THE THEORY OF
EVERYTHING

The Origin and Fate of the Universe

=2y N E Al
)RS5 131E

[ZEE]HFEE3F - B & Stephen W. Hawking
BEX i3

¥

s

W % A AR 3



FHfR YR 5 AT

[ZE] H#HS - Be =

PRI H AR



B-HrEmRS H (CIP) ¥

FHE SR, EWES5EME/ (3 E4 (Hawking, 8S.8W. ) #&F; BE
= —Fa: MR RRAE, 2012.5  (2015. 4EEED

H 4 E L.  The Theory of Everything: The Origin and Fate of

the Universe
ISBN 978-7-5447-2786-0

[. ©@F- 1. OF- Q& II. OF#H¥%-&LEY V.
(DP159-49

Hh RS BB ECTPE IR AZ 7 (2012)  36082324%%

The Theory of Everything: The Origin and Fate of the Universe
by Stephen William Hawking

Copyright©2005 by Phoenix Books

First published under the title The Cambridge Lectures: Life

works
Copyright©19960by Dove Audio, Inc.

Copyright licensed by Waterside Productions, Inc. arranged

with Andrew Nurnberg Associates International Limited



Simplified Chinese edition copyright©2009 by Yilin Press, Ltd

All rights reserved.

EZEREFEIC ST 10-2009-061%

o & PR RES HE

B & [EEIES - ES
rH BER

TR Bt

JFSCHIRR Phoenix Books, (2007)
HRCRAT  RUB S R A B4 A B 2 ]
VR HH R

bRl e 5T R 15 ARE, 2 : 210009
U4 yilin@yilin. com
HARAEMIAE  http://www. yilin. com
2 B R B A R A ]
Bl R VIR RUEGET R EN S5 A PR A
B K TI8ZEKX1000ZK 1/16

Efl 5k 13.75



& =R

A

e

i

2

121F

201245 H 265 1201544 A 259K El
ISBN  978-7-5447-2786-0

28.007T

VRIS P 535 B SR 1R Al 17 E A R 6

(FH1%: 025-83658316)



o LE AT I T

20t FARA) T

3yt I

Ayt IR IFAE AN A

oyt T AR 5 VA1
s6uF B A ) 7 1A

BT a3

EALIIBEES

INTRODUCTION

LECTURE 1 IDEAS ABOUT THE UNIVERSE
LECTURE 2 THE EXPANDING UNIVERSE
LECTURE 3 BLACK HOLES

LECTURE 4 BILACK HOLES AIN’T SO BLACK
LECTURE 5 THE ORIGIN AND FATE OF THE UNIVERSE
LECTURE 6 THE DIRECTION OF TIME
LECTURE 7 THE THEORY OF EVERYTHING




PR

il

Wiy « W ES 1942 L HSH HAE T ot [E A, X—RIGH 2
A = F AESH. A8 e )m Bl AR R ARSI K52, 1965
IR K AT A L. AR BIN1963FE, —+—SHER
gozWr BENINZEgLE, RIS RAE, B s 0 55m vtk
19854F Ji5 5 e KB F e YT, 5 A N Be il i & & s R 58 K
NE /N SR R VMEAE f7 2RI TE] . RVE B ikantt, B4
ORI MR i SCHE R, AR T 5. TS, R R RTR I wF
FERHAR T — RSV B, BANATE NI BRI RS 2
—, AR S RREER, SRR, k75 2 R
LRl an19744E Zik N R E B R E R F R A R, 1974—19755F 1%
N5 [ R TS e 9% IR S /R PE VR RE Ty 2%, 1978 SR SRR M - B g
PIEEAT 0 B iy 22 —— B R AR « ZINrIEAE, 1989 SR1G I [H 1) 8 L
KRBT

EeAEMKEN T REMREEEDTEMNBZ . 528
2, ] XS RHES AEN] T 2& A mUE B, O AL R 3R 1S
1988EFIR/R RN . B X BRI KIERE HREZA, MUY T
SRR AR E B, IR IR 2R B — R AR, TR A A TR
5 R ERUCEL, XA B AR “Eetm it .

B AGE - MFERMAREREER, WHZ A AT
FHE 2 o R S R BRI — MO SR B N A BE N KA AT
fit, AbEEUMEE PR EEAT R, b e iE A A A, b s
B2 UORTEVHE. EEENIEZ R EETD, s 2= (e



Fs) o ARSI RO, WREGEE — T, el
MiEd B i -BEEmRE Y, L SR EE S 2 AL RN
LT RIS .

AARESEHI N — 3, S5 h-GUCHE X IRz AE AR B B &
HIPF R SE M Rl AR DB — R AP, HS Al BEIE G 115
B TR ] N ZRAZ 45 P aR R T B S AL SR AS R B, LA K
MR A . @ P EA+, v D2 A5 i MWE
A A HZW RN RA 22T E, UK IR IR AR
PIEEHLH

ForRi T BRI S ()1 2 A0k, 5 e (RN, R
FIREIE, DLRIN A S, VAR F IR RE O S LA DR A TR
Ot T HFEITM, A EW T 2500 A 2 A AT
ERIIEME AR, B 5 RIBUNTR B KR AE T i e MK e . 7E£5] 7
BT, AR RG] 8 B2 I E T SORXHE, 2R a3
RETHE, EEETHERE A RZHE QR MRS BRI
HR TSR A B E AL —, N EER R %R 7B,
s T8 TRR IR, AR EXELSTR. £ 17T
HAEIRS 8 25, e N ERIASIABHEE —— “7IW%
Z I, By SR Mg 3R, DLRERESEPTE W R AR P S A
HAEH], X IE R AR W R R ) TR L B R — .
FWN— BRI — o, FATR & H R AR 55 DL NSRAE T8 B
A HAT

TP, A HA SRR T8 1P IR, RS BT — Ik
BIIRARIRR “IRIT” o« b b, AR NHRERES, DR R
PR BV B 2 MR SO BRAR, AR IAE 1 P ACH — Ak B
A CRIE=MC) et 2 AR AU — AR R, T HIE A 7] A AR



FARRL A RRABE TR IS I o A 9] B8 70— B3 R i i A
—EMERE, (HRXIFA RS W S AR AR R E R .
B BB IAE T, RnTBbId Yy, FEE RS 1T 0] T A AR
RIS, CLRITE K — Lo B B0 2 FEACHE 2

[ T+ 19 25 T3 T AR KT, B SCHIAR IRAN B IR A AE BT HE e
B AT G -

R

200945 H 13H



5]

jilly

PR Z PRI X — R ATEEE, R W BATH AR T 2 A
FeREE, MRERIERIRIR . 25— Uhh Pk fay 2 ml g £ AU h A 205
B A TR, AT S B AT 78 R B n] TR ARy
TSI 5

FESE U BB U B ) ) @2, Q] DA A= TR 22 R B 2 ) 7 o 5
JIELRHEWT, FHARERSHN; ERAT KSR+, W
FSEH— BN RHERE, 1210012320012 5 2 A B3N s 1H]
FHMEERNTLT Ko X 2N TIRE, FH N IZH A,

H=UAN RS RFAA K. H-BAREERE, BFHFEE KW
KA, FEEFIVER T RAYEEL, AT DR BB MR 52 D5 0 1)
JUSCHRT RS, ARAE NEAA L, BRI, B —EAIR,
TV IR o A48 AN AT BE 7 BE M SR TR kiR ok . A B, RFRXEER A
K= AFEREr, FHREMNTNEREARIE - PaH. H
e, [ R R - Ma B —— X R, BRA SRR T
F R AS Y Jir P

FE 55 WY UF b 3K 2 1) B & 7 e fe vrae B AR TP, R
T AR AATT Phrfiti 2 B AR A BB AN P R

55 U A S AE R T S S T R AN T R

IR, s M EESSE, WaE DA ERGIRN, HiFd
b, BEBERLA M. XA BB R, ALeS g nmgE.



SNV P E R I R RS, B P S gl TR] R A2 X
PRI, ABIXRE . AR T H A A A, el BLRDREREE 25 A0
KRN A= HEHE LA .

wa, S REEERN L, MR TR g
w, LRI E 7% gl hU R s A e A BAE . —
FRBNE— i, BATRs & FOE PR 57 w7 A BRATAE 58 wh A



B ARFEETUES

BAERNITTH3M0E, LR EZEAEMPE (RKiB) (On the
Heavens) —Hirh, g aede H NS NEIRITIEHE, AIME B s ER 2
—ANEER, AR —WERE. ', MAERH R REE R T
HBRIZAT 2 7 ORFHAN H BR8] . HUERAR G E H BR LIS iR 4 2 R
(1), XIS R G EROYBRIE N A ge . an Rt Bk 2 — A
SFRIEL, BABRIEA & R4 Z bR FH 2 B ST B E A0, 15 3
BRI T AR KT NG [

%, AR AN R AR e Bt anbe, r A 2R AR A2
FERTHHIAE, ZHALMLIX FrE 2R AL BRI . ARG IR KA Ay
HE T AR AL B 2 7, AR 9 400E B A B Al T
HIBRA) T il it o i b iR v A I 2 T N ke, AN AR T RE 245200
o fnsg, W E 2 ERMEL 0y H ek AR R P .

BeAh, A i NIESR 7 b Bb RO ERIE S = . 94
A A28 B0, A5 F 2R, REA4 B 2INE? IE
L2 EIONHERE FF I AZIR, WK AER. A7 2K E R E
FIE B S ERIZ ) . AhTRAE, TR IR By, BRI T
FH A, 1EEESI R R ETRN .

noe2thzd, ZFREE RS O HERG TERC T — o8 B T AR
o HERGL T ts, ERREE A REK, 2REE T HERS KRS
fE A DL AU I P A B BOMAT A, BIKE . &8, KE. KREML
Ao IXEAT B e ERUNMURIPUE Bisg), 1iix s B E %
By T L SR R A ARLL R ER B, H R B P L B B 47 B AE R A Y



RoRBEN AT . LT me SIS RER LA 2 — L Pl ] 5 AN sh i) fE
B, e IRIRARNS AL BIG R ORFF AL, RN A — R R
TS . BT AERIMIRIRZ AN SRAT 4, KRB A PR TE %
o, (HXH AR AN SSATI  5 A (AR 77

FER)E FOB AR 7 — RO & BLRRE B R S8, & AT DA SR T
ERMAERTSHINE. (HiE, N7 IEFINZSENE, THEA
AN E F BRIZ B B AR P BRI I I I8, foedf IR ) Mt g R
i R p)— 2. XEWREFI I HERE LS IR PE IR L —
o FEENEARNFIER R — A, EREAZAEEE, R RE
A ARZEANRS, BARIFAR AN T LA B &
TIEENEA U THEER, BVES (E2) il 8HiaT.
AR — RAF AL, EAEERIRZ AN R AR T 1 [ S
] 6

SR, b Je b « AF A JELE IS4 SR | —Fh Dy ] L
A, e #], A A JE RO BHRE N A im U, R B A2 T Uk
RO, AR ER AR, KALTF O g Az, B
HAAT B & ge56 RFHTER SIS Fizggh. S8 ek EmE, =4
ZAE ML G NTANFIWFE 2 7ARR AR H, BWAL R
FOK, AEIE LA« RSO ORR AR B . i Rg——IF
AP SCRFRF A e MBS, g FH L BizHR i S i 2isshUE
S RIFAEEMRT. B -2 8= ISR HE 14511609
Fo MEIM—F, MIFIISEIF4a M BT BB 2, i B i 4 Wi B
AAEL

A CERIMA RS, e fE EAA VBN B2 (Bl i H
50D EGERBIFPIEZS). XU ETE RAEIFAR Y B £ 2 AT
B PR AR L R LR G E BRIz g . 4R, (598 m] LAAHE I



BRALT 545 0 B e AS), AL ERENHRE LXK
HERARRIZBE, BACNIRMERE SRR LI 8. R, +=F
HEBERMER PSZ T .

FEIF — 1, RSB A B MR T2 IR, A AT B is 3
PUEAZE, mRMhiE. Xa—K, BTN SEss R 25
FF 1o BT E S, WESUE RS —RRE e iR, i H S — b
AN NRG R, RO AE ARSI R B SRR [5] S SR AN n 5 R A5 58
18 80 DA I LT 5 W00 25 ARG s AR A w5 A 2 AR AR e, A =4
WA T HIRE A ST Roe K izsl, iR $iE 5 X RS
e IR A .

