’s south pole and seen here at infrared wavelengths, has a peak
temperature near 10°F (-25°C) and is surrounded by a collar of cooler gas (dark areas). ‘)

April 2008 SKY & TELESCOPE

https://i0.wp.com/www.thinnai.com/photos/2008/03/40803272af.jpg
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Venus Atmosphere

55 miles —
Thin haze
40 miles —
Upper clouds
Middle clouds
30 miles — T ' Lower clouds
Thin haze

Clear air

EY REED

CASE

SET

SULFUROUS SANDWICH A trio of opaque cloud
decks float 30 to 40 miles above Venus, with thin hazes
extending above and below them. The near-surface
atmosphere, though hellishly hot and dense, is clear.

Qeuarefieow Cpré® payjwmrallar Qeuaryr aflareuaid SLILIGOS 6T

1967 b pesr(p) gapwr yeyLitw Geuergr-4  Gleuetefl  yuieFRBL’  (Venus Probe)
QeupBsions #&H1 FAMSH® UBSDEIGWS. FHEFT LOHILWSHAT H(LPSSLPL), OleudensuyLd
(Atmospheric pressure, temperature) L &HpS Q@BHS CUIDID, Y WIeyFALOL) HupPled Fens bl
Cunasmwe Lenpss), aflehesrer alugssament LLo%@ e Litfwg), wrGlu@GLd Tayw FigamaeTGu.
G orgd 1969 @)ed gapwr aflesdleuels sLiLicvsear ‘Geuatgneneus’ (Venera-5,6) Qs TL_[pg eraf),

Oeuarall eIl wgens ClBBBIGL LDBS, eupPler sar uieys@psaer (Lander Probes) seogufled
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@nERer Oeuerymr-7 (1970) #&H T $agF 60 (LpsRwions wGuestlwid, Cgmilwrd Cunetp HeTgyu 6T
ag&eLpevsIsaT (Long-lived Isotopes) Ggraip) @ pLiLienss sewt(pLligsser. 1972 gg@eev 22 9 Lb
Cs% mapwm yeLitw Ceuetgn-8 Qa1 ser gy uieysALll Oeuerafulesr sengulled (Q)mmIF eI LD,
B Oeuli, My YLPSSSP® LIIPSTHL UL 1D e9iLis (prgumoed GLTesg)! esTTed oYM

FaHaU0E®aT 6TLILIg GuwiT 9yen i) @i’ L gy.

Bow

shock

Escaping

ions

SOLAR STRIPPING Because Venus lacks a global magnetic
field, the outrushing solar wind can interact with its upper-
most atmosphere and carry away ions of hydrogen and oxygen
created by the dissociation (breakdown) of water molecules.

kﬁmammwumm (e s s Wl o

https://il.wp.com/www.thinnai.com/photos/2008/03/40803272e.jpg

Qeuastgm-9,-10 (1975) (wpser (Lpged Gleverais Camer sarli UL mgamer C\BBBIS TBHSSH LSS
9/ LiL6s. 9eupmled Fov LGS sGafed doflw ClLIHLL LITewDS@HLD, P LGB Sl QLT s HTFujd
Oseru’ L er. gapwr geaflw Qeuetyr-11,-12 (1978) &E@gellar SLHsFaT GFLpFSH e (Lower Atmosphere)
@BBS 1FTWETE Fnl” (HDILILSHef 6T (Chemical Components) LIfILDTGRTEIS e 6 (Measurements) &essi15 5 6.

Qeuastgm-13,-14 (1981) #&Hgesilev yaybleflwid, Osafafwd, @ pLor), QumL mwid, STedOPWLD,
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wrssestien, 19GLellwis, Hedlsmer o Cawrsmiser Q) bLILI®DSS HTOASSSHT BIDLLIL L LoTesSaT
(Gamma Ray Spectrometers) 61(0)&&I& &ML 19.651. Qouestgn-15,-16 (1983) aflessrGlauails &LiLIOSaT G euaTafenws
RL & Qaain), ot gyuiasd Allpsmaer QeupBlsiwrs @Qnass allechehrear allearssbisamarn L%
915Gy

Qeuarefeow Crré® 9 6\wfgsrallar alertlaians %LiLe 6T

1960 wmgs 11 Qe (pser Lpsed HYOAEST yeLitdw 95 LIyessI(h) 6T6OL_WGTET LILIGSLIG-5
oW FROLD Sauml e1giaLd BlaLpns), &E&HTenet COBBEIFL LDBESH e Oeuafuller o &Hews $H1,
FMB5s sarallwe o Fgsemaers (Cosmic Ray, Magnetic-field Intensities) enflagILi L1015 @ 9jeniifwig).
1962 @& (psed O HEs aalw afleOeuels sLiLied wrflerd-2, ®SH ealw wrfeti-5 (1967)
G genest L 1gLl Lwessid OFuiger.  Lwestwi-6 (1965) @&Alw &PpiafPuled (Solar Orbit) ereuL
Ul QL Ylls @b, #EH 115G Qe Lt L aflesrolaueld @LpBlenevenis Symlw et L g).
9 Qwhgsr OLmss OFwalew omflerd (Mariner-10), Liwestwid (Pioneer-6,-12,-13), LomnGl&edevest (Magellan)

B w Bresr afleanblalais sLiLISmar 1973-1989 gy esst(hsaied Gleuerals HrssH DG < eLiwig).
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1974 Quigeud) 5 b G359 O ASHT (LpS6sT (LS LT Carenans Gplencusd aaiw Lomfesd-

10 LN BB5 94 B seT LwenTLd O\FuIg), #55Te91% @ 3600 e0Lo6d 9 BH 6 LPBH 3000 LIL_BIHe® 6T
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adh3s eLiwg. —vwefwi afesev-1, -2 (1978) (Pioneer Venus-1,-2) @Quewi(hLd Sesflssestlwins
fPFR O (Orbiter) @TEDUILD, FHLHLOGHTL 60 Ui |FRLOHEH T (Atmospheric Probes) gobengulLd 6Tb%)5
Csre1(h& HSE T FareuangaLi (Mapping Venus) Liewlld @b, GLos epL L SHeT o gmuIFF s GLd 9yeiLiLiL]
Ul et 250 ewiwed 2 wisHedpEGs L isFwner GusLl GUriene &&FTGTF &b GTaTST6D,
ofBFGLOD (Orbiter) smATT engensLl LL_CBHES (LpIgwng). @efys (piywnrs GLos eI wFans
sar(ppilS, Sar gy uicy ClFuig L6 B s CrLmi &G gemevser (Radar) LiweTuL L est. 1989 GLo LongLb 4
b G, (LpS&T (ST YO wAasT LB w (Lpenmuiled aflewrbleuaf LSaTaLILIG (Space Shutile) LSS (bS5,
G ad OlFevalled T6HeaT (Magellan) 4 u1a|FF L0leo1p erailwig). g 15 oIS EI%6T st 6euafufled

Lwenttd ClFuigy, Fa&genet 1990 ysav® 10 gyd G55 esriy Liev LIL BISemarL] L% @ el wg).
FEGgeneLl Lpp PIBS Searalwed aflerdskisar

L0%@ Cpmm% Gamlw grow 25 Weewer ewwew Qent_ G 2 6TaTs), #EH T  HTaUDD
aflafdens o ewiL_msGaugl, B FBHSSTL L _JsHwnet yser Gleusssenfln GLos LoewIL VS P 6r
Bg Ul ®s GsPsg @Gilu gallCGu. Ll Brs LTTLILITISERS&HS FSB TG FevFowLd,
‘aflig Geuaraflwinas’ (Phosphorus) smemevuiled epeiimy  oewt] Gruupd, <fpd Oleuarall gyedevgy
‘wpry Oeuareflwims’ (Hesperus) eLpesimy Loassil GpuLd omemevuileyiid O GTL B Fn&). 9IS Mo, & NUenIH S
Fpsfe 48 19 Hf Carenrsens WehPwLd, CopHed 48 19.85)J) Carewigens LBehFuyLd, Cleuaral LyGovrs

LOMHS (5% &S 015 M euBeenev!

yolilest sp@oer 27 prlsafled augeud wag eupealg GUre, FHEEHTEs@GL eueriLienp,
Gauilfeom wmp wap), ‘Bepd smewid’ (Synodic Period) 17 1bASBI%SE@FSE @RBHULLEOD &U(HFH DI
Lol mpg Osreanew CrpraFulled uris@d Cungl, LewpOeuatal (Crescent Phase) GlLiflwignsaLb,
pe Gl Gapoleuaral (Gibbous Phase) FPlwsnsajd COsA@ng. E&Awuayd@Gd L% @I
Qe GCuw &&Gger pa@d Cumg eop augalled Cuignsaw, @&GRwueas@GLd LLOS@GLD 9LiLiTed
#&H et psHLd CLng APsTl wpp L oPpp GeopOeueralwnssg CFaTLIGB DG Ly, @ Fwest
Gri Cam’yed, &HH) aupd #&F g6t @) ueassiHE@GLd Qevr_Guw ‘@GmsE® " (Venus Transit) OFuicug @i
9w Foueih. @l e 61’ (B 2 aThSaled BHSSBSS B1% LD 9 bS 9 flw (L% Csrarsater (L),
F&5 06T, GIwet) FEFLL, LBaTHLD BlFHLp @6 BIDDIET(HSGLD Coed pHevrid. 9Li1GLING %85 e
RB H@BLO YaTeflwmuis srerLiul, &pPleyd &Aw el KGIyDsHed Asm) aul’ L omuiig CsNFmg).
Oaarp GCleuatells GnISE®R 1882 yLd ewiged BHLHBSH. ABSSH gLl CUTGLd #3815 SMEE®H
2004 g50 &1 8 Y 1d G35 e1dIm] TR TLIMTSHLI LI F DS
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SOURCE: ESA

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

2. Virtis: (Vizible and Infrared Thermal Imaging
Spectrometer)imaging spectrometer that operates in the near
ultraviolet, vizible and infrared parts of the electromagnetic
gpectrum

3. Planetary Fourier Spectrometer - measures atmospheric
temperature and concentration of known and unknown minor
atmospheric constituents

4. Spicav/Soir (Spectrozcopy for Investigation of Characteristics of
the Atmoszphere of Yenus) Imaging spectrometer which detects
ultraviolet and infrared radiation. Soir (Solar Occultation at Infrared)
will obzerve the Sun through Yenus's atmosphere at infrared
wavelengths

5 . ¥MC wide angle camera which captures ultraviolet, vizible and
near infrared images

5. YeRa (VYenus Radio science) Radio-sounding experiment which
will examine the ionosphere, atmosphere and surface of Yenus by
means of radio waves transmitted from the spacecraft

7. Aszpera (Analyser of Space Plasmas and Energetic Atoms) will
study energetic neutral atoms (EMAsz), ions and electrons in Yenus'
atmoszphere

https.//il . wp.com/www.thinnai.com/photos/2008/03/40803272aj.jpg
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F&G g1 ST Y (PSHLD 100 Leu(pSsLd (Earth atmosphere) T@miLd, ST 2_akewid 462 1954 C
eraipiLh Qeuastgm-6 Q)6 AL (LpFeSled LAl G yenLitfwg). (1 LeupssLd 14.7 psi. Gleueireriufler
ST Y (LpSHLd 100x14.7 &iomg 1500 psi). eumuy oessL_evGensd CFn@ssHed silullar ysamen® (Carbon
dioxide) 97%, @b Tg968T 2%, LODD (LpL_6u TS SH6T (Inert Gases) 1%, L9gmewt eumu) 0.4%, 9,ei)b 5 (Water Vapour)
0.4%. #EGT LOHTL_wSB 0 BlwLiLGFenws saily Ceuny HiLiLiGH e1giayd FeoL_wng). 2 uifestsisar
uUTUpLd LLiluded (LpsSwions @Q)HLLIe, DL T 78%, L9gmesnt eumw) 21% edbh 2%. BIssL e
epIBled @ uest(® LGS, BlowLiunsd epeipdled @h LGS, %sCas HEH T wewiwgFed o uflflerd
615D 2 ew7L_1%Ceum 9eVevgl aTTGIT 6TBS UFFHULD Q)Vedew! FHEFTGT G NUHST Q@ (LPeODF
FD M) U BLd HrevLd 225 L sar. L) & Nwestd :pm) aupLd &revLd 365 BT &a6T. Sarenests TG LyLb) 24
wesstl Crrg P &pmls GlamaraiensLi Gumed Cousomuid HOmig), OLogIauTEd &% F) I6HT ST e8IF FDH DS
O rarar 243 B s6T YF DS, FEHF TSI Fw FPDRAULD (Spin), ST FpedafBd revpLd (Orbital
Periods) LLOludlest Fipedai@lujL_evr Efenentiitied @uimi&) (Synchronized) LjL01% @ Y@BH e oL GLmg

F#&& et e1L1CLITgILD @CT (LpFFWSGS STL 19 UBFH DS
F&5 & gener Crras FGymLilw aflesressflarad (Venus Express)

2005 peubug 9 @ev FGrrLiIw afesrOleuad gy ememwaLd (European Spce Agency (ESA)) maywieur
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Cemued grgblsLged yeyLifw afered erdeviiged (Venus Express) 153 palser Liwewnrd GlFuig
2006 erLiged 9 Qa0 FHEGTmaesT YBG YW F FOY Yuie) OFuiwg COsT_mPwg | feamieral
Qeuaraflenwd &Pplw Bereul’ L afF) Gmi b : 250 H).16. QB® TLb : 66,000 &). LS.

aferad ersavLigaveder gmplaGsmar :
1. Geuarefuflesr & Oleuafuler eumuys 56T, aumy S(LpSSLD, FTHDLY LIL] 3JD)S6D.
2. BAPDI GTLILIY & FDDIF DI ?
3. 2 WISSHIFS DL FTPPIGO 2 GITGT 2 LI 6T FHHENGT S eTeYFET 6TLILILG LOTD|FGETD 6ST ?
4. &WOleual eumysselar 9 (pssHLd SeTFems 6TLiLIg LI LITHSH D) ?

