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Thousands of exploding stars left a tell-tale halo of searingly hot gas around the
Milky Way. NASA scientists reported.

Asrtronomers have long known about the massive gas halo, but not its cause. Before
this, some believed it might have been caused by ultraviolet radiation from hot stars.

But scientists working with the new Far Ultraviolet Spectroscopic Explorer (FUSE)

spacecraft determined that hot stars could not produce the atomic remnants they
observed in the halo. Only exploding stars could do that, NASA reported at the annu-
al meeting of the American Astronomical Society in Atlanta.

The football-shaped halo is huge, extending about 5,000 to 10,000 light years above
and below the plane of the Milky Way galaxy, which contains Earth. A light year is
about 6 trillion miles (10 trillion kms.)

FUSE made the discovery by detecting lots of oxygen VI- oxygen atoms with five of
their eight surrounding electrons stripped off— in the halo.



TP (SO | <F W ¢

“SrFrReeT @ RIATS GITF @ CNHAT TPT (73, T B AT foAam
A (29 5 9¢)

fo@-s¢
- ST WIEAFZ ATFIP GAF @I Giad (AhE W
fEfPe® MEFT (o7 9 ATHPIT A5 v BF AR | [F

G G2 [P «fp e (ood A AWR TG AR O -
IO (58] FCACRA | TGS 7 FAIYIF 7T (TS IS [58 [[RTAMT Feae5!

Q@Y1 T 4 AR |



@Y B FIIE, R ¢ TRSA

“qIfy SEIce TR B IR @3 G AR qrfew age

THRTR T 7 (3¢ § SY)

fo@-349

- R@rag e Fram@dl am ©o,000 (FIf TH Fw WIHWH
f=fesw (Milky Way) IEiTG &% Yoo,000 (4 T5F) ACAAEIE 17
TN 32 A 30,000 NIENFIY bGY! | TH#G =77 JF 1T 97 4T &E
(RCF G A G 5T (MR | WIENET & Top View & oIl
NAR |



TS (S99 I(R< B ¢Q

“SrerrReE @ AT 97 6T TGS (I [F%2 WY w1 AR I
(3¢ s »e)

-t

- R w9 PR W ogR fofa R wwAl | [Rwr wk g
WIETIHT TORT 9F I8 (T FAT &AB 146 G quF A (69 WX
TR | FONE [0 (T G eere AMENfHT WG FHAS eI
7S beT50ed G Y& e RTT J97© 297 &7 7 (T SfeFes
AR5l | @ AT (ATFZ AIISIS FAG IR (R5- (”G 1% ([T A1
TICINET I@ W braT A YR, RS B2 feRAd IV (E
eJT §fIT (5B AT |



ar B TINF, TPY ¢ TURGT

“o71 f& GT7R TYLY 6 IS, WA ¢ G- I ¥ Wy O/ fe
] PCA A (MIN BF AL )77 (90 85)

foa-3»

- O R g 8y MEAITSE AT FHT A, I92 T IIRCR
PAFOree IR I WAF o0& IR (@G [FG 7 470 IS
FAE | ST BIAC SIPIE O ABSIZ VoI NG | @ 4 @ 27
SR FIACR | TOAN2 TN TCHI N ST I AT WA o=
WA T [FRASIN & FCACR ARTYE, T [ S awr FAR |



TS (S WIHE B ¢d

‘Milky Way’ *7rerfre | fReaeg 32 19w of o guifas |
T AT ‘e g A T R wiige Te
(REAE (@ A1 SR 2 @ Toaey qod & @3 7%
AR AOGA TR AEnFR (eed @I R a9
forza (1 (G Fra @<t =00 FaRG-feiren, FgaTsT® @S o
o2 CSR T WTR?

oY ZES o] (@, T TP AT TRE @ I
(50,000 ST WA TTHT &Fs [T G} 92 A
F9g; AR do,000 ATEFIN | WK <A AFNfER 9T 4@
(AF R Y8 ANE P e TEee | el e
Areifae se B 91 afegel e TNawed IsIom
R gufae ¢ wyEfes IRgR AWe Fimreme [y
PEIBEETR ‘A TP FAE?

oA Outer Space 7@ &M 357 @IF o)’ (o
Ay FARe HiT ¢ g Wwfte sepmz ard I
TRFTOTOIR R reid efefde | AR @ 2eq™ 4F 139
@ T FIFL TCACT AL A1 | IANTH WG [EAGTE (B3
MR 2 @7 (T T s W FBR IR TATHfS @
IS T TR, ©I-fF TR I T2

DI

H-FIH

“@¥ W g @, S SR wERE Auee F6ee
AT [ QIR AT FLAG OITE T FACS AT 17 (92 8 3)
d SERe IRre W (o o wifer I (e
IR SIE ‘@S’ IR | fof fom wifeq e G o
TR O TG G2 AfFEueIFe Eaertes 20 e



Yo B FIWF, T ¢ TRIRHA

FEY @O A1 AR AU G2 32 TAF Teifess I,
MN-F-9F G Ay w@ e Mg g
TR AIYR VI 7o) 8 Ty {7790 (2P FA0R; WS
IR YR b PRPRS T 1o TN FoAT IR &
GTFR (Agre T ARTEs GR [{ewen ot I T
@ YIS S (AF TeTe TS T &FS Y] JITS A F |
TAY FACE MO Q@O bleq TR @, WAWE
TGN (SR RIFFSSI ¥R R IR EIISITe I2ES
AT (9.2x2.¢ EETE 9N B -fna @it gre waifas,
)Y AT X8, (NFQ @ THNGT 932 GeTS FFFER w77
TREfes AR ST @ T AAEH G2 T, OIS
G AR A AT @I 1M 77, (@ (@ TR N7
eT (Asteroid) T W@ A (S AITA, (S EEIGHITST
AREE G TAAIAS SIS TREAOT AR @R THIATSA
QIR (@IS AT w1 A s T 1 SFeTed
TR (Tod iRe 0o Il R M waie =263 (T, g
©.2%2.¢ AERRAER [ YR ¢ S Teafes s
AT IR (ToT WGIFIR (N A (O (R | ATE
PO TFITS 21T 8 I (TSI AN (F'TB! CIASNTSA TG
NG 7Y AR 8 W) | o wife wfy wre R zwe fog
ATt R GO QW 8 ITT FR-PAIPIR FBCF AH AW
IS (MTBITS TR | S (T2 HARTOR FIAAR TR FBF
(FIITER TR TR oif 2} féaal asart Tori S IR
TSN AGR T Fgusf ez | S BSIRE (R
FEAR (@, @ AT TR B A @ AffFEre 1oy
N e T IS AE, WE Al @AW (QAEF T &N
FTIEEAITS A I O 43 AFT (AT (ST @S AR |



GTET (SH] HHT | YD

g SR T |ed Twieag Faa e ey s =<
SIAPS RGO I AFS AG! FE FARY TS bl
q I @, TR wiRre TF SHed Wrew v Je wiare
7 AEe e TGS Y T 77 32 IR, IR TR
ARG TIPS AN Fepfd I fFemae ||
S (A TH! FACS AA | 99 @ WG ©Ime-2 |

IR @ier Trafe [ 779iE 399 a9 Ee
TGN IR | G N (A0S (Aae-ee siiwa
WWWWQOOOW@WﬂNGZQW@
TS atzg TR @0 s @@, = drzm vees
Al MR (I TS 377 S NGB A (@O | (26
(RIG #1RESD (ATF TP FE AT T dooo [FERIGR 1 70y
feIE-f=ia #iE Wes I | 9246 1@ ¢o 8 Mg (AF doo
fag e 7 sy @I “ffetaa sare-2 2= (2tF s
TR TS oawer oy [feg @ Wes 2 |

R HWE CTRGICed 5oMee A2E@a AR ©.3x2.¢
HITEFIE A ‘Oout cloud” FNE 2127, YT 93 THIHa
e eI 93 A0 Al T 20 Wt | (@ ({F WA
FRACF ¢S WFR Cleeited (serEe Mie Ao F T
Wi S BTE T | IE-S ATAA (BN OF6F TTB Haree
HRAAMT |G THIR TS fA0FA TS AR | TrgRewR
TR FA 51 F03 FCSIMTE NASA @3 European
Space Egency I{e3 afswiaE< I3 3 [Reavat @
fafeq e 2Ite R | FoREH 56 TR ©f (7 ofqwe-3
I AR |



L B T, R ¢ TRST

“IRYIT! FFANGET @ RS T FY WCR O WEIRAL, FIUT! AR
afexrfe o], f68 g WGHHZ WIS 77 [ (Yo ¢ ¢e)

fo@-0

- RFT UM T2 TG TYPICZ STAE NUEI TTS AT
WIS O SerFeNd wéA Fce JAY TG PR faT-onfe qFEry
WWW,WWWWW)BOO ?QW’[Z#IW
et Eqees ayf& Srens ©f IV &9 F¢F (@ AN To7e! 74
NAET ALY AP FA (oI 2



TP (B9 T(+< @ Lo

“TIT WAL A (07 T3 1 SISt (F<e A1 TBIRT FT 97 O
fargrmat 7 (3% 8 Soe)

“oF1 OIRIZ, WX AT 9OF, P @ 5F (WF FF AR @7 o7
MRET 7 (30 & dobr)

Ba-

- o (7T T I=F S SR o ([ TR NI [T A5
AR R SR - ST AeER T g TR wifere,
(I &S G A (1Z PN 932 OFF (AFRE T FACS AN ?
B I AT G 51 (NS S AT 7 | TOLH (NI (L ©Iwd
PO | TS SIHF THI-Z (@9 I AT |



Y8 W FA, TY 8 TR

“fSfag oA $1F fAviaIal et IR TP (T CSINFl ONE
fawirs7 Ia O1F IS G 4412 F308 N19) 1”7 (80 ¢ 39)

JOINT DISCOVERY
The Opik—Oon Cloud

was named dfier the
astronomers Ems Optk
and Janr Oort

Opik—-Oort

-3

- TS WRF AN, 43I TG A% GG OF AR Py Fge
R@nTg 5eafie ¢ §um W IR TITTS O 6 ©F | (7
FAIETA TINETH T FACS AT (57 @ AT IZIT B B WA,
7 fof BIGT @ 76T O WA T & TS ACFLCO! eI X | ®fWCS
T 1! PN IR TOZ [ 7] SHEIoT FA R fAcr 1 @397
T (R TR AT 2



QTP (S99 WHE W L¢

“JrA WERA T (SR SRN IRIMe AFIeie WINge [R9F)
wanrel " (0 ¢ 8)

foa-0

— = QUZF 5P S WTES FCACR [N 1YL (T, T RIS 71 TR 1
TZrEnfed I @ [N ([T ANRFS R WY A AR WS
@A WF | TG 4F [FAEGE WOR G MNET qrares ARG
(T FOJOIT [bafcae &= eferd fMre T | [Ran=a F40=19 S 43
Il (" |



Lo W P, TR @ TR

“@q1 (SI7T ASH) (I e (e J} R (79 3R 0 ‘9T 9F
foqsfae ag " (¢8 2 )

foa-38

- I FOF FRAFF T ATl A LT WS TSV bIN FSFFOIT
faereare featcas Srwiite 7o fPerd R 391 T3 2 7[0S qHyr
ey QLT ([T AR G BAF S AT PR TR WG O] 3¢ OIF
3@ TG TeTeIq @17 &fSFe | TG 9T W AT FONE 3800 I
WCt PN O foeT e 2



N ATEFY (OF] WS W L9

“If (W1ErR) TR FACET STARPIR OfF RATICY ATS Y W eAe eo
I (TP 8 ASH WS AT | WG WSYA AT T TS
GE (BIATT) [ IR 7 (08 £ B)

foa-3e

- M7 (T QRO 5T (B WA G IWR [FF AT 0T 9T
A 7o GBS I 1 R s e (G (B AF Y8 oy ot
NI | @ 7R YA FB! WER 97 $1F AT 7T X FLA BUANR | & TS]
Boefers oy AT I @ &S JRCAT TG | NI NG O R P2



Y @ FIAM, TR 8 TR

TN @R R ISER 7 93 AR T (R @,
Tord Wt [ IS Yy IRYF AT d8oo ITW (1S
g ¢ TEifle g TyrEnfes ¥ wiglem g Afwe
o], AdF AR IBISNA O AMAS |

TR AL AR FIAS TS FEIRT M Lo AR oW
3R SRR fca 3B T oMy TN FBR T (A AT
8 Sfgfer™ (Radiation) T (o afey @B IwEw @
Y32 TR Ste B T TTR | W Overcome T (AT,
FAG! (FIFOIR O (RR |

SR TFLIR FME @RI BIAR At W [ Fa003 R
@, 4@ TRAY T -« ST T o fow wifex o
@ e oy ¢ Afghm o swew Remome
SHfRTACer 3F1 754l T8} 93 I il I 2g ewifae |
TN [RG@IAT I *1S IS A TFW [N T80 @i
*Y gi¥fE T @ IS FAR, 7 A w2 e T 62
WO ACE WA R wEd TR
WIRSRERY MY TRE HBA' A3 Aot wqu<w =
SR AN TWF TS FF W 47 A, G513 vzl e
TS A

5 15
FE-FIA
“HIA GTARE WIFTE O HAe@Z FACS Y WA FUCS
(T IR AT @ GETS SR wr R e AAfsef 7 (a2 3 v)
“a1a ord R e ey Wifbte WRam ewarR Ty T |
¥ 947 =T AW wTS FRE (7 OR ¢°7 ffEe s

SfgETat I 2 " (AR ¢ 5)



ATF] (S TRT @ Ud

‘SRl wif W, R farea? & owoe o, 916 e
AT ST T 51T (92 8 do)

“OqR NN O3 IRIVAET QR FoF A7 o, T
feets fAfSq sitaq WP 17 (a3 3 5Y)

‘@3 T qRfR @, W kit wERe Aaee FEre
AR T GIR AN IS OIS Y FACS ARE@AT 17 (92 3 )
@*iTa Tt Fata AR R & @ (@IS SR
%9 eyl GErs oW N e 2R, ©F & Areraio
Rl ZFSMR ALFSBIE HEB FEE |

& FTENGAR W AT AT w ge g3
AR @, AmR R¥E v el ¥ yE TyEfes
JIFEAT TS AR S SR ANE, (TP 8
TFHe @32 ST Foda TFEefoT af# 3B S @R |
TGO IRER WiE TR0 AP U2 [STYS S
4351 fRale eret fea #ifeeid 2 we; A coer Wit
Hfere HANE &9 AT TS TS THA® G2
©,3%R.¢ TR G AT NI AR IR0 [ive awet
Q3L ARG SPRET 19T | QS fHfrorma Sebee #ite
fifon e 9= I WIS 99 8 H@W 5 @ W1 fFwma
ATF O PTG AT T MIfGrETR | FE GF61R FFArore
THIred ¢ GETS AfEFRH-co (Radiation) s @an |

T WA T AGIAT AR (@, AT D @3 vea s
8 BETlE SflAd I2F (ACF ST W@ T8 9 (@ (I ANA2
AT WS FATS #A1TF; T Y FIER I TG | SR SIS
W Tfed GO FEEH Agq WG WR | @ [Roma fowm
ferare By |



90 B FINF, TR ¢ TRIReA

AT @ ISR 9IS [T TR @, e ST At i
(Infrared-ray) fica 9% 263 F[A AR ST FE 5419
TS AR, SAFNe ofNE, (NIP ¢ THMG G SN
TREfes IR SfrgE™ (Radiation) e 52 A ¢ @G
©.2x2.¢ SENRIE A efforay Stare S IR @y
AR | TEA G 9T AW (P e @F FBIR
AIFGIS (AF S ST T FACS AR 1, (o oA
(ATF TS I (IS WET 7 AR | AR 5T
AT o ~NAER W 929 93R TEW Al FFE™ (Cosmic-ray 3
Gamma-ray) Mt Af¥sfaes % 3@ @@ TR | & wife
THCF WTFe U3 A & GFIRFPR ~fFEwed +7 @ [R<ad
(statement) ST (o7 FACR; O FNMA 46 @77 IS
foafs cot1 Buote, Tfe <A (At s Afs oY @3 93’
s @R = a1 |

=

‘TAWH Y800 IVW ¥ TE O W@ FHR 7 & AT
(oS ITT 4 AR T ¢o IZA AN IBAN [T 1
wifige e YT @ IE A @ 93 [Ew 932
© AT TS FA0S 7 TR | (@S dmt IR0z
@ A7 TS (=T (=B WA AR T (AT OF I
oIT Sooo s s MITTE oIRAT 2N1AF Tqe “Afgawd FaCR |
ORIl e &% 8 FTfS’ &ted MR ¥R = atza v
f4=iG <% “1ATaa (35 Codl TW WR | AN (AF RGeS
JlACA AL V@ TR AfvEwd FA0e e i@ 1
IR T ATE @ (@ NI - (W O ARG TS
A | AR BITS T Tofe] Haed ®RGT A FC© A |



G (ST HEHE W ©

“SIEIZF ATT P ARG (72, @ 9F TANF [ (S0 3 48)

Kuiper Belt (enlarged view)

JOINT DISCOVERY
The Optk—Oort Cloud

was named after the
Opik-Oort astronomers Ernst Opik
Cloud and Jan Oort.

foq-qu
- Bfre AT e ©.3%Q.¢ FERd I e e faew A,
qwe ¢ TRIfre e fasd SRR TE clTere AR w0 W
I FIGS W 49 [ wnfer ey wrenEA, AW 9@ AT T hF
©IF1 AT G (IS 5T (TS A A |
qo3Ne fErmrad AT eI 7w 43¢ [R@GIas ang foa ¢ o2y awrd
PR TE-FTA TS qF |



Q3 m AW, TR 8 TZRH .

a7 (foar) @39 QT (AT @, SE /G WERe IHree
PACS AR 7 97 (YR (RTF) AR TG T ((PPS T Pl
) T4 FAS NI A (92 8 32)

L] -
Proxima
(¢entauri
=
S A e R

foa-24
- BfCS WA CTFGIOT I [ROTS! NG 7 (TR AR |
Tora T VT 7RG IR &I 57 WS | 47 N WG (A (7 77
T I W T &7 FAG ACFE 4 ATV ONPI GHG 7O b1 I8
TR Afere g Wfowry FI 6T T T | ToUT qufde 2R &i-
AN O] OIFT (779 PIAE |



ATF (ST JqAF W

“qrErINed ¢ ARATS A A AR, O 9 T LETF FA, 73
I @ PR &fS THT 7 (52 8 Soe)

Ba-b

- 935 yEET (TeF YeTSs YAGIZ AT I8 Ay ST 1 @ ©A
AT BT (OOFZ WY AT I8¢ EA AFT GNewm WX
TR & AR | I8 FROIT AT A8 fary =Afa7d 1 &1% Fre wrqE A
fer enfeq 20 4T TG (AT G THCG b1 GG AL W IR |
GTS SIS R FAAT 932 [FG@IAT 3971 93 ¢ WfSq G2 TETOIFHET |
I AN (N (AT TR R F677 |



8 B TN, TR @ TR

“aq1 BRGITST [FF 479 FICO T 7 972 A &ifS e 77 FF e
(S [TOIGIR G GFT8 ST 92 GIHT & SR S9N
(®a 8, )

-5

— AR} (T Wy TRIITT QAT (T AT TR T QU (AT
a G & 727 A, IS @A I A AeHE O WY
IR et FTFCR ‘Opick Oort Cloud’ @32 G W= Al gecrd
WRGITE o 1 TSR AN G3L FIF RGN (1 fSFT (R 1 R 4F

G foq IS77 |



G (S04 |\ @ ¢

“COTITTA AfSHETET (NP5 (AP (SN T B i GrR, Yo
(FE O (T 6T QR (7 [wE A I | WF (FC O 7 (AT oS
7 freg wfoas 33 7 (v $ S08)

fog-90o

— SFrE-FOrFR TR T, AN (T (IWIE O T FAE,
WIGTFI O] GATST G-I T (7 T2 ZIT WTIT FT QW FCA,
SIZCE FINIT (F TO12 I WEAZE I O BN (W e AreAfE
YIFIIZ I | G 9% WIS " F 2



b B I, TR ¢ TRRGT

“afy SArPTeA © AR (FIRY) 93 S TGS (I [FRT TN B
PR 7 (o0 5 29) | “HHRE AT @ ARIAT (FRTIT) T T8
&P I W 17 (9 8 ¢)

o7 Y

- Bfte ‘Oort Cloud’ *fFafEe Giqare @< IR | TIIT AIT-
TR ST B WAILF A7 TS @A A0ey A8 ] &€ RN
fEfaerarcas sensters #19 @ f&m Trifos Saf3feT Tore! amnad o=y (& 7o
(JeElfae &7 71 o goer Yedfze, [Reiaa I8 Szl ©f g97 a1
PR VA7 TG ©f Gperd (NG Mg |

SRR 4T WX FRA 93¢ OFF frhfare A &1 41z $eag 4P T
TS FA TS T |



GTF (S99 THF W 99

GZo7 o REw TR wifee o wifaca e ciaweitss
AW Y GERW 0.3 x ¢ WEARE A Ry A1,
Fe ¢ TG G TWFA TR AR G SAgle
& ‘Oort could’-a3 W& fcate | 1 Sfod F99 WN TE
QT I N | G &S YZSL FHATSS THATS HFet A
TroMArs a7 I3 METR | AFSTIN &R TR @ g 92Tl
(iTgre MR, G ‘Oort could’-93 (ST 23 ST 41 |
I I WA o1 08 WS 512 | Y800 ITW A
e (e @ IFY WER AT FAAE (@I
FEE @ ISR R CIAGNST (T8 IR LA TGS
woaq TREfes MR @ Ed @ Gt ofqaees 3
AR @32 ~fTH TUNDT IACS TWHEA AR | TS 7B
TS &wifes TR (@

). ToF'™a I&q T @R FF |

. TAER qFG Ho] ¢ AF; T FB T FIo A |

o, TR FB 9T ¢ IFF T TG WHR' oy, foF oo,
IteH @R A | Fof foagie | Tga Fawe @1 Ao ©
fwIta & 3800 TP T4 ~ieTR U fezr 1 |

8. WIFNeA W3k +ffATiTs ey sesER RiE <1 =,
€32 FACNT ‘fE'THa I APF &N TSAR-

¢. ‘o FeemER wfge @ Fo1-Afds ¢ IBIOT Wew ©
RS gufde 7@ | [Eat wweR T[T AW @ 2
BT | fa®wIN ©17 ‘Asteroid belt’ 8 ‘Oort cloud’ ¥32 &S
gl ¢ TrEefes af¥) wiEas vgve qrerne o e
TR ez |

‘FAAN AW d8oo IVM 4 WIS TRFH [R@aw 712
T FACR, [ o1 Twifts ogfE oo wiftwitas g 2
AT FTACR | FIA TOA-2 (7 933 TH (AT TeAIfRS!



b B T, TZY 8 TZIRH

FeAR RG@ITR F1-71 WfIH1a w7 Srios Tf{eea 9w J»
WER (T P AN (SN T (NN (R (@ W (oA
TR, TR NG WG 5FeT I I ©f 1 (AR OF I
A G AFCR A | S F TN GIF ST 17 =3 e
(T, TRPTONF Wiferd I afttn ST oy e R
O3} TN ACENDS TRDE WT 9F F&R e 7R

-

5. “oftd s
TR [fey wvre
N7 ©AqIT G
oY | F® 937
(T FQW OGNS
B5I30eT (7 ©IF @97
fafFe e
SR I
W/ (IREd)

“rE G B TS
g =79 TS MIA!
G2 eiT afS fafee
W e e o
fRereTae &7y 93¢
Gid G Wtk
i@ M 7 (04 ¢

AF |EOLA

TR Ram

>, AR Remfey s @
O AFTF st @R, @It Gifee
e gFe oy e TR T | W ©
TR WA CTAGOIST AR (AT
AfS I N G ¢f6 PG AT IR
W M I 5 TW, QU7 I8 aR
A e @R (M, O T
287 |

“H2eT=IA WeItE f9wi; ‘Ernest Opik’ @3t
‘Jan Oort’ 43 AN WRER FEH @,
WA CTAGTeR A2 fiee Aamrdre
AT e, THIHE GR (NIP SR
e B FW (BT cTaerers N



AP (S H(HF A D

¥g o (FeTE o
SPlTF ©IF 518
199 FT 1”7 (99 & 30)

Q. “wrE erafeEy
WIRITT ST AT
F© | 7 S
(FITS (T TP
#7343 e
SGleF QIE ST
#7799 1" (2 8 ¥)

“wrw31 el 71 R
faterarg & e b1y,
fE orna AfSAEeET
LICEREC R i
(3R 8 d0)

“corar & fAfse g
A, e [
G ANRTAE Weer

TG | @A IfOI® THI#ATS qB 5T
a3 @ GEIF! (ATFR AN CIESTS
IFYMI TTH IE A | @ SHFA
A1, TH 8 {NPY GR GETS SFES
W G AT R, AT ©.3x.¢
raedd A vo Giffmw ferfitr wmd
a3 ¢ Gfemw feremfite a3 | w7 oire
d oo fAfema zre » fiffmm gwtae
fae sz R@Reem swpnE @
SNFT (VPG AN FA AR
‘Opik-Oort cloud’ R | (o151 fR@aw
ey @ v wretE ey ewfie zw e
fofan Bag afefoe |

3. e A% weite CewTes IR
@Y @ ‘Opik-Oort cloud’ WfEFS
TEN8 fFF dbod A (AF2 I8N @
chaeeted fooma s oy 3@
e TR |

Q@ IMF IS TG A8 @ Seyeifs
Afes zawz | R@w o Seike ayfes
IS T TH @7 9IR JIS’ Atz
TEE @0 9 N @ WfEE"
IR | A Gferw Gfemw snew Ry
AR SIZE AR 9R AT T
de vete efefare «fiewe T30z |
avel W 4rzE veftes [REied
AR (I TWRIDA FACS (ATAR | TRIFY



o B TN, TR ¢ TZ|RHA

(A% TR 77 ©IF
OISl gIete
fo w71 feer arg 7o
AR (9 8 39)