HZR 7 Z2FRI168THE, FWA X has 1 igee, A4
RETHIAE (BRGFRIEAEE) o AR B E R
RIZ 4 IR P R — i oy B AT, AR GR T R
PARAE 7S [ AN (A g sh AR BRI, T HIGHE S 1 0 HriX Kiz )
s ZEA A e AU, AEUERE 7 ia 5 e, XEE
e, FE P e R E S B AR T AR RIS, PR
JFUEROR, VIRTR BB, 51 7y aties . 12 RO RHE 71
FAAE, AU A VRS Eok. 0T — AN R B4k i
FALFIFA R UNGE . AR NSRBI FAAGE, KT91 Tr) EAEZ
b FUUB R bR, SRR AR 15

At — DR, RIEARAEH, TS TR R H BRIV A
R E S ERIE By, A 15 b Bk ORD LA AT B S VR (5 P % A2 8 K FH 2
Z). SEFAERIE I FE TR BORIRAR R, RN TR EE
NRIRHIL T RIS B R A2 PR 3R G K FH 1) 12 e 1 22 e AT A
AL E . Bt ERAT PR, fEEZ S S IATR RISl HEEE
ZERBFZ R LR SGHE AR, R BRI



51, 1ERNZBUIE ARG K, A AS AT e IR S A
EXBEHPRES . A, AREEERASGGIEIIH — R L2

FIRAE16914E 5 25 1 55— AL BUBUS B X BB AT « ARFRIR)— 3
fBErdadl, WRNAARBEHEEE, LRFHERSKAER. H
re 7, AR SCHERT U, WORIEE ROV TR, HOCREI S
Mo A AE TG IR RIS B, A X MG DU A 2 B, PO I X E
BRVEHANFEEMEZNE LR O R XMHERZE ATIRE
SR PR A TR USR] X 468 R s B A — 815

DR T, B R gl ot OSSR —
RALFARA TR B A LI ZBIEE. ARAEZEZJFAIA 0
B2, R — R IEIRERE, Mz ERZ —ME IR,
HAP P EEMSMIE AR IFEER . IERNER, WRAE LRGIREX
SR AR N B eE R, e TR BN 510 A, Aol Aa e
A MRAE A WUER, JRRA e IE 2 S FOR KR & E 2 2 L X
A, e BE AW N P . SRR IE A ] DUAR I N 2 /D it 1
N2 A SRS, HENT IR ARFFABI B AT 40 . BAERATH
BT, AR SR T HEA, H 5] Kz & —
U EIvaP

FE20 T 20 22 i AR NG i 5 v IR AE T 2K e i 2 v, 3K
N FRHE S 7 B R . B O AN 2 W,
Y EE A MR B — R AR PR R IEAAAE, Eae A EZRAWE
IS 24 00 A Y ok, i HL 3 e B AR I AR ZS 5 4 R IRl 381 A1k
LR e TR RGE R & B o JR B VFE T, A AT A T AR
KIERHEE, RN NIAEVEF R RIS r 2. REhiagE
Wz, HELT, HFHZKEAZR,



HIEA N SR BR S BRI T A T Re S i AN, i1
AeEZBEIFREFHEFEL TR . Mk, izl ek
SIAEWE, IMERERKIEEE EMESI NF T, EREEA 2T
AT Bz AR . Ha2, gnl B JE IR A B4 2 IR Fr
PHTIRES I EE R AR 5] J40K Bz B B IE 2 I e SRR

SR, FATIAE NN IZ AT A2 AR E M. IR — RIX N
LRSI E DAY L 3l A IR CP TS i<W P = (WPl 10U a i eee T
T FAIRER . X EWRE IBLE B RSN . K. 57
— U7, EREREZAMEERAEA, Kb EX, ZRMEE
Rk —5 HAHTE .

MNATEE Ty, 6 TE BR S T 8 1 57— A it 2 A8 [ 4 22 K
R A « BUARHrIR ORI, FsE b, HAEE AR ST 8l B
PR T IXA A, HEEAAR823F M L EMAR A T XIX Y
AL S H IR — iR AL, XER&EAZFIAAN ZRER—
R E . WHEZ AT, £ DRSS TET, JLPFE KR
H BRI, AR IETIUBE R AR . B, AT 2F 2%
PREZBRIA eI, AR B2 At . BRAG X I g R
&, oK H BB E A G N 32 247 #E AR B R T e gs 1. (E
&, WORTEBLESEantt, A RXIA it = K2 B k0, IF b
AR I E B A 5

N T8 G A A IR R 22 AR AT SR BH S TR i S F) 45 32
ME— R AR e B fE 2 IR AR RO, e R NI £ E 1)
I 2R A T ha s e s AEIXRHEDL T, &SRR R i VFie 4
W ARAF ATE 70 IR, Bl S e 2 Pt 06 2 n] RE 19 R BIA FATTIX
B Xz gl s —A . 2o R e lE 24 Ry E TR
R?



T Z I

WA, AT 2 e AR R T . IR B
SR 22 S B B B TR, BRRR S, 5
R T3 S AN IR AR A IR 2. 2 F LA ALK RE— /T
S ANER R, B A SR AN KRR TR IR

AR HERGETAEMP (L) (The City of
God) — iRt . B EI THH, MR RA R, mIRAT
WA TR T IXIOkE, MR R THRIE R, AY T,
NFE—R M EEFHEH, HATRDEAIE T RKIRE. AR
P18, A R NI SCRA I 3E 2 B 24 bEFRATT 0 LA 1 B8 A T

Wt (B —B Pk, BRI T PR AR 58 82 2 i 2
N TCHTH0004F . A EBHIAZ, X — A B AL — IR ORI A 45 R B
AT, HUKIALI 45T A JCRT100004E, AR ARSCHl C & K
1o 5, B AR 2 B Al A I8 SO0 A B R E
M, BPONZBN T RZHR IR Bl AT NSRAA LA
R F T A 25 FORE IR R A IELAE AL [ . A1 C 25 8 2 T /U I P 32
FIRY R T CHIRE R IIR , F IE AT T A BE A A, T AORT HAt R R
ORI B, AR IR S Ukt [m] 21 SCH F S o

YR AR —DNIEAR EAATES. LU FHIRE AL
W, FH RS N 0 A, SR bR R T IR R S )
A NATTRT LSRR 25 AN [R] ) s A2k vl B B A B B & . B30 32 vl 7Kk
fEAAAE, B BRI A RN 8] N b Ti280 2 4, 1iia 3 5 A6
FFEE L LG R AEAE—F . HRETE192940, BREE « 153258
AT TR AR, BT RS AL A, B ) 1E R L0 AE PR
Wiz BRI 2. 52, FHIEEPK. XEWELD LA
], RARNZE %R,



H b, PAE KL 10042 B 20024 /T Y FEAN I TR], T AT X 2R
RE S L AR AL A

X R I e A T T R ) AN N T R RV . el M
MW, WAL DIRZ N RERSERIN %], AR 5= RN, A
1M EL LN TE 5T Ko INRAEIX Z A 8 B — 2, I AIXR
FA AW B IR KR — V). BB ] LRSI AN T 25
&, BN EANIA S AR LI AR o

MATRT AR AT — MR, BURRIEBR %], X MRE AR X Al
OIS T A2 58 AN AT o€ o Nz om i 2, I TR)A 7 R -5 BAR >
LN M KA £ T2, I 78] B A s 2R
e KRB FH 2N A NFARI SRR 1o X T ok
Ui, IAFED L ERRPE . NATRTRARAE, B i SErEd 21
EENZIENEN V3. 707, WRTHIEERK, BabLirs
ey B, ATRDRUEE DN A B ARE T — A . AT
ISR AT LIRSS, 2 EarE R ERE G 7 5. a2 n] DA
KB 2RI 2 B3 526, AL eiE 7 SUe i se i 7 i B b
LWL IR B2, RETFTHEAET REEZi 22T E
MHT o — AR AT E AR QU AR, (HE B SEX G
A7 A] e 58 A A AR TR I E T Ve L



B2t EIKE T

B R — N RIERE RS, IR B 4818 i 18 A 42
AR R RV R . KHEALLK, AATT—E DR Rt 2 %45
o RAZZR] 719244, KERIPZHEIRMEE « WA RS IRATH A R
HARI—TE . FxLL, ©FEEETFTFZLHMNER, MER
RGeS BB LT N T UERIX — /&, 15305 20 g 1X L ]
AME RIIBE RS . FATET DA e AT U R R B, v W e AT R e
R Kz s s EM A B2 . BE, JANE RS2 £ K iEx
T, XEEEEEEMNENAR, eNE LEEeB A8, B,
N5 5h S R () B2 1 7 kM 2 EA TR R

U, AERMALEERGR T AR LE, DREERINEZ
o T AT EEEAE KU, AT LIS e TR AR, T2
fERERA E EMTRDEEE . M, ERIATVAIE 7 HAME R — 25 21
JEREE,  wn] LLE I e e AT AL S EORHESE N e AT RS . e higilk
VAR SRANESR, HelEERAES 2 PRI ER, &
TAMRARDEE. T2, WER - NMERPRITFRZRERE, T
AR BT B FRERCE . XK, T PLTHE AN B R
PR MR A DA [E N2 R i TRUE 2 S IR 5, IFE 2
SRR, A EREE AT =G 7. EidiX AR
7, B EE TR ERKES,

BUAERAIFIE, A HBACRZ S ] IR 2R, AR
RKARKPZ —, MENERNGTHRTACRELE . FTAVEFE N
ZERETMERZN, RELAI0G6E: BFETHRIEEL, J



B ERGE E R T OERIEZS), RAR—FE-RE— AL 3K
MIRIARBA RAA I 2 — BRSO B 2, e T H A5
BHINLZ . ke, B2 EMEEE LCRIAIE ) TigK
FINIR 2B, TEAR AT AR AN A ER P AL T 1 A L

fEREMBERERLKR T, DETE EEEANHE —BIEE /MY
TG FAIA BRI E 2 B RNITEAR . B4, EREABEIEAFSE
REEE X PR WE? X+ 28 R Z AU 2R U, ME—af DU 2, H
AR A RPN N RC Bt . AWK, IR A KBE S
PR, A 20 R BSR  H D' 4H RS o FR) % A B s —— KB
e, EFE LEMBRILAE. S, 8B B o B
B AJFHER R A, pla] DO 2E 2 B2 R0 . ARMEER A
R e, EARBUERIMER R, oo 5 R EIRE Y 7R %
HIOGZ T RIITE Ol 74— . XM AT DA s 1E 2 GG ki e 18
BN E. &4, BATRINA — 255 5E PGS A 2 o ok
Y, 1 HIX SRR BB A] ARHE B A FANE . AT FE,
P 2270 2R o R — AL B SR A BTG S/ AFAE RS 2 Bt . [A]
b, REAE A R B SR DG Rk T IR LB A B
XF, ] PSS B A IE 2 R AR A R R TR

201 2020440, R ICAZIHIR LG M 2 & 8 2 AL G I
FEAROURAE T e TR R R R R A 5 BATT A ARTAT AR e 2
THOAHE, (HENEMEE L mies), HAAX A% EH .
XFut, e G B ARE 2 R T E R AE s, A ARG
PN T, BCEURE TN, HIRNET 2 EEAN . EHHT
AR E SR e & R I L, RS B AR
KW S, ST AR s iR ik )y 3
I, G SR R I T B oK EE BRI . DG IR B S IR 2R AL B AR AL



Pho Sebr b, EEILRNM 2 RN, T8I IE BV S R
TOE LB DK R B, A H VG R TR L

FEUESE TSN E RIFAEZ R, WEhAE T i 2 F M ERIZ —id 3¢
B AR, RGN ErIssil. £ mE, RSB
B AW R EMILE, Bk 2 EMRE R MNiZE 2NAH
MERHZ. Bk, JAWBRIIa NERERIOVE LR, A
IR RS, XU D ERMAZE RN E. ESNIZHK
e, WENEI929F KRN RKRY, REERARKA/MAZEEL
W, ARERARSERNMERMRIEL. 52, BERBHT, TEIERA]
IR EE WU . PRI, X TR T 8 AN Al Be 40 2 B A N AR A A8 AR A
RSN, MRTFHFL EIEA TR . AR Z], AR R
[ Y PE B — ELAE A g oK

RILTF BRI, J3220 4L — T KRB dy . FH)aK
B, ARV A2 — D ANERIX 5 RS AN %
~RERE], SR N ST E RIS R4, B, T
B FFEHIFA LTRSS, MK . R TR A
KR, A5 S E ] S 2 2 AE IR AF I, JFREZ P e . 81,
TS AR T R e R AR E 1 FE T 51 R A 2 DL I AR 4%
ik, MFEHEE —BEARMKEAK T 5. XA A EGEAERECK
2 Kk, L ETHI R B RIE DL . IR KT IR LU R, A
A9 2K EFILIE S, JERE T da A Hhm B . B KT
HEERTHEAGFE (LR TIEL) |, 5 A & DT e Fl
[, T2 K o Gz, 7K i B ER

fE19tad, 18tHhed, H Z 1720 i B By iy (8] P AT ArT isf e, R
L4 A] DU AR 4 28 450 1) 5] 38 R S i 1 iR AR . B
&, MIRTEHESFHGE&EARKRE T, XMES—HIESE20



gyl RIE 2 PIEAE 19164E Rt B 1) SUHXT R 2 1N, Ak
RS T AR T IIRES . Bk, v 7S T ROy RE, &
RrENT B S ER M TBIE, R EGE R R R SN T
— PTG 201, HHARAE
I TTRIANR 2 A AE T+, I ) R ARR BT BAR Y 08, 1 i 2 45
T B B AL RER 73 o 52 DRI AR A 3 i S 0 B I o UM AT A 2 ik
s, i E A AT LU T T A A R g1 AT, XK E
R FSTH 4R,

