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MWeasurements of low energy microwave radiation show that the
visible universe is permeated by "cosmic background”
microwiave radiation, coming from all directions and similar to
what is expected from a black body at 3. 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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Large Scale Structure in the Local Universe
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Galaxy seen By the Hubble Telescope
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This diagram shows Row the universe stowed
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The Expanding Universe
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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 Milky Way galaxy The
ilky WWay, 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
‘milley’ because our solar system is located within the flat
galactic disk.Hence, when it is viewad from 'inside’, a higher
concentration of stars appear in the direction of the galactic
plane than in any other direction
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Hubble Constant

Bxlo‘ _! T L} 1 | Ll T L} 1 | 1 T L} 1 | 1 T L} ’I..- | I_

+ ® I—band Tully—Fisher re 2%;'5'

- « Fundemental Plane 2T T MR

—~ - & Surface Brightness _3 e 1

8 = Bupernovae la - ’g’ 4

<. 2x104 - o Supernovae II 7~ .7 =

H e e .

_'g 104 7 J_‘,-"“ —

v L a5 i

- i a| i

O] I e

§ 100 H Hy, = 72

oAk 1, |

B 60F ES . o

S af .

:Q el | 1 L 1 | 1 1 L 1 | 1 L L 1 | 1 1 L 1 | 1 1-3
0 100 200 300 400

Distance {Mpc)
Megaparsec (Mpc) - 1 million parsecs.

H3T Key Froject zBGi

Cosmic Distance Scale

parsec {pc) - the preferréd (by astronomers) unit of
distance outside the =solar system. Defined as the



(Hubble Constant: 80 km/sec/Mpc) (LL_gHe0 Mpc Lpm flerdsLd
2 @IS FmMlTTE. SFMeugl @i @enarw awg, FPw g eyl
ILIEHFSS 9T FTGTMIF LGS @I GTSHFGEITH. 2Y,eTTe) HaDL_T6)
ST HeT (R LG LiLF 6T eLpevid @l APlw awLitfer plevewullewsss s
(Fah: 50 km/sec/Mpc) Seflgsmi.  ysmeug yeugs LNTLIEHFLD
yiefswneg | Sowressi_oneigy | @)euiser (@) beuns sessiiiL
crarensllGemasar CUISTS FISBIDISATI & (FUTSSLI LIL L ST,
IG5 O\FTeTenSHEEHLD (Lp(LpRUSILD TP MI% ClFTaTarLi L afledamev

/
L97LIEHFSBGT (LpL9 @iTesT LIFILDOTGHTS SILDTESTEIS T

FLBS HIODISTHS  FaTCenrTsds  (LplgeyseafledhBal,
LTLEHFSBGT  LIFILDTGHT  CTEOGNVFGT  RIATR| U TUMDIHEH
Wb, 2 wH G @) BS@GLd PO LAGs Cgrency Cprs&saler
ueyseer oG LUBSH 2TTUIBSH60, auTestliied aIedeyIbIisaT
10-12 19eveSlweT gaflwmest(h) STIs5Hed @)(hoHGLd HTevTshedlsemart

unigs (Y bsdl. (@F @eflwreni(® 6 1fedeSeT L e

75



10 19 fedeSlwest &.15) YFwmed afl5sh HeTCenTTs@ 6uTesTsFH 6
(Human Vision Horizon) 24 (12*12) 1feveSlwesr gpeflwmesst(®) il L

wparar LNrLiehes Qeuaflenw BTLd Srest (LG HDG) !
Steller Formation seen By Hubble

peried SypsL Lfrew TGS YEES APE
wallss sans@ps@ WG app wapuled @);bes LpiguLb.
gyerred  aflanblouaiuiled paE@BLd sTewrsedulled e@Beur BleTn
afleswrOleuall aflafibemus LTISST e1ggemer arajLl Guerey
ruehed Csiyd erarLig Pwii L GeuessiGLd.  BldFwioms
BLg  Yger JUESA GRS  LTISGL  SILehFEms @il
srvrsedluiled  Blatny urituamsGL  guehFs  Gugartey
Oufsrsg CF&TLI(GILD.

s “afEs BlwBeow” (Inflation Hypothesis) 6T1(HSHIF
Oloreiiasr 61b.go.19. BlLjewid dyevest &g (MIT.’s Alan Guth) Hesig
F(BBEH5G NS FBSTI. g @ereniowirest L9TLIEHFLD

gallgomul o 119 QuEBSUIBEs CeuciiPLd GIGIDIT. SSTaG

76



amoder Curédw efewrdear Smiy

http://www.thinnai.com/photos/2007/11/40711081b.jpg




RULLWTSS FplarTed el oigailedFEs LITUEGHFL (b
Qpmguied Lo B CLIBSHILI LBS6Te S @ LT o Lilwg)
! 9SS P afSsLD RGN THLIL LY (BBEST BHLOGI FDFTCV
2 areyd FnsemsaieallBEgs @@ Cugerajerer LrLEhFSS

THFLITISFHGMLD !
Surveying with Acceleration Probe
gLIEhFS BT GeanpBFera/Ll Lifioneausd sewiiLiL] eTesier ?

VT $SPT afss FluHulled @@ OLiLd @wLd TUPH DS
! Yeuallgid seaamls@s CFMumoed YR aTeisE@ LiLimeD,
Fre0leuaflg Glgm_feurns (Space-Time Continuum) 6I(LpBS IFHHL
REIDT 7 QIGTLT ?  epGIDT ?  (LPSTEIDT ?  eLpemuigmiom
? gdegl (L afledevT eTaallS@EWT ? YBS IeTTe s G
aflenL @OWTSHTD I BS5s CETATMHULD STEE5SEI% 6T aTLHBSI).
QABs BwH Cuulwnearmed Bos@ CSAWMDbe (Q)(BBS, BHLOLOTGD
Blepliss puywns @eted e TUeEhFwIsaT @)BHIHL LD
! e spGungerar 0sranewGEnsGs Figestnsaled)hps

78



http.://www.thinnai.com/photos/2007/11/40711081c.jpg




afleheprallsar Siwnerons ymleus BTOBEHGLD LITLEHFSS T
GNISFIT) GoPEsH 150 Qevedwer 19 feelwer eLoevsar !
BTG st ol L 1d 25 eveSlwer geflwmesths@ (25 Billion

Light Years Diameter) LOlewawi1s Q)(5%%HevLd 616sLIGG !

The Cosmos

80



6N OW  DEHESSET

http://www.thinnai.com/photos/2007/11/40711081d.jpg

81




3. Gxrbm smeull QuEmGemginy sy gBul Ll ?

ANG TO BIG RIP

RIPPED
APART

f GALAXY \ 5, . EARTH
| FORMATION \ L " |  EXPLODES
FORMATION | YOU ARE HERE | \
OF ATOMS | SOLAR SYSTEM
STAR SOLAR | BREAKS APART
FORMATION  SYSTEM ¢
PEAKS GALAXIES

it DESTROYED

*APPRO)(\MATELV 22 BILLION
YEARS FROM NOW

b

yefls Geoug mredsaefled pmd  saemid  GloeTeniowires
BuBsemer Beaewpr iy OwuililssGal, wefls wpupHsar
afeheprars@ed  GupOsmararts ULl 6T eIRID 6166 G

CarainiFmg.
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afleh@epresr Goens gretr Glap j&6lFew (1792-1871)

aflflys ouehesemsts upP) Pw @ LKpals sTewed
Wupgih  situeisgiais  Gursng!  wopEG FLSGLd
G ewgGer iwmgser HPg FPs1sGa weifamer 4Cps
W B igsenar augll CLmT@GLD 6T IHTeV UHBI%@h5H%TH, @) UMD
SIS eweugglerers)! eTeOevT LoFLOBIGmaTLL) @G HTewsFH 60

B aflss Qupens @rprGugiw B aiBeHeemev!
QevCewram (Lpse HIDDTT® ©hTest)
rueseL Gl Geauiy Liewu aflend@w gaflw afl@h@pref

ruehes@er WpLinys Gasrlur@seied @erprear ‘GlL
Qeuig L1y Blw@eow’ (Big Bang Theory) & mi@wins pLoLl 9yeos alhS S
Qeuis wpatGarmysartes, gapw oflehepred 96levd e TesrL[
ewg@Loneit (Alexander Friedmann), 9Qfgs aileheprest o1 afler
anLitfer (Edwin Hubble), 9fL 196y aflehepref] 905 apmuied
(Fred Hoyle) 9,@Guwnper (ps@uwiomeseus gapw aflehehmel), g@migd

STLDTG.
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ruehss@ar wpups Camppgeansii Lfpa Osmearer Geuesy(®
LDTGSTTG) SYFGHT CLPGULD TG [FIGWTEII LITLDTewISSearu b, aflflBg
@I Gumed o Liyd Syger TWwIeT auigugamSud LpPw
TS  F(hSEIFSFMmaTs Safigsaiiums  plu  CeuesrBLd!
ruehes@ar (psed Casmppd @@ AL GeigLitied (Big
Bang Theory) o GWTL_Mag) GIGTLUSDEG PSET (PS® BlOBLIGTS®SS
ST 1 W] @Mi% STLoT6! 9FTaug Liev L6060 6T 2),e5T(h % @5 G
wairry @i Gugerey Geugliyy BlspERuied (Colossal Explosion)
Wruesed Canans) aflfleim_pg apgiarans aaD @@, SB35
3055, DG Nassd yolsm OuiLilfgseuiseie
(Sl @mig srwmall QL QeuiyLiys@L ey L9y eEhFLd,
LIeTLjev BiTeRTen VS HFiafFens (Background Microwave Radiation)
2 7L 155 ul(hEs Couesi(HLd eTGIn 2 YPWTHE Fop), HOSUJLD
Blen 5D &g amy!

Qu@Oaiy LiL aienisd

1936 b gerGsGL LIng @rigw smorelear  LH5s
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12 to 20 billian
years ago

10 billion
years ago

Galaxies and-

quasars form over
the next few
billion yaars.

FguEss0 6)uG 6)aug.0y

https://il.wp.com/www.thinnai.com/photos/2007/11/40711151aa. jpg
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ofleheprensd Frsewenser LguerFs@er  Caapmid  LpBluyLb,
aflessbaisafer oLy, eueriEReowr] upBlyLd FTibS (b BSG6T.
1939 @& olfluyd ruehssPer wrFfg (Model of the Ex-
panding Universe) Gamlumlen. 45055 s 9900555
Qeuigny. osg e QpLetngsafer 9oLy (Origin of Nebulae),
gL #85 GlebiBeisar (Red Giant Stars) s&Beow 2 HLISSH QFuiuLd
(PpDEHT YRweuPemn YITLiBsT.  feLSciser 66 d@Ld
Gung, <eupplellmrg Bl AGerr giserser (Neutrino Parti-
cles) QeuaflCupiaueng 1940 @0 puiey CFuig, STeaT UsHw
ysGrreurailesr Bluy” AGearm BlwGenw (Neutrino Theory of Supernova)
Qeualuf® Cauigmy.

2T SMLOTIGT @i@hEHTeIF FTSH 65T S aT

1948 @b afl@hepmest] gmedLl eV Li(GL6T (Ralph Alpher)
srwmeb Gaipg, wHUULL Gu@p Gleugiiysg (Postulated
Big Bang) BlapiRsE@ a1y, LITLEHFSIGT BleweveniD GT6uTes

ST YITUIFSHD 6TehF W pcsTemTency GleauLiLiafds: (Residual Mi-
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crowave Radiation) @)(BLILIGHSS FeTL_THSHaT eUfHeng aieaflw
SesT(H)L1g LiLy O owiwmergy erermy 1965 @) LAfeTad L6l LIGdSe®mevd
sips NG Esnalsa nupih se® 2 pBLILGSHa!
o1 aflair apLil9er aflasGenria®

aflesrOleuafenw aledemil aueards (Lpiquom ? LNTLIGHES B 6
wpyesG @urdeard Gsriumr® ererliu@  ‘eTer gmid
Bw@&@Ld’ (Theory of Entropy) etesiast QgmL_gLy ? jessr Geuaflufed
sar(ppiaild OQFeaid g1s6lsL aret &BmGHDSG ? oflessrLiawiser
Corgiugn@ % <UL UL, AUDDISSS STIGHEIS6T
eraTeOoucny B PBG  QsreLFear aflenerbleusier ?
FpsPula epvalsar (Genes) Lyflud afbeosL LB isemarts upm)
Bafer afehepraid Se®h LNgSFemeu eTaies ? 2 VESHMSLI
up® BID yPEsems ‘Qwssssaiar afl@L  NrssFemenser
(Problems in Laws of Numbers) eTa1afl$5%60 LITHSSH DT ?
@ssmar arrssamanyd FTSET GILPHW ‘@Tml  (@)TESI(),

epasim.. (g aflarenin’ (One, Two, Three...Infinity) eTeiiaitd Hed)eD
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Dr. Hubble, the noled American astronomer, guiding the 48-inch Schmidt
camera on Mount Pulomar, Because 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.
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eTp it weuy, gajw 20l fss afleheprest @misd &mwmal (George
Gamow)!  gapwnalGe LInps N6 wissd GuuiesaT@w gomis)
FMOIGI 9jemiss GueTBatd (Nuclear Physics), 197u@hFaflwie
(Cosmology) QueT®SLH, epevddmp o ullflwe gemwesitd (Molecular
Biochemistry) <@p@w wpLiQuapd Gu@m Gengiiy puBulerig,
Aruehed wpsp Fev @bl eflesrmgsafied (microseconds) S
aflengeurs allfipg Il L gl @Gy qi o dFallews (Force) oL’ (HLb
ol Qopgl, ATuchsd alfipg Cumis Gelissgib 24bs
enap flanFGu, teresred BromBs FiLilwed allens (Gravitational
Fpree), 10a81 5155 aflews (Electromagnetic Force), S|giss (5 UeISS
@flen (Strong Nuclear Force), 9gm1%%@ pedlbg allens (Weak Nuclear

Force) ,@w prer@ Lflesermul wrplws)!
apLiLfer Qe GErrs ST §
GamiLya GLfNCLmed 2 LiLI@LS LTLIEH&FLD

afl@hepralser qaflggser wrdreflwenevuid (Quantum Mechan-

ics), miLitweeud @pmiGs Nevenra@Ld @ GlLng BluPeaws
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Hubble Deep Field HST - WFPC2

PRC96-01a - ST Scl 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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Ga19 uBHDIiS6T @Q)FIQUEnT WTHLD WSS H6T(H) L1955 (LpLg
aflevenev! LB sae ‘@Qevrp Blw’ (String Theory). Ijelaflgeren b
enemig@d eraimy allehehresfisar pLOUYBDITSeT.  mFilwed
aflevgeow wPp epeiny alls allenssepL il Lameasg s 6l merer
‘Qevy PwWH pwBng! — perTed CuaTSS @fehehTestEar
@uGuE Qrs BreE alls aflawssemaruyd @niGs Llevenigs
alera@Ld ‘Wwar @E&Hw BlwS)’ (Grand Unified Theory, GUT) @aitenng

&G et () L1985 pPLL (B UBHDTIFHeT!

Genliys @LPGuimed o L1 9@ L (Inflationary Model) 19711@HFLD,
QBB Loy 5SGILD GlogieunsGer &gy Casmeromul affluyLd
Qruehes@er aflalitor) Fops OCeweld@d, epiguw CeuelseLd
@ Cu yeww&pg! ruehFd Snps Caelurs @) wppsTe,
rliGungid & aing, alfpg, Mg GCuruis GCEmeawGL
WBEGL! epgw aflefbnsll ITLEhed @)BHSTe), Yser aflfley
B @@ $108560 Blam al®! 19p@ 2l FBES HILOLISS),
Banfla <y is® HEps. QuoPuied Caysss Hgplai@!

rLi@haLd eprgwr CEmariom SyOewg Hwbs Oleuallw T 6T6TLIGI 96T
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Dewflay (Density), ey LI@h L FSFeowd (Concentration of Mass)
FMiBsS! LNILEHELD LT85 OGBS LEbemeus G)& ey (5BS T,

S aT eLpLg il CHTGTLD 6TETR FnDGVTLD!

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

21119 affyLd LNpLIE&FLD

rLehes@ar Gl Qeuly iy BSLHERS @ (LpGTIL| 6ThS Blenev
@BB5S 6T, VLT LG apns&sl (Stephen Hawking) Guimeiim

afeheprer Gueamgsear Gsearal erplid wWlwmsSpriser Gl
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Qang iy pwuGuiled rLEhFsPer (posTew Blavew UDD 615S
aarss1LpLd @evemev! Tews H14sTIGL Gl Ceuiy LitipE Liery
RL QI8P WSS MLD! 245 Ceu QLI OleuLg L1Ld @ (LpGITL] GT6HTGHT
@BBEHBSGL eTaim epLd CaheTalls@rs@ @BFTOSFD LS 6D

KevL_GaHeLd !
Qs Qauiy LiL) PluGenw QoUILiL@SZILD & 1HFREar

Qrueped Qu@p Qe ilpgl Ong alfbg GsrearGL
@aflipg CGur@pg. Oup Cangiing e alamy &f5gL
yGpmL_netiser o esri_muilest. (LS  epaim B mI%efeD
yGum e, plyy s eph  eenEgl, ALY TEREIewL U
asepeviores  (Isotope) 1qupqflwid  (Deuterium),  BS& eTaflw
epvsmIGaTTeT afedw, SFwid, Qullelwd, Gumgner (Helium,
Lithium, Beryllium, Boron) gp@weneu o ewr_muier aflesrGlasaiufled
% WehPw sjere) afedlwd @ wLing, QU Ceug iy BluBeow
Cuuliu®8s 2Pl LBSHEDS. Yy iu TLEEESE 6D
Guperafled wgal wlGBLILG, JHWSHGET eI g Fessileneus
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(Density of Matter) &essfld3 9 aidaevLomii (Q)(5SH DG
gLiehsLl LieTLjevs ST F

Qump Qeaugliy apul® @@ LBOSIWGT 26T (H%Ehs G LI
L@, LruesFs S e 2 ayentid 3000 19.5)F C 6Te s Gd &HDBSS5!!
<LIGLng yCurLL_neis@pLd eTevdig gneisepLd Caipg Uiy meosir
SESFGT  2_GHTL_ MUl 6T, ALY TR  eISHT  epaflule
@Pull L Qo Yoo BorwisaT, BDEISET YFHWeupenn
erpLiiGeur eyl aflpmiaGoun QFwiyLd! Syelicumm o GHTL M6
SIISWIEEET, FANFS 6T0E1QTTTERE G @)enL_wym) G\Fuiuyid, gafludesr
wHp Yoo parmsamer G HMWSPDEG YLUTD SaTal
A Heiper.  @Qrs wIDse Geuliuaidams oG alss @)
B &TewbLIg g QFiSng)! L a6 3y,TH%E@55EGL
e Galits wbs ‘ySwallwed e QeuLiLialds’ (Cosmic
Background Radiation) &woms 3 198 Kelvin (3 K (-273 C/-454 F)). 1964
@ wsar W yPwalwed ey GeLivaidwss Cziys
se1() L9955 G fes aunrallued Gueamgser @ weaud: oiGearT
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MWeasurements of low energy microwave radiation show that the
visible universe is permeated by "cosmic background”
microwiave radiation, coming from all directions and similar to
what is expected from a black body at 3. 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.

https://il.wp.com/www.thinnai.com/photos/2007/11/40711151ae.jpg
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Gluesrenevwmav, grfL. afleewest (Arno Penzias & Robert Wilson).

Temperature -
of universe 102K 107K 101K 103K

Strong force
=l |
Electromagnetic force

.

Weak force

Time after  1008s  103s 107125 10°%s

5%x10V 5
Big Bang

[ = now)

https://i2.wp.com/www.thinnai.com/photos/2007/11/4071115 1 af jpg

Brerg afls yFe aflenFselr
O Geury i@l PG ey CasLiu afss

1989-1993 gyau@sailev Csfw eurssiiued afesrleuaf
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&J,GDGJATILI&;LL'), BAFT (NASA, National Aeronautics & Space Administra-
tion) ‘Y&eLl eryev o email’ (Cosmic Background Explorer, COBE)
eTataniLh afewrOleuafld Aflenip (Spacecraft) e1af), syewsr Gleuafluied
APl ety Geuliuefdemss searliuBey (Mapping) OFuwisg.
2ABS sarliuBey Cuw Caugliy pluf’ waaplealssLy Hsg
glataflwions Larye GeuLiu affe o jg@ew (Intensity of the Back-
ground Radiation) & %L1 LIRSS WSI! 9FSIL_63T 9 Fwailwied L6ITLev
Qeuliuefds &g1s Bleveung (Not Uniform), Spilgl onmiil” H& smessiLl
Ul gl SIBg wIngeser LIUeEhFsHe srevsedlser (Galaxies),
PO HYOLLUILTHSNGET UaTIFRNEE g LILIHL_ WIS FHHSL

LB & e et/

Aaryew Qeutivafés gueses Quemp ey iip@L LinG
6TehPw BessL &mev aflevaray! Glegioer afl@h@h e Lorgad LaTTeirs
(Max Planck (1858-1947)) &@miGsmens s@iafdens (Black Body Radia-
tion) QITWIBS eT(pBw, ‘LNeTT6ws $Piafdns safllim® (Planck s
Radiation Formula) eLpevtd 2 " SeuLiL], BIeTeRTen o, 6UTaene (Infrared,

Microwave, Radio Waves) 2,Sweupplesr 9jenev Harmisemers sashGuw
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FSIGHL B aflL_GumrLd! Syupplest Fal L emiotiCGu  LIeTL s
G iaiFaseller 9L isSwnss (Intensity of Background Radiation)
srewill UGEDG. Pl GPgs o ahaw Blowulsd) sFialis
9L FSDEGLD, ST e FATSHDGLD 2 6TarT Gf @LILITGT
2 pevau’ wrged Llerrers auaarCsr® wpearary oNE&ng. L
Qe Li9er e EISw a1y ews sSiafds 3 19Hf K (-270 C/-450 F)
2 a6t plevevulled, LorGed LNearress (peresiPalss auenarGs i enL_
NwEsS FaH0TNI @RSFIeTOS! dnEGHMDW LISTLVE &G iaidsn
rLehes@ed e1gPevsullayd ‘Fo GeauLiuiplenev’ (Isotropic State)

Qs resst(HeTengme yplwLl LIRS DS
apLifer QgnavewCrrés B f
2, Cleuehuiled gaflafaid Lmedow sTewsed), O\pLjaTTaS6T

g, ufler Lpge Lgerwomuig Cereiplw 6L Gleuig Lifer (Big
Bang) afleoaraumul 10 960G 24,68T(H\% @55 @ (LT LA BS56w 61 L T
srvsallser &BsL LBBaper! LAguehs Qeualluied afewrLier

wEmsEar OsreiL srwEedser Ermer yewioLiLjs Seajsermul
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HUBBLE ULTRA DEEP VIEW

# Hubble Deep . Hubble Ultra
Deep Field

“Dark Ages”
o

First stars
(o]

Hubble g - | alaxies

" Normal
galaxies
- -

~

Modern
Universe

1.0 S Jo7-04
Age of the Universe, (billions of years)

O’ sT merC 6)5revGnTéG
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2 T 1% @feVemev! PwGGHT YEFTOLIL  efewFw mes
FiLwed  (Gravitation) UesTy Q)pSSH QSHS OlHTesTL
8ays gL L msarmul yemeu GCgiLGPepear @@ LAededlwar
@aflowg Soser Ieewg oflewber s wpesser (Giant Clus-
ters of Stars) L9TUGHFSHD 2 aToTEHTH 2a1FGEEHL LGHDE. BD
@afwg $eysGar srewsedlsar (Galaxies) e1arm) aileh@hTeshsarmed

D PSHHLILI(B LI G,

RaICeuT srewgaduieyd 100 9dedwer afewnrLieisar
Fnl) UJGITOTGS GTGIM HelldbsL] LIL HeTeng) SSBW Q@h Fi
@afllbGer BLEGF FLismd ufP!  Bog @GAlw et _eid
BHBLY HTwsadeowsd QsmerL Lmeww Geuaflulled (Milky Way)
GTIMTGTLOTGS LOHMH HTevHels@5Ld Q)(hEFATDeT &I edlsarer
@ Geualsar Blevarggll LTiss wpuywns CFTeewey SrILbd!
Blog utedww ofFsE QpBESW sTwsed 1.9 Leedlwer
aflwrest(h) FMIsFed o ateng) (Light Years -Distance light covers
in a year at the rate of 18600 miles/sec). HTewsads Faysar HaTeur L

2 heusBHCr evevg F@per eugeus® Gevmsmer (Elliptical or
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Spiral Shape) Ggnaiimid!  @@pells @UpmEIG uigaIUpld @)edevTs
STvgedlEer, LITLEHFSSW OIS L&s &HemDay.

uaQGaigy @efiopensgs CsmpmLd
rLiehs allfla) Lip D) Lomp TesT g6Ta) e L6t S(5SSI.

1915 gib yerged @Uwed BluPevw HsEw YygLdL
FLOWSHD — @eTeveL T LITUEHFLD  BlewevwTeTsl  6T6Tn)
BLOL et Qump Oeangtiy pPw® OCeelwrs), ArueEhsLd
Gariiys GUlPfIGumed o 1119 ol N&EG eTaTanid &hFHemS (LpFaedled
aFaVDL T QLIS Osmarers swmBermi! s GUTg
uUwe BluBs saraflwed FwatLTRsaler Gieasal b Bg 6)LIm
Qeuig iy plwB Csneip @F gnl' L eoioLiL] (Framework) o (heuTesg).
SYGTTED LIV ZY,ewT(H%E5sGL L6 @eimyd eritwed BlwGuileir
v augmsger APl UL ® uBHainert! BwPHF FoeTmL g6
ouessd ANNFDET Ydwg HFBEGHDST eTaTLmSG 6ieTsHs
WUBS QL BB, @aavenl e @i Blevew wlwsssemsd (Constant)

Gaigssme, allflayd #masupd sifleay L' B Cumruiles! eremed
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As oy blow up the balloon, the
“galaxies” move further apart,

— -‘.I’k ey 'li
elliptical lenticular w q% I|'7n|-l
Pl Ml W W
_ Sa — &b Se ”\ﬁ
'Iliml|i '!|'|'|||l|iﬁ1'w|" e - ) il | h
L ¢ ,‘u" - i, e

Ez E7 50 N, . I_.glth | irregular
\1"3 A w"w i

SBa SBb

GALAXIES OF MANY KINDS barred spifal

6)uG Ué;
eper’ W w@a)g&m STHHPD
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ouessd ANNEwG eTein HHSSGISH6T o PP wirest CLng), %o
Blevew wlewssgeansd (Cosmological Contant) @)eni_uled mIGHLPSSSI,
‘Sarg LGB Saum’ 6T HOLGL @6TabemL 6l GLIL|S

Q& messTL_Tii!

Click to view large image
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3 3nrai\-:l;
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Cosmes permits
aarka to
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Brotoris ad
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Bl BANG

137 za Big Bang
t = 0~ seconds Liniverse beging in an instant in

t = 0.000000000000000000000000000000000
saconds -- Planck Time

Gravity separates from the other fundarmental fol
works!

7 Known physics cannot explain the properties
between the Big Bang and the Flanck Time. To
period, gravity, which controls the interactions of
scales, and quantum mechanics, which describe
the smallest scales, must be united.

Liniverse is incredibly dense and hot, about a bil
times hotter than the Earth today. This earlky uniy
only elementary particles (like protons) and ener
stars, or galaxies exist yet.

t = 0007 second -- Universe has no center and |
expands. (Balloon Analogy)
FParticles of matter and antimatter annihilate ane

T R e e T T ot ) (e T ol B s o e



4. smenwu WenLip (Dark Matter) ersnmmsv

A )

“wefs augwTPpBlGe Fauned wpd aGUL Sally el
wHRWrssE OFuig euwmeugs, LITUEHFLD 61Uy @QuBIGH DI,
GTBIG) (HBSI UBFSH GTTEILD YTTUIFRAWAGL | Lreow afFuled
@l wer_wgBer i WsF Fm yewrg Casmelled @) HBS
Qs mesr(p), gwrest_iomest  eugaiperlw  LILEhFS®S
APBg Osmerer wellEi (LPEGTHDTT CIRTLIDSS HDLIGHGT
Qeuiw g waiedemev. 2 ws5FHCw LmLSSILL L. @
Faevrerts wellsLilinall HHWSH6T 2 6reTs (Lp(PLILIGHL LiGoL
Bflw pygus  eTeIn 2 pIGWns  pLOYG  HFHTCHTT

FBFOTWTSGLD.”

WpiGy O\ggev-Lomeir (Murray Gell-Mann) From the Book Stephen Hawk-

ing’s Universe
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COMPOSITION OF THE COSM

Heawy Elements

Disrk Energy:
T0%

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



The Composition of the Cosmos

rLIEsFE FmaTEGeTCor @Q@EGL LBgTer QT Eer

GTevT6NT ?

srfimear  oflewbleuall  emIsED  Galbs G Gumred
ugpgl AfBs HLEGLd LTLEHFSH T Fmet(hSGHaTCor HHHls
LG Cummersar ereties ?  @flwes, @flw e _evid, @fw
wesr_ewgemsLl CGured Leewruilgy Camy aflesibarseafler gafls
GO UUBISET CgTesiL pLog Lmedww ofF, Ltww aff GLme
Cam_mewr Cxmig @aflow opaSser OsresniL_g LITLIEHFLD | Yemau
ey Gurs s@ewwrsgs sy uTks S alesTeled
2 GTOTEHUS TG GTGHIGT ?  eHa GTOTLD Fesf LDGRTL_GULDT ?
Qeupd @ war wewriewor ?  @QBss Csearals@L LG &menr

PuDEDF @)Bs% S H@IUGET LPSHLGS.

Frgnsd CFmeers Gumerted LITLEEFSEH® 75% H(HeOLOSF
F8@) (Dark Energy), 21% S@pewioLi L9ewri_td (Dark Matter) 4% et

@M wewr_evid Gurein @eflow wpesser (Normal Matter). FBmi
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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
supemovae 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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AugLonsd QFTTeTTe)d SWHenLod F&6F) 65%, H@HeoLoLi LNewrL_Lb 30%,
aflewrilSasrasar 0.5% (Stars), 2 ayLd ewamiyrge, aBeSwd CFipg)
4% (Free Hydrogen & Helium), &es1 eLpovsmigar 0.03% (Heavy Elements),
wmw By AGernssar 0.3% (Ghostly Neutrinos). @)euppled BLod @G L
yAwmoed 4HInsl @Q)BbEHGLd S@HenLoL] LIGHTL_LD 6TGTLIg| GTGHeT
? oss Csflausn@ wer LNILIEHFsPd @Ralldssd), @aldissD),
O&S1553), yemiFsS LB 4PBS B HBSH UFSTH% S(HeF
FE@evw i upy OsHpg O srarGoumom?

The Composition Details

rLIEsF8BD saemIs@s COsMwTs S@enioLi 6L EisarTT

APVSHD BTOPIES STl BiGaller LI b 2 6Tergy).
BSIL_GT FH(HMLDF F&5F GIRIILD LISSTRT QRGIMILD 2 TeTH TS
PWLILGEDG. — FHeoWF F5F eIaTUG LITLEEFsms Gaus
b Guilew afifley Geuiytd i LG ares aflens (Dark Energy is a mysteri-

ous Force that is accelerating the expansion of the Universe). 197116553 Betr
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7 3% DARK ENERGY

The Major Composition of
the Universe

Compoaosition N | Heawy

of the = o

Cosmos ety
neutrinos:
0.3%

Stars:
0.5%

Free hydrogen
and helium:
4%

Dark
matter:
30%

Dark
energy:
NASAlA. Riess 65%
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SLBLoreard ClFmssHealcd QGIDTET HhLd LIGTL $H6T dnl (LI
uesiLTL enL Gogleund@eud (Slowing the Clustering of Dark Mat-
ter) gLGhFsF e CBTLj alflalwssG ! geewLomrs HLOLOTGD
an Li9eT @i flafleT augvahenm 2616 (LpLY B, B ewsiley e LoLiLesT
(Mass Structure) QUGTIFREOW GUMTLIL LDTGSE (LPLYBSTC), H(HGHLDF
FE@uler CQuear®s PuFow wGSHL QuaLb. e Geumy
Bu@ser uewGaugy LITLEHFS ST Agemar wHS51F ClFTedaLb.

Qo NFEmadled SL_HILDTGILOTGLD G LD LSST
OsmeavCErEs (Large Synoptic Survey Telescope (LSST), Arizona)
s FEFavw  prerg ofls ey uie OFuiwLb.
aupder ugsismers HBS S uTId L S (ReogLl
LgGFefled 9m)GoumLd.

Dark Energy and Dark Matter
pLIEHFS BT S@HLD LNGTL_LD 6TGRIDIED 6TesTGoT ?

s@pd el gewgll upslu yBF QaBSoT  afll L med

gLehFsPer SybFmismer allehehrallser Hesedlain eraflsrs
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Dark Energy & Dark Matter

L

https://i2.wp.com/www.thinnai.com/photos/2007/11/40711221b.jpg
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Bliewrwd OFWIB LILITG. OsrevevCEraGsar epevld 2 aTey
QFuig) 1NTLEHFSmS YITTUIBSHE, SeTamISGL LjLILIL TS,
eTares Oeuaim Ggafleumy) eNaTBISNS, LS ITGT LIGHTL BIGET FLoMT
25% Qametararalled @Gyuilppsesr | aflehepraiisar LedGaumy
auflsafled LgresTi_oreT 9bs abewSL LIGKTL S0d IeTdHd
wppuL L riser! prwplps Hws Cararseler Goed allpLd &pLd
LTS G681 LITHLIL|FHeH6TS &eSTL_TIH6T )65 (6h TewT|% 6.

1930 @e0 L& eunaflwed Gueng gmer gfl” (Jan Oort)
@&Muassmee aflamlbarsaler psisfsemer yomud Gmg,
PSS SO e SHar g LiveL UpPu SaEienLemw
ADBSTI.  euisl G FW WHD QEHIST6T. BLog LUTOLW afF)
Guneiny, uedewmulily @eflow pengsar, (Galaxies) oBeS 24, (% 6T
Curmed gyew 'L @Gy Saysarmyl fengaledenoe GCSTL_JBg)
BHIDSIDET. BTG ABS LOES SewiL_migaer Glouel GuprgLig
@I GaEHBES T Gy Searwparer OLTHL S6T
euppled BlFFwid Cugaraled @)bss CeuestGILD 6TadIm BLOLGTT].

QBs saiwrest QurpLsGer alewilSaisear L) QL ASLILg,
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srensedler awusws GCrrssHs saids allenFwmed @) (LSS5
®USGHLI LIGBGTDGT 61e5Tm] B L_L0TES ST bS M.
The Giant LSST Telescope

orear @il GAlugisGL  usssH®,  flaTiSers e
paidReow Crpradw Gung, @Gilw el U _geasg il
SAFs@Iu s@D Le_ B Sl apaip LG @65
Geuess(p)LD (Dark Matter Existed 3 times as much Bright Matter) 61e5Tas)iLb
sagl sGs®S Caaflud L. e yuiesmans CsT_iEs
uraflue auIBiseT afllssL Gsemaruyd (Luminous Disks),
snvngedlsmard  sppOlad  Csfbs el  eumeTwESEmar
(Halos) sesr  Gumg qger sl e gHer  jate)

2 YIGWASSHLILIL L G,
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The Giant LSST Telescope
(Arizona)
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L7Li65Fs & weuesieir

FEEHTS FefLoewsT O)FBIH 6

saanis G Osfung

S@penioLl Lewre_Lb !