5. Cupser eumysgser eralailsLd @& ALl Lwevred L5 eurs emer?

2009 Gio orgLb euen g afletemoral] Liestlyflujd eTasimy S L 18 11 L1119 $EF D).
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Date: 19 Mar 2008

Satellite: Hubble Space Telezcope

Depicts: Artist's impression of exoplanet HD189733b

Copyright: ESA, NASA and G. Tinetti {(University College London,
UK & ESA)

Artist's impresszion of the extrazolar planet HD 189733b, now
known to have methane and water in itz atmosphere. Astronomers
uzed the Hubble Space Telescope to detect methane - the first
organic molecule found on an extrazolar planet. Hubble alzo
confirmed the presence of water vapour in the Jupiter-zize
planet's atmosphere, a dizcovery made in 2007 with the help of
the Spitzer Space Telescope. Hubble's dizcovery comes from a
spectroscopic study of light from the parent star that had passed
through the planet's atmosphere.

Last Update: 20 Mar 2008

https.//i0.wp.com/www.thinnai.com/photos/2008/03/4080327 2al.jpg
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22. ofwmgsn eeit LFHCUTL emnbeTd ellsvenen ?

Jupiter Jupiter

; X.-l__.-' ‘
Fln;::kg Ligquid metallic Molecular
hydrogen hydrogen

Saturn 10,000 km

Us6GaaeT, saPéGanarsn
D _er e enwUy

https://i2.wp.com/www.thinnai.com/photos/2008/04/4080403 1 a.jpg

L35 Csmer aflwmpest Lifl% udlesr
Lma G e !

flesribermul oflafFemLd
eTfleumyy

TApLISH g 1oL
CFflsBwpHTD !

< eILiLenenTay 555

g aipple 95 BEGL !
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e Camar LB mIHF 0)&T6wTL_G M6D
@) asflLiLweT @evenev !

eLp& Bleimi

WpLggIeus CEmerm@Ld !

L35 Camer aflesTiSestd) aill L med
L1013 @ @) LOes1SaT
CunerGlestmef afFiom ?

L6 616955 HDPleuBLD ?
F6o11s G mafl6ir MBS LDGTL_6VE B 60
9 FTF FLpeOafFF 6 &PmILD

< uigLd ogudgid

CUGHITGHT 66D QT BIFH 6T GLimed
L55CGsmar (@) (HLILe) ereur

L L 18 afevemnev ?

BALPIBS®  TOMHSE 2 L L' L 06! BILPWUTE® FETEF  CTGHTERTHD 6!
yipa Osmerer wpigwns sevgwupp @@ L GG, Fn ey @@IPled yPley LML S BHILD
Ll GerGartid ! BLosGs Csmfled ealGleumm t9paluleyd Br Cogd APS Lsis Sengamss

S LILID M| UGS TT !
STLoad an&aved (Thomas Huxley) (1825-1895)
S1ICwm CsrerewBpréfuie sar@Lyssmar !

1610 gy, er(RF6fed (LpFed ClLIeTH% @il 6h6hTelwnsEs &BsLILIBL @)F5 160 Co58H et &m1eded) Gwim
(1564-1642) e GgmeanewCprE&uied < omuips e &Gsmarsar Bloway, Oeueraf, afwmper &
FaflECamer gy&Hwemal.  Yeui LsEGasrer aflwmpenest yomuisgs CUIF YT (LLHFN BI6HTS
BT %CEHTaTH®ET (PSSO HewT(h LI FS M. &I e wgFe eTevewns Csrarsenars
ST 19 aih 2 (FaugFled Cluflwg alwrper erarn 61bs ailg aileassesiarailuyd @)evevroGev curesfwie
@prestiasar sest_Plpsiiser | LyssGasrefiear wgGw Crenstl LGS il L b : 88846 eniped (142984

H.18) ywensss Canarselar Owrss LepameuliGLmed @uewi_eng L mi@ Quflwgy aflwmpest
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Qaniganih 6)ebdnei

https://i0.wp.com/www.thinnai.com/photos/2008/04/4080403 1 aa.jpg

! uf@EGLU @ GAw e _wgFe % LpasFws Camearsaied allwmpGer psedl_b QLIS DS

! ST s ULy augGed 1321 LyLllsenarsd Gewflaseomid !

ufl@uilest LpasGsmarsaiied (pFevrer NwmpaT @b L4s aumysGsmer | YT HIL
Huwe @EGpoleualulled o ater Lggmer eumusser 90% ewamigrgmer 10% apedlud ! S 9 FF
Camearsermes yser, FasGger, b, Blevey, GlFaleums Gumred @i_&Gsmer (Solid Planet) (@)evemev
! 9g68 2 L g@palled Bret ewamiygmear 2 Govns augailed Fenflour&d &Hpleitd emamiq Te96sT HI6us
Cameronssd @Gprpaierens | ps Hoaus Carergesd FOPIeVLD eI TG QT L _J&SHwrsL

Curis® wjererg !
eflwmpar erair uRGCLimed Fwbainef allewmbearns aledeme ?

4.6 1960 GBT 94,6WT (H)& @5 & (LPGT FHW LDGSTL_GVLD 2 (heuTH% C\FmesTiy (hpF CLITE yeneTss
Gamarsewaryd a1 Cuilw LYssGsrer erpmeromer O&TaTeraTe) HauniyImesT eIfleumuenald
QFmesILy (BHSSHI ! 9ps umyll upg Wertewar Lgmws GAwer Cunew eumys Garearsensd
F#HSF HL1HS ClsmenriyBpss | peined @GRwenarts Gumed Guperey eumyLi LEpaWTS
QNWUTPST F&T 2 L H@ 2 apewigdens LOHWTES ewilifleoente) QUSEHSS GTULPLILI (LPLYUWITH

53563515 Olamestiy BEsS5 | L4ss Careler o L smalle Lew Weadwer 1951 CFaedlwed 2 ajewrLd
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The burn of the Inertial Upper
Stage (IUS) rocket carries the
Galileo spacecraft away from the
Space Shuttle,

https://il.wp.com/www.thinnai.com/photos/2008/04/4080403 1ab.jpg
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gresTL_ i moed Hev LGSTuIgd 1985 F 2 apetG o ewr_1s5 (Y nsd | As5Ceu aflwrper
2 's@aile guere) Ceuling 83 Garewi QOFpBElDLLTS gf Heulils @aeren aflewrber (A Red Dwarf
Star) Gumeviesigl | yBs Geuliud aflwmrpesiier o L 1ypg gemensGsmearsamend &L 155 GCsuipg

Gurs aflwmpest 2 L & Geflipg Curerg !

1969 gy1b ey 90 whss QOuar®s alleheprest LmsL g t9gmmg Gevm (Dr. Frank Low (1933-
XXXX)) L4ssCsmer awmper seflggien wpempuiled “o L pd sa@emw” 2 pLSH CFuig) (Generating In-
ternal Energy) au(beugnss sesi®) 99ssmi ! CQupmpis Clasmeresd @Gilw FaPew ol @)(HLDL EIG
s@iFFsPeow awmper Cleafl Cupnieusrs yPIESTT ! YFFsS) aMUTL6T LyTiafssEHe) 2 GwrL_m@Lb
Cung CsLilgs saredFsFWnE Q) (hESMTLD; ywevg alwmps Carer Ppisd nss @Gn%% 6% mest(h
@ararrsevrd | 94Gs FwsHe Yyl F FPlwgner FeaflsCGsmear LS yeafld@Gd F&FHew
oL epettny oL _BI@ B iFFsFevw alesoleuaiuied QeualCupm&ng !  Ssmeug FesilsGsmaler
o L'smemes Cprsd G sa1Hed smGuerer afellwid eury GlLbGIeITE 6Tafiw 6»euD Ly TeYGH
UMY eYL 6T epLp&d Oaarpy miLilwed #g@Senw (Gravitational Energy) ol ellgg oG wg | LoIpIs
us5Gsmar alwmpefler o L p o ayent Bleoewulled eanigmed, afedlwwpd FwpCs o ararest
! Quuiwrs awrpefled @Q@pLiLg QeTad &ellibs emaniq Je6T 6TarCn FBSLILIGEDS | bS5
Osratarerency ol &bS (75 DLBIG) eanlgI@er @)prsTe aflwrpeiler o L Lp 9SS LpLd
2 apewT(LpLd LIPPIE Clasresst(h) “9ewiLillenewia) @ uwissLd” (Fusion Reaction) e1(pbg) LiflGeowi GLimed
FwOleumef afFui s @LD !

ey TeeT Henflenal Lllenswnss e wnss e Osnerearare 9 emiLileeniea) FEHeWS
ST OB AwEsD o e ng@GLd “Lygesst Bleopeow” (Critical Mass to ignite A Reaction for Fu-
sion Energy) ojenL_&pg !  Canaflear 2 a1Gar ewamigrgat aurueiler L@y 9(pss ATHL5S51%
Qs marearerey &@mIGHDE. LICLTG o L &ailer 2 apewid Licv Levellwar 195 GFevadlwad %)
e Lilenentays QST fssd F6auEG) DY TN 9eEIHdH[h ABeWLDTS WIDIFDS. I bS
955 (HLI LIew ewTLI LI 6D @0GiTe 6 L_ 68T LI@F-F5 %) FLOGTLITL 19 &¥1LILq. ((Mass Energy Equation) (Energy Mass

X Velocity of Light Square)) SlessilaflipLis) QauLiLid FEFwns oaniH .

yaaGaner allwmper Gzredallypp afleswriber !

wmpellar o (heudh FPIFTHaID 2 L LD UTLSEHET RRTIDISe/LD @Q)BLLSTR g LAPLILIS

@arafl (Brown Dwarf) Sevevg Fm aflewsriber GLmed 2 areng eTeiimy HBSLLGSDSE | ASDGL
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Brown Dwarf

Jupiter

https://i0.wp.com/www.thinnai.com/photos/2008/04/4080403 1 ag.jpg
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Gungimers Fenllay eamigreet CALiLITG upBEsTed 9P LAFCLTD yawiLitenentay 5%
ST LUl () @GAw wewr_evid “@ i e aflewTiest” GBWULTE @ BSSGLD | YesTTed LIl
awmper &wleunedl alesrilesng yensLi Gumed 75 L B emaniggmer Hanfla) CseeuiLi@BLd
! aehepraflsar allaraslivg LUpLILS GetelsaT GpEss 13 WL_mE @TpeT Blenm
ey (555 CeuewrGd.  yps Bleveulled LILpLILS @GaTellsalled FaT emanLyTeyes 6T6sTLILI(BILD
ML) JRET eTHeLpeLd QUL te fluid (Heavy Hydrogen “Deuterium” Hydrogen Isotope) 2ygmiLilienentay
Q@ uasHLd Y TIDLI HTeVEB6D G TLBIGH DS LIEH GSIDIWw Blead @Gerafwres aflwmper “Gsrevallupm
eriber” 611G @il6h@pTefFHarTed SHSLILIBRF DS !