©. “r¥ arE
WA [Afey wtrs
QM GN4IT o)
Ty | 77 9T
T HEM TGS

I (Gravity) IR ToF N (A2 @
(PN T (@ (DI ARCED AT SCC AT
AT WS FACS AR | > (T FBE
(ATF AW dooo AR I 79y
AYF @ (FHAR TeGH TZ | M@ ¢o
3 f51 (ATF Soo F3 o Ty 71y
T AU ANMS-] G- (T IO
Forels foafmiaa o Yoz e 21tF |

yres ey TEs @ S e
FATE @ *R< oM & ¢ooo TT T
AT A8 SN AIFYR AAfaud IR |
SR (¥ (IO @ @ 797 o=t @ford
HfRAE WS IR YOITSA R/ IR
AT == |

qgere SR SRR vt SuRT 8
FOF (THFTS G2 TREASE FS
AR TS | A pECEa, SwH
TR @ PN, atd efefre efezs
A= A IRt @3we ([ Wi | T
T2 42 A [T 2w e |
sfare 36 IR Reafba 2o T,
A S - RO G AN
G a2 92 A @EE 9F TGS
SR e e |

o, fRed weifire: @M stea
- ey s Facs B
oY TR TS OF QB L] /T FHW
T FW, T ENRET 9F ATS TS F



AT (S THE B b

O @97 fAfFe gETe
wferglaara I+

TI(AREH)

“greT O O
TST ¥ 479 TS
M ' 43¢ Gid afe
fafee 237 7o fre
e [Rerv=7 oy
O3 GTVT T IR
wfeaw e
(99898 5)

8. “q WA R
@, S AREAS

AFI- 932 AT
A8 $1F Y IS
AT A 1 (A 2 3)

T W AT 21T BT (AT | A I
[ AW d0,000 HTENFIE @2 ST
T AT ¢,000 WETHFIY |

2 AT f@RIete G *JTGH T o
*729 38 7o formey e®s ‘hot star’-2
Al I oRTe frew, B does A
Cosmic gas @A ‘Far ultraviolet
Spectroscopic explorer (FUSE) Spacecraft’
T AR 19 ‘NASA’ Rfses mm @
@ e *ER food 42 zenr et
Fo @R Rewaaz a |

AW 9F TF WERIN AN JR
50,000 WX JER @O 7=
AT FGH AL TP TSI G
e AL -R P RO A W g 7
8. I8N & sR Tgeer aAyfe
FREE NG A vRfcs saed
REefes IR cowfEFTel @R
fifFeere 3@ TG SHNH 21F ¢ooo
@t @ [(feg «fqmem e <
Tty Face TN TR @1
ARG FARLF-TSF FLACR AT A
@, @ (STHHFTOR TN T AL YS!
(AT IC WFE QIO U@ Tre-3
A oz afefe Terens b wwIE
S s o



b B TR, TR 8 TR

“SIr g 71 R
fareraiZ f& oo 517,
7-f¢ oww
aAfoNETEE ST AT
BIA 7”7 (3R ¢ d0)

“corar 4 f4fve wrg
@ w1 fifs aoaeey
fefa cormioag eo19
ANRIFIL Ao oY
P T2 OIF (O
IS I & 7
fee wrarg sTo<
(b9 £39)

q QI T & 8 S’ TR TRILA
@R I Atz veMEe “NER @b
T4 (fleet) WNHER FACS THT X |
(I7T (AT TS A4S W {9
) TR T TS AR |

9IAT QAMFR (I W, WA
claested 2RI e el oF 0.
ARG a2 AT A .¢ AEFIA
[ o112 Y, THIfHe @ gIFY (Comet)
facx 978 faaio-fa=ie saeww ‘Opik Oort
cloud’ 3 T@ W= | @A (AT IF
A ¢ (WY W FE EIAGATSA
@9 TE TAFEIIR qAHD IR B
T | SIHT 9% TN A FAFE TW
ARA «F2 oF fqw FHAL HIN AW
AR TR T AW o A
fadre werm Ty feifes 2@ |

a3 I AR 4R TRreE «@s
e F%eItd @it TR |

9K ‘Opik—Oort cloud’s  SALF
CTEFTO! G T=, LT, A1 Toyn
At o S Afeae 3 I R @,
GRS (AT FIF 19 Hifera s



GTFY (S9] 97T @ bo

PIXTTS O A g e A | @ AR T T
(SR 7 NP (o q3R THER) #ATF TS Il 7T
A

oA ‘A (9 WAS WGAGLE Ty A FA&
TR WA LD RIS (F LN LR &I 3800
IR #{T< K HSFOI FAITCH FACY (o FCIRE, TN AT
& 9T 7T G WoGF I0H (@I RG99 GeFsor
AR ©f AN T I A, 97 P O W Fale fo
Ay |

WOYT, W ), OF (Aff® IPF (3) HSJ GIR IR (3)
@ IO ‘FAA"@ T |

TS TITTH KIFIR T IPIAM | (FS AT 5 (1% 2759 gzt
FAR T TR ©FF (6 TORMI WA &) T (IR ?
"] TS, WA FoP7e @3 AR orod TTRI_A 7 (39 ¢ bd)






G A AT 21 e IT

E-F A

“TfW AR TFIF O FAIEAR TP ATFCIS FACOH, O G-

4B 430 AFe (e fres 71, T wER wIEE @

A2 Sy s st M @RTEs | fodi 71 oitd e

AW AT AR, OIF AR & Iwzaee el @@= 17
(o¢ 8 8¢)

“ferpn fFaTe SIPTE, ST GBI (aAT9Is IRTS BI2 (T ATSLP

A Fosria R &l 20 17 (20 8 5¢)

“COMITMATE (¥ I8 ¢ REw afswsfe ra zrm ot wRyifes |\

(44 3 9)

“Seif I A, ST W3R RO e QIS I W

% fFfege et [fme s 17 (ev ¢ 85, ¢o)

“fofag sy e FEF @ ARG BH 7 (re 3 39)

“E1R M IerNeAE eI (@ @ fAfRke waew

GO R | (TOI I 2 B 5 IR, GI¥eI

A R 99 | AfSepfe ST SR 9, W O HAEw

FIIR 17 (RS ¢ d08)

“OR e iRt iR e fomme R v 7@ 93 om

T I @ AFHNGAES 7 (38 ¢ 8b)

“f o3 efesiieTtes (emifste Suiffte 2 17 (9 3 Ub)

“fRTS TX TS T TR R A 67 AR Al TR



by W T, T @ TRIweHA

O (I T (I 6 ] TS I 32 67 ARSI Tt AT
I, WK 67 O TN | O (oA FPRS T | (8 ¢ 9-¢)
“@ w1t @ e fimes nemNE 7R, (F83
I TS AL A, (12 G TS AE TN TS (A
a3 (1 Fe 53 53 T | @bt ffRfoe e, wo9s 7w 3=
(1 ©IF 93T (936 THTFE I AT 17 (W 3 O, 0B)

“Wr7 & Taefs et e s e, @fie sER s
aFA SRYA TS TR @ o[ S ReR eaE T@
T IR GIR O] AT QT3 JCF o7 17 (do & 8¢)
“fofel S 2T <A 1w e gy «AfRsEa 3w, wesem
qFMq T fFgR O TR TS TR- @ g s
(SR NN AR ISR TN 17 (02 8 @)

“fFfrel ¥ 9 IR e BEANR W @ @M @
e Rem wifda steert greng I3 94 (7 (q0 ¢ 8)
Toifge qenite fAn afSa g IRz 93 S/ (WS &le foa
17 (o § 8¢@)

Tge orgrd @R WH WISH E ofmem FREend
Q@4 IR CorER ffts faay fofes aifimyres e Rae
oSl AMeree TCE @ AR | 9T Wi TR [WE
feaafs werm 96 Y@ ARTONR «F (\d | I [@ie
ARTATS (TR 2742 5o Ok @3 Tt 79y 3R I Y
TR ¥ WEA-FAAE SRS [ErgEy TP
TP (T FFE (5B FR!

TR TSGR 4T (AF ¥ 1S TR @ 399, ©
- TR s 729 wER e SR e 4 todt
GFB] B AR Weo 55e g 7R e, 93 f[Afns



OFfo T A IS I W v

oo, A S sAfaef o & | fR{R TR IEemTe
GiR % ¢ Ty MRS W, fFE IWIOII T FoLRIES
A @ MBI ATACSS FOITSNI TAFIT FACS A | OITAF 4
Refeees wwad TefTeEg e v 3w, fFg @
OIET rER @B [WE T @ e fERe S, O
Hiofes ANAFONE AHHTACE *1fFa T ATFeIs FHA
T | o1 afeers fAfue st e 2@ AR o3F fog smeace
5O i e W fAufees @ A | O W] ©IF
9% THS TR IR Ol a2 99 (& |

% fAdifae Tafbe A1#E (3 @ AWFOAS FWR (A 1
I, O G SR @ 2few T e TS Ted
O3 IIGFIE GF6! Ao e [y ot (new IR
A AR | AP RAHR Fwero! q JLor 1t e
Tiee, O S @ Tl IEg SIwER % (A
AP | A P (7l AR |

SfRTe WTe TRIAGAR @ WD (AT OF IR TS
ROR K TZ© T8 WS AL EDe TR @F WK
SR (@F [EEs e geiee T S IR13F AN SR
QIS (R, TS (FAZ AW @2 |

AR AR i Fonag B 2R I e FAA- ©f
O T (W GAR-2 W, TR 49w R s R @
ARSTS Iy IFAREH, (13 9F2 worel fof WRR Tov
@ ol W toR TARA, @ FR o S Fo wwm
IR 2 AR | G AR (SIfors Tpn e Teifre
T | Q- ATIE 2 AL |

T Sy 19 e geiw w6 =1tR 3B 341 @ o3
RIEE WS B A GE FIW (AE W WA ([F T 4R @
*toe fies wre «fsic T |



v W FAAE, TRIRY 6 TR

WER KA WA ©fF Tifve FRmremme s A [e
I Time I e 2 e Seifds 2@w | @ ke
T G WA et REE Mo Tfew T4 TR | G FiRs
BIFE Ao LTINS I L 1 |

RFIC TR 0 ST U2 TUIS 51 T GeTerafiey STewa
AABO| FFAO® G® WY W (@ VI SRCS IR Sl
TR 0o @R [R® TWER g RS g 9F FreAt A
46 TZS T SR SR, 97 @ 77 1 3T gore W
(T (TS A (@, @ 511 ffaersr @32 #% wsfas T 17w
WEIRd et THAfe 23, o2 b <jfasie oM @S o frm
TR (@, OIS VN ©f Qe TN IR AN I | G708
M TR TRV TR (FC @3 IR e I Afdzwe
A FOLFA ©f N FACS <4 T OIA SR ASFIA (S
A ST 7@ @, o e S o s e
€0,000 (P TSR IS I R | [eATWTR TIueaR
T ©f @6 IF ¢ STF I A I | o-71%y o 72y,
A, (AT @ FF (18 e WieqEes (e (@ ea

faoras fe @ SRPT Toe e 1o RSN AaRed
Iy, SR 8 IFAET ARTTS IR AR I 1
AR WS © I TET A QT LIRS 32 93
TS (o1 FAIA-2 | X SInd T 3 22 &S 3200 A1
[ IR @ T3 THCS AN I, QI A2 6 O AR o
N ? WG} A2 OIF 7= FZIAMZ (o= T, O TR O
TR FACS AR ), To O Tom T A |

@I REabes ven Rees ww Aoy 13!



\aasﬁwmofmmaeﬂa-n

e

I Aty e o wreifire Iece (orE gt sfs
WY SRR AT SFOTF JIo4F WeTew 2 Fars e
TAfRE | KRR a1 erers REwg wref e e
AR | S @ (T (I SRS SR | W (7R A
R e claeeite wifige 71 a2R Ssigzms -
Fifea AT AT @32 IR TR oy fogenm [ @rm-Rarm
8 FATHAT TG AT T@AF THREDT T AN TR
Gt eoa (sftrr e s zware | T SRTS (o Afsy Aley
SRS Al T AR AW | ReEw TwRarge 1 g 5l
TIEH [RGITAT S TS O 3L HAS Sioe AT AR
TEY WM WSy ¢fite iy Iitrace S@e g9
ATGNTOT AP [AAEE2 B 417l e (MR |

RGeS S R Clieee wiikge @it 5 a7
@ bIne -l @ 3T RER S swgeld ©are
IR AT TH] FFA | Q0O FAACTA Toyo! 8 T <l
TR |

TSI (TS A FIACTR (S SIS TRFSTSR WF
A fFerR afefis 2 witg | afis [REawe e y800 I
& TAAA T TG F0ef FATE |

faeers To-TafRrerT™g wRee o @ EnetE wf4-ge
SR, I O FIF-E TS G 79 | 5o SIRCA!

A QF GF F(E THE, AT 8 TR T W WG AR
GO W(R, ML ATjAd o fof Mal-aifam swwem I
Afd s=R 68 I |



o B I, T @ Txren

34 6 5HE fofv wraven fmmda | erenaE AfdENT wE 4F AEEEE
TE 1 (95 ¢ ¢)

foq-03

- G SR B G N[ AENFT 72 FNHNS IG TN 0T
I IR TFDAZ | 9777 T R IR 2T, TAAZ, AT, YD,
SHfre, Tonfng | TIEIAfeT Braie (v 782 33 (73 | 12 [ fae
FEe Afe ¢ AFE o7 Rew SN @32 a7 | Sz 38 R e
FRIVS ATF (TSI FFNL B FEAEA, (7 BF (Ton<g +7a79 F3T |
S92 FANT T ¢ I fGF-fo7 o WMAFF |



AT T sieer FET TN @ B

“fof2 T (euHT ¢ bHT (THICHT FATT 472 STAF VS A8
FACRA, TS (OINAT IS A9 8 FHA R TS A7 | WEGR 98T
fasd® 8 Feaat 1 @I FoevIIE G fof @ 77 I8 fav Reend

ffge a7 " (30 2 ¢)

Ba-o0

- WA CTAGITST (9 IR T4, &IF b T 13 [T o0 | [T
3% fPrefbg TRa G AR H1F O AFIT 7S BT 92 FT 97 T
AT ARLE T TR WAFE | 97 TR We— WER O o7
FRAE ATEEAR AN T oF Rwens R afefe
PEACRA | BT (PR O ATFE FGI | TOIT T [FONT (7% I &GE
TR FIT?



3 W FAAF, TR ¢ TPRST

44 (MARCURY)

¢ 2B SR X AT THER TG 67! 47 | (TS
AEED! AR B TR TR TRIIMOF TF AOT(©
FOHT I(F (IR9 I TR =09 IR 5eR | 97 A @
IR Fera T0R wge epfed |

‘¢ AT Y TR : 8- s WHR |

7 (AT G TR ¢ ¢br,000,000 g FHF |

ISH TR : ofQR vb e |

e 2= B REER TR IR LTl
SieEar AL : 8¢00°C @32 MY 3 3b00C |
JrAEE : (@2

Yo : @I, (VB QI I b FE |

34 a2fb SCER SR {5 FHAL TG FAE T by e
TE aFAR M IO AT | T W) AR G I
3R ALHY | I e wrwe Bog 43R 97 oifore 1w Rum
63 > i AT ev = du ¥BrR S | Wi wAfFeR
fRfbarer azbe aoa €3 3 Pa AiNe 79 | W@ >+ e
@@ TR0 @M | qerR e TRIREE Fifde rmes fww
IEAA @I MGG WS WX |



\OF AW AT AR I W 5O

“SRFRIZ AR (1F (R S 8 WH-IenT e «3e fawnag
Ty SwaIne) fAniaTR (IWI 5 5F ey v Are PEe (3T) FNE
e 307 | TOAMR W (TN (932 TBHISF “AfFwerer) Srwg 3y 599
(8 GIfSIIA, FPrr=iiferara, TTENT 932 FSTP @I (Fo7) (@7 (SIAE
fI@18 1 7 (74T R [ (80 2 8)

Atmosphere

Haze

Main cloud
layer

Carbon
dioxide gas

Structure

Crust

= AT QAR GO SN ‘I AYOTE R AT GITONT FFAY
AT FIRA (A, O & A A @F 397 F Ty 77 | 1 [fva

WERT G R} TAC | WY I’ FAG 4T WA (I AFIST GACS TFY
T 1 ST T 2



58 W FIWN, T 8 TR

S&F AR (VENUS)

I FICA ST AT K ST 2w qteqq 7 TR
FAC FICAT (ST I 34 SR +[td oe T @ e
Y33 TEPTOR AN (MATS A1, ¢Bi2 ‘o’ a7 | 63 @ Swgeror
AN IR - @FB W Rdw w®E 6T | sy
JR - O JZfT W] FAMI (WO OIFT ACE 0 S WAl
efewiere 20w Tege (A | @R AT o S AW |
TS TS FAIES 7Y (69 ISNE (e vy T |

‘G AT T AR : d3,do8 fFe G |
7 (A A TR : dobr,000,000 3 fiBHE |

IS AR : 9IS 238 T vq B |

s 2= : +fAF" 280 = 8 T |

Sl : I I Y TG 8b-00C |

bW/ Solag : (R |

RS : TR, (T& (hage), (TTF BT G ToTo3
FEACIR THZE M S2947 |

1o : B, (Crust), (754 (Mantle) @32 3%

(@R (Rocky core) i ifés |
AT FITECe oI 8 ST 641 TR I, A=A
PR W3 e 1R | @ atz3 IR (orw e <T@, T TR

a12fs e wrwe Bom A T 967 Tovig 399 TR R e
o3 @z 3 3Ty T e | Rl Rewmes Ty



G AT AW TEE IS B 5¢

“TIfF (O FPIT G G I TIPS (Q-NGeT, TOINGe, T 6 WA -
R 7@ ¥RI7 69 I97R) 7218 facafe | ©f In sord foes (P
vt (SITad @y T @57 AR G OITHe RIS 9T A (TOF A
GFNG AGIE T A T I 977 [Fg) THAFe 7, oIz war
TR (SR WEEH MY @I AP IR0 &g Wer [
JIYT AT FF MR NYZ) I, (O (o AT 7 (90 ¢ ev)

Structure

Crust — 18
Mantle £

- (MY (1! 97 IS (60 A+ IG | T2 AT T 51, ©1-F 0T AMF |
e Fc93 AeFF ¢ TEI-ABE Wi GCIEIRIR, FTY2 GF TZTET
WX 93 ©FF ‘] I Wi WG (WA e 147 1 N
G AAFFOI 78! IR OF WIEIZ | T FINZ 4 I FICS AN 7 1



6 B FAW, T ¢ THRS

4R (EARTH)

AR G 94 QIR 2426 R M (A0S A9 oo e
R | wikge FEwE At W aIW@ SR @3
AT FRCT 7 G FIRAF RGN =0T | 9 TCEA-FE
a3 WO TF TF AN Al SR AZF AR (AR
BIfeT AR | &Y oS, Tfew ot @32 et Tored WA
225 W TS | 9T BT TS R AER A @S
TS Gied AfrS @ ©f SINw @ 31 Ffod 63 fh!

AR TS ¥R ARRET @ TR PO A AT
AT & 93 TANY ACAH A+ I T 1 93 DM TS
Tolarefs oS MR WA I YR TS AR o e
A2/ TGS AT AW | 72-[{Re-93 AT P g
©IT3 G ST G2 T T WO = 5,9¢Y 8 o |

3 (AT A TR ¢ 85,400,000 g [HE |

IR TR : oue 9 v 951 8y fg 89 (IS |

e = : Q0 9% ¢v FSE 8 GTTws |

% : Mo

e : TR, A9 RMIF & voo s fiGE
T S |

SIATIG A : S080F )

o : @B (Crust), (75 (Mantle) €3 391
@R B A |

TR WRES @ ARd AR @ R T @3 I
31 248 WT3 99 LR 7 TR afsfre wrAfreor
FRE | WeAFTe] 9F IBI FOY WOl | @7 WT TR0
4q fafSgy cwta foger Afeefrs zow |



GFAT TN Sl2er ST 27T @ 59

“OInd AfoNemd (CARC @32 O1rF TF TeaFer ovrg) fAwfarens a T
(I 75 ©1wd Ao Boif¥e R (A7 (o7 Ay FBLE 73 ), ©f
T ©IFT I REFra” (v ¢ 8)

Structure

Crast
Mantle . ™
Outer core

Inner con

- G9FI@ FB ROTI ERE WWewd ARAT AT S 8 T 472
AT A vve Mt @y TR WAHT FRBTIITONE ARH P
COIER T | A7 fOfF WfEE AT Sooo THRI G2 FF AfStF ¢ooo
far GG @t ¥ farew, Orzee ©1-3 FEEd 7o, wNEd 352 F9
LRS! A1 | AW G- Y YIAG MG (TS | (P WA [T
FARIENE, ATHN | GT (P WARE TS, ¢ Fb G2



St B FIAW, Ty @ TRRSA

5 (MOON)

bW AR @B A9 argfes Seiar | WFfers bm kA7 o
B1F ST O3 1% I | bW &S [T 93419 ICA TN A=A
PRVTE @ 0 | WRR & CFS 99198 bW &fS T «F41F
RO #AId T@ | TR I AR (A WA A S @
-2 w7 I3 A%, SR 7= () ATe SR 1 |

bW WA T8N &l et | WHEPR TS I OTWG A
B et MYea v 0 o W1 AR SR e
FACS WHA AR, Ined! ©F fFers @ A (R | [0 e
2% IR ARISIS ©f Afewlers I WM e fvwm @
DIAE M348 TR S | OIF SRAMIS (FIF WL (72 | TR
FR TEAET AF Ae, WY, TN [ um Tl
(TN @ BRI (AT (ATA 63 SIS IO FoFe
03 el I TR | BT I $-® (@R S YR =@
WY G-SINE AWEAY A FHAE I NOS A0E @32
Hf§RZL IFTSTS oI HI4F I AMF | BITAR 2478 Fieen G-
G 1 SeTT T o [ B AR T2 AT WS |
QYT @ TSRS (@ A @2 | N2 THGI% 7 et | TF
TSGTR (FI (FIG & dooo WIE A FHoAg |

DI [ R : 08qu s fiB |
A T g TR : Or8ooo &g filba |
AT e eI @ N ¢ 24 AT v 9%
& STwa @8 WFI TR : 9 e v 9% |
SIPIEl AT : 5%00C |

S AL : -dYo0C |

e ;R

o : @B, (T0H QIR TN



OHHT AR “feErt ST IS W by

“X @ 59 (4P FB AHRT elfefFe) A A TR 1 (¢¢ £ 8)

fBa-0q

- 54 ARAT TVaz 1 RT T WA bIorE IO AR PN
AT (M AT | 47 FRY TOR- B ©IF WewA 647 Af @ g7
T FACS T T AYRAT RONI 39 377 1| GRA AR3IAT srafaees
I T ACS T (39 177 | AR TR F907G 49 GfE
YOS AFIRI A 1 GITAZT 9F WA oG = W oW | R wE @
WS w7 PR, 7 (O1F e Afere fFRfe AfFEma FR A" &G7¢
I | WGFR T T P2 O ST TP 37 A2 {0 QY 77



Soo W TN, TN 8 TR

“arerrmeE ¢ fREte (T SI[CY) Wy fand JR (et
TG 4T TZIT FBIE HfFe Fre Tule w-[wT IER 97
TUIET TB), ©IFT 4 TG (GITNS fowriey) ererF I, [F8 O @ FFETT
afS (Cwamws W) TFT 7 (3R 8 doe)

Structure

Crust

Mantle

Iron-rich
core

— AT B1Twe T SR (ARG JIHCS FB JGHT I AH (, AR
Fo& F0E (V (I TGS I8 I GASCE OFF WewA 647 7T 5 ¢
T PAS "[Ip?/@?ﬁ'ﬁ@ﬂﬁoo,ooo INIT WT Y (NG9 I
e, OIRCE ©1-2 PRI S K | WA bYAcE 9F7 HBIE I
2fSfare crice #feg | G5 YT HEI | TOF1 I TS =8



OHG TN AeErt ST IS W dod

TAF IR (MARS)

" ATRA R AR 59T fadiy arzfs == T &% (Red
Planet ‘Mars’), @2 &2fb'e Wifers A +ffa<a sz | 15
arzd g oM (BeiaR) R | e guw AT (e [wiae
SN IR (¥, TSR TMATFFS dia! AfREeE T &9
A3 AR WG T L& e AR | g 397w fwwm g
T 47 RfSHenm ewe pfem aiws ' G §ike @F
AN g TG FACS AR | O3 T RITS, T9+ Sragieat
faed TR OIHe & BIfeTtd TR | 9L *o1fa wFreR
TR +jfad WS (A FRAF Space Ship-a T T (+Air
TR MidZE THER WHre SFe IR BB aq JEmm
agfe = |

e AR AT TR vass s o

I (A G TR 229,500,000 g fGR |

IR TR : offRdiE v e |

e 2= : offaq7 28 9%T va WG |

Siersat TG 09C |

124 : 3f6 (Phobos @32 Deimos) |

A D IR, RG] IR WHIZS AT
4= Y AT (- oIS
fafare =z |

Qe : B (Crust), G5 (Mantle) @ag

& @ (Rocky core) W oif5® |
G = &R T (A AR AR vrq R 5 I @R 38
9B wq RAEG 5 = 3oy 3052 | @ BoTRi &= (@9 =g T
&g fee 1