FERTEISH G LI LQLILIL TS

H(HOLOF F&F),

L7LI6HFS F55 75 G 68T

@Dwrd F5F) !
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FORMATION
OF ATOMS

| GALAXY
| FORMATION

STAR :
FORMATION »

Big bang to big rip
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SOLAR SYSTEM
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Bogl LGsrers@evid, fleawilSarsaliayd ruehs Oauliug
Gsuiay (Entropy) Gaflgwmui ewswr®s Csmes® @GBS Dl
<sraugl Fss Fns weiGeo afamlaiseicd oamssb
TfeES SipsCuTy 9mar 0Fga Cleupid seTewPD LIesTL_L0TE
N @Lb. asribaisar yaialsd @aiGeraipruisd &L Ogmef

WG LI LNTLEHFLOTETS G(HHTVSF6D @)(HeWTL HewTL_LoTH ) (LD,
L g 10@Cwn sma@, (S ewallwe ailehesrar Gang)

1998 Y THHG (LPSTRTTD “HHWIDF FHF)” GTRTGILD G
afl@heprens smsens wimd Csatalli’L Febenew ! H@HeLDF
F55) TG eTLmiGefler miLiy aflewsenwi (Gravity) Guimev
pwals ewsy aflansGu (Anti-Gravity) | & PSHWLLTSHS
STVTGOENGT BHIFRWS S HLILBSHB DI 9SS L_GBT
srvrgeadlsellar  agamismard Hplieowl Curew 06589,
gmar @arpOuraiy Gr®s Gl&merTaTTgeumn oj6umnier

@ Gaualsamar aPLIGSSS O\&TeTGILD U B DI

& fevCLmoLf seredlallad (unQGerngsmeny, BrL 19 miapTLd
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LIGO&@E &LpSLD)

— ' -
Fremeuud s er

https://il.wp.com/www.thinnai.com/photos/2007/11/40711291a.jpg
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TLEhFSDT LoFLOEIGGT YITwLl L Gbs HTedled)Guwm,
2 pﬂggpm QLT EGTeVE L_GET, @TH%H HTLOAR, HTFe)
Goser, sUgweslue sEHrGasd, v mOlUT anrs&nE YW
afl@heprer Goangsaflar enflulled plesrny, @)LIGLITE @)BFwTaled
afepeprertl vewsll b euBLeT, LISLT OQubs BIeSs;!
swsll yap Oupp piedlsd wrCamsGwe, eumaralwe
Quar@s, YHwalwed YHW SHODSEHSSHS (Astronomy, As-
trophysics, Cosmology) QLI(hLOTeY Likiens eligglerearaid. LITLIEHFS
Carpps@er G  eugerpepu, GOPuTG  eflfleaiu)b
aflera@Ld Cu@LbLinetenoGuing eLis Gemenr QL@ Qauig Lty
Pwalwed BwFEGHF (Big Bang Cosmology Theory) Faumedal(pd
pemmuilen, allepepraflsar  Goupyi't.  Carur@psefed
TSRS ABSL ol aIGSSaT,

Cwrs pidsfier allehesmer iy LiLiewL L1 Licalisar!

Ogups picddsi yFwalwe gGeopuled Suieysar Ly
@i YuTuids) aflehepmest) (Cosmology Researcher).  Hevailwied
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UWiey LILIEhFSFGT LITOLOTEHTL LOTGT eoLOLIGHLILT LIHHIWG).
Gouehed  eiggiment sjete] QUGSS oL lbewl 2w W
? DG TSFMSHW 2 L] LG BISTTe) YSHLILIL L G ?
R Qupd LrerwgFed @B LITLIEHFLD o eI TesIST ?
QABS 5D PEpifseL Ipg Cpiss Ozm i almaraser
wrenes ? e Qevaflufled o uilf Sallsar eralallsLd,
amiGs  Gareiplar 2 HIuEssPeT QIS 1Py SreT
GGG ? I FVTeSTL_FH G LOFLOLDTGY, LSBTGS, KIS GSILD TG,
dpengwnear @QBs atssapsGl LD Czugw  (LpHETE
afeh@prelsar, Czi98 Gl& MLy (5 @LD BIDMIS FE0TdHST6H DTV
afl@h@prafsaier euflengulled aupLIcur, C\QwEs BicdsH!

Biedlal sar Goeutes AL yey aflehepred 0%L9G gL”
anmuiley et (Fred Hoyle (1915-2001)) @enessingl 5% (Lpl4S5
CpplagLlu®w mity plwGew’ (Conformal Theory of Gravity),
o muleO-picdlass miLitwed Blwu@wins (Hoyle-Narlikar Theory of Grav-
itation) sPCLNg @GhGHTeTE FHLIMGSGT TDDIS OFTGTH D TISHGT.
@auewrgad (Cured aflewmler sFgemev erpLitlsen), LOGFSG)
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owOSer Crrsdw smeursm?
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aurelwe) CUeTHSLD, @Geuresi b yHewallwed, Gy Lieresm L b
(Quasars, High Energy Astrophysics, Quantum Cosmology, Distance Elec-
trodynamics) B w EhEhHTETS HMDEEHSHG Ol@wrs BicdsH

QU@ LT GGIT LIGH L LIL| S 6T N SSH GTATTH.

i yay Guweng SHLICL epmilaiLer piedsi GeFuis

2, TTUIFF\E 6T

ouesssPer Csippsems aleraGw LA 19 e aflehepref
cageg -9Qg”  emmflevgrer (Dr. Fred Hoyle (1915-2001))
CurgBlency SyewioLiLs L9guehs Gl Cleug iy Blw® (Standard
Theory of the Origin of Universe (The Big Bang Theory)) 6TST@Q)ILD LI 1% 56T
PSS  LIeoDFTH MW QT YBS BWFeoW anmIsH
Qsnaterng apmiled LpEsalssas DG LLIDTS LI T
apmuiled Seig ‘BlopsIplevey yewioLiLyll L5LEhFSemS’ (Steady
State Theory of the Universe) 190 asith Qauwigmng ! Syermed $mGLimg)
apmuieler CarLimen_ pLoLGeuny eressienllsensd Hmlg FolsTuis

@DBg C&TeGL auBH D!
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apLifer aflesrGenria s s @LLFGETQIT

apmiled  pieSlsl QoG L®DFTDOW BIBSIH®
Bw@’ Uil maiaven e HEH W ‘CLng @LiLjeo BB uler
(General Theory of Relativity) SYIBISDGeT YL BFL LesTi_Ld
QST [ o (heum@Ld (Continuous Creation of Matter) G@( BL_LILITGSS
Car L psaipsalled gmplug. Gowrs Bicds@me L6 L
awmilgus  ueLgs Uiueses  CsnppgFer  plpsipleme
Blw@eow’ (Steady State Theory of the Universe), [BLOL) eu@pLIeud
cTeTenllsens  Wsad Gophs oL g ! sngesrd Gl
Qarg iy puBew pLHE urTeaTTITUIFS OFUig eI(HLIGITSET,
B85 SahLIgsGs Seooll LIesTL_Lb, F(HenLdd  FEF)
QBw Gsrlur@ser Gu@m Geugliy PHwuFuiear BlpersL
91 QB mL_FR D et

ruEhes Fmar@EGarGer @wa@L il QUL ser

eTGoIGT ?

srfper  aflerGleuall  ermisamid  Gallps G GLimed

131



ugpgl ANfps S GG LITUEHFEFET Fmat(hsGHaTCor FFpls
LG Curmersar eeier ? @ Mwel, @iw e _eid, @fw
e ewgemsLi Gured Leewmuilgy Camg afesiberseafler gafls
GO LbLBISET OsresiL BLog LW afF), Lmedww afF Gime
Gam_mest Gy gaflow FeSHar O&mentL g LNTLIEhFLd | djemal
etovend Gums s@ewwrss Osfluyd LTEs S eflamemie)
2 GITOTEHGUS TG GTGHIGT ? D66 GTEOWTLD Fesfll LDGSTL_GULDT ?

OeumyLd @)aT LoesTL_GVLDT ?

Frgnsd GFmeers Gumearmed LITLEEFSH® 75% SH(HeOLOSF
#8% (Dark Energy), 21% s@eoioL) L9ewri_td (Dark Matter) 4% et
@flw  wesr_eid Gurain eeflow peSHer (Normal Matter).
afugonsd Qeneiarted &peniod F&F 65%, S@Henioll LNewrLLd
30%, oflessibesiser 0.5% (Stars), 2 ey DALY TG, eUieSIWLLD
Gaipgl 4% (Free Hydrogen & Helium), & epevsmigar 0.03% (Heavy

Elements), womw By flGernasar 0.3% (Ghostly Neutrinos). (@)eummled
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elements:
of the — oG35
Cosmos e

Ghostly
neutrinos:
0.3%
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| 0.5%

Free hydrogen
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45

Darlk

matter:

30%

Dark
energy:
| 65%

https://i0.wp.com/www.thinnai.com/photos/2007/11/40711291d.jpg
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BLOEGL LRwmoe YHInsL @)hs@Gw HeLoLl L6 _Lb 6T6TLIG]
aIeian 7 @efldFsd), @eldsFa) LOGIFEE), S1hS 555, IeWIFsHT),
miLigg #68 Gunewg Gy 1NTLEHFSHET LB TTesT &([HeoLod

F&B5) GTGUTLIG| GTGITGS ?

s@pevLoLi LiesLb LyfleuClgeirear ? s@menLos 58 L fleuClgesres

@&Awewears Gunery Gsmner Gsmy alewrbersenaers
Osmewr g utww ofPulEr aflewrldear eIgeb  IBS
stvrgeadleaw oL ® GeelCuw g aflLmsuyg aGsr ein
SLOUUBSE UBGEDS.  ABTUG SFma allaTLEwEs el T
O FTSFRTLOTGT FHLIL| DDOFT LS5 G L HLULBSS TCHT
Gugerey PO o 6Ter @D g L6 LlewrLd (Matter)
g Uesmiger @Q)pss GeusHd erein ailehehreslsar
2a15) 5 56T L. BLOg LALW  FTewreadulled yemeu 61mGCH
LDGODBHIGTATET TN LPBEHI FBFSS5 CuGSTeT &mevmedluled

G GOV ¢ % o QULILIL T SH(HDLDLI OUOTL_ (78 o The
eSS LLILL TS S@evioLl 19w S@eT @)Ll (
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Existance of Dark Matter) Lipp) Bl (LpLy BSG.

Possible models of the expanding universe

r Decelerating universe - Coasting universe Accelerating unhverse

By detormining the rate of expansion of the univarse we Iive in,
astronomers are able to better estimate the age of the cosmaos. If
he universe is decelerating, it is likely to be young. Butifitis
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 @ed & eunaflwed Gueng ggmer g’ (Jan Oort)

@&Awesd s@p&Hed flavrilaiseler psisfsemear omuyd GLimg,
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PSFTUPSED F(HLD LIGHTLGB 6T 9LgLILIenL . LIPPIL F6Ten oG UL
2UABBSTI. 2@IIG HAPFw WHLh QFIFeT.  pLogl LTeW afF
Guneitmy, Lede Uiy @eflw wpeSser, (Galaxies) oBeS 2 HH6T
Gumed gyew 'L Gy Seaysarmyl Hengaledenoed OSTL_FBg)
BSIBSDET. STAUG 9B LDBES 2Tl _BIG6T Ol GuprgLig
RaEDIL  GaIEGBES Tl Gu@Ld Searwparer QLT S6T
Qeuppled BlFFwid Cuaraled @)B5s Couent(HILD 6TaiTm BLOLI T
saioreT 5% OurpLlsGer ealewilSaisear L L ASLL,
srevrseblaT ewwsasd Crre&Hs sHeuidd ollenswred @)(LpssHl

OUSHGEID G 6TTN] FL L LTSS FHeSTL_ D) BS T

1998 YT (HBG (LPRTGITGD “HHeOLDF FHEBH)" 6TeyIld G
afl@heprens Hmsansg Wi Csearalliul’ L Fedenew ! H@HeoLod
F855) el miseller miLiy oflenFenwi (Gravity) CGunew g@rails
aews @ allengGui (Anti-Gravity) | 4G (LpSFNWILDTHS 16V T 6r0% 6l 6T
BEIEFRWSE SLUOL UBGSHSDE.  IHSSHIL G HT6vTse0%efer
ageumsmard APl CGured 605588, <mea gerenOwTEID)

Cur®sg Q& merarisaing Quppier @ Gleualsemar
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TpLBGSHULD IBH DG 6168 Fo B0 MG, LA 1L 68T prL" 19 B TLd
LIGVEM6vE H1pss T e CupegwimenmLd, eurGeTTgsmarhLd oL&w

R 6)L_mo% L1 saTedladled (Christopher Conselice)
Computer Model of Dark Energy In Supernova

F@HeoLoLl eI (pLd, H@HeLod Fa@ujLd (Dark Matter & Dark
Energy) 190u@hel e Lifer seawanis@s GCsflwng wiwns
Failsaer.  saamls@s CsAwng e Ll epegHer LITUeEss
Qusss s@pailser e QuaHd | Byl a1 serRgs5s
FiLiL aflens aflewTiSenaruLd SjewTLBiseeruLd @QmISH LI 1919 555
Qs et (®) @i GBI L aflewr6)euafld @ padled @) WSS 6uessTenTL
2 aTangl. &HCLITV S@HeLOL LIGRHTL BT FTSH FUiFF aflens
STeTgedulled 2 6iTer I ewTLEGH S 6T & L0d &G W @) (5% eHuIeD (@) wimIF)

eIEIGLD @uyal_ MLy @mIs&HL 9198518 CETesT(® 6uBH DS

SHeoLd 85 LITLIEhssHe eratias OFwiGmg ? LAgLEhFL
Qum Qougtifed Hgpld Qoain o LT STVIEOSET

Byl L esfler u@ iy ps;pL Sesarmyl WsEs OFed&Haipet
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I ypped WEs sl Cupd CsrarewGErsHser pevLors
Crrg@ Gumg, Wruehs afaflbyselled Bs@Ld CsTamWSSHTT
srvrgedluler Geusd L& bg alewgeuT@euens (Acceleration of Galax-
ies) @)% @5 el s eir HesTL_asg ! BluyL” L esflesr oy RGOS T BB LiLig
saflliul L Qsrmp allensuilaiy) srersadlsaier GousLd LGS w s
PUYWTE.  YBS STIT-STHW WEHESFOSTGT &T6vTs60\s60aTs
FeTEFLD FHHenind FaGulles @ pLieor alleheprellsar o nHwrss
PR35 oo
el panss Cs1sg 56T

rLIE 58D aT SasTenlsGs OFMwns Lofnd &mallseir

rLEsFS DT i aNFseT, LG TTesT BlSHHeT Licy Q)Tes)Lb
Blepl9gas UL moedgter @QE&Hamer.  LruehFsFer allfleay
VWG FH(HSHSWSS  BineEs  s@ewLl L6l g % 6T
@oUmug Ggelley LIRS Lgdsemes |  S@meoioLl LIewrLb
“srewing Hewflay” (Missing Mass) eTeiipilh YewpssLi LIGF D).

Aru@heLs QummpL sefler 90% Henflauns s@enioLl e Ld ShBLI
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U@BDE. et QBT O\ F55 alesTLOHTS 6T, % (5 & LE% 6T,
yeoLiuL ng Giserser (Dead Stars, Black Holes & Unknown Exotic
Particles). savigmid &g Ggfud Qunml sellar 85 LG %15
saiids allewgemw yPluys Gungl, oiehesralser &aTansGs
Osfaiews oL, Woswrss CQsfwrg CUTBL seT @)BLILIDS
BLOLYBDITSET. g OQuuiwrermed ruehs alfleeus sBSS
B 38 gmgw Cugeareys Dewlley 2 aTarOSEINILD, Gl (LPLYUTES
Buewt(® Lgemnus Fengeaienl_Bg (Eventual Collapse) “eLpigwi L9711@HF
Blw@ewuws” (Closed Universe Theory) 2 mi@wingss QIS mg).
GLLTGBTaIT (Lp1g FoHEeir

1998 @e0 aileh@prafisar L9TUEhFSHe0 FHiwomi 75% Guoad
IRWEMBE WG GaT @mISHL 1985 BLOLE FHDDlujeTer
FHeOLDF FEPeWL] LPPIE SessT (B L9 SSTIHET | 9F6iT @) (HLien LIS
Osfwrgy BID GHLITW @QBESHSHCDILD. guehss
FmesianL Ll Gupoaralley ysHIflsgetarenss iy, QBSS

S@henind FHPUleT BlevwLilsg satenis By sTe, F$HCLTSW
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Suernova Cygnus Loop
By Hubble Telescope

https://il.wp.com/www.thinnai.com/photos/2007/11/40711291h.jpg
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Quar®as Car ur®ser alpsS QFuwiwiu Geuenr(BLd.
gLIEHFSH® ShenLod F4F L PUieT oSS et !

srvnseduiler Gzrpms Carlur@seailed @ent_ulent Guws
Gopmwed  @QBEGL  QuiuThsdT Qs GLD @I
@emewiLiwns H@Henind FEF eTewwTenTLI LILGUTLL.  euppled
R (LY &Y HTeTsSedsafer FFLLTED aflfleneus $ELILIS e
(Galaxies’s Gravity does not resist Expansion). (5&HLDT% a6 %) 681160

Bipgsnamid (pepulled F@heniod FEGenwL LUPHF COFTOeTL :

1. sewamS@GL LUl moed 1TUGEHF (LPLOELOWTS g
&g s allenawns (Anti-Gravity Force) oL & Gauiuyid
F(HeOLDF F5F) “YFev aflewgeurs®)” (Cosmic Accelerator) eTesTm]
@O LRSS

2. 1ILIGHFSEIS GaTCar @)(5s &L ClLITBL Sl LB %[Hew Lo

#3% aflewearallg@Ld @uewrL_mbd $oLi LG LiLEer (Secondary
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Effects) eretiear  Qeussipred :  QuBLbLITeTenn  arailed
etrL_gG e mestenln gisaT FyewioLienss (Filigree Pattern
of Matter) flw 2 gallwg. Spuneiens arailed o,mn/
WO YeT(H%E@5%G (LPATGaT “Srevnged (Lpb%HE%
C&rsgI56T auaTidfeow HMHeninsd 585 O pmssg (Choked

off the Growth of Galaxy Clusters) !

L 08s G@Pw yaralled s  FEF  sTVTSedlsaer
REMIL_GT R @QupsHS Osnetauemswyd, GCrHs
s marauensud, Llared Osraleuamsyd &®DSSH TS
! yawEsrIser srevrsedlser o meurssd Fpu Coaiemev
YA GEIDest. F@Benlod FSF auavaupD $15GaIm, aUGDeVELD
ywwsT1sGaur @GBS BBSTED, BLOG LITOLOW FHTe0TSHerd)
Oogiauns o Heurs QHSGLD ! SSened BLog) LG m1ars S 60
BlobLyerer “ser epevsmIsaT” (Heavy Elements) Lewesstpgi

s ner(® sngssermid Gaymioed Guimui(psELb.
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Farthest supernova
detected by Hubble |
evidence for a
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aflewgaumds afflyLd L9gLIeheLd
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6. GurrBmsv Glemrei NTUEhFDH HHHIHIHETH6NT

(Black Holes)

S FVS BT LDTWF & (15 b5 6 TS G
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Y& TS B)LO)BI% 6 BIS 6T !

2 PEIGL L o BHILbL|SarT !
eflewrLbeir afl(LpmIG s 6T !
@ L6 sevevenpsaT !
guehasd o ulles
QFmisa

S@pemLoLt LeudrL_ b !

A L6 HpevLod FEF)
G owis 755 !

FUFFF aflenss @ TS In%
aflovd @ aflens !

S aiflGar

WESBDLD HTCHTLIG]
QuowiiLim® o esicag,

gpevLh SBlaig),
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Loeof% flewT LosGSIaiLD !

FL_@6iT 6TLILILY @Q)BF 2 WensL] LiGHL_SEMT 6T HTewT 9l
ANBLyFRCoear. @Qpss Carur®h 2pssh CHTL LMD eTaTL®SS
CasLlu@e eTens @ @)FemFulledenev. YBSLI LIGHL LIL|F L 6 66T
2 aTend &HhGFIsFmars CsL aflenpHCner; LoPDenel 6TeDGVTLD

9ISGT Q) GTE S BI% GITS TG,

LI oGTeHen L GT (sTvGleuaid QLiLITed
L9 LI@hSEIE 6iT)
(&mevLD GTGUTEY)LD) [5TGSTSH MGG Lf)Lo mewsTLD 1910

gperhsaled QUEBLLLITAILD LpB@GL @ ofl®F CFmdens
@l L g KermGLn, sp@Peir ygewt Qowitiun® (An Ideal Pla-
tonic or Kantian Reality) (LpSed FIoUBIF) auTeIe@GLDd 2 L LIL & $DHMTeVL]
y@oner allehepreLl LNIFFeneTser eSS GL ailen L Ts

GTEORMITRYLD 3G GTDMIS G\&mTaTarLiLI(BILD.

Cuum®fieow L msSLj SewLj Gaver_fevar (Feaauflwed
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afl@h@prerLd)

ruEhssPCw  sevtenlled  LLILIL T%  S(hBEIGHGTSHGT
ABWSH 0 LB gre 0NN mIFer ! uleniLd &1 bS5Ie0 6T 6TS T6H
ruehes@er 2 tiw eugaled 90% Qurmarts BlyLdLiujererer
! eraflgnad Qenaiare, @@ Fwoleural afed alemler e1fFss
wpaugid BipsCumy Fenflad Cu@psste erwpd Gugerey
FiLuTppelled Hegps “@pep LSS (Singularity) Blave
Qe LICLING &b arullest i (LpSSLd, Fewslley &ewissaralle
wpryafedevroed &ng N®B I (At the point of Singularity, the Pres-

sure & Density of a Black Hole are Infinite) !
aflawrGlaual aflewL_& ewamred (The Handy Space Answer Book)
LIrLIe5F aflehepneT Goang abie:O\LIGT aprs&)s!

Qaug. @QOUSS @I HIPprETRsE @LILDD
Quar®s Gueswnrss $PCLTg FHwwrear GCrruied $Tewp
saraf 2007 @@)60 YDILISH W B UWSTesT avie-CLIGT anTs& 6

afleh@prenr gy pmedled &eelGwm, @mewd Bluy L e, pedLdL
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oaraveL_ar Y&HCUTHsHG @)eaTunss HHBSULBL LNFL 19 o)
afeheprel | alflpa Qewad NrLehss@ e CsmpmLd, weamey
(The Origin & Fate of the Universe), miLitwed9er @ iggiser Blws)
(Quantum Theory of Gravity), Bldswiwpm Blw@ (The Uncertainty Prin-
ciple), 9 LiLeoL_ g FIsaisal, (Elementary Particles), @)uwmensuller
2 ggyafleng (The Force of Nature), LATLIGHFSHG & (15 BI%I 06T 6T
(Black Holes), &mevg@esr q@pBensti Gunga (The Arrow of Time),
O LT %S B 68 @@ w LiLT® (The Unification of Physics) 24,%)wi6uppled
SRE  LPBS HBSHSF®TS Osefleuns, e1alsns THSSHIS
NI gwnesi_tomer TUehF e migaler Quiss
RUPSFBEISEETULD,  FETE@FHGL LU TS gLl
BIF6T5% el &S (Fundamental Particles) SjenioLienLiud @eTmTs aflarsss
Falqu ‘&1 @EHW BlwS” (Grand Unified Theory, (GUT)) eaiienm
afl@heprelsar eT@IDTMG @UHBTGT 2 (Heurss Gouenr(BLd eTermy

WpHUL® eu@bLeufled @reaud, abvie:O)LIGT T & !

@ERwTEH® anrE&HE esTedlue seisL Cuum@fwgns

(Lucasian Professor of Mathematics) G&bL901L"g) LIcOFHemevd &1pshsF 6D
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ueswuapy upSaud.  (LPTETDI 2T (HE G5 (LpeTLTs Cs
Luseflilsh 505 @LEPD SiEBBEs AL peS
seh 55 saflgll Ouar®s Guens, evi @evsd Bluyl’ L 6
(1642-1726), GrrQued ufa QuDDE Sewllg Gews LT 1QITE
(Paul Dirac (1902-1984)) etasiieupd 9Gg Q)L_SHed Liaiarted Ligad)

WS G S !
LITLIEHFS DT (55516 GT GTGIDTE) GTGHTeR ?

1916 <gy1b gy eriged goaTeavenL_allar e@Lwed BlwGufer
919 LiLienL_ufed Glegdoasr  eumesfluied afl@heprefl  Smged
Fourjevenged (B (Karl Schwarzschild), L9gUEhFSHD (LPST(LPSED
& (5 BSOS 6T @@LLSTS @aflw QI TES 060 IO LI
N LA SYATTD FHBHBSImaTsearl UppPw OsraTens,
SYUBSGLD (pettarTed 1780 yesiBhsefler gomesr FOFeD, Nwi
@&FLoeT ewrLiferred (John Michell & Pierre Simon Laplace) 2,&Gwimi
@U@ &y FILUTDD Q&Tewr “S@Ld  aflewrbaiser”

(Dark Stars) @)bLILI®DS THSHIISSTIHEOT.  HUDPIGT HeuFFFL
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OYEIPS SEBBIRT

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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CuumppededBrs gafl ol g $LL9¢ Gaedev (LpLguing eTesTmLd
FTL_PpSTiseT | QgD SETEDIHGL  LjQLILIL TS
SBBaI®MGET  Quiwns o ererer eI@iLIes  aileh@hTelsaT

TP mIS Gl&meirar BIHMY) (LPLILIG) 28T (RS 6T &L_[bH6T !

1970-1980 ST D5 a6 GuaTBDed UL &5
CsreamevCrra@ser epeions eumaiiwed efehehrelsal BIDMIS
FESHHTeT STVTEOGmar CHTEH WPV, F(hBSHIHTHET BIFFWLD
@ h35 CauassT(HILD GTRTEILD HHSH 2 I HUWITCHTS). (15 [b %I GO GIT
GI@TLIg @@ HTewleuall SImA® Kl @F Hewleumer
FALLADDE Sarih (4 Black Hole is a Region of Space-time affected
by such a Dense Gravitational Field that nothing, not even Light, can
escape it).  yoluiar afl @z Ceusd ailpmesE 7 ewed (11
&.18/afpmy). BTG RI Toysenest QNBMYSHEG 7 LG
ofs3He0 Harbdlerred, <& yalufitieou B aflewoeuafuled
Bl (BLb.. 95ICuTed FBHBHIMaTsG alHsmev Gousld -
@aflGeusLd (186000 eoLoey/ailpmLg). gerred el Geussgs s
erFw Cousd 9Hevbleuaiufled @edenev Glweiny goered e esfler
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B 10355 FDIFDG.  ASTUF ABGHD @NSE @L1qw
GousgBad eu@pd el msearGum, — efletriSersearGuwm

F(HBSIDTSH6T Hala @) (pSas Glsmen® Gt afwpmF el B 1Lb.

https://il . wp.com/www.thinnai.com/photos/2007/12/40712061c.jpg
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FeIaIHGS OsAuns  ybs AHIE  HBHHI®TH®ET
afleheprelsar ecrauaisd SearBLIgSSTIST ? Crriywnss
STGRTLILIL_ 1G], H(BbSIHTSH6T S65%E I (HH 60 2 arar aflewrSeiser,
QUMTULSHHET, FTRSET 2B weupPleir L85 alenarais@Ld LTS LIL|%He®ar
aflehepraflsar saw® omuyd Gurg YeuPpmlesT LoD TaT
@mLemu yaiwrellsg O wuiLilESDriser. BLogl @Ml
LOGRTL_ VLD HPMILD LimedLowl afBuied Liev IGRTLEGET & (15 bS5I6H TS 6T
(Stellar Black Holes) @1pCuip) o airerer ! upples Fewflay
Bleop (Mass) GAweners Guresiny wmg 10 wLmE !  QU®BSS
BeoopyemLw yaialls aflanbar gam Oegsgd Guig <%
@i GLUUIGHETeUTS (Supernova) LMD | yerred OeuySs
fewriSesllasr o L a@ ey By orer afestibertsGeaur (Neutron
Star) Sfeveg Henfla) Flenp LGS BEST® & @GBSI amLITESGauT
15515 @GS DS

rLehes@Cev  saweniled  LLLIL 1% SHBSHIOETST
ARWEB LB ImeT 0PSB IEIFH6T ! ulGnILD & (b5 0 6ITS TS TGH
ruehes@er o tiw eaugaled 90% Qunmperts BlyLdLlujererer
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! erafgnsd OQenererted, @@ Fwbleumel afsxd aflewiier e1fles®
wpaugid BinsCGumy Fenfla Qu@psste erwpd Gugerey
FILOUTDpPeSed Fowspg “@neD (pLgSiu” (Singularity) Bleve
QoG LGNS % BS5Ie»aTulles (PSS LD, Fewla &entssaralled
wpryaiedevroed @&ng NG DG (At the point of Singularity, the Pres-

sure & Density of a Black Hole are Infinite) !
ST Qasahs smpgImarsar LB apraS s gy FTuIEAE6T

1965-1970 @uPmi%a@ @ew i’ 24,6557 (h & 6l 6D,
guehsaflwenevrl  (Cosmology) wuUpm) plull yPDwE sHewlls
(PODE®aTS SWTT®), anrs@n Clung @Uwe BlwGuied
(General Theory of Relativity) “@penm (pL-FSGIeIGens” (Singulari-
ties) ITUIBS GUBSTI. QLiuesiulled Syeurs@ @il @hepret
greed  OQuerGgmed  (Roger Penrose) gl L meaflwns Geuenev
Qeuwigmd. 1970 wpged avie 6O)Lie et Glauels &pmiGLflsemant
(Black Holes) Lipp) opuiayser Osuiw oriblI$sy. yLIGumg)

Ui FHEIGPHFNGT @I LESHIGT G@UPSESHLILITL &  (Prop-
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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
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erty)  &eT(HLIGSFT! ol sBEGLHE F5B5Cs GlFaw
wpuywrg!  @allggismer ey allpm® B!  YFeTed
9BIG% Fmevld (g UL BmGI! SBIGPHUIGET CleuLiLiSsmeD
s@iafds 1@ Claier alehehresf CeuieTd enaneveiTLis
SFW B ISGIF6T BwB (Quantum Theory), e0LIFL. @68T6EM LI
umLgs Oung @uUwe PwS @uesevLwd LWGETLIGSSHS
FBBFI®NGT SGiafdens (Radiation) GeuelCwmmP TS 6T6TDI

QD 1&55) B BlehLIS51% HML 19 GoTm!

avie-CLIGT apTEEE @)aTenLo aMPEMS aIFTHI

S1e0)SGwr @QmES FeTefwions 300 (RS E5%GL LD,
@EHVTEHD avie-ClueT aprs@m 1942 geareudfl 8§ b CsH
sadGuIi®) pailed IDpSTI.  WGSHA LISLITE DS
Qgnmis aprs&m, GsPw wBsSHIa Yuieys Fnl FFe0 (National
Institute for Medical Research) Geuesllad pml(h Gpmuisefed (Tropical
Diseases) @pLiLimes muidd Geuig ups o uiflwe aflehesres

(Research Biologist). — smuni @ewGlLed aprs@m, ysadCumi®
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UeGmes &pssFHe Caugmpsld, rFuwed, BIHssieon LUDHIL
UGSl eUTSHETS BTG GPBMSHaN abie O)LIGTSTET Apss
eLwer.  Yeuet LImps Fowbsresr @) uesimd o sl Gumd
BB, OiweT L1 emar gr1s0sL HS6T 99 E5LY aTauliLi’ s

@aT(hsar ail(ppgl, LA L afled Liev B&IEI%6T $&T55LI LIL L 6T/

Smjeuesing o atar CGuirGs  avie-Quer GCLUNTHSSF LD,
F6551% 5 B 6Vl LD s 5@ P w FMLOFSSFTEO) wms
@ wpsrer  anamGaL (Highgate) o, mibLiLl Letefulled 111955196,
avie-Quer L9p@ yalls Syeueiead (St Albans) e wiBlewevLi
ueitefuiled Qgm_grgmer. 1958 @6 GopLig Lit9n @ <,%adCumi®
LGS HLp5SEe0 CFIBETI  SESWTT L(hSSHIILD T(HSHS
grewrig b Gaarrgy, avie-ClLiaT senflgLd, CLaTGsLD @) TevsTenL_ujLd
aNpLoL eTRB&S Csmermi! ymiGs yaud GeuliLuwssalwie,
eulwe Pw, FHissser wpGgalwed (Thermodynamics, Rela-
tivity Theory, Quantum Mechanics) Q& UGDFHemerd FpLiLirsL]
L gsmi. 1961 @ed grwed aflesrGenwinE&Hs Fmi_gGFed (Royal Ob-

servatory) Gaipgl, ser FpLiyl ur_misefier Goaslemasulled Hev
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wrsEger YrridsAuiled FHULLTF. 1962 Qe 2 sadCuTi®
soariuied B.A QuarGsl uL' L $1fl 9&), BG5S CadNfL g
OQeey GOLitg eLILwe, HyFwalwe Genmsafe (General Relativity,

Cosmology) o, gmuIgd ClFuiwLl Lj@&BSTH.

Cawlifil glled  wpsph  Huss  STeweuemILl  LIGLIL|
(First Term) @pyps a1 sayd Gengng Opruisg Guimer
avie-QlUemeTs S SMul, LASLGOILI LMHH@GLOLIY  LDSGHGT
QUDLMIS BT @uest® eumg 2.1 by GCrrgenews@L e,
UBSG ALS ereianid (Amyotropic Lateral Sclerosis) q@@hails
BIbys seoF Gpmui (Neuro-muscular Disease (Motor Neurone Dis-
ease)) o GINBNS, LM1&L _J&H6T &R SSTIH6T 26 0f&ETaN6D
5Cprenw “Geowr Gaflgs Gmmui” (Lou Gehrig’s Disease) e168Im)
GPuAGSprisar  HBCEIL epemen, pHIGS BB (Spinal
Cord) Q@ waupPled FUSS®F QUGHFmS 9L F OFulub pILbLsF
Oegevaemard (Nerve Cells) Hengsg aBLD!  yermed eLpemerufler
Plunppencvd FPIFILD LTHESTS! AB®sg Cpmumels s

FUTRsGLL sogsear FiGsL1s apdseL_gCsT  IVevgl
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BGwrelwm sraHCwr EEH gD wyewid o el nGL! Hie Oy
augsl oL wplewew Wsad GrFwn®), LAl jser oeud
PhD. ULl 1b QUABIGAIG UdT ol QUTY LOTLL TG GITM)
OG0 wss GsL L avie-GuaT anrg&m
SABTERUYLD UBSSUPLD  IOL_BSTYLS, OLeTHS ITUIFH
Qeuiyd CGung wer o mBuyd, 2L @ euadeyrd Qupmy NTLIEHs

affley gy uiaysailed LpatGards Cl&Te(® B Ti!