A comparison of star sizes

Red Dwarf Our Sun Blue-white
Lower limit: 1 solar mass Supergiant
150 solar masses

Red Giant
Very old stars that

evolve from stars of
=5 solar masses

https://i2.wp.com/www.thinnai.com/photos/2008/04/4080403 1 af jpg

Wa3Csmer alunpes@Lb FaflaCasmers@Ld 2 arar @ppienio CaippienLosar

flwmpenid, sFeflaGasmepd HAwetlar ymsGsrerser ! QLIBLOLITGTEOLD D@D LY TSI G,
adlw eumysser Bobluemeu ! QeuaiGougy 2 womsefled wEFw Crensd@ Q)enewrwins
QeuaiGeaup Gousg@ed eumuyLl LweOseT yYsHs STvbleowsg smpsailiy wWHBSGHS
SATBIGEGT 2 GBI T&GLmau | Geuelldaid LAas cusssienid Olsrast GeuaiGoupy (LpHew 9 BHSGSaT

ANwmpeiled, FesflaGasmafiad CaraipiGaiper | yalallsd pHed HarLiLjuenes dGiomesfluim
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uafEsL 1g, b Gomelwid ewaniy Gam ewerani(® & Flwed LESHL 1. LPH 6 (HSGHS6N6 e esTewT
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STGEsTLILI (LD

FaflsGamaflasr eumwd @GLppleney LssGasmer allwmpenes il UL GBS LT85 wnesg)
! gaflaGamatied 300 &).15. 9 psBevid alwmpetled 150 &).15. YLpSHVILD LIL FBSIOTOTS.  6MGHTeST
LPHD Y BSGHFGT “YIBIGHaT” (Zones) 61N e®PHHLI LIBGFRTDST | 9 (LpSSLOTET B0 2 T8I &% 6T
“@oLiuenfiser” (Belts) etaipid Gloedps Blm yumiGser ‘UL el 6T (Bands) eiaipid GmILid i
u®Geper | 1600 @60 YmFHev aflehehred gTUGL ap®d (Robert Hooke) 1L45sGHmer aflwimipeter
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FoiflgsGamaflest 9HIF FHipwaids ofewsFud, &M% FEFW flwmpeer il LOeOSWTETSTeD
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611 QFTOTL) !
aflwmps Casmefiar GlLing afleheprer ailLigmiser

@&Aw wesr_wgG e 550smersartet (Inner Planets) Lges, Ha@ges, 4f), Blovay, GlFaiaimu
2Ew Lurewms Gxmarsenarti (Rocky Planets) Gunapledevng), LmsGsrarsafled (Outer Planets) eevTm mest
Awmpet GAweert: Gured aumuysser et Caumrard! @Lmes urepud, Foeu o Gevrsid (Lig-
uid Metal) APlserey o L & Gsresiy (hpsrayd, Ged sars@ed oL Gumes (Solid) Fi_Li Qumrper
o185y Lb eflwmpesiied Heo_wng). L) serenesis &1Get &pHmls Clgmarer 24 ewsil Gruiom@Ld Cungl, Ls
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The Ring Planets of the Sun

Jupiter

Sun

Jupiter and Saturn’s Basic Statistics

Jupiter Saturn
Radius (kilometers) 71,400 60,000
Surface Area (kilometers)® 6.4 x 10" 452 x 10"
Mass (kilograms) 1.9 x 10% 5.69 x 10%°
Density (gm/cm®) 1.314 0.704
Local Gravity (m/s%) 27.1 9.05
Escape Velocity (km/s) 59.5 35.6
Albedo 0.42 0.46
Temperature 125K (cloudtop) 140K (1 Baraun, pressune)
Length of Year 11.86 earth years 29.45 earth years
Length of Day 9 hours, 55 minutes 10 hours, 40 minutes
Distance from the Sun 5.2 Au 9.523 Au

https://il.wp.com/www.thinnai.com/photos/2008/04/4080403 1 ac.jpg
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@&wenersd swmrg 12 yGsrar gy ehsars@ (Earth Years) @hpewmd &DOp) auB&Hmg.  @Gflw
Qaiaisssams a@igeises Bpewuls, sE@rer Oaisrel QaPnse APSSLIGSTE aumps
Camar s(hsLI LGBDG. LS BEgG oy 97 WeveSlweTr e Glgmeamevalled @ Mwemetd FpmniLb,
afwmpet LrBludesr ol L_geng i Gumed 11 wL_mi@ oL g5 Csrewni_g. aflwmripesfier L@ (Mass)
ylleows Gumred &g 318 wL_mi@ Wevswnerg). yai ity alevFeowi Gumed 2.5 1oL i@ il

afleng QPG @wmLpeET.

Ls5Gsmefler g Ggens il L 1d (Equatorial Diameter) FHiomg 88,700 eoLoed!  FLIGHLIW TGS
&heu @ L_1b (Polar Diameter) &iomg 83,000 ewioed! eumws Gamerones aflwmriper, LHss @Gerplw
Crus®ev (9 esstl 50 BILOL_1D) eteners $T1GeT Glou@ GoudsLomuid HPmILD FLpHF W TeOS TG i (1561 515 6T
FOnIs sLewwmw FU Gumlles! @&ilw e _wg@er LTS L LEse»auLl LssGCasmar aflwmper
Sare1a3 0% W EF L0515 O\ 16w1(B), &L 198 Fiewents CHmarsar (Asteroids), aumed aflesrLScsTa 6T (Comets)
CUTeTD YPLI YTL_BIFM6TS, FaTd HLTT FFLIL aflenFwme (@)(LpSs SLyeoLd WTSEHE C)%Tewt(h),

SRTGTF FDMILDLILG HUDDS S HLILIBSSH B DS
aflwmpd GEnars ST 2_ararenLoLiLLd, SLIL| @ITujSE@HLD

455Gsmar aflwmipesr Lyrdlenw s Guimed somg 11 oL_mi@ il L_pLd, 1300 LoL_m1G s marararayLb
(Volume) QsmessiL_g. ysasr Li@h (Mass) blevwrs Gumed 318 L mig! pernew aflwrps Casraflesr
Sewflay (Density) 1.33 gm/cc, Lrdluflesr Senflalled (5.52 gm/cc) Fomi presHled e LmlG. aflwrps Gsmefear
QupLd LGS, aniggeerafedlwid Cureip ereflw eLpevs (Light Elements) eumissaT LoessTLg ujararGs
Q@sD&% styewid. eumwsd Casmartest alwmper Glou@ aflenTeuTss Feais HFFW HLPOQISTCD, Fi(hHeu

pemasafed FLILI 2 (pesstenL 7% L oL w &L GLimesg!

s1e0leNGuwm uiaFRL) aNwmpsd @GLppleanevuied 2 wayd Horeuals sTppdlear Ceussans
QYGTBGI, BT eLpVSIMISaT (Water Molecules) @evavmenioenw 6T(hdS5I% ST 19 wig! @alGleunm anesw
9emiailevLd 13 DALY TG eWISHFAT (Atoms) Q)eOETE), 6.4 EHQDL)TRET CLPEVSHIMISHaT (Hydrogen
Molecules) 2_eTarengs ST L9, GHW UmTULl LIGSTL_BIS6T 2 (heunshGw @b GCsmer, alwmpeT eTeTa)L

afl@h@prest BluBeow QowiLigs% SrL 19w,

afleheprestiser gGewews Gamargsefiear Goussamss sanflss LIDG YUD®DSE FHau(hHLd
wmpedlesr miLiLy allenFenws sera@L ®), ollwmps Carefler Leseaud Bliewmuid CFuismiser.

awmpenest Op@BEIS L Lwewtd O)Fuis alewoleualld &LILIOSGT ST FILILIS FDEeSTILD, LDGSTL 6V

369



&.CleowiLITrS 6T LTLIGHFS BT LDSSS TGS BIMI LS T 6T

Marth pole
80 ortn p
-
T
es) _ig

Winds on Saturn reach speeds even greater than those
on Jupiter. As on Jupiter, the visible bands appear to be
associated with wvariations in wind speed.

https://i2.wp.com/www.thinnai.com/photos/2008/04/4080403 1 c.jpg
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Legacy of Jupiter Exploration

i

Galileo Mission
Jupiter Impact September 2003

1610
Galileo fiinds
satellites of Jupiter

1973
Ploneer 10 - first spacecralt
to reach Jupiter

1988

Galileo spacacraft = launch
aboard Space Shuttle Atlantis
Octlober 18

1991

First closa flyby of
an asteroid (Gaspra)
Cetober 29

1993

Galileo spacecraft discovers Dactyl - the
first confirmed moon of an asteroid (Ida)
August 28

1995
Jupiter probe release
July 15

P 18955

Spacecraft arrival at Jupiter
Deacembar 7

P 1996

Spacecraft relurns hints of subsurface
oceans on Europa

1‘99?

Clo:a-ﬁ fiyby of lo, the most volcanically
active world in the solar system
January 17

1987
Closest flyby of Europa
February 20

2003
Impact into Jupiter
Saplember 21

http://galileo.jpl.nasa.gov
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2 aTarenioLienll eionalssa o salet.  awmpd LSS YBIHEIG GIRTTSLILY, 6IHIGLD
Qu@pLoLimesTen Lo eumyy LoesrL_wGLo! emam Ly Feet, B eSwLd, STFLGT LoeTTaemen (B (CO), eHauD Ly T8968T
awer-eLI® (H2S), ewamiyrmet evweneat® (HCN), 5Ggest (Methane), mGgest (Ethane), ojbGromesflwim,
B, Brlued), jewiqeder (Acetylene), o%LITao%Lia8 (Phosphine) Guinaiimenes @flwmyp LoesTL_ VS H 6D

OgeorLiL’ L.

umy el LmsGsred (Outer Layer) 600 e9ioed o wulh 2 6Tengl. DG 6L @)(BSGLd
Y BBFD YPSFpLd, CleuriLiuptd LAGBEH BLILISTE), aniqTeet, aedlw eumusser Sueu (Liquid
Gases) 1Lo%), 9 (HSH 2 L FBaded 3 150 WeT Lo (LpS55 560 (Earth Atmosphere, 45 1560@SWIGHT psi) ey
2 Gevngiomul (Metallic Hydrogen) LimewpGuimed @mi&L Cuneg! a5, o (messtenl_ Hoeu 2 GevnsLd
(Liquid Metal) GLimed QuIEIS), "e0aun 1y Te6T 9 amldseir LilasTeslwiedL) (Inonized) Qupmi, Cris6lsmenL_Li
yQorL_nestsernsajid (Positively Charged Protons), 6T@Is0l&MenL_ 6TevHLQ JTGISaTTS@ LD (Negatively
Charged Electrons) 908 18681513 (Electrical Conductor) 9% ompi@mg). aNwmpsGsrar omG)pLd

SMBS LOGHTL_LDTH Q) BLILISD S )5 Gou &myewTLd!

https://i2.wp.com/www.thinnai.com/photos/2008/04/4080403 1d.jpg

LOE@ L &Nwed@Ld o erer Qe _Gleuaflenw @il 5 Lor_miE HTIs5H6 alwmLpest @) (HLILISTED,
st 155 LG EGilw FEF U youller Gue alupd FEFuled 4% eTeySnesT eTain| HewflsaL

UL (D eTerg). aleunn e1Hi0sreTERD HAw FEFPeow L 167 LBG HHS FEFeoW,
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aNwmpsGamer aflewrGleual Crrad yaiiy@Sng. @)bs WehFw 53, 4.7 LNe0eSw6ET 2,657 (H % @5% G
a1y Cararplw eflwmps Gamefer &L LIGSTL BISaT, ST YUILOG FILILF F(HSH55M60 (Gravita-
tional Compression) @m1% OeuelwrsFw OeuLiLi F&H I &umISLLTET 2 L &hailed @)(bhg O\ TL Fbs

TP FH D I.

373



&.CleowiLITrS 6T

LTLI6HFS BT LDFSS TGN HIMI LY BT 6T

TMO/JPL/INASA

JUFITER: The Greet Red Spot
Novamber 11, <1063
0638 - 0548 UT
1™ 3157 IFL 320K & 420X
Seeing: 4-6
Transpareneys 2=3

.M. Canter of fAed Spot st 0615 UT

James W. Young - 1963

JUEITER: The Greai Red Spot

Novesber 12, 1963

0210 = 22 U7

157 315" BPL S20% & 506X

Seaing: 5=T

Tranaparency: &

C.M.r Center of Red Spot at 0205 TT

Jupiter’s
Great Red Spot
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Qep@ewsd! YysaGsmaied Ljued sTpo!

awmpedler @Lpoleuafluiled CLimmI® 61(pLd eumy oesTLwid oL SHeLD CFPH LD LImLiBs
NN@wg!  w P Crewsrl rGsesems Cpred i sipm Hew UTmsuled CFeeLd
Gungl, gimeu wenesr Cpra&lll Curgd sTPpmIs GnIFw UTeSUId YYQEHDSH.  YUITD]
DpLILILD oL uLd FAHMIS6T, GLog LOETL 6V Y (BHSGHF®ET YMISHILI LiL oL, L e _wril (Bands)
Ofs@eimest! oLiueor Blp Cosmiser, DD F5HsE eLiLITs 24 1oewfl CHIs%He &ps@ Crrss)
11 1985 Cxmewt erey fBg LIS DS Ljwed DM 05T Crensulled 9y1yH@Ld o dF GeusLd 360

mph!

wrGL@BL YuwedseT aflwmyp wesTL_wgGed Piej HieClyar af P oy sHarmer @ fwefer $L L,
Oeutiu wrngewre, Yoluded Goreef, anfsGsar gy &wames apUBF D6 Y eTTed ailwmps
Garafler @Goreuailll Lueser, GC&TEsels@GL o L ser euryys GLlpserted (Gas Bubbles) e1(LpLbLi,
QYL FSBWTET LpED 9 (BH&GHFMaTE SV5H 9 SHGmest! umys GLOLHsaT STpimpreT GleuliLg
S pswer M1EIFSG Csreni(h), LW SIPDIGS®ans L G U®BSS aflwrpetled Go®), LeaTersIEer,

LOGHHGT GIGILD Q)OGS 6TVGVTS HenFHefaLd, GmIS & OBBHESHTS (LpMISHF) 919 &%) e 6t/
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wmpeder Quwg Cupp ‘o arews CFEFewsd’ (The Great Red Spot) Eflw Ggmenev Gprs&)
Canaiplw et wpse, 300 YeT(BHS@pSHGLD Gewnss srerliul () C&Thsalss B D!
QFpBHevsLd (pL L auLyeuTess! 9Ser CaThsallLiLs s sruesitd @)areyd BlwLl Ll afledemev.
WED YL L FHDHGF CFEEDSmSS B, LmaysT (Ulraviolet) @afleww afl(Lpmi@Ld, HBSHLD
(Sulfur), o’sLiTao%LIgad (Phosphorus) GUineTmeupplest @) oFmiess gl BniLiLjsar (Compounds). LOAYIS

QsreGL aupLd OFpHwssS et HpCLmesw Lifliorewnrid 16200 éLoed Berid; 8700 HLOG B FHGULD.
aflwmpefar aienanumis@pLd, sPplalmLd LIS CGTL BF 53 Iers @pLd

gafl, afwmper, woneted (Uranus) Gunastn L4s euigeusd Gsrarser wraw, ofesenreartaiw
L@ aueerwmisemar, w S Crens wi L gFe (Equtorial Plane) 3jessfipgiereres. 4040 Lo
Qs WMy QUeTUSPET gLl &FWOTF HYeog ewioew! 88700 enioed &l L (paTer aflwimyp
emarwg@er Oeuaflpenast 35,000 o) FITSHD 2 GTaTg)! UMGTUSHDEG 26T 6TV 615/ LD
@), FLpILD FigIsGSaT allwmps CHTCarT(R) @ernTuis Sawng DS STDeT. 2 ei_Bpg GLimet
slenents Carersaflesr LTewDsaT, FTRH6T, LiesHsspasaT GLIRTDEDeU QUGS H6T5SH 60 il TLpenesTF

FHDP) UTGVTLD 6T6AM) H(5SLI LI(H B D).