Bk, R NEEES SRR UL A KT H . &2 HE
SEL RS Al — A B S 1 TSR 0 4 PR A, LB L SUM T
B AR A i, RE IS ALk L 5 AR A
TR & 1

HEESEAL

J7SCHXS W T RE R T AT R TRl AL, SR T IR L T FE I TE
MW E . Kk, RS RDREAE, hlFEdlE 7 mAIE
WA BRI — AT M ENEE, FEE RIS R
B, BRBNGEMEMA AT Mg FE, RGBTSR R
PaI SRR A AR B, 95 LA 2R 7 RATA N Z I 5 5 2
AR . SEBr b, MR R TS T, RS
19227 g RTINS T MaZh I I 25 3R

HL b, RT T MR IT 1R RAR AN (7] (10 BB 28 f& AN AL
e B, FRATER I & b i H Al PE B AR RO TR L T — 2R R RO
W, R, EE, WRBAINES REETHER, BaM
ANFT ) B RE R REH KR ERAFER . Brel, AARTT A%



Mg, FHELEERILRE LR —FR, EXEA s, B
PRET P9 Bl B2 18 KT 2 AR TR R BE S

FERK B — BN A, X996 AR 2 R ——AF v s 5 d 1
BRI —R M TR R B . R, AR — IR SE R AR SR
AR 7 EA: Sebr B IR AR 2 B R e BATT T A AR S
gk . 19655F, LEBTEE U MM U1K S5 2 AR i) P A7 5 [ P 22 22 K bl
IRV o A B AT « BURE, Bt T — B R BUE R RR
mas, HEZMT5HE LR EETE TSR, M ANREERZA
A, AT BLX & HR0 & Fr i B e = L U0k 5 2, mH 2
AR S - IR AR BARATRF € T 1R JTIRIS, A AT S FRaRk I &5 b
RGPS, A A B R bR, (B DUR PR ——
fEER . ARMIIE, SRR E KSR W BB, IR SR} 2
LIV PR M S R AR R R THUR SRAS R, DR Dy =3 R 4% (198 17 5 3 BT 17
AN AR, KAZ = B HEJRL,

TR SRR —T7H, ZRIGEFIRARITFAZL, Frilgs
RKERSIEZ S 0, REHMBRIEA WS M B, R 5%
KRizs), HAEBAD—Fh, TWHRIEZB, XFEF A RS
AL X VEFRYS — kB R R4, HEKBRI RS, B0
IR F BE b R Bl i 45 M AR5 17, RSt =B 2 &k 2B AR A

FH b, BATVRIE X SRR S AL BA R FT, R 5T R
TH R KHE 28 KOV RIVERFEE, BaFwH —Emes
A FE VR, A RRE ERZ . SUAERATRE, Toie WIRAST5
Al EF, RRMEE R A A B TI 2 —. L, 255
R AEE TG 2 H DR s IR i AR ZRKAESE 1 96 B4 & ) 5 — A

B



ZENZAEF IS TH), ANz A3 PR K 5 0 P S ) B 2 X )
WSO AN T 4 o RARZR BT e G . I AT IEAE SR AT T
A e SR — R Al BTNz AR R, HEERE,
SR EREIETE RN IR G 222 b AR S A . TN AH
IRHEN N, XM IE IR BER 2, JRINAE T MR 52 7 AR 5 g i
oy BT B DGR ILAE B 2 MG BiE M ER . AN, BT FE K, X
PG N 2 AR KBIZLHR , D1 B it AT K R A 38 I N Sk e
St o 3 50 A AR 2K M U IEAE 3 HOX AR, 525 WA RIS
AT TAER), HEREIE QOB T IXMEES . 555 WA
IR AZ T AR T 1978 E 3R U VIR, 7356 3tk 5 AR AH 7R B ok i AL
FAT IR

ERVIUESE 7S 0 ], AT b, T ERESE
PR, R BB X E R R 1 BATE T/ A AL B N iz 5 A
Ao WAFRA— A, XRFRWRE QR BTN 2 ) G 70 22 R #
LB IATI 2, A FAT IR T FdH Bl A, Xk tn] Bo
A7 MAFE B RERE: MR AR B 2oRFE, AEA [R5 A LBl
FMFHBFIE R PR, RITCEmE, XIERHRESRE A
1B -

H A I BT AR AT RHAUE I R SR Bl e XM i, BATHZ 12
TS X — e B2 T 1 ANBATT A B 1 2% A4 7 1) 5 5 2 2% 1 R 1
o, i T O AR E B RS AR AR, AR R AN R T .
IR B S EA R, P i 2 REED T B . XM IA R R L
AW R — AR B A5 T REA R Bk BEE RN, AEATH
APERZ B PR AW R, AH AR — AL ANBE AR N IZAK 1Y
Fals o ANMLARIE, TR A TR] PR PR B ARG, DA A 22 TR TEL R 2 v P T gl
BRo Jeftist, FEMb RIS, ARMPA AR TR A G )



SEARMPEREBIE. e, RMRENE 7ERNABNZE E
AR MBRRE AL, 12 PR BRI 16 2 X R R DL o

REBREAS Ty, HWE T foiigs &, (295 B S
TAEFET 7 —E e NJn. 19354, SEEWH AR E LM « BRI
o B E 7 KWk« YR8 Ul BRE 2 R I i 3 ST Ik i e 1 2R AL
A, FURERXZ G, of BLAR = R Rt A o AT BT RN .

RAE I B S FUR R T — MR, S8 By e Al i P AR
BT = RANFMRE T . 7E28 — SRR, ol 2 o LIS = pr Rk B
AR, FH RSO, LR TANEE R A BRG] 65
X P RS, HFR&IFIL. 25, ERFHEMER, TE&F
ORI Ui . AHRBE R A AR AT IFaG, AW K2 28R
B, ZJa{E@d AL, ERHRAENE.

FESR 38R, TR R, Rl Sk Al gefi 2 1%
1k, ARE XM EAKGE A R . XA A Q12 AR 8] P &
WEITIG, T2 Z o DR RME € A3 BATIE

BJA, BAFAESE =2/ T KR AR Ma i e fRIEA 2
NP . ARG OL N, AR TR PR B IE 2 N F T U6 I K 1 K
SR, J2 BAH Ly B R B SR S, At Az A5 T %L,

XS R S R ADR Y, —AMEREE BRI & T i 7E 25 A
EIFAER TR, EE ARG 51 EH 2 2 18 5 AT
Sl BO NIRRT . R EAEH R E A A E T
Al EAMEGE T L, AR A SIS B A L ) b, e
AN NLGIETE T L, AP EFRAT IR R S . 5 —
b AR S AR s ] B A B R N, AdE R =48R, AR
BRI R A 4k, B4k ——W o] —— Ve B E R A IR, E




Hig e — R ERBL BRI A BN A, RN A A
s JAHBEATKEZF D], HEIET SCHXHE 5 &7 7752 A R 2
ZEEESK, A R AR A (R RTINS [R) 25 AR 2 A BR A, RN J1H 14
PRERIA . AU GE FHEEME T, HFRESERH KA
—— X B A AT R A RN AT, (EIX TR 2 K SE R
B30 BONR DAEM AR WA kG R SE E— Ry, FHIRER S
B NE T ERRETE AL IEE AR RS, ERIRAT IR
ARG, X AN AT HE LI .

BiE, WKk A SRR n ARG IR B TR T o Ve ? 28 i 2%
SAF LA IR RE 2 I a6, Wele 2Kz AR 57 8 T BIE X
AT, AT BERNE s . 3 B I AK R H AT
WY FE o A0 RX AN BE AN T A B e TR, 53 R T KR
R, MRS 1K g A 2 PR ARAT 1L . L2 % KT FHE
ST EAEARRIE A IS AL RZ AR A 1L, 578 = B 4

A F 2RSS, AT Ay DI R A B RO B IRAT TN 12 3
W, REE T H AT AR . X2 DU AR E RS . 8
17, A A PR B R eI B A AR R I A g, 0 25 SR T AN KRS
e AL, BATIITBERNTE i 5 B K A 2 B 1012 SR AE5% 2 10% 2
) o ZRIAT, FRATXSFF 5 H AT 2% B R A € PRt e K T

R RATFATAEHR TR 22 AR 1 A2 A v T 68 0L 2] 1) 4w e 2 ) R
AR, 81 RIS U2 A 5 38 ) e ARt 4L, L2 B o R A B e e 5 i
WARAF L R R E N E 02— PRI, BRATIRIE AR R AN P 2 R
e AL TORERREY R, RE A AT R E I R, (%
TRV B 51 J7 %0 B &R E B AN S URE S OE s, 34T R DA
MEMBRIFE. &F, REHERFETERB 2T, FATAT L8
RIS AER, ERINKE R Z B NAFAEE 2 KRV, 9



ViR = 22 R s . RTTE IR ok, HEmRE
iR LRk iz I J R 02— k. REm, mirits
FAE T AR TR 21 (1) 2 A AT S BT, e AT B VF RE A 3 i 11 2 o
JEHE R BNERZ AR A5 LUZ 1L BT 7 A1 S

i LAk, H AR SRR T H R AR K Z K~ &. H
e, HIRNZIREAE . AT IE AT AN AR ST, B SR
SEERS, R EETE R E, 205 HET10012F, KHNTFHE
SEZIK VIR A — B a] . Xk R F L o HL, B OB RN
fRERAFRAMI O RERM RSN, SMAKROARFE, ROiEE
FATHI A FH I FERLMTA T KL T

KIENE

FI A I A = R — IR 2, RIS 2510014 2220012 5 R (1Y)
Fe— g, AR RB AR IR NT . X I ZIF O KR, AR
TR I LRI 2 il RN AT ST K. RERA, 1EA I RS
IR SRS 17l A E DA R

HATH = E AL A B AR R Z T DA B o B 2 2 ot i
1, Hi-FPE. Bk, ERBIER S AL AT X L B AR ANRE AL,
PRI AR B 2 (R 2R T 95 K. X R RIS AE KR NE < w5+
A, WA RTRER A eIk E L 5= BT a0, JRIRTET1E
KBNS, AT FE B2 8. el WL, Gn SR 3ATT IR R TE R LK
P B E, A TR S A KRN 2 A R B e A . s BRATT T
o KBRS AT RE T EARM ORI, DI SR AN
FOARE A TR AT R — &2y ik, AN ZITENIHERAAER R
b, FFERRISERAAR AR, Al2dn T Kb .



V2 NASE RIS ) 2B — AN S &, R B a] ge7E T 1X Fhl
SEEBERBN T MR TG, (B—hH, REHSNTESF
H 7T RBIERT, JFF151FEIERNERZX LS (XL) H—
. ) ATREAS R KIBIERLSEL, MUWETH TR, Hrh
BRI 2 SR BARRCO R E S TS . X — B0 T 19484E = i1 %
FALEIR Y, HH RS o BT D « RORE AR SK 3 g S
SR BRI PR, AR TEE NI - BRR, EE SR
N NG A ] ) B A R A . 2B W& 2, BEE A R
ULl HARZ S, TR AR el ok, —SHn A
REAERE R R AN Z B AW I . Rk, ASLE S 8] i AE AR
B b, THBAFRIRERE, T8 TS R _EHE A R R

FRAE A BAR Z RS T SCRXF R in AR FME I, PAORUEY) 5 REAS B
QUAEHK, AP VRO AERARE AR, KANEFE. BT
NEAAEL R X SR AT . X ANV R
W, MR AT ERM R, HAes h—Bmh . nlaE i um sk n LU
WHME. HhAE-AHEE, LN FEWNIE ERRE, W
NE A AN RIS, AEE A28 € 2 AR N BT E 21 1) 2 R BR —
PRI FLZ S AH A Y

201 L 50 E AR BIG0FANH], LAES T « MUKV E QI K — it
RIEAZE, SRR T XS R E A 2 TR S PRI SRR ) a8 RO &4 K
FIRRA N TARRE, R X I P b IR 4RV R 22 4b, T
HE5IR N L IE 2152 . Xk, A4 A AR 2 59 IR A BRI LE
Bz, mismIR S L ROL . TR R AL B ARER N, R AR
A EEAT H o R B PR A D

RIS A] B RAE BT AL T 5w RS RVE R X
By I A DX F S YRS B ) 1 X Sk 753 /0. B, B n] RERCR



B L, LU BRI T AT BAR R N, S IR H
LA RIS Z o TEIC HUMR— PR, AR5 AR IE A BEAL Pl T 1) 45 R A
T & A, 19655255 M A EUR b BT 5 L A AR e S [ R
THEENFEELMRESHFZ. Hit, RESHEBAEALS KB
PUFF

N T B A SR AT 3L — KRR, IR i B[] SR AT 27 A o F) 4
w, MALERERIEZRK I RARE « FIRAY IRAHEE 5 « W SRs e iR T
19634EAF 1 3 — Izl A ATIFR Hh KK w] RE A 72 o LA S AR 1) —
ANRRE], X SR 78 H B AN S LS T B R R IR .
v, ERA RS BT il KRBT R, AT 96 LS =2 A 2
BET - DRBEET R EIRESRAT, g2 RZE AT
[FEEEIF AL B . XAk, AELENZEANE e AT F—
PLE B ENTT 7. SR, ESETHE R R IR AR AR LI RN T
AP, eI s A SRR F R, Prel, s ERA
TfER e E RS X GBI THRNME B, eI Z2mtt
FEEELmE. Wik, HATRBAKR T 8 WY R T R e AL
72 HHIUAE B8 S AN I A B BE 22 S5 s BEAE IR I Tl O3 4, TR
HHRRL AT BT B RS S, RV R s, 5
AR 2, B r=E R8s RIERIEE B FH M. Ba, BA
EREA REA AL S T H RS A SR T — IO e ?