165



efsrSener QWssh HGHSenen
Igg G wirenfissioner wenerall Ggeir apras®im!

wmpsmsulled  Cprpgy GCurer aprg&m, 1965 @b
Guar q@uiled® (Jane Wilde) eIalignIld DTS — F(IHLOGRTLD
Qeuig Cmesr_mg. weneal Gwer anraéGm LoIs@Har &b

Lol & &Lh! weveSlwelled @HsSH <euaer ugs FOHLH
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Grreowrs uppg) yPEs Leteyd, Syeui pesr sHmevid o uilf
awmprl L i eeimy  Osfips eatayd, wear 2 p@Cwr®
avie-Quenet wepg  OsrewiL g, wIEsF wuliLemL ws
Qeuiyd oerdllaw Gev! areEHE 555 Guest eumpenal
WFBS umpeumel oapm), LaGL@Ld EhEhTaTE FISHeDESIS 6T
yilw eus® Geuis euellgment), Gwer apng&m! 1962 @)ed
Govr  Gsdlg  Gmmus  (Lou Gehrig’s  Disease) eumuiLiLil’ L gjLd
Quei®) AT OF@SGeT  obie- G pujer 1Py pSINBILD
GTRIM| L THL_JHOT SeHFL L TIFH6T  YeTTed BAHLST W B
2T HS@55&G CLopOsTawGILd (2007) Sjeuis pujaT @)eSIeLd
Bessr(® ClgmeGL CUIBng! 2eiisEsE @)TeT(h) LjS6e06u T EHLD,

R LSO LD o aTeTTHS6iT!

ST iy s BHIFF pooy Gpmuiled (Motor Neu-
rone Disease) FISTLDILD el QLIGH, LpLOGUSILD BL-GS (LpLYWITS
i@l Gumy, GCudéss @Y 2 Hewer BAHE TN,
ofewCar afleheprafllumy o walld OQFedayd Blevewenio erpLL ()

ol L _gy! wppith fev  wpepsailed Yeuwps@ CursepLd
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[ONGLEET <eugs Lemerad GCmer amrE&m, (Jane Hawking)
ysebad, ysal yelsg osai, yssay abe-OumIsE
afeheprar uefseaiied Geupmlud, FHUPSLOMGT GUTLHESHUILD
Oup ergeuns QbEss!  euus aiehEhIesId Fnl L MeiflsaTmeT
grged QLe@umad (Roger Penrose), gmugl’ GleoGuré (Robert Geroch),
gnesi_et &myL g (Brandon Carter), gamigd etevedled (George Ellis)
HCuni g umid@uieyid, OueatGsLl ueslulad <eupSEL

GupnggeunseyLd, O\LIhBgI®mewsTalTTHa LD 4 HCS Q) [BBSeT]!

1985 @& “HTwsTeT @(h HF(HSHSH eugevnml” (A Brief His-
tory of Time) eIGHIgyILD HYeUTH BIGOIGT (LPSDHLILY GILPSFTHHLD
(Draft) (pLYBSSI. Oeafloured@d Ooaimy Oejer LTam)
aflengaurg&uiled (CERN Particle Accelerator) QLImIEFREEHM5S FEIGIW
Gungl, BGwrellwum CGpmul eumditiLl’' () L@BSHIMUS ol _SPDGS
SM6HF QFavevll UL L mf. o uljsgIenewnid Fngesigens (Life Support
System) eUHdG Q)enewidSP(HLILIFGD 6156yl LI eOemev 6TaTmI
L1EL §&6T Fnp, eneral Gwmar anng&m GEemmoe, Ijeuemis

Cab 9l ) BSHIME HmLFFDG TP Glsmrest(h
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wpsTE  9ymGs Ggmenen_& GLmu ymiewal (Tracheostomy Oper-
ation) hEGHF OFuwiw CpiL L g eraies yFFud! ymievma
QeupPlw i evie- QU 2 ullj Lewpggis Cemesrmg — gyeTmeD
TG GHIed poPleitd HYmips Cumuiell’t g oseTler gyeud
o b e1ps aI%8 QsTL i ®eussHs C&marar LpLyuwmoe
Gumiel L g!

QUGUTE yeugg LOITaUBGT @EeuTeT Lleogwer @il
(Brian Whitt) eTaTueui mIevev e1(pG (p1gss 2 5allwGsr@L
oAb Qgm_guy Qasmerer “eurpefwss ewwowid” (Living Center)
eraiigyiLd QMg sewfleflll LiewL Lity (Communication Program)
RaIeD avie-CUmISE Ymiwsss CsTRSsTd .  “aumpeiuss
enpwid”  ewereGeued e Cuniesflwmaled o aTarT  @UTEDL
aumredL_mav (Walt Woltosz of Words Plus Inc. & Speech Plus Inc. Sun-
nyvale, California) ojeuflesr ojesrLiafLiLy! oL LWGTLBHSS
avie-QueT L GenT eIPSMILD, LSS SWTHGHILD; B
2 arar Cuds: @)enenLiLIuietT (Speech Synthecizer) epevld abie-G)LiGw

pwLer CGuagewmd!  GLeill Gewes (David Meson) eTeSTLIGuT
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Gués QenewiLily, Llleiseneaf] QesTenL WD YUTH 2 (HeOET
BIDSTOIGD UFHWISL LIHeTsE ®USSTH. @ uGuUg
avie-Gluer Liearastiwed &uedled (Electronic Voice), (peiienet aill_g

Osafleuns @@ eupmled epevid erpgayLd, GuFayd LpLyFHmg!
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Stephen Hawking and his second wif
Elaine

https://i2.wp.com/www.thinnai.com/photos/2007/12/40712061h.jpg
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7. qefiobmassst (Galaxies) siningd Gxpmenmen ?

Galaxies

gafiopewss CsmppLd

“Bleneownes aflesriSaiigser o 10upd  @eflss@iser @ Mw
palleow RSF QUDPMES SeienL s menr_eneuGur.”
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afleheprer Goans ey gews By " L e
auralwue Ggraewlprégsear eUiCumgd  BuBsamar
FR LB SSHILIGH 6.

ouepsd 20019 aflflyws Gurg, srewsedlser pLOGHLD
@ aewsd QeavRamet! g Coaumy aISLOI%E dmpdleme,
sMsedsar pLoeon oL () alw®d ClFaeaugred, LITLEhFLd 2 119
NAGgy erarLig Cgalleunr®ngl! Sysmeugy LITLIEHFLD Blewevi s
(PLEIRS G5 G LD (1 Foc85T(B) TGN &(5BS Il 51! g CFrLiLs
GLILACUTe 2 11198 QsresrCL CungLd e OL@pmGsmenth !

aresflwed BlLjewrg 611" aflesr am LitNair
Click to see large image

“10% eTaflw SBSHISSET 6TV T PFHTeT Loeog ©)FmesTL_

FBSOTW TOT(55% S 6T HF Tm 6T ”
<20 B CamgLomein

“esflg uTpsas eTatenid BT &3P BTG BLYSTTHRLD,
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EvoLuTtion oF GALAXIES

Dark ages

Galaxy cl

Galaxies -6
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DGR  UMFOUUTTITSQLD @  srulfergruis — sTL§)
9MEHComid.”

afleh@pmar Goeng Hedav Gumrais

@Bz Cuar8s 2 wss3HCw WHGmSs Sreiyd OFein
@O 1% @@ wiww Qe ! ymarss Ple) afB%EbLD,
puBsefler sesfl auflsepd, Ppsemer wWHLLsEH LpgalGev,
well% ESSHIILD QST (P wns @b LIT$Le CampsalilLienL (Pri-
mal Chaos) Gprs &g GlFe Daperr.”

SEISET LTFOleTL. (L9TLIEHFLD & LML getTeenL_ai)

_Hubble’s Tuning Fork Model Of Galaxies
gLiehss smevrsedsar erLiLig g Cgnerphes ?

IGvallwed  BsgGeumisaiar  (Cosmology) — NeTEEBISGT
anallwe CsreoawGprsgsafear GsLed epenns alengeinds
fpsBwngd Gung, Ketenart WrmpHwugGed L9TLEHFs5 T
(Infant Universe) L9essi_Lomesigl eTalalls wpGralwed BluFuied
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Mormal spirais

E * .

Kinds of Galaxles

. Sar————8br———18c

Ellipticals

LY

E0———— E4 ——— Ef ——— S0

Barred spirals

SBa ——=3 8Bb r——35B¢

UGV MPOW WHE)SS6T

https://il.wp.com/www.thinnai.com/photos/2007/12/40712131a.jpg
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ampmid Cripses erarUams aiehehradser @QLUICLTS Fnipsl
SLITUIBS UBRDTIHGT. BL0sE 61(pLd CoHeTald) @)HIST6T : 6Tem6u
wpaepsdle Carardlwer ?  srewrsedsert ?  aflewrSeisant
? g s@psidarsert ?  eareverti guehFd g% uiled
LIOTUTS HeTSE TS 19 8] 2 QYewT(LPOTAT QU T SE@FLD, H(HEWLOL]
ewst_(pLd (Dark Matter) Eas SQBF (HbS HL_6VTS5 @)(HBIHIGTETS).
FETEIS &L L{LILIL %, jione, L95gneoret G)LiL e _Lb
QBBSEDGHS STevnsedlselar L5 o emeT g miiwed
ur@UGu s  BlepuaumiseTTy  GTHSHS  GClEmaTersi
ulter  ulleyid HrevngedlEer, eNeSTLOGHEET, &% (BbSHIGH ATHET
ety @paGs CFiBH (BB 6ITLGISTET ail@hehTefsemard
FBHs5 s LITUEHFSHNT LG TFTTHE@ LD, LOFLOLOTHGYLD
[OERE

Big Bang Events

ruesssPer  mewaTeovll  LlaTlewgg  aflanareyserer

(Microwave Background Effects) epevtd p,omuips®led, LATLIEHFLD
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12 to 20 billian
years ago

10 billion
years ago

Galamie

Galaxies and-

quasars form over
the next few
billion yaars.

&a6V8610867 BHaMMPDd

https://i0.wp.com/www.thinnai.com/photos/2007/12/40712131aa. jpg
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Gais@BEs Cung, e b @a@wTwg Soea®, O
Qe Liysgl L9p@ 380,000 yeBser sflbg “Leis@Gure”
(Transparent) ~ @QBBSS 61D FOBSHBDIIHGT | Quap
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Einstein in the 150-foot solar fower telescope of the Mount Wikson
Observetory, Pasadena, Califomia, in 1931, He s with staff member Dr. St John,
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Inthe "expanding-balioon” analogy, galaxies are represented by
spots sttached to the surface of a balioon. As the balloon doubles in
size (between times t, and ¢, the separations between galaxies
increasa to twice their previous values.
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soures receding) Df light s moving (from left 1o right in
Mblllmtramn! each successive wave-
é = crest (abeied 1, 2, 3, 4, etc.) s emitied
from a ditferent location, Fewer wave-

RYAVAVAS 84 WUV cresis per secand reach observer A
{from whem the source is receding) snd

more wavecrasts per sacond reach
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e1ppgl Csmisemer (psHd Fpas lewbarser Ggreplet!
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Galaxies -2
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ueva i Oloevaller avellesLid (Melvin Slipher), e aflesT aunLiNeir
(Edwin Hubble), Ole0L_eT @u® omewest (Milton Humason) eLpeusLd
SerenL_uiled B Lmevww afFulled @)BLILSTS eTessent ulBBS
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Galaxies -3
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Galaxy Clusters
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Galaxies -5
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Two Views of the Milky Way Galaxy
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ter) enossLl UL (heTerg ! 9ABS Fmar YPulled BreTE
FIBIS6T FHOD) 6UHS DG, QUilgs sewtsEIT QfleTLOCHS T
Gampewimsisarmuili Leteflu B SIBISGTS STBISG LITOLOW

FTvEed S6T LOWFSS OFTeT(® FH1 B DS !

ufl§)  eRTLeVLD  BAKTE SHIEIFEND QRRTMTET  GflweT
F08&e0 (Orion Arm) e»wwsPeBHEgE 30 Quilgd eeflwmest(
SMIEH® L 198 Csnawry GEEDS ! BLogl L) Ghuemers &pp
upeugy Gumed, @Awenitd Lredw afPuleT enwsans ol Ty s @
137 ewwew Couss@ed (220 &.10/a0pmg) &op) uBHng.  IBS

GausgGled @ Mwer pepenm (Lppeut L b &mpleus 200 LedeS) weir
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2T (HFH T Y,GHLD TN FewIHGL_LI LG E DG !
aflesrLpFed eTaTLILIQLD [BlLjerndseir (Nebulae) GTuTDTE) GT6wTaS ?

1924 @60 Gl fss aunaflwed aflehepred o1 aler anLier
(PSETUPSED R(B FHOT QUL QUTET BLaTTeneUd H6dlo’s Guimiestluim
wunGearmssssg 6CTarewCrrE@uiled Sewrmi.  Blyert eIemme)
P& eraTLg  GlLT@paT APDG ZTFsar, e Oeuard
umysser FiGeoowns lewbarsaiiey FPUGuTls, STLS
weopuled eswraTLL@L @@ OFred Blyerm ! Hev
UTSSaTTU] TEehFW Pevgeys srewsedsar | Ho BlLerrsser
CuOgmalyL &1 FHHaTTH, R BISTTS, SBIalHLIH6UW TS,
g uedlivemeaiwnsad (Spiral, Planetary, Emission & Reflection
Nebulae) 2 a6y wrpeme @GUUICETUT ey sHs NPl
SIS S FGT. DT BlLjenm ereLig (Planetary Nebula) eumy
PpROHCar ! OsneamawGrra@uiey umis@gd Gung GCsmer
g aled CFAUSTD 96 DYWL BIL|OTTSHET TGN e PSHBLI

ul't e s@iaids Blyert (Emission Nebula) eTeiiLiBed gaflafsmid
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uTY LpHevsaT 2 atere.  eupmlar 2 atGear evevg LieTGest
@&L1% efafsid aflewifer @QBasFmE. ML SEE6T wesSarmuiL
OfBg o wissd ypeusns sBisemer (High Energy Ultra-Violet
Radiation) gjewar 2 1pGleipert ! o grgentions eflwer BlLjarrailed
(Orion Nebula) ewamigIe9ast aumujaier bailsLl Ldens Bln LpHed
AEY IS

pLEhe snvdallsamer L amuiss GapiFolse &GMLOLISSTH

O yay Geiwer aleseprefl alewalwd Gapigblee,
QUTE HBInE &Grredler OanidblFew, searwer emer 6)an jsb)Fe
QG epeu@pd USOSTRILSTLD  HIDDIHIG G  ailbenSw Tes
uew gaflilfesr wpmssmer  allarOeueluiled S RLIG S,
YL G iley) QU TGV MM M 6D Lol Heww 9_GWTL_T% S GOTTIS 6.
Mowadws Capifteey wGrarad L&ECsrearyd, oFest
SIDTCHTETULD  &HCRTL_ . sniens HCgraller FGFmgger
WL T GewewrsLl Lesfluapy epeens C\&TL_JEs)

uey Qsug, o urdLSEIsSmaTyd saa®h LNgSSald.
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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
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ANVWSHeT oer wrear Oapifdlee eumesilue, HeanllgLd,
Quer®sid  (Physics),  BlppuL.  @uoamwesitd  (Photochemistry),
afleheprenr Gaugmpgid (Philosophy of Science) p&w sieomsHaied
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U 2 s Gasgser el ar Csmeg ;rs 7500 QsrL_[Ljs
S FEIGET, YUTH BID FHTEHFWSF6D (Archives) LITGISTLILITUI

CoLilg gl meudsLl LiL (B eTerer.

spgowLl  earups 20 Sy, 40 Sy Gelbers
OsreavevCrrefsailey uTemens senieranTalld STWGT @oM6T
QamidQaged yips uallsear oCBsLD. C\gesreaTLI g% mal 6T
QsP&s Camygulled o arer paTpLOLIGms LpenaTuiled (Cape of Good
Hope) Ledmassi(h&ar $mi1% OG6r Lo v aiessgnemenws (South-
ern Celestical Hemisphere) GlgmeoaCpra@uiler o arey Oeuig 3347
Q@i en allewrlersenaruyd (Double Stars), 2602 BlLeTTSHHemaTUL{LD
(Nebulae) sesi(® Nggsmd.  jeud OQeualui . wpsed Bljerm

QYL L auenentuiled (First Catalogue of Nebulae) &mgpitd 5079 LimedLows
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@aflifer  wpmgsalled spamswrd, —oflevalwd  OanifblFew

FHGOTL_G06U 2477. @T6HT ST 2602,

Goguih ug0STGTLSTLD BID D TGSTLY 6O Garesiplw
BlppuL g  geopenw  (Photographic  Works) euenisd Glsuis
paGarmysafed (LpEFW UL LiLiTaflwnssd ShSLLG 6, g9mer
Qamidblae. “Cum’ GLn@gm 19’ (Photography) ereiignid QLiwien Ll
LD SSaIT SUISTE. BIppUL G Flenpuled ‘THFLILIL Blped’,
‘GrruuL_plped’ (Negative, Positive Films) 61eTaILb aUTIdenSHHenaTLI

LIOL_SSeuhLd gomeir Glan §&0lFeO S 6wt/
et QapisClFe LRBS assraT ailehEsTeTLl LicsiEar

e Gapistlaed 1792 @ @QmGewrpgy avGevmar (Slough)
eraigyid  pafled LI alled GuLy@GEs Oeiwear aleedlwLd
Qapidtleas@L LKnbs as% Lsaeuea. GCsbfl e o arer
yesilg ener seoarilufled Luiein sesllss siempulled 1816 @e
ulLh Qupprd. @UUDD auntawe aiehesTallsarTes SEms

aflevellwd, ygews Curedlesr @ peugTeYd T GUGTHSHLI
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ullL mg. yeui Qpeud HBHRD uarips @gner OaniFblFe
aurelwue geapuled eucdwemioud, GsTaewBErgEs epevLd
unGeng®) 2_areyid LD uyd CuPprd. speswregL LIGTLD DY)
Saui sew@gss LTdwW  @eaflbaiseafer eraTessiEamsen
Wenswns& uilns sewmsstar @uL e LBarser (Double Stars),
@afLBeT oBengsaT (Star Clusters), BlLjernssaT (Nebulae) LS WDemDS
s SSTH.  pSied (1864) Gleveileups BlLjert, afesriSer
DLl F Cung L euenewiuied (General Catalogue of Nebulae
& Clusters) gonesr Qamistee wPmid Speswri oflealud
OanisFleed @ upaurhLd Sewi_ewes 3347 @Quienl aflewiLbaisaeT;
2400 B eTTES 6.

@ ESwTESH e CaoLIfL @ LIDSVE HLPSHS D) LILG.5HS 80T
0 i#0#ed e1alalss sevaig gienpulled LISal) GBS IO euTLH BT
wpgih  eunearOeuefl  SpITUIFRwmergnsLs  LiGsswaD peTm.
Seuggy sl el FAwr, 2 L anajed (Woodhouse) eTeiTLIG .
Bl a1 sEw sredGevad (Calculus) Guimelain) #pmy eTefsmes

Qeiiefl abd (Leibnitz) LWL GS, HTDGaD GG UPODS
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Fellssems Y EHVSF® erpPweii 2 L apajed! Gasbiif’ed
sl urtL B L B aGeim Geliell adlar sredGaad
YeW(& (pepser CFissL LL_alledenev. gnel sellST5s STeTnsL
Uy gs aiails  eTeflgnar FTOGoed YIG (LPEODSEET
BHVEHD  ComNOLIWFSSTT. 1813 @& sllssGew

wpseurtss Gsm wpseBlenels L L b QUpmT.

Car G CspnsPear wsssmes afleerayiuwer (On
a Remarkable ~Application of Cotes’s Theorem) eIGlig)ILD Hewils
Marssaempeow 61, grwe GFmemev iguiar -G e Gavr
(Fellow of Royal Society) gyeamd. 1820 @& @uetr(® ‘(LpLy-emiLd
Goupiun@seflesr Liwetsar (Applications of Finite Differences) 61eas)Lb
sellsd QoL mpreosoear GQeueluill L mi. 1820 Syesr(RsSaier
wyaie senfls g uiaysalalBrg alewd), @rar Oanisdlsed ger

PP TS ULD euresilued gieomulled (Astronomy) eLpLpS & Ty
et Glapis6lFEe euraflwed gy uias gempulled preway

78 Speug auwBHe (1816) spens aflevadlwd GlapifblFev
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uresiwe Uelluiled FaTidd wypPpgd, wrer  OamiFblFe
Suuefileow eugemititfed QOsrLgpsmd. 1822 @b afledalwid
FTGULDTGYGILD, DS S &Cumeder LSewT(HILD o 1Gesrraug,
Oeiwelg@gs CFa@DTd. 9bs TSI @Ter 6o jd6)FeD
FBHT Husemsasll LFw wpeopulled senlla@Ld (Eclipses of
the Moon) @plwGsng euneflwed afehehres (LpFe N WialsemLp
QeualiiL L mj.  etned Yeugs (psH QU@L LUFLiL eT6Tny
SBSLILIG UGS et er  gmwew  GFmemeviy  Oeueflufl
‘@uien  aflesiberseafar oL euenewt  (Catalogue of Dou-
ble Stars (1824)). aflaadwid Qamis@eaamarsi Gumad, srepid
<o pOeuafluiled HBSTTSFe0 pHHLO flewiSaisafasr (Deep Space
Distant Stars) Guingena CBras) aupsmd. Osramev alesTLBeT geiser
‘Qwens@fy @)L ewiiend’ (Parallax of a Star) Sewflgs
wpwetmrd. UiGungy @ e aflewriSersar wrah g@f il
®WS®SF FHB ags HeT(h), eupmler &pmiafGseard (Orbits)
FaflEE, (LPSBLPSD FllG (LPODI®ET MGSSTH. 1833 gyLb

QLY D UGHTL ST Jgmwed OFmeneniy yLILIHSGHS SeogG FT6D
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SRS LISEESF I 6NSSS).

1834-1838  gpanpsaiicd Osarermiitffssralear Gsmg uied
2 alten paTaTLb LG s (emeruiled (Cape of Good Hope) $mi&%) G\getresis
fletranemgenws (Southern Hemisphere) GBrns&) o arey GlaFuig), LimedLow
esribeaiaen BlLeriasser yRwPpmDL LBy CFuistd. omGs
srar QameQeups 20 2y Galpars CsraewGrre@eamuLi

LWGTLI(HSS UTeT@Gen Lol 2 uic] OFUisTy.

OsaremrLilifgs aunsiled oeui S alpmssar 1835
@ BBl Y Cprs& eups apmedluiler eumeviSer (Halley s
Comet, Edmund Halley (1656-1742)) <joupg 6gmeoewCprgs uiler
searenfled UL L gl  eureLSeiselar aflpengwrer GLms@semarn
g omuips  Gurg mily oflevsows soily Gaum vwGally
aflenss@pLd eupplest CLnEaEL LITH SN 6TGID] 9B BSTH.
LRSS B BSI eunedLbeneT LILITe NIl R aflenFem i oeuFTed
safls  (LpDUled UGBS (LPLYBSS. QLGS T  @omTasT
Qamidblee wpser psed LNGS sTHeDLI (Solar Wind) LDPS
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SR E5  eTgieumuipm! UTOLSemeTsS FaT@Ld  aflevsd
aflenad@ (Repulsive Force), Lfi@uilest snpGm &muesid ereiLIcng
TBDS&15 ST gesing.  Gayh auneLSestler 96Tl g% e (BbSI
wmysser  gaflwry  QeuelCGup&Seaipes  erein  (LpFedled

S LI SB0ubLd sraT Glaw FEGFe Gev!

1847 @ Gg e fNgsTaled Hrer sestB LG 55 eureswied
penssemar Brevrs Oeualull’®), e grwed OFmen ey ufler
@uewt_meug CariGev sSEISL  UFsFFa L (Copley  Medal)

Quppmy.
2 pCasehuiied gaflafsid Lredow sTewsed), BlLjerrdsar

2B ufler s Lgarwionuig Ceraidlw L Gy Li9er (Big
Bang) eflewaraumut 10 196065 w6iT 4,655 (H 5 @55 & (LpGST LD BS 606U LI T
snvsedser s;sLl LBGapet! Nruehs Ceualufle afesriSer
WFmSFHAT GCHTeTL FTewsedger Fymet yeoLiLG BoFHermul
2 e 1%  afledemev! YPwGGHaT YEHFTOLIL  efewFwmes

FFLwed  (Gravitation) uesTy Q)pSH QeSHIS Ol mesTL
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Bays gL L msarmyi emeu GsaiLGPeipear @@ LAevedlwair
@allbws Feosear ywg oflewrber s wpesser (Giant Clus-
ters of Stars) LATLIGHFSHD 2 aTe1STS 2a1FEHL LIGEDE. 9BS
@aflwsg $eysGar srevgedlsar (Galaxies) e1eTn) @il6h@hTeshsarmed

Y PSHHLILIBLIGHG.

@aeury  stewsaduleyds 100 Levelwer aflewrLbersar
Faly UWGTOTGS eI FefldsLl UL HaTeng) HFS®BW QR(F FW
@afBGest BLLEGF FL_Osmd LRS!  BLG GAwW ETL_eLH
BEHLD FTvsadeowsd Qsmewr Lreww Geuelulley (Milky Way)
TITGTLOGS OB SHTvEedS@5Ld @) (hoSFamest!  &mevsebdlsarieir
Qe Ceualsar plevarsgiLi LTIGS (W wns GCgTeamewey HIoLd!
Bog utedww offs@ CEGBEIL sSTwded 1.9 WedeSwet
oflwres(h) SMIgSHed o arengy! (Light Years -Distance light covers
in a year at the rate of 186000 miles/sec). &Mwsadld BayseT HaTeuL L
2 hugBHCr s F@par eugeudFCovngmet (Elliptical or
Spiral Shape) Ganaiimid!  @@ells @pmEI@ euigaupd @)eOeVTs
SrvgedlEer, LITUEHFSSW OIS %5s &HemDay.
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BYTISS6T GIGILIGHE WA ?  HTVGeEe®al 2 DLISS
OQeuiyh epev Qaflow (LpsHsHears (Materials that form Galaxies)
Qarei, 9dag STawded IS whHssamart GlLpD
RaNLpFed gaL' L 1D! 90 fds afl@hehret o1 allar aupLiNeT (Edwin
Hubble (1889-1953)) Qeuaflud’ L ‘Blyerngsefer Guurmisid’ (The
Realm of the Nebulae) eTeiieyiLd HIedled Smovsedlwimerd) LN60eS)wesr
sassHed  anilSaismar Csrarg@e o ataT_SHE  Glsrewi(p),
LB ps Glai@ Oau@ SIS @) BsHR DS e1aiin ClFTeOH DTy,
Bog) umeww  OQeseld srewded Hevellwer Srewsedsafcd
RATD TGS TSSGST UM IWITesT IeHTLEGT a3 E 6 %6 2 aTareT
2" mlyerm : Blyerm (Nebula) eresignitd OlFmedeys@ "wpHev’ (Cloud)
I HISSLD. YeTL& CEHMTaTHeT, UTLEGEIS6T, I6wTHD % 6T
(Planets, Comets, Astroids) saily erewerw eumesued @e6fsSa ser,
@afl LBMSHAT Wrad (LPSeOled G5 FLOWLD BILIGTTISSET 6TTNI
@O UL e QUL IYT5FSH @eTaid Fev
UTSTWe FIOSAT BILeTT 6T USFGL LTRSS

QUGB GLPLILILD o GSTL_THETLD!

230



Planetary Nebula
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Fov FowLd HTevEedser (Galaxies (M51)), SGWTLEGT LD 6» S 6T
(Star Clusters), 2HevOleual L8O estmaf eumwy/gn® wp&Hedsar (Intersteller
Gas/Dust Clouds) p@weupenm BlLjemnsser e1asin &mILNG &G mib.
VWD TES FnpLIGLImesTTed @9 GusTLE G LOB GO S S G
@O g ‘Blyett ‘ereteyild QFTed  eumyLOWLD YDy
&TPwwid QameL. 'WPpHRSG WL GG LWSTLRSSLILIL
GeuasQ)Ld.  QupLbLITG e LLW TS BlyerTafledr LpHeSled @)HLILIg

O QD LY TEIGET GuTiLy!

10&0 @S wiesT @I ewTLB TS 6T FFLILY @Ilen FSaTTeV & 19 W @66l e e
LOBESFAT Q) enal. Quubunayd UL oNTLBGEISaT
wesrigwene!  Yeweu Frang Gurearn s GsTeoml b
OQarehad @ mIGL CFTEhFLISL LTal, STewseduier L' L $Hev
Buenr(y CFumied o eitarest.  pLog sTewsedleowd CFins HCns
aflewsriber oL fser Q) o pewen Gunaipeneu! GPILINL L
R Curf o e @@hPev @alwnesHsear (A few light-years)
SyseLd CaresLg! ‘Bwps alewSar wEassar (Open Clusters

(M44)): PspPlw 1pggissemarti CGume Osfume @emer. BHIDDIS
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FagsTeT YHW ofeTbaismars OS1eal_mal. el WrayLd
mily aflengserney Gaigas Ul ®), GPw STgHed LNfBa
Qeary Wrsr@liueea. stwded aflawlber wrmssar (Galactic
Clusters) eTa¥mILd enpSsLiLIBLUMa. 50 @aflwresi(h) STISHD &%

@®DES CFTevevalled @) BLILIGHG.

Gugerey o apewr eumy wewrigw WPHGw qafl o pLd
plyetngsermul feflfGeimer.  yewmen_ulled LpUET aflenws
(Ultra-violet Light) af&1d aflewrilesr gaiimmed, plyermailer wp&Hedled
2 GiTen SeWIGHeT FHG QUDYIS BLp Blevewd FEBEGHS STl
Gumgy, Bluner laialleng@ (Neon Light) Gumew Gleueldsseans
2 181 Favim ! Qupbureyd @ealfpgLd  BlyeTTsser
QFBBDLOTIS ST SHBRFDT HSDHGS STITGRILD, 69 QUD L TS 68T
aumyeiler ‘geflafds Bmiold’ (Emission Line) FeuLiLy Blpid! Lopp
BnEseT YB&Hed CF@TUL LTI, aniyImear 9amissGer
WGpSnLiugted  CepgnCGw  safigs Guafll  wepaSayd
OsN@ma! yBsmuig Gsramu aleawibear yeeg CsreipLi

Cumad alessiler e Geuells setmsaievge, GlLTgeuTs
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RNFABSILD BILIGTTSHSCH TS HTET (LPLYFH)DSI.
‘TR G\ grefd @ Ld BlLjenmEsair (Reflection Nebulae (NGC 7023)):

Qurgieuns pev PngHew Caraipemel @b 6UHS W T6ST
Blyerngser! @& Cublgrel afsd aflewnrber erplar aflenwL
1@ 1658 @ b STF (LpFevsar (Clouds of Dust) @eweu! 1975 L160E G LD
gaflled  Wewswns peo @aflGu oLl (s saTans s
QgL BH S DS Qungieunssd GCFpEDSHed  @allFBgyLd
plyemmssess,  fo  ppgHe  a@Cgrefid@d  Blyarss@sLd
e Oesefluied Qevewnwns HBHCw ST & eflsGeiper!
BT IbS )T BILIOTTSSMETU LD ‘LOVIFE BILjaTTSHET

(Diffuse Nebulae) e1681i LD &MILILIBG D THSH6T.
‘sw BlyermEger’ (Dark Nebulae (NGC 2264)):

deiypd 2y s@h geflowus O35 MUGBASTD, QB
plyetisser sflw  plyearnsser GCumwsd STL&  oefs&enes!
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agaugmsLl UL Quw®ssTed sl o eud  (LpsLILIe
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Planetary Nebula -2
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Osaru®eugyGumred, sflw Blyetngser CsmpmLd yelld@GLd! geveu
B0 rafllg@Ld BlyemTssmar @Fsmal. peTTed @b CaumLm®:
@aflwreg BlLeTTaler (&SP LIL 15, 6T (LpSHIFHed LGB DS
sflw  plyermgser Qurgeuns wewidd plyeatissaiar owmpGs

FTGwTL] LI () %) 63T 6ot/
‘91L& G meir BlLjemndsaeir’ (Planetary Nebulae (M57)):

fleriSesr sesig QmEssTev Blevwulled of TS eumTys
GamearGo, e plyern Geuaiiny eopssLl LBEDS! BLOZ)
uf@us 5 19vdlwer yawREEssGL LIDG AHCUTD G
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w1 &Casmar BlLyert @b @eflwTesi(k) SFTISIHSGHLD (& auTes
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Suernova Cygnus Loop
By Hubble Telescope

fig-8-supernova-cygnus-loop.jpg
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‘@LLgGpraur LAFFmisan (Supernova Remnants (M1)):

s euigeunes oflessiSelr eaiimy ogessid ewiujih GLing),
Gugerey  gaeflipby er  osr@gss  ugeld  Ssmib!
< LiGung, g ‘@GuiGpreun ereipy Ouwi QOUSDSG! Hev
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Qeugiysgl n@, @GuIGsTaunaled erehHeaug, ailesrLSes) e
R QU@ UGH!  BBFF LGHUIGT s @B P
afwres(haGar!

araflwed Geans grar GamjdlFalar ammay

arar Gapidllee Geaafil L ‘Qupliuew Casrrss
Oseflajeng’ (Discourse on Natural Philosophy) 6T68Ig8)LD BIGOGVL] LIL) Sl
ww&Cse0 LmgGL (Michael Faraday (1791-1867)) 9eupsl @hmet
UGV LD WL] LIFPES Fmplwg): ‘@Qupiiwed Ceugrbs mrenevL
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LOTERTRU (5% @B LIMTL_LT LPLILITS 2 oG &S CILIDDSI. 2bHTe
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SYLD YYD HTLDTRT e OanisdGleew GlauabL haradL
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190 resre sewlls BlLyesri aymest LiwimL” (Jean Biot (1774-1862)) gaplwigy:
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Neutron —48

Recycling Star

Life cycle of a massive star

Life cycle of a Massive Star
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S1EaOUIGTT F(H6lT 2TSH D ASF @b GHLUUITCETUT ofF 611ps
W¢555 e Brg5 Careip) ulmssewrd erain aflehepresflsar e
Car e 2ar@E&GpAisaT. &Horh 5 N0 6wT(H% @%@
ey 5 CeaualCupPu Fmew@® aflewdeuafluled 2 wal afF
G Grd giewisGsmer eutfld Oame®, el GGG
Bewrentlu GoHeTeVIL_6T, eTHWLD UMY ESHele Bev BlpgBe 6186 G
F@isemar e1(LpLiLls Clsmessi(® ClFaing) !

Qargiy peppgs uemuilg  eTRS6T SIS
Qeuguwevevser, Geallibg Guresr smevw wWHCwT® wpL g
Woanied Qsppp maniy e Waall Guiug ! @BsL
Heryws® G Cursas@L Lng aumysser Gelling HewteyLd
(Density) o apewrptd omy) LeOGeaun euessentLl L ewL gar (Muli-
colour Bands) Qs fipger. Geflipg Sues_ 9 u6hs Bns HoL HSer
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Life Cycle of a Star
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White Dwarf

Not an obscure member of Show 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 Venus).

https://il.wp.com/www.thinnai.com/photos/2007/12/4071227 1a.jpg
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aflewribeiisefasr @ boaplur  1bumisemer  (Stellar  Parallaxes)
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@areyid 100 edeSlweT erhsar L0855 HPps GCursemLd!
fev  flessibeiiser @GAwewer ol i UL m@ Guflwene!
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Stellar Evolution Cycles

. Blue Giant

Protostar pse |

‘, Mid-Cycle Star

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 laa.jpg
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Supernova and White Dwarf
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The progenitor of a Type Ia supernova

SR AL )

...which spills gas anto the
Two normal stars The more massive secandary star, causing it to
are in a binary pair. star becomes a glant... expand and become engulfed.