455Gsmar aflwmpenet 18 (2005 auewg) FHPoarsear &om aumHearmer. 1610 @60 sradledGuim
WpseT (LpFedled aflwrpeverLi LTiss Gungy, 4 Ouflw FESH TS ars e LY s5TH. (s C)FTenev
Crpra®s smal yewwssiu' L Gurg, 6lgiwer aiehehret ewewioer wmflwed (Simon Marius)
SNWTHE ST HYUPdD BlehLISHIS STLLYGTTH. BITEH FBFITATHE@HL (LpFeSled Hewr(h LG S5 T
Blevestanss, $m1adlellGuwr gienewisGamarsar (Galilean Satellites) 61681 e®LPSSHLI LIBHFRTDET. 6
BrTGL) afenrbleuaiuied LOTe)IaISTD Fnflill SETLITTO 2 L Welf 6Tau(HLd HessT(®R) @IlL_cvmLd!
Quilw FpSueser prer®er GlLwiser &refGwCL (Ganymede), smeSev L (Callisto), Gwim (lo),
wGomlium (Europa). Guflw F5@r681%e5sGL Cuwfl L _aud, eevioeT wrflweb. 3165 evwed ol b
2 oL w $16fGCL eTevevr UPMIF@GLD Cluflw FBEB IS oy 642,000 e Lo6d HTTSF 6O QW TLpeHeTd

DD UBH DG Lo 12 FEFrersafcd leajd AmIFsH 10 06 HyaTay, ClLIESSE 170 GHLOG 2 6aTa).
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DEBRIS THROWN
CFF FROM
IMPACT

WITH

SATELLITE

Jupiter's Satellite Orbit

https://i2.wp.com/www.thinnai.com/photos/2008/04/4080403 1 h.jpg
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23. &fwaisb@ seen ChrAG @miHuisv ?

Sun's Corona

U’$& S6T6V6)UN )

The Sun's corona can rip open and spew asz much as 20 billion
tons of material into space —- equivalent to the masz of 200,000
cruize thips. These explosions are known as coronal mass
ejections {CMEz), the hurricanez of space weather.

https://jayabarathan.files.wordpress.com/2008/04/suns-huge-coronal .jpg?w584

QeuLiLI i emI5%% [ 2 emev

@ wer !

afflwih 135 GE5S) 5 !
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51 Qeuel i@ smEss
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GLTEGLD 2 wens ! gafluyl” HLbd ailersa, !
2 gepl QD 2 uIFE @ ! 268D
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“@iwer etfleuny Sipg @ellwm& oL QunEGL GCuig, ssCsmarsmaer &L HL
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Qe e GlL_ger auresilwed afleh@pmest, (Southwest Research Institute, Boulder, Colarado, USA)
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Death of a Sun-Like Star

:.uE—leE e - tar +L¥h|te
Star - Dwarf

i The star ¢
This is the ' shrinks; it
Isnges=t, most s Eventuslly
stable peri : - T the sty
of 3 star's life, lost all its

It coneerts Az the nuelear fuel  Mow the outer heat to
hydrogen to becomes depleted, layers of the star e = take space and is

hie liur in its the core contracts
COREs and the outer star radiates its

generating layers expand. pst of its heat into space.
heat and light. it o the nebuls.

start to drift off and + int  now eold
into space. The star and dark.

E2somSchool.com
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Qeavadwer Y Curg yps abedwg FoLlPud seted LPPILT NOeSTBE STILIGTTSa LD
2,50 TTSRYLD LDTHIF DI !

The Sun's atmosphere (the corona) churns and frequently explodes.
Loops of magnetic fields arc above the surface, laden with clouds
of electrified gas called plazsma, the fourth state of matter. Plazsma
particles are blown away from the 5un in every direction —-the

solar wind—-- carrying millions of tons of matter at millions of
miles per hour.
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PG ! Qaraisd LeGeumy Fwoleurel aeHILSGEISET LDIGRTLD WL B LITGOLOW LDBS
afBuied (Our Milky Way Galaxy) @uriGuingy 10 t9eveSlwest G\FLbL8es1gair (10 Billion Red Giants) afest6)euafls

FwenDUiled (L EIFS GGG Tmert !

Coronal L2 Erupting
mass ejection e prominence

Sunspois

Coronal hole Solar flare

1. Many times larger than magnetic loops, prominences majestically
rise far above the Sun's surface.

2. Bright explosions on the Sun --solar flares—-- spew high-energy
electromagnetic waves (such as X-rays) into space.

3. Dark coronal holes are portals through which the fastest solar
wind ezcapes the Sun.

4. Small, dark regions on the Sun"s zurface, called sunspots,
contain strong magnetic fields.
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$FIueT LOGISTES 5B ulled (Electro-magnetic Enegy) Gleuararomuiss LigliLjid Gupere @ iafdemed (Ra-
diation) GpipHonsGeum, LmwpsLonsGeur Geuetig w FEFenw o ulfesTEI% @5 G 2011”19 & 56 T TS
Qowrs uBEDSG.  5HCgTell Qe Querprew, o ulflesmiGer Ligujd!  Smeug (F)esImIS6T

RaNFCFISmE Q)61 2 ewtey Ll LIGRTL BI%6lT, 6TH0)LIMBeTSGT 615D SWTHESE (LpLYUITS).

1611 9y1b Sy essig 60 HreSleCwm, rer LewL g% (s Glgreme Crré&Huiled NG eowLl LTiSg),
9SS HHEOLD o (HFHHeanrs (Dark Spots) HesT(R) LIL_LD QUGHTBHSIGTOTTH. e (5 GHLD (Lp&TL| H. (Lp.200 ()60
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afleheprer FHuled @&Awener yPpg Osmarer allens ullL' L g1_e1, Qeuuiweet (Sun) COsTpSefLite

UGTIBS QUHLD Q@I Fril 6ifl DJeTL LD 6TGTLIGILD 0% afleu TesTgy.

To the unaided eye, space appears to be a wast, dark void, and
the Sun a tranquil szphere of light. But in fact, zpace iz not empty.
That's becauze we live in the atmoszsphere of our dynamic Sun.
Qur solar system has the cosmic equivalent of winds, clouds,
storms, and hurricanes —- scientists call it space weather. Just
like weather on Earth, it can be both mild and wild.
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9 IBIFSH T 2_auewiLd: 5500 19 &)f O)Fcvedwan.

5. QBss QFpBln BG5S (The Chromosphere) o ayessiLd eIPBHILD SymISLD | 2 apewtid 6000 (LpFed
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uf@uiled BlEpLd IemiLiLlenenTay (3)Wwss el

R Oo&T L3 e aun 19 89687 & 6ess1(B), 100 L60eS W aHr eTessTentlS % OB TewIL &85 ujeTend), & fuwiesr!
&AW ser Leslleowsd saupngy OFwiw, @aibeurm aflermgud 600 LOGOGNIGT L 6T 606D LY TEI6HT

AOVS YaWHFeeT RIDTUILI Lenenisg), aedlw wrs wrpm Geuer(BLd. yeleumn 4.7 L9eed wier

389



&.CleowiLITrS 6T LTLI6HFS BT LDFSS TGN HIMI LY BT 6T

The Structure of the Sun
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Sunzpots are relatively dark patchesz on the Sun's brnight surface.
Thesze regions of concentrated magnetic fields can last from
several hours to zeveral months. They appear asz dark spots
because they're cooler (4000 C) than the Sun's surrounding
surface (6000 C). Sunzpots tend to develop in groups, with some
individual zpots covering areaz 20 times the diameter of Earth.

https://i2.wp.com/www.thinnai.com/photos/2008/04/40804101c.jpg
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B<<1.0 to at least ‘
10 R¢ in coronal holes. \J

i
© (plumes)

SOHO "sees” the corona and photosphere via the
photons that are emitted.
Ulysses collects plasma that originates in the corona

https://i2.wp.com/www.thinnai.com/photos/2008/04/40804101e.jpg
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This artist's concept shows the path of a coronal mass
ejection as it blasts through the solar system, past solar

sentinels like SOHO, past Earth, Ulysses at Jupiter and
Cassini at Saturn.

Credit: NASA-Walt Feimer
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Stars forming in small protrusions from the Eagle
Nebula

Astronomers estimate that the nebular cloud from
which our solar system formed contained about two
to three times the mass of the Sun and was about
100 astronomical units (AU across.

https://il.wp.com/www.thinnai.com/photos/2008/04/40804172b.jpg
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Rotation axis

Rotation axis

_ 1 ;

Rotation axis

Thizs massive loosely-bound cloud of dust, ice particles, and gases
{primarily hydrogen and helium) had zome small rate of rotation
due to the method in which it was formed. Ower time, thiz nebular
cloud began to collapsze inward. The collapse may have itself been
triggered by a supernova that sent shockwave:z through the cloud
causing it to compressz. As the cloud compressed on itself, the
gravitational attraction of the matter within increazed and pulled
the material in even further. The nebula continued to contract
under the influence of grarvity causing it to spin faster. The more
the cloud contracted, the faster it rotated due to the conservation
of angular momentum. The rate of contraction was greatest near
the center of the cloud where a dense central core began to form.
Az the rate of rotation of the nebula continued to increasze,
centrifugal effects causzed the spinning cloud to flatten inte a disk
with a bulge at its center.

https://i2.wp.com/www.thinnai.com/photos/2008/04/4080417 2c.jpg
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Spinning cloud flattening into a disk and condensing
into a star and planets

Only a few exceptions to this explanation can be
found in the solar system. The planet Venus
actually rotates clockwise around its axis in what is
called a retrograde metion. Uranus is also in an
unusual orientation since the world is tilted on its
side with its north and south poles in about the
same plane as the planet's orbit around the Sun.
Tiny Pluto is also tilted on its side and is the only
planet with an orbit considerably outside of the
ecliptic plane. While the reasons for these
eccentricities are unknown, it is believed that large
collisions with other large bodies during the
formation of the solar system may account for the
unusual characteristics of these planets.

https://i2.wp.com/www.thinnai.com/photos/2008/04/40804172d.jpg
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ULYSSES/SWOOPS

Los Alamos
Bpaco end Almesphecie Sclances

ULYSSES/MAG g %% il EIT (NASA/GSFC)

Imperial College Mauna Loa MK3 (IIAQ)
® Outward [MF LASCO C2 (NEL)
®lnward IMF

1000

Solar wind speed and maagnetic polarity measured by Ulyszes, as
a function of heliolatitude, overlaid with three concentric images
taken with the MNASA/GSFC EIT instrument (center), the HAO
Mauna Loa coronagraph {inner ring), and the MRL LASCO C2
coronagraph {outer ring). Each 1-hour averaged speed
measurement has been color coded to indicate the orientation of
the observed interplanetary magnetic field: red for outward pointing
and blue for inward.

https://i0.wp.com/www.thinnai.com/photos/2008/04/40804172h.jpg
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25. uGamendHsv Gurermsy sLevbBi Glsusitemd eriigs CaibpHal ?