S0 B T, ITRY 8 TR

“fofy (T@IZ) (OIS OIF (BT TAHST T AT (FIH WA |
O ST WEAZT (FIF (P [F770F TG F977" (80 8 bd)

fog-95

- BT T Q0 NI AR | ARG WIS G AT A &
AT T ZEe 63 A Afe AT a7 fhew | 97 @ PRI L&
NG I 71 | BT (BTHCRA G (oI (375 ¥ PR | fofF 710 @ona
afSfde FFEA, (7 (TONIZ baC® 14 | HRAT 7T AW GFENA (5B
PAETS OF (FIT YPIF FfOTFT WA 7Y 77 | Fo47 [RARIF NEZT
WG (T (VA ©f5e | oo age Fed AR |



QP STA “99r] ST I W S09

T €T (JUPITER)

ST azAE I 7, O JTST ARG T | AW G
dvoo ﬁ@amwwwﬁ’ﬂ| T QTR
NIR S Jrzd gH | S AR TR QR@IE
M I (3-fF | AT CRAAITST 79T GFF QIS FA0
AT ATON T© TG TR, RO’ 47 IR G} WS
Y2 & I GF6! [T 39 | RGN 4, IW @ &1
TS’ AR (07 PAFANRS p’ Bl S ACS! SR 66
AR 1 W THE w9 o | JTHife a7 9FR wufe SHamE
(PMF) ©IF TRME I FACO IFHY (AR |

e’ AT T R ;383 koo e fBE |

T (AF G TR : 9qb,900,000 f&s filGF |

IR TR : ffI AT 5> I do WA |

v TR : 7fAA ob ¥ ¢o D |

Sl : TG—5¢00C |

AW D SR, QRIS AR, @pesif,
GRCAIf AETFIRE, SHOE WA
Few Torif forrm ofs |

121 : TR ST

uroi : Tz Rmitem, g3 i
FI@ITEH W2 AF @R T A0S |

FTe A=A (A WA (TS Aifoe WA I 3y IPW
So W FIRIA W@ 5 I3 =4 IR | A A7 ob ¥ ¢o
G =il AR » A <4 = TR 1 T wikg® @FIF AR
e e =% |



So08 W FTAWH, TN @ TQwLHA

“W (A AP FIT G 932 FINF PG Aed 9 917 G
T1E famefy qeld PR (S8 (@7 T ©f Sl FF A2) | AR
ITF TR AT HIE A% T I [ (28 § 8Y)

Structurc
Liquid bydrogen

Liquid metalic
hydrogen

Rockycore

foa-80
- CTREITS QTS R AR6® TS Az 71 A | AT b13e
1T 3900 &7 I IGIF 798 IF WZF ST I17 &I Yo ¥HIF o | 6F
AT e fog am 33 ISNFT TN | JB 67 B AW OF e (<
fatzees, ©1F 63 @ W7 | 9 S (7 (W 5CS A4 | TN AN Q I
AfIIET BITS FY7Z THFT I A | OI0E HGIZLF TP (P2



G AR e TS IS W do¢

=fSy 4T (SATURN)

o T a4z TR- W | wwE oW TWi @ [Rym
G YIS FETF | 67 5RWIE SN AR ([T AP
(TS IGR DI TS 6 B (A= INETT oM TTA
a1 svroo 8 filbR @t ¢k 26T TR e e

(TTF) G2 AT |

“fq’ QAT2F [T TR : 0,000 Fg WoF |

K (AP VRY TR
ISR TR
fas =

bm
eI

e

: 389,000,000 &3 fAlb1F |

;oI RO 2 9T |

: offad TR S0 1%1 35 G |

: s 23 6

: ATB- SrooC |

: W, QT @w, apEifaE wiEn

FITT, AT ATTERT FIOTC 8
SYBE W3H Froe 3wt T oifée )

: ferg3e mimeE, e oI

I@ITEN €32 (WoIfeTd (IR =
ffée |

R 4 AR (@ A AR AT X IS =N QA=A
IS | WRR AT WA do 1%T 7w #f @z » = o4 zw
I | IR 226 5 TCHT TA7 Y72 wFo TS @z | -
TSR B 511 @ Troty RfegeR 2R wesifeae! |



Sob @ T, TR ¢ TWRSA

“TET & A @ e (G- 2 ¢ fared) vBe o ¢, g
(B9 AETFT @I TEAZT & 75 [l SoAeag T UTE 7 (W $ 89)

Structure

L. Atmospbere
Liquid
hydrogen .
Liquid metallic \
hydrogen

Rocky/metallic
core N

oa-8

- &fare Wfy A% ©OIF THaT R (731 WOR, VRO G SHAfEeerd
PG TF Q2o AN AR QT O foF S e I TRy
ARITY FF 5LeNR | BT AT (T S Aty QI BifEw farane, 7 o9
YSTT TBIBE 71 | & T AT [F797 (FIT 78 (F T WAL (WA
e =12 TOE TR FA BN G TOO |



AT T Siwer T I W doa

LI (URANUS)
«Q arzfbe A g3 TF@ A7 fw 0 | TRENER ew v
TS b (THiaR) WITR | AZBTF (AT I N IR T© MH
=z | RSN William Hersshel 92 5 Sabd A ‘Rew@=
22 W™ @ |

BT ATRA T AR ¢ @D oo fFe fBF |

o (I EY TR : b, %00,000 3 fiIBH |

I TR ;<7 RRETE 8 IS & |

fa == : oA RReTa va w1 38 T |

124 oy Sl |

ARy : 9T%- :980C |

IR : WITE, YRGS, Rfem @3 s
7 e fds |

o : GRGE, QI =19 (Ammonia

Ocean) ¥32 WA (FIK Weg s |

TP ARA (TS (R IR e @ It fome +jfRd
AR G $AR #A14) T2 IR | 97 S ITW A7 v8 ITTIR
T | w4 A PRMGE @R R WEICe 3359 b8 ITW
g =R | [P {32 W Hifere e Srwa T @ 919 34
R > A of 3@ e | wWefReeR @ =ETR T
TR afelt € Anrifreer i w_m |



dob B TN, T ¢ TR

“Jrar orwR AfSHrEes (7B @ @) fawdae (Sifewens)
TR P, OICwd G JCACE AT FBT N 17 (8¢ 8 33)

Structure

Almosphere

Water/ ammaonia
ocean
Rocky/iron

core

foa-8
- 8T TFAFT AqZF B T AR | WeAFEFOR [@UrEe I @
azoe f[ery =ftee 9o fSF Afere fFgwa w7 JBIF fAvr= o= Fq
R | FBIF 4TS 9 = WT FEG FUrE o7 St daeg 7 1 e
' WA T (7 S (ST ATARe 7 O I9<weT YBITS #d A 1 G
IR WEG WS | JTH P GG BT FAIT FA AL AL |



OFHH T AAear T IE W dob

(¥Rl (NEPTUNE)

Mr8Y FAE TN IPIGIINR ‘Jahaun Galle' @3 &b
IR FE | @R AZBe Tl 2@ A I, 0L |eE
TR A e IR [am @R Ao o7 | WEer Al
BRI A |

@A AT A AR 85,¢00 8 fGIF |

W REEGIR : 885Y,900,000 e fiBH |

IR TR : SfRA AN S8 I So T |

= 2= : SffRFR AITE T@ S IBA |

M : 4o v |

S 1 AfT8-3R00C |

AN 1 IR |

Qe : @TBR, apitafEa e | (Ammonia
Ocean) 9 WEEH (@ e
oS |

e, *If, TSR ¢ @oRH GF1 TIE JeToeg AT I @R
ety fR=ie Reie | wee qe e wree T4 gfq 32 e
SR FFAL qR Y (T I8 IR A e e ewfwe Face
SRS AT FAC | QAT (A AR Su8 IR So WM (AR
a3 IR 9 27 | WL e Ao 28 W@ yu 1B | T 9wl R[va |

QT s 2hR- ated Yo fex (Fe wrwe) o7 frw aifa=
sifeane frga w03 1 999 +1fS = 20t fae o1 2 iR g oifs
@ A e (=26 =3 |



3S0 B TR, T2 ¢ TIRGT

“WIN oMY T SN fAdNREl e R [Reare (SRR
T TS IGT TG AfIEA @ AFEAT TWHy) G99 ST

farerrg (NATE TIPTH JIYOTE) TG | FE GF 65 0B W
89T @, O Ty (AF-FAAN) | 451 & IRE TW @ oA efSMas

T T T[T (85 2 @0)

Structure

Almosphere

Water/ ammonia\ e
ocean \

Rocky/iron 7
core o

foa-8¢

- ‘AT AZHe oF fey fog wees A ¢ e Aew www
TZIEIfeT IGF FI A @ WS e sifERE facwee | w0 TS AT 6
=7 32 77 T AF T’ RTINS 37 7 W W 4F 7wk 1 b
FBIAZ (YT | 97 A76fE SNF FHIF FI A2



OFFw FAW ~iger TS IS W DD

¢HTEoT (PLOTO)

SO GREITed A8 AN WRES F0E @R | d590
A NS @R ‘Clyde Tombaugh' (GBS SR®R
FACS THA W | 92 A0 WM DIAS TN HTSH (RIG |

(AT ATZA A TR @ W3w8 s fiGE |

T (AT YAG IR : ¢d00,000,000 &g WOE |
ITW TR ;IR AT 389 IVW b WA |
s TR : #ffA_ T v A & w%m
1 : S4B 3% 1 (Charon)

SlANEl 1 9T8-3900C |

BIRERE ;G PRI BACR |

o : eqoE 8 IS @7 e Afds |

Y32 ArHES 208 W) (@ AT 289 IS b T Y61 AR
@ > ISP A4 27 | fFg WIFFore wemIger T €T 9
fere fAe wowe o gftmm =3 © 47 » 9% /@ » e o
27 | 4257 IR @ @R WY (oulq fams @ Iws e
MERICIG LI

TYFHT e IF2 TAFFOR (@S T 7D g o=
@ IR o= fog fog o



352 @ TR, T @ TR

“COINIF &%F AT TS Aoy @ W AeA© | O AT (FC ARy afong
TS AN I A | [Sfoy 79 [ G0 IRA 7 (b 8 33¢)

“SIET FE T (@I MR IR [6 @ fof wrprawet ¢ fAde 7812
(38 & Yo)

Structure

Water/
methane ice

Rocky core?

foa-88

- Bf9Ce 5T AF (791 AR | (NAGATS ARAT AT AL T
03 A7 e @3 | o8 "[f@@?@o,ooo J8379 N T (PN Gefred
B GF0A 6T (F@IAF ABIRIT (AT I3 T WA P |
WOUT FIGZ T 7eJ, O G TG (S T | &F d8oo I H
TION @ T IS (BIFY AT QWY FA [F 9F AWZT ACF AIGT
orCH



\GFMF A Peere FISF I W 3D

Y A, 8T IS W Faeeites ey arza Ma-aifaa
e R wee ot Rwm Ry o anw Wge | [fsy
AqF-FAFR T TrERe RETE @ oRew @ I_R
Afeeifre N | 8T e Afey fey s oneaa
wIRkME | IR R agg T 8o’ (F G 93 93 3@
AR TAAGT FCH GF R WEG IR O NI 8 FI©
C1i51 Rews TRwedta qida A T ML QT 4R |
e oggn Cite-Afam oo @@= [REs Qe Sgfacer
A ATOR |

BH-REIER o8 WTTs Sl I8u Affafes e fem
i TR TR @, @ ILFRY TP Q@ ANEA
CRTEITed @ 148 Wfge T3 (5) a20s vFee foy foq s
e fafiE 3w vife fcaces, ¢1R @32 FdeRT M @F
AT O TACHY 84T @F AIF Y APCS ¢o,000 IV NF
(7T WCO! T IR DI (7, OIREA [z @ atzm e
s o T A faewa A e ISTER TWE W
QTS A4 2 | Reet wroifrm e e SiREeREe wefFs
oY ¢ T% fE Wgfe emim sz |

WO oL T A TS RE WS, WA, IO RSl
JIECe ©f By W2 W gufds Feje G | AN T TW
Tolfey WG « TP WA [ENGTE TS 26T A
TR 2 Hell (RS M Twgel WSSy A «F AR
afTa I | IR @A o e e 26 o}
WHSINE S Bl (AMBR (NS FF | SIF AT AT 94727
SIMa AT 5o Bfoe | w3 e et «s Te e 7



338 B TN, TR 8 TIRSA

Ll oL
>, fofq arerames,

a3} 8]

T Rt
>. @ Ty & 7 (ATF ‘Big Bang’

T @ oo TGTE [T b9 9F TQRTHRCER TG B

7S fPgR 2
FIIPICET 17 (¢ 2
e5)

. “fef¥ ceramras
FEICe f[Arzfere
PR F @3¢
a2 AT St
93¢ fofy coramma
FEICe fawifers
PR TG 3
s 17 (38 8 99)

. “fefag (wrarz)
Mae A F99
AT @ e
e I e ”
(@9 3 %)

“wIER-2 AR A
g @3¢ frer, 4

A AAEE ot T Sfewy
w5s i (Stable atoms) B 172
g glad I I =W | (AF BHfE-y
T, JB-0g ¢ fa1-3giea’)

2. 4 8 v 93 a8 Afem a2 e
e 4@ A gz Tfew, S e
AN RN FAZTE A
e @3 3fass ww T fR
IR | T Pl Wefrews A a3
fate® |

e @ FIfeR - TR0 T- 9 W1
SIS e, T7 8 I8 AN T TR €I
TEAT FN TS A QN2 6] AR |
o, TRIRCYE B tsfarel 9 o7 MfF=
] GIGOEE OF SO IR IR
e aafys, T Ry s @i = )
TE 4 IR IR Fere SHAfFforw
IR ST AT AR FEA |



\wﬁmmﬁmmw- e

fer =% o 539
FE (35 8909)

8. “fofaZ 7% 77
B FACRA 932
ererEcE e
FACT AL [
(ke )
“fefaZ Ta1F S
w514, fefa? s
o7 AT 972 19T
& K 6 57 2
PARA; G T
TIAETNE T
e Rewa
AIBITS [ (& § 5b)

¢. “fof wrer zre
PR B T
oo I AIE
fewZ Srg T
Fye T- (¥ fAcTq
sfqme cormad
VAT AZH ISNHT
w7 (O 8 @)
“fefaer W92 FZ
GZT fAE SR
T 9T GFH- @
fatas e nfdq
A% TSI ISTAT
T 17 (90 ¢ 8)

©O3 B R |

8. WM G- az-T4ar 2,
SR o7 ¢ ed fFE e Ffocemen®
e fage Sfdd THIweA 4 i
M g @2 I e | TR
& o8 I8 TFEefed I[WHR
R @2 dfsfre R §E AAfde
AT TR T N FTO! (FR012 AR AL |
TNArE I e IRfEe I/ @
T @ @F WfER T (A fafEre
TG I TFAG S I |

¢. @ war A e a3 W2 mafers
JTHE CTREeTed 56 47 @3g we1ey
SRy e-afaa sifqe 9" I/
B I @A, (1R @R @ 1 e
(TN AT O WCFA TAT UF AT A
e ﬁf\@? RT3 ¢o,000 IR [t
A Mres AN AT | 9Bt FEI | oI
& $2re e T "j‘fila?l ¢o,000
IV A |

QT TrERS FIN-3 O IWI©
fAfseea g Tz |

FANITE WRE EAGTS WES T of
RS FFFed gufds TR « e
@At o S |



33 B FAWF, TRY ¢ TR

v. “Rf¥ (rarz)
ATOTE IFT AIPS A
FOACRA, TS5 GTHA
A (TIY,
FrfaE, AW ¢ ¢S
genif) favi=
FARA 7 (R0 8 2¢)
& FRTIT T8
TS TSy
TR W, 1,
a%fe, 7w Seoifs fae
e fawaee fog-fog
W ‘S |

9. @3 TrEle
oG wey W
FEAIT (o= FAR A
d800 WW‘[K{W
@[T WiTe
G- (O TG |
o, Me ¢
TS 4F G GFF
e TG IR
AT IS AR
TR IS
A WA ER
TN G (IGIAE
el FEEAUT
TIEIorE Jaze
PO (NNE |

b, UMY @ RN @ TR
ATENIA2L ‘ST’ @ Sy WAfFS |
e o P e wZaEEs «
T AT @ o Em [y afew
FLACRS |

Te fRefRa 1@ U - wwkey efsf
RIS Y OFL TN (T G5 AR Na
TABI | O} JAE GFMT FAGS e
YO IEF TN 28T WR TSRS
o1 | BT (B2 TrAreifes fag 74 |

q, Rwm Row op Ree, RN
figfa WRTBIRN @F2 O (1 A,
(‘Theory of relativity’) Sdo¢ TS G

(‘Special Theory of relativity’) &%
e | IS [ g T /e o

892 SIMd e IEN ARpEE IR
BER |

AR I [@H Snoe AER ATE
TR STae «iffe @ ST (Time)
@ AT IIYW TG I 4G
(NN (A (AT TR, ©f YATHRS
TS 91 | )R IG oY TR o v
©2 03 & | A T 40 W] TSR
@ ¢ i @ HfREtre
SN FACS!, O @ WEABREE @



O AT g6 ST ITT W 359

oA (qream s TTo! 5NF BT, SR FW-FIA-oA@
HFEES AR ISR 15 oS T @of7 &AfST (oIt ot 2
¥, AR (T A W @<, a7y 5% ©1-8 |

QT oY IR- FIA-IE-A1 (o TR (Feera oy wikrge
W AF I ddoe AN R@IA WEABIN W wrofiE ad
e Ree Ry Uifssm" gorr @ [ehe &q,
IR (R 432 92 Rt WAHIEa o d8oo =7
FAA OR i@ AN TR ey e Feae 6 e g
(M @ TWHE ALEAN NS (wS NIl AN
efEee e A @R @I 9@ @ #1dw A
ARG AR F2 AR TR FAE FANE IR FHARE WD
e o1 asie G 2T A9A ¢o,000 ITTT AN
Y TS ARA- @ I QX7 W9 SRS S0 T2 [ A

TIH B wERd o i 392 ew, vy [ee ReR e
o] Tgn ARMTE e ACHF 9o 9F I @F-AS (LTS AT
FW ¢o,000 IVNFF TN T’ B 03 a2 7 Twiww
T (9 | J[[RAEER |

oAk FAAN R RWER MR @FF o1 (R, @ iy
@3, IR A AT R, FIAET AN AR TFFA (5
QR IS, 19 TSI WIS T FORA (T T WY |
o @I Tw TR TERE wew oF fhan e
WﬂWﬁWQ0,000?&WWW
(AT d6R T oF rafe s w@ «fi Trew-g T3
Faitsa F& | TG e, 97 G o afim QIR
«BIZ WM w9






AT-FEAN

“HIFR TG T@A (7 (b 8 85)

“fofr T g T2 IR QIR ATSIHCF IAAY FACA A

JIATS 17 (€ 3 R)

“TANCR SRS ST NG ¢ WHATST JFoTT \ATS AN

17 (b4 3 9)

TR AR F© A9 JB 17 (29 3 58)

“fofq e T8 ewe! W3k fofd 71wt 387 Aoe Wl FoeE

FAGETS 17 (b 3 doR)

‘R aroe ¥ IS N IR, wOH eI o

(IFIA, FfEw, M 8 iR Tonfa) o s
(R0 8 :0¢)

“oF & SN 8 SR PR WiE SIFm T 132 ©iwe &fs

Tl W] B FE0RA 7 (9 8 dve)

“fofv a2 =IRTe 77 g 3ot 377yl s@ore |7 (8 ¢ 8)

“FEETe 8 o FRew IF IANS (SR AfooNTEa

FACE 7 AR TR O FRod 61 wmeAHl 3299 o3 (73

I IP=E 8 WY ATy Ffoma @R 17 (S0 s )



330 m TR, TN @ TWRST

“TREmeR ¢ ¥R (Y TRIRTIR) IS TR WA,

AR A PR T8 I WA 17 (8 3 DY)

(oI AT AR 2”7 (Y 8 o)

“effemet 5t 33w fRaEee F-afSfde” | (ee ¢ 3»)

“COE AT HFE T THA-(TFA IFEF | (3 8 ¢9)

“&g OF W T8 IF TNT @R 17 (9 8 ud)

“*ToF 23, fof ATo1F IFE ARRET I ST 1 (8D ¢ ¢8)

“OIF W2 FFe I F9g 17 (9b 3 )

“T) RS €% TAA 1" (00 ¢ 3)

“QuTe WS ATy AT 17 (S0 8 ))

“o7l & W% Feord fawefa e (¢ 8 ¢o)

el s AfRATS TCaTR WY AT 7 (@ ¢ 20)

"I, AT IE TO8 8 ARTHT 17 (L § 385)

“of¥ To2 B18 A @, Al TS T wE 9w
(5% 8 309)

“COITEl @ @AANAR. WY 4, HGAR (SNWE FFNF (G

@ 17 (R 8 d8Y)

¥ 7 (28 B)
“Srerwes! ¢ ofadw (fieim) WA geaa fefag
R M(Y 3 9)
e @3 Aw-Afiwgs, @b e ),
BT @ FEEeITR 97 TR (A0F 728 AT G ¢ Ty
T TG UINE TN BGI R (I (@11 A AT 9©




SifeTmea F3 () m 53D

ARE, R ¢ WFEATeE @ACe hem TqE o |
FAAMNT TP YR (Miracles) Wi« «fbe @3 qrefe
e ta-f!

TER TOTW WA AReYRe TN TG aTH SSFA
fea-feer Rfewts A [gre feemam @ fafe feacw
Afpe ¢ frEd auf qIEH O ¢ FOGH epe
TFUOR A RIS WG RIS A T8 ATF 4T IZre
Tre IR W1 R wym fPerm cpy, Jfeog e
TWRIGHZ FFe SNIANE THI FANCTT A (M 4LA0R,
IO RGN FTS-F0H ATS FCACR |

IR GFCS To AL AT (AF T 7w e 14w
R ¥ 999 - ST @3 R SR g oy
R IV AR Orwen’, N wafend @3 wgEmn *fE
8 WA WL | 92 [UIS WA QR A(&Cs F Ay fofy
g g2 B FrarR W arer & A1 g o sifgw
8 e R [-A wEerR 0% ol-wl g eremyed
FERA | 92 SENNE ReATe SATes  SPNesTel
ARfRST N TIFoeE TgE FUF8 Y& AN 71, 72 IO SET
IAR-TO3 A FI-fARTF 8 APH-{THA A, T©L 7@
e ¢ ARffen M TmeTe! derE I3, TN R
(T SRETFH I(E, O ANE G ¢ =AW WA TI97 T2
TR M |

woel foga AR 09 ITw (v 7w, I3 o afsb 8 Iww
T, oiAfs, FIFAT 932 Mare [ w3 e, ace
@ 712 fAw fam M2 smfore someR T«
‘AGT (AR TG (o1 FICS AN | Q7 (F© W @ 7w
A W S I T MAF S9N TAFS TEHESA @32 @




333 W TN, 1YY 8 TRRA

OITE ©R eFfT NPTl viEd yaede e fwm’
viRasR TRR | afel w2 AT e I M @, Ok
SR ] AGA B @I FRoGeS I I AR Ol AF
I AT | 9F IR 9 (T 7@ @ @ [y Ryreee? o
T FE, TAIE A G2 HIEG I ACE | S@ike a2
feaaf® +fed TR AW B 9% (DL Yoo I Y
ReTR gufde 2w o wTR | ISR Reew AN WwIwes
(& voo (F1B) IM SIMa Tt AR @Ioi7el, Afowe!, W
YEHZ PN APR AGIRGW @ 9F @A 5H-H @
SRFIAR SHE-IB A8 I s v, fF31 s are w2
wrece e qfvce fcs o, -9 ~iffa @EER-s51 3§ I3
Te o, foe nupde ot fRsrrs sta s o7, w2 55-
R SIS mfee I30e o, oI o Tge IR gere
AIACE? IR AR A | PI-S] 39 371 (FR2 Gve 4T @
WFF FBE R 3@ [a «iST ToIrs a& 77 1 @3
E FIACIA WG 9F0 I @R @FG| IR TR @, 8
AR, &g GFUG WY IR QA TH-FAG -
e S (A BF I IR THG WZF (WEAR)TR
fEa s g Tmefte @t | efefb I3reR et wer
ST SR 8 (AR, 8T bIfA! 539 IR 3 T
8 ({74 (M FBIe QIR [0 (AF2 Aors FACRA |
Afsft REam W @ FHEe oF T g2 ger W I
ANE (@, OF 7% (A3 [0 I 7 2 Fisle, s, -
S, =T Brorl IR (TS TZ0F T8 AT (TS =4ta 71 A
o1 R@fRergEs @ Ao 248 gnsfv Fare =g =1 | {39
ATF IR O FEIW T | WER ©OF WG @B B
QTN R (ATF I/ G IS (T TG 74 (52 L=




TRIfTEea JB () m 330

AfIIBT I WA @, JATH 20 T Q@RI ©1-% e I
AP, TR @ @ 752 FI78 W AT 71 | S FHArS
QST TN T 7 F9g-TATel, TACTR o A_T |
ToUg TR @R ST (TS, GRITAR AP [qEAT 952
FifeEd, a2 fFam-2jee, a2 s sfsefrs =, o T2F
FHBFER (MG TR TG @ CPTYF TSR (N7 A
FE 5rCR | SrEfie e e @ R offve R’
TS TR TR @ Resmww og o afewt faaa oo,
@ FA FIAT WS ATYA T (ISRAS FALIR |
I CITEA TS T 20— IS W] B QR T, O (WAl
REFE Trorel 3, 218 RS @3 piEfecs FiRm ds
#AIfes F@ TR SRR AT e Tras W fFAre
I (T 93 (12 BHfeTa (ot fea 141 ©1me &y wsred
NI P AF© I AT T ST I 20T I |
TFrEEd 8 R (TRRTE) T, 9@ 8 9IS
SRS’ QI WANY ‘A FRA- WER | @ 9F TP, IWI
R A KT | TR AT IR O TP TN e GG
Q AR IS, L-TEFS G TSI | O 71 &I
G GG GR WTR'T TR TSNP I S | &9
QTR T ST T 8 GRS LR |

==
e wroiferm s swid fwew SR 4R sweie Sy
| ANEET AL AR [T @R 70 TN NI

Foqe wow e W T | O @Iz e
GRTEIe (Telescope) e w=ifiTe wfEa aseimat »~fw 7=i3-



538 B TN, TY[Y 8 TR

] RIS IE TR AT, PR, AT, FE @,
TN, AR (TSl Tohh WREE IR R WA 9 g ©
TINeAT Wi GRE Tomie g, @2 SR X,
ABLETF (Microscope) e sxifary swds MRt
(Microcosmos) SfTed |Y-AFY’ NS I€I FQou L
(Atoms and Subatomic Particles) T 3 (ICF TEOS
el 927 TMwIGs R fww o i e |

S59) A FAYN FERGS WRCEFEFA' (Electron micro-
scope) ca 47 TIgE RINCIF Fgow At S=ART (Virus)
TS OE I, (@ SRIACE F AR TG do™** foE |
RTINS ARG WIIETHIR 1o SFES! AL TG
TR dSo-3° WO, YT 7T (Atom) IR @F fBTET doo
fafer e fifmw-93 T@ 3 S I PER AN TS
et 2157 etz TP T TS FACS TS TF | OIS ST
2 @, 9E @1 OFeT Ty I (@i (Proton) @3e
@G (Neutron) frm =if¥e | 3 RefFeR 9 Tww-Y07>°
fitm, efFneR vefite WRSd TS ANE  TERR
(Electron) 1% T4 IS | 923 FAEHIER 27 T@ FEF I
MwE [ R T ww Sge 3@ Cnfiere
QTISETEBE (Particle Accelerator) SfR®R ¥ 7= 727
A WYY &P I (F, (FAF FE GF S T
e o @2 ‘@ ¢ ARG s | Srafie @
TR do- fABR-GF (e I | ©@ IoNA @A *mieda
FHST WX O (FEATE T WA o™ B I Wt I,
T ‘Big-Bang'-4 WY {37 o7 YZeF PAAES AWMIAR
IR 3 | 93 HFF &AW 20,000 &HEFTN ACAFIE h
fege aoie @3 TRifkeea T3 PR eife smda 39 enew



« TRemEss A8 () mos3e

“Rif¥ (A1Z) AR FACRA B3 BT A | FRINT WARR B G (@ {©
(TS AN 7 | S SIQIF I (74, (17 S5 (T40© 16 [F7” (vq 2 9)

foa-s¢
- W7 Foemry Telescope WIRENIT 4T, IRF @77 fRArersa
R 9o (T WA T FACS TFY AR | P T2 B qARA
TANET Iy fFRDT TeTe WAST ey SoAfeT A (AR TN
oIS | W I AT T GISE QT TIPS [FF5IS] 2re e
WTI T @ Telescope |



S3b B A, TR ¢ TIRST

“ay R (F177 FoLRT A AIRE GBS (A0 A 77) FoAE fofy
F(aCa AfdwEre, SrereE ¢ YA (TR TRCN) ©FF WA (72
ST SIS [Feq SurerF Fn W 267 0% | Aoyl Ay ©%
feiforae I0aR 9F TR A0 7 (98 §9)

~ 99 At Microscope-43 I171% SFfe fadt @32 @3 AN FfB
MNENFT AR RAGHT T, TGS TIPTH GO See I
T4 ST &g I YN P BIAR |

S safe FAIGIS QN ([PIFT (@HAGEF (FICT TV (SF FIS AN
ZCACE | 4 I T2 BrAISA P! TR B WA TF (57 8 T GHI!