A R AT AN GBS e Pl R P S00 TAR, R ZE0E FUIXRE — R i A
A, e A S g EAR S ARUARSSACL, 1 [R]INF SC R S T A2
KA EMEENLZ3) . ABATEY], BIEE R A AR
IR I B, X SRR R PA— RO S . (HE, BT E X
Tt 0 R A SRR IR AR R b A A T g B —— R R I T A 2
R HR LR € BRI T g 8. AT, W] DS S o B A
S, A RBIET R, BRNEA, BEEBADBRTE K



5%, HEZSGATHL, Wl NAHERE, Bl — oK%
FERI AT BEME SCAE AR Z /e AN, AR R OCEIR B, WA &1 R
) — F P o B S SR AN B R AR 2 1Y, T AR R ) R R I
R IR B R e T g s . ek, AAT T 19704 IR Rl 1 B SR
BV

Al TR AT AN BLRT e il R TAR 2 ARG IE R, IOvIX I TARUE
T, AR OCHRX e BT, A Re A — &, B
KEESE. BR, CIFBRAMR—RE R . | SCHXHERES IS &
T 58 DLz A B KRR AR, BIRF[Al & S A 7 19655, JL[E )3
FRBN  ZF U NEMIE T 51— 56 58 A R IR OV IX A 1] ALk
B 7TER. FAT SRS OGS AR AR 1, P51 iR 4 R )
SI1X—Hs, ZF LM VA SRS, AT T e
B ZEANTANXIZ A, Mz XK F R ERA S G NE. X
BEWEZEE PRS2 — MR FERXEA, T2
Yoo LA 22 i R AR NS K. gz, XA 7 —Nas, B
AL FRRR N R B 25 X2 A

Rl L&, 2P WS REeRA Y L RESAEL KEEER
MBI A, AP SRR e B, s A A,
HFIEAETJ5 A T 5 R DL e iR T 1 3. FRER B I R 22
% W B I TR) T R IRk, I e 2 AP M AR, 4 TR 2
PR — LS AR PR W] BARRAL, T $2 2 H AT Aot 20 i 5w KR EE 45 4
RLRAR 5 o AR @R, 2P e Bl o gk, ARt T3}
A rh ) TE R IR TR T R I R SOE IR SR, AR SRR
BEZKFHLRET MM BT8R LsEdh, 2P0
BESR A E2 R . Rk, Fmtae A X — R, &
5N IZAFAE B ME— 25 A2 T DU W IR A FE AR, e A 2 FR
PS4, DR g AR o BLAE S R e s ] AR e IR A



R TRNJLES, BIEFH T R8Tk, UAEY &
s AL IR AR AR B 5 B o G BRI A LR HABBORPE 2 A IR 2R
WFZZ WA NBE RKRK R, SCHUEM] 17 R e K
BRIERT 5, BTS2 RESR T SOMXH & B, LT H Tt s
HIW 5T 5 AT 2 ) — 2

TR TAEAAD S ENL, #rE kA SR EE,
ABAT A5 28 H A A I R G i 5 JE AT 2R P B0 (R JE %, 53— S5 RF O
WA NI RN M 77 s 1 P W A 2 TR 2 1, R B Z A
WHER R SERIE R R, AT AT RE SEC R . K]
B, BN 2 MM 2, FHLRA MR



F3H EiF

BIAX —ARERHITIEAAT I FH . ERRERERAE - &
BAE1969F GG R 1, H LB R A IR 28 /0 nT3E 391 21 1 48 5 1Y
—MO . A, AFEWRA O E R, —SRERIUON,
s HURLFALR I, 10 53— 2R 5K e /& —Fhist . ILAERAIRIE, XM
RHELR P EAR BN . MRIEE T 12 Mpohl R 1%, JeRERT LA
e, AT UEERRLT . wot2 M LRI =, 725 )11
M TSR EMRIGEATE R HE, WRCR dk A, ;B
2 HUE A REXTRLTAE 51 T30 N R B TS, X 5] B4
7GR KF AL AT B

X R AL b, SRR — AL BOTREUR T1783F4E (183
BREXTFAAM) ERRT R iz RSO REURTE
mR—PUE RN R E LR, HEEW R, MAEETEARES
J1 A vl REAEDG B iRk b . AR AT AIEL SR T R DG, B
B RE L= AEE A 51 R R ERIEIR . REURINY, RRMER
AREREFAE. T ENPIR RS PERATIXE, FATHA
ReE BIXFEMIEA ; KRB, BATVERRERI B EMIm 51 e
XIS E R e FATT AL Pl i 1 SRR, DRI D9 R 2 42 R HL S ) —— =2 ) o
) — L BB AN AT LA 2

JUE LG, VEEBEEF S e B 7RI E S, T H
H CARRIR G KBURTE R AREBRE, Pl — &z
TAR L (AR ZAAR) — BRI — M K, MERE )R B8 RRCA
FHEERA M B, R S XM S KIS TR FH



E, B OERE R, ARG 7S TGN A SRR K AL P
DAIRE BT & . BT 5 JIMAE A, MR b ey B S A s B
P, AT, IR M . (22, ST LUMEE REE
FREEAIL R _Bigg). A, Fs] g M a5 G m 2 she 2 B
B Z R HTE T 1916 ) SUBRXHRZ I, —Moe T 51 3 st
AR EAR A S LA s iy ELRIAE At R AE 3G AR K — B TH]
ZJa, NI HIEW E 1 % D E B e i B 1 2 A & R

N T R RRIR e BRI R, Yo w SRR R E R B A A A
e AREAE P REZF0 £H8 5 RER TG4,
RSB E . BEE AR, SR R T 18] A Al A2 15
ORI ZE , 7] N 12 Bl B8Ok UK, e 45 3R S 1 I B A W T
o 2, AR EARSARE 25, AU 1 [A) A F DA A 1 A
HJF, MR IFEE - RBERAIE T XN 5Z 2258, i
S5 L BT TRCRA) 8 gl AL DN TR RS IR R IR e ZE g VR e 2=
AR IS 13K, BB J7 2 LA 51 AR P AT AR A B
XPE A R RERA BRI R 77 5 BRI B 5K 2 TR )11l =
SR TEESERIZAR, 10 Bk 7 7 B S ER G /. fHE SRR
KA — B 1] N ZEFF IR A IR IRAS, B O N = 2E B 3 5 51 T4
AT SR, R RZSAEA R SN ARRRHERESR R . T HL,
TR R AT &6 KRR %, B TR AR I 8 (0 I8 1] 50 b
M, XFEEFARAGEHE. REET, HERNREBKR, 5517
A1 48 P 5 PO TR B sy, T R Ry, ORI R Y 3 A P
XFBATARPHR L, B &7 MR AT e 2 L 50125 A4, HEE
Kot 5 HE B2 W] AR AT A 5 I TR N E AR R, X B
W 7. —HREURER, HEMXRA TR, TREMITHEE.
LG XATRER AT ATE L, X s R AR D222 20 1 22 202 54
I



19284F, — LA SAT R Je 47 B IE R A R e e
RO, BT SIRF, ISR RSO R - 2 T
BT WU R SGRRHS AT 5. XA —HH, BRH —RoikeT
KU T 20120 ARHTHI I T, AR ISR F AU = AT
SRR . B THOM B E A R RIEB RIS = AT
. 7

FE BT E YR IR KR AT i, BB ZE R SER T —IULAE: i
B2 KWEE e e erbE AR R a, Ui n Pt B & 51 77
FAAE N R MR BB, BEEEEAR DN, Yk I la SR AR
e (HR, WAAMA R, WA R AS T BE R 5 A A
[l AL AR R R L . dRi, YIBORi 7R e E R E. X
Rl 7 LAHIZ R, TReME2a Tk il E51 7r%E1EH
AASAH A SR B B e 70 22 18] 8 B B Rl -T 4, {2 (1 P AR e 4E
FEANAR, IEInAE e AR A AR 51 0 SRR R ST A

SR, BAERLZE R SRS, XA R B R RE SR I A IR
A AR . AR BRG] 1 1E 2 R pURL 118 sl B 1 i K72 R
AMFHEEHE ., XERE HIERE LR W m, AHE R
W IR /N T3 DRI SIE R . BfER R ITHER], X — R
TREVRAME KU, HERRERTAL SRR R ER, XBIEE
fEA AT REIRITI B 51 T 4ERF IR ANEE . BFE, AT
BN E (SR ZE R MR -

X )N R B E R AR E A E ROV E R E . R E
NTEAERLZERIRIR, HERZAFILSE, FF RN M RER)
ZRORES, BA—BAEES, PRNJVTRE, HEER T
SPECE . R A A R B R 5 R A] AN 2 R B R R R R



1. JATOHIE] 7 RERIXEARE. B MR A ERE RS
ERIBEBSNARIER, MARREZRE P ZHER.

MATPDGERE], X+ B0 &G 29y — 2 9 5 K BH i & e 2
K, IEAFAET — Al RERI ARG, B R 2 A Rk Bk 2/
B2, qERFIXSRIEEM S, MEREF AR T (AR T [
AMB R 7). IRy, e ERR A 7L, b1 REEAE
HA 109 B AT, i BE N IE B AR5 e~ Hiami. = NATTE IR0
TR TS <2, BB AR ITE AT ORI B, SR E]
TEORHZELZFNHET .

F— I, R B R E RAR IR E R U, e E R
PARIFE R — B 2 M BUR KR R . A2 — 281500 rh, fEA R UK A
g, B EAE R AT % 2 2 IR, R REN TR R E R
KT ETERZERRIR, A EHE L RIEES 2 R kRAEXKEH
PERARWAER) o Wfar 4 Be FiEfE 2 0 e S ik & ? i B A& — RilfE
B c@Ed iRk E e B2 HmE, A EZENAREST T2
#7852 1 iR R B AR FE RN PR, S ARG Ol ? B2
e MR e T %, ERREIARITET KE?

% 1O IE B, AR AN BRI EE R IR, BT UA
N, HELLAREEPAEN DR TR R HRE KM
ZHRTHEANERE R CE, M SEEANSRGAVETERE. Hib
R A S IR O B, KRR E T AR T 2 B
PLIERAFIN, SRR THE R G U7 T 1 i KBUR,  ThX 28 W
ENEAE S8 ZE R SGT 1A A0 AR S, FREe i A G R 30 Hopth ] 7t
IR . PRI, 19834 BEHL2E R Tk DURK, XEDH Mo
5 A R TE REIRAE AR IR 5 B 2 I T AR E o



BN ZE RO, B E KT BER 28 R R e 2K
Ui, AHEFEIEA A R g R E IR Tk B, WReET X
FHOF Vo R AN X S E B 2 R AL S AT A5 DU (R, ) — B 21 19394F
AW AFERRE AT S « ARG RS . A, g
R, AGE R B g A v BERI BRI R . Jaok, kK
AR R, BARHEEAR NS DR NS 7Rtz . i
Ja, ARG IHER R EEA EEARE T, ROV R 2 HRl
EHMB AL TR TR T2 Z LR ERBLS . 281, FE201H
20604EAN, A BT 3R SOMM, LI SR i 0 Ay [ ROR
KT, AT BB 1 AT R SCEA AT = i S — B R RURE ) i
HIDGHR . XN, —Lbsp 3 M EEVE B3 1 BARHEER I LAE, JExT 2
Ko

MR AR BRI LA, AR AR 2 P EER: 5EE
FAERITEBUAHEE, BT EES I, SRR 2 12
RAWAR . SR MG, AN ATt R g AR ] DURDEHER R IR,
JGHE AT RN 5 R B (B] G P AL AL B, T 6B 2 5 [ 122 3R T s A
il . XAPILRAE H A B & n] ORI 2, Rk Bz 7 521
EOCHBL T . BEAE TR RS, THE R 5] 137 8or ke, i
JGHE R NS BORE BRI B . AR R, GBI IE AR
ORI XE, M Bz 77 R ok, LB HT AR .
AN

R, HE RS B RE I AR, [EERIES /s
ARAFARH o, H ARG HE 1R Py S il R 2 KA P AN R E ANIE
R SMNR I . RIEAIAES, ARV 12 35 B AR A m] R T EIE
R, otk i, AR AR AR A FTREF FNR . X
Ak, S HFE-DEMES, B DX, R THDE
ANRTBE M T2 X gt H i B iRz 5 O . BATIAEIT XA X AR Y



R, R TR EAEALT, LTS WG A BE A R R H A
JGER S AEAH —EL.