O I

The secondary, lighter star The common envelope is
and the core of the giant ejected, while the separation The remaining core of
star spiral Inward within between the core and the the giant collapses and
a common envelope. secondary star decreases. becomes a white dwarf.

.
The aging companion The white d

star starts swelling, spilling increases until it reathes'a ..causing the companion

gas onto the white dwarf. critical mass and explodes... star to be ejected away.
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White Dwarfs
in Globular Cluster M4

Brighter

White Normal
dwarfs stellar

population

Fainter Oldest
white
dwarf
stars

Bluer (hotter) (I S R

Supernovae!

W
@
i)
c
=
I=
[=]
=
o
O
@
=
‘=

More exciting are the stars that really blow up. Aside from
the special {but very important) case of White Dwarfs in
binaries, it is 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, eithertoend 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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Absolute Magnitude, M,

Sun’s Post-Main Sequence Evolutionary Track

10,000
!

to white dwarf
'GIANTS (11111}

White Dwarfs

The exposed, remnant core that ionised the planetary
nebula material is basically angxtremely hot, dense sphere
of carbon and oxygen. Any hydrogen not ejected quickly
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surface temperature (Kelvin)

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 unique 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 staps; Red Giants, are very large in
diameter, but not as massive as Blue Supergiants, and
nowhere near as bright.
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The Sun is 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 att here. These are ted 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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BB 7Cssfer Cupammplu epain (petaralliysepd O\owiwimes
ANPser  ereiy alehepresiisar o pHLLT®  OFuigeTaress!
apsaiCeas Osips @@ Owangarealsaiar siamsmws sail,
@aupmpg Osrme Crré@s smallser apeld Sk @BHT
Bleplliug lsayd sigerd! eurellied eued@BIH6T (B)SHIaIenT
APBs e1ps Oeuaw@araiud Bleopuled 1.4 L mi@ LG ufer
v@penal LOGHF ueTaTs15s STenTUiuL afledenew! aflesTLOcwS 6 e
plopow @and HASHGL S U®IUIL LIEH CT6wTenemTd
(1.4) ‘sp@0Cssd eugibL]’ (Chandrasekar Limit) eTe8ml eumeshlwed
afl@heprard GMILILIBH .

Red Giant turning to White Dwarf

QY,OLIFL goaiTaven 6T YSH W FmLiL) eLitfwied BlwG (Special
Theory of Relativity) opmid Geuressi_d QUeT®ss GCamlLm®

(Principles of Quantum Physics) 9p&w @uestenL_ujid LWL SSHF
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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.
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@ afleribar serg Geuliu Syemigs@w 61k (Thermonuclear fiel)
wupensuys aisss Gisan oA, syser Les EPIGess
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Qeualuii L euneiwed Fngemeasar aflewrbearsaller QmiP opujeT
Boowamw @58 ST L 2 gal Qslifamer. Cuayd aps
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Blenpg@er YL_m% oL gre), yFev Gevafulled LysGrrairssar
(Supernovas) e1gaLb @)evevTenins T H&Herper. (GBmeum eTerLIS)
2 GitongmIGs@s  GlauigLiny (Internal Nuclear Explosion) e’ B

Gugeralled F&Feow LlensLiLBSS Oeualwndg@Ld, e aflesLie).
Star turning to Black Dwarf
FLILwe Qpryymiseded CHrarmiLd &mn S eTsEeir!

1968 @& SWBBSHI®ET TGN (ST (LpFedled GlLiwd L cup,
2O wNss aleheprefl iFfuned® afevd (Archibald Wheeler).
uileid  YuBmEGL  parGu  H@EgIeTerwl LB
u@QerL L mb mrpprewiged LA ek Ceugrp® (John Mitchell
(1783)), wpmitd 196 ge18 Sewlls auadaBr LNl eewpest emlarTed
(Piere Simon de Laplace (1796)) 9@ Gwimg @)beupLd &(bbs5I6memulleir

Sy ivent & Carl un@semart Lpm) 61(Lp G u)aTarTs e

S@pgIener (Black Hole) ereiigy aflesrGlevafiuiled G s
(Highly Dense) Q& mewi(®), BlwHLiLig @) (BLLISTSS SPLGHSSL LIL L

R Yy b P Geualufle miLiy aflenss CuympmeyiL 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. I has not yet cooled to the
point at which it fades from view and becomes a BLACK




o L Lpib @)1p551% Ol nadig (5% GLb @I G UGS, 2LiLGE e
615IQLD, T&T aflFSEF T afds, LOesT &M1B5s &P ialds (Electromagnetic

Radiation) gL %61 95385 G\ BEIS (LpLg Wit/

Stellar Evolution

aflasrSaraser GsnpmpLd

272



9561 I (HCS LG LD @afldasB iser Cprnsd CQFeev (LpLywmLoe
auemanistl L@ Sses mitl @ibugss @G saiits)
@Qusst u@WL!  sCa FBEHIMaTET LSS gafl GlFaev
PY WIS e, Ys6r QBLLILswss Csremew Crra& epevid
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Thin radiative zone

H burning shell
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CO core
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In a first, astronomers catch a multiple
star system in the process of forming

novas

Star formation process
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AN&HFSFe0 WIIFDG. BLogl LUAGUIET LEE®ald 6T (B aiTer
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BLOLLILIGS DS
The Spinning Black Hole

ruEhesBe Qaiargaral @)mSuied & miEeres <& DS
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2 arLner GeuaGarafuiled sruiepevs yewmissaledBps (Par-
ent Atoms) eTev&iggrer waeytd LIQEISL LR, NF6T LI6uwrL_Ld
(Matter) 9jesengse15  Fevgounest eumyeunsg (Degenerate  Gas)
DfeucwL_Seipg)! ps aILFS umisseT Qaliug $Lg% wid),
Qungiounet aumy Bwsewarti (Gas Laws) eTLpmicBHaewev!
aieumysser  Gugere Bloewulled PSS oL weTLd!
eupepLl Curaip Geuesgeraiser 5% <ells@GLd &ILiLlsar
eTevaUuLd  (R)OeVTLOGD, BobsIwms  Goliss,  ABGSH
wehFRGaraiwn® (Yellow Dwarf), L@ OFmiGearalwn® (Red
Dwarf), <yuiymid uepliys@eralwn® (Brown Dwarf) @)miSuied
WLy aunest Hpmi@Garalwns (Black Dwarf) Sessamis &g 6)FMwmoeD
QGpsIb QewTs o GOl BESHDS!
Supernova turning to a Black Hole

FBPrCFs] e1pBw aumeflwe afl@hehTeT HIcOSeT

1952 wpsa 1971 euewy cunesiwed Guear®s GQeualuf® (Astro-

physics Journal) afleh@pmersi uBailesr @ Hw PLgnsls (Manag-
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ing Editor) uesst] winpplerrd. n@ <55 QeuelufCGL 6w iss
aumelwed GLigeneuullest (American Astronomical Society) Gs&w @)HLpmu’
Syergl. 1953 @60 gyewr(p) grwed eurestlued Gugeneu (Royal Astro-
nomical Society) FBHICFE5%GHS SEIGL LSEHLD Iafssg. 1955
b e Czfw oflehepreti Gugeneais@g (National Academy
of Science) CaiBCsBSsLI L L 1f FBSICssT LSSH BIVS®ET
erpBlujararty.  ilewTLSET FHpFSH HFTalFFTed BlHUpLD FHF)
FL_g&e (Energy Transfer By Radiation in Stellar Atmospheres), 1L1fl@ uflesr
Buagars@ed QeuLid &pGmm’iL b (Convection in Solar Surface),
aflewribesr gyewioLitleir psmLg uiay (An Introduction to the Study
of Stellar Structure (1939)), afleswiLbair GlasnpgafLifer Caml TG ST

(Priciples of Stellar Dynamics

(1942)), 2@ieféssd FL_gs® (Radiative Transfer (1950)), Hueu
Quas & Hoeu sTpslwe Blenewium® (Hydrodynamic & Hydromag-
netic Stability (1961)), s@BEIGHsal sewfls BlwB (Mathematical The-
ory of Black Holes (1983)). Q@uuiLiun®id etyflevtd (Truth & Beauty),

afl@hepTeansPed sevwggipd Coul enguLd (Aesthetics & Motivation
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in Science (1987)). aflessiibenr gpafluflesr @) oL’ @wasd (The Polar-
ization of Starlight), &g arBGaied QeuLiLid FPCoIL L aumyssaer

(Convection of Fluids in Magnetic Fields).

1999 o1b et ereuiuLl L. wefEIopp  @fehehTars
slewesstdGasmar (Premier Unmanned Scientific Satellite) e@f e1%ev G
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maugs Oluwgn@Lb. 9sGImetdCamar 615a0CrE FFiser
erupLiyd letiSairgsafasr gngenowner @afBlnll UL el SHener
TBDSS% ST BHID. g LLOluier #ipedaf@ulled #oOm 2,70 9558)LD,
@ Ber(® plermealler CLmpaf® aflewrbenastuLd (Pulsar in Crab Neb-
ula), smeved)Curiwm LsGrreunenauuyid (Cassiopeia A Supernova)

UL QB &SI 2L 6TeTS).
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Interstellar Medium

many stars form at the same time
(an instantaneous burst of star formation)

all stars evolve together and the massive ones
explode as supernovae around the same time

supernovae create shock waves
that compress the gas nearby

compression triggers siar formation and leads
lo a new generation of stars further dewnstream

the stars of the new generation evolve
together and the286ry repeats itself
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Structure of a Neutron Star

294



A NEUTRON STAR: SUHFACE and INTERIOR
. “Dwrs

CORE:

Homogeneous| ° R iia
Matter | eutron
I Superfiuld

ATMOSPHERE
ENVELOPE

- Polar cap

W Cone of cpen
3 magnetic

Neutron Superlluid
| Neutron Superfluid +
|- Meutron Vortex  Proton Superconducto
Meoutron Vortex
Magnatic Flux Tube

hitp :/inww.astro.umd .edu/~miller/nstar.html

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

295



@@ Byl orer efesTiSer @&womi 20 &GS g (12 ewioed)
AL 1h Qamewigl. Sger Lep Glwenerts Gume @wmi 1.4
L BIGaTarg.  YSmeug Bl grer eflewmlber @aerafl < ulleyid,
L@p Slewreniowmengl (Mass is Dense with High Density).  slujL” gmes
ofewriBellasr Pmr LN LD Fal_ LIV LG LI@Hm6US GClETesrL_gmul
@wEGL. Byl grer elesiSesieT LEh 9L TEF) 2TST6), 2YF6T
Fiuiumppad CGugeraied Lglles eeuliLgml o eTengl. &
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eroflwg). Ll s saaBLyssHe0 Bluy grer afesriSenrseeir
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uep, ufRGuiler uepeweurs Gured 1.4 wL_mIG (FEHITCFET uTLOLY)
QBESSTH  yMlwiu’L g @i an. gewioLifed BreHTE
By grer eflesiaiser oesrs Gamersemenrd 6% men (B eirens s
oplwul uU@RSDE ! FhBaImanser (Black Holes) 1O&aLb
FaTonarsTed “FEHICFss umbL]” @b WL gans BlIw,L Tres
AGTLEGSIT DOGVG HHBSHIGHGTWIT GTRTD GHL_WTGTLD HTGET
LI DYETH
Colliding Neutron Stars

Sl LiL aflesLdeirseir (Pulsars) 6TRTLIGHGI WTEH& ?

1967 b gy ergevgrer Cmrfledler Gue wLfGerew (Jo-
celyn Bell Burnell) e1aiignid eh Soaurdl omewrall Gy oS dey
afs3He0 ol Bl B Lietad g L] aflessriberaener Gy Guwir
mealsHd epevl] LIewTL_BISaTTSs HaTBHNGSSTT | HLpILD
Bl grer aflesribesiasCar g il afletTLiTSaT TN 26w poHSHL
u@EaoeT | ey @i iR &HmegsTed il Bl G

WerenSeiper ! @QuiGLingy pad yemensg e Geusmisafayid
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gLl esriSaisenars sHment (pLuHpgl. @l Cousgans oL igw
afengalled o BPF ClFeayd UTLIEYGH6T CBTT® HLPSYILD
Bl gresr aflesrSCer giig iy alesTiSer eTaim ML H DS
sUUSG uPflsT G sewmseas ollasg Gumew gy

afesrberasar QeuaflLiLi®SgId el oL Gl B LiaTey Smgy.

Fev gy iy eflewribeiser e1bevGr s isaman o LOLH 6D 6.
YapOupp pessi® BlLert elesiu@L Bl grer afenrfer
@&LILFCHTeuT Qeuiy Li9e0 LD BSHISTGE. &).19. 1054 pLd 3y,6wTL9 6D
Qeumyid @LILFCHBTeuUT oL BILd SrewiL] UL L Fms syplwLl LIRS DS
! goavravenL_air 61560 G unGensssgFed (Einstein X-Ray Observatory)
2 areuliul’ L peswi(® Blyermaler pRaled I Geill® Liletand
RaAgs g1 111 aNewTLS6T ety SrenTiLiL L g).

@Quen gpum’iged g o Crma&w alesTibaLd, Heogaled
Conaplu e Byl grear aflewilayd Lareds 6sTarTHen e,

9| F TS S GOTLD TGT YEAOEY /i Bluy L gresr aflewrLSesf)eir
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FFUumPDe YCrrasGw ofewrleflar LeRTL BSmaTsd SHeTeUFLD
@ WS5I5 CSTID DG SBSLI LIGSTL BIS6T Byl gresr aflesribestes
B LUGBselad LGBg Csdfampar | QBs Qussorag)
“afessrLBeer 6wl GlLI@BSSHLD” (Accretion Process between Binary System
Stars) e1asigy QFTOWLILIGEDGE. SLILIgL] CQLIBSSLD 2 GwTL_T@ELD
Gungy By e aflewribet @& G 61660 Gy s@isemar 2 LOLHFmgi

!
Pulsar Signals
aflesrLb e afiar Heongeys C&mevmiserr !

Carner Gamy alesriSaisefer LIDBSHUPLL, <Y YPleusipld
eTevemewpn  LITuEsFsHed  utewalfs  gefibwg G Gew
(Milky Way Galaxy)! Gareidlw 155 aflewriSaid oyflwimoed
9Ly Cu 2 (FSG®EWTLOED UTLHLIGHG  eDev! Lyblufled
Ywps wellsisers@, wPD o WfeTEISEFSEGLD  eTLILILY
QUL srewd eran GPEsL UL HetarGsm, 9Gs Gumetmi

Syer_Oleueluiayd eflessrifeli gaIOleUTRTISGL UL STeVLD
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Siwneflast Ul Rerers)! @Gl LSS L1605 6T 946w T(h 6T
afesrCleuafluled sa@LAL 1y umpBs wps Heov alambersar,
@areyid 100 evedlweT yesrhsar 055 HPps Cursemd!
PAev  aflesrleiiger @Gwener il L UL mEG Guflweneu!
o ageas®a Hflwees!  QsrBLCUI® CFThselLiLee
P! Gaflipg s Qumiis S _emeu Hev! el HipLbeoLis
QasrHuenes Hev! gafl ulpps BB Curaranas Hev! L6y
L9ed Wit e o6 FTTS B e LoleyLOlen) & @ Lb afessTLi TS aTLl Lipplw
aleGrafisaiar Qs yuphar @aldSr feamsL
unigs,  gelbmppiesy  LmisE,  @Lsest  umiss,
@ wrppgenss uTisg, @afplnl w e _enwil (Light Spec-
trum) UTFS&IS, &gl CLOTES gFmweT aPFmarLi LWSTLHSHF

Oauig Qsresr_ aflardsmisGar!
Life and Death of Pulsars

R ewTbeT Faig o L beniid fPFere) Fengss

wp&Hmev 2 1P Emg. 9LiCLngy eflewrber (LpaiiL) QBES®S @il
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5000-10,000 o1L_m1& ol aixSmG)! 95 Crreur aflewtber (Nova Star)
TGN I®LPSELILIG RS @LILFCBTeUT (Supernova) afewTLOeTS 6
Qangifed fevgayppid Pm  sigwisGsmer  Gleuaf Guimpmls
@Mwenest afl 100 LedeSweT LoL_mi@ @aflow s e Ll 6L n) &) 6T 6.
@&iw  GOLUSHET e misarTes Liger, Oeuaraf,  Lyf)
OQeaieumyl, adwmper, Fefl Cunaip Csmeser @ @&LUUITGBTeUT
Qg L1960 o eiTL_TesTeneu eTeTMILD, SeUBeDL LGETesTTeD (& fWicsr

SUiBEl CFTesTL_gGTsald $HSLILGB D!
Pulsar Beams and Spins

uf@uller epears Gumed 1.4 oL mig (1.4 times Solar Mass)
GupuL' L aflewber @Qm@uied @y Gleuett@areaflenw (White Dwary)
2 BTG Pevene ciain FEFTCFST smplestng. (CeussGaral
ereTLgl URPWIGET LEenar (Mass) L bGl, ASIHEHBE F&65)
wupnd Newsps feswiber @erdler (pgays GameLd. ]
ageusPed FBlwg! yerred yFar Hewllay (Density) % L%

Wevswnerg)!) SASHDGL UFTs s aleilbar CSmL_JBg)
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Aevgoypm, @GUUICETuT  GleuigLitied (Supernova  Explosion)
QuIEISS sFevig uTysselar @GpOeailenw 201G yFDB, @b
Bl grer aflessriSesing (Neutron Star) wami@ng). LfBeowirs GLime)

10 oL_mIG (5SS alesTLOGH eatimy, @)eraniLd Ol mL_Fbs)

Qpmom®, QmFuiled @@ S@BBHI®eT (Black Hole)
o2 GRIL_TH DS B rCrasfler @QEs apaimy yPaililserLd
@&UuiGrmeun, Bl grer  flewrife,  WwPMILD  F@HBSHIOGT
gPweaperp  afleraF  guehFs pFHuied  Caretpslw

ppsmartl LfBg O\sraTar 2 %6 % 66y,

Fev  sowmsallcd @QmF OprmuEiIEe (Final  Collapse)
aflewriSesfled  ewamiggmer — afSlww  YHweaipap s
SGILDTGS oLpevsEIGaicd (Heavier Elements) Bi_mGlIes yewids b
Quasmismars grewry  fll_evmid! D@ < lagmiss
QussmsGer @&ULFGBETUTMTS (Supernova) Gleulggg <ulgLd
@aflows ST Fgsewer (Galaxies) @il Cugref afFs FmyewT

wrsrh! @rre®EGL LIng Cubyrel wm&), ugeb wLpHe
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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
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aumysser Gaerold, epev oflewriSesilear F@RSH@ (Core) L (BHILD
BlesEngI  bwpHd Lwerd CFuig, BSS PP AFe
P& CT® sevpg), FILILIwe QBT BSale LB W @ aflewiLben et
2 oL ng@Gd!  eTehFw BEHSHE® Cuieateys Hewflaled (Extremely
Dense) @Qumi& QeutiLiapd, Geualldsupd ojaflss eTALILIGHTL LD
@evewng, @wpromes By gresr  efesriSesmul  (Neutron  Star)
NI
SLL M &SGLd penpLiLiT®

Bl gresr eflewrfenr (LpFed BIDTUNTLD Y eT(HIFET 6UTRTEHEVH
33086  Fpewpsear (Beams of Radio Waves) Geouallwns®),
allewriberr &omid Cungl s@hser Lbluled o aTer eUTaTEnES
CsremaCrre@uiled &g Liysemar (Pulses) o GwIL M8 @S @ID6T!
@ Qewerw Bl orer gy efesriSesr (Pulsar)  eTesmiLd
@OUNLLu@SDg.  SyLy leawlSeflear @Gnissearey &Homg 9
e ! o ullenith et L@ LTdomesT_omeT BLogl LiflGufler

Bloons @ @8531GLD!
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Accretion Process
Between Binary System Star

https://il.wp.com/www.thinnai.com/photos/2008/01/4080103 1j.jpg




Jocelyn Bell Burnell

https://i0.wp.com/www.thinnai.com/photos/2008/01/4080103 1 k.jpg
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{CE OF ALTERNATIVE

THE N
AHiP OUR FUTURE INTHE €

"This book'is 1hsolutnlv
impossible ts put dn\m
mlmJ blbw

https://i0.wp.com/www.thinnai.com/photos/2008/01/40801101h.jpg
“Qeumyen oufed BB 61516 L 2 (56uTS (LpLY WM.
@y wed Crmorefw Causms@ (Lucretius) &.wp. (99-55)

“BLogl LATLIEHFD LSS LNVNWET YETHHE@FHSG (LPGHTL]
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OouiwngGeu Oeumienoufed) B Ba GGG TS BTG e8I LOTGTLD
QewiGCpar ! . . .aer yalalsd Hleppsg eyl CsaralsE
GTGNI S| STLHEOLOWITES (LpesiasimliILiL) @ &g meT : e1LiCLITSTUS
a5 Ly Crmd Carpmpmsafled, BHLogl LNTLIEHFLOLD et
eTGoTLIg |

L Gauf® yeoguer, OCuar@sl Cugr@wy pPywris
Ls@mes SLpsLd (1975)

“saileper Yoo Camarsafllcd Lo BIGHLPDHS
Couet QPO FHSHUTH SGT LDGETEN L % SH6T 3 GOTL_BIHEH TS
Gs19.4 QF0@m e SLILDLD YUGT oG TRT LNTEE DG

#).Gs. GlFavL_gener (G.K. Chesterson) (1874-1936)

@)ewawrL LIgLIEhSFEIE 6T
@ ewewrLi L7 EhsEISar allarOlaiafuled 2 erarasrar ?
aflehepraflsear @QLiGuUngy mwg ruesssezsl Gurew i

@ewewnwimes  NgL@hFd (Parallel  Universe) @) (B&HHGLd  6TeiImy
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The Universe we are living in

Universelo
Universe's

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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Quuwiwns BLLLYSDTTSET. UBS53Fe0 LSS afl@hepTerL
Yamaises @)evenev @&l ! “Multiverse” eTaligniLb Q)FTademav (LpSeSed
sHweui HOwigs Cougrp® eflevedlwd Ggbad (1848-1910).
Qenevewrs Gumermed pLEGS Osflwmwed @GO (wpywns
eTesTessisenasuiled @ emeniwnest  “LeeimsLl  TLIEhFEISeT”
(Multiverses) @)habsmD eTaim WHEHSLILIEH SHeTmes ! BTLD
SAuppPled  aEmiaT pwsGS Gy, ol alful @
QOu@pOeuy LiyLh 19TLIEHFSBOS T uTHBS 0 BHCDILd. SYBSLI
oLehemsar &mevbleuefluyLd, LOFLOLOTGS, L|SIMTGT LIGSTL B1%@hLD
O resrig (hEHeTLD ! Quuiwns pg LATLEHFSH® 2 6T
FILLTDD eUgeupm FLOGeS opm @)eventl LTrLehFs 5 ed B
$8Bg LGB oI L @atnisrer! @86 alwLi0)Licres 6)eueim e
Qs Qe ATLEhFD pogl ITLECGHFSSIES D55 B
@BEsTLD eT6vTnILD @I)6h6H Tl HaT & (55IH D THS% 6T

Superstring Universe

LITLIG5FS BT LIfILO TERTEIE 6T [BT6ETE jevev LIS Glamarg) !
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2 Girewigs @ewip BwB (Superstring Theory) GlLBGlaugLiLjs @
WPrhsW Hev YLl aflenareysamarud aleTss 2 g6 SIS
! @peop puHuiledd Qerp BWS LTTLOISISSHET, gLl
Qupens 2 pgaflensser (Particles & Fundamental Forces of Nature)
wneyh o Giiesis  Fomew  pieenflenpsaliiesr Sy deyser (Vibra-
tions of Tiny Supersymmetric Strings) ei@im) GlBeafeunss FmISmFI.
LgIgIsseleaT  oemisdmeatiged  (@QuimGLD 5] GBST 5 % GIT
FFUUTYDe” (Quantum Gravity) SetenioEenaT afletd@GLd Lo&lenLo
Qs resL_g Q) BS 2 ctiesis @Qevip BWwH ! @& aIpsGenpw 2 uflflwe)
el apevorest “19QwerGest” (DNA) Guneing L7L0@Ehes S 6

ROED 2 6TeTS @)ewip IS 6TaIn aus s Osmerarevnd !

Yol @agwnest  @Qns  Q@ewensts  9guehss  Camlur®
erliGung) o gwineg eraigyd Gserad erp@ng QLiGLmgy)
! o aliewrg @Qevrp BlwP,  Cu@mGeual, F@menotd (NewrLd
(Superstring  Theory, —Hyperspace & Dark Matter) <p&w LFw
Sesrlun@ser  epsLLL L gib  Queat®s  @fehehTestgar

gwehssGer  aflehepransens  allatss  BILPIBS BTG
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srw0euaill Lflremiser w G Cursr OeusTnid, Iemeu
Quuiwunsl LSOGTITGID) 6TEETeENSESHET GTRIDILD 2 GETHbSTTHET
! oyeiadls 1pyei5@ flehehrallser aipssib, oG3CH1T 1oy oyLb
2 gwiomesigy | YSTeUG BALLHBS LITLIGHFLOTGTS GTwTess DD
“Faraflwed GLALflsafled” (Membraneous Bubbles) @&imiesig) | Faladh
@Uflser LPO ety LfbTeasHad Csrpsefls@Ld GLmsy

DG GIT 6T(LDG) BT 6T /
QU@ Gleuy LiLy LB@pLd srewGleuaflg Qs Hlspea

@uGurg UL QruehsmEiser @)ue®h QIeHD RGN
QT L_6) eTaiias BlHpLd eT1aiiny BleversHPiser ? (AL L esfle
Cab9fL" g afleheprest! Bev s (Neil Turok), 90\ofdasmaller
QuaReGauafilur LSS SLp5SB 6T all@h@hres LFL @aigL.
(Burt Ovrup), & Uflerev T LIDEmMeE HLpssP e aileh@hrast
ured evewLeranmiL. (Paul Steinhard) @w epeuHd HeailsLd
@uer® GO LITLIGhFBISOT @b WSSHD QST L 6o eTaiimy

BLOLYBDITSET | s aflewarGeuetiesr ?  Glowiwns @y LhsL
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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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Qu@pd Qeug iy Cripg @i yBw LATLEheFLd << pLogl LATLIEHFLD
>> 19pESSILD | ILiLIg euiser YPalSSHILD 2 s afl@hEhTaTs
FUPESPDG @I APIFH oewLneng | ops aflarésajmy
FOL9g5mw Lo ey Uiy HuBuIeT (Lpssemnss DHLILN ol L g !

SsTaug BIwPps LwOeuyLiy) Cuuiunrs L eEsssS et
Y abustew (psnH Csrpmiiledenev. srewbleuallll UL LiL
QAsPGH  wppuL g, Guaib  Ou@Cengliy @IS
Qgm_gmui BISLPTLD 61T LD LT G TLomest @i 9 PFw LN7116HFS
Csnpprisaier “srwblaells Csrg Blspéfenw” (Space-Time
Chain Event) Seuiser eI(hS&5I%5 Inplestn. G Geuy Liysar
eriGungd  Blaspeomd ! Q@QuUGurg YrLEEFEF T epevs
CaTDPS®S ®USFI BLOSG CIFFHIE®S WL LUSFTLOTET @0
Lwsisgs Caerald e(p@mg) | L9TLE5Fs &LOLH%6T eiTenm GeiTenm
G pLog Lruehed Ceraiw Qsearpred LBesiHLd gaialsLd
Gungith @@ eumuiLiLerersm ? UG Glermesimy LiflomesT(Lpen L

A& Gaualuled 6155 BlSLHFF LD eTPLIL GuTLD !
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BemerO PruEhsmseT

We May Live in a Multiverse

The universe we live in may not be the
only 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
{Observable universe)

Multiverse -4
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BIaiG aGLL agal Flevowsealled LTLehe IyenLoLiLser

)

“vedevrmisL] LTLEhFd” Yevewg “Gplewevli LITLEhFLD’
(Multiverse, ~ Multi-Domain ~ Universes or  Meta-Universe)  6IGSTLIZ]
Bsps Fmgw UGy @eentll LguEhFBISeT LUDPW  @f
PgsmBsL Ouar@as Gsmium® (Hypothesis of Possible Multi-
ple Universes).  seyiar B eumptd TLIEHFUPLD L BIGLD.
s @@ Ouards aflehesrer OuwiliLm®grer ! LIpLIe
ouessmiseiar &L L eowlilger (Structures of the Multiverse),
RaICleury LITLEhFsFleT @uedLimer LiesstLT® (The Nature of Each
Universe), LedGeumy L9gLiehs o L et migeflar o peayiuin® (The
Relationship between the Constituent Universes), g,@weneat GmlLiii
ruehes@ar P$sTrs CuarGlas GCsilureL g FTigeaa.
“Multiverse” e1aliggiLd GlFmavensy ysPweaui HOwHsEs Ceusrpd
aflevedlwid Gegrbed (1848-1910). syeupenp (Alternate Universes, parallel
Universes, Quantum Universes, Parallel Worlds, Alternate Realities & Alternate

Timelines) e1a81Q)DeVeVILd GBI BHF D TH 6.
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Parallel Universe

ueeIEs LITUEhFBISaTr @Gy -1, au@Liy -2, au@LiL -3
& eu@Liy -4 (Level I Level II, Level Il & Level IV) 6TaSimI BAe (S
u@Liysernsll L9AGsLLL GeTerar. @QBSL UGLIL| (LPeHDEHEDET
YsGweid epeud : 1. @lwrigd eteveded (George Ellis). 2. w.
OsjsClgasy (U. Kirchner) & 3. L1967y 90 abGLmead (W.R. Stoeger).
<L Rey pedps@ps@ “ClLsomis eu@Litlwed” (Tegmark Classifi-

cation) GT&sTLIg O LIWIg.

1. uedevgEIE LgLIEhFEIS% 6T (Multi-Domain Universes)

aigLiy : 1 (Bnss QaefLl yLE5aLd)

YsBISaT SLBS LNTLEHFSHET eTveamauiavT ofHewbleuai
afgad LBY @ Lials (perarhlailliyd AESTESLD @)F). 2sesiew
G s1ev BlUpsmerser IhssLUILUL® apLitler CgramewCrrss

SII(LPLY S OlFTaTaTaT6yH6T () (555 Gouewir(pLD.

(Level : 1 A Generic Prediction of Cosmic Inflation is an infinite Ergodic
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Universe which, being infinite, must contain Hubble Volumes, realizing all initial

conditions)
Superstring Univers.

2. Gaigiur' L Cuen®s Hlevewggiad Gsmesr L9TLIEhFmISaT

(Universes with Different Physical Constants)

aigLi : 2 (e SewGLuiar GLillp BwS) (Andrei Linde’s

Bubble Theory)

Qsmpsals@d yPwblaual afssgHe OeuLliLi o ImISESeT
o messTailwiev, Blewgser  @pLysesi e Geumyiir,

uarLiy” G QTS S BlewevLiLITB% 6T e L_cUg.

(Level : 2 In Chaotic Inflation other Thermalized Regions may have dif-
ferent Effective Physical Constants Dimensionality & Particle Content. Also it

includes Wheeler’s Oscillating Universe Theory)
3. ueCGaugy LNgLIEhFmIS6T (Multiverses)
QiGLiL: 3
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mesigisar wpGraflwene aflard@gd Gung Fwg CsrpmLd
Oamesr  gyermed  ApUul L gatewyerer LG
guehsmisemarti UPPE  FmDIFDS. 2007 Qe bufled
CGreil rLmuilev’ (David Deutsch) L®Goin 2 &HEIG®GTL
upm aerEsULpLd BlepLIGHT(LpLD 9SS T

(Level : III An Interpretation of Quantum Mechanics that proposes of Mul-

tiple Universes which are identical but exist in possibly different States)

4. wpyauner ppsCsTPpLl LgLEsFEIser (Ensemble Theory of
Tegmark — Ultimate Ensemble)

QUGLIL): 4

wpp sesllz ymGsar QaaiCGaigy gL Ll QuarSss

FLOGTLITB SGHGIT 2_GTL_ 15 & &) D G,

(Level : 1V Other Mathematical Structures give different fundamental Equa-

tions of Physics)

eressrenTpp LAgLiehsmisefier GLilps CamLim® (Bubble Theory
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of Infinite Universes)

LEVEL IV MULTIVERSE

ou fspace andtime, they are almage impassible 1o visuallze: the
bestone can do is te think of them abstractly, ulptures.

thatrepresent the mathematical structure of the physical laws that

govom them. For oxample, consider 3 simple universe: Earth, man
and sun, cheying Newton's laws. To on objective abaerve
unlverse leoks like a circular ing [Enrth's orbis smoored outin time
wrappedina beaid [the moan's arblt araund Earth]. 0 =3
emhady other laws of phy it

probloms cencoming the feundati

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

Level IV Universes

wGly -2 @& el YRl afsssPed GsrearmiLd
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Qurmssores GLOHLI 1TuehFBIFmarts Lpp ard oSlamGL
TBsH alears S ey, afehepraflsar Lwi eLILSOSTeRTL
Garlur®k Q)5 @Bs Garlur® Fmmieug ererer ?
miesigisar Frld mengulleShpgl (Quantum Foam) &b “SmuiLi
97116555 (GBS (Parent Universe) Lopm LITLIGHFBISET 2 5357

eI !

“(3) O GRTILITGST 2V BISHGT” GTEITER/ LD BIew 6V 6T(Lp G @1 i mestis
Yfwalwed Goeng LOFHGw T 515G (Parallel Worlds By : Michio Kaku)

a1 2004 @ Geuafud L s Rengufled 66 (BLOTD Fo B DTG:

BAGT 6TpHW “Q)ewennTer o waEI%Ser” HIedled &mew6leaal
ewliLsemear  MaTEGuSPHGL  UFewrs  FLpS LI
SeThselcd euatips JFwallwed o areyll LI HFmens
@OlLuTss ST (HHCnet. s LUMESH LILEhFSaSL
upplyd, wppCurssier HYFHw afssd LLPLLD Fmpl Loy aled
Q@B ey LIl 6T WP BDGI. @)TGHTL_MLD LTHSH LIOVTBISL
Sruehemisar upp erupps Casmur@samer aflard® Lifliomewnt
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erenTenfiGens ailfleumerg UpPluLd, o ers @Qewrp BwP LppluLd
FHFOwer.  epetpIag UTESFed e1Ligd Csmmer Gamig
ASTHF@pEGL LI LITUEhFd GalFownns (LpigeuenL_ufLb

GTRTLIDSG afanssLd GlFwIGCmerr.

Multiverse -2

@)enanrILi LITLIGHFEIS 6T

1. http://www.bing.com/videos/search?qmultiverseparalleluniverse&gpvtMulti
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https://voutu.be/aUW 7patpm9s

https://youtu.be/z4rifLtsrX4

https://voutu.be/EwQEBWepRIY

https://voutu.be/Ywn2Lz5zmYg
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12. GyuehsdHmnd JDIWWHH QLD G HIH6TH6NT
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Particle Z
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Nature's building blocks

Leptons Quarks

Electron Electron neutring Down quark Up quark

Generation
=

Muon Muaon neutrino Strange quark Charm quark

I

Tau particle

Bottom guark Top quark

Force
carriers

W boson Z boson Gluon Photan

THE STANDARD MODEL summarizes the rules of particle physics. All matter we can
see and touch comprises combinations of leptons and quarks. Generation | particles
are stable (and wera the first group discovered), whereas generations Il and Il decay.
Particles interact by exchanging bosons, the force carriers, These force carriers regulate
the strong, weak, and electromagnetic forces, but maybe not gravity. Scientists don't =
yet have a complete gravitational theory that works at all scales. ssecuovreaos iy

https://i2.wp.com/www.thinnai.com/photos/2008/01/4080117 1a.jpg
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w1071 16HFHBS HLIQ W LY LTLIGH LG I % 6iTSH6iT**

95 AL (B aflev et Hevenev @)eirayLd !

w5 2 eariF Gmer, g erTed LfleuBevenev !