TefeTes FEr (>) W d2A

T FE AR TS WIAT A0S 21 I a7 |
AN AN GIFANS IE A~ GIF ©O[_CS, IR g
e, & @ @R mafere we Fg-TE Wl I
IR WAL 9 QG- e1e I@+rs &S (Material
World) 7% TG [GNR |

@A A, [ o sfamein wis e @3 T=if ¢ siee
I B 2GR (IRA-ZTRG, @57 ¢ fAEEN sl Ffa
A (@ Eoe 2’ (Stable Atom) I& Sfsi! AW FCACR, T
i faifte o7 g @R | ‘@b ¢ gy sfae
AT OGS SR I 2[NgF WefFA (Nucleus)
oA I G2 TERGT FAFSTE @3 T FIT WS (&R
PP TS IRSH B AMS | (A6 AP ATSv®
e, RGN FAFINT W gFE SRARAN-NRoT @R
3ERGN IATPR FPWIZ (DS PEgE A US| @
TP [R@H-5ore I3 [ Arw-[as 6@ 93 a5 ¢ e
wfsEs! N 7% SR @, TR @ @F YEg s
FAOY WY @R NI (Atom) (SR (AHH FAFEIIR
ATGLS HIEYe @R FAER sfawret-fAarrs 267 rgs
TR TR (P 9T TWIS e WOFL IJRATST Wi
R 5o &R FEN-RferE Srawl I 93 4R P
(Meson) Ffa M s 7o fafirs «ffwmed 3 <
@3 (A5 ¢ FER frerarets AfRgei At =g«
T AR e ammreAw o s@d I | WL
TroiRFey AtEte FfF ¢ Nars IR g
T AFR AFES Tl I GIR AT ATER (736 (3
T AFR-% 391 oo | 7o 9 v fRww o TR @,
YR FEfFeT 9Fifds (@its FfaFrermm FRern?
ftefos s Tewl Ags M R@iag Wgee



33 B T, TY @ TR
/

“fofAg AR IR WIANGE 8 AT (WA TYRY) 972 @ TEI A
T R (T, ) IR, TV-APT (-1, TPTH I e 77-
7AET VI ST IFTIZ) 75 [483 ” (¢ 2 W)

.-“

s \Amm

Atomic nucleus

foa1-84

- @ {1 FPROT [ RfSe 3 ST FN BT | I A (T
"@RE 43 G PAE QTS I BT 8 G FIPE B T |
cenBw @ [HERT FfGa! sy ST Qo FE WO, T AN
fAEIERT o1 Brasi FeeRG FAF G199 FT GO ATWPS FA (T |
R @Z %9 Chain of system (& ¥ SN EroF IS A2
IR ACF @ e TG I [F WA FGI 2 FHAZ AT | O (I ONF
TR TN I



TR JBU (O) W 32w

worw) e R Twersh st B R e
Qe IR e @iow et FefFnem wg a@wiE
FRifR 7R AT wouE e @3 e S_EgE IE |
AT TSR “MLER FW (AT FY, TH (AT W
FAFIMR 9% AT 53 FAABICHT (B FAFITAR WYy
fRewrd 71 w1 R v AfeTe o7 M Poacg |
[ELIEIREIGIE(C DECEREICE S CENCESL 1) ISk I
FHIBIGTANE AR (AE 7= [(feg s fiwn =m
FIEE @ ©MF 99 ¥ (Binding Energy) @39 @F i
frareme; TR T [eoE ofand s IR 39 el Eve
TS @ (5T FAFITENST e I eI 77 | f@aiaratet
WA & FE (@, (BT FlAFwR fremma T4y Iqrde 39
Trafie 39 *feq oo 332 ) | WWIS e Wy W
THFHEE ROV 9L 1 7% | Bzl (5T F{azraten
TEfFmeT @R FRiveir Freit w9gw 3w 5w fFg
SITAA TR $32 T @61 Hg S TR & A
T so0 (13 fis @7 MR PiCTe I | @ W T
e 73R @b et St Tk 2w g 7@
WiFdd e RaAdes R 3= iR v Ffdeme wife
yeer fafora facn sorses Sl fafwe vaey wAfas @
aeid fefd gy wermRy MEfFneR’ Ty b
TS (257 FfFrer Feme g 93 Swe e
STH 3R A FH TWUHCAT T 9T AT &4I7 JFEA 97
afefars S1m-Bifaa Taree efFaem sierret fRfss w1
TR | AAW (&AoT FfIFma om0 &]e s 99
(TP TOR TGO IR R NEfFas SR Twioa




Soo B FTIWH, TRy ¢ TR

“SrEreR ¢ RS (I TIRCR) I g T 7fEce wp (Fare
FICY eI GRS FIACA) ©F FFAL WHZT 7 (35 8 39)

fra-8v

- B NI ‘R (PR MRS I89 AR g R [Reawar
9 I AE | @ R B ar cor ‘'€ B 0w, ‘wg B A
@ B srme | @ B vwE [ 0w g [y B aee
RGBS AFT | ©1F T JB WA 9 AR (© OF SRy @
e 3fog amat dae | (@ oG Rewm [ @aq T e
Mg @92 9F FGLF T NN G wIC PR e | AE (@6
g #2



TR JBY (5) W 39

“I7, (ol & AT e ¢ AT 9w @ (e @
worsY) AT FIW fare br8, T f&fF wao® F77 57 fofv wErTe! e
S @ (32 @ 7w [awET I (@ 648 FET) 7 (S0 8 Sbr)

Neutron

6

foa-8»

- IWENST M RGN NINE GAT FRL NS bIETF calv
ST fAERME WEET PAR, TRIF 4FT NEHS SIS (AGTGN
TABITET FIACT AT AT 4T 7 ¥R [ ANt e
fafere zx sFw19R AEERT T TR | @ W ol e ARG |
i R @ faaw e 711 OReE o emed mene? (¢ 93
TAIPOFS TECF FACE 2 WINGH! ST AAZLE TICS ARA 37




SO W TN, TR 8 TR

“fofy cerrae (@WA-REErag afel =, afels e (999) |
v (T AT | TO2AF (OIH! (A @IAT WP FH) WA
(TTR) (I s orfieE FT?” (8o 8 bd)

Vithuden uilens

Oakeh
kA

foa-¢o

- Bfre Wiy AefFaT «3e MR AT @ IR 1 aAfel
REGIFRTT cavw @ 857 FAF TCIOT 0T GIZT P | 7 e
fas wre I G AT A5 FAF /S NS T, QT
AGOS I (2GT FIBIGT FT=7NFT Fd epe [Rrwme b
A RO G 9 foeT PR O WA 1 TYF WrER TSI |
WEITT [ATAT | W e QIR TR 9 JIT IR GFCO |



TR FJBC (5) W Yoo

“Ie (599 IBIONT WENF TR BG-GB 91) W97 (IVI
ToAf¥foq) famia @ “FINET AFCT THFT I (F@S! 6 FeBS
TAFFI Gay) ©Itid FIE e TX 1 OR[N W I (T AT OIAAE
2fSeT 7 T 1”7 (9 3 389)

spray oul from a single collizion of

two lead nuclei, canrying evidence of

a quathk gluon plasma

foa-¢s
- Electron Microscope 3 GouIt® FI9Re ST WI9G
TSI WIS ST SoEifed e %I Particle Accelerator (&d
T | @7 WY AVS 7 (A5T 6 [F857 Ffw! Feres of ¥ (@HE
fawy ofFe | @RIE AfSSHAIT GoIZ b1 767 B | @ JIFS AR
I AET-Z FICRA | VI oY [T qRE W@ (AR, @3 (N [Fg 77,
N7 77 P2 1A (FA NP THAI 7 TR?



>08 B FAWF, TR 6 TR

“wrErmed ¢ AT (TVa VIRCEW) WE-ATW ARFWAS (O
SfEANETET FCABLT (72 G2 O WIS FHOT ((FIAE 8 (FHF A1)
R/ 27 %2 (7, W B feer fEfam % 7 (3o 2 b))

KEY TO QUARKS

. @
Down Q
Strange @

Ba-eR

— G RIS [OF &PIIT (PIANF- 47 Ffeqosaq (TN A, 7S
Q@ TS o LT (FEAE WRES AR | AFGR [FEFT @R
(FTHIfENT) &) 9F g7 EFT WOy 9% @IET golfFe I
ofSfs S BT T PA FCA SR BT VG AFZ GO
BIEYE TG LGS (QAGFGTENF TOIefG B S A4 PR 72
AR E 9T TIF FIH FACRA | O FGIZ FT=0TE AT (Pl 92
1P SN G FABIT T |



TR JBr (O) W doe

“qre (I ZB ATIFTAT GRS IV TS @32 O W AfEw
CwrAfER) (O vt qraTR avere Che ¢ oW ST & 7 (38 2 ¢)

Up quark

Down quark

foa-¢o
- ST ceiBm ¢ afSfs AR~ FfAera (oo Fcarg oG +F cPrars Ffawr
@32 J1ZfSe GG T ‘Yo7 T TZPPH F9%1, P Up Quark 93¢ 6
Down Quark 107 @157 FfAFIT F9 (W7, 93¢ A Down Quark
3% Up Quark Arce ©f (NeG+ FfAFR AfE90 I |
R e $RIT @ [IF! BIE] FACKA, ] 7T F 2 AT FAGT 4 JNANT
1 S AR F 2 O (FF SF SAHS A fAre fawr s



you 8 FIEH, TR ¢ TRET

“fofy Srrsd @ A7 (g FIIRCH) GRS 97 (e (STHOR
FIRCY) AR IBCE (RE@Iq 77 79 AEI WIF SAqIbeTa ) a4
IE M 1" (9 8 :¢)

NUCLEAR GLUE
Proton Protons, neutrons, and

(positive charge) the quarks they are made
of are held together by
the strong nudear force.

Down quark

foa-¢8

- QITICne @ FYRCY 7T SB I8 GIPNCE AR I 46w FofA
0% WY | AR ST A% T2 TG TAHE W32 &OrR TIAINeNE
g G @ 23N FSfAbCw, TRA I8 TS FEe A U 77
fodre 3% fAey OIPTy AR FRCRT | INHI WITSTF SNE O @F 47
(SOF T3 TG IS N | TP T YEFHS (I 4L (7% |



TRifReTmen JB () W yeq

“FF (R & A, IR 4G 381 RO 76w wiee, fof et
TR ‘AL (T @ [IF G- FACRA, TSI I GfoA I
Rz fui [T b1 300 TS YRS Aq? @ F TAefeR) ey
I @ 7% GBI (72, (57 (37 @ JEAT 5T TV UF 7 (I 8 89)

foa-ee

- *FNIF [NEFCE oS 297 &N19 FAR ‘WAZ WRA | A7 AR
T TS G2 &S YZLE @ FG AT @ CHIA N FIACSH SIT N
TR rd [Reenag @ R4 5erR, #RRI9E (S9Fe (T2 U FEEd
26T Wi AEFAT (T ANGSIN blOyE (AT TeE [RFEaq FHce
ffFe 207 5Rfice RETP bI7T (TS, W XA (T€ TR e I8 [t
s HBE Zwer 7 1 TSy 7H B2 ‘9OrER AT W@Z T]” | (93 § Vo)



SO B TAWN, TR 8 THRA

“airR AR @ (@9 S1RE (Pl I A AT A @, =S
S 737 WfePIR 93¢ @ WIS 447! [NX) O WIAT A7 FIRAS ICEG
@2 " (3R 2 )

Neutron

fog-¢v

~ %14 RGN fRITa FaT3 SR iR o S 8 famed (e
et ‘Pi-Meson’ ‘Nuclear binding energy’ It SIifie Iae"
5598 e il At Hediki Yukawa.

e FTY TSI JroF WPIT TS &g Physical Law. 95
93T (TF fAca OFCSZ ATAQS bR Anti Physical Law. 9 &
@INCTE (BT WA A SR OIF e e iR fasw | ey 7% # 2
1 &FOR I, O ARG 592 Emfd FA0S FHE |



Tfrraea B (3) m Son

“SPC JINT A @, WAR (TF QT G-Rewnea i) iy
(RET7 WIReag Ig0¥) o A6 Gk | 9fy (el #3)
QGTENE AR JCAARCET 932 PR FARE (FWHF T), &7 O (of
forer SRPrATTe 9F& 7 (95 2 ¢5)

\; ;.0 ' O.Q.QA
: Q t ‘ ’ 0.‘..
‘-'.OA! } d Q."

foa-¢q
- A9990% Anti Physical Law 3141 26M® 9919 WO 4 T©
CTATR | T QN9 79 fifFre Z07 ‘WY FB 7CT A QAR | WA
9T Y ‘WY fAfere 207 I8 AR AR | T 3 ®AT IR | THIRE R
I I B2 9I7 9F Y3069 G 7 WG OIF 7w Q0 (7, OIT
AT (OCF JISTW TR G TH A O] W2 | WA &
T, O WA NI AT AN B ?



80 W TN, TR 8 TFEHA

“Ofi f& war @, Jered ¢ Jfde (N ¥ReY) g TR
(T0-I TRPTH WIF JR3) W OfF 92 G7S WRA (AfFdwe) 1 4
FeZ e ang % [FenT (afel 3@ 8 & dfIer 48 & [P
5B, w1l @ fFafFe T3 79 FT), b AR [0 {32 TR (90
T, @ FIICT FNY TG 7 FITAA) 1”7 (2 2 90)

foa-ev

- TIfST ‘SEg eI T2 1 O AF (T I Ao G 429
1 71 X0, OIRT ‘Abfere mrd [Rwer eFTeR /et ‘(7N R 0w fre
5 | FHCS! NG NIRRT G0 GWEIG 08 AfFIe FF (FECST | GNF
®face g A Codig Chain of system FH®I! 01 71 | 577 SEGI
(TF (O | NGIR (T TIZNF Sy Tk Anti Physical Law |
T O YT FAZ TG PR |



TS T () W 38

“TOYT (Z Gl TG (@G TEETe sTwerT amfae ey
I [T SCIE) AFZLF OF FI 5ol TS (WP SHIR [
Z9) ARG (TS 17 1" (@ § 300)

foa-e»

- TR GFG JBY ‘NEWZ T [FRET FEHPIGT FCET QI (T A
G2 BIRFIT Y TG I 417 FA IV AR, (SAFSNT &
PG (ST 707 O1F BT TS 43¢ QUGN TICFA FNCEH WA
fNes =B ¥31 ATE | @ WIFT WG G (NS TR S
¥ T AITS FA | TSR AT SIA-AHAT I | O 7 I @A
e sz v MfeT T TS I



583 B T, TR ¢ TR

T (@ AR TR AFR-AF(S, adted, 157 (@I 552 7o
TACS ARCS! 7 | AR @ 577 I B 9FTSR WS, O
R WS T TS (ISARCA) (TS (S 1, o
e 351 F/PNe Rae T @ | W AT TSR I
g2 IRgRA TS | «2 TR (G G (A=A T T
A Tt S “AITYF’ TS (T (AT IRV T I AR
WS WfE AEn WOFCHA, O SRS (ATE AGIR S_AF TS
W, WA YB3 @9 WR AN Qers AE 7 | [@is o
aFHZT &Y @ &S *fEq T (FIAA?

SATRA WICEBAE RGN AN O e (@, @R
Rt G “Mnds wgew St R xSy
e @3 e % SRgR 3w ot Giffe swda =
FfTrRR TS 167 IR g R (Material World-3)
afefrre fafve s TR | T @F WM wew, WFfeTR
TN QIR e eeedAR ST TR | I8N Reew @
A F-AHT & TP NG TWS R T Ao7F
IS (BITAR WIERA PR, O @ AT FgRe-g+t wes,
CIeT W @ (A AR TS AT (¥R e
&S T *I&ee ey 7R 2ce R T (5B1e FCA0RA,
g +fedin e feeaicr fFaw-Aifers [Redre @ wed 3
TS [ @ T ek I T areaw [
Afeta R e 8 e FaeEm (T R 99 @F
AR AfFEfFs zg ) SR T f[ew @l e AR |

ST (oA151 wRRCIR &feflb *mnds 15w afeFam 13 @ @y
5 WefFas, iR [SfFmem S (@it vl f[A8GH



seifeamas FBr' (3) m 389

FfIFR (@9 avfere smid feaias e faan-Afste wiggw
I IS @3 R gFoITeER s e R
FRAR? (P4 SHA @ TOW ADSAT AFFAT WHIT? TS
AAIS! e i @R 4A, s MRTe I[w@EATS T
faw-9fs ¢ mfs Iers @t 8 [RAFe Twre W
fRfiferet PR IR IR | ORE W9 [ @ @7 @,
TN T IHR WA TACEE AR SRS 9B
IR o ARSEN R ©f 3B T A W O T
M, O (& o A Rrmarge @3 79w =% g fedq
Re =fer MW 1o o smrds Io R e
e Tl AfEn oY Seer (@ TR (el *ex
FACZ AR SR NIT fFrge Frfe PN T I3 TR 7
W FEowN St AR FNET @ k@ e *fFw v
fafoa W3 frmmes 1 v 303 seetces; fof & fergie=
qFAG RBIY-Ag-TfFE ‘©F WER T2 6 TRkeE @
(@ FF AR Rt @ 7w Wived T & g
a2 A/ @, fof 1 1% (IE WIAgS o TR T\
T @ AREET I A=A ©f foworey w1y AW &4fo 13es
sIe IET 93 fdredlt fFaw fcy [Rfve Ftea? R
RRRFIT S % (- e G g i TBTRY T Al
391 Fol- SIReA pHI-ae e @, @ wRifey @R oI e
A3 (ifer ¢ (@ mid ©l-fs 52 zrs A=cel?

O s 321 ¢ fras e w9 (ite & At T
&2 Why not flee to him now?

3 WAl <A Ew srenenfi us Jow o 52




388 m FAN, T @ TR

. ‘e
TR,
@ 7 (3 85)
“ffa F¥e1 377
BT G fofa 7
G 7T
FoRTE oIS [
(Y ¢ 30R)

2. “fof 737 fg 42
PR IS YTOTHE
TR TR G2

NS [ (¢ 2 %)

HAGH @ TSI

e IS MI

FI(b9¢e0)

O IHq

TN e
3. RER o-9 wiwr wiea [ReR fye
TSI AT A TS AP T8
g Y2 TR R[FE fFe @I
Q9 R (5 orF (U @eE WA
FE | AN AN (@I FIAEE FING
RS ARG BT FEA | T WA IR
O T WRER TV SRR FrogEe
vy | ATF @ TR0 *1TS 2=s affeld
a0 Sy WIHe SR S8 @
f faam @3 o e SRR
ToifEfors @M sraree e F0% |

2. fRww Rifkeaw @ »1w Tope wifver
FACS THA AR OF (S0 @ @I
@A fogres «e3 fafatar Ty foyel
TRiss TS AW | AR @ W
PIgTe! faree |

2fst 92 R @ @9 IF ©OF
e a3 T JHAY, TSI, FHFIS
@ faEw-Tifs ewfa 3@ (932 J2R @



TR F2r (5) m d8¢

©. “orFt & ST @
wfitag 937 face
OISl 7 472 OIthd
afe 71 wrarR 5@

FACEA?” (9 8 dbe)

“(anarz) RifY acere
787 WIS 717
AR, TOAT qTid
2 (TG,
P, A ¢ FHS
gogifn) faca

PR I (0 8 R¢)

8. “fof 7@e 383
HEFS! G2 fofa e
T TFT A7 TNE
JAFE@S [ (b ¢ YoR)
“fofa @ vz ¢
AT T Py
TR TR wqre [
(v8 §8)

TN\

T ) IR | (FIANG (FI Sy
31 femel 32 |

©. 53 TFHO (WOl IoqH fREw
sAfasrea, frEd Toniv woe w290
FHIFY @ APIFIA BIfeTCq TR |

T o weifas Wi T
TNIAGR W AR e @i
oY G INT T T s (e
4TS T AT |

e e BT & ol @ [ww
TR PP B9 53157 1 71, SfAs
wRifityn wEaR efefre fam- et @
T (AOE SR R, OIS «F
(RN (@ TR ¢ gbe W ETg @I
T A L (T AT (ATE HIe dg
AfpE 8 fEd FR AFEE G
AATFOR AR FA02 | & (A2 et
OfN-auf 71 2% 3T A I IS8T
AFATEEF (@ ABIOE  ACEANS
(FITSIRE (I fNre IS 797 |

8. Ay f@m =i sxeifss &=
frgR AR swf o7 e e g
TS T wRore 7Y | AR e
AFIF T4 TOpPH SMuIfbs W (I
TOLFAE SUNIGS Hil +HFR TS AT,
€3 13 pA Afgee [eam s |




38y B TN, TR ¢ TR

¢. “alfswa fofq 3w
fazacet q-afefde”
(ee 8 W)
“cormg AfSrTE
e IET TEUN-(TF
A 1 (3 2 ¢9)

Y, “8g O @I T
78 fo @
(28b5)

Rgfere arere 780
(OIF (FACS
Me7 7" (Y 8 bo)

“Io< g8, fSfF arere
T ATIET IR
IRy 17 (85 2 @¢8)

¢. f@mR TRfeye Foe W 932 A
TSl AT T G2 (T WA TAFS FE AT |

e TR I (O WS 9, ST
SRl ~AfaseT ¢ farEcte e e
TN T AP AR | @ 9F TFFA
e, e s @RI T FE
FEAIS FICS ATA 1 |

V. U8 FFeO (ARlE 98 fwa F3I3
RRCE 7 TE ST TA-FlTs
TRm FAE @Sl A w91 efefare
ARTIBA I AN (O WS YEE A |
fem 7B T, W wEwe 99 |

IFA FOON I AN Wrvd TR T©
¥ Tored “mid [@ee Soers 3 @
oft IfeTFTT wvae eveq TR, SICe
AT T A (AT (T &Abe *eq
TH ‘AL T FTEd TR 1 ° A
T(F WSS @8 TR ARG 4R T
AT =11 |

‘e BforayT wvad oft =T0® ¢ 5-
‘5T AP e EE Wl [NEGE
IS PEYE AR <F9 SWd WY
‘e I S8 rew, W el Rwi
Trelfe Haet IRES |

3- ‘@ IAPFTR GFR W Arsioe
PIYE 26TR *I98 SA ST ATER



TRIfFTEa JBr (>) W 384

q, “S1F BT T
787 FYG | (O §
)
“wrErmed ¢ fAdie
I g IR AAES
CTRIT &I SRy
7 fes SrepTR e
PR (98 b9)

b, “¥3 fREErTT @3
T 7 (0 2 )
“QGTE WINNS ATZT
frfa " (30 8 3)

AR N AE @ [efFE =g
IS A | T e e @
& | (P! AT bret fwdel 71 3R
9 992 f[THad oI 391 |

©- ‘(@5 FfHFREe T R I
fRedite Ton @ WA = R =W
SRS I AT G SIB FACS AN
I, of g 332 7w ~fffs o |
Tl @ AT I @V FA (I
FAFIAAE ATEE ML 9 TSRO
fifira crerel @ (oG TS et
a1 e Hftde W (@ | NS
ASCFR (BRI AATS (2ol 71 | Afe) @
frae femm = iy

q, TR @FF W 392 @I
Fforga T e A1 wRd W
GliferFend (I ¥R 2 IR, T IS
(ATRACR O TA- AREF I Tt T |
R 93 Trana 3 wRER IR R
IR T 7> FE@ AL

RR @ 552 Rema oemdice
g 99 9 R&@"e 7 4379 SeeifEe
ez W @

b, PAAR “WT@IE" SR A 3800
ITR @ TEe [@w O JEH @3
TOB SRR 8eE offE 9T 7
T & SAPTRA B8 (TS AR |



S8Y B FAWF, TR @ TR,

“FIIT o1
@I-5F RO
TR ATAEEIT
el Zre o |
oA (T (TS (7T
(7 [AT&aE T 4w
9 " (b ¢ y08)

5. “wErRE I @
AIIET (7% | I5T 4F
TR ATEE 7 (308
v8)

7o 87 @ I
NS, O AN (T8I
faript eif$og Fare
s zt9 71 )
T [AEE wIre
TR 1 (Y 8 33¢)

So. 9! ‘wAR
o1 7B TG-TH
e 1w S T
WICRA 07T WA FACHS
RIS AR &AW
3800 T UH |
763 Gl ‘e

O9F gAR [ |

frers mw Wt (@ww FSfleond
AT W T PIFS W&l
AT IR |

e o 78T wifErEmz e 9
={FOIEE AN IR G TNE R
@, TRy FAAER 7@ aqrR Ny
Y Po TRAGEAT T @H-5F
o2 S S I A | offRdre
TR fedy 7fem 7% |

>, W f[aw age afe cFz
Towd 1 e o7 7¥s 3297 Ifisw
FACe AN, Tomd f® IW IW
ARTOTYI TS (o7 I (ACO2 AT |
@FF W [ @A (T2 S ITNAS
¥ 22 Twaits Fare WY R @3
O@IR TR 4N wew s oAffef$s
TR | @ Fierel @ fFer-tafifes
[INg |

Yo. fqGq fRewl =eiffrel (F9e1 I®F
FTHoN J HFNF T SCAvA A
#1939 I @, AR TH-FAPTR
FefEme o Tgm TRfeeTw €
fofe g FaTE, WK o TS ey smd
@ opfere wizae o 3@ @ ofb
e AHe I FCAC2



TReTEed JBr (s) m 38s

SR | “qOUT qofR ST SN T W (T (I TRIGIT

o1 (T g ey |7
(95 & vo

8 THIfE T0ig 9T AT @’ G
(TR N IECA |

odle “@Ad Wtefoe WL Swat
(LTS (k. (7, R o SHififen o
Ty TR o - efmm ciffe <
IIR GFF (unit) =TI (Atom)-T T&
o REfFTeT W wered foanfas
f=-AfStE (Phisical Law) ofew i
@7 Ao e wER @
R weten (el #eq IR | ©F
T® FHifEws FBR I3 Toif3fe oot &
g RN I®SF (Mass) SEfRe
TN W69 (W @ I w4 = e
FACS ANA?