Oceans - "Made in Earth’,
Mot a Product of Asteroids

https://jayabarathan.files.wordpress.com/2008/04/fig-8-earths-huge-ocean.jpg?w540
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o isner poned alFsses ub (Argon Water Ratio (Ar/H20)) ailessigmiarall epevid yplpsHed LjLdlufled
Gor@ L Cumfps B Qeuererd 15% eTein SerasGL_Li L (ReTeng). 249 STvsH @AW eumusHsar
@aflips o ewrL_rer &Hasspaaer (Carbonaceous Chondritic Material — Condensed from Solar Hot Gases) 610l B)

10% b Gleueirarid Lyrfluled CFipsg.

IO\ fEs6r aurarallwied @wp (American Astronomical Society) (Nov 2001)

Cloze encounters between the immense Oort cloud at the outer

edge of our solar system and other stars and interstellar clouds
can send comets trailing cosmic debris out of their normal orbit
in the Oort cloud and directly into the Earth’s path, resulting in a
comet shower.

Photo Credits: NHEK, Japan
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a1 0% LIGH Y6l O\& Ul (Stefan Anitei ~Japanese Science Editor)

“yrilufled e1LiCGLing) o ulgmiser CEaales 6TGILIGI 6TBI%@5% &S OFAWng. eTTeD deveu 4.3
OGS 2T (HFEHSG (LPRTL 2 FSD (5555 Fn(BLD TN H(hS USTILD 2 6Terg. 610 6sres oD
2 uilflewr euaTiFRSG TP P (PEHW epTSTIBISET HYLICLITH(BESeT | (Lpsevmeug GeuLiLs
RallF555) 2 L w GAwer | @QIdTL_meug QLI QIFTWET CLHPQIFEIFET, ELPGVSTn DI 6T,
(a9 Te26HT, 2),%6r00leerr, embLyTees, smiLia GLTaipee) eumedLSesl(bhg FosevTeT 0% mess%
ImLUGsar | eparpmeug Loluded pieuerd Gaidliiny ! yGsmerd Gamrern) 200 1oededlwier

24,607 (h % @5 % & 6T 2wl et aI)(BSH 5@ CouewiLy W eLPGVTSTIEISGT W GSTSSHILD 2 G8TL_T%H @il L 6T !”

1orgs apmflevar Guum@wy yger @) gFmuwierid (UCLA Geochemistry) (2001)

It iz widely believed that millions of wearz ago, a comet or
asteroid impacted the Earth. The blast sent molten szhrapnel back
into outer space, which then came back with devastating results
for animals and plants in the vicinity.

Photo Credits: NHEK, Japan
https://i0.wp.com/www.thinnai.com/photos/2008/04/40804241aa.jpg
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133P/Elst-Pizarro

T

P/2005 U1 (Read)

118401 (1999 RE)

MNew Comet Discovery
the onigin of water?

Thursday, March 23, 20006

Univerzsity of Hawan researchers have dizscovered a new class of
comets orbiting our sun, but not in the Kuiper Belt az iz the
norm, rather within the aszteroid belt between Marz and Jupiter.
They have been named 'Main-Belt Comets" and they may have
originated in this location as opposed to the far outer regionsz of
our solar system, beyond the planet Pluto. The discovery of theze
icy bodies so cloze to our planet are more evidence that comets
may have played a major role in the development of the Earth's
oceans durning the early history of the planet.

Image Credit: H Hsieh/D Jewitt/lJ. Hawan

https://i2.wp.com/www.thinnai.com/photos/2008/04/40804241ab.jpg
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Planet

.+, * Asteroids
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k. J

0 millions
of years

end of ice age
human evolution

RS
55

CRETACEOUS

| SHELLED
ORAGNISIMS
EVOLVE

S e

Earth's Early Years:
Differentiation, Water
and Early Atmosphere

€Oz | S0z | HzS | HCI
| 0.07 |0.006
18 | 23 0.08 | 0.004
i1 | 15 | 0.07 | 0.008]

gle e
5

Composition of volcanic
gases for three volcanoes

For the Early Earth, extreme volcanism occurred
during differentiation, when massive heating and
fluid-like motion in the mantle occurred. It is likely
that the bulk of the atmosphere was derived from
degassing early in the Earth's history. The gases
emitted by volcanoes today are in Table

https://il.wp.com/www.thinnai.com/photos/2008/04/40804241b.jpg
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WATER ON PLANET EARTH

Dear Tom,

Somuch of the Earth is water-covered that I've heard it
should be called “Water.” Where did all the water come
from?

S.Lindlahr, Chicago
Dear S,
Given that 71 percent of cur planet is water-covered
and that water is the most abundant material on the
surface, it's certainly true that “Water” might be a more
appropriate name than Earth.
The source of all that water is still somewhat an open
question, but there is widespread belief that the
majority of it has come from the Earth itself, as water
vapor via the exhalations of volcanoes over several
billion years. Lowell Observatory astronomer David
Schleicher adds, “The estimates I've heard are that
perhaps 10 to 30 percent of the water on Earth comes
from comets (which contain a good deal of ice). I'd say
that’s fairly important.”

N\  Have a question for Tom Skilling?
Write to: asktomwhy@wgntv.com
(Mail volume precludes personal response.)

https://i0.wp.com/www.thinnai.com/photos/2008/04/40804241g.jpg
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Oxygen in the Atmosphere
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Oeuarard Csmesr_ eunedLSestgar LLAbg Bengli QMBS BrSTID epLjenwCs | erbleesfled
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All Water on the Earth

Lakes 0.86%% Rivers 0.024%

Distribution of Earth's Water

Fresh-
water 3% Other 0.9% 5 Rivers 2%

Earth’s water Freshwater Fresh

surface water
(liguid)

https://i0.wp.com/www.thinnai.com/photos/2008/04/40804241e.jpg
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Diatoms through the microscope

&6V 680 o WWgamysser Jmoy
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26. yuTsv suruld GIpGleuat sy gBuUlL S ?

)6V 66N 6LV 6T (H(_60TWD

Higher than the highest mountain, higher than the highest airplane,
lies the realm of the aurora. Aurora rarely reach below GO
kilometers, and can range up to 1000 kilometers. Aurora light
results from solar zhockwave causzing energetic electrons and
protonsz to striking moleculez in the Earth's atmosphere. Frequently,
when viewed from space, a complete aurora will appear asz a
circle around one of the Earth’s magnetic poles.

https://i0.wp.com/www.thinnai.com/photos/2008/05/4080501 1 ad.jpg
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Cumulative history of 02 by photosynthesis over
geologic time. The start of free O is likely earlier
than shown.

Early Oceans

The Early atmosphere was probably dominated at
first by water vapor, which, as the temperature
dropped. would rain out and form the oceans. This
would have been a deluge of truly global
proportions an resulted in further reduction of COZ
Then the atmosphere was dominated by nitrogen.
but there was certainly no oxygen in the early
atmosphere.

https://i0.wp.com/www.thinnai.com/photos/2008/05/4080501 1 aa.jpg
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Carbon dioxide All othars

Principal gases of dry air '|

Concentration in
Percent Parts Per Million
Constituent by Volume (PPM)
Nitrogen (N,) 78.084 780,840.0
Oxygen (0,) 20,946 209,460.0
Argon (Ar) 0.934 9,340.0
Carbon dioxide (CO,) 0.036 360.0
Neon (Ne) 0.00182 182
Helium (He) 0.000524 5.24
Methane (CH,) 0.00015 1.5
Krypton (Kr} 0.000114 L)
Hydrogen (H,) 0.00005 0.5

https://i0.wp.com/www.thinnai.com/photos/2008/05/4080501 1 a.jpg
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the Earth
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The Average Temperature Profile of Earth's
Atmosphere
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Lithosphera
locrust and upper-
maost solid mantle)

AMantie 1750°0C

Crust 0-100 km
thick

3080°¢

Core 4250°¢C

Mot to scale

6,378 km

To scale

Cutaway wview showing the internal structure of the earth.
Note that the small circular image of the Earth is drawn
to scale, whereas the wedge is exaggerated to show the
interior structure. Image adapted from USGS.
Temperature data from Stacey, 1977.
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Temperature fluctuations
correspond to clumping of
matter,

Matter condenses as
gravity pulls it to regions
of higher density.

First stars ignite as gas
has heated enough for
huclear fusion.

Galaxies form along
filaments of stars due to
gravitational attraction.

Modern era of immense
structure,
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H<I3 43678 510

proton
neutran
positron

v
gamma ray

Solar Nuclear Fusion Reactions
via the Proton-Proton Chain

+EM+- W SN 277 mysterious ‘superforce’ 277

particle soup: quarks, antiquarks, photons

inflationary epoch

expansion slows down
M coaling of

free quarks combine into protons, neutrons

T M | protons, neutrons, electrons, positrons, neutrinos

reutrons decay into protons, electrons, neutrinos

Li,Be, B

nuclessynthesis = 2H, ‘He

electrons and nuclei combine into newtral atoms

first generation of stars form, heavy metals

galaxies, large-scale structure in existence

WMAP Answer
4% atoms, 23% dark matter, 73% dark energy
Hg = 71 km/sec/Mpe

Question

_ What is the cantent of the universe?
What is the universe's expansion rate?
accelerating
200 million years after the Big Bang
flat
137 billion years old

Is it accelerating or decelerating?

How old is the universe?

expansion and cold death

What will be the fate of the universe?
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Inner care

Cuker care
Gukenberg
Disconkinuity

Lower mantle ] Lithosphere

]

] Transition Zone

Transition zone
pper mantle
Moharoidic
Disconkiruiky

Asthenosphere

Crusk

Earth iz made up of a seriez of layerz that formed early in the
planet's history, asz heavier material gravitated toward the center
and lighter material floated to the surface. The densze, zolid, inner
core of iron i surrounded by a liquid, iron, outer core. The lower
mantle consizts of molten rock, which iz surrounded by partially
molten rock in the asthenosphere and szolid rock in the upper
mantle and cruszt. Between zome of the layers, there are chemical
or sztructural changes that form discontinuities. Lighter elements,
such asz silicon, aluminum, calcium, potaszsium, sodium, and
oxygen, compose the outer crust

© Microsoft Corporation. All Rights Reserved.
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Refraction of seizsmic waves as they travel through the Earth

Mote the curved wave paths indicating gradual increazes in density
and seizmic wave velocity with depth. Also note the sharp
refraction (bending of waves) at the discontinuities or boundaries
between lavers.

https://i2.wp.com/www.thinnai.com/photos/2008/05/4080508 1 ae.jpg
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Magnedic Field

The mantle and part of the crust have been cut away here to
thow the relative sizez of the Earth'zs fluid and szolid cores. The
outer fluid core iz about 55 percent of the radiuz of the Earth,
and the inner szolid core iz zlightly smaller than the Moon. The
Earth's magnetic field iz thought to be generated and sustained by
moving currents in the planet's electrically-conducting, fluid outer
core, which 1z composed of molten iron. Geophyzicists have
discovered that the route of the rapid, polar (north-south) waves
through the Earth's interior 1z gradually shifing eastward becausze
the inner core 1z rotating slightly faster than the rest of the planet.
The fast rotation of the inner zolid core may help explain how
Earth's magnetic field reverzes polanty

{Courtesy of Paul Richards, Lamont-Doherty Earth Obszervatory.)

https://i2.wp.com/www.thinnai.com/photos/2008/05/40805081b.jpg
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Solid Fe

The Earth, the Sun, and the rest of the solar system,
was formed 4.54 billion years ago by accretion from a
rotating disk of dust and gas. The immense amount of
heat energy released from gravitational energy and from
the decay of radioactive elements melted the entire
planet, and it is still cooling off today. Denser materials
like iron {Fe) sank into the core of the Earth, while
lighter silicates (Si), other oxygen (0O) compounds, and
water rose near the surface.

In addition, the two types of seismic wave behave
differently, depending on the material. Compressional P
waves will travel and refract through both fluid and solid
materials. Shear S5 waves, however, cannot travel through
fluids like air or water. Fluids cannot support the
side—to—side particle motion that makes 5 waves.

You can get a rough estimate of the size of the Earth's
core by simply assuming that the last 5 wave, before the
shadow zone starts at 105 degrees, travels in a straight
line. Knowing that the Earth has a radius of about 6370
km, you have a right triangle where the cosine of half of
105 degrees equals the radius of the core divided by the
radius of the earth.

https://i2.wp.com/www.thinnai.com/photos/2008/05/4080508 1 ac.jpg
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The Earth's internal structure iz determined by the varving velocity
of earthquake waves. There are two types of wavesz that travel
through the Earth. They are known asz the compreszssion P, or puszh
and pull, waves and the shear 5, or shake, waves. The P waves
move almost twice az fast as the 5 waves, and the P wavesz pass
through the fluid outer core which the 5 wavesz cannot do. The
boundary between the mantle and core iz marked be a precipitous
drop in the velocity of the P wavez at a depth of about 2.9
million meters. The 5 wavez do not propagate beyond this
boundary. The liquid outer core iz separated from the solid inner
core at a radiuz of 1.22 thouzand meters where the P waves
increasze in velocity.

https://i0.wp.com/www.thinnai.com/photos/2008/05/4080508 1 c.jpg
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Recording of reflected waves

Earthguakeas
(sources of seismic waves

Image: Seismic waves from earthquakes penetrate the
Earth's mantle and scatter back at the core-mantle
boundary to detectors on the surface. Nearly 100,000
such recordings are used to illuminate the planet's deep
internal structures.
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Pangaea : All Lands

All of the evidence suggests that 225 million years ago all of the
land masses of earth were locked together as a great
supercontinent called Pangaea, a Greek word meaning ‘all lands’.
Panthalessa, Greek for “all zeas’, was: the name given to the
rezulting world ocean. Eventually, tectonic forces caused the
break-up of Pangaea, leading to the current, albeit temporary,
arrangement of oceans, continent:, and other land masses.