@55 @GHaTGaT maushs (Lpi1gw afledenev !

wwEg Cursab @uwe alledenev !

9IS (LPLPRIGILD &L LIL L_Te)

9 TES (LpLY W aeDEm 6V 6TEOTGTTED !

fégFiy ainders, Glgioar @)amessamaeas eyl
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(Richard Wagner (1813-1883))

wrGu@ 68 aunuips WS BT  FIF6TH6TS TG
Aouehss@ar  Qu@pbuTEiennd 65  Blepifgser uppw
eTT5%E5% @ ailew L 96f%F 6w D 6.

avar Geudel), (Scott Wakely) gienewiLi Guurfwg, FsnGsm

LI&amevd SLpsLd. (2006)

QwusTd sIOpIesTgeT yTbuSHCev LGrmL L mersenLb,
BUL" TTGHTS @FLOS TG (LpS VTS5 BT HLNGSHLILIL L 19 LTI L]
LIgLOAgIS&6T (Subatomic Particles).  jenet ST SHLILIL L
FOWSFD YT yemiaiar Lerss  wpupwns  epevL
LITLD @IS & aTTILIs H(HSLILIL L 6o, 1960 24,155 el 6) e pdmis @ Ld
BIL LILDTG GISGTSHGTTE) Seneu 2 (heUTH W GTATe 6Tenl ymlwLi
[N: 7} yow wepd Gorgenesger epevrd LGmi meu,
Byl grer 9 &w UTLIemISSefaT o pGWDD 2 aTeTenLoLien L

@UCUTG 9pSsLomuIF QFTeade (LpLY FDG).

Kaermad Mg & gy eng Mwm G L (Klaus Rith & Andreas Schafer)
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Elementary Particles

Leptons | Quarks

Force Carriers

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

Funamental particles
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e’sg)86aT —> L (Hsg)s6T

STRING THEOQRY says that, now and
then, a photon can turn into a gluon.
ASTAONOMY: ROEN KELLY

Identity change ASTRONOMY // FEBRUARY 07

https://il.wp.com/www.thinnai.com/photos/2008/01/4080117 1 aa.jpg
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gofiSg156T @L- B SSISaT gl

BIeHGIST OLATHFSSH T BlewewOumid o o0& (The Stan-
dard Model of Particle Physics) @fl@h@pner eugenppled Gleummlufesr
2 FFEFILD, SWFF HL_ S (LTCHIDD SHIUES (LpeGTUIILD HT6V
GG LBG| 2a16hF MLy 5 CFTewTLy (hSH DG !

snjLer Gseir, (Goron Kane) Quer@sLi Cuun®flwg, LHFSser
LIVE@®aE &HLPSLD.

e arars @evy Pwu® LouchesPar Quas Gpplaws
&SP

Uil ameaiaven_efler “Oumgy e@Ufwe Bl (General
Theory of Relativity) afleng @b jewi_migefer miLiLalens Gsrmm
Sewliy TLehFsHer st Geuall o el M@ auamarGe

(Space-Time Curvature) migLiL) efensuwL a1 QsrL_fL) OsraTeusmuis
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ENIET

Biesrenflis e augemeld s GLULGSSID LNTLIEHFS “5I%6T
wpGg NPuAed” (Quantum Mechanics) " & QFUILIHGU SeHVSTT

D VVG HIFETHGTT 6TeiTe LD 2 m P ufleiten Lo OeualLiLIen L wWTesg).

Hixke o) @k @ehress) Cumab e oemigs CHmpmLb**

“G@peuTaT” Yoawgl RL (BHeuTat (Gluon) IS HeDIa|s
@orGar LT TemISEeaT (Subatomic Particles) @@ipnss &L 1qLl
e BpEGLH @Bails a@lIauTeT Syemiss@ allews (Nuclear
Force) 61681 MWLILIBRF D).

&%  epersTroaesT Qumpensd messgetsalier (Electrons
& Quarks) @QuasLiLTRSE@E5H@G 1960 -1970 yesrGisaied b
“BleoowOumpid @Quéas wrBf plwu@eow” (Theory of Interactions —
Standard Model) &9@h@pradiFer aflfleunsFeTTiser. eTTed Ybs

wrBf PwS Fiourppedel ups @)eeyd alerEs (LpLywTS
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PROTON

has a positive charge .
- ¥

o ELECTRON

has a negative charge

Hydrogen

S PROTON

has a positive charge

4 p
B NEUTRON a ?

has no charge

-
» ELECTRON Helium
has a negalive charge
| IS5
SiR)6? sir \ -/
a0l a6)subgsnsr

https://il.wp.com/www.thinnai.com/photos/2008/01/4080117 1ab.jpg
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Blenewuiled 2 Teng).

ArueEhsd wPmIb  Hlevesay (@Quasssismear e Gs
aflena @b e “@aGw Blw” (4 Unified Theory of the Universe) gjsai
aug aflevevrs epemLi Liflomest mred GlEmewt_ “@enip BlwS” (One
Dimensional Filament — The String Theory). @)\B% BIS&T @)ewip BlwS)
et mest Qg @ULwed BuBenwud, BHeTSSaT WHST
aflGewwuybd @)eweisF gl

ke gafiopeang CBrE&s $is6her LiwenTLd**

LrLess @s8w pluBsE G 2 arers Qe Blud

2 Girewigs @ewip BwP (Superstring Theory) GlLBGlaugLiLjs @
wppsw fo gLt aflawaresmany allearss o seF@D)
! @pep pwuBHuiledd Qevrp BWS LTTLOIEISSHET, SgLiLenL_
Qupews o paailensser (Particles & Fundamental Forces of Nature)
wred o s  Fumen  mesenfleovipsaiier yBiesear (Vibra-
tions of Tiny Supersymmetric Strings) eT@imy GlBaleunss FmIS DS

LgIgIsseleT  oemisdmeatiged  (@QuiEIGLD “ 15| GYOT ;| & GIT
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A particle’s galactic journe
Ambizet pretons
Cosmle-ray calllsion with a |ocal proten

produces dawghter pasticles,
B with an eir shetwer
rd

== Pi-z2ro (=9 panticle
i

Cotrlc rays aceolpated
" by the supernova remnant Optieal teleseape
and deflocied by magnelc fields Gerenkay rodiati
/

/

/
@S Nk e g m ma rays,
which trawel undefiected to Earth

SUpRMNOYA reenant
Partide dotoctor

THE JOURNEY from a supemava remnant involves several obstacles. ™
Kagnetlc flelds doflact same partcles, while others collide and produce
cascades of secandary particlas. Optieal telescopes on Earth detect visible
light — Cerenkov radiation — emitted as gamma rays interact in ths atmos
sphere. Partlcle detectars In the atmephers {on satellites and balloons)
and on the susface datact higher-energy cosmle mys. aovowses samirge

https://i2.wp.com/www.thinnai.com/photos/2008/01/40801171b.jpg
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FFUUTYDe” (Quantum Gravity) SetenioGenal afleré@GLd Lo&lenLo
OsresTL_g Q) BS 2 ctiesis @ evp BwS ! @& aIpsGempw 2 uflflwed
Ooafl epevonest “19QwerGesr” (DNA) Guneing LI7L0@EhesS e

ROED 2 6iTeTS @)ewip IS 6Taiin eus s Osmerarevnd !
APRTSITIS FI%H6TSHGT

Yol Qagwner  @Qbs  Qewents  guehss  Carlun®
eiGung o gwibnegl etaigyid Gaerald erp&mng @QLiGLTg
! o airewig @evip PwB), QLpQeua, H@mentoLl esri_Lb (Superstring
Theory, Hyperspace & Dark Matter) 9 @w yBw Gsrlumpser
erupslin L gyb  Quer®s  aflehepraflsear L7 EhFSS e
Aeheprarsens  allarss  pIwPBs  BIaErG  STwGleuaf
uflonesmiger wL G Curgsm  Qeuaimid, yeweu wWIeyLd
Quuiwrsl UG CTTEIY] T ESHGT GTRIMILD 2 GBS TFS 6T
! eialls 1p1yeys@ ailehesTellser aIbssIb, o BSGHMT (LpLyajLb
2 guionesigl | BTG BILPIBS LNTLIGHFLOTETS GTGSTasS N D

“Fauaflwed GLilflsaied” (Membraneous Bubbles) @asimiesig ! Fales
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Fundamental Particles
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@Uflser LPOerrapiy LfTesHea CsTpselsd GLmgy

9 DGVSGT 6T(LPFH T &oT !

GUTTEGHSET & 19 YL} TTETS 6T

HguEhFSHaT YFW YLl S FSaTSE@LD 9 alppPeir

LienewTLiL|S@5LD

aflesrClauafuled leyillens@Ld eTessenfiovn  afeTLBesar
Wons pogl epewrsrr 19CwearGar (DNA) Sjamisser aueng
oaTsgLl LewiLmS@pLd (Matter) SLQLILIGHL G FIGETHM6TSH
(Fundamental ~ Particles) Q&mesiL_emal. CLPGUTSTILOMTGT 96
mesigisarsenar Gogd Nerss wpgwng). 1960 b 2,eaT(h% G
wpary afleheprest Gengser epssCumi® (1871-1937), Bevabd
Gunaibg (1885-1962) & CGumi wperGermgsarmul alers&w 2wl
ewLifed o L smalled LGrriL nes@pd,  BluyL IS @@L
2 araner QeuaimiLd, Heaupen 6TCVS LY TTGTS6T &DM) 6 (h% 68D 6sT

Qauaimid FpPlerniser. ysmeug 1sggrer, LGrm L e,
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Up( Down/

anti-up anti-down
00 - 00~
00~ Q@O

—\Proton

[ Newmeson? | | New baryon? |

In the standard model of particle physics, there are six quarks — fundamental
particles that are the buiding-blocks of many others. Each quark also has an
anti-matter partner, an anti-quark. Pairings of guarks and ani-quarks form
‘mesons’, such as the K+ three quarks form ‘baryons', such as the proton. The
picture builds up further: a three-quark proton and a three-quark neutron together
form  deuteran; adding more protons and neutrons — more three-quark
combinations — builds up atomic nuclei. The discoveries of what seem to be a
new meson2, 3 and a new baryond dont easily fit the established picture. The
new meson may in fact be a molecule’ of two mesons, and the baryon right be
2 pentaquark’ state

https://i2.wp.com/www.thinnai.com/photos/2008/01/40801171d.jpg
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Byl grer y&Hwewal yemyaiar Le1ss LpYWTs Ll g

BIFHGTSHET 6TGST D] % (15 S GSTTIS GIT.

From Atom to Quarks

r Time

QUARKS
up charm top ¥ L 1980

down strange bottom

ANTIQUARKS

up charm top f
0 @8

© © 0 /5

down strange bottom

f ;
—12
10; . Nucleus

centimetres

https://i2.wp.com/www.thinnai.com/photos/2008/01/4080117 1 e jpg
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1960 s GL LID@G HYLUML S FIFHeTHer LpHpHw
S5 Sgmielucd Sl Pssnisi,  eeme  eps
aflghepraflsarmed HpFsL LIL L ). ouehssPer LPw
Ll g GIFHaTHelled R@IMIGST GeuTis@ (Quarks) eTTLIG
P’ g D UMGWIRT  (GHUTIHGHHOT Q)(BHLILIGI
Osilw BsSH. ASTUG GUTisGST << G, &1, FaferLd,
yBesitd, o &g1b, BFFd >> (Up, Down, Charm, Strange, Top, Bot-
tom) eiavim Blenasaled BHGL eraflw GCuwiseied @GN L
UL L. QLpesTewLow mest @UTisGsaT GLoed, BLp 6TeLILI(BLIGHGI.
SYeaugmeir G)Lingairs oamiafler o L smalled @) @pLiLIma.

L Qaurer & LyGrrL’L_meir

LILEhFSDV GuTiSGSer uayblss aflenFwmed (Strongest
Force) @aienm @Dl @)nISSLISL LSS % 0% TenT(h) 6l e,
9BTeUG GUTIHSHOT Silwngs @5 WL LT ! @@ GTis%
PD GUTIEHSG S@L 6T eusyajerar aflengujL et 61LGLITELD

@ememis s QBLILIG. SIBS QUSIGUTET IeOF & @F6TG OS]
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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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@LU@eunar (Gluon) e1einl YewipssLll LGS DS QLiLIg L]
ult. et g gsarsarmed st i Ul eweuGuw @Q)BS
ruiehaupd yser Csmmer Gsmygll el O LT@hL &@pLb.
BS®FHW CLPXTHTTSH GeUTIHSWLD HeUPeODL] LIencoTd sl eTar
9FT UyaiTeT allenFeowyd MlesGs alflehepraflsefar LTsLws
GINEICET A

*xkke 91 Glovd G aflLiLipenm**

@UTISHGFHeT ail@hEhTess FHANFATTC aTdhs (LPLYUITSLIL
s 0%  [miesTenten e @UTISGsmars LIfgs LpLgwing).
@ YGurliL meverl en&s (LpWSIDI®, GUTISSGH6T LSS
Lair aflens eueyeyL a1 RL 195 GlETaTH 6D 6. ey LA
sl uwns  @euugsted yGprilimeyer  feveSlwesfled g
@Lsms 1995Hs CETaTHDG. uepafleyd Llassd @plw
&sons 2 eterg. LOorlLmefled Geumis@Gser L3555
Qaressr GpPlL b Curss smelwnrss HLEGLH QL SHe

@BLLGSGEeT  ? 9IBSS HT60  LOGGTUNGOS TG (@b GUTGHT
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eTaTLiLPLD LR GT GHeuris@seamart Leoents@Hd L6 alenFuw s
BloLiis QsneBerens | HNSS®EW Geunis, & @peuner L99Gar
Aruehes@er 98% ue@peunsll ugellwerers | @upenswTeg)
Garner Gamyg peopsafled LIEEAIOMT & 6UTIHESHH®ETLLD,
UIUTRT  G@punaTsamerudy  enewgg  LTUEhFSeSL
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GUTTEGS6ir & GleLiL meirseir
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13. GyuehadHHen Hvd BHTH6T & NQLiLeHL S

HIBH6TFH6IT

0000000000000000

https.//voutu.be/BOR7ZI saVo
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https://voutu.be/c-iCw8EnhSY

615100581 & mewiigLd @)wimi@Lb

9 mICHTT FevLd !

HFVF &5 T 6T
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@I @)% &6 GormuLb

BIgISS oMW @I YFevLd FLpeyILd !
2| )55 (15 ) GT

LgIgIe)% &6eTGaruLd
LILDLITLOMUIF FDmILD
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2 L (5% SHIFTHGTF
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S 19 LT LITTLD @RI %5 @ LD
e ud®Lb !

aupPle QuThgs
ClazelrtogciabliiEl
SUTISHSGSaT !
Cumenvneiger ! SlLiL_mesisaT !

%O LW TesTH AT !

BILOPBHMeU TeYH@G 2L L' L ey ! BALLPIWTSEH 6
21 &@ WEHPwmal | yplejs Hp@Low LT samIupp SL_eaSar
p®C g aflarss wiywns Salled BBHCord ! @aiGeun
Ooifeus g QOsmfled Guweyd PpPlsere; Bl ugLienus
@sLILPDIauGs !

Smoen apseved afleh@pmear Goeng (Thomas Henry Huxley (1825-
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& Primary Cosmic Ray

(proton)
]
L
- =  proton-nucle
- - - callision



1893))

@i L1961 ewews (Apple Pie) SwmfliLgm@ (Lper (LpFedled

b @i ruehsgemsL LG5 Couent(pLb.

@i Qs greflar o atGar LwenTd ClFuiw (LpLg BSTeD,
RMBIBSGL  AspGIu  @F  AHWF®FL LTSS
wpLguyd ! Gueyh  HsPGaTCar  HTeVT%He0%E55 S
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BIGHT &S 6TSH@FLD DSBS Y FPVEIGTTS @ BaFILD
! LIgLOIgI%SE5%&aTGar  gaiailsd  (LpigailedevToeD
ABSSBDSSIL LTLEhFsBed LAguehFmiserty] aflenroeuaiufled

2 aiterest GLimed @) pobFeTLD !

RN @BLULUSDSHF FTXTMIFHET (Q)DUTOLD GTRTLISG S

@) edevTen s G FraTpledenev !
&rjed Gewser (Carl Sagan) aunaflwedgienp Goans

LTSS FIOTaT ®USGL 2 FoFpleowd FEF eumesilied
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Primary Cosmic Ray (usually a proton)
slams into the upper atmosphere,
causing an "air shower"  of other particles

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

N 1
ut 5 Essentially only muons
i (a "more massive cousin” of electrons)
These muons interact

‘ 4 make it all the way to the Earth's
with Cosmic Dance surface as secondary cosmic rays

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

364



Quer@asd  (High  Energy  Astrophysics)  BILUS — FISe6T
Woonesr_ggiLar e awsEngl. Qsgiwpuliled  e11pHS
pArGarpns Carlur®ser oLehes EIRYEL I
paspifsmeoruyd, < qLiGung  Careadlu  Gugete s  F5
MBS QussBISmaTyLd o 6Ta) OFuw afehHeHTes %%
2 5FDG.  ASSILTT BB P YaTHFE55SG GLogid LSI%
Set(hLI1g LTS 6T CHTEIDIUSD & 2-M1F) 2 6fl %% 61 6or.

OCsevad sy, (Kellie Jaeger, Astronomy Magazine)
B GILD LoefFenps STEGLD B ews FHFFaeir !

wellgenis sM1HGL @Qupeswret LT jows SHAWSHLH
@oumsl ULl mal.  @alpreaug: aflartleail QumySeres
FevE P iH6T! QuEwIL_maugy: i, BlevLd, LiTeow, Fresilw o ewrayLi
LIGRTL_EI%6T epevLd Lomesij Osmer@pd Lsens GsmgLser
! @B erpd @aibleun s flestmigujd Hulgs &esTSS 6T
ADVG $FIF6T Hessilps P NWSHSF 6D LoefST o L LDeOLIG ST5E)

sar(ppald G @eiper ! wellsi aunm®g ClEmear@pLd $evfleurest
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Leptons

Particles Forces
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Haryews s90%6% &SHa1y Fwmi 7%-10% (Background Radiation
Dose). YBwE sHisaie Lggneiwns Criwpss $HT aplw
yGomi’L_nesr (1pged, @)(hLOL] eSS H CLTFDenal 2 aTaTgl 6
SagenTLd. 2 (HSS5 Q)IesTL_mLd aileware)d &DfILss 9)6»6v/SI%TT6sT
a1sav-Gp, smons &84, aGlevdiy e, LQgrL L e, Bl greu,

2Y,600>LIMS SHIF6T, LOWy6uTesT, enLiwiTes GLmeTneney @) (HLILIS).

9FHVS FHIFGT CIBILI®E LODSFFEF GIDW &% TS GT
(High Energy Particles) ep®8 Garew® oflertlesaluled)mrg
yiluiled afp@ern s@iser IIBSF SHIFGTHET GIDGHGH® DI
@aflGeusg  gLer ylleow  eTedewns  DevFsafled (BB
STHGRETDeT | 9Fws FHisaflled LNIgTews FIGeaTHaTTSL
yGgm L neger, 610GV E L9 TTEITS 61T, ABSH — QIETL LD
enereuras  gxp B fled ey E@s  FgmEfl 100
sraranligensg Sl Fuled  QLpLbLITGEIEHLWTS LAY eI TesiseT
(Muons) QLTS eETm . yluled aflupd yFHews &G i%saher
QLT85 SPsTiays, afeawteuall wie yeupdlar Gumey

9L i35 lewswurmigmew ofleawtesal affpsgL O u@pmGs®
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The Standard Model

SI9LLED) 82104

Standard Model -1
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So.

Medical
53 mRem (15%)

Muclear Fuel Cycle \

0.05 mRem (0.014%)

Consumer Products \

10 mRem (3%) —_—

MNatural Radio-
MNuclides in body ——jg
39 mRem (11%)

Cosmic
27 mRem (7%)— —— =

Cosmogenic
1 mRem (0.3%) b

ol

Total Effective Dose Eq/

Terrestial
28 mRem (8%)
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afemarails@gd. 0 FwwgsBew Yriuie QumpPuyd Fplsereys
DI YHVE FFIFOTTD 6IGIT LITSHLD QIeHATU/LD 6TGTILIG)
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aflessrOleuaflufled slemewsd Ga marss afled QuE&
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2 et gl e U6t BL_LILj5E) @)6TeTed & (5% 6T Gur.
uf® aflewilear o id@Ld IFewd &Tisaer

@EGLEGL ARs sFismarts QUMPuyd @F 2 PLSGF
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Primary cosmic rays are particles such a< protons and neutrons mouing at high
energies through the intersteallar medium. Locally, many of these are ejecta from the
‘sun. When these primary cosmic rays come toward earth they encounter
atmospheric nuclei at araund 30,000 m above the surface. The imapacts cause nuclear
reactions which produce pions. The pions decay into muons; this generally oceurs at
around 3000 m altitude. The muons rain down upon the surface of the earth, travelling
at about 0.938c. 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 “eecondary cosmic rays™ and have pathe 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!
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High Energy Particle Collisions in
the Accelerators

https://il.wp.com/www.thinnai.com/photos/2008/01/40801242ae.jpg




Development of cosmic-ray
air showers

. an:'.lry pacticle
(e.g. iron nucleus)
=+ first interaction

i pion decays

=——second interaction

pion-nucleus
interaction

1) 1999 K. Becnlshe

The earth is hit by elementary particles and atomic 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 mainly
electrons and positrons, as well as g iys and neutri

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-mesons (pions). Heutral pions very quickly decay,
usually into two gamma-rays. Charged pions also decay but 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.-rays 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 bythe i

https://il.wp.com/www.thinnai.com/photos/2008/01/40801242d. jpg
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Fermilab Accelerator, Chicago
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Cosmic rays and particle
astrophysics

Fr flu of cosmic
the particles multiply in a chain of successive interactions and decays,
i us ot a rate of about

4000 charged particles per minute.

Primary cosmic rays consist mainly of protons, helium and iron nuclei,

other not wellid
outside our galaxy.

ified cosmic sources inside aur galaxy, and also from

‘The study of cosmic rays is important in itself in order to study this.

natural it of
ubnuclear 305 and ‘40, i
surface of
rays allow the tha cosmos
particles, the study of fundamental physics at energies not yot
A kX - e,k o -

Phases of the evolution of our universe, The Gran Sasso Laboratory, in
central Haly, is a large laboratory dedicated to the study of this field.

b

of the Gran Sasso Hational Laboratory
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The image shows a three—dimensional snapshot of the
gravitational waves emitted during the collapse.
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Gravity Waves Measuring
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Schematic layout of LIGO Site at Hanford, WA

{ Installation at Livingston, LA has nomid-stations)
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Computer model of the gravitational waves
coming from the collision of two black
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Image: MPI for Gravitational Physics
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Related Links
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wprywng wmuLi L9guehs Qeualluied sral), FiLILwe, IS THSL
(Gravitation, Magnetism) 9, w@Qeupplesr @QursPwsIsmar qDbS,
YEWSHH 26TGaT 2 PEIGLD YTUDD FHHOWS Heaish&H L (B

Qeuaflui’L_gj, eeravenL_efler giwed BlwG)!
aflfipg CsranGL CumgLd aflawblaal aemaray!

Oungs uidue PuP ITLIGEDe Aol 5oL
Tl gYUiay CFUIBDS. @maavenL T Faflggial, Blewenmnrs
(4bsolute) PwGwSCwm, STwFMSCUT @LILS ClGTaTOTTLOGD
Fov alehehTestIser RHSHG SerafeTy! Gprssmeresr (Ob-
server) YMEGLD SMwpLd, Oeuefluyd yeuest paFFRenw (Motion)
eruw g@uiwedry o e wemer!  ys5Geu Berwpld, SHTeVLPLD
salsgiaid Q@)prs il Larl Imar QuaTBLd e sFar
I Yowg CrreEGUea BsIFRewd FIips @LILIw6
uflresriserTel &l L e Gousd LAGESTOD  Gaitples
Bers GHUFDG, STS S&TILH Oogeunss CFd&ng!

aflessrOleuafufesr euig eutd &Lt LiL” L &iom (Cubical)? SeOevG| HedTL_
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directions of gravity waves

http.//www.thinnai.com/photos/2008/02/4080207 1g.jpg
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Gararom? gy Couanar g CHTaTs FmeiTLT? HWeVH FI QT

eTvemaumm O\FmL_FF@wim (Unbounded Infinity)?

Y& Oleualufler eTebemeven s Hessllss @Q)HLILIm6 @) TR
s@ailser U Weelwer e GlFremewalledbpg LjLSufler
1B, &L Gurefl afsxd Csmmesr Gamgll “ume wwl LAGser”
(Milky Way Galaxies) e1(lpLiLjLh epafl, LoBODIGEY Sjeoeu 9eILiLjLd
UTeTenevEar (Radio Waves).  qafl etedevnsd H&@safled)(hBgILD
ylleows QTR aemSLI LITTSSTED, QTN G G(LpBIGELOLIL| (Sym-
metrical Shape) 2 LW, WG LpLyauPD OSTL_F&d Gl&mesrL_g
Gumed psGg Gsraipevrd. o ewenouiled yewer @)TessT(hLd
Qevew!  g@Taven L6 FmmmiLiLily LITLEHFSDS 6ThS “(LPLILID
aurgaflwied” (Three Dimensional Geometry) 2Je®LDLILITGYILD 2 (HoUF S
gl ablaraiey gafl GriGsmL g Lwenrd OFuiwing $&e6ue)
TEILD I@ILILITGST, Sjenrl Oeualuilar 6Tedenev aIlg @y BLOSGS

Oz feaBeencv!

v aflar Curg @Uwe BwS FmpSpsH:  @f
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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 End Mirror,

L b D B [



9IHTL_BBeT Li@h (Mass) aflessOloual L85, B® CrprsGw aueoareney
(Curvature of Space towards the Centre) 2_es5() LIGHIGIF DS/ SHesiwins
afipg§) (Free Fall) Qumid @i yewrid, CeuCnrg e _gG e
Oeuall euemereys@ 2BHGs CBBEIGL Curg, (LPS® eI LD
DSBS ML Hatoul L afBufled (Elliptical Orbits) &DnIFDS.
et Garenmigafler miliwed 1j&@ (Gravitation), goeTeemL_Gir
maugs @)@)esrenGlory QLwg “Oeued aueneray” (Curvature). e
Byl L a1 millfwedenug sar yiels wrpGreilweded (Classical

Mechanics) @ 2 Bgallend (Force) eTaiim) aflars & esty.

aflesrQeuafleow @b wraflens  aigeursGeur, Gaxmar
o pounsGour  woLiyD  ymiIGaTeseried  (Three  Dimensional)
FPLmeT QFUIw QUTS. @GOV 6T FmPDILILILY 3G BIDLD
9 m&are) (Four Dimensional) ©\&mesTL_g. e Gleuafuflesr
BAGISTLD 9mIGaTe) (Fourth Dimension), &meld (Time). Gamimer
Gamg et Cararmigenarud, gafl penssearud (Galaxies)
gibiomesst_tomest LITLIEHFLD ST P DISGTCaT »eusS 6iTer

s, aflewrbleual auemarpg aemarpg, Gasmesnfli Gumul (Curved &
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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 1i.jpg
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Distorted) a9fpg QsmeanGL Cur&pg)! e Gleuaflufler miLiLy
aflenFwne @afluiler LTeng LTHSSL LGBDS. BT HTTSH 0
vwewrd Oeuiuyd qaf, yewrLgHear ywGs Cpi Gasmi’iged
Qgavavra aamarp;Cs CuT®mg). QgreowalaS)BBHaE  @BL
fessribellasr ol @ilw miLiy el wg@er owGs Caainme,
Qg oL pions @Gilw ewwgans Cprss), Griaimers) Heaevg
@afleuemaraile (Positive Curve) euemar@ngl. @afl @M LoeT_cvgens
OpBpmigw GCurng, oLWSHDG aFITs Geellynsams
Cprad), e1@iaumaere) awg GLflauamaralled (Negative Curve)
auemareuBeveney! 1919 b yewi(h) HAw Hosews@er Gng,
@@uew® L9 ek Gupaierd, ailewriSer LIbLEISeN6T ausGT
Cungewasll UL Q@SS @eEavenl aT SassssCLTe eafluler
Gpiaemara) Fspifow aBGS55s ST QT  @@TabenL 6T
@uUwed plwuGuieriig, &wmg 25,000 ewed &Hmerajerer LySuied
R BEG Perod @af, yal FilLTed euemarssLl LIL (),
W el fC® ypdule @i gesGu B@uaibd aIps
CFiFmsl.
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Spacecraft #3

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




15. o1dvGeuaiulsy ®mord AT Gleugrismseir

(Cosmos Gamma-Ray Bursts)

“L_meviB) (Plolemy) @b LITULGHFSMS o (HeunSFesind! Gl
Fomudlgd eThser Blysser!  BluyllL e @@ WILEEFS®SS
sapLISSTI! g Q)b BIPTEIBSaT By ssar  @Q)LiGLIg
LTEL [ gatebeL el @@ LPw LITLEHFE®SS S (H)LIg 5555
Q! g TSSO YT (HF@5S S HLYSHSGLD GTIDI WT(HS%GLD
Osfuing!”

i) OugernL. ayr (1856-1950)

“‘@uUUPD o aTers  ailehepesl]  YeUfL  @eTaben L6
afesesrans Csflgg GuibulL sropramged mppseaf
SyeIGah) HEsh,  guehFl  CQuapGeug iy, geliggiser
Quer@aLd,  (Quantum  Physics) 1detesiiwed geowm  (Electronics)

ABWMDBHD eud ewssHL b L TF LGS Cw uledenev!”
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-QugL_fé GsnedL_air (Frederic Golden)

“SP&MV LeflFear P edled Feowsd e 9ss LIDG,
s e nssl Ul yewissd LiluiGe e sl Ll @@
Yo PsFioneT g 555 eTain GFmews Cpair”

“apaipmd  2ewsll  Gumi  epesimed  eTbs  @ilFLomes
W SEISET LWGSTLRSSLILGLD eTaTLeng BreinCuiett! o esTmeD
BIISID 2 sl Cumfled FPsEhL), &$s5H14F5EHLD L HGLw
2 LGurSLILIEL eTaiiny OBNP D, 161!

QL @OLITL goaTevenL T (1879-1955)

Gamma-Ray Bursts -1
wreu@Ld LYguEhsLl LB prer sTonssBy Cleuiy Liser!

1979 b euGsrar  yHewbleuafufled  (LpSETLHSED
FMongsS g Geug Liyger (Gamma-Ray Bursts (GRB)) &mewriiil’(p
WledgasLiu’ L e ! 1969-1971 gy esaBFafed Lifleow Crras aups

2O whdser “Geaer” @urnamicu o 616y gieweansGasmaigar (Vela
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Gam ma—Ray-Bursts (GRBs): The Long and Short of It

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

| A red-giant .-
¥ star collapses. e
—+ oo its core. Stars® in\\
A acompact
| binary system
begin to spiral
inward....
-

.becoming so

dense that it

expels its outer

Jayersina

SUPEMmova eventually

_:-.\\L,é: g

'sep’.oﬁ:nn colliding,

The resulting torus
has at its center

a powerful

black hole.

Gamma rays
*Possibly mewtron stars.

http.://www.thinnai.com/photos/2008/02/40802141a.jpg
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Military Satellites) 2_ev&% Br(hsafer e 2 uj55 Crrgenears sailiLiL
@UILIBSLD (Nuclear Test Ban Treaty) GIDLIT(RSGHGTSE HcudTeosiSs
UBSeT ! 9bs 2 arteyLl UFey Couemarsalcd Hlie Glger oymlwiioin L
Qoug inyg sr@ger Ll ®prg 6Tpmoed yHebleuaiufe
sresTLULL 6T ! aflengaiGevCuw  yewau wrayd TLEHF
aflesrOeualuiesr LPonsd Kerdblw s GCeugliyser eremy
o Ppserd.  pagm 1991 @ geig @)oewti_meug eurGerTisE
aflesremyarailwmes “srbLiL_ar ror55S5 0 Crrssmuiad” (Compton
Gamma-Ray Observatory (CGRO)) erofluigy. 1995 @)ed aflesirgmmianaflufeir
aflehepreri LBey (wpyeysmer LBEeId, oblaklogid (Meegan
& Fishman) Gsafigg Geualull Betertiser  ailergm)erailude
Sewwpglatar “Gangiiyy eyl uPeasd Cengeend smal”
(Gamma-Ray Burst & Tansient Experiment (BATSE)) 3000 @Guup_'lqez@as'@
Gwed wuBey Gleuigerens. 9ps Oougiysser wreyLd
“gsPengs” TG pewpulled Ligaiueters (Isotropically Distributed)

QP L g).

Gamma-Ray Observatory
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SLBS pLULUG TGS HHwblaualuiley HieGlyer
eTpLOLLD LSS ST Rwnest MonsESH T Oleuiy LiLjseTr aurGerns s
afepepraflsmarts Gu@walwiited op5% ulBsSHapet | waT
F85 wUMLibs IYBSS TGS Gleuly LiL|&H6T @efiwrss
Caresipf) TR BBS GTPHETDET  TRTD YW (LPLYWITLOGD
@B erpLd TG yeafl$g eumpParper Hev Gleaug LiLser Leres
aflestmguiled gaflaf® wenpuyd. FHev Glauly LiLjser Hev BILOL BIG6T
B9 S@GLD.  YeTTed YbS SHTLISEHT Gleuwy Lijsefler geflowid
Fengud GHLUUICETTme il ol efs&Gaimer @) meT
UTeT LTl wgHe O LpmGSTeaL @alwsHe eraraeL
Gumed Qeul’ly wenpud @alls@rl ACw sTrss@SF Ceuig Ly
! Qe iyg Ferd @aepoan FHu® uralled @ealiGng).
sMrss il Guenpwres @&Awenet ail_L1 Gugearal geflowsFeb
Wareemer: Gured Sl &sTwrgs@r  Gleuy Liysaer
! Oeeip epain YTGSaTTs STOTSSFT Cleuig LiLseier
wEIGL e1Heav-Gr, sellemraf, GrgCur yewevsar LpPw

SSgFaT ABSHWTE LpTCHTDOLD YL BSHIGTTGT. M6
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wrayd fessiber Csmpmass@ arGermiywrsGar edevg)

@&LILICBTeuTe S eLpevionsGeur o aerest !
Gamma Ray Burst Images
By grer allesnibersefed smoras® g Qasiy LiLser

Hruesers@ed  Upps @ lenbelar @D e
Blevewsafled eeitmy Bluy grer efesTiSesr eTeLiLIBID  (LpLy6uTes
augeuth. @GAwl vepemeuls Gume 4 psed 8 L miE CUBSS
Bewtley alewribaiser Heavgeund olevareuCGs ey Bl gmer
aflewriSeir | Qungieurer afeTBEISET SLOGI eWISHT, THFED
wreyd  etfipg OCumer Vm@, @&UUIGCETuTUTS Couly S
NP eDeT! 9ES CQeury L1196 aflasrbaflar G BEGsar s ML
Gumi <yg euewliyeter @i @GUUICETUTNGET FFOTE D).
aflewribellair o 1 s@peunesig) Guoere iy alensd (pS535H e
Ferestm LoD HFF PeangHpa | LU F HewgeaurGLd
Gungy &fewribelled o ateor Cpg letesilwed LGrmL’L mers@pLd,

613 etiaflwed 61GlevdLy greisEnLd @Qewentpg (1 LyGumi’L e |
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EGRET All-Sky Map Above 100 MeV

2704 BATSE Gamma-Ray Bursts




610l 19 TTasr I BluyL” 7est) Bluy L IITesTa Gt LD M) &)U GST. % 6TTeD

Qjemau BluyL” greiT aIGRTLEGT TG In) 96w LpHasLI LI(5) ) 6T Gul.
Gamma Ray Glows -1

@@ Bl orear efesTifer @&womi 20 &SlSLg (12 ewioed)
QL1 Qamewigl. Sger Les Gllwenerts Gume @wmi 1.4
L BIGaTaTg. YSTaug Bl grer aflewmber @aerafl < ulleyid,
L@p Slewreniowmengl (Mass is Dense with High Density).  slujL” gmest
afewriBellasr Py LN LD Fal_ LIV LG LI@HeD6US GlETeTL_gmul
@wEGL. Byl grer elesiSesieT LIEE LTSS 2YTST6), 9YF6tT
Fiuiumppaid Gugearaied Lglles eeuliLgml o eTergl. &
Bl gresr eflewribeflasr riLiy aflens Lrdlullest Fili aflengGLimed (2
x 10 to the power of 11 (2 X 10°11)) 1oL_miG Lilewaswmesigy ! =Gz GLimed
By gresr eflewribeflesr &mps 565 Lluiler sips 58 Gume 1
leveSlwetr oL _m1@ OLIBS S !