TR TSR @ SEkd SoifFfes
AATHF 97 G @ AN w9 F 52
RegraE e foret w@ R w=fvess
fSfe efedt Tarem, fof & 13 W= F8
WER T ORrE $IF ST @< e
YIS FE 4] WO QI (FIW R
@I A ?






wRifEFa J31
@)

- A

“IER TRIFAFETE TR 17 (b 3 85)

“fofal s fog 8 STatRn Uk ATOTITE T FACRA e

TATS 7 (¢ 3 %)

"R ATerE TF WIFFO A FLACRA, TS GTHA o1 (IJTFI,

Irfern, A e RS Tonfn) faea= state 1” (0 ¢ 2¢)

coral (Reaitag wifasia =g TRiBea TUIT) (AUTS ARI?”
(CERL))

“CoIR AfSofiere Fae g THAT (@FY FEF 7 (3 3 ¢9)

T FAE 6qFe ATE A A ZTSIER

WTEADAR (AR | (RS THEAN I W@ Aot

AR @GS, SI2 A% AT 7 7 To1 AT 9

419 6B AR | (T ¢

> | MA@ TEfATY epe *fE TSl 1R TSR AT

Vife TR W |

2 1 @ TRIfreR e fofe 1 fegR SR eaees, o ererael

foff ammem Sl Joifds e, S s 8

fafen Totmicre a9 weeice A 9 8T wFle «3e

JIITATS FAIN AT |

o | @ TR A 77 e Wi v% Faca1 ©ive 4fE @



3¢ M FAWM, TR @ TR,

IO aR A ¢ fRuEer g ITmeRdl e
FTEa SAfFfen fwede (M @A SoEle IO (TGS ]
(o0 T 7 (¥, I3 JFIANER 0o = GF6 T2 &l A
AR | AFE TG (T IUB IR I awifde 0% |

8 | IF (T T el 20 T o R s, &S
e, Sefora qa 1 ©GRYT oo fagd Ao
fRafErs 2@ stetem |

T SN @A AT (AT 9T, OF T GRIN (ATF2 T4l
F A, OI2 W AW T QI T (FF T 46 AR
Q199 I QIR T FATLIG a1 AR T8 fSr1Es =3,
O I W6 (AT, T WA T o 3 @1 «F Fi
(At frmgageItd (KA [RGB ARees) TR A9 Y92 T4
AfFTa AR @R T | TGRS FEAR IS ey
e 3@ 77 | TR O M @E M Y7 @ a6 R@{ee A
A1acers FR REw TQF SR W WHAS TR W
Toerd FACS WHY T | TR TS AN (@, TR 7
YFIY TET NEF SGRY R TRWAN WA CFIFS 432
fafEre | oremy B3R (@il (@FF iR e A1 fewy o
TR 71 I8 T @ T T 4R (9 qiRelea = |

Afsfl T2 O W= JIFAF I 1 I @ RIS
A TSN (T NS AR Af2o0fB ¢ e w<9gm 92
Ty T TN TAM (FATS N1Z, O (@FHM-3 FE T
| A e, SfvEw ¢ SrnRee! e Rk a3’
A QTG #AfRTS I QLT |

-FAACAE Tg© 579, Hp-IWT ¢ WIS ISR WS
f@Iw ©ln $ehF THEDA I T FACHA A SHAFIo
FIAC RN AR, GAF WA OF IS A8 7 I
THIZACIR MY #1792 S99 (681 FA! |



— TREEE B (R) W dew

Rew

IS 5AW T fiwmm W @ e am o
fearz AR, srfew, +favrem ¢ fRaEeR Piee Sy 925 @3
TRIGITR S0H Soif%fs (@ afsfims Fies o R[Kfegea e
We IR TFAT NIIT Tz (Ae PN 6T FIC
GFEH FBIF AASR IS HENR) |

fFEm e 37 ARTEE, 9@ 18 Y05 G smda wiftwm
a3 G AWM oRTY IS AT T I ¢ B
fr-srafers fifere @ wfas @ife M 2 s F=a
st @ TR T [RER Fag, o) Afel e e
YR TREFI-3’ I8 QS #H1e1 IR A | *nd TR
It “celBw ¢ FRG =i fifere T wore® $0@ I_gT
TW BE EFIRT 107 @ AE (T AW AR GG
BT (FER) | gues YR CfRSfFEeT @i
Ffaeme Fer SofFfo T euaR *mnda 1o, ¢, AfS @
gted Fopifnn st fNoq o | (@ smigE NefFwe
a3 T (@5 I Ao @ ol TR@RE e, 7%
&iow et e e’ T fbfes 23 @3 S 271"
1o, A, v 8 IS8 T oy fof @ T A= |
AT FNET (&5 ¢ Feg IR *[siag e
TOGG IYH FAF T ‘G IAB-8 Strong Nuclear
Force-93 ‘Gluon’ NS TRPTH o IfAF & SRS A1
FE AT |

IO A S wirge aife mnde wy @ 3% I
SLFIFS S i BTe Frary, wtie T Teafva
Gl ware | (@ e+ e Foafa’ whE s



’¢8 B T, TIYRW 9 TR

AT @ A ST fee | il oraa wwrs svow
A FIR  ‘Marie Pierie Curie’ [t wifsa g
T @fee anffeh (cufFme) fyad aefe
RETR 7 (VS OIS LSETICR T & e AR
MR TU-TE Qe T | AR R TR ({1
fasfe epe (eufFTel (Radiation) Fea Wrer FaRCe @A
fqeTererm TR 41 TW (7 LT8G TSI Belre AU |
T BTN FoIE AT AT @ A FeTS! oS IR
qR ‘oFNq @wWE fArerd e e o whE @n
*FISITe feor fy grae sy weiR it @ Ternfecs
R A7 T AefE @R WS @ ==d 7o it
gt +fer et ®e™oret ofdede w3 | % 7% M-
MO AT TZLOL 868 (STHFTS! AR OT+f *If&q ©1erd Aoz
A Y | R TweA] FSEANE Q@I A0 AR
ARBIE F9re e guste TwT FoewE, TSR ({TF
efefarre s (eafFmens (Radiation) Tumeed fAaatda
et wafye e W AR e g 7w FEEeds
BOEATTR fefFHITT T49 Fission *&fste Chain Reaction
o0 ANF oI Al o5e (eofFel @2 *fE Ty
2GR @R FRAHAE TN FOe R[S o e
IAEE R ING ATNARE @A (SAqTe IJIZE IFACS
few®iae @ftw 9 | =G Fission “afere &fels e
SIS SFfg AR AN O T OF T ‘G T o

@ AF @ REFRMAT Y0738 CUFS FEK T4, T ‘Prompt
Neutron’ It +faf6s | @2 ‘Prompt Neutron' Ffateta=
IEL TR B 26T AN AN T FoF g RefFamms
NS T (S (FA Q3 6% (SEiFTel 8 =& Teog (o
RO F41 |



Sfeamss FB° () W S¢e

“fof4g TR S 7T FEACRA SCOIE (7 ATy ¢ O e @
ARATS I FRIT 9T (7 PIACA) T T GIAS A1 7 (5 8 ¢)

fodr-wo

- @7 Roew @ A7) & e 517 =% @I 997 d g 479
FEET 67 (SO T QP I§ [T | I ] VYA VA WHIR
TS A1 FHS YT IR A G | OIF T ©FF AN WA (973
TINS 7Y | WER VAF @ FAEIR P 9 [goes a7 e Ie
Az | b1 9P ©IIE FFE | ©IF GWIHA WICHIT A I G
(oIS ZCO 2T 7 | WEZT JOG @A OGP, ©f J4eed ffasry e



Seb B T, T 0 TR —

“fofq Srermeen ¢ fﬁa (TR T IGC@ (8T 45, T, eNa
8 JPIEFIFONE) I INIGLS (TACGT FI1909 [0 FZPTHOIRI FIee a7~
IFCF [QEENTR WTENIT M) LI PR P 7 (9 8 :¢)

Uranium-235 {8

foq-us
- ‘Zocafamy wHME 9T W@ RO AT ASTHCA TBTS AT
TS FIFRF I0=T 71 TSWI VW 97 AT FefFIeE W4y S
ST (CTHFTOIT P (WBS TINS AAT | dpoo AT WaR I
FICET FICE TAR-3fF wooifoq TGy @7 (CEIFTOIT I CHuloA PAH
feaan A corereire A8 IR A | WFIRT oG @ (@FEE TRPIT P
L&A (I 1% AR F 2 OIE (FF ONF Tl WL A2



TfTEes FBC () W dea

N\

“SrereTest ¢ ARATS (TN FIIR[CN) W Y R (@I fgre 7w A
T GPTH 73S WERe Ffeg wiaw wrim) ennd afe yiEere 9
(T 9F 6 4FF T BT B @ QAT WS [
*f794) 1" (30 8 303)

- FS-3AfS7 FITHT ‘FIF-FF 7S wALfere S AT AKF FPIHRAA
7B (TITS AT WREIIT IA (P (qGS Il ((vTFTer),
T AT e owd e efefare e RN e ' 63
AT TTHIT FIACY | G WA AT 7] R WARS AP 1S
FI0E | A TSR 97 (SEHFTS! FITHEE NG I FAE [€F 47
T8B! " FEAfETE WEg |



Ser B TN, T2 ¢ TZRHA

“qZ (IR TR O GG Q0T (N, T TR ARl (F e
N TX firFrem Toed RS TR G392 G5 qoeree [RerHtefes
IPes (qmfe WREE w17 SFecerz) IR A G wiad
B 9 SIGY T8 IS FHA 7 (¢8 58 6 @)

oa-vo

- BRT® w1 @ [RwiRd ol 0% | @ (g SSEATE R9¢ -
G 79T FEfFAPE Fission “&fere ‘8w fatx arare F17 Fr=ed
fREfEale IS 857 4179 FCq RO NEIFCT +4[79e I ZET
T2 (S0F g e cowlEe! e B

I@es W 4% (BTN LAABIe AW FE WA ey 432 fof
TZI@I | FIFY AT ST (NfEE AdT FB 9P AT



TfrTEER JB () W Sed

“fefaerera e, ‘W & A€t «FT FeemRTE B TR, T
WZAZ G T 932 T&AS FAI? (X 8 90)

- 3»8¢ TMER ¥ WTH TR R @ Femdice S
ARTIARE QN AS Y | A5 7 NIE & ([N FANMS 22T 757
ope (SEIFTSH TLA-PC WIANF WF W | Y R raee arm 4% o=
CETI<F &9 917 |

WTEIRA B SARZ (TSl 7oy Aard TSI FAGIYT FAL @
TR AR T TG QP | Y [T 97 TSI AF
FRINAIN-97 @ (B M7 TR FACTS B IS A AT, 9 FA!
GBI AIGIZ | ] 77 F 2



Svo W FAWH, TN ¢ TR

HIPoF TAMAGTAR Ty JSANE FECE Qe [ @R
Fission-2 F1f43 Sra<tai=] F1R9 @ 2=-w1gR FACers oidt 932
97 Fission aféFarn Seog =few Afemde 33 @ | aiFfes
TR 0.9% UBs @32 5.9% Us ATE | TR 380
AIFfes TTRfAW RAGA Mg 9FH yos =09 @3 IR
>o5fb 2T Uz FFWIY | (@ T SN AT AR (ST
31 Thermal) WEGF @R wrosifog fNEGA (Fast) @[l Fission
TOICAT AW SIAACE A Fissile element | AF[oF SAMSGTE
Ty WY U2 Fissile element 1| U233 U2 PU239 '8 Fissile ele-
ment; 58 aFfore amra sfear T 71 | Flaw wfers cAfam
(Th232) (AT U233 QIR U233 (AT CATCOIAT (PU239) TAWH T4l
W | 92 T Th22 @32 U2 (F 67 2 47 ¥ (Fertile ele-
ment) |

Fission fif&am @b St *=1q (307 ¥R T I W @
MR AR T & .¢ T9 [HEGH, I ¥ @32 &1 00 MeV
=& Tesiyy TW | Fission [Rfeam Myt Seog 85w 2 2919 |
faferan 9B 10-14 GLaLed Ty (@17 faegq fAsfe =1 simace
Prompt (SIeF(as) RGN a1 €3 atva #famed 327 (>99%
), e efesa weafbe 2@ qeR @ g 7T 4@ @
et fAEG Besty 28 Swars a0 fRefie’ (Delayed) f@G+ |
Gt AR 3% 9T I |

G a8 TARR (SEHTO! Fg Iewmm omd aFWie

OTIEE TOIH] ZOT O (Pl ABIG FAJIIFT FCE I I
31 ol TR TreE e sifgenst w= et I A
TR (AT TZCSF T T=oAg Jioe @ =i sAfasne 1o
*fHrF IARYSIR TFF @9 I &1 F Zeo! N
TR FRWT S 8 woe aedl 2ecaaad fNerw
TrSEA I FAITS AFCS! | (@FF1 ‘Fission’ (1)




TSR FB () WYY

smfere RRIAE NEfFAITT RTFRY WBITS (I ATIE
AT Sroid H1eF AfTd (swfFTe! (Radiation) W3 =&
Teoly T U SRR WK B I3 R T /S
AR (BLF TSl Q2 WG¥ OFF ST TS SRS
AN I FAE YN (S A | (MY VA WA
BTN A T eiFfoTeny 7 faarn wfmes
@M TN T (R, Ok @ TREW (@ W wifs
QA YA e (AR R AT TS JSRATAA
fefFae ‘6239 =" (Chain Reaction)® fa@d =
TOAN ST TSI FEHA IR FACO 7WHY AR |

TR- RrwmRe FeEfEeE FefFa o T eofta e
fqeifie fA@G= (Delayed Neutron), 32 2¥ | ©i ‘Toraf~ama-
235" & = (Fission) *mafere a3 ‘Wega’ s M
FIFE RY I@ AP (Unstable) TSCRMAT-236"-9
FNBHS 27 | T MR MAZ oAbe Afefamm cofreastsd
W (Violently) @ fFefgaifs Rew =@ (Splits) 7% =
AEfFaIeT 9 (78 @32 Jie-ea e ‘cowfFmel ¢ e’
(Radiation and Energy) e 3@ | @2 SRgR w'aoR 1=
fSREY (Neutron) FIFIe Srgednt T | @F 4B HEGACS
e =8 Prompt Neutron (25 fAeG+) @efe Resmes yo-8
ISR () THIR ANGLAI™ F |

P8 o @ fAGA SNt [RUFRER 47 0.2 S @Y
CTFe (2) AR geFH I@, @ IAPENSE FM
‘fermize WEGF (Delayed Neutron) | @2 ‘fbr=ige MeE«-(=
A e ANF G QFp @ TIER (SO TFAT ST
8 gYf&ers aad [IY IIQCIT T AA @R =739




SO BTN, R e TwRSA - R
“EIMZ GT (AEIZF B ATCTR IqF U2 OF 4T IGF IF OF LA
WIS, 4, TS @ TR Foay) A IR (9% 8 GFE FENT

L& NONT 3¢ TSN SINF (WA (AT ) 77w &g @i
eI oF 7 (S 8 v9)

neutron 0

* _uranium 235 atom

neutron ~4.. _.pb noutron

I'4 ! \

energy % rubidium atom

caesium atom

foa-ve
- ®fqce A Zecafary U235 -« sFwids faeiEeT 3 381 e
QPTG AR | 47 W, FIC! G7¢ SHPT (SHFTS! AHACTT THRTS!
T FAE QPG WEZE OIF JBT I &6S (CHHFTS! FIIANZPI | T
FYNZ N A Aard B FCS AN 71 | ©IF WA TS Bfo® 4TF
HB! T WG (VA (VA |



TYRTEIE JB () W dvo

“mAIA AR ABCS G @ @ (arEneEn, fFar e @
feg?) orite MR W1 SN wRIE Ot oY (e R oy fog
TIRCAGIATS AN 41! P AT 39, 9@ (ifereg o7) @ o
eer e fF7” (v 3 9)

- ZCRTANNT (OEFTS! WITEIIT AT (TP VA e FN 7w of
Yoo FMFT TR FING! 47 FAPIZNAT Flowd I faelo Ieqys
GINCR T 1A IWISNT ACTF FAR | 97 KST Y FHO! Gl F9I7
N W77 @I faS WAl wfer G A WA | 97 SOHT M-
FE® W@ AT FHS T T A | [OAT G 97 97T 977
FERIAAITIT 17719 T (SUF [T (SEHFTO! TS IS UTF |



U8 @ TN, TR 8 TR

“SfF 317 317 corF 7fR fFRe (@ T WIINNCE, (@ (I TN
I BoR] -3 DI G (F) 7R 9B T4 6 IS A (O e
Reta ST (79T CHTAR 9T S Wog TP &S IS, (T AT CARA
‘wrEg AET TR @) 7 (Y4 8 8)

Uranium (U-236)

Uranium (1-235)

Impncl by neutron (n)
(Ba-144) compound
nucleus oscillates
and is unstable

(1:-235) compound
nucleus oscillates
and is unsiable

(n)

i /
- Gamma-ray i ;2“
7 e
L 4
L

foq-va

— ZCCHICIT IANYT OIF, (TRCST ORI 047 7% (FIfY FHexoe T
TS M2 77 R PO AP 1 GFCS G0 7 [ S facy 9o
AP ‘Fission’ Tafere OIS AReR Os=Fs Chain reaction
WITE X0H W I 9IS O] BAS AN (T, I7 FBI FEP &9G GF (OOF
RIS (I ST PF NPT ST 7 O] O ALAEr T JIqqT
ACF JJITYF I (TS 7 | AR T (2 I7INOFS ST G (AF
T PR | TOIR oG AGRA ¥ F 7



TeIfeTma? JBr (R) @ dve

“Ig1 FZAVS ffd, 7477 TG AT FATE (F8! RO 799 4F1F I8 @
W&EE TG fSfaz Bt @ [Same Fae), fof F4fawy e (3
FIMT AT TS ©OHF MEF @ GAg A T fAars I GHRT
FICO [F¢71 YA FACS T4, O S G GQIBANI T4 S IR [T

) 17 (va2))
2 J "
ProMipt = - 3
% Neutron
®
Delayed
Prompt - 2
‘ Neutron Neutron
e
Dela_vea ‘ i
- % Delayed - Prr)m;’
Neutron Neulr()l\

-

Deld®d

Neutron

- -
l’rom)_ .
Neutron ~
%
*:3
® .

foq-wbr
- Yr¥ A couETel Ww FAE B2, [FE & e @
792 Chain reaction (¥ [FoNT QUEq T 739 ¥F IS
SIIfETE JIFT ST FICE TN AT (7 3% T IS JE W
Delayed Neutron SIf9%I7 26317 ¥eT 63 M43 Chain reaction-43
Vel 5% 4 WIT ACE I X 43I TSJONA I GINNFA LA

@zel | @ Delayed Neutron I9%01 58 WrEIz7 48 | M1937 A 77 1
ST AFOACF & JFO1Qd AR 4PN ‘AR [



S B T, T ¢ TR

“RfF Jf? sz (BEART-20¢, 97 937, AfE-wTe!, SEEw-v%
FrfIIe) fofag & e 712 (WPIET (OF AFIg O T ¥ | [
Gt Jeerzce! faer (e Delayed Neutron @3 J3%1 45 facer coafara
CilteTd (OOF TS YT FiqF ST T© [W¥F9 FE V7 I G
TS M I§©3) fofF THAH, T qI7T© [ (b9 3 38)

o~ —P- e
Newiron

@ Deluved

it

Newrron
X

Meuron \ Delayed T Promy
Nowtron Neutrok*
» y
-
=3 -
] -«
. Delayed
Newutron .
/ -

1
[ \\\\':j
B
foa-vs
- BT T WIS ST SAIRZ (SO e TSR T4y AT A7
39% Delayed Neutron S7aBT @32 @3 M4y Chain reaction 5739
¥ [T T6IT W-1% Atomic Power Plant 177 FeTelq &g
PN G (Y BINE | [OANE TG IR PG AFZZ T@ 3
FPETT 93¢ ARENT | O SNF (W [N G [A41Z Fh0© @A TSI
g PRI S1E TRFIT FE @I TG O [F @ reg @f i s



TR B () = dua

‘52 RATIRIT ez FAIF N AT TS 4 AW At
¥ | o fAefFaR -9’ (Nuclear Reactor) fafis 2@
R TSR €S I FYTH TV TS THA TR AR
SIIfeFe TRIR#NS T60S AT 7 |

THEA SR AN 07 e id Weeifos v @ 1@
FFHH NI W e @ M T o 2 I8
(AFIND AW [P0 TRGE @ (CHHFTOR SARZONE
AG TS FAT @R THT Fed JIRER R Joifrs
320 (94 TRIIEEe =g ReGA (Delayed Neutron)-a3
AEFEIe W@ N IR AR | WG T (R (TG
THEBARIA 1 NHEFS!, @7 @ @ WHS T4 |

WOUT JE AW, JeTos I TN FJBFS (@feI avu
TR, AR 73+ IR faEcie OF I TGN IBro
I | K A IZPToIG f$ Fissionable element 8 ©°
‘fer=ge fAGa (Delayed Neutron) swg= (o3 fuw ewifae
2 TR FBI WA PO @ TRAS & SHe= 41 50
TR I e (AreE gve (oufFTwe! (Radiation) I
Fissionable element-a3 NefgarT e 77 @Y ‘Prompt
Neutron’ 383 @M= gre M ‘Delayed Neutron' 323
@D A [ ARCSA, SIE ISTM S<IHON TIfTe
FAee e 99 20!, T vy WoI ¢ RSN INH3
(@3 O I IAC! | I i T [ et TR
IRYG | O NIE IAWe WG @RI @, WER
TG, TRACEA 1 (b 8 85)

“QOTAE eI (T WA TS [ (03 3 00)

QIR T Ao < fwnt @3 Fowa e Wie-



S B TIN, TRIRPY 8 TR

T

). ‘TR
TIAIETE,
@A 7 (b $ 85)