FERMIAN
225 million yaars ago

. -

JURASSIC CRETACEOUS
135 million y&ars ago 65 million yaars ago

iy Image by
PRESENT DAY USGES. org
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Scientists bhelieve that the Earth’s crust hasz been undergoing these
transformations for most of it's 4.6 hillion year hizstory. Two
hundred million years from now a new Pangaea will be formed
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Expanzive Comet Holmes
Credit & Copyright: Jean—-Charles Cuillandre {CFHT), Hawaiian
Starlight, CFHT

The zpherical coma of Comet Holmes has swollen to a diameter
of over 1.4 million kilometers, making the tenuous, dusty cloud
even bigger than the Sun. Scattering sunlight, all that dust and
gas came from the comet's remarkably active nucleus, whosze
diameter before the late October outburst was estimated to be a
mere 3.4 kilometers. In this sharp image, recorded on MNovember
14 with the Canada-France-Hawaii Telescope, stars are easily
vizible right through the outer coma, while the nucleus i1z buried
inzide the condenszed, bright region. The bright region of the coma
seems offzset from the center, consiztent with the idea that a large
fragment drifted away from the nucleus and dizintegrated,
producing the comet's spectacular outburst. Of course, more recent
images of Holmes: also show the bright star Mirfak (Alpha Persei)
shining through asz the comet sweeps: zlowly through the
constellation Perszeus.

http.//www.thinnai.com/photos/2008/05/4080515 1aa.jpg
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A recent comet sensation iz Comet Hale-Boggs, dizscovered on
July 23, 1995, that passed Earth as close az 85 million miles on
April 2, 1997, Hailed by many as the Comet of the Century
because of itz size (four times larger than Halley's Comet) and
brightness, it was vizible in northern and southern hemispheres
during much of the first half of 1997 Here iz a typical view,
taken on March 11, 1997, by Jerry Platt, one of many amateur
astronomer: who tracked thiz spectacular celestial visitor.

dust tail

coma 5 4
RUWWAVENES Uicl LEIE ETOF T RW@ (1 ETE

lon Lail

head

nucleus

comet

Small icy body that partially evaporates as it approaches the Sun:
made up of a head with a zolid core and tails composed of gas
and dust.

coma
Cloud of gas and dust particles emitted by the expulsion of gas
from the nucleus when a comet approaches the Sun.

nucleus
Central part of the comet: composed mainly of ice and rocky
matter.

head
Part made up of the nucleus and the coma.

dust tail

¥isible tail formed by dust particles pushed out of the coma by
pressure from the Sun’s rays: can reach over 6 million mi in
length.

ion tail
Almost invigible tail formed by the gas of the coma pushed back

by the solar wind: can reach several hundreds of millions of miles
in length.
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Gamafler 9 mibL1gmevd @ 6leuaf ymlwit L GeuessiHLb. HITHL L uFons LCHTeaTsF6 FiaUshss5 5 e
2 fless GCarpmsss@® 2y @EGLHOeualules aumusser, FarT o apewILd, UMl HY(LPSSLD, FeT
@ uFmwesid, sTHMIe0 Bienio (Moisture), s1_eOBHleT pH 9janay (pH —> 0-14 Scale Measurement of Water Acid-
ity/Alkalinity) GUITGSTD FTGTMIFHET 6Teweuud & MIFwns yPlwLitil aflevenev. 2 uifless CHTom (LpHeSled
2_GTQYSGT LJaIL] LITGHDEHaTNG) 2 GTaT & T LIGH, 24562065 $60en a6 W &TL 19 GSTTEVILD $15H55 560 F5G)
9emau BlaFwd ysaflevanew. uileyd L) Cararplw wpsed Levedwer gy erhsaied o uilflesrd

2 555 Y u1619555 erarFe ailehepratisaien_Guw o L_arim®h epLL 19 (555 D).
Organic Moments
o ifler @) pFmueTZS e (Biochemistry) @)1 LOESS TGT GHLOGCOEDSH6iT

o uifleTid et @ oFTweT QuwiEs aflenare) (Chemical Phenomenon) e1erieng Bab mM)GeaumLb.
yilufler o uifler pemertiny Sy Litienl S@GL “LIpails sngissarmer 19 QwearGear & 9,6lrerGar” (Ge-

netic Materials DNA & RNA) 2,9 w @uestpd opmid yGgm’ig e, (Protein & Membrane Components) (Bi-
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Alexander lvanovich Oparin {publ. 1936), a Russian scientist, in
The Origing of Life, described hypothetical conditions which he felt
would have been necesszary for life to first come into existence on
early Earth. This, thus, iz referred to as the Oparin Hypothesis. He
theorized that the first atmosphere was made largely of water
vapor (H20), carbon dioxide {C02), carbon monoxide (CO},
nitrogen (N2), methane {CH4, and ammonia (NH3. As the surface
of Earth cooled again, torrential raing of thiz mixture formed the
first seas, the “primordial soup.” Some think thiz may be what
conditions are like, even now, on Yenus. Lightening, ultraviolet
(U¥) radiation, volcanic action all were more intense than they are

now.
™%
Hydrogen
Methane —F
Ammonia
Electric Sparks
Cooﬂng.-;,
Pr——
4 Q Water
LH Heat Source
Several p ible steps/stag were ggested to get from there to

living organisms. The first step iz thought to have been the abiotic
synthesis {syn = with, together; thesis = an arranging) of organic
monomers, in other words, putting inorganic chemicals like
methane, carbon dioxide, and ia tog to form simple
organic chemicals like amino acids, simple sugars, fatty acids, and
nucleic acids. This portion of the hypothesizs was later tested by an
experiment done by Stanley Miller as a grad student under Harold
Urey in 1953 He used a sterile, | d syst isting of a
flazsk over a heat source, a spark chamber, and various other
tubing (see illustration). He added sterile H20, H2, CH4, and NH3
to the sealed system. Heat wasz applied under the flazsk to simulate
volcanic action, and this was enough to turn a significant portion
of the water into steam. A spark chamber periodically discharged
electricity into the gasses to simulate lightening. In the return tube,
the mixture was cooled to condense the water back into liquid,
along with any organic compounds that might have formed from
the mixture

1h

http.//www.thinnai.com/photos/2008/05/4080515 1ad.jpg
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an amino acid
organic monomerb&qn space

\

z cid
organic monomers

The early Earth’s reducing atmosphere provided conditions for the
formation of organic polymers from either terrestrial or
extraterrestrial organic monomers

Fossil evidence supports the origins of life on earth earlier than

3.5 billion years ago. The MNorth Pole fossils from Australia are

such that even more primitive cells must have existed earlier. From
Hp

rocks of the lshua Super Group in Gr land come p the
earliest cells, 3.8 (?) billion years ago.

J. William Schopf of UCLA recently discovered possibly
photosynthetic prokaryotes from MNorth America in 3.5 billion year
old rocks, ggesting the st of even older heterotrophic
forms. The oldest known rocks on earth are 3.96 billion years old,
and are from Arctic Canada. Thus, life appears to have begun
soon after the cooling of the earth and formation of the
atmosphere and oceans.

These ancient fossils occur in marine rocks, such as limestones
and sandstones, that formed in ancient oceans. The organizsms
living today that are most similar to ancient life forms are the
archaebacteria. This group iz today restricted to marginal
environments. Recent discoveries of bacteria at mid-ocean ridges
add yet another possible origin for life: at these mid-ocean ridges
where heat and molten rock rise to the earth’'s surface.

http.//www.thinnai.com/photos/2008/05/4080515 1 ae jpg
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ological Membrane -A Continuous Layer of Fat Molecules that encloses a Cell) QLSWIGHQIUJLD & TTCHTLD TGTEHGL.
19 QwieTGeT 6163 TLIZ) eLp &MY eLpeV&ETn L’ (H& 6T (Nucleic Acid Bases +Sugars +Phosphates) Q)& mewrL_ “@) gL oL

@ mpaefley” (Double Helix). LGy 19 air 910 Gesr 9 LllovsBHev 2, cu1d).

1950 gy, esr(hHafed 26l fgs Q) uamwes afl@hesreisar angmed(® Gy & abL_mered) Wewevd (Harold
Urey (1893-1981) & Stanley Miller (1930-)) 9% Gwirg @)heupLd erLitig o ulflewr QenioLiL] eLpevsdami
910 Bewrm yLflevLd (Amino Acid—> Water-soluble Organic Molecule with Carbon, Oxygen, Hydrogen & Nitrogen con-
taining both Amino Group NH2 & COOH) ygeunmisLi Liflufler L(p$s s1_adled (pgedled Gz marmlull ;s @b

GTGIGILD (LpSFWILOTET CFTSEO T W U160 Fnl_FFHe0 O\ FUig HTL 19 @TTISH 6T !

http.//www.thinnai.com/photos/2008/05/40805151b.jpg

%k

****c Comet Hale (1995)
afl@ehEpTeT 2 aT@y %G UTLEGHSET TG (LpSF WILDTETEN @ ?

FasreT YisTesils  cpevsammpiser leTUTDEHANQILD, QTS TSaNeILD  (Asteroids &
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Comets) @ pLiLiens alehepraflsar L GCrrigeerser epeld RIS BS Fpriser.  Fev
al@heprastisar LfPenws FOPlaibs YIHLSTR uTeLbarser ey seuplll yfluiler spmn; afFuled
HGbs FPpBHBhasserd eratnid HqLIGCLTg Yeupmled(Bbsl TameToneT 2 i%mests (@)rFTuwiess
seaneusar Loluded CUmMPNBSHBSFTLD eTaIDID FBHIBDTE.  AYSFIL6ST L o Geuner Ln@
9SG LBFI TTTGTLOTGT IGRHIHDHET, UTOLEGTHANGT MHGHBD @)(BbSETHE FIRTNIHET CLPGILD M
uBEDE. HYLCUIgSTeT CleuaisGasmer gein Lllewwsd $1855) Blovey o (heuresigl. emedL5eser
Gugerey Bi GeverargensLi Lrdlufled Cl&mL 19 wigL 6T, ST Y isTe s Fnl’ HHemaruid QmnaEH et !
erapsafied ameLbarsefied Hasevmet “9bGeart Lflevid” CUITEID @Q)TFTWIGT eLPGVSTn M)]S 6T
@BsSaiper. 1969 @ed yevHCredllwnailed allupns wiFewer allesisevadled (Murchison Meteorite)
SMILIGT Fn L BRI QummepLd Quer®ails oy8Gestm syLdlevwpLd (A Carbonaceous Chondrite & Two Types of

Amino Acids) @Q)BbSg 0% Fwi6uBS6wr.

http.//www.thinnai.com/photos/2008/05/40805151c.jpg

*k

*#xx%c Comet Falls on Earth
9Ll fleTsps@Epd, eutelbeT Hevgaysepd allwppg LBlulled AprHw 9bllGer 9iblevid
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Gunaip o uilgnasss yGrmiiyes epevsdmmisar LsasPehd s Blled alupnsg o uidfers
Qevsamar 2 PLsH OFuiD Hs% Cauatr(HLd eTaIn 2arFGHL LIGEDG. CLogyd FEEeT6T 1% Tewls%
ALPVS I DIFET H681%5S5 CLongFefled Aevspg Cuns wrl L m Qeusind LYrilufled ClFuis Cangenesser

BlenLsSEL L 19 (5FF) G 6o !

4.6 VOIS YeHT(HHG (LPRTL @GHlw wewTL_evd 2 ewriLmest HCF Y TIOLI  HT6VEI% 6T 6D
awunelbarisepd Csnery) wlpasevnd eIain eusss Glsmarerevmd.  germed LA UL 96T
Camersepd Lepenn wrdlwg GCumed euredLlerser BHSsHS% IPaledeney |  SHTIewTLD
aunebarsear APlw augeid Csresrevear. Camergefed apul’t Guuere) yswbumsigear Guime
auneLBetled BlapBg Osrpseailiyser Gpr euruiliLgser @ evene ! eupnled P Mwgs o Govrsmisar

eTemeuLd Fm1% OleuLiih 2eri” 19 LoAPPwWSTHLD O Hwaedeev.