@&UUGGETeuT 1AFFEIGeTTS (Supernova Remnants) Byl mmest

aflewribeniser Canetpevnid ! et Byl grer afesriSerserT
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Gamma-ray bursts (GRBs) 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 cases a
black hole is born which accretes matter for a brief time and
launches two, narrow, highly relativistic jets. The bright prompt
emission is usually over very quickly — the “burst" - but
further emission occurs as the jets give up their energy via
interaction with the surrounding circum-stellar and inter-stellar
material. This "afterglow” emission fades gradually over
periods ranging from hours to weeks and can be detected
across the electromagnetic spectrum.

http://www.thinnai.com/photos/2008/02/40802141b.jpg
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sajib Lpssevrd | @uien i Lpeflserns (Binary Systems)
TS gefldsend |  yaiaflgd QUL e _wis IenLibbS aTer
Bl grer aflesriSefles L@heneus Senflliug eTaflwg. oyLiLIgs
SR SS5F 0 Bl grer  elewileaisefear L@p LG uler
ve@penaul Gumed 1.4 L m@ (FEPICFHT eugdL) @) BHSSTH
QPlwLiL L g @uleo.  yewwiiled preiG  Bluyl g
ewriSarser oyewil g Caraisamars GlsrerBeararsns ymlwL
U@SDG | S@BasIemearser (Black Holes) LO&ajd SeTLOTGSS T
“FpBoGFaT eumdy” @@ e geng Byl grer  aflesTibeTt

D DGVG| & (bSO ATIIT 6TRIN] 6HL_WTATLD HTeST 2F6yFHnI) !
Gamma Ray Glows -2
aflessrLbevrsaficr Hengeys Csrevmiser !

R NewILbe Faig o L bewd PPlFene) PagSs eumy
wp&Hemev 2 LAHGmg. 2 LiGLg eilewTieT (LpaiTL) @ BESS @il
5000-10,000 oL_m1& eafl aixSmG)! 9F Crreur allewrber (Nova Star)

TGN Y LPEEHLILIG RS @ LILFCBTeUT (Supernova) aflewTLOewTs 6
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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 itz initial material creating heavy elements in
the core. But once iron has been prod d the star t

produce heavier elements via fusion and the core collapses to
produce a supernova and a central compact object — either a
neutron star or a black hole. Only a small fraction of massive
stars, possibly the most rapidly rotating, produce a GRB
powered by accretion onto the compact object. [picture credit:
NASA]

http.//www.thinnai.com/photos/2008/02/40802141c.jpg
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Qoug Lifed Pengoypms Hm  HewIsGsmar  Oeuafl Guippd
@Awenest @il 100 LGOS LoL_5IG GaflLow S eng Ll G)LImI Sesin .
uf@uller Lepemeui Gumed 1.4 oL miG (1.4 times Solar Mass)
GupuL' L aflewber Qm@uied @y Geuestt@areaflenw (White Dwarf)
2 BT Gas Fwvame ety FEFICFET mpleny. (Ceues@arer
ararLg LG L@peal (Mass) LB, ATVUSHBS F55)
wupnd Newsps ofeiber @arpler (pyays Gsmeld. V]
g eusPed FBlwg! —yerred gt Hewllay (Density) % L%
Beoswrerg!) ASHGL UBTE 9bs afleber OSTLFHay
RAevgapn, GUUIGETuT Geugifed (Supernova  Explosion)
QOuTEIRG Fevig aumysseflar @Gpoleuaiianw 2a® yspB), @b
Bl grest eflewstiSestngs (Neutron Star) omm@ng). Lfl@eww i Gimed
10 LB UBSS afenrLies @atnl, @)eTayd CSTL_fpg O\BInImS),
@miFuied @5 H@pBSIman (Black Hole) 2_ewr_n&mgy. #5508 F5fer
@Bs epeitm Plailiysepd &LUuiGrreum, Bluy grer afestiSerT,
P F@HbGIear yFwuaipen allars&H LNTUEhFD T uled

Carasidw wpewpaseari Lfibg Cl&marar o &6y & 6m e,
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Gﬂmmmﬁay Burst Host Galaxies
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Gamma Ray Host Galaxies

Ao  sowmsallcd @QmE OBToEISe® (Final Collapse)
aflewribelled  emamiggmer,  avedlwd  YFweipemn il
SGILDTGT e EIGafe) (Heavier Elements) $ieG)yer N EXI]
Qussmismars gresTy  @il_eTLd! HnG <elegmlss
QuasnisGar @GLUUIGETMTTS (Supernova) Gleuiyss opuflgid
Ralpess sTLAsmar (Galaxies) aflL_Li CuGgrel afss &myewr
wrserd! @IreathE@GL L9ng Cugnaf wm&), Lgeyd LPpHe
umysser ersld, epev flewriSesiler BRSH@ (Core) L BILD
BlesSngll  bwpHad Lwewd CFuigl, BSS PP AFe
WPHCwT® sevpg), FILILNwed QBT Bseled LBWw e aflewnrLben et
2 eI ne@Ld!  e1ehPw pRGHH Cureateys Dewllaled (Extremely
Dense) @mi% Oeuriuuptd, Oeuafldaupd eflds erflliviesri b
@evevng, wpLtomew Bl gresr  afesriSesmul  (Neutron  Star)

LIS DG!

Gamma Ray Burst
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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.)

http://www.thinnai.com/photos/2008/02/4080214 1 e.jpg
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SQUUMLS HG6TSaT
U80PéG0 GBYO Guen

Bubble Chamber Detection

Proton, Electrons & Positrons
(Fundamental Particles)

Europe’s cantre for research inpartce physics, near Genen.

“arget” matoriah

liquid noar

behind a sidoways ¥ shapo.
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 bubbie

it the Nobel Prizefor Physics in 198 or i

Cradit: CERN Phat
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1977 @&  S0Qufs)  uieuss@et  (Fermilab) — eSlwimesr
GevL_fiomast (Leon Lederman) L%% &GTLDITGS @0B& Mo (&6UTIS6HEHS
ST (H LI S ST, 2AGSG 1984 Qo0 @Gumiumailed Gy
Y UWIUSFF6D YD TeUSI (&eUTIS STRTL LIL L Gl Wi &GUTISHGSH6T
Guoed, &1p, poflewid, mrgesid, o &L, BdFLd (Up, Down, Charm, Strange,
Top & Bottom) ereimy Qw11 L't e QABS YM UDS
@uis@Gsar Guaid epetn Biml flaled “HeuLiy, LFems, Hevd”
6N FnmLILIL L GUT. (P Blevew THH L L euenewrulled
(Standard Model) eLpeOTETIS FIHGTHGT UM GUTISHGHET, MI
OQevLiL_neiiger, @pg GUTavIaISeT, (QS6D 6TGTEILD 9D TaIS
wHLy Gurevner LIn@ Q)ewenTBSS). oG epein @Quiss
flenagar (Physical Forces). (GUTISHGH6T SGTLOTGT IqLILIGHL g
BIFHATHET. Qi e eIaiLemey LI@F GO Yy LiLienl G
aisarser  GuUTenaiser aass Owelbs, LOGISIHS 6Taes LD
epeimy g aflengsenars (Strong & Weaker Nuclear Forces, Electromag-
netic Forces) Gl&mesi(®) GlgedLiemas (Bosons are Force Carriers). (FFILIL|

aflens @)cireyd CFigasLi Li_afledenev).
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G@BGUTET  GTRTLEI  GHUTISHGFH®aTL  Lenents D) (Hs5 G LD
L& eur. GUTIEGS@HL), Ol meIs@pLd %0 LifLflwneisar

(Fermions) 6TaIm) e Lp&as Ll LI(H S 6T 6.
https://voutu.be/BOR7ZI_saVo
https.//youtu.be/c-iCwSEnhSY

Image Credits : Scientific American (May 2003), National Geographic

Magazine (May 1985)
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THE STANDARD MODE

SJBUIED 20404

*¥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 make 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 Higgs boson.

+ There are now signs that the Standard Model will have to be
extended by adding new particles that play roles in high-energy
reactions.

https://i0.wp.com/www.thinnai.com/photos/2008/01/40801242ab.jpg
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Asteroids, Meteors, Comets

Qrerw of® wewp Cuising Ll §s @Gredsafler Glaig iy
a9 SISTET L ITewT BLOLIGeDS, LW  H(HSSHISE T
Lo MP IS @ LD.

auTwad abviebeusiad, H6wfsés sallesd (Wallace Stevens)

(1879-1955)

2 WHAT FETHEHSHG BT e1LiLiy CsrainHCner eTeLIg)
TerE&g Osfwng! &L semyuiley aflemenur®d @@ Fniaier,
@ GG T e L CHm aCasT QI SILTaIS FnlpTEISHE IGDVS
aflp ALleovws saGlL@LUuUg OCurew ems&s CsAF g
QarTed IOLGL SLwis CuWiuT®hser SeGLgssiLL
61631 B0l ewT® G S8 5185 FL_E& GIm6or!

i, @end Bluy L 6 (1642-1727)

waflgmew afser pesr® OFedev wpigujrd Gung), BLOG
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TROJAN —

ASTERDIDS -

A

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

/" TROJAN
ASTEROIDS

TROJAN
ASTEROIDS

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 orbits can be found.lt is termed the main
belt when contrasted with other ations of minor pl it
since these may also be termed asteroid bells.

http.//www.thinnai.com/photos/2008/02/sc7. jpg

451



452



17. siewewmdbCamren Blevey erligdh Capmearndluugl ?

- = g i —_— =
-_.i-‘ L e e — — |hd—

QuInmI® adggLd QLB BlevenauLl



L{GVGU T L|GOGTHST !

Lom& L Guimest

P (LPFSFD FL_LD USSTT !
CIORLRC

Qeueitenar L&

Gougd Cum’L_g)

uf@ !

DIFFOTLOGD BHTaUG| Blevay !
2 BIGm QFeTTSLILG

GTBI&GLD

pSLI LIBSEH6T | G)LI(5/E & L% 6T !
FHOUYLD FIPeOTS LILDLITLD !
RABLPHLD ST BILD !

LOMI(LPSHLD LDGHDSHGHLD !
Bavalevenev GlwiesTnmed
v Cwigy ?

FL_GD H(5SS

454



app Llleveney ! @mas Llevenev !
La9)% $6uidd oig ufled
ETCIVME /)

PpOEF WG wrg ?

o (HoUTGSIG| GTLILILG &

H(BBlevay ?

“Cewr_miser erpg  awHamer, BHWLWLD  FTEIS

(P WG, ”
aflevelwid Levg FLlab, gofled safl@py (1865-1939)

BLOWMe  eriligll  19&s  @QUETSLIG D  BALD
SaPLNGES P WISLILY 6ThS @@ ClUTBELd BLOLAL LABhBS

BasLILIL aflebenev.

OLabamgyead, L96)rEHd sewllg Goang (1596-1650)

455



STV TS eOUT eV LD, unevww  ofFuleys  flesTLbegeT
STATHTTWIF FBF S G)L_&F)6HTm 6ol

1edL_air, mIBewa saileyer “@)pEs ClamidsLd” (1608-1674)

@ artleuaiuiesr Fullmisers upser L Gu Iy
(B F & BILD.

afleadlwid Cagsavwg gy miSe 51L_a Goeng (1564-1616)
&w e waHed GISeTLl LS et pLogl LCsmerntd

ouehss srevmsadsaied Bromps Lnww ofPuller LN
eI ewEHed B ufsGw @GCr e Caraflevsner HIFaTonsL
Gupatelled  Fiwowd Boeu  eugeled, HFLeu o BaileyLd,
g,eflwnasayid (Liquid, Solid & Vapour) Liev G&mg oy,eT(H&6T BL9 55/
UBH DG AP s aflpenswnsld Lifluder 197 et s
SLPGLY ertiung Biwions Bloblwug eTearug LB iseafled &b
YUBons 2 aTengl | BSS SLOBT eTLILIg o L% e BImd)

2 uiflenmiger e1LiLig g Careplest ereiriigy GLogiLd LB IS 2 aTeng)

456



https://il.wp.com/www.thinnai.com/photos/2008/02/s¢40802711b.jpg

457



! ue wIFRF FraIDIFaled PEFHHGL FieoantsGHTar Blevay
yoluiler Cewunsd sBSLUILIEGEDS | YGTT6D 6Tl LDGSTL_GU(LPLD,
b euarpLd smuisGsraled Qu@pauriiwns @) wssd Cauis G maie
aerLiuyg @evevroe Gumuiler ererugd owLiums Q)BEH D
I yflag @G wasgsang wL G LEeOaSeT 2y eswT(%erTils
ST 19d &ppleu@pLd gienensGasrar Blevey erLiLigg Gsmeimlwug)
aISILgl 2 pIFwns Plul LTI Qe LBITeT @b

Fpsenetsd CHIL LITL_THSSH TG 2 GTeT).

@AW el Ga o areuL’ L& Gsrarsertear L, ©euarer,
yf (Blovay), Qeaieunyl o &w preig Csmeisend S e b
(Solid Matter) Q&mewr_enas.  uSufled ' @b Hi_ti 1Newri_wpLd
Qumeurld SL e BaHLd o eTeTe. gpermed  Oevaflas’ L &
Gameirsarmes allwmipetr, Feufl, ujGresab, 67,/51_'114_56&[ A EW BTG LD
aar aumys Gamerser gyuies ?  GL_sCasmarser ufGuller episs
FiLiLy eflensFwmed @Qupassiul’ ® Cbwpsswet Heral L afFuled
spm@amear.  908s% swwgBe Qeuafleul’ L eumys Csmarsar

sateul’ L & Gamatsans@ <Lumew Geug Osmwale &#pm

458



QU (5P BT D GoT.

https://i2.wp.com/www.thinnai.com/photos/2008/02/s¢4080271 1 c.jpg

LI CT LweaTsB HevL_g5 @LiLledeT LomPisar

uf@uier 2 ateu’ L & Cameaisaied LsasELd, Oeuareisd@Ld

459



SIen1d G mer e1gyeyLd @evenev. GlFaleuruis CHrepsE 2 (Hemard
Supmig Cured @uesi(h) PPl gewewis Camerser LLOS@G @b
giamentsGamar. Gevalleul’ L He 2 aiTaT aNWTPESS 63 Blova)saT,
Faflg@ 62 pleveysar, wGrerss@ 27 plevayser, GlBLIY LSS
13 Bloveysar (2008 b e (RS HessiLiLy) QLU aNwiiiins
2 GTaTEN. LI6V eST(HS SHTeVLDTS 6uUMec) afl@h@Ehmetsar Lyrdluid
FpPI@ID safgsaiunsg Cerapll Ip@ il a5
Caipgl CETesIL_en6u TN &(HB GTTIHGT. MBS Il (HF
GeafiLiy” wpewm (Co-Accretion) e1adimy eumesilued aileh@hmessar
@O B eur. L BOF Coaflliny wepulled o (heun@Ld i
QYLD Y BF 60 Lgeilw LTS FIgWIsSSe T FILIL] aflen s med
SATUFLD Q)UpSE oL e QUBsSSH FILLTDDILD LB WTSHS
Oameiteug). @pLiy Blw (Capture Theory) Blovay o ewr_mest LIDS,
yif) Cpra& eupg yellufiliy wew_ewsHed @ upssll Ul (&
DY) uBpagsTsd CFred&ng.  Neteys Csmumn® (Fission The-
ory) Qered@pg: UG e WG Csraiplu @)eTdLIHeS

FTgFed Ll yengs Doeu plevevuiled (Semi-fluid State) @)(BHSI

460



Haerey eapul’® Doy CarGlermeigy pleveunsl L9ABg Lflewd
FDPILIG). ABDSSa “GoligHetenio @l (Condensation The-
ory) eterLiLi(Reugl.  Ypbs (peopulled LRNG wewrLwsd Gsmerser
o ewrL_mer “BlyearraiedhBa” (Nebula) sesflggeiwuing o (meun&Hw

@ ewt(® Camarsarts LyLllujid, plevayd eioresilas L Li() % em 6.

1969-1970  yewpseailey  Boways@l Uwewid  OFuls
uedGeugy  yLICOUTOGwr  @olLiuessailed (Apollo Moon Mis-
sions) eumellwed afloreiger CErerHeups @)ueFmwet LIHHSET
BLOg& SFIoedCEmer Blovenaill DD LOSSSTGTLI LSI6H DS 6T
Qeuaflud L et Blorl urepseafiar wrGfseiled Ljsufed
KevLsGL “ysbebleer asepevli GLT@pLsear” (Oxygen Isotope
Materials) Guned srewtLl L L 6. 9Fmeug) LLBlujid, Blevayd LIRS
et wgGar Gr umstt uGHuiled (Same Region of the Solar
System) Ggnarenpweneu ereim) Blepigser ! SEHIL_68T BlevallewLd
yiflenwi GLmed 2 &5 2 ayewnigFled o (hEGLd 2eluiwed eLpevsmlsar
(Volatile Elemets that melt at high Temperatures) 6THIQLD HeL WM

! ey Qo % FTVSHD YF) 2 FFBlency 2 akenTs G e

461



QUL U TETED e GTTLIGI OBHW 611HS) 6D GoT.

aunellwe ofehepresiiger plealler @uFmwer LomG)H%er
yGsreang@er  Cupsars sLleni i  Gumed (Earth’s  Mantle)
REFBLLIHSS FETL_ D) BS TS 6. gerted Cararmlu Guig
Wihdsi Guopzers si° () s Pewavunar o GanssPednia
2 ewiL_neng). Sestlggs Carearplu BlevralGev erLiing Lilleww 355
2 Cwnsalwed SUGL QuiBL smars C&Taiy (h&s (LpLyufLd
eraraid Gaeral e1(p@Hmg ! <ULTedCevr-11  eumesilwed
awreflser CsTaTBaES CleaTmaTs gnlpTBIGDEHGND HISGTLI
urenp “prisGsreng’” (Anorthosite) Q) BBSS. I LiLITemDUTED
yluded Qgearu@d Gomquih, srevPwid Syeyifleiwd HallGsL”

(Sodium & Calcium Aluminiuam Silicates) $15|5% 6T @) (/bS5 GoT.

Pewa) Canarplueas (piya) Q\FUIwL epeiTg BILIDbS 65 6o1% 6T
Blevay ety o ewLnerg ereip  CaatallsGL LG
FpID B GCeETum®d SLHSSTEID  ApSInl  BILIBS 6T

QuuiLiun@seerti Lis® Oeuwiw CeuarGILb :

462



Moon Core

Anorthositic Crust

— ~587 km radius
Zone of Partial Malt
{Lower Mantie)

~350 km radius
Fluid Outer Core

7 =160 km radius
\ y Solid Inner Core
\ Middle Mantle 4 fassuming 10% ol the cons

\\A Upper Mantle _,,/
el i

3474 KM

Earth Core

https://i2.wp.com/www.thinnai.com/photos/2008/02/s¢40802711d.jpg

463



1. Blevailer Gprer Lewr_g Hewflay (Moon's Density 3.3 gram/c.c)
(Earth’s Density 3.5 gram/c.c)) Famieug eteiesi Qeuaimmed, Blevaller

@iy 21 & (Iron Core) yilleww Gumed seomest Hedemev

GGG LD &(BSS.
2. plevaller unewpsaiied Bengl Gumed gy elwrgLd
QurL seT (Volatile Substances) @)e0enev. FTaUG  LLOleow

ol b Cugarafled @GLTSSLILL L SergeamsLl QLpmieTers Blovey
(Baking of Lunar Surface).

3. yBluleyid Blevealletd smentLiviBLd 2456006 erseLpevs
s1g1556T @Gr UL af55F60 QUIDSWTHLI LILY bS5 OTaT6HT
(Relative Abundane of Oxygen Isotopes). 9i&maug| LIS LOGHTL VS5 6D

@Cr gL LG ulled yiluyid, plevayLd o GiTL_1%) 2 GTeTesT.

Beway ety Gsramugl aRILSHGS  FpLILIGLD

CasmL Lir@sar

yuller @oler s GararGume smesLiL@®L Bl

erLiLg Ll LIpESG eTeLeng afenss eumelwed afl@hehTesfser

464



——————
3 Brought to you by

the world's leading

Sy g k] <=ty sotrere

www.starrgnight.com

Impact! Moon Phases
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Asphaug) ereTLIU@GLD @b LBw “sessflesf) CGumelll wenL Lieni”

(Computer Simulation) Gleup P& ILoMSF ClFUISTHTSET.

473



i

About the image above:

Aslmna\n Eileen Collins described her first time seeing a sunrise

shutile. But here’s an even more amazing sight: an
=c|.n== of the sun, by the Earth, as seen from the moon. Graphic
artist Hana Gantstein (Haifa, lsrael) created this composite
lustration. IE's 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 side, still faintly
luminated by the moon, even as the eclipse takes place
Earth’s disk as seen from the moon appears almost four i
bigger than the sun's disk, the faint corona we see surrounding an
eclipsed sun would be largely obscured in an eclipse of the s
seen from the lunar surface.

Because

Nlustration © Hana Gartstei
Source: NASA APOD

Used with permission.
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A color-enhanced ultraviolet imag

Cassini shows Saturn’s A ring. T
begins with Eilgl'dil"ty' interior of
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Jupiter

Rocky Liquid metallic  Molecular
core hydrogen hydrogen

10,000 km
e

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
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urn Orbit

CASSINI - SATURN ORBITAL TOUR

https.//i0.wp.com/www.thinnai.com/photos/2008/03/40803061ad. jpg
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liquid molecular
hydrogen

metallic hydrogen
23000 km

radii)

Saturn-Earth comparative data d

Saturn

equatorial diameter (km) 120 660
sidereal period of

axial rotation 10:40
inclination to orbit 26° 44
density (kg p‘f.gf m’) 706

- g
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Sunrise over Saturn
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Mars Space Probes
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MARS POLAR LANDER:
AN EXPEDITION TO THE SOUTH POLAR REGION
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An artist's concept of a thermal probe descending through
the North Polar Ice Cap of Mars.

http://www.thinnai.com/photos/2008/03/40803131b.jpg

510



S YBHSGL U®BeSH6ar (Polar Layered Deposits) &iHaiLl
LGB smers sresiguLd, &HHey wpewestl LgLitfest (Polar Cap)
pSPad 2atearg Plwll L@EPg.  CoLmi BT
u@eyser utpl uUGHsear Gured ST Reug 90% BHis
SET@LOWTD 6TTD SBSL LBEDEG.  Fwmeoul: L9gCsamiEaieD
WEs Geflgns @@Liugre), o S Curer oeu Fewgd HrewiLg)

S DER
penLog GaLilLiLyerer gipeu LehLIG LI fleysar

Qeaieumtis Gameflar el Oger  giheumsaied  BHpLD,
SMIUGT L wisemevBLd S yserTwis Soes® Curer Lesfls
QeriQwmuis galpgerears! @ oes(® alsLonet Liehg QsrLifsaer
Qeaiumied o erares. R STWBO® L IGW LGNSHIL B,
ABSS55 BIIBST DG TGHFGL LSS H. HrwplaeLi
ueHgF oL ® eraiLigy Olgaleumuis Csmafed @afismew Geuenaruied
Cafliung),  Geausllpsrew  Geauameruied o3& gy ellwursd
G&LOlaiuled Cum alPeug! 61O UNSHIL B eTeTLIZ)

511



QUBL_LD (Lp(Lp@UGILD BITBSTLOMUI Fi(HaUEISaNe Blenevsd S (HLILIG!

OQeaicumuis Gsmefer srewplaers LGASHIL® Lp(LHeUILD
Gomg 1 18§ $19001960 smuing uegGenfley (Dry Ice) oLy eus e
LILg GG, Osaigheu sTewplevewLl LGHZHIL B o d58 e
FM6VS B0 &LOMF 4000 &).LOL_F (2400 eoLo6d) KTTLD LIL_FHSI LILGH DS
@alisTevgs@Ped UL gGi(hey STwBleoewl] UHNEFHIL®  FHiomg
3000 &.Bg (1800 ewwed) Grud ugall g @mg!  Ceuedln
F1ewg@He Qeuiid GBS 120 C (150 Kelvin) 2 ayewitd ermiid GLing
snvplenewll UaSHIl Gser, Foes @)L Blenevd@ LDIDTLOGD
Fau plevewulelBrs CrGr <yalwur®sd Ooaimy @ Lh6laailuiled
U0 Cumial®Spa! Saii$Ld anib FLOWBISENG) &TFLIGHT
wLwigmeav® euryalear Gsmeatarearey WGHwWIS), OFaleumdl

LOGRTL_GV 9 (LpSSLD 30% LOlewas W m&H mgi!
Sl@aILl uefLl Limenp&sar

OQeaicumuiley Argarey F5 el LuTempSaTTs @niGLI Cumu

2 enppglarars! gLl LgGsmisalled Blenewns o pbS

512



HISTORY OF WATER ON MARS
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Initial planetary
differentiation

Processes that have shaped the Martian surface: initial
planetary differentiation, igneous, agqueous, impact, wind.
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Radar in the Spaceship

Mars crust
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Bl L6 aflers®), geareven et (5SS ClFuis Fev mFLifweD
#8%) 21 b HIppravy e Fpn HEITEGa pleall aGEDgl.
Byl L ar sl aflerdg&w mrerel UfomewT, FLenL_wires
FILwed 2 pHaflengeamw, geTaven i BAHLUMWTeET &mew6leual
UmaTUTE  BlepllssE ST 1g ey Q@uUGurg  BTLPBES
FiLwes@ “a@d miliwed” (Anti-Gravity) Q)BSF MG 61T
BlesiEs ImiERSer BLSSLILIGSGIDEST ! TG 6B L_GBT
AilQwCGe Ggaefleurst yilwrs Gung, UPSTs o ereuliu®BLd

1@ FiLIwenev eTeiTen OleuaTn) afarsGalg ?

1687 @60 @ews pluyr’L e (1642-1727) SeIgl LD&HSSH TG
afl@hepreLi uewL_LiLy “LIferev Nwraied” (Principia)
(PSSOl  Plailss . Osveri al@seferiy (Kepler’s
Planetary Laws) oyessi_& Camenseerd &yns Berall L $He O
meuss Gouewr(®) Lorerted, @Balls 2 b5IFsG (Force) @)hoHe

Gouett(hL) 6168 B I6TS G GO,

Probe around Earth
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Guide Star
IM Pegasi
(HR 8703)

~—Frame-dragging Precession
39 milliarcseconds/year
(0.000011 degrees/year)

Geodetic Precession
6,606 milliarcseconds/year
{0.0018 degrees/year)

642 kilometers
+ {400 miles)

http://www.thinnai.com/photos/2008/03/40803201ac.jpg
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Bluy” L et < TTUI B BlenevBmigFw I wed
2 ggaflengsar”  (Gravitational —Forces) syewiLg  Gameigsaler
Quear®sgagl fluied aflupd QUL ST,  eTpfleuTeRTIEIS 6T
(Objects & Projectiles) S weupmiL_e1 Llenesisger | pluyr” 1 esfler
epeIn  BpEHIFH BlwuSHs@sd (Newton's Laws of Motion) augg)
STROGvad SealigLpld LITUGHFSHOT LHL LIL] (LPeHDEHEGTL

yfpa Csmarers Qufgih o gailer.

Byl L efler QOuar®s afleheprard LTLIGHFSHeT @uiedLL
uasiTLiTa “BewlloyBlevp” (Mass) Lisd Gaupy Qsm_fLBD pevpsailed
QwLumss ST _OSng ! Danlloypleop  eraLiLiBag
“UpL_gGIauLD” (Inertia) o_eTL_1SG6eugl ! Bl L& “@uissailwelled”
(Newton’s Dynamics) o_pglallens Genfloyplenm X aflengainssid (F Mass
x Acceleration (Fma)).  Blyt’ 1 eflesr “mililwed afi@” (Newton's
Gravitational Law) pi&pgl : (F G Mass-1 X Mass-2/distance Square
(FGmIm2/dxd)) smeugl @)Ies1(h) WL BI%@H%GHaT 2 GRIL_TELD
Fuish) o pgiailows upBlar plopsg apu Gpi o855 e,
@ Geuals Grr FIGSHET 1B aNHSSF LD 2 GTeng TTHILD
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FmIFDG !

GRAVITY PROEBE B

After one year, gyroscopes
predicted to turn with
‘spacetime’ frame

‘Spacetime’

.
.
[
.
L]
[
b
L]
|

[Inside the probe:

Telescope

Rotation-of Earth

SOURCE: NASA

Gyroscopes x4

Gravity Probe -B
LoJLoLomest FFLILIWEd Y Pmed 6TLILILY SLTHDG ?

spsaar GuwGe erplpsmed &G allwHamer Iaewsar
sLa0led QMBS 6TUPBSHI <9/19SFH) QTG

g erL_g Gxmarsar
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uf@eowd FPP oS GTD G FTTSedulled  eaflLobengsar
Garersar Gumewd &OP  6uHF 6D 6. Qeupermn 6T TLD
YRwOeuallufled Gymewr @lwdsli wesLTL g  Lededlwer
ATRFHeTTES  61% SLOUUBSSH HepEDE  eTwin el
TpSmg | Byl L& FiOwed o BSIFET) GTRIDTL. eI
el Fpm AFew FRWTSL LIGueledene. @GTaD6m L G IS
Goupiallsonss spLaflsgs sar @Lllwe BluBuiled Fililluemevs
s Cleuellwnss srlig L1 19gueEhaL) 4B IS@58% &S Siey HewiL_j.

v efler  miLwed Byl er  s@mplug  Gumed
FIGSTL_BIS6T Sauibg C&TaTERLd @ 2 FGIFSS uledenev. BTG G
uflonest ymiGerey 2 L w PO eals LesTLT®STET (Prop-
erty of Space) @gaevewiar aflata@d FiLwed | e Grom,
et Guom  (Matter), Sjedevgl @aflwpamsGur ymer yHw
Qevafleow auenarsSeipes !

Gyro Suspension System

2B sTevbleual euamarGer gaaven e FFLULIW®D. s
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D0 G500 G506

yro Suspensiop System

http://www.thinnai.com/photos/2008/03/40803201ae.jpg
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eteflemowma @) LiLig efleardsentd. srew Geuallevws L oL wimer
FOEISL UfonesT G JULT STeTTS euSss OSIesTL me)
FTSS LIGHTL_BISET JLLIT STefed &L 2 ewrL_ns@GLd. BS waH

auenarGe @eiTaen L 6T FomiLd FILILNLITSHS &(HSLILGH DS

FiLwed FEGeww eflget L9p FEHsmaers SLHLILBSSH
Gumed app wpywrg ! Fov FEHE®TE  Fnl L GUITLD,
@WDSEXTLD, HeOF LOMHMHGTLD. G TTeD Y esTL_% P 6w FFLILNiwenev
QUL s Qeuw Querg. mAiUfwume a0 ITelEss ClFuiw
LPLYWITS). Qogiaungs wLpLyuwing. allevgounds @uievng.
GeoFonpp (WG,  BDISS PYWTS. S RPE®D RETDI
FaUIBLD. YTTED QIVESETI).

Relativity and Gravity

aravenL_ar wrps eflers@w FiLifwed Bl !/

1915 Qe goaravent_er Bl L efler milifwed alensFenus
Gougy CaremgBe Cpnas syems “euemarps Gleual” (Curved Space)

eTRID FaPlevtmy. smeug FILLwed e1TLG @hadls o paialens
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relativity and gravity

According 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 warpmg is analogous to
bending of a rublier sheet when a weight is placed on it

0 When starlight passes near a massive body, such as the sun,
the shortest roule 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 Binsteins strange
theory was right.