2. “fef 7w fag 72
FARA G2 ATSTE
1 PravRA B
AT 7 (¢ £ Q)

o, “RifF arerE 87
FOsod Gind R
(T, T, A
¢ ¢¥dfe Fepifn) farrs
PR 7 (0 8 3¢)

8. AR foer @I
feafere aree 8@
COIS1 (@19-1Ieerd
TIHTT) (TS R
7" (b2 vo)

G@ 6]

TR Ram

Y. WY & Woo RE@ ol SaqiaE
T gfefares e o9 9T oY 8
G WINHE T IR A48 FIH2 e
TGI8 TRl e WA FCR |
VI FACETS S FAFZE AT I L |
2. @ R @W 9 e Igs
fRem 2 sate AR 9 &7 wAe
S FEW | [@W T s o A
TR s Afifde IR | W 9FfE
Glifer smda ey g Afs s 52
AR |

o, fkem @ s @ ciffe w2
s e (2w 2 IR @iyt A A
@R WA Qe ¢FAfS G @
FRFAFS AFIET FHF FAS! A |
8. K@ I8AN (erwGa eod A7
IR wfvenam gfog o° IR |
SfIEITer N QR T | &1
T RT3 N IR W@IGE
@0 4R IR @aATe! e e 1 )

Iwifae sifsorger e [feg wfawiee



TYRETEST J2 () W dUd

¢. “fas% W
eAfSof1ETE 7w I8
THN-TFT T
(33 884)

TFe: qIEZ
SfETmT @ FFGEt
ARG Far RN e
TET TFN-(TFT B
=% (o FSEAAI
IR geferaay
wANT e
e ooy cmaNm
e R ‘ferze
3857 (Delayed
Neutron)-c& 72
FICRA, T AN
@I FEF P18 [T
GF 7H G119 |
GINAZ 7fBT FeTCHT
HGIZT 9T TH-
@9 @ fvgacas w1t
=BT F BT |
IS [T WIET
T AFIT W FE M
Il

TSI feEng afels
e fater @ TSl
oIeRy 7 e fam
7BY Y =B

oex fam ey o1 Tz ®@IEe
TOIF MA-3 FENY FYel a3 8N
@ RIS wig, IR ARy [WCHAL
SRFE FA WAL
¢. TRIRCE N RArewe e g%
e R FEl R JfE TS THENe
T R @ st wiew T
TEILRS TR AN WA | IR
e o WIfREIET NG Tqeny I
@, st TG (ToTPF v, (AFB] @
FAPNGR (T 9F  TWEIH €
wafsrg el e wEwd FES
AR, @ IS [ (AP 75 ST WS
AfFpIE, a8 TR IR A |
Ime R ey e @aefe
FITT (AR IR 7 | (@I9- &G e
fRefFaeE g AEHI SEEE AVCTeN
R}y ‘@ow Ifaer owd [e@rs
HIZACE AN I GFE TG A2 341,
JIF A5 [TFR TE AR [T 26T4
fawa fom, fog S 1R TRefe e (el
AT @3 TS AT AR FA (@I &M
Aoy 5T SR |
I Fissionable element =@ ==
WR A @ e e Ffe =@ =
ARSI FFF & I (12 T2
fae (2t Delayed Neutron 29 <3l
a5 fated | T R =SS sifgm
wo faae Ted Tk 93 Rl



S0 m TAAF, TN 8 TR

ANS B D
T2 HGR O &P
fae e @ @
e vty g
TN § T
g coox fa 9%
@ qfgSh FBIE

HEIR ©AfFfS @re
I G372 FEI
Y faAfes sme
ffe T8F a9ve FF
A &7y @ MR |

fa=rfa WBTe #ARTR 9 | R TG 9 F7
cifere g a3 gforga wIdl s
A |

Toar R TR FewE fel
FFIYR TSR NEfFAITTR T “sfrave
12 -1 M e I L
FfIFIHT Q@ HIZE AT @GR
Fissionable element-93 fJom@w
(Fe=is) s fAfS ‘Delayed Neutron’
AT FACZ T TGV FIAE @ FHe|
I Frorga ALFA TS AT IR
93 ¢ g3d F31 e «fdfoe wag’-2
T w8 famed sem e
gfefares Afen I, T IAN
IR 1 |

“ToWT, (X TN TG HES ST IR b4,
TS CSIAT A7 (AT A1 1”7 (¢ 8 doo)
“Yerog (AENME WY WRIFIL RS
Y I 7 (9 8 W)



‘T TATS FIRT TR

A

“T, corAl & SRS WErwen! ¢ R_R (TRCEF) @1
@ g7 JI@m re sie T fofd wRoe 77 froag o
(eIl 2ro) &S «iff@ " (o 8 dbr)

“foff wemweat ¢ ofedw (TRRTR) e () W
M IR 1" (98 %¢)

“YTEIF AW LI WU Fw AR @2 NY2 o w1iEs
TR 7 (Y 8 L)

“3e, SrsreR! ¢ Affddive (wRfRe) T foyg W o afe =T
9, fFfaedt ¢ Sife epdq Sfs seemER o =
| 1" (b0 2 Y0))

“Je1, NIl UG WITREs, fofN comitin sfesrga (s
SR T 1 (24 3 59)

“Fift SIMe & IR RS IS 399, SN 8
AfRATe (VRIRTY) 93RO FCEWE M8 T OIS [
T8 T T (@ $51R Ay, @ W fF WA? W @, o
ST I T_ATe2” (2D §99)
“Sered ¢ #fAAce (TRRTY) 9T @F (e 70 3, W
8 fFere fHfom % 17 (R4 8 q¢)



593 W FINH, TR @ TR

“sffRATe THA 72 FUFA F7 9IR TPEHEA I [FOR TR

2 3B ARG I 1”7 (W 8 0)

“oi2 TGk Wermedte JRAT (TRWE) R FEH AT

ey, fof 799 TR FEF 93 T I ‘76 N ©f 7@

T 17 (Y 8 99)

‘ol f& % R 7, fFoIm wmR wWivrs e wey aE

JCET? S 6T ARG T2 AT WGRA T AT |
(> 2 5b)

e, WER-R YRS WY WEN AW R 6T ARG

T " (do § ©8)

“Rify wimcs R s, o fofv ga ey satas 1”

(R4 3 v8)

“fof =afb srsitet sermes 8 At (v2f) R et

WO R FAAF FACRA I” (€9 ¢ 8)

“O[Fl I SItMe SEfEe IRieR Mt sifstn (et 1, sf

freim o e sl ¢ Jeifse sk g ©ite W

TS (@3 17 (€0 3 V)

“Fo woF fofy Rfa wzsieet 31f? sty wefy (7f) 932 et

FIoW FCACA &niel @ @HIfesTa 77 17 (*€ 3 b))

“wiotg 7ot (ayrEnf) R SR w3 afsers e 1~
(re 8 5,%)

“(TRMT)  ATONSR oW SREE e fAm Fwmens

Afate TS 17 (90U ¢ 80)

“WY FHE e (EREET) W oA (ST ([T QIR WY

RAIAMI” (@9 8))

“Tify 1o Fal% Y@ e THG I (TAEF) I @3

(ST (IS @I TPHT T T 1" (bd 8 3¢, dY)




T TS FAZE AT W 50

“12 e SieMSAE SBI (TR, (WSIE SO 2W faflkrs

wFed, (TSR W A B3 I75a1 FCalRe™, GTONI 47w

B 99, efeerls #feT S $9, W ©f e $94-8 1”7
(W 8 do8)

“@12 i s «iRiRe I3 fogaet T oftee o3t 73 a3

@Y T @ TIPS @R TR GF &5e =fEE

AR A TAFS 0T I 17 (95 3 ¢d)

R 5T Y RS T T 43 AR T A

FR" (O 8 b)

“IfErE fof2 guw wf¥rg WIw, W 63 ~FAeH W1,

T I ¢ TRt SmAE I [EIER I FwE

VIR T 932 TR WY S A IS I O T

IR Ao AN @ TFgw 1fE 1” (S0 3 8)

“Frerme ¢ fRdre (TR @) cfiee- 1w g

B1A-3 W3 FS R, ey 17 (8¢ ¢ 9q)

“@ e R fearees mfaRE Wi e Ftas of e W

Fam, o S W9 94 Qe @2 TN w072 AR/

@ oo aifS 17 (92 3 W)

“JE, (ST AWACE (TERF NR) =S 4, O Ty &

AT (FT W= F, FBF AV AT I ¢ A &

SRS WOA? 4, WHR-2 BT ALY WAIT I @

AT ST TS WO, TR (SRl (T4 I 7o) [Agys

TORI?” (S0 8 98)

“9efe] @wS argd T 17 (b0 ¢ d)

“ISIR O FAWNAI AT WA (I I T Frow 703 2”
(99 3 ¢o)



348 B TIUN, TIRY 8 TR

“o] (SINITHY AfSoETTEd A6 Zree el | Jor IF IR
f e W3R TR IR SGIRTHE FFS 17 (O 8 W)

T& I3F A SYIEI T4 beifs WepHfse wwgsd | v
AT WA @ RO e oF @ e e o
e SRR /ST @ P R zew Af qrRiRFen
aFAINTG IForered ‘o FAZ@An (Complete cycle) 332
FEATONR TIPS 26T AN (AR | T AF TS
TRIY G2 97 FICHT 8 T TATS! IWIOIR WIS A
AN FACS AR FA | YIS FCEAGARF TSR T02 2T
T4 T 003 A (A @ d80o I I{ FINH T 37
9F 9T FE@ @ @AY @F I IR, IBRS FF IO,
YT @ SRR 74 IR WA A6 I8, TGl ‘T’
QR ‘RE@IT ITETW WTHR ¢ RANGT My 4@ @6 ISR
A Y UIES 9© Ffegel ¢ e fFog AIce A2
A R &S IJIQT Q2 ThZ 92 S e’
o TS ¢ (A e A2 e [ wxifdees g 3,
URE f$fM3 R AW IREIFER gFE @’ | W
TI2 7FE IfR 4T 92 (S Afee T -t e
T fcas |

R B T TR AT (AFE PINH TS B fwws
o1, TqEe T IRBEHE TR iRy FE @ | T
AW, YA ¢ WIFF WEANS ©F [yw A 2 #rex &=
(B3 Fufe AW e lT IR | e @Ry [t w=feem
TR AMAS T, O} OIF IF (AT VAT SWEs 1R
AN Prals @ T Fess At AW S AT E (B2
PR O AR | (1 (@ R Soges! Sew 41 2ol of
499 A N &> T YT ST | (S A WFCOR T



C T8 TSR ARE AR W ¢

AT FESH WATS G e 2fre FER I WR @,
TR FB WQH AEARE TG O @97 97 (a9
AR T R AR [R@R Mgm) s1fEe @A,
T o OIMA (FINR & A gl o1 71 | T fwmm @ o
aF AW AT B TS AMI, (STIF (ANS TOITS (A7t
IAS RN | TR TS TS TR & T qfEa
N A 732 X o 9 181 AR fafees | g+ 73
S g Sl TRt FAE, AW FRA 8 AF R
T JFINGAR FANE ([N | O 9 AR @, 9
TE (@6 (6 oy g g wiiwm 33 o @@, feal
ZACSIAT TR FBIA (AM6Ag® 77 531 ol wieew 71 | &mg
7 TG A6 R AN AR WE Feem- T2 a1, f5fF @
TN B BFI-4AE TAE T €32 @ TS T&wFo! [0S
W@ | AR A [Hn vy TiEa-2 /1 IR WEd eIk
viEree I Wy, ol fof e e [fey safers g
T (AT T2 e T IR TR @ F3fs o 7t 34
g fRwm 4 *e BB TS SR AI-SREwe TR
@ JAER AR FACe o A b iy oW
et AR AR | ©R VYET SIETeIE T wEPE, TR
FBR 1% (A Ffae T3’ Fw s w0 Wik
afefs A s B ¢ vg e @ 7-Jor o I
FACEd TR TuIfe ' @R @, 97 WE @ 7w
T Ao NEe SR_TS TSR (&I A @R |

QAT FEP0 ARCS S I AR A, T A SR A
T 2 e @ Tafees R w2 T e Wity
Al e TRewess iEa AN SAYeR I | W
o W4 fna RSIeR s, Sjfede e awafe e fAw



39 W T, Y ¢ TR

MT2A T3 SIFIETS =BT 9T 8 9T, A6S FIS! ¢ &
Gl IR IV AT (TS AT | W O S (31 RS I8
W@ @, OF Oy 9T TR R R 7 wF WA fAgA
SN (R TR W fSfs ez w<wiby srerer 3z R
PR? R AT WH @ T SagW O @ dAE
TR AR FAWE | TPER RS TF1 A w3 @ g’
o1 B @ e ke el ww @ [Kab-Rem
wee AR T6 WBE AR Weow fFHfam I @t @3k
R Wit foff afs 13rd wite famad ¢ sfavet fares
FCE AR Q32 ARFEA NS 71y qAEeng af i IE |
(PTG B ~Hfaiel e ¥BIIR 1 TR (FIF 43 A=, A
T | O TR AN F316) AR e 2eTF 7 of
IR @Y o (AR o (A T 1S FA & O
HE 7ETR v (A |

O G} ST AT (A ©F B WG I ;MR
@, O @ TS ST AR - AT, TP @ Afrrwe
S FFA g e erred e Jta {wm (i @ e,
&N cmiore, & fafe e T@ftees o dem R spa
I | TR 3B (TR AR =IO W FICAT (T TS 7R
@R AT IANS TF | OF (TRA *S-F0! 8 WA (T TR
ATAGH ©f (S| qFAQ ARI-R AN ) AR (72 | W @
AR (S (@ 7ol A Fhog MR fFona, @R ¢ faeaR
aF oA B! (ARY WEHR-T WA T GF @ qFF Ta@l' 3R
SR Tew, WeAwE, Aferml @e @6 @3, o8 T2
“ffgsjfmeet A «32 o TIEW v ¢ fATEd (F9 9T @
RO ‘WEIRTeR CfeNw O e fTfeRere azdins
G | Y TR ¢ RS @3 REB-feE g e



‘J§ TICST ARF AT W da9

WGS WEHR'F #TF W5l (MH2 I @ s ot 7, fofJ
oY IR M T’ ISR W O IRWS B I FAMH Wy
499 I 8T R wifige zace | w1 5 waw
o7 63 FeST RSy wert ST @Rk Y (R R R
RS NG WO A 47 T qFR A&fere 6t 74 B
FEF G FAEA, Q@ FIGI6 O WANR QIR OF T G518 (@
A G T IR W | AR QYRR Ao @ qE @3
RS Te 67 T @7 ¢ FBA JFIRfen AIIER’
(Cycle) (@ 97! A=A ©f R <42 W2 a1 Pras axe
afsurfs faqr fofq o 12 afsesfs e 3= vt |

N A0 AATS TARCHT A5 I FAeonod ohafex Srae
FACS oI TR WER S @B IR AN SRR F0
@, Wifnte e AR 47 A SRy wwR T R 1we’
(AT S s’ (Stable atom) Jf® Teq W I ey
CHCE GG =D 21 I FAASIE O 794y IS | &5 *mid’
e ~RSiTs et s ¢ AR e g FE o
AfEE e P AfwE ¢ Fraer [ice Afwe &w a
RN T IE O | @ I AER I SE Sl
S A SYfEre WIFT AT AFS VIS 4R &7 WSS
Aot FISTA (FITS AR, JITS A @32 Bl IS AR
O G |

SRR 716 IAITS e IR ALAS (e o qefa
F(R I (¥, TS TRIRTIT Tersad S 2= §of (T5%)
A e Agw | W @ EfEres SN FER TwG (),
74, AR, ToaR WRE fFg2 | B enfeeTz 9 Twase
TfE-2 Tom @ TR | AnenfEern wRR 7 @3, T,
&R ¢ TAGPR T [IRre wRIFOOI L3 Y199 I fe e



S m T, TR ¢ TRIEH

FFNY &6 (A 6 AR WA A, @A O (5T
AfFAS ST TR | TR S WAL I AT §
e WAd es wifacy e @, nenfeem
TG TR TR SRRIFheed e ey A
R ape Afere Sre Ter 9d - @ TRFW 9F AW
wefery e Tew | @B feeym efodmer o F (A
fdifae @ o A | @ IJIFT GIR 97 IR A
TS Srge R S e @2 I @- fof T=ifieys g9
B TP AR TTOI 3B AR BrwCe ATETHSTES
2ba feRe ST bifere FAT @71 &7 BT TN HFHe
o O O I ST qwMiEre 95 ke weew 1o
E0e T WFGTCOIE TN ) AL Ty 2 g3
AR QT TR | TR 2w SjBrde fof amet @
(ATFE TS ARG AT FLARA | QI AR AR
& Trem RN FfRw i fofd of (2t Tprens wore 72
FARA- 951 OF #F (IF O FHI B NN 735 eme
fATrs @ a1 T T TR AL T AT 97 F0A WEAR
SRS 1 (S O ofF (AF WS e (qrdg o
s =R, o7 AT WA, Feemwe, e,
TIHS-TIFNCE I I 932 SRR FETE G ATIBrEI
T, SIS o [BIEa Ty T fve 1 A0 IS
G ST ITAIETS IS GF AW TR WA FIC, €51
FBIA TF (AF AR fS AT, q 3 o carmen
IR R4 TR ©f SIF &) AT 1

WoeAT IR TP T ISTN ATEFRTANS &5 TN
sgibe IR & *7 A N TR I TeTen woe iR
T TR O @ WIATSH 210, WiFFS IR TG (IS o 7A |
Arrg, s, Tp-Np, WE-[@, T, FAI-THAE, M-



TF TATSA LT HLEA W D>

eI, Se-wTo! fog2 A 71, ACF TWATHIR AFF FIST T
*fAre | AT G AT TR WL TS qoF WO
Toved B T RO AN A | TR 4FE G4
Fie Te RoR wpi wIRgs 2@ J6eR T TR e
TEiefee fA6R I ARBER T | ook [/ |
TN FAPA (Sl FAR T TS| ASFAT THTS AR
fagerel AR AT TRFW 4@ FAE | 9F W
Ao Mo TW IR 4 | RWReE Ao /A SR SR
(el WA 9T YR AR /PR NG SRS
STgMHa e R Rum =7 2w Feat Ko Wefb
TR TRFrer fAw ey Affawd I 3@ ER T
a3 AT Abe S FS T TIFCHIOET TG WA *THI
(IO T FE T @3 Rrwr’ 1w 7oq e 2 T
Q3R BITS AGASIIA 9w AT WIS W6F | GOl IR I[
IR YA RS IE TRy o3 M (sifwwd) opf
IS AR, oM TRIT AFR orwEn T porEwea
W N A |

CITER MIPe TAMSRTAITS W] 1S QNN @ I @, T
TS T SN, BB g3 "RAFIH (IS O T2 fofy
fReamTg & Treh T gt I3 AR | AR TG @ FF
TR IGEIE [$52 [T @ 7 | ©RIWAT TS
T wR-wm M I Spm afer Wi
SIPRCT ANfde ey RREIRE (TS HI7, WAk IR
@ TS ORI IS AR 1 | P FoavIER o SR
Q@ 93 G0 AT | (@1, S’ @ G e T o
IR, [WIE 3B S1AE o gufas | Ious o=t Js FEb



Stro B TANN, Ty 8 TR

AR SR eps-_RITTE FTe! ¢ T@H few, ©1% aFG
TR 9d-JreH, (fag-a9m ¢ ey ey wEa Twifte
ZAE WA AR | G ASTTSR (T TN @ (NARE AT
SEIR 2R TR AfSHiez T2 Wez-2 |

Q@ SRYA T TG @ I IR OIS A% &9 ey R
78 (TS AR AL FIA FORF W (A S IR T
TR A AW IR FfF =2 & T FFaeE I
*fH M-V I A7 | FoF o ooz @R I
@, SR THTE T TR &Y MR W I3, o &
TRIRTE 3 @3 *7dies eq Rfey ffim @ e o fa
S OIS FHA? AR RS M (ST I1FW 711 20 AF, O
SR @19 Ere FToy-fRa e Rl w7=12 «s ewes
AR q !

TGIER o e Afts =i ey @ G TR @,
TR WH-RE@IER 7Urs Meirs enifis ey’ Mhrs w@iN
TH-FAA WS ATYAL e 327 IR SR | TR FAQe
T (I Y AS AN 7, 957 Ry oR 1% (A 19 |
TG Q¥ A WPE s 0o AR (S99 (9 oY I TeA
I 96 (7R | TSR T TR T TS, IR I TR
SR FF | TR e Fw Pranss Semes oftdfs’ e
FAE | 9T AN [l [ T 199 F90S 512 |
5o S

Rt
-5 IR qIF 4P X oA, TN BT TG FA-
e, TS, WA, Som-Bere, ogfE cow fFg3 e |



‘TG TUATST FLE AT W dbd

T REW @ g IS T S Wesy s
EE A @I FItd 8o72 [qoaia fed @ | 9"
FIAIZ SR eFifere o’ A s’ asfies @ afes
1 SeRME (ouf SR AAfISATS AW | AFTOIS
IR RIS TAR-Beire, TS, aFf&F @ AR [AS-
feeit =ifes ¢ wafS foe zewm [Reem e it o m
o fofen eofq W e Far Q9 TONH WAPI CFiaR
AFeTETeIE TR weifare Raw e ¢ Mis © ¢ o’
TR AATEE VG SoFTH I R |

SR TRReER R R o Suiter [fite et e
FFTH FaT© A7 K@ oy =17 == *ort T9-TF (ITA"
1598 13 U T Qe | e WofRire W O o WwE
439 FAR | Ta 932 O e T frei wieg e
FECR? AW LEF R (T] G2F (G323 TS S IEA
TR R e (or MR gea T | 99
T (I B e Srel, e (A2 fare fare iR 2 |
T witdd Reite R@Aime 2e oW (@17 [y oy
I ©f (AT e e T €@ qvce e =1 | /9
FTISITS S HIATCH A SITHTA ST TS SIS RS
O W ISt AFCS AT, YL YIS ATS I | S50 AT
e Rt e o' (w253 (Jorge Le. Maitre) St
e RERE BIEe @ ‘Big-Bang’ NG IO &BI (o
FEF | O TG 97 ofS SfEet Reaie Wiag o< IS
@Al A | ST S8y A RN W g 49y (ohis,
AT IS, 8 (FE (RATTFIR A2 W TOA W7 93 fef’
T ‘Steady state’ ToIW TN 2o ©f VR FE | TF (3O
(3% TSI T6 I A 9 R ABe (R qR w@eoie
2 | AT (A2 REAGI Ay WA SFwae «1wg of



Sy B FINH, TR @ TIRSA

“sfdre THR 7R ArEa I G TPEA I, 4 TER e
(CPI7 AGSTS, (17 ST IR ) (PAF P QT (9 SRICHF) B
A5 PR | (WY (F9,) [P WmR T g7 eoF 49
THORIT 7 (s § 20)

f5@-90
- (REGE e RErav ‘& f71-(9359 T 99 WP FI0e (133
e e =reiferg corgrre? ‘SIfewae’ ©2 ‘Big Bang’ ©% GRuloT
FET | O [0 g [0 PO QA 7 (TS ARSI [T
WA AYT@E P TN R [EE 9 awRl emez afedr
IS P | NI ARG ADE N1 SYGAA TFY 7 AR [
TFIF |



TS TICOR TR AL W 3

QTS TR | RA-qen-a7’ 1T o7 g ool gaifere zeam
@3 1 ‘(B8 (35 aurf THiem 2w B | e 39 (@R s
e AEN | dveo AN ‘@8 @@’ (Radio
Astronomy) 28R @1 ‘B8 (B’ AVRAT OGN F |
GOl 9T AT Svvo AE WA (Fold R/ (feeble radio
hiss) ‘Big-Bang’ fA%fits IR (@RISR B0 40 | @3
MG Sp8o AR e @R g M’ Rat-Tpies” 1A=
TN FEF I PROAGHEA g FE LN @ TS AT
o) @2 @ FCFRY [T /TS IFI AT (TS WAl
w19 @<F (Back ground radiation) & 3k. ((FTON) @A
ey Ae Tz | IWRASIE IPFHET JIG A o
TGS 26T TR AT | S5U8 AE §'&w ik feart firg
R AT @32 F]M0 S i ‘(@ fbe GlerEe’
3w IR AW IR A2 TF ‘Back ground radiation’
Tgg SR (AT e SN Y & 3k, (FON) emfe
20 el e WRIRTER fBeg ¢ RA-qreet’ (Big-Bang) faedt
] 9541 | I8 e fy ‘Re-piesns” (e e ImIoR
fafata |

TRt el wwe Ty e o T8 @9 @ wEiA
T (AT FAS-FIE sifae =few @b T2rE [Res (o
00 (313 fiIg) ARITAR @F I 2B BTN IR ST Tyt
3 T
S0Rk.-4 | @ SIFW TRPH T do~8° (IS A &bs
frerme wfbw Tsam TRifaen e s v (Reifte Taam,
AEeg @ fRe-amed, 49-5-a yF) | RewReR i =
ffbT® (Singularity-co) TRRTyE SR &, Igod 75 553
fee1 QG | fReFmes 1 9% =R [ Jee @@
FAT i (AT Q2 AR TR T2 9 9o e



S8 B TINF, TN @ TPRST #

‘o1 [ w Fw A, eI (TS Sy v e e @ e
TINOIE) FIZ WMTe B 717 FARA?” (9 2 35)

fo-95

- ‘Big Bang’ WoIrA %17%093 WA A& w7y famfoce «mrd #fa
‘e @3¢ ‘anfBrEErE R Ty 932 I TR [rwfere T
T A4S T Z0© @ [RAG e J=Ifes F1 faea I8 4107 o
w0z | [REwr @ (o7 FmeE9 g S ‘S (Primordial
Fire Ball).