ARG IEAEVEAL —BUE 2 P4y BRIR R, WAy 7 B
BRI O, D AUEICAERXS 18 TR AL LRSI TR o BRI
A H ORI R X TREBEE B — AR, h R S5
TR — AN NHEZAME R, RREETEEA S /1. X e
e AEER B TSR S as 3 2 O 7K B T A JER FS A T B 0
KT WAL B EE ARG LRI TH R, R
i H O RIR, GRS LA A S8 55 IXOBUE B Is B2 1025 18] R &t — A i
T fEMR EREARTE, N, EERGE R T E R R
N, XI5 1R R AR R, DLE TS A AR Bk A 5 A
IE

T TR AE R B AR AT TR, AT 2 R IBE S 11 A A
Wrig s, ABALFAL 03 BT R H B — AN — AN TS (A s TR T8] BR 2> A2 45 1
KK . AL, E108F59059F0 2 A, XA ZBRAHEN . /£F
R U3 B 10BY 5943 58FP T 5 15 AL 51 I 3R A LOB 5973 59D I Pl . H 1)

AR TLE F S, AR AT A 20045 TE PR I /R Gz 45 25 o AR R =00 72 1Y
%, IR M1085943 5980 11t 2 (8] W IE 2 R & T, 1A KA
KRB, IICHR 4 2 T T5 55 X A IS (] 18] B B .

RN B, IR BTE B G ipe 2 T8 I 8] ) BR 25 A ARG, K]
A BT BAL, Wk . &5, EESLRIAERE 2,
AR LA REERIE 7. X, Bl TRt R 2 R —
NI AR, EEVYRSXS M LA R B 5] 737 . KRB DXt
AR ULE B AR AT, DRI BNz k. R HTEE
S ER, [HERIE A ROEE IR KR, 45 REA R G



B HZ, ABAZEWMEMEE B SK5] 1. B, WRlias
A RIRGR A IEIZ S .

2% W AIEAE 1965 28 19704F [A] Fr S i — TULARUE R, AR AR
X, RN ELRAFEE DM EEILIT RN R HoE B
[ RS s ) (R KA, AR 408 o (0 R AR R ARAL T T 2Ok, XN =52
I TA) (2% o AERF AL, b e R DL S BRATT IR R oK (1 E 0 — 12k
Mo AL, IXFRTRINEE ST R R AN 2 52 21 B A SR IR A B A AT
&, PO, ERHEM AT, #AREREARIRE .

RGN H S R 82 % W th 3 BB s, X — B
X EWVERI By ¢ B R R o AR, 5 i 4EiE
JI R AT 5 R RE S IR BRI AR A3 U7, Ay s AR TS B A S
SCSHB IR 1R, AMERLIEARA G AR UK, X IERERT
855 T BB e R T A BRI SN, A A L
TN 8 77 B R RD JE R H R B . (A2, X AR R
AR AL AT 1 BT ROk, X BB BN AR AT A ORI E A - MEE B2
ANAE N 12 DR 7 At PO AR T 2

FET AN 7 AR AR 2 i, A3 ) BEAERATT A AR AL 5 A 1 R 2
AT R BB VPR R e Ay O, MR AIFFE 4 “iR
728, HBE TR — A XK. X 4IRS I AR T SR A
T s b A R . AR, AR T X S AL R AR AN
M /N — RPEl, B A TR A, A ] R AR S
KA, TSI AL M 3 AE A b 3 s O F B0 FLIN (R 28 S BT, A
MR BT R MFZ, @ RKZEETFHRBARK, BAH
HAEM I %

T BB AR Y, AN ISR, W R E A
51 7194 ) A RORFR G I EEARSR 2, B AT R RN E



RNz T %, ZHLER— ATEE MR 5 Bk
RETS LAROL, PR R AR w7 s i 7 VR A ] e SE L3 & AR
JRAT o« RAEXRBIL PR FRULIX N 2 & — DA R s, H—H
MBS, AL A EKEZe. AEFXREEE,
S AR AR ) L AT AE AR BB BER AR AL T

£ 51 73948 97 T8 i AR T 1 I R v, I8 3 2= 451 J3 B R 5 B
Wr. UL, AIFURFBIRITS DL, Jom AR A SRR M 2T ROk, JF
Ao FRMRAEARE . T ENTEE W, KRR RS B = Bk
T2 R A RARR BAR T . R AR R NA—, B
R, M HEAMTRARE =4 vl REA R [E e AL, e EAME I
Rkl

SR, 196TAEIRYN « P ER /RFE MO R I — R 8 DO T 3
TR U A T St AR . BT ZUE B AR B 2 ) R
WAR BB e R BRI BRI . AN,  JEIE R/ B 2 H o M — A
o SRR b, XA PAM % R H TR B — MR R IR, IX AR
FET SORX R T/ A AR THE IR R /K « LK. —IFia,
P R IX — 251, PRI A N A IV 2 ARy TR A e
HA 58 52 18 BRI B9 R AR 0 A UESE o 5 AT AR — > L SE ) RAK R
AR ERE, ERGTICEWE G~ 5 %S
HBOERTT o B2, ZA - L8 WMLy « Bt /R i 45
T MRS, T RS AR AR AT, BRI AT NN
2B R RE - ADREPILEIRESIFENRERE, HEEEE
HII 4 T AR, BT 5 0B RS, R R R, I
ZIRN R ERIRGS o SR E PR TE S SORF T IR A, TR AT
P 3 4% 2



P TR R B 25 R R 80 K B TG B 3 RARTE B SR TR —Fh i O -
SWARERAEZEAL, AMTSMEBIE—NF B # e £ B KR FTE
R R . BT B RN, IR RE I SR AR I AR 3 A R 2 2R I
FhEERD . FRATTAERBE LI 2] 1 B 5 % 5l )X 28k, M oRKFH I E
R AL 25 K4S, 19634, Fri== NS « sw/REBL T —4H) U
ST ) IR AR, i ELEL sk TV TR B AR . X “TE /R R
T DAFE e s R e, O/ R G T S 1 5 = A B
Ko WHELHEFEAE, BIEEREEENBERE, XN /RES S
LR e —8 (B2, WRARERANE, HBiEEH /R E
I FAMNER . Bk, AMTEARSHEN, X+—"NF 8 # R,
'© 4 T3 4 ik R 1T T 3 S VIR ) & BR 25 24 o R AR A A

19704F, FRAT—ANOL R FHAF A F 220 =2 8 « REFONIESZX —3E
WA TE—D. hfsgd, mR—DIEEEE BN RAE—1E
ERIPEE—FE, A —DXFREA, A IR RN RITE AR R 2 R 5 e )
REMEHERE R, 25, RTI9T1FEIESE, 1 PUEEE R 3 §#%
() SRR AR ST 2 BT XA — DRk . B, B T 19734F, eHE T
PRI e o & EEFH-REFIR G RUE],  _ERHENE I
XS HE R B S SRS T IR R

Kk, IR DR s — 2 TEE Rk, BER BIA B, (HIF
AKX . AT, I F R NAEAR N, =5 B8 1 i &
B FER, 5P s R m R RAERE R LR . X458
PRRFE N “CRIFALE” . BEME RELP gL ERRE, AKX
R ZEREEERE T, POV R IZASRAAEAT w] GEIN LA
eGSR T e EMBFRER. £ F P RITExE 2
XS5 R X . B P R B ) BE SR A 1™ A BR
i, Prolet BAA R mER SRR . B, AT I AR



B SRR PRI AR LS R ARG S — LEPRA AR, IR I SRR A T 55 X 0
2 YIRS

MEFES EE, A EE Jo i BB R B AT AR VEH I 9 3
Z Ja 7 IR U BRI DL BB AR R, IO DL O HOF AR
2, MRRAERZR— G, br L, — 83 B RO & R =
AU 2 UK — AR VAT R . U, A ORIXEE RAR A E ik
PE ARG SIS TH R, XA IR ORI e 5 54T,
ANVEFEA REARE EAIWE?

SRTM, FE19634F, HIAIAEJE MRS S 1L R &M — R XHFHK Y
IR R R — ARG IS B TE R RAR, 1% RARNSL T 42 N i E
PR3C273M T Al b, 3 BL3C273%8 12 S 3 — ST IR w5 N273 1)
SR, IS TiZ R ats, SdRAMHEAOBEANZ KR, FiNA
AlREAE B I IE R WRIX R — M El i, AN RARGER
BAWKK &, mHMZERMNIEFL, DETSRmEKH RS
ITEMZHEE. HILUHARSL R AERE, BEETFFEEEK, m
X YRR % RAR PR B AR BT . BEARAE X 4 RIIE B EiRREE 3
B, XA RELIEER 5, T EE TR E R E WA KIS A .

N TR B A W R RE R R A, M — ] B R AL ] 2 51 735
%6, HARZBUEZMHE, M2 KRBT RXKENHgE. 25,
SRS R I T A TRAAN HAR “ A 2R RAR Y, RIREM, mHE
MEfMEMRKNLE . A, PraXSREAREARE Rz, RXER D)
RIS 32 14 A7 A 0 R RE PEIE SR

A KRR AR AE 1) S 4R 2 e R BT 19674F, S — i 5T A T 22
B oo DURKRDL, RAEPA - LERRLEAMT A ARG R A ket 0
. TA), TR IR e« R U, R VRARA T i
B 7 HRIA R RSN E SO . IR SRIEICAT, FEEAT UK I —



it e b, AR — e AR B DU A8 iy 44 WLGM 1—4, LGMAR R
“/J\é%j\” @O

HRJER, AT Aa AL TER T D AREHIR
BORKNE®R: XRREFL ERAR AR PTE, IFgan s ik
A, BTy RN S E YRGB SRRV LR AR,
EATE AR S kS LI . T R 45 RS i3 = TR PR 2 14 8 4 1
NUE AR DRI, SRS 24 I B ATT o TR) AR A A SRR A 1 D N
KU AN AR T S N D . R R T 5 2 2R — T TC IR
e . R RZION109E 8, G E R AR Y BRI i i 5
TR U R AR — e 2 v DA B M REE, AR 1 e AR
HoAtl — o5 2 AT ] BESHEE B N UL IO SRR R A TE L T

WEARAR Y B B IR 30, BRI R AR FDERES, A XLE
FEA A BRI B eI ? XA SRR E B I — AR, =
o, xR RA IMNERN——IE WA « KEURE 1783 AR A AR T €1
VER SCHh i (SRR, RRIR A 51 35 R 20 QR RAR A . R
A DM B — LB RAR R GE, o i W RE 22 R R Ta] ) 51 77
i B seizs). MAIE A, EREXRARGH HaEE 2 —BilE
B, ESERNA IR MIEIZS).

=%, ARe D BRI H AR RIS R, Bl
—RE KIS A A BIREE . SR, IR R G I 0 2 5 XA
U5, WIRIEX—1RI g H A —F] . S IX R G BB B, X2k
Fe Hh Ay AE B AR T R A . BEE R 1A A T LA AR
Ve, BRI R e i 28 B —— iR K T RL At R — A, T HL
AAFARFE AR, KX 2. A ERXMLEIS LUK, ANAT IR A%
WAEARE /N, IB%RE. A, BRI,



BLAE, MBI I a] WA 2 K SR 00, AT BUf E AN Al WLR AR
/MR ERIEX— 1R, X RV KIH R ER6fE. MR A
RERMEER, WRATHRERE - BAEE, BAX N THARK
1o L, BREBIRZE—ADHRI,

A o Ath — AR o] B SR AR RE R FEX— 11 e R0 M B, A e
M ER BAR M M om b . BoR, SIS U &5 SR — 5o H AR T
ke, R, Y SN T % B « FERAT . REEX—
1SEFR EHASH EFH. MNERME, XEEME LRSS, T2
TS T KEMTE, R RARIBIRIEAEE, BahfFixesT
R AR 7. HE—HHIXMER, TG EITF2E,
AL G2 RIS FR G E, BRI DR CRARMUIRY 4w, 2 RBIFM
SEAFAE, AN H BRI N I — 1) (BEEE) 48, ROV HIRAT
TE19TSSEFTIXANERS, O 80%II IR A1 KRG BE R ABAS KA 2 — AN 2B
Mo BALE, REVHEIXF AT REM: R RI95% A 4, AL IXEM 4
255 T .