About 20,000 asteroids and comets orbiting close to our
planet could deliver blows ranging from destroying cities

to ending all life.

http.//www.thinnai.com/photos/2008/05/4080515 1d. jpg

* bc Asteroid & Comet Hitting Earth

p gy misar Qumpg LCasrarsSe o uilfiensg CsmppLd
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o digerLi pLILYEGLD (53D @ LD Gaueiriy w epeVTSTIEISET:
1. erpmeTLDIesT, BleOeVIITGST B GUGTLD
2. LMoL GGIDALOGYLD LAFLoeT QS ML_fBg L HLILTL1GL) TfFSS) (CleuLiLiLh)
3. @QIFTWEST eLPGVSTn IS GT /2% Te5H1% eLp s Tn L (hH 6T
4. 2 Wilgerli QOLBSSSH DG P aflenasuyt 1q. (A Reproductive Mechanism)
2 uilflewt QWSS QUTLH@ S @ (LpS S W LD TGS (LG DS 6T
1. ueTiFRGG LD QuS5551% G Ceuestigw o ulflewsSer @) rFmuet aflenaTuilwiecd (Metabolism)
2. #6539 ail(h35 3@ Cevuesnrigw 2 uiflerLs Lyestilwed (Reproductive Life Process)

3. o apewtd, PSS, Geuling s GLuT® Curaip @&Lpoleual eumy Quissallwed (Evolution

through Interaction with the Environment)

k%

Comet’s Chemical Materials**
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http.//www.thinnai.com/photos/2008/05/4080515 le.jpg
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29. oideoll e SHdHlen SngrienL iowren Bl 1RfCarT HismemigmihHeT !

wug Fmi pluy” 19 AGerT 9% 6w P et
FPLg Clemise !

2 TL_Fe55 HIDNMSE BILD
BicsTessTes)] !

APl Gl Geuig Lithed

2 Sips Cam_mes Camig

9SG eIl Lysser !

FwQeumafLl LS s aflest

uulpPled o esTL_mesTene !

auemev Curl B 191985 (LpLypwns
®UWSHS & GHFHET !

RaflGoussFed ailenguyLd LoleLd)esl%6ir !
ST %@ LD O\ i !

Fpaila@Ld Lyflwm!

TSIL_GLD @)enewTisT !
(LpSTETMISH G Copri’L

5| G GRT G| 5 5 GIT

afesrGeuafufed aflemarwim@Ld !
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& TIGHTLD
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https://www.youtube.com/watch?featureplayer_detailpage&vsZPLcv-ASwc
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JTRON mameriTe’ .
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—

Graviton

® Neutrino

&
* particles not drawn to scale @

L6006V T SSET  (DH60)S

https://jayabarathan.files.wordpress.com/2008/06/atomic-particles-zoo jpg? w584
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https://www.youtube.com/watch?featureplayer_detailpage&v6P9fEhuyx50
https://www.youtube.com/watch?featureplayer_detailpage&vgssq7Kngyow
https://www.youtube.com/watch?featureplayer_detailpage&vgX7jxnDMSHw
https://www.youtube.com/watch?featureplayer_detailpage&vo-y4m6c2h8o

‘sl w Henfla) Blenp ey arenear ol lad Eplwg | HSOLTLS YBS BieTeRTER)
5@ Bl 19 A Gesn” ereiimy ClLiwd L mg ! Sjeupmlesr &pm&) 1/2 (Spin 1/2) 61681D)] () (FSHGTLD GTTLIG]
GTGN S WHLD. emal LoPD LTS 51%@L_aiLb, aflsHI@pL_gih @)ewentiium® @)eenev. (No Interac-

tions with Matter or Photons)”
Gprelue Lifis aflehepret : 2 @o%Lismml LiTed (Wolfgang Pauli) (1930)

“Qua utaigFed @aflaf®g Csfluyw alewrilaisefer Glasmerarerals e _misemar ol
Bluyg AGerrsseflesr Hestlay Bleoprs Cugerey 10ehd @pLiugns prd HyPGeunid. aflewTLScETsen o
ol WgasL uflwrentd Gsrewi_evweuwns Byl 19 ACeatTdser @)(hESTLD.  HSGTTW (HIHELOLI
Hewr_geng Ll LHmls senfla@ Gung) yHewallweeurdsar (Cosmologists).” BluyL 19 AGasnssemans

sarE &0 CFisgs Glamarer Geuesst(HLD.”
a1 Govari® aileheprefl apamud L& ss SLpsLd
4@ ones S@penLod FSSUINGT LoFLOTGT I T ooTER) 55 60T |

Lo et Lomest LITLIEHFSBV (Lp&sTed DewflayLl LI@&S W Test &heoLod 345 (Dark Energy) L0655
S HG L L{LILIL_TO@ILD eTaTeroleuain aflerss Lol wmoayd “yYHevll LyFoms” (Heavenly
Mystery) Q&@Tenid Q) hBS&I UBHDG | sl Curain) GBS FLTesTE LITLEHFSF 6T %med
LUGHWS @) (hSGLD “F@HewioLl Lewri_1d” (Dark Matter) | L8 (B% @& 6T LS omest Bluyl 19 51GeTm 5% e6Ts 6T
rLEheFLl LTS B G eLp VS GGG L4 LILIGHL 6TRIm] BlepLISS 2 Gauerid ! 9 FHeveuailll LS isemaer
S LPBSI Y TT ) @h@EhTes % 6T BicsTenTar) aflenTaursd) Fer (Particle Accelerators), G%menew Gprg & ser,
glamenias s marser yHwauperps FsHOUTH LWSTLGSH UGB DT, Fev 2 wiF GuevioLiyy
BISTeRTa)|$%6T (Super Symmetric Particles) 18511 Leafetions o |_eflwmi@GLd Fisarsater 97%mems
&Ly &aT (Prime Candidates for the very weakly interacting Particles) eTevmy gaLiLimesflw afleh@pmest) (Lpamwiom
FSBHFDTI. AW IAUTSEE) ST [BIHTTIENISHET GTaIANFLD SLOLPGT 2 L TWEIGHITIDGT CTRIM

2 aTaUa LD, SUDMeT Hesstlay plewmeni (Mass) en1ssa b o FaHeimest. ybpenmuiled “Bluyrg fGerm
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Particle Physics: Probing the fundamental
interactions of elementary particles
+++++++++ bbb R R R

Q electron
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Pe % qua
. i..'\i {1n'1scm
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tom~10"*cm e o
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https://jayabarathan.files.wordpress.com/2008/06/fig-1g-relative-sizes-of-atom-quark.jpg?w584
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Ouer@sLb” (Neutrino Particle Physics) @0 0agSmer Q)L gLl 19198515 Clsmest(Bererdg | 1995 gyLb
<2),e719.60 65 &l @h@hTesEar ewmred gyevinmed Cs&Fw uieussHed BluyL” 19 fGearT aler Hewnflay

Bleomeniws 5 eV (5 Electron Volt) (Mass of Neutrino is 1/100,000 of the Mass of Electron) 616811 &ess1(h)LN19 &S 5]

afesrOleuafls CaL_adlled (LpsFHwsgauLd ClLnIFmg !

ELEMENTARY
PARTICLES

I

https://jayabarathan.files.wordpress.com/2008/06/elementary-particles.jpg?w584

Aouehss Cuap Geougi9eBEg CammerGamy Bl 19 AGerm mestentamisser S
aflesrOleual e1EIGLd Lvedlwer yesrGsarmuils Qumflps eupgerares. — GAweeart: GLmein
FwOleumafl aflewrberaser By yNGarmssemar 2 PLSS CFuiFeTDerT. Qe g51F HevguLd
@&LLIGpreungser By’ 19 AGarngsemar Qaualwnsd) aimRearper ! 610)ewdiyom @@L Hplsmer
By 19 AGesma s wpsefled plevpuiledency eraimistet afleheprallser &@hS aupsers. — Gogyd
Bl 19 AGesm e10evsg grer Bluyrg ACestn, lyyeunesr Bl g fGerm, Oar Bl 1gfGerr (Elec-

tron Neutrino, Muon Neutrino & Tau Neutrino) eTesimy elpavimy euensuiled LOsd SPlsrs @) hLILISTILD,
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SupemLl 1919851 LforesTd, LeTUTRSH®6TsS Hrest (Lplgwng. Byl g fGarraler Bleopenuws
alengoursgsafied senflas (wpywng. sarimailed Lllasyulled Liew enied YpsHed @)(HsEGL
oL Lifl #IEISSE® enivssLl Ll Rarer “ev L) pluy” 19 fGerr CrrasssGed” (Sudbury Neutrino Ob-
servatory SNO) ufi@ullesr Bluy” 19 ACend seners serblled L919855IL1 LIGTLITHSaTH &TewT (LpLY-HDI).
<951 Gumed grinimesfled Bluyr 19 AGastmancu Crrss “o wi smdGunsEGs” (Super_Kamiokande) eTeiTan)Lb

L9 TLoTESSTL_LDTGST @)@ (6H TGV F FTSGTLD GRGITM 2 GITGTS) !

By 19 ACGarrenas ses® LI 35 2 s afl@ehepmefser !

13.7 Qeveflwer yearhse@ps@ ey Csmarmw ruehss@ed Byl g AGearmll Qumfleyser
Cgm_ipg Blspps u@Ramar  Hiuehsw saelle Cs1Gsg alipg, Ifpg Clwganss
@aflipg HyHell Laryews &S iafds (Cosmic Background Radiation) o eyewid spGung 1.9 19§
Qasevaller (-217 19&5H ClFevadwad) s o arengy. perred Bluyg NCearmaler QBLL) (LPSET (LpFedled
1930 gy1d ety e Y evigflw afl@hehrest] 2 eooLigsmm LTeS) (Wolfgang Pauli) (1900-1958) eTesriigmed
AP psoTes). JewissmL L m1s5 Gsuialed saGulear gflallareons Carium oL aflarss
s Cungl Lsig SiseT @EaT Blpds b HyeoubsGsS CsMEss. s Hleop e1ClwsLy Fra
Blevpeow ail_& Gewpeurers | YsnH@& 1S5 AaTCaTpmpd @eewev (No Electrical Charge) !
TDHGDIW LLILIL TS BISTHIFET (Almost Invisible Particle) | Lopp &1%615@5L_ 6T 2 L_eSTCFFLILIe0e v
(No Interaction with Other Particles). @)ssmeSlw afl@heprest e1arflGsm o%ClgLd) (Enrico Fermi) (1901-
1954) b35S 555G ‘Bl g fGerm” (Little Neutral One) etaiimy Quwifll’ L ng. Syermed 1956 @)ed
L0 g N empuileiied & Hewer® Gsmeusst (Fred Reines & Clyde Cowan) ()(heu(bLd (LpSesT(LpSHE0)GD
el 2 dawled Bl g Gt o L afllwssnsmer BlsHsFs sr1igerd  pluyg fGarmaler Blenp
e1Cleva iy grer Bleopeow ofld PPlwg eresimy 1933 @60 IBQSSHIF ST 1gweug 6robLl. Ougfer (F.
Perrin). 1934 @60 amneiad GlugGs & epL_mevosLl ewLiwgead (Hans Bethe & Rudolf Peiers) @)hau(pLd
By 19 AGesmallesr “@Gmig@Li LgLiy” (Cross Section means Probability of Interaction) e16)evdiq mmesflesr

GOISGL ugtienL ol 5e0eSwesT oL _s1& FPlwg) 616ty Blenh L5568

9T ws sFisar, @ Mlwer GLmein FWOeumel aesrLS6sTSE 6, QYW 2_MSET, LLOISGHET 1% LpLD
s@Hwsss Csuieysaer (Cosmic Rays, Sun Like Stars & Nuclear Reactors, Radioactive Decay within the Earth)
AW prer peopsamarud CFisgitl LGamn (pepsefed epanails Bluyl g HGaTrdsepLd

2 I 1E&5L LU@RSmer | augyalledewns mestentanl Bluyl gy fGeart allpmisll LL_med 600
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If neutrinos and antineutrinos are the same particle,
when an ordinary neutrino (blue) collides with a Higgs
bozon, it transforms into a short-lived, veryr massive
antineutrino (red), which soon convertz back to an
ordinary neutrino. This so-called seezaw mechanizsm may
mean that neutrinoz and antineutrinoz are the ultimate
zource of all matter in the univerze.

e
s electron

neutron

proton neutrino ©

Copyright @ Addison Weskay

https://i2.wp.com/www.thinnai.com/photos/2008/06/40806122ab.jpg
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NEUTRINOS IN THE UNIVERSE

Following our current knowledge, the neutrino was born about 15
billions years ago, just after the hirth of the universe. Since this
time, the universe has continuously expanded and cooled, and
neutrinos have travelled a lot. Theoretically, they are now many
and constitute a a cosmic backoground radiation whose temperature
iz 1.9 degree Kelvin {(-271.2 degree Celsius).