T TWICSR FRE AZCFE W Sr¢

it SfeeiEs (Primordial fire ball)-3 (o9 ‘(R 93
‘St TR ‘ERIRR wIReR =@ | SR i
TR o7 g8 ({6 AP ‘GBI’ (Quark) (ATF G
(25, fNERA ¢ 3R 7N FY FAF! B 7 @I 2 (A6
8 Wogs sl fiffe 2z <@w diifvs fefe faefgamT
(Nucleus) 715 Ta | 93911 4T A ‘FefFaeT sfowy o
TERGACE 49 P W6 2w’ (Stable atoms) B T
WEN T ORER @ o (AwR R = e e,
(FRME, TFa, 4%, SAaPR W, S+ 57313, 7oy | =0
s’ 32 g6 i (AT (TFT! (Radiation) LT T
SIGI ~WTCdR TF (G (N1 Ty s = am | T e
CTRET (Ood Wfge W 43 AR TyEeifes o
(‘Cosmic string’) e 43 &I TEFSTE SR @
TREHCT SRS eFe NI & Fog 26T &folt o
ST DR AW (AN7ETd TFE FF IR red e
T ffre AR | TE @F AT 99 Tt om-oR
(T&T TFIE o T AT | 9F 90 @R (V9 IF [
AT T T % FEFIN 2R B AT | o8NS TS whk-
SR MR (N TR T Frcd oife i
TR TR AR AT 93 TN 8w 9w
o REifes faaca Tagredd 79 FeeHTel i w
‘e (9 () (AT & TS AE AR T, 4R,
TR Tor | TR emigfe AR (R I RIS
IO R A ‘star city I SR I =W
MEATHOTAR ToTes TR0 A4 et 1 A4 | TSHF 7
AT ATFSTEITS AT &AW 90,000 (FIS THa T fAre Ty
AR | @ Fwd &S e’ AeifEes 29 wo, 000 &I
O3 SR TS ‘@Igiire!’ A7enfHes &% 80,000 (FIH



Shrb B TN, T2 8 TR

“(wrErR) ffAZ =G TRene Serwedt ¢ R (g IIRAT) AR
PARA " (62 28)

10" ¥ sec Grawey sepurndes as a force.

o/
&
é,a
2
1™ sec Inflation ceases : the Big Bang
expansion condimies.

b
a7 e e forve splits
mi v dectmamagngiion wud the weak fore

1677 see Quarks combine (o
make protons and reutrons

A 100 sec Proions and neutrons
combine 1o form helwum nucle:

L IIINCIENE

o v bl e 300.000 years The Universe
transparent and fills with light

foa-92

- JTF fqwe [Qrg BefFe «3f& 927 ¥ ‘Big Bang Model’
VRN [T 19 @ T 7B TP TG QA FNAFNFL (78
IS TFY AT | ¥ ¢ Plank Time, Inflation Period,
Annihilation Period, Proton and Neutron Period, Atomic
Nuclei Period and Stable Atom period.

T8 31 TR ‘TANT, ARG ©1-2 F7 Ak e7-MF [ | ey 7
F 2 PIAT 9432 @I IS 9F G FSF QNS T8IF 78 T P17
WG TP FACS AMA?



T TSR TR ARLTA W SvrQ

“9F G fof e (TQRTA) fAre Tt aaA, T o7 -9
(I8 FfAFra caran) facx Afd=d 1 (85 8 33)

o990

- NG o FARINET Ty Wb AdH KWL (Atom) FEF A7
TGS & 7Y Ay TPy S T AR AR 479 T L
FINPTR TTO2 O GFPONT JYIGIST MR AFYHAZ [arer=
foe7 | AFEITS JZCHITET AN RIFITHZ ST AIMYE FAGAS TS
YF G932 G IS Y050 (FiferE amd e e P | [ewrvs oy
CHFN (AFE M, TG, &%, TAaz Ten R AR | oA FNAT T
o7 AT O WIAHS IS T |



Sty B FANF, T @ TYRH

“qTET ol wreres ¢ RSt (TNE) WS Yarad i face
@ 05 (T, (OIF! 0OF 36 TOLFEONT | LA 67 TS T WG 417t
AT [ (85 8 33)

foa-a8

— 7 A7 w707 Cosmic String’ @S 0 &8 ‘VIFE IwE
Ty e A fAe g MF Sferm Gy, Y9-8 (e ey
TN [FOF B (T | RIS & AT (T ISSTIR YT WENHS
RIS 2 92 (T ©F RF2Z T¥d, A%, A% T7if7 B L© WF 1 @
T [AGIwT T&<7 | TON ‘I o] &3 RONT aAfSwr a1re FAE |



‘TG TS TR ARCIA B Surd

“aIf wrermed (FRNG) A FRAR WA FIORCA 42 WAL AHTE
TP fcwifere @oife 1”7 (¢ 8 89)

oa-q¢

- &7 seoo (I I=7 Yt Big Bang-47 TN & TRWF R IR
WrER orwE RN 84o] AT 9w A8 9F TSI arF
(IR G FI BITRA | TS WAR ([ TG 93¢ T & 9% 7T
g1, GBIS G IG LY IZ7 FACR FACGH @IV & |

AR @Y



Sho B TINH, T @ TR

“WrZ OrwET Srey favda (fefa @ Afer-Hfer wies 93 fofag @
GG FBI ©IF AMATHA) AN @ ARA7 (FWRHF) A? 472 4
T Wy (TR TReY) fofN @ e GR-ww (@) ¥ e,
TR |7 (8 8 B)

,. .h ‘\‘ 4

foa-qv
— A WETE PTG AN @6 70 TIRNF e Srelea ey aer
¥317 FBICF CACA 71 A% =0Ft AW A, A Big Bang 97 WA i B
T ST G AR (R AL W, TG, A-TAaR B
FE @ T TGRS | TG AN GFCCA (BB FACAAS T P
IR SATF FIFZ T I AT | O T TR (VA (TR TEIE |



‘TE TS FRE HARCIET B 35D

“o1a1 5 RTaed Rees-3e fAce S T 1 (3, SR A @

ARF (T FYRY) 97 Q7T A IR B PR UL ARIA
AFE qYATS GF [AF8 TN G2 (0o § b)

foa-4q4

~ Big Bang Model-43 TRIRCFRYT 77 (0 I8717 597 {5 g
R Rl aaRRe 26 ewg 76 Prand ewda s 2o
BRIT faces ©Ifeey Srews 17 e @l @ 9w 9awe @, Fong
97 (I 4F AW FIG PR | TS G AWAF @ A ©2-F
AT LI A | 4P Ty AR A S 29 F



S B TANH, TR @ TR

“QUoIE AW AFICNT (9 IR TGN [y Rewfefer og ¢ oy
EWITS 26T T AT FB WWT'T T (/F) (A8 0 IR 47¢
Y7 2R ordl (Reernaa J4) 3RS &7 17 (b § v4)

foa-9b

- @ ‘T% T T TP 3500 AT ABRFS Big Bang REI
3580 T RE@r g o 9 @G 932 YrRIIOIE o7 #
I (¥, (T2 TRIRCFIAAT TG (WS ST ©INT 7Y AN S T
&1 3K, ((FTSN) R AT | 9F 47 O LIS TS I 1 ddbe
AT O1F @ W AT T AAEEE G2 [GIANT TG |

a1 Big Bang %] W0 |



T TS FRT AT W OdO

“corE ewg AT TS ey ¢ W AT (@A-RG@ITR T (I e
RTFZ) | S A AT TR (P (I TIZIC9Z) FIRT AfSy FArS TF
I 7 (372 (58] FACO (10T TT°B] AIGIRF P2 &f9© F90q) ol 798
g 7fmce TS QIR 17 (b 2 33¢)

oar—-as

- @ ‘s M AT A7 [0 IRF A7 Sdve e SEH [t
‘file ST cAfEIET 6 ‘fi IR BT OIw Cod QITHAIF T 3K.
‘Treares @fec= Sif<%e 309 Big Bang 8ICF e TS B |
47 (SO AT A MR 9F WGRT TAFfCe amfde T T FET
foeG 1 (7 | TIF 9F WEE (W (A2 T YEYS I



358 B AN, T € TYRT

“fefaz (FarR) MyEE aRe e (R@nag wfesr @ Sqabea
T @ TR T T (R A S W9 oG wrred
T 7 (dGyvee)

fog-bo

- Big Bang TRIRUFR4-437 T8 (A 7167 O 97F ‘Background
radiation 3k. I6 Bxe ayfe ‘Cobe Satellite’-97 TNs @
R Fro-TeT AMT I @ TG @ FOI-TOIR 4F VRIRCEIACT
TG @B AARR AREGA ACECE B LA ¢ O AN ASFE
FRCR | oA AFEFE 6 FB (T AR O eI ACAW A A | (PN
TS o A (I Gl 492 TS A0 7 |



I THTSD AT I W b

THG TSI R | ST A" FERYS THG T 26AR TS
LB ARG e ‘(EsE’ A @A @ ofefs et
TGN TR |

o0 IE WAFeH e TQIA FEE AN AW
MENEY Tores oS 70 T FEw | fofd sp20 e (At
SHI® T S IR AEIFR @17 T 8 A7l ey
BIHA W ©ATR THein Fce Aud 2 | fof e 3503 md
@, MENfHeE afefrs fRat-anet’ ams 9 @ Afsarss
(ATE (PR LA A AR, WK AfefB iR s
AT W0 (A8 AR qAY AR HCCR | SO
SCRRD] A FANA! (IECNE TS | “TGIF @A WRS (AR
@, WETHGTA T (AT YR I TSTH 932 IF ST AT
AR e QedlR #it dfs e WL 0,2 AEFE 1Y
ST FAE AL A WREafos fFae ema Tew s ofs
@08 &I¥ ¢o W (a¢ fFEREH) [ I (1w R |1 8
RO SR “REfe 8@ Wenfem Sgw (ATF &F 3,000
fiferem W (0y Mo @I ITERRT) 0GR Tow
IR TF HEETH AfS =TS 303 B8 @S AT | (VR
ﬂ%ﬁ%mﬂ)ve,oooﬂﬁ?{)lwmﬁwmm
GTE IR IS IATITS AMTH; TOL 4B Y I SR T
HIFRS FACS AT, WA ©F e AF Afoq T
A | TEare Fhe IR @3 I BT SA@A weeid
MR ‘E=mc? 2o eifTe TR AR Afoes Arenfaers
(Singularity-cs) &t o4, F§ ©7 (Mass) @@ faes T
TH | @ FIFW 7iEF WO (@ W61 906, ©f - MEnfEwma
e g IR @ RS (WF SR WFS (=B TS AF
TS (A2 9R HIF(SF MG FHER CEAIRE] R I



Spb B TANH, T 8 TR

oy I EETR R IR 9R G qNT wAR dge
TR T 1”7 (3¢ 8 Sb)

~

oo )
- OICEfIE S [ g 392 IR e Tuie GrcE faw
FEEYT S50 FCE JZIFICHT IR A faex @I @D enfF eores
AR @32 QT ATONPZT (F APS AWSTO G WA (NP6 (TP T MA
IR, (X QW T Giford WS IR | Ay @ Ay ey Rowd
e T3 TeAfFe | Wferet TFe 9 A %2 w9



T TTST LT HIZEE W d»q

“SfaZ 3731 7§ B FRCRA (T T GG (TITS AR WIF T (TS AR
) @3¢ fofa 517 @I T GTF FE 9w GAZS [ (Y 8 330)

. 4 B
> B

oa-u2

— fREar ‘fars 3QZ JICIET ANGIHET 350 FET (YT SIS T 48 G511
WINHAI T @ NN FF FNF (T TRICIE TZPREFRT PICY
VARG bYHFE FASNI I FHFI 5 (A ([T 7q WA
" 1 A 9.0 ffeEe Senedd 719 efe Cers @ W WETF M Ay
9¢ [RReIfIBR TT o CoTq A | W¥ By 9T TIE GACS (MR |
NI FBI T | [oTS8 HHZ-T kA JB1 G Wfers | oy 7 F 2



Sob W TIEE, TRy ¢ R

X9 AWITIETET (Star City) T THFIIN TS 498 AT (SCH (ST
(TZI*C7) BIE IR 6 AV T0F AT 1 (b 8 3¢ € D)

fod-bo

- T TFC 9YE 929 L @ 4 w7 Tifers Jaze FArw 3,
WW)O,OOOWWWW!WWW.W
g AT I NTE 972 9F W AR e TS FF AT S
ez 1 R AreE wigte S e A (78 gEw ¢ faeere
IGI 9T ¢ Afog 47¢ 45T TR0 AT 2fSfawre Wb brens |



. — .. ‘I TSR AILE R W LS

“wR & RS, I GF VPP SPCS SPS (AR A
N7 21e F THBIA G GF *ICH) Fp=7 LI T [ (¢© 8 3)

foa-v8

~ @IT BICC INH -9 WF (Spectroscopy —(9) WEANH e e
weens fSq foq @fewaa (Red and Blue Shift) fo5 fog 7A0g OIhd
TN 992 A MY ©IHd S s A Farm



00 W FATH, TN ¢ TR

“AAY WA GACSH (FSIFIIT), T GENETR (2 So,000 G
W) fac 3% [ (be 2 )

Pa-ve

— GITIT TS AT (@I QTN QF SR WIETH (71 0" | 9 P
(NG oI5 MEE AR 1 O Vo TH NEN e yEnfan erme
‘frEfe-et  (Milky-Way) g | &fel araifg am 9 %
AR AN G @3¢ AfSBre T &F 90,000 (G %G AT |



‘JW |ATSA FNZT AT B 10D

“SIf CorTITAT GF (FRRTIR WA Wy &9 f[fR) Ferent g
FER 7 (W $ 3

foa-by

~ GAFR BI0S FARY W EE BT (AT© W AR | QIFT T4 PR
M FE ST AT FRIBNE WTT UG 417 P I AL TT
AT BT (TS (AT [T (TR T 2 [AMB 7 MENFETE) | AT A
TCF 93 A & fRgre (Singularity -C9) 76 X0 VAT X AT |
&3 T MENF, [Af5F 27 T vo,000 (A THT | AT T ATH
9 FZTCTOI BEITS | WGIZE G AT (AT G (FC FE F 2 ToT08
©IRIZ 4P TSI |



03 B T, TR ¢ TF@H

A Ao 28 & 07 | IS TB2 Iaa (71T A TR WS
I8 FEHS 26T T AN (SORA A CliasiTomR
258 BNt WG FIAFSIT W[ W AGCe AE | (@ Lo
A A W ~foeie 2w Ture AT o4 NEE Tors
A Y AT TR RS € AW TAGS W 9F TZTH
fR™0® (Singularity) 2@ 33 | R @ 7= e <=
T Sfefze 3 A |

AfeB eTfars Salke afors IwreorEeens a3t [re
TANTS TR 2T FIFOI AR FAR &) oo g
GF (FCH B T AR I I8 ‘TIF @ (Massive black
hole) | TBITH fR@aae <Rt (AT 1w o4 ofsfs
AAITER WO (I M SRR I8 6 ‘T QR B
fege FAO AFA AR | @R qreel 7R (@, 0
WA (0 JR TIT QER Y 1 MF, O
TSR TYHTOR &R 00,000 (FG THA ©F, FAu=ifaae
PR T g @S GIfqe W TP RS &
FACS AL N | T Y& S FTS A Q2 THS NS
4% TGRET I AT A6E  BIF ¢ BT I (FCH
farmre W qre T2 THEE T TS AR | T ATl
IS FNLT AR (Life Cycle) R T3 | oiF wenifss
fraeg afefs neEfare IR T @ IOAR AT
TrEfe ety (71 e A1 91 | e (RIS &6% FH-(RIT
AR (FrE |RTAE GRS 7o AFE TS
HACET T ANGTT T AT4EFAT FCE I OIF (BI0ST (00
TEgfifa THea @ Frwet 03 SfSrgd IR TR Rrs’
AT FACS AT IE | Y WO AR@- (N TS T QT
Fold @ @2 ¥y, 0% fEm IouN RE@w FetR
A=’ (Computer Simulation)—4 &9 FICS THFA AR -



I TATSA TIT FIRLIE W 00

IR R/ GO 2RI ¥4 63 ISR (Mass) 4R 734
FFT TF I ARH AR TS @R R AT I I
I @ GF AR (Capacity) 1301 SfolS €S (Mass)
e (e T 9 AN Bref® WBfFE (Chocked) foita @3
TEHA-NA-TFR ] I o wR¥ge R @R ) @ T_IYW
e qEeR AR WE @A IR A AIY AR oAfoq
fIfite obs o™ IR TZPTH fICe (Singularity-C9)
oI IS AW TA | @ TIF AAS ‘Mission Possible’ =1
TH, T FEER ART AIEER AT FEIH FOR AR |

T wred 26T WO @I Qe wdwe o T @
A G @™ TR Al 00,000 (I THFATR A 9F
T R A A (e @3 @3 pefw, o3 W
IWSAE (Mass) @ TS TP @F S [7qre wfvey
wicfery o, ¢ 1308 fel-Imie’ (Big Bang)-43 S
SR AP THFY (QT) qF 25 SIS AT (CF) BIof @32
O I eI WS qEd W & [ire wIHE 93
"RIRCFRS <6z | @ eve Regmer fRdfers wRR 4
T YT TR 9IFR TAfSrS TON TS | GOR ISAW
METFLTE GF B WA R TGN OR 517 2
I3 e 92 TSI I <fFarfe Wb kT AT (Life
Cycle) 99 73 vte1C% |

ITARFIN =1 GTBR ‘NASA G3fiee o woemy 4R
FwAd  Af@Ndws  ‘The Compton Gamma-ray
Observatory’ 39 33,000 ffersd STEaE Ha0ga &S
G ‘(SRR 4¢ 71.07 FTF GF WMDY (AT QW
Co1i5T Al e SR | fRre I I (93 R
uB &I WA Wfge @ @FAAIEE (Quasar) €49
e AR TF HACENZG T | S55¢ TR 00 TCSw



308 W TAM, TIRY ¢ TR

“oify Weie FAR TRGTLZT ‘R o7 (Black Hole) B3 | &a=173
5T OF GFOT T, A7 (SINAN TS (GI-[TGITT SHRITCTT TG
AT T 6 GIAE A6 G2 FH ATl A ASrEIROnT wARe e

NS, OIZT PO OIe T6!) [ (@Y 8 ¢ S )

foa-vq

- ofSfs syrEnfare e WPy Black Hole. 4173 F1eig 0% afoivae
TREIeT TE-TFG, a2, TAAR, (PG ¢ AIPR T [P I
T T SUapT WH (BUT AT &I AORA AT FA WO
A G (AT LT (T | AEA-FIA oI A | ©IR AW TG
TG %9 A2 (7 @ (TEIAF SIRZ [RAAO 74 S RS FAe
(AR | W FoCE I (P TR AR P 7 T O O FS
G 4% T #AE



‘T TS FRT HLLIA B 0¢

“ezeIra o1 @I oy S1A% (ARG R GOTET HBT QI THEA-CTFARIA,
TE ST OIF fPg5 SqusAEd)) fofF S1F wcd @I 9w PG
b aare Fa 41 7 (92 2 W)

-
- YIRNT T2 TR St qres [wwea 99 za%- Black
Hole. af$fo sianfaa (w2 9w [ oz sfeg 3fewey fRgarioe
WG IS Y LR | VI (7 (N’ 97 AfSfare ohepw
PFF DI TF TF vwg BT [BR-fo5 F@ A e A 7
faT | QT7d AT (ACE 9F T WEHS T 0" 71 | [F SNeFT I
9T Black Hole! 487TZ &319 WA Fe7 43¢ FTAE TeT |



Y B FANE, TG ¢ TRGT

“corTRl & Wz wrENee ¢ RAT (V[CNT TR AWGS) g7
@7 R 9w fare sre, ¥ fofd wqme Fwy (372 [ @t I8
R ey @&f i) (53 fofe Sermer zre &S a7 (S0 8 i)

Pa-vs

- GAFT BT (7Y TR I O ST FrS fy I3 vefAP o
g A (BIF O INF ©IT BIL7 5L S TR Zb AT (FTH
TE Z0O UF | T 99 Black Hole I191FOII GTad eMAsPId P P
sy FF ¥ | AN ‘TEGAST FAT SRS IqA 4
=BeNd P& CHIE | 1T &I TR ‘T TS AF |



TF TS AT AT W 09

“Srermedt 6 RS (WA TIRY) TR (ReerTrTe 43¢ I89)
famal 030" (SIAd GG &9 SAfEfS G2 B wesfFel GG G),
ORI @ FNES gerF Fq (P2, 7 HH FALEO! I TS A
fARIE FI909) P8 P77 [FAE7 afS o Sl 7 (3R ¢ Soe)

foa-0

- 8999 2f9t® Black Hole f@ona ool T9aE 90 IR 30579
25 oI foR-foF T ©IF (BITET (ST (B AR ©f (7 AE 1 6IF
ere ey Tore fry ®aoE 97 6 9@ WeF [HET 9w
fAeifew zoz | 612 327 ZBIT @ 9F TZF L 5 | GFAT OIF ATHZ
Gb1 T8I | NI F IF IAG 9F [HZ JINT | O NEZF IBI
& (TS WA NI G Jor 77 B2



ot B T, Ty 8 TRIRHA

“W & 7 I G (T AS] AT A WA 43¢ RRACTF I-TA !
TN AT APC TOE WeTH FIS WAL, ONHF G W-GI (FISIAT)
famrdla e g e, T THIFE @ 5O 7 (b 8 33v)

oa-»>

- @Sfaw [ 7%71 SRS feraw HENFT (@ad [#1e Black Hole-99
REIIS [FoNT 95 UTF | TG 97 FNAARCE O SANGT PN
@, TF CATF T TFNT TG SF FICS (007 9F 407 67 g~
&Y (Chocked) T@ 3% T 31 1 ¥¢@ Black Hole ©17 W& o3+ &7
479 FIRCS T 7 | IR 7 (B2 (T @ O GBFIA, G2 WL
R (PP ST WREFINSH | @ oG GFNG WA |



‘TE TITSA FART AT W 10w

-3

Scientists from the Institute of Astronomy in Cambridge have
discovered that even black holes have limits to the amount of
matter they can digest. According to a paper in the Monthly
Notices of the Royal Astronomical Society written by Professors
Jim Stone, Jim Pringle and Mitch Begelman, black holes can
only swallow limited amount of material at any one time. If you
try to feed a black hole with mater too quickly, it will ‘choke’
and only manage to swallow a small amount.

Computer simulations by the Cambridge group investigated
what happens as black holes grow by swallowing material. A
particular area of interest was to find out why black holes are
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not radiating huge amounts of energy from the glowing matter
which circles them as it is sucked inwards.

As expected, their studies show that matter approaching a black
hole will start to slow down, releasing energy and becoming
hotter as it begins to fall inwards. However, only a small part of
this infalling matter is actually ingested by the hungry hole in
space.

“According to previous ideas, the hole should have swallowed
the material without any problems, ” said Professor Stone, “But
instead, as the material fell inwards, more and more of it was
turned back out again and only a small fraction of the material
actually reached the black hole. The conclusion we have to
draw from this is that, if you try to force-feed a black hole, it
will choke.”
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Scientists using the Burst and Transient Source Experiment
(BATSE) aboard the Compton Gamma Ray Observatory have
discovered that a distant quasar continuously emits low energy
('soft’) gamma rays interspersed by an occasional burst.

This is quite an achievement because BATSE observes the
entire sky and does not have the accuracy of identify individual
stars or galaxies. One way to overcome this handicap is to use
the Earth as a giant occulting disk so that the signal of a par-
ticular source can be identified as it appears and disappears
behind the planet.
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The quasar concerned, known as 4C 71,07, lies about 11 billion
light years away and is extremely bright at radio wavelengths.
After painstaking research using three years of BATSE data,
Angela Malizia from the University of Southampton also recog-
nised its faint, low energy gamma-ray emissions.

This makes it the faintest and most distant object to be obseved
in soft gamma rays. 4C 71.07, has already been observed in
gamma rays by the Energetic Gamma Ray Telescope (EGRET),
another instrument aboard the Compton Gamma Ray
Observatory.

The quasar is probably powered by a supermassive black hole
at the centre of a newly forming galaxy. Its average flux (the
amount of radiation reaching our telescopes) is about 1.3%
that of the Crab Nebula, but it also bursts, although not simul-
taneously across the entire spectrum.

On November 20, 1995, it reached its record optical brightness.
Then, 55 days later, the gamma ray emissions peaked, before
fading back to the average output three month later. According
to Malizia, this implies that the source is only 100 billion km
(about 60 billion miles or a third of a light year) across.