Pasition =
of star Observed
position of star

Light entering -
e blath hole

9 If & mass is concentrated
enough, the curvature of
space-time becomes infinite,
This phenomenon is known
as a hlack hiole because a light

beam that comes loo close will - TINE Graptics
never Bsr_’ape.

|
ey

In 1915 Einstein broadened his spedal theory of refativity to
include gravity, In general relativity, light always takes the shortest

possible route from one point to another
http://www.thinnai.com/photos/2008/03/40803201af jpg
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Qeveve. gyerLgPesr Hewflayplanm aflenrbleuafenw cauemarsEng)
I WPEIWPSD @@ Yiwis yFamr ypleligsri.  Gogyd
Qe yewr_mseflear @ gHrrd GnuGw Gri Gamiiged
Qavwrg uramguiled o ater CouGmmi oewiLgHer miLiwed
@Pwred 2 aTGBTEE) auemarGDgl. EGHIWeIGEGL LISTesTTe) 2 6T
@@ aflewriSetlenr gafleow Llluledmps @apeud Gprs&erme,
RaECaT1® HAweller FFLUNwU® FTSST® QUMGTES HTRTL
LGS DG SBTeUG ROTNWTEEIE @@ Hessreniny  ©eveTena
a1 @il auewaraugy Cured @Gllwesflar miLiL wewTL_evid eafleniws
UDMTEHDG.  SYBTeug RaNeWS FHTRIHHD SHLGgHbd GCLmg
@Awelar Filwed @@ “Gallwmrg Oeerewrs” (Convex Lens
or Gravitational Lens) BL_pg G&TaOTEDS). anLifer Ggreda
Cpna& sryw yemeigg STewnsed LEmSHEHLD FFLILNLD
ueareured Galwlil' @ @ofl Wewswrd Lgblss magser !
Y& FiLwed Galwmy eaienateumred aflenaTps %mevrsed)saes
@afliw o BGLUCLIBSSLD Cungieuns 25 L i@ (Magnification of

Brightness due to Natural Cosmic Gravitational Lens Amplification) !
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the equivalence of
gravity and acceleration

Without external clues, it's impossible
to tell if vou'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
acceleration are equivalent wasa
key insight that eventually
allowed Einstein to construct
his theory of general relativity.
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General Relativity
aflfipg CsraGL CumgLd allawlauaf cemaray!

afleswrOeuafleow @b raflens  aigeursGeur, Gaxmar
o heunrsGeur (pLiLD S EISeaTeserTed (Three Dimensional) &mLIcs 6T
QFuIw (LpLg WITF. GTOVEH L G FDMILILILG G FADLD EIFaT6)
(Four Dimensional) 0% mesTL_g. oewi Geualuller BrciTSILD
9mIFere) (Fourth Dimension), &mevid (Time). Gammesr Gamig
gewi  Gamarmigeneruyd, egafiowll ufFsemarud (Galaxies)
gibomesst_tomest LITLIEHFLD ST P nIsGeTCar e»eusg eier
&6, aflewbloval auemarpg auemarpgl, Gasmewfis Gumui (Curved &
Distorted) alfpa OarenGL Cur&pg! alewrbleaflufled BEHHL
9ewiLs Gsmergefer miLwewne geafluiler LTews LTHSSHL

LUBE DS

Bewr HTs@ed Lwestd OFuwiyd gaf), oyewrLgHair oCs
F@T ALY el ewdFed menipws Gung, Gri Gamiiged

Qevewng eumarpGs CFHDF). Csremwalel(hrg cu@bLD
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ofewribellesr gofl @GHw L wewiewsHer o@Gs ClFemme,
g o L pions @Gilw ewwgans Cprss), Griaimers) g
@afleuenarailed (Positive Curve) euemen@mgl.  eeflwmeng @& Hw
FiLiL ewiLwgemns GlpmEIGL Gung, ®LWSHDEG IH IS
Qavafliypgeds GCrrssd), afiaimare yowg aflflaiemarale
(Negative Curve) SflLiTey Gevemev!
Galaxies Amplified

acreve a1 LaflufiLiy gujb aflaugieral

2004 eriged 20 gy Gzx@ prgm 700 heveSlwesr Lmevd (Grav-
ity Probe-B) aflesgmianafleow Gumudm Gedrm2 grsblei”
epevorsLl Liblewwr 400 enioed 2 wggFed &OHmeus eiitwig).
9Bs laemienad @rreT(hSar Llewwd HOP) eoeTerden L 6ir
yaflufitinys Cam um e Blenllss oy uieser yfluyb. o arali-B
acaveL T Gw alerssd sps Gleuel, smevid (Space, Time)
EPweapenpd CFnGLiugL &, yeupepli yaiufilil 9nmned

eraialgid Gl OFiGDg eTalipLd 2 amey OFuiwLd. @9eETaDE L Gt
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Gamun@saier @uesr® ufwrausisemaer 2 p@LiuT® CFuiw
BIGIE 2 (hessienL_saT Gsmenr(h) FPmid @f oyl LAzl (Gyro-
scope) esramiaraluiled QwES aBEpgG! o otall WIS @
o flamly aflessiSenet (Guide Star IM Pegasi) Gpns&g &erenet
CriLiu®s8s Osmew®), st Gaials Hiysemarti UFay
OQFuiud. @ureTIHSH6TTe 25103 &M (H S FDDIHSET (Spin Axes)

ereuedIB LD B& I 9& ueTaret Gleuan LISey QFuiwiLi@GLb.
Earth's Gravity Space
FILILwed L9-2_emrall (Gravity Probe-B) 6TGILIZ)| 6TGIGT?

2O fgsmaler avL_ner GUIi® LDS®es SLpES 6 (Stan-
ford University) Quet®s «9@h@presls@pLd, ©)LImmb) bl eI mer(sL
Goipg ufleowsd spplaip @ Savamierall  epeLnTs
BlgwIgs (peopuiled, @maievent_ar Geueflul i smev, GleveflLi
uflioresgensd FTipGBHasGL FILwU FFguGams BlepLilss
ST AT (RSerTsL Gl pund CFuig GBS DIiSeT s s

Oeuig Osnewig pEGL ewiL_Geualld s@palsmer, mFILLIweD
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aflewremyianad-L9. 955 mal 2004 yeT® (LpSed LyLbleowd FpplalBg
9Liueslenws QFuig aumSmGI!

fesramiaradl-L9 GTGITLIG) FRFLIL w60 LIGuSTLY 68T
uflnenisigertest srewid, Oeuell HweuPperpli uFey ClFuiwd
Fmiy plewev &L LAsL19 (Relativity Gyroscope). o5 mailudlesr
2 LISTGRIBIGEGTL] LIGWL_SFaUF BIFT, oL marGumi® BLjesTiser.
yGsrergens 400 enioed 2 wWIgHed, FiheunFass@ Gni GoGev
ol afPuiled  Fpdlaipd @ alewALAIfled  yenioEsL
uL (Rerer prerg Gsmar WsLiseler s messenfu Gsmewnrs
@iysmear o atalls Hwdwwnsl uFey Oeuiw Ceuer(Ld.
prarg Gsnarmisar @LW yps BSLE aps ailsg s ujd
@l QUEIGUSTD, aPSG®DW UMLTeRIONS HTew Gleuerl
LIDIS®S®ET SIS HaTpg (L &8 CuPPS. o BE5L
2ABS 6@ Casmarsiser eraiaflgd srewwpd Gleuafluyd Lyusufesr
QIS WTD  auaTe) LGN CTATLNSS HIDNILDTS
ang@Ld. Gogyitd LySlulesT FppPwnred oyFear 95G% HTevLpLd,

Qeuaflyd e1LiLIg LpSSLOTSL LTHSSL LG G eEer CleueniLd
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mar SR SHL LBe QFwiwd.  yOuler FiLwevmeDd
TpUBL @Bbs smew, Geual INLITGSET WSa)b PPSTETTEILD,
Seupplest UTHLLseT LIgUEhF eowiiled, Lo g B
Qosmastileyd GCLBSS LIDDEISEET 2 GHIL THH UGGGHG.
BIFT GIRSSHIS Canes uieys H L msele afletayaral-
9 umuisfGu OS5 YPLOTS 2 GTayLd, G  FIGEISHSHLDTET
el eprars CsLwrsd s®sL LGS DS

Gravity Bends Light

aflessroleuafuiled miLiLtwedler Gousid (The Speed of Gravity)

2003 ggasteuflulled (LpFesT(LpFevns ail@h@hresilsar miLiLwedes
Gausd Quuiwns @ailGeusld eIaIn TS @06Taben L cofler
euilwue BluBew wPnGwry Csrgemat apevid BlepLISsTiser
! SIBS &SSTeT daTenet Ouwililffgseuiser oy6)wlgsraler
Qaugedlanwraled o erar Ca&w Gy Cur aunalwed Crrdssgamsd
@siEs (National Radio Astronomy Observatory (NRAO)) e1i"Gaui(®

oSG ueraET®L  (Edward  Famalont) 18avGevmfl Ledsemevs
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Qrange arrows show the apparent posttion of the hidden source,
White arro hovi the path of light from the true position.
ow ultra cosmic incoming radiation.
Ultra cosmic radiation gets attenuated as it passes through massive body.

-

Radiation pressure difference
distorts space time

EMRP gravity theory explains bending of light near massive objects

http://www.thinnai.com/photos/2008/03/40803201d.jpg
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spssmsd  Goips Gejens CamewuSler (Sergei  Kopeikin)
GTGUTLIGU (Th LD ITGHT. D UIHGTSTT  (LPSGI(LPpSedle) (@) wim e ules
9Lt Blevwgsgiauwner FiLilfwe Coissamss sar®Liyds
Quei ey Py @swuangedl wrs @l IyPlallggLi
Qu@peLILL RS QsmewLmiser | @evd Byl L 61 FFLLE
Feuidd o1 Gear gewL_mFearl LPmIag oIaiml BLOLIGTT.
QYL goeTaven e S6T gLiLAwied BlwGulled 95 cpafl CalssFeb
SMEGG| 6Tl SyeyiLonesid O Fuwismy. 90\wids aflehehrefsar
oGV Lallall  yaioneTd GoulwTesS 6TRIDl O (HSSLDTS

BlesLgs e !
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Gravity in Space

Things move the same w:
gravty fild s tose i a Wrercnce
rame accelerating Upward with the

‘same magn

™

Tringsfaling reelyn 2 gty fild l accslerets by e same
asifthey were inaregon

!

constant velooty

amourt, sothey
S mrograity - Wagniesness

‘acosleration

[#)

The sah ora gt eain i s difrentypes of efrence
atr.

s movig wihrespect e the pers Clev:
nsige the Sovator sees.
)

sEmma ~. e ..,...
e NG
4.-:.:.;.:..: .::\“\\\“g‘ i

=

lightis ceflected
from s orginal
sraight path.

":""3 ':I-::.zf.’::.

General Relativity: Light travels munwe curved space taking the
shortest path between o points, Therefore, light is deflected loward
amassive object! The stronger the local grauity is, the greater the.

light path is bent.
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Gravity in Space Time

yllewws Cunetn <yesr_g Ganerser, @flwenerli Gumem
paflafsmd #woleumafl eflewbarser yHweupPar FILLITHD®
555 @aidssd Gumed @allGausgGed gaemn @am LDDS
Qsre® FPB aumpHawer | o gigewions oflanbleuafufey
GAwer Fie e weoppg Cuetie), Ll Sars FHmiaisuied
eTL L ew 7 BIOL_BI%H6T Q(LpEISHTHE FHM) UHLD | FTeug) G Fw eaf
ylleow syew_uid Gpuid euewy b &pniafuiled QlFedeiLd. @ fw
FiLiLE 558 BrIGerred 61l L eng BIOL_EIseT HUNSS, Bl L cir

Bw@Litng s yf sppag Cpr Gam’iged GlFedeyd !
IJerL& Carafar aflfengwmer FILILIWE LGk

$0Cwr Fmuipgierer enievt CaryrdF e (&I %esILDTes
@i GeT@Fmanu ), LE@pailedeT LewTL_Eisearujd GG
Cur' & @uewr®Ld G aflewgeunsdsgFed (Acceleration due to Gravity)

Apps RCT FLLWFEH D Fevgeows OSTL L 958 ST 1968TH. 1970
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ST (R sefed LiwesnLd GlFuigs aflewnrbleual aflomeflsar @ eshlwiLomest
FBBT eI Fed @) pLoewLiud, upeneuuiler @mensujd EGLp
Cur® @uesst®Ld By FLoWFHD Fevgevws QBT L wgs ST 1y

&1 Cuwim Gengenaeow O ouililgsmigser !
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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 inte a giant black hole
emits large amounts of radiation
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Giant Black Hole Discovered

aciavewLgenw  FiLwed  Qeupids  @upLiy  flens
wl Guleveme ! g LITLIEEFsmSLI LIeaTesia &L G\wmerd ClFuis
AevewrliLyg Qomige) gHeseitd ! ILEhFsPe  LySHTLIOTGS
LWEISTIeT — SGEGYSmer  YsGeugid  miwuGe !
ruehswneng  alfgstiul L @@ wrGU@GL  FFLwWe
upGamsuiled GGG @@ Hmear® ! Lew_mseT Qevevrs
ruehes@ed mitfwed #58 @SS wpuypwng | YSTaug
FiLwed ereiTg Fmev Geueluiled QuiBiGLd s OLiTgeume
BLUUT® ! uehFoneg FiLwed THFESWTS QuIGGHLD @b
wrSgd !

FiUwed  apEGenpw  eTwTapenDud  LITLEHFSH
LUl UL SEngG ! Llufled o aTer WHEFT FISETEISGT
T QFeTTeD LUTHESHILL (B QUEIGH DT | H19HTILD

PS® evewt, LmewLd, JrE0SL, aleausLiLe, & maenisGsmer
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MTSHILD FHLILNITOSTET QUIEIGHGEIDeT. FFLILNe) BLOG)
s wgLh, augalth, o ewray GFfLiL, @85 LI 1D, epenerti Licw,
wpERpLivy, apds al@LLY Iyoargmsu s GLLGSSIDDSI
I ywsHw Grevauied wewlls@ 1000 enwed Gousg@ed HDOmILD
yblwres g miLwed LLLTSESH WwesflSh Uy (LpLyULd 6TETMI

2ABlw 1pry &g !
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21. abdren eyl Fhb Camemmul ereueldId

wrwgl ?

Magallanes Gallleo

Venus & Earth
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aflessrLlast Guimed

SO BILD LBGTLE 65T & i
afewr0) 6w e ufed

& L_GOT QMBI & LIHa !

SLa71 QFsT@R LU 2 ufjLiersaT !
OeuEpss GlgederLd 6leaeirenemTiicey !
e meT @f)edeSIGHT 6I(Lp G FeuTLD
plaoLblevenev !

bovd sL_eSleT Bl (LpLd

Guomes Glevard euessessT(LpLD

ST 9F ses1a !

FL_GST GUTBIGNI H6T6y !

@@Lyl erenerenwid

Fauewt Hudppled FHm @) railed
Glovesressilovenal

aflardGapp) eneus@Ld LifG
Lylufled !
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bov cuessTessTLd 6 mestl Gev
LI&TL6v LomesTgy) GTLILILG. ?
Qg 1® 6umesied

CBTEH G (LpLgWITG
@aflarly

wprgamuyd aflig Gleuaraf
Qg i QumepBed !

‘gollullesr  GlemewisGaraT QL TEYSGL LG,  Fer
UTHISSIL T D e aflesramiearalleow eiLitd Hewss
Ogafleurs oPpgiaursd Gevew Goues@Ld. gL mer GopPsersSH e
@ @pLiugy 50% piviueils sy, o uilfler aueTiFREG eIGieuTesT
breuerd, @UEFTweT EPVSIMIST WHHLD Oeuliud SyeflssL
yalsseared 611555 (Geothermal Energy) p@w epesipid oymiGs
@BassID e1ain YPWLILIGEEDET. FL_bS HessT(HLIg LI FHeT
QL e gemewsGasmar L eapsailed GOLLTE @L6leual

umys QunpLsefled Llleow @SS BLILIM®SS ST HH GDer.”
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il et aflawrbaralls Cuor@iwg sorer evniGlEES (John

Zarnecki)

“‘Umd@flwg Gsneflesr (Extrasolar Planet) o @y6ewsTid, S(LpSSHLD,
umygser,  aumyliyued  Geustd,  wWpHCewr’i v Cumeip
gorliues Ll ufllorewtEisewer  erLiugl  @il@hepresisaer
wWaFw GP&ECsmer. gjeuppler epevrd mGs o ulfler cuaTidFS G

UFBE 6T 2_GTGTGTCUIT GTGHIN Y TTW (LPLY FDG/. "

LoMig evenauat prET OlgL’ o pgIFsS yuicusLd (Mark Swain,

NASA Jet Propulsion Lab, USA)
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aflawraiafuiled saa@LAL BLd aflg Clasered

&).19. 1610 @& &mfGwr (Lpsedled FTeT IYe®LOES
QsraowCrrs&sule, Geuaralluiear psiFfeawrl YT ST FBg
UG LoTgmSaTTL umuidd Oeuig eupsty.  HLUIGCLITSSTET
Qi OQeuarefluier euariifeop, Csuifeop BlEHIFReOW (LpSeT
s sa(LI s, utafluad sfgSrsstn @ Ll famw
o ewrL_n&Glesnd. @GAw wewr_evs Camearser LLllenws eLowLbIs5s

Qsress®) a#pp) aupHamer eaip HCrss eunalwed Geas
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Lmeviflullasr  (Prolemy) Gasmlun® enp  eraiimy  Blesi55i8
sl gerry. Gurewp@er eunefllwed Geng srugestlgad (Coper-
nicus) Py, @G L vE HIsEIGET WAL & FIieneT
@wnss Csrar® &pP auGBHaper ea@m UG eLow
BwPCw O LowiwTeTg) TRTLSD @ (LB HCUTdnL TGS 2 FTIGETLD TS
s1edlellGuinaller seGLigLily Syemwpgy L g!  @UyFw
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Orbit of the Earth

i g Orbit of Venus N

Greatesielongation
(half) \

(crescent)

Greatest elongation ~ '
. (half) T

Earth

Venus wazes and wanes as viewed frorm the earth, similar to the moon’s
phases.

When Venus is full, we can’t see it because the sun is in the way. As Venus
wanes from the full phase, it also g#6Digger because it is approaching us.
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Free oxygen atoms

Recombination
%, of Oaloms
' into O2
\
. -

Airglow

EUV flux [ S South g at1.27 ym

, coz "
Photodisso
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Magellan Venus Orbiter
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Venus Express Space Probe
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Control Centire:
ESA, Darmstadt,
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Yenus & Earth Comparison

Distant Relatives Mass (metrictons) -
Density fgfem?)

Siderzal ratation 3. IJZd:q-s
Obliquity {polar il

Surface pressure (hars)

Surface temparatura

Far all their basic similarities,
Vierus differs from Earth in
important ways. The landccape of
Venus (upper laft} s dominated
by vastiplains and lowlands, with
few landmasses comparable to
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GLOBAL FLOW Two planet-scale “conveyor belts” [called Hadley cells) operate within Venus's atmo-
sphere. At the highest levels, sunlight braaks dewn maleeules of carbon dioxide, and the libarated atoms

migrate to the night side. There oxygen atoms bine inte molecules and emit a di glow at
infrarad wavelengths. Lower down, near the cloud decks, warm air rises over the equator and moves
toward the pales. It cools, sinks, and retums ta the equatar to be heated again, Inset: This double-lobed
vartex, discovered high over the planet's south pole and seen here at infrared wavelengths, has a peak
tamparature 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/2008/03/4080327 2af jpg
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( Venus Atmosphere \

55 miles —
Thin haze
40 miles —
Upper clouds
. Middle clouds
30 miles — ! Lower clouds
Thin haze
Clear air

SET: CASEY REED

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.

\

J

Qaarefeow OCpre® pejwnalar Qeaeryr alawbarals

SLILIGOSEGT
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Bow
shock

SOLAR STRIPPING Because Venus lacks a

field, the outrushiwg solar wind can interact
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eswCleualls sLL®Smar 1973-1989 (sl  Oeuarafls
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1. MAG: Magnetometer - measures magnetic, field strength and
direction

2. Virtis: (Visible and Infrared Thermal Imaging
Spectrometer)imaging spectrometer thal operates in the near
ultraviolet, visible and infrared parts of the electromagnetic
spectrum

3. Planetary Fourier Spectrometer - measures atmospheric
temperature and concentration of known and unknown minor
atmospheric constituents

4. Spicav/Soir (Spectroscopy for Investigation of Characteristics of
the Atmosphere of Venus) Imaging spectrometer which detects
ultraviolet and infrared radiation. Soir (Scolar Occultation at Infrared)
will observe the Sun through VYenus's atmosphere at infrared
wavelengths

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

6. YeRa (Venus Radio sclence) Radio-sounding experiment which
will i the i 8, here and surface of Yenus by
means of radio waves transmitted from the spacecraft

7. Aspera (Analyser of Space Plasmas and Energetic Atoms) will
study energetic neutral atoms (EMNAs), ions and electrons in Venus'
atmosphere

https://il .wp.com/www.thinnai.com/photos/2008/03/4080327 2aj.jpg
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FaGlgatlear sor YupssLd 100 LYeuupdsLd (Earth atmosphere)
GTRIILD, ST o apewild 462 &R C eraipd Geuesym-6 (@)eur
sarE@LAlp wpsedled LlE@ Yeilwg. (1 yeuepssd 14.7
psi.  Qeueitafuiesr gar 9jpSsLd 100%14.7 &iomg 1500 psi).  eumuy
wer_wgmzsd CFrhss@e sfuler gysbamev® (Carbon dioxide)
97%, ewpL g6t 2%, P (pLeumsgser (Inert Gases) 1%, Lgmewr

umuy 0.4%, <efBF (Water Vapour) 0.4%. &&SGT LOGHTLwSH6e0
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ropean Spce Agency (ESA)) papwesr Cemued grslsL ged oyepLitiw
afead e1geviigad (Venus Express) 153 palser Lwessid GlFuig)
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Date: 19 Mar 2008

Satellite: Hubble Space Telescope

Depicts: Artist's impression of exoplanet HD189733b

Copyright: ESA, NASA and G. Tinetti (University College London,
UK & ESA)

Artist's impression of the extrasolar planet HD 189733b, now
known to have methane and water in it atmosphere. Astronomers
used the Hubble Space Telescope to detect methane - the first
organic molecule found on an extrasolar planet. Hubble also
confirmed the presence of water vapour in the Jupiter-size
planet's atmosphere, a discovery made in 2007 with the help of
the Spitzer Space Telescope. Hubble's discovery comes from a
spectroscopic study of light fram the parent star that had passed
through the planet's atmosphere

Last Update: 20 Mar 2008
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The Ring Planets of the Sun

Jupiter

Jupiter and Saturn’s Basic Statistics

Jupiter Saturn
Radius (kilometers) 71,400 60,000
Surface Area (kilometers)® 6.4 % 10" 4.52x10"
Mass (kilograms) 1.9x10% 5.69 x 10°°
Density (gm/cm®) 1.314 0.704
Local Gravity (m/s?) 271 9.05
Escape Velocity (km/s) 595 3586
Albedo 0.42 0.46
Temperature 125K (cloudtop) 140K (1 Bar aum, pressure)
Length of Year 11.86 earth years 29.46 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 lac.jpg
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nded plasma sheet

Inner magneta
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Morth pole

20

wWinds on Saturn reach speeds even greater than those
on Jupiter. As on Jupiter, the wisible bands appear to be
associated with variations in wind speed.
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Legacy of Jupiter Exploration

Galileo Mission
Jupiter Impact September 2003

1610 ,['
Galileo fiinds :
satallites of Jupiter ' i A

1973
Ploneer 10 - first spacecraft
to reach Jupiter

1989

Galileo spacacralt = launch
aboard Space Shuttle Atlantis
Qctlaber 18

iy 7991
First closa flyby of
an asteroid (Gaspra)
October 29

|} 1903
Galileo spacecraft discovers Dactyl - the
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Sun’'s Corona

ul’$& Georevb)unny

The Sun's corona can rip open and szpew a: much as 20 billion
tong of material into gpace -- equivalent to the mass of 200,000
cruise ships. These explosions are known as coronal mass
ejections {CMEs), the hurricanes of space weather.

https://jayabarathan.files.wordpress.com/2008/04/suns-huge-coronal jpg?w584
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Death of a Sun-Like Star
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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 plasma, the fourth state of matter. Plasma
particles are blown away from the Sun in every direction —-the

solar wind-- carrying millions of tons of matter at millions of
miles per hour.
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Density (kg/m3)

Neutrinos
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To the unaided eye, space appears to be a vast, dark void, and
the Sun a tranquil sphere of light. But in fact, space iz not emply.
That's because we live in the atmosphere of our dynamic Sun.
Our solar syst has the i ivalent

q of winds, clouds,

call it space weather. Just
like weather on Earth, it can be both mild and wild.

storms, and hurri ientist
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PLANETARY NEBULAS
NASA Hubble Space Telescope
Space Telescope Science Institute

“"BUTTERFLY NEBULA™ M2-3

HOURGLASS NEBULA MYCN13

“LITTLE GHOST" NEBULA
NGC3639
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The Structure of the Sun
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a +

are relatively dark tch: on the Sun's bright surface.
These regions of concentrated magnetic fields can last from
several hours to several months. They appear as dark spots
because they're cooler (4000 C) than the Sun's surrounding
surface (6000 C). Sunspots tend to develop in groups, with some
individual spots covering areas 20 times the diameter of Earth.
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Ulysses Solar Probe

Ulysses

S0HO "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




Osrest(®), HMewILd FaTeTFRcD Fipaiiny O\sras(®), @ Mwemend i)
UBEPS. A@sL CUIew SIS FHP QUBGLD PRTLISH L5
Ganersamens $1mi%g C\srest(®), @MU SETETERD FLpev @MW
G® UL, LNTLIEEFSSH P HyFHew6leuad gaflow pamSsHement
Gurad (Intersteller Galaxy) unOww ofHuled FBIBG OsTerGL

Cur@mg!
@fwafa CsfyLd smerto Blp ar@Es6r

@&iw Carearg@ed Qgfluyd s@Ld Ljetafigenar (Black Spots),
2200 2,657 (H& @55 (LPpeTinEGeu enFerTailed eumaiiied @5 mestser
sar(h) @GP 1 BESDTISeT  Yeupenpll LfFS CgLocdsar
(Sunspots) eresip  OQuUwReyd GPLILIBRS DTS, uf®g Gsioe
safled S@BF SwLoLsEELD (Unbra), Soupeps sppPé ClspEln
aflafbLys@pLd  (Penumbra) @ LbbSIeTaTesT! uf®s GaLoesaer
@l e wns QenewsGs, @FHwefled GBI L Hev euenarws
wessr_ewrigafled ' HGw Csraim&aimar @@GBSU G0I%S

Guenaa (Lattitude) sen1gBe0 wsHw Cuenass@ (Equator) 35 19&)

654



L @D, CspPed ufBs Cswedsear IymI@GLd @mIGL
uL gpglererer g @ Crewsamw Cpwmpms Gpmms Gsoe
aflar e1ewTessiiGens BHLTH 8 1950 GmisG Coesuiled gaipid
@eewred Yeflwwr@ng. wHm Qeuliug searsiser 6000 9.&f C
2 apeisBed CFTEsaNss, Cswasaiad o ayewrd 1500-2000 1955
C g@p) sarmiser s@ow FpsFe Csrami@apar PGS
FIgeBISeT @QeTenid yplwil UL alledene! @@ Ceumar 155
8% OQarpsailiune, UfPF Csoedser o el 1§ @) (BSHMLD!
LIPS peps Gswemws seis o @i,
@l e wnsGeu Garaimid Caioedlesr smbsLd THHLpenpuied
L Ggar gpeumiser Cumw Ly s&Haper. Csoawsar20 prsGar
by sgLl ey weappg NBSamer. UNS satewets $TGeT
s&pmid Cungl, Cses@pld psiausme. LRS #ped Coussams

LS pps Osreney GpreHser epevLd MW (LpLy-HDSI.

655



GwW SgseTd

https://i2.wp.com/www.thinnai.com/photos/2008/04/40804101g.jpg

656



24. @il G@GDUD 6L 2 ol Teadl 2

@&Fw @G LSBT LenenTLiLe)
FLPGD LIbG]%H T

OB B albewg Olwieires ?
LSesTL_mIs 6T

GFHTaTLDAGT LDFLOLD GTGSTGHT ?
Borau’ L afFufled oyesTL_mis%aT
B@pLd BlwB) eTesrent ?

C&m61T% 6T TS GLD

g5

@01 Gevs Cpns s

FDOmieu O\esrest ?

@G sar 1oL 1L_FF6) Sy eTL_EISaT

uf® @B Lieoud FHm)

657



Saturn

Jupiter

Mars

https://jayabarathan.files.wordpress.com/2008/04/solar-family.jpg?w584
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Stars forming in small protrusions frem 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 ¢

This massive looszely-bound cloud of dust, ice particles, and gases
(primarily hydrogen and helium) had some small rate of rotation
due to the method in which it was formed. Over time, this nebular
cloud began to collapse inward. The collapse may have itzelf been
triggered by a supernova that sent shockwaves through the cloud
causing it to compress. As the t;légg compressed on itself, the
gravitational attraction of the ma within increased and pulled
the material in even further. The nebula continued to contract
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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 motion. 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.
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Ulysses Solar Probe

Ulysses
Third Solar Orbit
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Instruments
High Gain -
Antenna eMi
L sm2
e Radial boom  HUSZ

HEDZ
5Tos '\ HED4

B

Equipment platform
~ LANI /2AF2B

S/C Radiator

‘SIM 3B
Longeron

«Wire Boom

RCE Thurster Cluster

https://il.wp.com/www.thinnai.com/photos/2008/04/40804172g.jpg

672



FOp uBSng ?  Yilhler Bleve seatardfled FHipngl aer @G
Wpesmss s1148 Csrean® Ug wrEfs spp aGSDS ?
sara1FFe0 Camars@pLd 1SHi% H19HT0F FPPAUND FHipedeus e
afpewgsner. Csmersaflar glemend Csmers@pd THIs HL4ETIS
FPPAUWID FPDIUSILD PG @IbE®SHMGI. QB3 Spassar
sierssi HLjons Gsnun®) spith “HppsH el

NP eow Lt Cu@LbLITeL) Beh 9% 5 63 6or.
@w aflassrgiarall uyeSledled Liewh Osm_f&pgi !

glged 15, 2008 b GzH e Gesells GCsrev
aflehepraflsar 1990 yewr® (psed LHCerwpy Iy eTRSHTTUIL
uf@eowd  &PP  YoTuIpg @G “yelledled @& Hw
essramyerallenwiLi” (Ulysses Solar Probe) Lyl 941" & 751565555
sa1is® @uieuns @SS G 2013 gewrged  BewT(RILD
Suiey Geww wrppyererty ! 9 LICLINSISTET LomILIg ujLd
uf@uiar oSS e dFBlewws SFgTLL b QFTLEIGLD

! Iyglauemg alavagiaraluilesr g1£6sL o psed erfFsHaow

673



ULYSSES/SWO0
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Almeaphsric Sciunces

Imperial Cullr;:c. %@J b Mauna Loa MK3 (HAO)

®Qutward IMF TASCO C2 (NRL)
®loward IMF

Solar wind speed and magnetic polarity measured by Ulysses, as
a function of heliolatitude, overlaid with three concentric images
taken with the NASA/GSFC EIT instrument (center), the HAO
Mauna Loa coronagraph (inner ring), and the NRL 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.
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https://www.youtube.com/watch?featureplayer_detailpage&v3TTswKT9J9g
https://www.youtube.com/watch?featureplayer_detailpage&v3TTswKT9J9g

Oceans - "Made in Earth’,
Not a Product of Asteroids

https://jayabarathan.files.wordpress.com/2008/04/fig-8-earths-huge-
ocean.jpg?w540
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terium Hydrogen Ratio (D/H)) 9035 pisnet pomall alfsse5u)bd
(Argon Water Ratio (Ar/H20)) ollesamierall epevid ymlBEs5H 60
yilulled Cor@ls Qurfiss i Geuerard 15% eTetigy SeTsEL_L
UL Rerers). 9% FTVSHD @AW T EH6T &G TBS 2 GwTL e
FfESDE6T (Carbonaceous Chondritic Material — Condensed from Solar Hot

Gases) e1ipgI 10% b5 Oeverartd Lytlufed CFibs).

3O RE s et aureralwed @wp (American Astronomical Society) (Nov
2001)
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HL_60 b Gleuairarid Lyufeir Fwi o 111G HuNeOF Teir 2 et 1R (555

Gouewr(pLd !

V10 o LIGH 96wl Qg WLl (Stefan Anitei -Japanese Science Editor)
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Close ters bet the i Oort cloud at the outer

edge of our solar system and other stars and interstellar clouds
can send tz trailing ic debriz 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

https://i2.wp.com/www.thinnai.com/photos/2008/04/40804241a.jpg
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It iz widely believed that millions of years ago, a comet or
asteroid impacted the Earth. The blast sent molten shrapnel 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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Vulcan's Orbit

(b)
(a)

https://i2.wp.com/www.thinnai.com/photos/2008/04/40804241d.jpg
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33P/Elst-Pizarro

005 U1 (Read)

118401 (1999 RE7)

New Comet Discovery
the origin of water?

Thursday, March 23, 2006

University of Hawaii researchers have discovered a new class of
comets orbiting our sun, but not in the Kuiper Belt as is the
norm, rather within the asteroid belt between Mars and Jupiter.
They have been named "Main-Belt Comets" and they may have
originated in this | as d to the far outer regions of
our solar system, beyvond the planet Pluto. The discovery of these
icy bodies so close to our planet are more evidence that comets
may have played a major role in the development of the Earth's
oceans during the early history of the planet.

Image Credit: H.Hsieh/D.Jewitt/U. Hawaii

https.//i2.wp.com/www.thinnai.com/photos/2008/04/40804241ab.jpg

687



Cupemplw eparn LCasmer eussafled BiaiaTsens BHewri
ST Blenewwns @ag@BLLGCS LSS H19GILOTETS TN LIGY
yser @osmueteunsar (Geo-Chemists) F®g@mmisar | Lrdlufled
BieuarLd o esrL_mest FLoWFH 60 Gleuared, QFaieumuis Gsmersaeiayd
Coupr v giewents Cararsafiaus Cxrary) o uiflar euerTidds s

aressTg W (BSSITLD GTGIMILD 201G SH) D THH G,
yGsrers@ed B Qavairertd erriLing g Gsnadluwig) ?

@& GOLUSH® L HL @eTLg CHmersapLd, L6 yes®
sienis Carars@pd HITUIEFREG 2 il 2 aTaTesr.  Yaupmpled
yif) gamled wl GGw o uifler alBsHs5E Coueminguw aFHser
DTGHLD o GG Blevew Oupdm I L e RBF v
CametgselayLd, wpmid Hev Glenewnis Camerselayd @b L%
Bricuard @Q)BBESIDGF FIGIMISET HTeRTLI LIRS GTDGT. eI LD
gy wlGuwgrer Gugerey B Geetargens L LHeveSwer
QpTHSTTL Blevowwnsl upps Csnewiy BaEEDgG.  Nwmps

Gamaflesr gienewrs Gsmarmest FGraliLimalled (Jupiter’s Satellite Eu-

688



Earth’s Atmosphere
Through Time
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Planet

.+, * Asteroids
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Earth's Early Years
Differentiation, Water
and Early Atmosphere

Composition of volcanic
gases for three volcances

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 eatly 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

693



Sun’s Ultra-Violet Light) 19m@& pSefleoadnsayLd, enaunLy TeestnseayLb

feungasLi L1y 535 GeuessT (LD

@flw wewr_ews Casmarsafied Carerpdluerer Bill LGS sar
sy Ggmarsaiar Qeualliyp Cupsermisaicd Goalujerer
St ualLiLTeDEeT (pewlons YOLILGSEIDT.  SHIHaLl
uaflli  umeepser Gsrew  Ogalcuruis  Gsmer, Ly
QUL  YSDGF FISTDISHET. aflesrQeuaflufled @ Mw
T wSSHI%@& UL SR  UTEOLSGTHGT — ITTATLOTET
b7 Qeatargemsls ualliurtemp agagGed Gl&mesiy (BLILIG
QplwLl L B eTersg. UTLSeTH6T LNGTUDMILD FOMILT LTS
pewr Bereul’ L 1H eT@TUGID Pl LGB DS aiFLd
ewau et unenguied s Gumg yf) GCureim 958
Garerasafer <& auy eumiiLiLjerarg). bereur L L1 LITenSH6me)
QFedeuiLd aumedBeaaer Fev Fowmsaled Ll pHiFFwLatr GLom®)
NI A euneviSesflesr Gupymid @y @pLiLees i,
B 5 G % ef T LSS T G ar.

694



WATER ON PLANET EARTH

Dear Tom,
So much of the Earth is water-covered that I'vi
should be called “"Water.” Where did all the wa
from?