AU R, AEBATHVRI] 2 A 1) HAl — 22 RAR R Gr b AT BB A7
£, 1 HAER SR RIS EAR R LI R RS2 MR . Fd]
E R L B IX AR —Fhal get, RIS E — SR i E/ M 2 )
R XRBIA IR 51 AR g R, OV EAT RN T
BN ZERIR . X T IM R AR, RIS AR A AR SR AR R
LI, eIV EE BAT4ERF S 5] DR R, AR, BETE N o R SR
fRInfE— 25 o, FEARE KIANER IR A ERT Y, YR ek 4 2 2 A
W B FE o XFP SR AT BE S LA AR KB rh . W S X 8 )
W 2O — TSR U SRR AT M R b A i b AT ) B K LA S A
R, AT ATRE MR — MO, T R 4 O XA o e
i, IFmAAER— AR ABIEEE, B EE NG T RkE
MEE T .



— ROV BL S AT BETE A, 1K SR/ B SR TR RV D A AR R
H AR SRS N T o W F I T A o 20 A O AR X T
A SE ), A AR R, R ERE T AR S /N X 3
VI & e TP s, el BTy s S 4e i e BT . 25
117, FAVHITE L & b A — B B A AR X, AR SR
T T AT RLZA IR DR e A S HPIRES, M A SRR UEE
MERT .

N T Ul MR R AR A AE 75 B S AR 0 A, T X A AS
R 2 A 2 3 B0M 2 REH 1 SR IR R A R, U H R T 530
TH P EZ R Frbl, ZLEIATRENE B Al BT A7 72 1 4] 3
TG BN 2 2 3R R T i R IR BUR R 2 R X TR
RF1042m GHEAF— R ED FRYIRFERS, A aglid e
TS A F oAt w] W5, Bl 5o 5 e B2 A FR S i oin BASRS
R, JAVE T~k U A, BFEIFEEEBAR: e’
RIRDARARE A Y B o 0 EL BRI R 5 )y, P H B A R e
Hr st e WL, 5K BRIFAN L, B/ ot B 1 BRI S B b AR VR BE 2 5 RN
B, KRR EAA G,



B4V BIFAFIEBRATH

19704F 2/, A AT AR IR 7L, TEEP T RO
FEL K ENE AT R R o 2R, AR 11 A F A LEg v 2R TR A
ARG L, BRAEWUE Z b as B SRR . i T3 AR R AR
i, BEEREONSENE, RTE 1 3RaF 2. EAAFEAL, ST
AR GALTRA RN, AT AT R 24k, e
LSS

I AN B W eI 45 BRI~ A AR, RIFE SRR E
SONFEARIRR RS, X EEHAA T RIR T —BORR IR . I,
X E R AATT R ) E e BRI IR I A, B U S
G, R G U TV R I RR T I8 B8 G SR B o IX O 2 K T s A TR
RIS ANET . TE R — D NI E S AEH, fhaarefr
PRI —2, (HAIA BRI £ o

RAREFEIRE], XESLL MR A TR IR, By —
BT, eNnRRA&iE k. XARBIHE - NEEHR
TR ER, GREWN N NS BPORE, B BAAERZMEL T
RN T R (B, BFRIXE M BT i, A eI EAT]
e — M BE BRI NIL S B Pril, SRR AL R 6 Lo lb PR L Y
AT RS, BE R AR E .

B EIREGRK S —kaiegd, FAMA (RIBRZLFD 5t
PG, ERGERT — BRI 2 1%, (R0 R
BPkHEiE Z A% . RS @i BRI ED ik
HEIRIRE, IRMaE BIGERC LA ST K. ZRKEH



PERLA CHIERIRIA T HCEoKiE A& EATEILT, ABA S FAL A 1 TH
Pt Al DLORFF AR, B BER RN K. X —u KA =22/, A
NANERE Z0H —#raF ERedb iRt i&in . ek,
— B e S N R, ST AR 2 1K

A, AWM RFAAE T IS E R, BRa—r—
AR X, B R I A AR, 2 KT A R A R
TR R FAERL AR Z AT AL T BRI AR AR NIV, X R
REAFAENAT NI T — D EER RS FOFME — KA A
2, DETRRE _EHESA KL

BORIWETA « BE AT 7RG A EVER SR . K
W, b B2 At 2R B 7 F A AR R R . AN
fib—E R AR T BRI R € XA AN . e Bea =R B2, HE
A 2 ARSI T ARG, A MR X g SO e
SR I T N = — R

AL SNy L

SR T RLZ R KA NAT O, AN EERAR R — R B &
AR, AR, EUAKRERE M RENTFREE. FiRE
VRIRATT, WOEREA KA AN, RS0 R B S R AR 1 K
TR — BB 55 7 MR AR SN A — /1. FATA L
MR G A —— 0, wf B B3tk hl. AL, IXFE
i S HFRRE R, AT R BRI A R R A BCR st T

REXT LR ML 45 RS B Rl IE 1 T2 B 0 52508 e . e R
i, — MRS R G R AKIEA ZBER TRl TR . A ANt ZERMWA
RGgEMN—, B2aG5HFEREANBE KT RN RGBT A F



n, KER - HRETARERG . AT DB TR R — B i
SER, BT E AR, o W& T B EsRmk. BE A B
PINF 2, F— BB ST AT 1) 20 7 AR BR ) A & 7 i B SRR, —
HATFRB A, Xy 23 BUTK, P& 7 A H
#o RSN Z], AT AR B R A BN & T 1A
B AR I B A HAE, LRI RN, &R
DT HERREAMER . XMIRESEE s FEAL TR & TN
PIGEARSAHEL, PR EBAR, MRS . T, AT
PRI R T .

R, W CLBEUH G AR &1, Hh—HE 7NN 2R
T A RRRZES T RIS R & IR, AEE
RIEE 5, XIS T AR T AR & . fEZ R RN
Z, ol R IRPIRES S, W R & TRraTr, S rMEs T
e R A . SWRE T I PTIRESA L, IE
RMUIRS A PR, DI R st b B8Ok

AT TR RIE N, SR 2R e BB AN A
HoAtbe &, BRG] e otl, X R X e, Mt
EANMEAR RN . S, I35 e Mgttt e, Hl
EIFABEAKIZ L, 1R GEELE R ZHE DL F Al LUSSL . £ 5 R
WA, &R T IS RS T T AR N T L
s ARLKRE BT A AT REH L .

B, WERMGLAE AR, ZAERIAR )25 e fi e /A
AT VR EMR R, ERFRIR KR Ctein—& =)
P B . XAk, FRIAZAMIBE SR 2. S8R, ARATIR
A LA 60 455 BRI PN B AE Y ISR IR BeE N . AN, BRIRIRATTE
WAl BRI 2 FR IR A #E, AN Al BE RN TE TR PN FR A R J



A2 K. B, WER BRI ERE,  mAL T 3R S Al L
A X B R IR R0 BRI A, RS SO AR &Y 17 — B S o
VeI, BRI RN Z 2 1K

HRIM R BEGYREN AR, FAF AR 28R,
EMITIR S — AL A A HERHA « DU W H T 70 AR AR I X — A B g
ST B TR AT DU R & B SRR B K o B S W LT N
MR, SRR, Z K, T RIS RS S R R AL
T AR Z AL AT AS I8N T

R AR R Z ARG O T B R BERE i e A 125 . A
o, XBEAAE-ADEam sl ZERFEAGRHE, Baetiizaik
FZo B, —MHIRFRENWME, 552 SEREE IR H
She HIRGEVRBAT, WRIRIE SO KR InE,  KEE~22 15
AL, IR RS SR, RIR IR R R AR R, RS
LR TR REFEERX —mme, REETRSEREY 2 . A
IABOE G e, KRR LT A& BT, BRIFANM 2K
ARG, ERERE S HE S, BTN IZAE A2 RS AR AR U
o FH, BRI AT A LR A BE AL vl 2 e HO -

P9z b, 19724ETR BRI — WU 5 R A — (o 2 ) 4
BT A RS RS, MM TR AT, S O T
BRDHAZ I, (HEI R — A B RS A IO £ JR 4k
oo ARG 5 R 1 S 40 S R U A AR, R
FORFAE T R T R RS KRR, R, BRI,
AR A R TR, RS A 1 5 VAR ) IE B 2 AL TETIB

R AR AT



19734E9H , FEVT R S AHIIA], 35 W AL AU B L ZOHERER -
PR Z YR AL il oK« Bids % A e A R BRI A 1) . A AT
fERHA(E, WRIEE T ENAME R, B3 RN a7 A TF R
R o B AATIEI B IR BT E R — SR RS AR, EIFAE
KABATIAE T SR 7 A I i R A e i 02, s Tt 17— Fib
B A BT, XM TR T 19734E 11 H AR 2 IR —
KARIE AW = EGE A2, Fi), JIFEca m i B AR f T FORE A
KPR B R 2 DR R IR pr R R LR, 1R i e FE A
ZAERT A B B T AN B TR BT N B 25 R . AR, e i
Ja 3, RIS R TE B R R R, EA1E R RN %o DU AE E
FPAEIF R, XU A L, FFRBIR A .

— IRV, IX PR SR B vE R R AR A T I A,
A —OURAOLI) . FAH O R DU BrH R 71X — 5, b R
RN =, ISR T RIS, MR IFAE
o (HFE, XX —n @B MR RN, FObR B R 5L F AL T L]
FE N Y EOL . ANid, B AAEBRAE X TR S 0 SCAPAE S, B
B ST H FRL T BT 6 U IR AR I AR SR o BRI AE DAAS 21 4 Ak 1
AW A ST R, M ERIEABOE T 56 8 5

MIBIFEE,  Hofl NSOGB A TFA R R 47 7R
1AL SE 1 R N 248 R B 0 IR TS 2 o ks 5 FNEg 5, 1
XA IR DU A FRIF R R REOR, R K. W] B B
BT FECRE R IX M AT ROV RS R AN RE e 2 T —
Yo, AIREIE &R, sl i M s, BRI NE. A
1, 37 ) 3 P Je SR I T8] A AR AL 3R] SE B s 1 H L BRI o AR 3l
AAE SRR, X H P ) — D EREAEE T, 51— D EHUA AT HE
i



P RE T 2SR R, g AT REAR AR EF I8 A E R, AR
I B R AR N, TR E R R WG I A E . LRl
&, B NN S, DR BN AT EERE, B
PR ER . FATA LSRR BB NS TR, eI
A ZIF I, EEah s, 85 F ARSI HAHEA
SRRy WA B 1WA} VAR S VAR RS & A R N T PR =G (W T =R 9 A ED A
R AIN AR o AL, AR —EE IR RN, i BLE AR 1
W%EZM$§%WETHW$%% 117 H. PA S F- 3-8 RS 7 2 2

WHHMEMYIS

RyERERETE, RN — N RRSBEAIERE, mH—
FRANE e R . AR E R DRSS — P A AL T, X2 RN TE @
WG NI TR AR A IEREE. Fit, AREEN T LA B Ak
ff, FFHZMR. R, BIAEEIG 13 dEE 2o, RIE 2 SR 1
WA LA F A=

FIrEL, Wil RIFAAAAE, A BA eIk A e AR
T, FFANSERL T EXMIEO T, XA A LIS e Rk A
KPR s EHHARTT T KRR AT RER AR A, DBOVE
HAIERE, MARlE N — D IER TR £ 055, X — & & o
() — 22 I SR, X AR R I 2 H IR R G R . PRI
/N, SRR T AE AR N SORL T 2 H P ZREGE ) R R e . B2 T
KA A HF AT, i SR P 2 UL i 8 Aol v

[ MRS A IE B 2 5 v N SR 1 S e R RS T AT . AR B
5 PRI 44 77 B a(E=nc?33, e S ERMEM. Bk, hT i
RN R, BRI E S SN . BEE R E RSk, B
FAERL T 0 T RS 2 RS, E 2 BRI 405 0 3 R /) 2 BTt it A



HURTS A, i H2 A 4, Al WK 48 350 i S 3/ )52 5 8
(€

R ESE

SRR RN, ERREREE . Brel, BEE BRI R R
K ERNR AR SRR S TR, BFARENIURHRSEE
PRo =4 FRIR R e ARG/ 2 ok 2 tH BT AP S B0, BT i i
AARFETBEWAINR . R EEAHEN R, RiFEE R &K
R SERTE IR, HERA e R KR AH =2 T 500 T3 L

XA 5T B N R FH ) 25 5 1 SRR SR i, et B N 244N R 48 0] i
PR T T 0r 2 — B o X L 5 P JC AR AN TE 0 it e e iR B AR AR
%, aBE LR IRbR2. TRE—— P DUX R BB H R = NN T
Ik ge s, RERFHFWEZEF /D, mEFHmaPEEE —H
AWK R S 2, A Sl B S IR RS B A 2 /N B T IX KR 2R
TR . AREE, BRI R ER /DT KIS HERREE. A
i, B2 7 ARSI g, SRR B B TSR AR 2 AR, B ZEKIRR
KA TEIE, INMFRILFHMWERKEZ, FENAN
10104,