Thiz neutrinoz cosmic background radiation comes from the
decoupling of the neutrinosz, which, until universe became
sufficiently cold, were appearing and dizappearing, absorbed by
protons or emitted by neutrons. At a given temperature of the
universe, about 1 zecond after the Big-Bang, protons have only a
weak probability to abszorb a neutrino, which thusz decouple.
Some hundreds of thousand of years later, photon: will decouple
the same way from charged particles like the electron: and will
become the light cosmic background radiation at 2.73 degree
Kelvin.

https://il.wp.com/www.thinnai.com/photos/2008/06/40806122ad.jpg
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19 Avedwer eoioed (L8O W e LeOGNWIGT OLOGY) FLGLILIGTOT FSNSS Fnl_ 26T(H(HAJLD GUGCOGGHLD
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@Gwenes aflL 1000 oL_mi@ Bevswret By’ g ACaingsemaer Qeuaflwng@Ld ! swmj 65 Nedeswer
By 19 AGesngser LG uSBBEg @alGleimy allermqud | &g 15§ Loluier s5108He LImuipg
pFesrmet !

sarL_naflar ev"Lif) Blyy 19 fiGerr Gprassid (SNOLAB)

9O RssTaier LhsGanaear Cs8w Y uicusgF 6T gl GnayLer et miGum, e maled
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The Sudbury Neutrino Detector

Two thouszand meters below the ground, a giant sphere has begun
to detect nearly invisible particles. These particles, neutrinos, are
extremely abundant in the universe but usually go right through
just about everything. By stocking this 12-meter sphere with an
unusual type of heavy water and surrounding it with light detectors,
astrophysicists hope to catch the occasional collizion. Since the
Sudbury Neutrino Observatory (SNO) is sensitive to all types of
neutrinos, future results might hold clues to how much neutrinos
change typesz on the fly, how our own Sun emits neutrinos, and
even how important neutrinos are to the composition of the entire
universe.

Sudbury Neutrino Observatory
Prototype Data Acquisition Display

(CANADA)

https://i2.wp.com/www.thinnai.com/photos/2008/06/40806122¢.jpg
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.

B Uyg.0Gerr Grrss

Expenments at neutrino detectors like SN0 and
Super-Kamiokande (pictured here) have
established that neutrinoz oscillate among
various flavorz, each with a different tiny mass.

https://i0.wp.com/www.thinnai.com/photos/2008/06/40806122ac jpg
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Energy) eTadIm] (e®p&5aHLI LIRS DS !

@ LiGung aflehepralser e eT(pd eTTSS60T Qeweusner |  @)&eueng yplwuLiLL s
Ao il Bl 19 ACTTEH6T SessTanIsh &L LeLILIL MO FelasLl L L &@heLoLl LWL 5515 S
QLY LILIGHL SY@&LOT? @)eTaiLh LjevLiLIL moed @) (5% &L LBw Bluyr” 19 AGerrasar LrLehe 6euafufled
afehepralser ST (BRI 58 515515 C\HTewnI(HaTaTesTolT? B5s% CHaTalls @hs@ “gyLd” eTain) LIS e
gefLiveus : apeumul LOF®WE HLp5S5MS5F CFips emear Gavesti® (John Learned) 6T63TagLD 6 mesiliLicD
aflehepra) ! “@uay eurtars®ed allaffs Gz Hlub aflewrber safler O\sraTarearayLi LT Bisear aflL
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Particle Physics: Probing the fundamental
interactions of elementary particles

electron
<10"'%m

proton
3 {neutron)
quark
_ <10""%cm
atom~10"cm N 13
~10"""cm

Particles

Leptons

Elsciric Elctiic
Chadge

Charge
Tau

Tau o 2! Neutrino w o
Muon

Muon O = Meutrime O

Electron e 4 Fclon 0

Quarks ————————

Shctie Elichic
Charge Charge

Bottom e -1/3 Top ] 21

Strange e a3 Charm e 23
Down 0 -1/3 Up c‘ 23

each quark: ®@F, 5, @G 3 colors

SiMENC ISk S5 SAANONS

The pal ficks drmwings ase

In the current understanding of particle phyzics, the zet of
fundamental conslituents of matler consisls of six quarks and six
leptons. The quarks are named up, down: charm, strange: top,
bottom and the leptons consizt of electrons, muonsz, tauz and their
corresponding neutrinos. They are all spin & fermions and are
grouped in three familiez, each conzisting of a quark pair and a
lepton pair.

It has been known for a long time that the quarks exhibit small
quantum mechanical mixing among themselves, which allows: weak
decays between different quark families az well as fime
reversal-violating transitions. The masses, coupling constants and
mixing anglez are parameters of the Standard Model which have
1o be determined experi ally. Quite r ly experimental
evidence was obtained that alzo the neutrinoz in the lepton sector
have masses and mix ameng themselves. The quarks make up
hadrons such as the protons, neutrons and pions and interact
through the strong, weak and electromagnetic forcesz. The leptons
interact only through the weak and, if charged, the electromagnelic
force.

https://jayabarathan.files.wordpress.com/2008/06/fig- 1 a-atom-leptons-quarks jpg?w584
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The MINOS near detector, located at Fermilab, records the
composition of the neutrinoe beam as it leaves the Fermilab site.
The MINOS far detector, located in Minneszota, half a mile
underground, again analyzes the neutrine beam. Thiz allows
scientists to directly study the oscillation of muon neutrinos into
electron neutrinos or tau neutrinos under laboratory conditions.

https://il.wp.com/www.thinnai.com/photos/2008/06/40806122b.jpg
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30. GyuehadHdHen S TTE GUMIQOND 6Tedea 7

What powered the big bang?

Only gravitational waves can escape from
the earliest moments of the Big Bang

Inflation

Ay (Big Bang plus 10 seconds?)
Big Bang plus ' Q

10 seconds : Cosmic microwave background,
iy distorted by seeds of structure
and Fﬁi\-‘it.‘lﬁl}n.ﬂl waves

Big Bang plus
300,000 Years

Gravitational | i
Waves .
\"-—_
Big Bang plus
15 Billion Years

https://i2.wp.com/www.thinnai.com/photos/2008/06/40806191ad.jpg
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Dark Energy
Accelerated Expansion

Atterglow Light
Pattern  Dark Ages Development of
400,000 yrs. f Galaxies, Planets, etc.

Quantum’
Fluctuations

1st Stars
about 400 million yrs.

Big Bang Expansion

13.7 billion years

The image above shows how Schroeder's six day Genesis Project
correlates the biblical account of creation with current best science.

It is satisfying that after centuries in which the Greek view of an eternal universe
held sway, science has now confirmed what the opening sentence of the Bible has
declared for the past 3300 years: There was a beginning, a creation, to our
magnificent universe. This may not be absolute proof for a Beginner God, but it does
open the door guite widely for that possibility. It is intriguing that cosmologists
appear to have confirmed that just following the big bang creation, there was a one
time force, termed inflation, that in a sense got the expansion going. This force or
phenomenon is never repeated in the history of the universe. What is intriguing is
that the Bible at the very beginning, Genesis 1:2, brings forth a one time force, "the
spirit of God hovered" and in Hebrew "ruah Elokiim merahefet.” "The spirit of God
hovered"” is never repeated in the entire Hebrew Bible. A one tme phenomenon for
cosmolgy and a2 one time Godly phenomenaon in the Bible. And in both cases what
follows immediately is LIGHT.

Dr. Gerald Schroeder

https://il.wp.com/www.thinnai.com/photos/2008/06/40806191aa.jpg
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QL gIaiLh, GOl aresflad LBSTRL alewerwrl Bg seord Cunen afleartleuaiuled essTesstiovi (L
MBS FVILD, HeTEISGLI LjewLiLL_1% Biestessiiw o4 Lflomestpen_w $erl-wmel g.® (Calabi-
Yau Manifold) @ 5s@&LD ! 24bs pmi LFLOTERT auedIaLl LGS aflableuaill yeref galbleumearpleyLd

oI BEE DS

eSewr gessr_ma (Physicist Lisa Randall Harvard University)

New observations have

smashed the old
view of our

universe.

A still from one of Ananda‘s 1999 MNew Universe animations. The
cover of Scientific American, 1999, overlayed with two 3D
renderred TwZ MNovelty graph univerzes, one az the “old universe”
kizsing the “"MNew Universe®™ now being called the “multiverse”.

https://il.wp.com/www.thinnai.com/photos/2008/06/40806191c.jpg
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2 (heurEsLiLI(hEHeSTpest !”

Gemewo%Ll GLired§etrsend) (Joseph Polchinksi, University of California, Santa Barbara)
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“@evip Bw (String Theory) damitd Gopu’ L Lflomestmiger (Extra Dimensions) Wb 6TLILILG&
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(CMB)) g1e0aSwinnss ojerss (Lplgpsmew YeneuGuw Gopu’ L Liflioresisigenend &esst () 6)smarer ey
ST (LD, ”

smifl aflw) (Gary Shiu, Physicist University of Wisconsin)
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Swmbd CossTadllevLj & Gap &y enr_ (Physicists : Liam McAllister, Princeton University & Henry Tye,

Cornell University)
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The fate of the Universe depend: ultimately on how much mass
{and itz convertible form, energy) it has. If that number is high
the Universe’s expansion will slow down and eventually reverse
{contract) so that all matter and energy collect again at a
singularity which may undergo another Big Bang. Or the
matter/energy 15 insufficient to zlow expanzion and the Universe
enlarges forever. The zhape of the Universe will depend on the
nature of the expansion: at large szcales the Universe iz subject to
the laws of Relativity (but equally asz important is the role of
matter/energy at the smallest - guantum - scales. Hecent
information favors endlessz expansion and the possibility that the
rate of expansion i3 now INcreasing.

LITLIEHFS BT LofLoLoTesT aulg aigenss Gzlg. !

autemergens o pm Crras ymlw awmoyGeund, g 6mIGs  (LPIQUTHDE  DDWF

Sgwrest_omest @QBsLl LILEhsFsFer augaid elerest eTain ailbes el Cauri “alled asren et
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02,21

WAL

Dark matter has important conzequences for the
evolution of the Universe and the structure within it
According to general relativity, the Univerzse must
conform to one of three poszsible types: open, flat, or
closed.

https://i0.wp.com/www.thinnai.com/photos/2008/06/40806191ab.jpg
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INFLATIONARY COSMOLOGY
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The Observable Universe

The observable univerze 1z the szpace around uz bounded by the
event honzon - the distance to which light can have traveled
gince the universe orniginated. Thiz szpace i1z huge but finite with a
radiuzs of 1028 cm. There are definite total numbers of everything:
about 1011 galaaes, 1021 stars, 1078 atoms, 1088 photons. There

1= a hierarchy of structure.

Mote that according to inflationary cosmology, the entire univerze is
much bigger than the observable one (see Figure 02-0lb, not to
scale), and the confine of observable universe depends on the
location. Observers living in the Andromeda galaxy and beyond
have their own obzervable universes that are different from but

overlap with ours.

https://il.wp.com/www.thinnai.com/photos/2008/06/40806191ac.jpg
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Did annihilating branes trigger
the Big Bang?

Physicists suggest a brane-antibrane pair interacted to create the
Big Bang. Here's how it might have worked:

Approaching branes
power inflation

A brane and an anti-brane spanning our universe's three spatial
dimensions move together. As they approach, inflation begins.
The size of the universe grows a trillion trillion times and possibly
creates ripples in space-time called gravitational waves.

Colliding branes
anmihilate,

q releasing vast
) energy

Cosmic stings

Inflation ends when the branes collide and annihilate each
anather. The energy release heats up our universe, initiating the
hot Big Bang. The collision may also create cosmic strings. Such
structures may reveal themselves by gravitational lensing of dis-
tant background objects or by polarizing the CMEB,

Density fluctuations produced during inflation become the seeds
for today’s cosmic structures. They also created the temperature
fluctuations now being mapped in the CMB, s wii i

A variance of thiz inflation inside the Calabi-Yau throat
positz that the annihilation of the incoming brane and an
antibrane at the end of the throat triggered the Big Bang
(Figure 09b). According to this scenario, inflation occurred
ag the branes approached each other. Annihilation of the
branes released vast energy to heat up the universe and

to initiate the Big Bang.

https://il . wp.com/www.thinnai.com/photos/2008/06/40806191ae.jpg
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PICK YOUR UNIVERSE
The topology of the universe would leave its mark on sky maps of the cosmic microwave background (CMB)

FOUR-SIDED PRISM REGULAR OCTAEDRON TRUNCATED CUBL REGULAR DOOECARLORON

Expecied ternpesaiure variaton al vatiais argular scales

SURRE 1, A HORL P AL CONLE G RImDEm

For each of the topologies above, the ellipses show the
expected full-sky pattern of hot and cold spots in the CMB at
given resolutions or "angular scales”. Angular scale simply
means comparing points at a fixed angular separation, so hot
areas in, say, the 60° maps represent areas that are hotter on
average than points 60° away. NASA's map of the real (MB
(right) reveals a muddle of hot and cold splotches. By
viewing it at different angular scales, cosmologists hope to
pick out telltale patterns like those above, thus revealing

the shape of our universe
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Calabi-Yau Manifold

extradimensional geometry determines fundamental phyzical
attributes like particle masses and charges that we obzerve in the
uszual three large zpace dimensions of common experience.”

“According to string theory, the universe is made up of tiny strings
whose resonant patterns of vibration are the microscopic origin of
particle massez and force charges. String theory also requires
extra space dimension: that must be curled up to a very zmall
size to be consistent with our never having seen them.”

= .. the fundamental propertiez of the univerze are determined, in
large measzure, hy the geometrical size and shape of the extra
dimensions.”

https://il.wp.com/www.thinnai.com/photos/2008/06/40806191d.jpg
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