S. Lindlah
Dear S,
Given that 71 percent of cur planet is wate
and that water is the most abundant materi
surface, it's certainly true that “Water” might b
appropriate name than Earth.
The source of all that water is still somewhat
question, but there is widespread belief
majority of it has come from the Earth itself,
vapor via the exhalations of volcanoes ove
billion years. Lowell Observatory astronom
Schleicher adds, “The estimates I've heard

i e — ol " 1 - r—



Oxygen in the Atmosphere

Stromatolite and Banded-iron Formation (BIF)
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Sa

Lakes 0.86% Rivers 0.02«

Distribution of Earth's Water

Fresh-

Other 0.9% i
iiiface Rivers 2%

water
0.3%




Qs meartaratenal o mIBHWTs Plaig FILOTETSTW, Il DS 6T
yflufled Qasrigw Freateney sar@Liigy @uevng ! LITLIEHFSH 6D
ey Cewiw wpywns L LBFiser @ LiLg Cure LCsrens® e
b Qevairertd erliLigll QUBH WS eEIRTUSDGLD 2 mIFHwiTest

Marssgamg aflehepTansar @gIaemis CFreae (Lol walawamav !

700



Diatoms through the m
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26. ybuiev eurwd @ipGleued erlig gBULL S ?

SOEY 661 6UEBIT6EHT  (H_60TWD

Higher than the highest mountain, higher than the highest airplane,
lies the realm of the aurora. Aurora rarely reach below 60
kilometers, and can range up to 1000 kilometers. Aurora light
results from solar shockwave causing energetic electrons and
protons to striking molecules in the Earth’s atmosphere. Frequently,
when viewed from szpace, 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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Earth’s Atmosphere

Escape to space

Water, Hy, CO

Steam Atm.
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Cumulative history of O2 by photosynthesis over
geologic time. The start of free O is likely earlier
than shown

Early Oceans

The Early atmoesphere 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 CO2
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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EARTH'S ENERGY BUDGET

0 Reflected by Reflected Reflected from
atmosphere by clouds earth's surface
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100% atmosphere
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directly
to space
from earth
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Absorbed by land
and oceans 51%
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Concentration in

Percent Parts Per Million
Constituent by Volume (PPM)
Nitrogen (N,) 78.084 780,840.0
Oxygen (O,) 20946 209,460.0
Argon (Ar) 0.934 9,340.0
Carbon dioxide (CO,) 0.036 360.0
Neon (Ne) 0.00152 18.2
Helium (He) 0000524 5.24
Methane (CH,) 0.00015 15
Krypton (Kr} 0.000114 1.14
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
Atmosphere
and the
Earth-Space
Interface

Yiew of the

atmospheric
layer from the
space shuttle
(courtesy of
NASA)

' ionized F-layer

reflected : shuttle
short wave
radio signals

northern
lights

meteorites:/

s
5py plane balloon

~== Jel
This image shows how the ionosphere is divided even
further into layers: D, E, and F layers.
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The Average Temperature Profile of Earth's
Atmosphere
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Lithosphere
{erust and upper-
most solid mantle)

mantle 1750°0C

Crust 0-100 km 2
thick /

XCW 4250°C

Mot to scale

--\-\-\"'\-\. ')
6,378 km

To scale

Cutaway view 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,

734



afewibeirser afletigrPser gy Hwepedpti UPBs OsmeTenLd
Do LpenL_WF. e &C8smar @ miLiLs Hewimy (Gravity
well).  swGleumafl afessTLBes o ewiL_m&@Ld LenewiLiLjd F&Swimed
2 PUSGITGT eLpeVSBIGEET B)(LpSS5I% C\FTaTEpL. O)LITSI6UTH Q(1h

SMBS LOGHTL_LPLD O TGETL_G).
WUCasneargSer S uner CopsL- @), FRSSL®), 2L 57

afeheprals@ns@ Qs  aflRallds  (pYWTE Q@
CQuas yBoms Qs wuGag LGsTag@ar CsrssalseLd
aflpengwmet o L Lym yenioLiLy ! Sy pomuis generud B LyuSlufesr
®LWFMGS FeTentieyd, s@allwreyd Crrss wpuypwng ! L
Gamy a5 ety Ll Crwrsl KnEsS sTewd (LpFed
OsrL_gBg o BIBls CsrewGL au@B@ng. LS Nedaswer
<, (D% afl6d o (BeuTerT et CpsL ®), BEOSSL ), oL 5@ (Crust,
Mantle & Core) epetimid OoeiGogyid a(HSH 6L BEIGTaTS TS
2GGESLILIBHF DG YTTD el 6TLILILG 2 (HeTUIGS 6TRTLISMH G

2 6taT aNGHGHTET YFTIEIGGT LSS CFTDLILD. @ Ceuemar

735



2009885 Cev @flend Fiening Pewflay Blewm (Homogeneous Mass)
RIGTRY VG LLTTeYLD o (58 FILILIF F&5F) SeSTLOTGS LIGwTL_S 560
LUGSdWs FIauwrsed, LUGHews S ewrseyd (Partly Liquid
& Partly Solid) @19 WBSSMD ! SL_euli Lesst_Ld (Solid Matter)
2 L'smeaursaw, sl CuTisgid &L mes Hoeuli fewr_Lb (Lig-
uid Hot Matter) p(HSSL L_THaLD e LoBG @IILL_GST 6T &(HSGTLD
! @SS 3G Coed Goeedwsgres GopsL ® Lgad 3.5 Levedlwest
TR % @55 (LpeiTGar Blanevwnsll Gumesig ! Ysp@GL Hn@Lw
b Smevnns wapuTL 1% fasevres wpepuied GCopsL' (k)

QLY U TEH) WL GTGTG.

4.6 eOSwesT T (HEEF%G LPSTL BLogl FGAw &G LOLLD
CaresiPwa erainy sewfgst LUGBwG ! &worg 7 L9edeSwet
2TBHS@55 @ (LpaTGL Yriluder Qu@pLbLmaienowmest FewflaLi
et (Matter) &uLgGpaeu (Supernova) eLpeo(LpLd aflessrLEcwTas 6l
Qaren_wrad CFibsg Tamid P LGB DE. SFeTTV 4.6
1960 &S w1 68T 94,6551 (5 5 @5 5 & (Lp&BT G L LLOUNGST (Lp(Lp @uLg-aULD 2 (KU T

@55 Couewt G eTeiIm WHESHL LIHF DG 2S5BS LCHmarid

736



ConoEoECES
Ra3436789%

¥ gammaray

Solar Nuclear Fusion Reactions
via the Proton-Proton Chain

772 mysteriow swprforce
portic sop: quarks, otiqurks, phoors
nfiatorary epoch

exparsion siows down
codkng o unverse
free qarks combie infa rotors, neuh

WMAP Answer
4% atoms, 237 dark matter, 73% dark energy
Ho=71km/sec/Mpe
accelerating
200 millon years after the Big Barg
Flat

Question

What is the confent of the universe?
What s the uriverse's exparsion rate?
Is it accelerating or decelerating?
When did the first stars form?
What i the shape of the universe?
How old is the uriverse?

What willbe the fate of the universe?

137 billon years od
‘expansion and cold death
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A About 48 billion years ago

B 10 million years later

https.//il . wp.com/www.thinnai.com/photos/2008/05/40805081ad.jpg

739



yllenwg $18%5 9sar gevensCamear Flowa) Caraiplug eTen
sGSULGEDG.  @uewL b wpops FrEGsHla  Lyblular
GupsL' ® (Crest) fpg Cunens). 3.8 L6065 6T 2,65 (5% @5 G LI
On@ spstew el Uepss LTmDSET LewTeL. eply i
adaSlasm Lmewp GpsL L ns (Crest of Silicic Rocks Embedded in
Basaltic layer) o &b ygneyd uigpgereres | yUGLNG S et
“Culewupd® LUsL ® BHIFE” (Convection-Driven Plate Tectonics)
2 BSLILL B GG sewrL_migar (Proto-Continents) B&1% G\GmL_mi%)
Qa5 GouasGd. Yoo HTewdgL LGsrarsGHe Ggmemw
wmyd @olaueNuiled GLI(HLOLITGIGHLOWITS D BLY TG, &MFLIGHT
e wrsemev® bCuraflwr, 5Cger, FPlseara B @)(HESeT
Q@eweu wrayd @oFmwesd Gaisensulled eieTned oy isTes
epvsdmmpsar puilesr.  3.85 eveSlwer aTHF@FEHG (LPETL]
2P P (B BEIS T Lials epeand ClFe Limgie flwim (Primitive One-
Celled Bacteria) 2 pLISGWTesS]. ST L6 2 uifew 206515 6T 6)LI5S)
@&iw @afldGaiLiy wpempwmed CGLgere Sy,seadlger & 6leualuied

OLbs TGS

740



Inner core
Quter core
Gutenberg
Discontinuity

Lower mantle ] Lithosphere

Transition zone Asthenosphere
Upper mantle
Mohorovicic
Disconkinuity

T—

] Transition Zone

Crust

Earth iz made up of a series of layers that formed early in the
planet’'s history, as heavier material gravitated toward the center
and lighter material floated to the surface. The dense, szolid, inner
core of iron iz surrounded by a liquid, iron, outer core. The lower
mantle consists of molten rock, which is surrounded by partially
molten rock in the asthenosphere and solid rock in the upper
mantle and crust. Between some of the layers, there are chemical
or structural changes that form di tinuities. Lighter el ts,
such as silicon, alumi i Ici t. i di and
oxygen, compose the outer crust.

© Microsoft Corporation. All Rights Reserved.
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Refraction of seismic waves as they travel through the Earth

MNote the curved wave paths indicating gradual increases in density
and seismic wave velocity with depth. Also note the sharp
refraction {bending of waves) at the or b
between layers.
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Magneiic Field

The mantle and part of the crust have been cut away here to
show the relative sizes of the Earth's fluid and solid cores. The
outer fluid core is ahout 55 percent of the radius of the Earth,
and the inner solid core is slightly smaller than the Moon. The
Earth’s magnetic field is thought to be generated and sustained by
moving currents in the planet's electrically-conducting, fluid outer
core, which is composed of molten iron. Geophysicists have
discovered that the route of the rapid, polar (north-south) waves
through the Earth's interior is gradually shifting eastward because
the inner core is rotating slightly faster than the rest of the planet.
The fast rotation of the inner solid core may help explain how
Earth’s magnetic field reverses polarity

(Courtesy of Paul Richards, Lamont-Doherty Earth Observatory.)
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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 (O) 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 soli
materials. Shear S waves, however, cannot travel through
fluids like air or water. Fluids cannot support the
sideto-side particle motion that makes S waves.

You can get a rough estimate of the size of the Earth's
core by simply assuming that the last S 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.
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748



Lower Mantia

o 2700 _
2890 £
=
s
[*%
@0
a
D" layer

5150

6378
_ 7000
= =
i °
g 5000 i
e S—Waves 2
5 5/’/_’__' «— NoS—Waves— {3000 &
= <~ Low—Velocity Zone g
= =

— 1000

o L 1 L 1 ! 1

o 1000 2000 3000 4000 5000 6000
Depth (xm)

The Earth's internal structure is determined by the varying velocity
of earthquake waves. There are two types of waves that travel
through the Earth. They are known as the compression P, or push
and pull, waves and the shear 5, or shake, waves. The P waves
move almost twice as fast as the 5 waves, and the P waves pass
through the fluid outer core which the 5 waves cannot do. The
boundary between the mantle and core is marked be a precipitous
drop in the velocity of the P waves at a depth of about 2.9
million meters. The 5 waves do not propagate beyond this
boundary. The liquid outer core is separated from the solid inner
core at a radius of 1.22 thousand meters where the P waves
increase in velocity.
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Recording of reflected waves

Earthquakes
(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’.
FPanthalessa, Greek for ‘all seas’, was the name given to the
resulting world ocean. Eventually, tectonic forces caused the
break-up of Pangaea, leading to the current, albeit temporary,
arrangement of oceans, continents, and other land masses.

FERMIAN
225 million years ago

JURASSIC CRETACEQUS
135 million years ago 65 million years ago
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Expansive Comet Holmes
Credit & Copyright: Jean-Charles Cuillandre {CFHT), Hawaiian
Starlight, CFHT

The spherical 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, whose
diameter before the late October outburst was estimated to be a
mere 3.4 kilometers. In this sharp image, recorded on November
14 with the Canada—France-Hawaii Telescope, slars are easily
vigible right through the outer coma, while the nucleus is buried
inside the condensed, bright region. The bright region of the coma
seems offset from the center, consistent with the idea that a large
fragment drifted away from the nucleus and disintegrated,
producing the comet's spectacular outburst. Of course, more recent
images of Holmes also show the bright star Mirfak {Alpha Persei)
shining through as the comet sweeps slowly through the
constellation Perseus.
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A recent comet sensation is Comet Hale-Boggs, dlscnvemd on
July 23, 1995, that passed Earth as close as miles on
April 2, 1007. Hailed by many as the Comet of mg "Contury
because of its size (four times larger than Halley's Comet) and
brightness, it was visible in northern and southern hemispheres
during much of the first half of 1997. Here is a typical view,
taken on March 11, 1997, by Jerry Plati, one of many amateur
astronomers who tracked this spectacular celestial visitor.

dust il

head

comet
Small icy body that partially evaporates as it approaches the Sun:
made up of a head with a solid core and tails composed of gas
and dust

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
tter.

head
Part made up of the nucleus and the coma.

dust tail
Visible tail formed by dust particles pushed out of the coma by
pressure from the Sun’s rays: can reach over 6 mi

length

ion tail
Almost invisible 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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Alexander Ivanovich Oparin (publ. 1936), a Russian scientist, in
The Origins of Life, described hypothetical conditions which he felt
would have been necessary for life to first come into existence on
early Earth. This, thus, is referred to as the Oparin Hypothesis. He
theorized that the first atmosphere was made largely of water
vapor (H20), carbon dioxide (CO2), carbon monoxide (CO),
nitragen (N2), methane (CH4, and ammonia (NH3. As the surface
of Earth cooled again, torrential rains of this mixture formed the
the ~primordial soup.” Some think this may be what
contitionsgre ke ovmngs sn Yanuss/iighiemngs ditvavialo
(UV) radiation, volcanic action all were more intense than they are
now.

Hydrogen
Methane —
Ammonia g
Electric Sparks
Coolng s

‘ g Heat Source

Sanil patsble Siaps/itgst unes suasame fo GO ot ke 18
organisms. The first step is thought to have been the abiotic
:ynthe:l: (syn = with, together: thesis = an arranging) of organic
monomers, in other words, putting inorganic chemicals like
methane, carbon dioxide, and ammonia together to form simple
organic chemicals like amino acids, simple sugars, fatty acids, and
nucleic acids. This portion of the hypothesis was later tested by an
experiment done by Stanley Miller as a grad student under Harold
Urey in 1953. He used a sterile, enclosed system consisting of
flask 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 was applied under the flask to simulate

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

http://www.thinnai.com/photos/2008/05/40805151ad.jpg
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sLevbflesr pH 9eney (pH —> 0-14 Scale Measurement of Water Acid-
ity/Alkalinity) GUITGID FIGIDISET eTemUL LD 2 MBWTS SpwILiiL_
aflevenev. 2 uiflens CE1Hm (LpFedled 2 aTa &6 LyfaiLl LITennSHefed
2 GITGT HTFLIGH, 456026 UG IS FTL LY RTTILD &F5HSF0
FEG) gyemau FlFFwLd Yysaflevemev. gy, ullenid Ll Carerplw (wLpFed
HeveSlwer gyerpsaiev o ulflerd o Fas TdL0555 6TerLIS e
afleheprafsafeon,_Gu o 1 Grum® P’ g (hEF DS

Organic Moments

o ifler  @usTwers@er (Biochemistry) @)@ LO&SSTeT
LS 6T

2 uifleTd TG @uFmweT Quas aflenatey (Chemical Phe-
nomenon) ereirLIeng Bad W Geumrtd.  LyrBlullesr o ulflesr wpeverLivy
Qi gL “Upais srgssenes 40 wearGer & 2,0\ rerGer”
(Genetic Materials DNA & RNA) @ w @) geswst®d opmid S’ 1q 6,
(Protein & Membrane Components) (Biological Membrane -A Continuous Layer

of Fat Molecules that encloses a Cell) QLEWIGHUIUJLD FTTGRTLDTGSTENG.
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a rovein
ic polymers

ramino acid
organic monomers

b (iquMnde
Knolglﬂ'ﬂnnle(ules from Earth

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
35 billion years ago. The North Pole fossils from Australia are
such that even more primitive cells must have existed earlier. From
rocks of the Ishua Super Group in Greenland come possibly the
carliest cells, 3.8 (2) billion years ago.

J. William Schopf of UCLA recently discovered possibly
photosynthetic prokaryotes from North America in 3.5 billion year
old rocks, suggesting the existence of even older heterotrophi
forms. The oldest known rocks on earth are 3.06 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 organisms
living today that are most similar to ancient life forms are the
archaebacteria. This group is 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
Whais Ko oA Hhoh idk 55 1 B S, Suttes

http://www.thinnai.com/photos/2008/05/4080515 1 ae.jpg
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1 QuerGer 6TGILIGI pGIn eLpVSIL (BE6T (Nucleic Acid Bases
+Sugars +Phosphates) Qa&men “@uL e Qpaflay” (Double Helix).

4 Gom 161 1 Gestm 9y 1Al S B0 2, uT).

1950 yemBsailed HCwhss @Quemwes aflehehTelsar
amgred(® WGy & evr_mered Levevd (Harold Urey (1893-1981) & Stanley
Miller (1930-) <=,%Cunri @@weupd ering o uifler syewioLiy
epv&gam LGt ybllevd (Amino Acid —> Water-soluble Organic
Molecule with Carbon, Oxygen, Hydrogen & Nitrogen containing both Amino
Group NH2 & COOH) yieunmigii Lyfluller LjipSs HL_eSled (1Lpsedled
GarardullBaGLd ereiienid psHwinmer CFrseamerenis < uia)dh
Fnl_BHe0 ClFuig ST 19 eaTiger !

-

**%%c Comet Hale (1995)
aflehEpreT 2_ama)& G UTOLEGIZET 6TaT (LPSH WL TTDaI ?
PESTET  YIHTENSG PRSI NIFAT NG TEn DEHGHNGVILD,

auneviSersafleyd (Asteroids & Comets) @)pLiLens ail@hehrefsar
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uew Grrgemensal epevld HerRLIGSHBS Hpaiser. Hev
aleheprafsar LAFemwsd FPBUBS YIOLSTO  6ITed LGS 6T
af) saupll yblhar spp ofFuled L@Es aflpSBssTL
eraipid  yUGUTE  YyuPHSBBS  aITeTLOTRT 90516 s
@uemwens sweasar Lioluled CUMABDBHESSTLD  eTeTDILD
SBBPDTI. ASGHIL_T L1 2 (Heunest LD @ HFeT LS GTITGTLD TGS
e EHHeT, UTOLSEIFNGT SM1HSSD Q)BHSSTHF FGTDIHET
epevtd Pl uBEng. HLUCUIGISTET CleuaisGasmer cemy
yfleowg s1585 Blevea o (Heuteng. eurlbarser Guera) B
Qeuatengengi Lilulled OSTLIQWgIL 65, ST 2 F5TesS
Gl Basmaruy Qma&er | aflawspsaiiayd eredibarsafieyLd
Fasevmer “YlGarr yflevrd” CUINTETD (@)TFTUIGT eLPGVSTa M 6T
QmESamer. 1969 Qe ev&HCrellwrailed afl(pps iFever
aflessrgevedled (Murchison Meteorite) STFLIGT gl G OLITHEHLD
Qe alls 98 Germ yllevptd (4 Carbonaceous Chondrite & Two

Types of Amino Acids) @)BBSS OFFw e bHeuT.

Kk
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***xc Comet Falls on Earth
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Qarpgafliysar Cpr aumuiLisser @eemev ! aupmPled &H NS
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Qg Rwaledenev.

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/2008/05/40805151d.jpg

* bc Asteroid & Comet Hitting Earth

p yar_miser QumPEg LCsransB e o uifiers CsrpmLd
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Mechanism)
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1. uaTidREGL QuEsSHISGW Geuswrgw o uflflers G er

@ oemuer aflenesuflwicd (Metabolism)

2. #5535 65D %@ Couewrgw 2 udflerr Lyewtflwed (Reproduc-

tive Life Process)

3 o apewid, PSS, Oeulius sU@UUI®  GCureip
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@ Lh0leual aumuy @ussalwed (Evolution through Interaction with

the Environment)

Kk

Comet’s Chemical Materials**
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https:/fwww.youtube.com/watch?featureplayer_detail-

page&v6PYEhuyx50

https://www.youtube.com/watch?featureplayer_detail-

page&vgssq7Kngyow

https:/fwww.youtube.com/watch?featureplayer_detail-

page&vgX7jxnDMSHw

https:/fwww.youtube.com/watch?featureplayer_detailpage&vo-

y4m6c2h8o

‘s FPalla) plop aCodysraar ofll 85
PPlwgy | SO 9ybs mesTenTam o5& Bl 19.MGewrn” ereiTmy
QuuAL L1y ! Sjeuppler P& 1/2 (Spin 1/2) e1eimy @)HSSTL
GTRTLIG GTGNIG| WpSLD. 9eau Pp LIHIL S  FHISE@HL LD,
RZFTEpLenid @emewiun® @evenev.  (No Interactions with

Matter or Photons)”

Cprelue) Lfla afl@h@pres : 2 osLismE! Lirel) (Wolfgang Pauli)
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Particle Physics: Probing the fundament
interactions of elementary particles
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Electron Volt) (Mass of Neutrino is 1/100,000 of the Mass of Electron) e1aim)
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ELEMENTARY
PARTICLES

https://jayabarathan.files.wordpress.com/2008/06/elementary-
particles.jpg?w584

785



Qruepets  Guay  Qeuylitfelprg  CsrmearGsmy
By 19 AGetnr  meewamisser  Hgp)  afeawbleuel  eTmI@L
evewer yer@sarmuiLs QuTPbg eupgiererer. @ fwemerLi
Gunaiip #wleuref alewribeigar By 1y ACGarrésemaen 2 PpLSG)
QFuIH eI 6T, Qaiysss fevgyd GLUICETMTSSET
Byl 1y ACangsmear OQeuallwrssd eumpSaipes | 616Gy gm
sGL OpPistar Py yAGamass sl Fapuldame
TS Te afl@hehretser &S aupsears. GCoayid pluyr 1y fGerm
Qg gner  Bluyy AGerm,  hyeuner Byt g AGestm,  Gler
Bluy 19 AIGewrm  (Electron  Neutrino, Muon Neutrino & Tau Neu-
trino) o1 epeT)l euensuiled s GPlsrs  @)BLUILSTELD,
upempLl 99 8&ILT LRoTeRTL), LIGSTLITHEHE TS FTGT (LPLY LI TS.
By 19 A Gewrmailasr Blenpenw afleoreuns®seled sesslas (LpLg wimg).
searL_rafled Lflssiguiled L enibed IYLpSFD @)BEGLL e L
FIBISSHD  ewssll ULl Berer  “evlufl  Bluy g AGerr
Crrass5H60”  (Sudbury Neutrino  Observatory SNO)  Lifi@ uflesr

By g fGerns  semers  seatbfled 1N9FHILT  LTLTHSMaTS

786



SaewT (LY FImg). 25 CLmed goLitimesfled pluyr” g AGerTencu Gprss
“o wg smbCunsEGs” (Super_Kamiokande) 616sTeqLd LNTLOTGUTL_LDMGOT

afl@h@hTeTF FIBGILD GIGIMI 2 a6 !

By 19 AGemeness saaBLiy 35 2 ws aflehesretiser!

13.7 196060l 681 4,657 (0% @15 % & (Lp L] G masiplw L1 EhFS G 6D
Bl 19 AGeny Qumfleayser GCSTL_[ps BISLHBS o[BS G5 6.
Aouehsd samadled Qardsg ofpg, fpg Clgeurss
@aflipa Pl teyews s@ialsds (Cosmic Background Radiation)
2 apewrd $HCLTgy 1.9 19 H ) Qsevalle (-217 148 Glacdadlwab) 2%
2 aiteng).  yerred Bluylg AGarTaler QLY wpsaT (LpFedled 1930
LD ewrig a0 yaviyflw afeheprest 2 eobLigmml Limed) (Wolfgang
Pauli) (1900-1958) eT1a¥tiIgmed Pl(LpHLOTGTS). 9gISHSHHLI LT L 15
Gauiaied FaGuller gjflaflaenins GCarum ev aflorss au@Ld
Gungl ygis siser @aPar Bly®sL b JUGSGS CO5ABSH.
<256 flevp eClevs g arar Havparw afll& Gapautargl | ASHE

787



If neutrinos and antineutrinos are the zame particle,
when an ordinary neutrino (blue) collides with a Higgs
boson, it transforms into a short-lived, very massive
antineutrino (red), which soon converts: back to an
ordinary neutrino. Thiz so-called seesaw mechanism may
mean that neutrinos and antineutrinos are the ultimate
source of all matter in the universe.

e
s electron

{ ’ neutron
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6165 LAGTGaTmmpd @)evewev (No Electrical Charge) | eIms@Geomiut
LeLILIL TS BIes8T8i%6iT (Almost Invisible Particle) ! LODHD &/ 60T @V L_68T
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Qe 2 Wesal, LiLOSGeT Blaupd sHNwssg Cauieser (Cosmic

Rays, Sun Like Stars & Nuclear Reactors, Radioactive Decay within the Earth)
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NEUTRINOS IN THE UNIVERSE

Following our current knowledge, the neutrino was born about 15
billions years ago, just after the birth 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 background radiation whose temperature
it 1.9 degree Kelvin (-271.2 degree Celsius).

This neutrinos cosmic background radiation comes from the
decoupling of the neutrinos, whic’zgo.lntil universe became
iciently cold, were appearing and dizappearing, absorbed by
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The Sudbury Neutrino Detector

Two thousand 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 collision. Since the
Sudbury Neutrino Observatory (SNO) is sensitive to all types of
neutrinos, future results might hold clues to how much neutrinos
change types on the fly, how our own Sun emits neutrinos, and
even how important neutrinos are to the composition of the entire

Sudbury Neutrino Observatory
Prototype Data Acquisition Display
(CANADA)

https://i2.wp.com/www.thinnai.com/photos/2008/06/40806122¢.jpg
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Experiments at neutrino detectors like SNO and
Super-Kamiokande (pictured here) have
established that neutrinos oscillate among
various flavors, each with a different tiny mass.

https://i0.wp.com/www.thinnai.com/photos/2008/06/40806122ac.jpg
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P& LG SFm) !

@uUGurg  aflehepradlFer  WweTHed eI(pLd  eflTTSSET
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Particle Physics: Probing the fundamental
interactions of elementary particles

electron
<10"°em
proton
{neutron)
quark
a <10"em
nuclgus .
atom~10"cm I 13,
~10"cm
Particles
Leptons
o e
e s

Tau
Tau ) Newino W ©

Muon

Muon A Neuwrino o ©

Electron

T g

Quarks

sy

Bottom

Strange

In the currsnt undarstanding of particle physics, the set of
fundamental canstituents of matier consists of six quarks and six
leptans. The quarks are n up, down: charm, strange: top,
bottam and the leptons consist of electrons, muons, taus and their
coresponding neutrinos. They are all spin % fermions and are
grouped in three families, each consisting of a quark pair and 2
Iepton pair.

It has been known for o long fime that the quarks exhibit small
quantum mechanical mixing among themselves, ol Mlemsarwaak
docays betwoen different quark families as well a:

el aiaing Waneiiane. Tha miacses Codbiing Coneiants dnia
mixing anglas ars paramsters of the Standard Model which have
%o be determined experimentally. Quite recenlly experimental
evidence was obtained that also the neutrinos in the lepton sector
have masses and mix among themselves. The quarks make up
Radrons such as the protons, neutrons and pions and interact
thraugh the strong, weak and cloctromagnetic forcos. The leptans
interact only through the weak and, if charged, the clectromagnetic
force.

https://jayabarathan.files.wordpress.com/2008/06/fig- 1 a-atom-leptons-

quarks.jpg?w584
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Qaresr_emouwns Bl 19 AGarngsear Q) BaseTLD. 9IS GTTGD
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aun@ger (Cosmologists).” Bl ACernssemensd saunsHed Crisss

Qs merer GeuentBLb. ” 6168 Fn B TF 291651 CeveTi(h.

ruesss@ed  Gugere) dewr b eTalailsy o Fuled
o GwIL_TewTs| 7 Byl g AGeagsmaers salliggis sHmenioL
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The MINOS near detector, located at Fermilab, records the

composition of the neutrino beam as it leaves the Fermilab site.
The MINOS far detect located in Mi t

3 , half a mile
underground, again analyzes the neutrino 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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ational waves can escape from
st moments of the Big Bang

Inflation

b (Big Bang plus 10-* seconds?)
Big Bang plus g Q

10 seconds Cosmic microw
distorted by

Big Bang plus
300,000 Years

https://i2.wp.com/www.thinnai.com/photos/2008/06/40806191ad.jpg
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Dark Energy
Accelerated Expansion

Afterglow Light
Pattern  Dark Ages Development of
400,000 yrs. I Galaxies, Planets, etc.

1st Stars
about 400 million yrs.

Big Bang Expansion

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 quite 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 intriguin
that the Bible at the very beginning, Genesis 1:2, brings forth a one time force,
of God hovered” and in Hebrew "ruah Elnkiim merahefat.” "The spirit of God

is never repeated in the entire Hebrew Bible. A one tme phenomenon for
cosmolgy and 2 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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2 essrem oWl 1LY L6 I F Cm 6o,

QLEOLIJL” gGiTaVENL_GUT

“YHewLl Guaigasid (Inflation of the Cosmos) GIGILIGI 4G
srggL Lguehsl Cuey afifleweaili (Hyper-Expansion) Lpplw

Cariun® ! 9gCGeou Nyuehad CopOlsmenr(h) ,mi LfLoTesTLd

Qs resL_gj (4+610) eTasi) BlepLlss 2 SayLb eLpev BSLHFFWTEGLD.”
av1e Qauetr g ad (Steven Nadis, Editor Astronomy Magazine)

“‘Qevyp PwHew wusAUICGUTT GeFredeug OGlowiwimeTmeD,
BLOGI &G (Lpevest, Oeuatais Camafler euL gi@peuLd, GlL_sreflab
upsTRLw  ewerwr B®s sors  Cuneiny  aflewoeuaiuled
SGuTassTe0 LI(D)LD )60 TS BGVILD, HETERI% @ LI L|eLILIL_T Kl cwmevsiu
n  uflwreiipew  Feril-wrel @ (Calabi-Yau Manifold)
@@ | ps Yn ufre aegeL LGS afleaGleaiLi
yerer gaiGeunaidleyd oD BB ng.”

&Sew T gesTL_med (Physicist Lisa Randall Harvard University)
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New observations have

smashed the old
view of our

universe.

A still from one of Ananda’s 1999 New Universe animations. The
cover of Scientific American, 1999, overlayed with two 3D
renderred TWZ MNovelly graph universes, one as the “old univerze®
kissing the "New Universe®™ now being called the “"multiverse”.

https://il.wp.com/www.thinnai.com/photos/2008/06/40806191c.jpg
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“‘@upenseanw BID HYaTHGL LRLDTESTEISET HTHH LD,
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2 OGS LD, 2 FITGRILONS  (GHeUTTHaD, 610)6v & 19 TTEsT
Dewsflay Blewmsar (Masses of Quarks & Electrons) GuUmaImemae
wreyh  swm-wrer OGeefll e esPayd LTSS LD

2 (KheUTSSLILI(DF GSTmeer !

Ggomeno%Lil Cunevfeirderd) (Joseph Polchinksi, University of Califor-
nia, Santa Barbara)

“@eop BwG (String Theory) samitd Grop’ L LifliomesTsiseT
(Extra Dimensions) wred eTLILIQE FH@HeIL Blenevulled o aTerest
? "9 Hevs H G FlessTenTen Ll LIGTL v E &S (Cosmic Microwave Back-
ground (CMB)) &1@0eWLdTE 6Tds (LY BBTeY emeuGuw Groprir’t
uforenT IS 6Ts Se1(B CGTaTer auyd) ST HILD.”

& afluj (Gary Shiu, Physicist University of Wisconsin)

“(BIBEs eapain  STewbeuelll ufnewmigeaT HemLl-

wrel UFLDTCSTRIGEETE FAITLOE® SesiLl LIL L coau). Y
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The fate of the Universe depends ultimately on how much mass
{and its convertible form, energy) it has. i 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 is insufficient to slow expansion and the Universe
enlarges forever. The shape of the Universe will depend on the
nature of the expansion: at large scales the Universe is subject to
the laws of Relati {but equally as important is the role of
matter/energy at the smallest - quantum - scales. Recent
information favors endless expansion and the possibility that the
rate of expansion is now increasing.
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INFLATIONARY COSMOLOGY

Aon!
Geral °*

Ala
: .-':L" -a"..'-
'Ur:f'u l-en:ame"[am:re{s? ; - 3

.
5
10°® cm

Time
The Observable Universe

The observable universe is the space around us bounded by the
event horizon - the distance to which light can have traveled
since the universe originated. This space is huge but finite with a
radius of 1028 cm. There are definite total numbers of everything:
about 1011 galaxies, 1021 stars, 1078 atoms, 1088 photons. There
is a hierarchy of structure.

Note that according to inflationary cosmology, the entire universe 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 observable 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 1o create the
Big Bang. Here's how it might have worked:

Approaching branes
porer nflaion

Abrane and an anti-brane spanning our unlverse's three spatial

The size of the universe grows a trillian tillion tmes and passibly.

Colliding branes

Cosmic strings

anather, The energy release heats up our niverse, initiating the
hot Big Bang. The colision may also create cosmic strings. Such

tant background objects or by polarizing the CMB

They i
fluctuations dow being mapped in the CMB. s i siis

A variance of this inflation inside the Calabi-Yau throat
posits that the annihilation of the incoming brane and an
antibrane at the end of the throat triggered the Big Bang
gure 09b). According to this scenario, inflation oceurred
as 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

815



2omuIES yAGeauri oBs ageusIser @ab&FFD FmiIdL), HUPDS,
FHBL®), awyewm (Ice Cream Cones, Throats, Cigars, Gloves)
Gunaimeneuwins @Q)BESTLD TGN &(HS5IH DT, “BILPBES
eLp&Tmy H1ev0leuaLi Lif Lo mewi Bl 6T &6UTLI-wimel Lif)LDT6osTIEIS%6em aITd
FIgmoe SesiLl L L el et @Cr HevsGrrsHs GlFevevmoeD
OemigssnsLl GLIaper BrGedeTd ymy LifoTesTs
srblealuier em Fn wevaruledsrer o L s1ip® s Cnmb.”
eTarml wmd Qgsmedev i & Gameiy) enr (Physicists : Liam

McAllister, Princeton University & Henry Tye, Cornell University) gmi@)m .
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Cosmic Inflation) !
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PICK YOUR LINIVERSE
The topalagy of the universe would leave its mark on sky maps of the cosmic microwave background (TMB)

FOUR-SIDED PRESM REGULAR OCTANLDRON TRUNCATED CUBL REGULAR DODECAHEORON

0

A5°

Expecied temperaiue variafan al variaus anqular scales

SUDALE: A, KO0 P IAL COULEE SORDEN
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For each of the topologies above, the ellipses show the
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Calabi-Yau Manifold

e

extr al g try determines fundamental physical
attributes like particle masses and charges that we ohserve in the
usual three large space dimensions of common experience.”

~According to string theory, the universe iz made up of tiny strings
whose resonant patterns of vibration are the microscopic origin of
particle masses and force charges. String theory also requires
extra space dimensions that must be curled up to a very zmall
size to be consistent with our never having seen them. ™

~... the fundamental properties of the universe are determined, in
large measzure, by the geometrical zize and shape of the extra
dimensions.”

https://il.wp.com/www.thinnai.com/photos/2008/06/40806191d.jpg
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