H—Orm, BAVE E—dh 2gmiE, WVFieAare i s 1R
VIR, AT T 5 RO B, E AR A7 X DS Y 4
ML o IX SRR N A =15 2 TR, & AR AT AR 2 KA
2o XTI RN I0ZME I RRIF R U, BRI AF ar KR B S5
MRS WG E /DRI, NEHOLEERRE 1. AR,
Jo B A K — 1 (1) BRI IILAE AT 9K 2 DAXE 2 A B 5 22210 % A K Hh 4
Ot XL E AR, AL KEHEEZ . XRBFRAERS
EREH . BN LR AR, 1IEUZAIEIR LTRSS e



FERBATE B DOXFE— N RFAK G ER L, Baen] s L+
RS Rl o AT, BRI — SR N e . 3K RRATF B o A
AT EER, EPURAE R TR N IR ERR I A MK
FERY R, B 8 i o L I [y M ek v 25, AR T VEHANREAL
EAE K. XARFE S FEMBCRERY, HI &AL ZE T
Ko PrEl, MEF AR ISR, % BIXFE—> MBI
— i RN B E AR SRR PUE B M H, R DU SehEk AR
Plugizs) M1, EENETEs— N REEVE, LSRR
WG| B %, ZRME AT R I BB E—RAE b ZFPik
AT RA KIS, /DTN TCIE S

BRIE R

B2, BIAEFRATIAN AT 88 H) 1 L8 R 4] S8 ol A H AR S, JRATT X
e AN REN IR EAINE? BATTAT LLS- 3R S5 A1) Ra T 7 K F 70 A A7 1
[ ATt RN 5 B 2 o K 22 B A7) PR ) R B AR B A, BT K
H AR AT AR g s R W, A 2 R A S AN PR T B
MBI FHSZ b, BATSWN R VXM LE R AL, ™
A IR SR S I AR W] RETEANES N T R T R . 3RATT AT PR A2
(D S5 26 75 55 RO UL 25 SR I F A O JE AT S8 T B (H A e v AR 3R - {5
e, XL ARG PR EATT, PR TR P ESLTOEEN, X
FRIR ) E H AN AT REBEIE 3007 . X — EIREMRE, YRR EBH
B B FH TR EE RN A 0L

N T ML B AN SR A BRI, A AE S FR I TR B (it — 23D
TP < i R 1 w11 ) et /1 R 2 i Y A Y= (R F T U B )
BEWIFR AL M S HELT RN, A, WK E TR
SEHEYFEAT, HMNGHLE T AR SR, XREE NS4
T BRI, BIEARM DR EiE 13k L, BEFRZ M



B NTMNEPRE R 2R AT ABRAZRET, I
LRI 5 LRI 2% B 24 LIS 4> 8 R A ATE ART [R] SEER I 2 R K AT K
AT, BETMEHETEEFERNTR, RS € ZZEERTH .

MR, BRI ERI, AFEFEMME L, HORE
H 5y 45 R A IF A AR, AR e () 45 ik AR S A & —
PR T . SRTI, A ERIXAN BBIF AR 2 B 10044 2 200124 4F N — B AN W
e R HERS, A ESEE T RIE THENBIE LT a4 T
RetESCPR B2 /N R ZER R LA BFEN, I FRFEE AT
RE It . BE R PR, FTRL, N THEEHH AR T
AU IUE BEWLI 2 — X B RVE & B2, (SR 3 — M7k, B
RE I B K 291 A BE B VE B N PR E R . 18—, &
T — 5 R AN G 2R RIS, CARENLI 2 b A A 7= 25 1 LA 5 5
gLET. Ak, ZFMELTORELELHICRBR— RIS &
o DU BRI B2 I A5 3 5 4 14 s 1] 1] g P B B0k 1 4 3 &= 7
HEEAHIA B X R R H [ — R

A R S SR 2% VR e PR SR A BRI, A2 M ER
BAKRAZ AT WA A K] BEH RE 1A 2 R bE X 5 K 4R
) o —HA - AESHLE T ERCPERE T, et
ST BRSO X . X X Sl AR R,
SRR 2 W R U R e IR ORI P T AR A A E
R, HARR P EREMEARDE, ORI EESE. KL, d@d
RPN RIS S, (58 AT REER TN 20 5 3 2 5822

PR, AR TMEAMIR D, BT EEE SRS T
HINE. B2, NS H a5 X3RN il BUX 7 R I, Irikse
FEFE B A BR AR 2 R 95 > B R S DL B3t 5 [ 22 A A D I 5 . R 5 #E
AR B2 KR« BORFARF R 96 « B, SR HALTIEE



SARH BT M — UL SRIRR . AT 7oA TIRINDG, (HASANEE
RN 72 AT J TR 51 PR 40 B 5 £ %%

UL X I 47 SRR 2R A 45 R AT Re 2 5 e 1, (ERIE ik,
RS RUR 25 BATR A R TR I BUN EZE S . RE
W AR A AL TR M AN PR, Bl 1 an RIE — I S ot ) s 7
—HARMKG, AR IO, XMAREF AR R )RR, B
EU F BATT A B 5 2 s I i o ) SR A IRE R 2 18 2. HA =
BT H AR I 29250, 1 HIE I 3G, A BE AR n I £ R
HI R H Z SRAR IR

[ XX R BT 5

RRIR R S T A 20 L PN KR EL R —— T X IR F &1 7
F—— A E . BYESIER T A RxFE, BINE
VR 1 REA MM “RRIAE AR AT ARER? 7 3R
B3 7 2 A S = AT — IR W B 5 — IR E AT A T LA R, 3K
BT R ERAIIRE AR, WA, RERHEE
FHEHIZ)E « RN S RS AlE TRE iR, EEIE ST
— R,

AL, B ERBREMENRRZHRANL TRZ T XL ®R: W
RPN R AR R AR T /722 B HAB I & AR 2 W i, BA B
b 58 BRI K A At . BRI, R IRATIE IR e s0iEdk 2] —
MR R, B SIIGRE, WERIKE T, R R
BN S LR ATX S 2. QR BATH SR B 1A, B 2R UK

iz,



AT LTy, SRR A TN AL, 17 K B
S AT AR R XML AN AL IR — 4 TR BN T AR
T, BB RER SR &%, SHNETREMSHERES
DLRR S A IR B3 o (R, MRERP R S it IR AT T BCRe 45 LA
AL SR, XEREAEMANFLZ KEN BN TR BTN
OBy B R AN EAFAERS AR KRR RIS L € CERIR
Seo H A BRI R AR R T, BOREAERA BB SR RT
FU 3 R AR 57 o TR TR S, A5 DLE AT N ORI ME— 1y
IR =4 72 b 1) ot T BRAE

FAEHE T BRI S AL R b g P 3 1 — S SRR, i = R TR
BRTHT I e XA . B2, ERFAFmA R
b, 2 BRI o AR AR AR N, R T . BRI RE
HI2h R BIA =i &, 202 AT — X8 5 1 i R A
oo BEZTH R AL T 5T, PAAE RR TR A 0t VA7 7 IR AR ] 73
mo XAIELRSE IR, UWUET IS nREREE L J T SCRXHE
PP E M7 . A, BAMHEABNAE19T4E M FHE T 51 1 2 &1 30
20505, JFARERIZ A R SR T 5] T IR 2R 1
1] 7l o

R, 975 IF AR HE K — R AT iR 4, DALARYE 2% A
S SR AR AT TR 151 Jy . W IX AR AR T DAL T R
PRANYATE ) @iy Y — L[R2, ROREAE T A A R DR e o 3 AR . R
= ED, BT %2R TFHAE - DET SR, XEWELT
B E A I T 7 R B A R R T IR S L i (& bR Y
7w, BIEAE BTN, EEBIMAERIBE RR T, 5e4a i
VIR RIS . HRESR AR E .



HOVE FHRERSER1E

TEBEA 20 2 T0FAY, M EETE—BH AU EI . 28,
19814 { IS INAERE T M ZAT I — IR F i H P i), 3
FECYR ) — B 1) ) SR ARGES . R EE S N — R )
SR, BERROKFHEGEHERL SR, EAHMIAIIEIE R T — MRS S
ik, WIMELFEMASR, BSINE T R IF Rk 2& N 2 i80E —
L ZOL T 1 07 H O e IR AR

AR, SRR IR 5 UREAT, W
Z TR EAIR A S, HARIZIRFTKEIEA LS, Koyt 584
%1, oy o B 2 28

I, AP R BRI A FIR R WAE 2 PR S R .
F AT AN AR R AR s i L B ORI By DR KB R, i A
ZAET BRI R AEANAI IS 1300 A SR A — R H AL

RN Y

N T BB S SR I N A, B SR BCRARYE SRRy “ 3%
RS W52, OREDE AP R 85 103 i A s . X5
VEARIN, BRBRLELOR, T al b AR 2 BAERR . AR IX R A
BRI, BEETH IR, T8 W ONR S (R B AE AN T T B
R i B il PR P I R — AR, R AN R R 2
A i DA B R IS o AR R AR R AR, R 2 AR R
AR TTIRIEs), 458k 1Al Be A A b 7 B 51 4R



M SRR A — k. (B2, BEEIRFZRIBRS, w TIOR8 5 &AL
T MBS IR TRER K.

FERBESEBER, FHARENT, MR EZBRNITEIT K. H
e, BEE TR NZAK, FRAHIRE S AW N . KB R
B, IRESPRREIZ10012 . XKL KL IR ERI10001%, At
SRV 2k BX A IR T . B — I 2], FE R N
LT BT PRI R, RIS SA T
AT

bE T AR EEIAK, IREEE D TR, ARl R AT
AR, SRR T EANTERE KM R R . 52, KEbnH
T 2K, FHAEREZROET, AR N AEAZ
T

RAERBEIEFHI1008D, iRES TR0, X B2 R HE
ENERRE . BRI —RERN, FrAh i BarmgEc A el
SRR AZ T SR . e aa T LES S E 2, Apon (RIE
20 FHrtx, HhaE T ATty RE, X e 55
B 7 A, RS E WA TR, Ahie s
A E A E e R, RIENI .

T LATHSR . AEIRRORRBNERR R, KA Y 7 22— 1§ A
REAR A, RIS EREAAEAL ST, 2RI T
RN, Wl Tl AR T % . X EEE HUYME S50 45 R AR
HW 5.

RBRIERERGE TS, AT i BRI 21 530 1 B B st B
IoRREESS . AR, BT E K, SOMER SRR LR 2 O R R 4
SRR U o XL ARE 1 52 57 W N BUR - LE 19655 Bt A LK s 75



SRS, Rk, RATEEMHECIS T IEsEIG, 200 LUEH 2
RESER I — B A . AERBESERDGE 7 LA, g A Ao
A AR . T, AR JEREE T ORZI100 5 SRR N,
T A RRINREEIZAK, B KAERZRHAMER. &%, —H
R LT R, AR AR R R R TR EA]
Z B B A B SR . X, e TR A S ke, IR AR R
T

WEAR B, FHRSMEAK, FNREHRSEIK. EE,
E R L0 55 WS iy P 2 LR XS N, A 51 0 51 = S I K
IR N K. X R A S R AN AR SR AR, IR O B
Ao PR, BT XEZAMIFEKSI R, XX E
REJT 6 2RI H . BEER g XTEETNA /N, B EE ok
R —— IR % DU AR LE UK BRSO RE SR I UK, — EARAT T U
WK, R E R It fJa, ZRXRIXEARRG LN, HEL
ZE L 2R LS 51 I E TS T . A B F EDIRE Rt iR X
5 B )

FEE R RIHER, BERP AR SWR RSB NI, el
REHSSIIE N RAER . R R RE S, —
HIREARG g, ZMNHITE T KRN AN
2o IR PR R AR R TR, TR EIRARE DI, X
PR = BAT 2 BN TR BHASAE RITE A, e AT AT PAZEFFAR A OB
), AR SRR AR N a, BT AR B BE B U BA VRO B 2 ) Ak 4
o

xR R E KU, BT S EESR, &EAA R
2B, T, MRERNSHTRARE 2R, E£RARFI
S I ) Y PELE B SRR T FESR R . X, e RIS AL



%6, JFREEIREM I — DT m H R R AV E B TR, WAk
o AR, XA REASBEBHRZHGEE, TREHIEHI T, A
HLe A I BT IR — b priti i 13 5

AT B 5 4 T AR FAA R B AL, R R
B0 o B A TR 2 YA R AR B RS R TR S 1
TRl LR T A — VORI R P OOV SN, T
R, U R ISR R R A SRR . 1R A
Fe 5 A IR 2 BRI I — S TE R M B R A
BT RALE A T 255 B R

HATEH SRR S A 2% A R E R LR, FIOvE R B
R EEE=A0 fHE . KIHE RL50ZE /T B — R B SR BT AL,
A=A 5 5 R TR R RIS . = B R ER o AR e AR T
ORI, B B A WGE . R0, A0 EBRERITRZREE
e, JFERGERAMAIEIZS N RE——ATE, HMEREEHFZ —.