The cause of the bursts remains unknown. However, the quasar
population peaks at about the same distance as 4C 71.07, so the
ability to observe these objects in soft gamma rays may provide
astromomers with inportant information about their formation
and internal processes.
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- The microwave background peaks at several angular sizes
where the signal is stronger. The peaks correspond to the aver-
age angular size of hot and cold spots in the microwave back-
ground. The biggest peak shows up at 1° which is where it
should be in a flat universe (Fs# YRA). The second peak is
smaller than expected, which could mean there is more atomic-
type matter in the universe.
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Q. BALLON FLIGHT : BOOMERANG (Baloon Observations
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©. MAXIMA : MAXIMA (Millimeter Anisotropy Experiment
Imaging Array) SIS NASA-3 SIEH0 (9 2TS3
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Universe'- S4ie, @ SIZT 9¢UId OF (I3 T2 41 T,
@A 7' TeRE @ IR 93 IR o Ao ffers
S AR A, WL G T2 A 5 @61 e TR, A
TEITOS FEARMAE | “Such a Universe will grow forever,
never fall back and obliterate itself in a Big-Crunch.” -=€e
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8. GRAVITATIONAL LENSING : ‘Institute—d’ Astrophysique
de Pairs-a (eifsfm F¢s =fpifre asf wwsies e
fofers wage v 2 GRETEReR (Very large Telescope
array) W«J &<If¥® Opitics ™9g 8.2m. ANTU Telescope
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AEAIET 2R 4R IR | 0397 S 814 [[CIFed (Pains
taking analysis) W &@ JFE PEEWE S<KE TR
TR vy I ST 8 Qe (randomly oriented)
T IR 9351 AR E - (some ways) TRFHR JIFR
ook MR @ IS e T I | 99 ome @2 @’
THETOIl G (A TRFEGe JB (Gravitational lensing)
SRR guTR | el @ =W @, I @I qFwe! THA-
I (TS TR @ (light rays) 2R s =eTTs A4,
O B AT RS (T TG W@ Fa WA AT &
e foram waefi® (Foreground Galaxy) =g &
IS ATE GFAT AR (A7, T T OIS NS AR
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A | .
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ATSIFHLOR MAHTT =R @ PITA @R {32 A ZEre
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Observed image (1)

Observer

Lensing object

Observed image (2)

If a distant star and a massive compact object (the lensing object) are aligned along an
observer’s line of sight, the massive object will deflect the star's light to form two images. If
the alignment is perfect the image of the star will be a radius "E. AN Graphic by Mark McLellan.
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I | 91 Big crunch 514 SR Ivmia 1R |

¢. DISTANT SUPERNOVA MEASURED : Y35 AIte ‘iﬁ LS
TITS W4 (research team) TR & AT s
‘la type supernova’-d R®SIRCH AIFA 8 I I
e ow @, TRt Sweser oW g fere @<=
Fogfae 203 A | ‘Big crunch’ Y67 41 |

N353 ve 715 AR (S 63T FoArTArSl-7 A Tegere!
APITIR AAD AN VFIS! SHTEE FATAS! (super nova)-
7 A SegETe! TOIRIA WAAR TAN FEF | (A (ANTE [FIe!
ARG e ATS! SHLER FARCAS! SR A
TegeTo! TORE &) TS 2.¢ = I8 39 (T | T AEES v
7' @ Fras Sadte 29 (@, ST’ TR Ao e
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Pa-349

- @FF Bf9ce G WIENFF ey 9B 6 ‘super nova’ ¥l TR |
@1t faabaSt super nova-3 2 48T super nova-3 Qo B
TITS A1 (T, [FEETS] FATAISIT QoI HATS! SHTeT JoA TS I
FEIS CuETe! ZORIE G T 2.¢ Y TNT W (777 1 9re amfde %
TRS] RIS TAH 6 7N 7Fg A} (RIS 297 A MR,
flat Universe-43 41791 7% | ¥t ST Fwee (57 IZ25079
FAIHTS 5ONCR |

J&31e IS Big crunch W63 7 I 61T FEIANS (7% |
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foa-3qp

- @737 B0 4199 39 WAR- ‘most distant type la supernova’
T | RGN M FRCRA— [FPEIS! AARASI QoA TS| LT
ANAAISIT FID CETe! RGN & MG 2.¢ fad 37 737 @7 1| 9t
&9 TR— FIIF A (IS T (@ (78T (evolve) RSTIA A
1R flat Universe—-43 T3 1 912 9% closed 77 332 flat 1 919 7
& Big crunch ®373 673 71 | WIS A1 (I afere IRfY HeT AT
T | PN O TS (BT RS GO TR |
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foa-39%

— These three Hubble space telescope images show some of the
most distant detectable supernova-stellar explosion, five to seven
billion light years away, which occured before the Sun was
Jormed. As recently reported, the apparent brightness and expan-
sion velocities associated with these and other distant supernova
are beginning to suggest that the expansion rate of the Universe
has not slowed but increased over time and that the expansion of
the Universe is destined to continue. ®1% 5We# ¥ I6AT TS
Big crunch W5t 71 | (I T4 FI98 7FHC TI 1 |
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— The ‘BOOMERANG’ results can be compared with recent
supernova data that imply a small acceleration of the Universe.
The graph shows curved Universes (open or closed) and the flat
Universe case. All the ‘BOOMERANG’ results cluster around
flat possibilities, The supernova data suggested many possible
fates for the cosmos. Combined, only the cosmic geometries in
the green area are possible, almost all flat cases. ©I%
TP G A 7 932 Big crunchs W53 71 |
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Ba-3by

= In 1929, famed astronomer Edwin Hubble discovered that
galaxies are speeding away from one another at velocities that
increase with distance. The Hubble constant (H ) is a number
that represent the rate at which those speeds increase. In other
words, H, measures the expansion rate of the Universe.

IEINA TF H, (Hubble constant) frcare aifae 2o w2 Fwoe
@ FICY TRINT G TR 5e10%3 | ©12 Big crunch 969 7 1
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Ba-so

- By observing type la supernova such as this one in galaxy
NGC 4526 (bright spot at lower left), two teams of astronomers
have found avidence that the expansion of the Universe is
accelerating.

@y fwriorg wal Hubble constant-93 T4 TRIRTH afefarre
SR e TR «3e Y7 TR GF (AT ASTH (I TFIG (7R,
@12 Big crunche W53 7 | I W6q O e TR TR
AFRIHL (P OF GO T T ZF [ 0 WS |
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“fofaZ COINITAATE SIF (1T (9F 9F FR) FIT (T COIT1 ATz
TABfST &wet (o1 “IF) " (80 § 39) |

fod-sbo

= Our Universe is expanding. Distant galaxies appear to recede
Jfrom us at ever-increasing speeds. What is the rate of expan-
sion? How long has it been expanding? What will be its ulti-
mate fate? Two groups of astronomers are searching vigorous-
ly for answers to these fundamental questions using the Hubble
Space Telescope (HST). The teams have recently announced
conflicting measurements of the Hubble constant, a number
which represents the expansion rate of the Universe.
Astronomer Wendy Freedman and her collaborators have used



0 B FAWH, T ¢ TR

pulsating stars called Cepheids to measure the distance to
galaxies like the Fornax cluster barred spiral galaxy NGC 1365
shown above. The ground based photo (left) shows an inset
locating the HST image (right) which Freedman and team have
used to identify some 50 Cepheids. Their distance and velocity
measurements determine Hubble's constant to be about 80 kilo-
meters per second per megaparsec which means that galaxies
one megaparsec (3 million lightyears) distant appear to recede
Jfrom us at a speed of 80 kilometers per second. 4TS &Y AR
VI FAAST | TG AfS IS YIAR WEFT WS bo AT A
TR fPOIT 2 R@ra e O R TSN JITS-FeTCH & FIACR |

e11e Flat Universe 812 IZF°2F79 7417 1fSTS (F91 W6 SR, (T
IR IO @9 Big crunch Y5T 0T F¢ BCIA A1 | NI FAIST
26T FIMI TITLAI[Y B! AT A HF 4% FOGAFD AF TIGH
QT ZIIe PAZ T TR fifee 207 |

WIS-FANAS Big crunch W ¢ 71 | PR AIGIR O W (FA BY
‘76’ IO T T I, I fAfers-[fer a=7 €03 Big crunch WO
TR PR ? AR TN 47T T IR PeF QG IO YOO ©F /T
W A W @re a1 9N I8N [@w &9 wE @RER-
(FFSTT FRIZ 79)- Big crunch Iz 71 |
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foa-v-8

- FAfS PG T [@AG NATST ANF-RF, AT @
TR BT Wy &1 B weF wIdl FAces (¥, WAens I
P FIGOR ‘T (closed) T | T I GRS ‘Big crunch’
FoNE SN [ T WA 77 | ayfFre TeFFO)R oIwd Ad
HRIT AT AR 932 9F TG G I ‘o7 SR [ArE O 437
AT RN 7P MO | WIE (R e OUG R FANAI-Z A1
SR, BT 1ECPE NI ReT T 93¢ WEIR [A0er T3 9o105e
03T © (VTS A L
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foa-sore

- qIICAd RN G3face @9 ‘T& (closed) 70 | (SN S ‘e
3 TS (open) (@ W O GFT BIS (TICA TACR | K@t 37
T (AF NI AP 4 TR IS B AN AS I IR0, T
RPN FIF PIF TC AT O (7R

o312 Big crunch W1 A% (@17 AR AR 7 7 1 Sr@e SR
2ATNIS Z6% ~ T WG ST 432 ©FF I T AZ TA-FIANTG 7]
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foa-3bv

- @779 &% Flat Universe &4 $30% | (A 716 F3e @ $I93
fifere 26T qLA7 (A | e AN Y [ [ QI (NI FACR-
New observation of the cosmic microwave background and
gravitational lensing, distant supernova, and also Hubble con-
stant etc, suggest that the Universe is flat and will expand for-
ever at an accelerating rate. So, there is no chance for ‘Big
crunch’in our Universe.

qoq1e AR 79— “fofa @7 Foeme Ao Steees”, O WS ey
ARSI [ 7T AN TG | HOdT, AR 9 TR
GG FBY, OIS ST (T L AN F 2



Oro @ PINF, TG 9 TYRMA

IS AW 8 T qRg A A i @ s @
PRSI g 0 AT RfeaeIene St wers
AR | Closed Universe X @ @I A6 @S H1, flat @
IS Universe 9012 @ AT AR, o4l T¥R™ @
(closed) ¥ T@2 SIwoe (flat), ©12 @7 voMcs o vl
TEYARAS e (A A9eTed, A & ‘Big-crunch’ IO1R
fafite s=epiae e famm @ TR ww S fKEERe
YT AN YA IR ©f [ efers 2 I8TW Seed
A F-AF @ FHTHEAT NG | TN @ o7 Tyoed @
TS oY I I AW TS FECR (@, ANHI
TR ‘Big-Bang’ 7N 77 (A% B 208 fare a1 seoo
&1f5 (15 Billion Years) =3 (IR 5YW(E W64 789 Afore
(313 M (A HETR W3R TSN FHMES & 20,000 RERE
AN AN TR TN G IE RO ATECR | @
TIPS G FoGRY (N o wreEna (e ww fog)
R TR @it AATS A=A 7 1 ¥ T I & B
AR, ORE REMF WS e fFer a1 @@=
AR ST ?

v. Proton Decay 38 730 IWISR IS dodo T (ACH
FoUN fRmm Rfegeir [ 9=-FSre, s 8 SPpmEme
SIfETCa 7T4a qIRelIF® ‘Big-crunch’ (¥ e (TN FA19 932
TGS B AT TS BT &AMIA & @R <GP @t
MR (A AR @ e | ‘Yoji Totsuka' ST (Bifee
3TAeIia e eTE TR (FPrg WIb NITS wel (Bifee
W o fFEnfaor +Afswm wfes’ (Kamioka) *IRGA
‘Hyper-Kamiokande' FIT ©88.b ffezs Telw @ @i
‘Proton Decay’ &T&3 7237 big 917 Frae foares, @
W57 s =& #nf<a 511% (Giant under ground water tank)



TR TR (IIF ATA? @ Obd

Fo 41 AT, TR TR b5 S (section) AR, Afelh SR
¢o T B «e N By T o s fifew faws #Hifs
(Pure water) ©f$ &4l QR | & ¥ 4T&F bl FA9 7
‘cefiow 13 (Proton decay)-2 19¥ ‘Cerenkov radiation’-43
HETS e F9 Q| Gifde fifamear T fwm s
ToMUgR G [ern A3rw-AAw omafs wfwR FEes 1
SRS ‘(@w Fre @S A STFW (decay) WHRNE
T R @ Zred T2 I9WH wR¥y (/F e
T2 A 0 7 ], ©f [ F203 | (Tokyo University
scientists have developed an experiment designed to
prove that the universe will eventually cease to exist by
showing that protons the elemental building blocks of all
matter decay.)

‘@Y IS ArETe PEYE o-wddE A R W
‘@5 NI @ IR RS A ST B T oA
TS TR (ABH ATHES MG MR ~7q cor% 4w
e Anirde W¥g-2 e =S 197 1 (A Proton is a posi-
tively charged sub-atomic particle in the Nucleus of all
atom. If Protons decay, atoms would break down, which
would result in all materials decaying soonar).

TES, O TR *9a FNefFas wafys ‘@it ¢ g
Ffds W foqfs @ETER Wgw, SR (Quarks)
(PP o’ fIMI Strong N/Force-43 Fq  Ffa<
‘48T’ (gluon) TR AT T(H (oA IAACR | ARCIE
ISP How 8 NOfFMTR TAM o W3 EfFHeE
botes THAY IR (Electron) FAFIE €08 AK
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Pa-sb-q

— The rarest event in the Universe (above). An electronic dis-
play of a simulated proton decay in an IBM detector. It simulat-
ed a possible simple form of proton decay in which a proton
decays into a positron and a neutral pion, which move in oppo-
site direction. The tracks of the decay particles are reconstruct-
ed in the left-hand part of the cube a positron (short yellow
track) and a pion, which immediately decay. ST@R® caiba fetaa
TG MY (BT G LS TFY IS @ [ I 3
@ *MGTS TYRF JZLEI T T 6 (e FF (71 8T |
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(CFOR-9F 2 RIS TG (TEE OIS F) TIF GBI I
AR 303 T T IR0 FZPTH AT (SOI2 ANE A (¥ [y &%
G 0 @R PR TG [RET ¥ I | A @ 97 PRI
WIF T A | AT ] ST WIS BT ;A
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0T CATACRA, T1 '(AGT I AN IS 7S IR |

/|

=




o8 W TN, TPy ¢ TR

— —

9= Electro magnetic Force. 939 (@ F19 Sralre =ife=
il T W8 F@ O IW, SR FEFACR T o
‘@D ¢ AEET 93 TR IR vIE R 2 T
TN ~ANIge WG W @, @ @ Strong Nuclear
Force 3t St Ta a1 Orzraie 637 o I+ TZPTH
FIF! ‘QeT’ (Gluon) 9T TAFRSTS ‘(5" ¢ ‘TR FfAw=
T AmE ‘@RIE (Quark) foAG 99 T@W UR, FE
FlIIRER SBY TR A T, T AFCE AN FoiFaee
QIR I T | TG GIFRONI oY N e WY A
T 9 =Y (Molecule) N I FSA FHIEAIN (39
Af3%) @ TS ARFTI T, TZST MR GITIT AT (BTG
o s fogR fAPoT 20 S 2@ T3 | o 2o AR @
(Sl (AT ATR! IBR (T AFCEE O G928 FH @, (W2
I T, vy SGFerdz Al (= N Afs | (St
BrOITrR TBEIANT ol o RNt e (@, 387 T4
A (PIAIE 7T IR (FIANEAG 56 SAM TR 32 SRS
ORI U3 I &I EF FAD (5B Particle Labroatory ¢S
T AR AN K B o) |

ol @R WHe o TR- MEE fefee & (Weak
Nuclear Force) (& Tt IS o= JIoFoId ==t

IE O AW o @ e ge AW W g 20
TPz Ao 70 AN TRy R Ay wers 8
‘(I TAITS FATS T (S PS-IET FlA! ‘P’ (GIuon)C?F
S NYE @RS deRe IR, FE (@R
To@Ad AR IR CARWGE @R @I @R
el forfe =@ | Gt AN @R @RS TS WY
ey TR e e ofim IR @ @
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ATOMIC GLUE

Q“@"@M ~ In ice, the dectromagnetic

Jorae holds together the atoms
in each water molecule, and aiw
hoids the water molucies together.

oa-sod

- @ 9 a7 *1e I G T TPIS AHT 307 @ T[0T
Y A1 @ fAmaad e 815 (Fifere e e FIO FHFA X |
@3 5747 ‘Electromagnetic force’ 93 F1e IR I8 TSP &S
fT AT 518 FFIFIR I | (FAT- (AT PP GOS8 TG
PIAFIE FCAGS S VI B 1 97 FCT A7 L GG T S I
TRIRAGTE R FANS A7 IS T 2007 | 937 (FAONI A7 &
Nf&TT ST G QU (T A I (I &FIF 51 7 A A
(U ACIT FICe FYBe g 5% 200 09 | WFiZE F12 (T 5TS
43¢ 63 77 G ©f (W TS T FAICEH faur 71 AFIR-T B
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NUCLEAR GLUE
Proton Protons, neutrons, and
{postive charge) the quarks they are made
of are held together by
the strong nudear force.

Down quark

Pa-3%0

- @ TYRF MR [ 93 305 ‘7197 el foa @recs
QTS FCF ‘CABT fcTt ‘fA8GT Pl HfBre I Sfw M FF Strong
Nuclear Force-43 7 a1 ‘367 (Gluon) | R&M WA 9_IZ©
IR I @SN TF WEE QA (T W ©ICE YZLOT WG2 7Y
(STF TG PR WY, od, [ ¢ T 752 w7 WG w7 IRce
AIFCI 71 | T AR R AT 0T T A W VIR |

FIANAR @ T AE @ qIAEr 7 AAere I8 6% w51 7|
AR 7T | A7 77 F7 AT AN ISNIZT W ([TENSICS &SP S

® I T |
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Proton
(positively
charged)

a5

- A ) I 97 TR @, THR0Y TS GifET 86 e
Weak Nuclear Force- fr INFSII aSINR 0T (731 W17, O1ZeT

& fE7 FrFe q© Faw W, W— @ Z° 9143 (@7 (PRAE 7S
W calfq ¢ [AEGT FAPIne G Whw JET MYT TWINTE 9
T FT (0 | T (AT X INT TN AT IETT T 1 R/
T IR

CaRe 9% AT IFNG WEHRE TFY | (T SAE qw e
FfETT qENG TG | W @ FAE TSI BT | [ AT
T S T @ I |



obb B FIWH, TR @ TGRS

fafen Tot-wiafes T2re Ff9em Femea w601 | fTms et 3
RTR @, 93 @G7 sl A 2 Fores HE e
AP WFE “M-@ (Gamma-ray) e 2@ 2F | SIw=
AT WSV ‘(@AT-(AGF (527 == (Proton-Proton
chain reaction) @ S TG A |

P YZLER W2 T w2 ez (Gamma-ray) 71 =@
-+ AT A= (Gamma-ray) ISt T8 SEF A1 71
e T |

o3, SrEke vy ewfie Tk @, 3 TE FEfe «fE
(Weak Nuclear Force) (3 Flo/FeiTd A& S ¥ T,

TIRTEE W+ 8 'Z'0 FIST (FOMR-a TR ARSI (oed eh
@EETRE 4RSS @ ‘Proton-decay’ W@ fw, w=
SRR AT o %y s A [ 73, ate
T AW ST N I AR WY AR A | WY 7 A
AR T @R ‘TG’ T U AR TR A5 FHAI-2 I
A

TSR T TRCIT g [l I IRG= I AT )
@ @ ~mfore 7ee 399 fof ‘*lwwiq’s ‘Proton decay’
WE-2 TfFex IPEE 8 a7, T 7 TN SR GITT
FeEE TS F==yefamest wmeely e TR |

oA fafd = @, T FA @ M 9o @b [, 71"
T IO T AT 477 WG I AR, 949 T_EF T
IR B e S Il «IB I W Y N Riews
@itE @3 W izt aea [ivws e o 7, o=
st fafeeb qgres R A2 7w T aRR aawe 5T
TR @ A @, @ 3 @ e wife fem, o Aftafee wwgm
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foa-553
- WRd CTRE ST (g 1Y afe I30S ‘A (@ipT 53 eI
(EBT FTFEI TG FIFRI AW-17 (Gamma-ray) B X @I

@I WIT GG AN ST I M I FRER I J
WICETIEHE AFIEI® FNQ (TG TOrF Gl *If& w7 I BT @ONT |

qeR1 TN ‘Proton decay’ [E &) (@7 &I 4791 (St
i 20a1 7 A 6 W& We FF AN TRIRAT ©Y AEF SR
O AT | ARTNRE RTFRVS 97 I8 THIRIY 05 1 AR T FT &
WENF WES (P 9F AGfore & FNFZ 6T WX W | O B
I oY O ARgeT Far |
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TR TR A AT @I GG AT TR 472 (T
TIRW) [ JIACE 5FT AR TIF, IR O NG FOSH |
f53% SR A A& 7 (30 ¢ 99)

o339

- ‘Proton decay’ %31 86 Giifere =& (@ 17 930 foed 5990 78
IR AT ARAIE (O0F 67 WG s’ TR ey TG AT
IR 7 T AP IG 8 *HEF FAF-Z 7 Wfn G wens e
FNBF 9HCT |

ARG T AET WA [FRE AWwF @A &I (792, ©IF @ AW
TR WIS ST WA (IfEE S A AEes O S (e
fAf5% II (PETIT (BITIT “FFTF HFHE S (P 9F Tafore | &3
RTF AT 9FTG O A[ToT 9FF Gl |



TR TR (3 A7 W 9%

“Jya WRY T g aNE TS FgT WOR AT | (NG (ST
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o338

- A1 ©1F Wefao@erd ARET ‘Big crunch’ @817 TR IR, 68
IO AFAFCIR ARt YETHS FIFCe [ ©FF P AT NP
MA GOR G932 (NN IR ‘Proton decay’ f#¢71 86 ciifers =&z
g (@I G SR TR qZET Foey YRR N g [
0¥ [0 2w WwT

oA WG T 8 T 7 76t R I RTI Jrod @
TR AHIN PR, WO Pe GLHAe [ & 9% o7 FUT awe w7
GFIE IEIZ FoNTE WA (PIF 7L W F 2 Tos [6fA% 9vwra 781 @
T | TETI T (AW AFG T FIZT TSIAT FAE |
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oAl [Reaad efgeea @ ‘@bs s (Proton
deacy)-3 T4 fT=>ife (S I I @ WA IR ©f &9
FACS T FES I AN TS A15F FAEE N 341 59 =9
T @ T R R FA-E@FE @ agfE T SelReen
TRffbre 1zres [z 3w s ARE! 9P @ [
@ AR wWel A A1) R vy 9F5
QFRTIDT Mg Ahve e @, IR 9@ e
w26 ‘Big-crunch’-93 LT WY 58 4@ @ T6AR
ATAG (72 O TOT (FI5 T AT ©f TEI8 77, g
IM (@ g TR 1oL Jrea w2 A NefFee
TAMIT ‘(5w fSra (Proton decay) WGITHI T IR MR
Mg TR ffe Samm oL Ao GrEe Feer AN
oz T g IR | @ TR I9AR [Rwr T |oR
TS QAN ooren o9 |

qIF TR TAAEE ISR W IOAW N (&S
fAToMER A ~ATEsIR =19 51 B etde Afe fre 51f |
-

3. SR @ TR & Seoo @b 39 i€ ‘Big-Bang’ AW
9% &be THRTFAT g T2 93 7 (s P 7wz |
3 R 138 e i veice gdw ofers vy I
(expansion) T3 BTICR |

©. Big-Bang TRIRTHR(Y WSS €I THG (AT e
SiefT@ (Background radiation) R3S TEE @ WATIFS
S1el (hotter & colder) “=FIR Ae& 9 FHee™' (Subtle
ripples) AN TRRTY TG @I wOW WIFE B I
faarem= fz=1 | T ‘Inflation’ SRR AN GIIGS! (AT I
@R o WG @ e (flat) ©f Wm= ¥ | ‘COBE
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@ ‘Boomerang Projects (7 &Wiere IWISE G
FCACE | | WOET ‘Big-crunch’-S603 71 (37 #if3ra=is tod) =<
71, @bt ff5e se7 21 |

8. ‘Super nova la’-3 fA6ISf @ VRIS! @FdR FeEB®
il® TEER (ramnent) T o [fdaem wwaw
TS AL el FCAR (A, AIS| QPR AARCA!
faasa 6 @ [@Eq «fe FAF A (e R
oo (flat) TR 1 oA TG (T2 TGRS 0,
T IvF SRETe AN 71 @32 AR -‘Big-crunch’-8 963
qr
¢. Gravitational Lensing °{r= ‘dark matter’ J[*FeItd
qifige A8 YIRS W 7= 8 ) e I 1T TG
(Average density) #f¥if$s w@%E (Critical value-3) (5TF
TAAIEPOLd W, A WK I8 o Ay e
TRITE *ea eigiey 3B T TRPTEB CORE T ©f AT 7T,
1% ‘Big-crunch’-8 Y6 IR (72 |
b, Sma 7RI ‘Closed Universe’ w3 392 ‘open @ flat
Universe.
q. S W3 TRR/ST AR G @ios Ffawa e
w2l §a% (Proton decay) WOIHIR T, ©Itex TRINCYE
fafRee 3% AFIF FEfFA (St 77+ AFIF I ARG T
(TS SATA (fraction of second) T4j2 & 2w AT |
“Afee7& ‘Big-crunch’ &R¥IER ¥ WY AR (241 d¢oo FIfS
JPTCHT) TS (I 1 |
AR ‘TS 8 W@ A ~ITesa ewfas 2z @
TR TYRST T BN WIAR AR AR 7E (F)
fAOAe emitam ML FMAZ (BIRT *FNFA 5IRCS8 Food
(fraction of second) F<AG® (FAIPH) T A |
HoA HE-FIHH 4T TQoreld ©ifel [ 11 wifed 7Rans
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T FACR SIMA2 7o) Al S~ s zre, @ e af=
@ RS &7 |

‘TR AT @ ST (@R, 9B 9F T 1”7 (do 3
u8)

G} W ‘9T TR F IFAA 0TS NGIER A
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T N, g o (77 wo-ATH wFG | e, THG B I TR FEA |
Neutron (WE8G7) 3 I®F FTHOT Unit- ‘ol REfe'-7 fooe vz a9/ 50
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W 1 TS s MEbe 3eqe ww yio-fm 2w (sufFrst (Radiation)
Troig T US|

Orbit (FF4Y) 3§ T MR T 9 W @ FFT AT Bow
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AR |

Quasar (CFIFTR) 8 GRTH M sRfrarags ATEm a7 s wigs 332
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Solar System (GE®eI®) § Wb TFae a @ 7T 4z, Tz, =g @
22 TUHE TSN A G THAA WGP IR T TG AF, THAR
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