1P R g R Y 1)

T MR R o =i RS T oG, JFREZ AR e X &, 55
RIATHT UG H P A WIS 4R 2 — 80 . Rk, v LB E
i R R A DU R . B SE, AR TH A EiRE? K
o A EAE R R Bt 5 ——Jytt A A2 2 ) v A R A
B PURMAFEFTT A R TS AR

B=, N AT H RV IGE R B s 65, s %
RUEAN S B EEPIAE ? A0SR RIEAE 5 — FD B i 1 I B R4 A &/ T
10f2Ae 2 —, FHM AR ESROKDZ T BER T 7—T7



T, B — AP I B2 A N IR B, A 5 e R I
ik, UETHAERERZZREL YT .

0, RE S BT AR BRIy v B 2 A% e A 1
EHEPANZAFARMIER R, WEEMER. ATy, X5
RARE A 739 5 i A [ DX A A7 AE /D B 22 5 s A T )
], XIS KIS M R 2T A2

AR SCAHXS S AN T BE AR SRR AL, B T T2 1X 2 )
A AR o XN ORISR S, 55 S0 B % N 55
Ko Wl T RN fl. R R4, T SCRXHRALEAR BT )
B E AR AT TRET S AT R K AT AR A AR
Ko IEAIHT T3 AL RS, X RRE B _ERIRE R DI RE R
BENE Z AR A AR A, DO SEFAE S A TR & A AR R
£y QA RSV E = b v R P Y813 i AN = SRS =SS R /Y VA
MR ERSEBEIRIIT 4R, DL—MhRf € 105 WL, R N ERATS R P
AR FPRZSWE? A AT H bty 5y, 1 BG4 Ak i DAl 5
IR, MIMASZBORE B — I 4a0e ? WERBEEIEY], 5% 2 AR
PIGR A5 I 28, AR AL ERAT TS R MRS, A AT
TEN H B 1o SRR OLA S, A M SERENLIERT 26 25 1F
KRJETTOR I T8, BAZA 1A T NEATA RPN 21 (10 3R X 5 o
WHFE XA EZRAMFEN X, AKX 5 f A& G
TREAMEENE . B R Z RO S04 ar flr b AU 25 1 5
BHPEM, BB RNz, Kt XS A St S
HEMLIN 2 E A TA R 2 Ak AR AR A

FEWEU T 52 R, 25 R B e £ SR B, RIERA AL 6 A 52
S LEAS FRE R ¥ S < N e S S T T 7 BTN DR NS b Sl N 2
NNFERAEE, M, BT H RPILERE AL O 40 ik



Ba, ARt EAE B B E 2| RLEHEY . Wk,
A2 5 A AN K AT B AL 5 AR AT 2 HH B A A ) X3

FERTTH B S HE BRI T, BT BOR A 2%
P IS 8] B A R B AN — A DA% 3 31 5y — A X k. X RIRE AL AL 2
B, T A A X e AT B TR AR R R, R AT XA AE U W
NS AR IR S SAEA RS 17 LA E M FE AR . &
A, FEKKYRE R DR ARE R L e, AT RIS R
ZHTF A BRI KRS, MR B I E)E
PIOKER & IEB S, 82 T B PIaa IR A0 SEAE 1 AR5 A A ik #%
TR T O A5 o Rz LI M5 s CHE AR 2 AR R HE T, BRAR S B
B2 P —— BRI RS S AT A A

FARE R

N T8 G AR AR R AR AR R T B O PRI, PR AR P S e
H3AE « BRI . AR, YR ARG
25 P #R m] RAYEE AL R an H R T R MOR S o AN Dy, Ok B g OR
Ul, FIRELE — B TR AR B m R ) R BN AR . IR AR AR Oy %%
IR” ——RUTEAERPAEERE LA I k. Wi
FEIK A H S 20 BV S SR — U A O E PR R, i H e
A M RIIAN 2] — T 5g, fEJUDH BRI KRBT 1 S50, AN,
T NE LRI KRR E EIIEERG L, AL —FP
IR/ N —HE TR A, i AR 1 10073424 fE - 28K, TR MR
A BERXFEBUR -

aEINTY, FE KRN A 2 PR FE R . AT DATIURE, XA
IR N, SR T §9RZ IM R ) A G R R T
T AR L R AK 0 R A, R A BE RN 2 8D BRI



L ILPTEAIAR Y, TS 0 A B o R AR R . BRI
559 /I BT A P AR . — A5 ILIAR AL B 5 i /K ¥ A
ZEUK o WA KRS IRI, AN [F) AL B B AN R B 7 1R B #R R 2=
Fo [HE, —HIKREEEE, XERESAEHENMLE, mH
W — T I HEAI AT o XA —SKREUBIR T KRR

HUKIME, WREHEGS, Ul + “dw” R Xt
Ul AT DUEK TR FERIKR (ORRED LR, [EAZE5K. &R
WRAE, T RFE ] RE = LSS U7 SOk 2EAR A IR AT RE L =
I FAEZ T, 10705 F1 2 [ B BRI R0 IF 30 B . Z2 kAT
RFMEDL, AT EH AT IR ES, SR E s R X
FRPEW BRI RAT K o XFRF € 1 A AE e n] DLR Iy FAT A s 51 7
BN ERTEHITER, RS IR i S A

7% N AR Sl @ AR S TR BRI, 2T SURXHg sl N T
H A PRI, AEIRXARE LR T N O Tk . Bk, 5
7 0 B e 0 BB 2 A5 i A TG R R K . BV AR ok
T2 TP IMERAREE XA, A7 207 1 25 U e Y5
HIMS] F0 BB, K28 XA 2 RIS s 22 Ak 1 7 U AK

b T8 B RZAK, P ORLF 1] B e (SRR B . 4 R N 22 B
T—MAWEK R T, B LPA SR 2. FRR e
RoT Ve s, 705 1 Z RN PRI I I8 K Ak . 5287 TP AR AR
ANFEIIE IE A PO IZ AR 0 85ERT 1 IRl DUl AR ER R T P A4 48
— HAUAERWAK, XSRS R . R, F R AT
BSPIRES, H AT LA Z FAS [F] B AR 2 ST AR RS TE AL T oK o B2 AR 3
A 2 AN IE I G e A8 5 8 G P RSB 4 P = Al FE

AL, FAKHBEE L AT DLRDR R 7 9 hoN At A s ik 2
HIMIBT . FHaH, FEFRATTHTRE LI 3] i DX N K204 10894 hE 148



P X ek 1 AR 2 IR R IR ? 25 %8, MRIEE T %%, Riragbl
R/ LA A e . A2, X5 E XS5 HARERK
BATAL I . 2 50 T 1 B RE IR I N E

FH P YPE HIERERE AR . AT, TSl IELE, A
HIV AR A e B AR 5] o X P BRAH B SRR D BOR B, e ATTRT
HA W BE 2 2 L [R]RE py BV o A BEAR Sz I O BE B R A5 /) . 1K P T
EAT IR —E B AR RE R . IR AFUIE S I RIPER, EEAIA
Mgl fE—i. Bk, MERE LS, 510 ahaE. ST
H S, LA IR 5] et o S PR I e AR . LA,
THINERRENE.

BERF AL RS T %, A4 ZE AEfE 5w h 1 IR i RESE K
—f&, XA G Rt R — %, MAsE kR EE RS £F
HRIEH BRI, BEE T AR, YRR EEE RN, Bk
EREREAS K 2R, AEFRAKI 0 S = BRI EBL,  JR RE
TREFEHEPK, EdRENRERERART AL, BFHHR
FERE R — &I, IV AEM DL 5| AR N 7 15, TRE RV
RFFNE . FEFEIRBTBG T AR K. AL, REM A2 o
THRIEREERRMIER Z K. s Bt fBeE . “H Ut A
FAERB IR R BRI ARG (B2, T A2 & F R Rt
w7

FAKHIS R

SR, FHEIFACLRKTT AWK Fril, DIRAFAE AL,
PAREVE EAEH KA T H = H. 8BRS, N
AKAZ 9 AE 51 50 N G I, 1005 & IE A R ETE BRI B
A LAHULBIRI TS DL, BEAE 78 AR A, 75 70 2Z Tl K e Bk



IR MR, 1B A BRI A SRR 2GR TR, Rk
XS AR IEIRZS 1) 2 R AER PR R, IR EETHIHR. 25,
TH SR AKRITAR A, HOE R g 2. (HiE, T
N85 DA PR RAERAK 2 A4 5787 B AN R X 384T 56 M R R
FE? X BEBAE N 2 45 th AR

FE AR AR AR R, AR B A AR NS BRI A R A L R 2 54 Hh
LR, XA AT AR K TP UK i . A& A2, woxt
PRUEBCER S5 BT =, PRy 7 B2 ANIHAE A AR Ry, 16 0l
G K B VA A RN AR, e EARRE
fE—ie, HIABADFEHIENGHE. Mm-S NG Lfl, XEK
R HEAE 5 B AR AR B R AR R, R L83 i b g e &, T A
REMIFG . FHREN AT MGG EAR SPIRGS, EREX T
SORFFANFE 3 2 R R RV o SRR — b 3 i B 5 A 145 R TR 2
IS DU A — 20T

19814E10H, HEEEHB SN —XARETI KN =
Ja, AL RERICHEFEAT T — IR0 =, WD MR AR
(i Ra=-Y 5 PTG R SR VA S Sy o o3 &7 VN7 3 I X R (NN
N, MR AR Z K, it n] PABIEEA I e ik IR & O R . 4
we, M PLE T AT AL XIS E S A MR N . X — 8
BEATZ AR, XK, AKEFR R FRA5 Bk 1) 22 A R 6 20
B AT, ANIRE KRG —Hie, BB — SRR R
o

MRAEOG F X PR PR 2 12 A ) AR AR B, AT 3R 8 45 H At
IR LI 2 LE I 7l I RO IE K. UL 7 nl LA — 25 i, R
XFRRAE 2 AE BT W37 R sk, i AN AR AE T A # R AR Bk
FEIXMG DL N A5 B AT W B R AR S 20 7l . 8 T R T



BT A2 REE 17 AL, SR8 FRAB R A 2 — PR 2%
e HZ, MM L NCLUEY], BN S KOs SR AR
WEHSLMET R RS Z . 847, JFRE S TEEXN T a2
SAEENG R AH AT SR T Bt MRAELE 19834 R T — M B4 1)
fRAL, FROVRMEFRARA AL . XRPRAY SAAR TG, 1T H s s ==
PRI A Z MR IR IG B AL o IXFPBEARFE LRI, 5 H Al AR,
A LAl KBS A R I aa a5 M A i . 81, FFANBE DL RE— 354
GRS R AT N = 2 AL B AT BTN B A AR 52w . B DL, RIS ik
AW IR T UREAT, O 7 E B B 58, vt A L Tan 4l
R RENLZ AN o BATT 6 250 iy PN S HHOR SR Mg 2 A7 X — 1)
e n e sy & BFERIEEFA S B R B FkE, 2
XA B 3 i AR s 1 i) il S — A 5 €

BT5l

N T TR ROZ AT R YR,  AATT 5 2 SRR I A] S T 2 PR e A
AR R ERE . WERZ S SCHIXT e /2 BT B9 1h, B4 Hag mlE B AT
I, AL D AR 2 46 T8 B AN 2 A T0 55 ORI — e EIXFERT— 5T
£, pracaim R e i el e R Wiral LB, 17— E
AR A AL R O, ARSI AR BESR R w2 2
HORR I e AR AR N, JCiR I8 SR AR T FAT IR X £ 5 A
WREAMAE. B2, TREEPRLEEL, 5113850 i,
R &1 51 RN AR AR IR L 4 M BEAR AN FE REAR A MR IR 2 T
BT, ANATTLZ0 A 1 51 738 R0 5 i AR AR Be. N3]
KaWH, £ETHEE Y, 8 LR e BT & #A Al 6t
AL, HrP R TR R . WA BN A SR SR B e, A
NAEE TR IC R H IR A A



PANIE S8 — Mg B HEKER, DagitE /455
TIRE AR, HZE, N7 ALREMINZES - HIRNIZAAN
FELRF L. Hh 2 — {2, XM RIZHCR o ] 2 AR X SR
M, FFRAARRBE THEISHEA, X KERE, WAL H KB
RIBFN—AKLT, JRIRIng e b B IR ERE, A B
e BUERITEOUANE, Ry NAZEE N 2 h & — 2k Al RE I B AR 3
XA P, #A P ECS ZAN, —ANRIRE L,
AR EEMREA R IALE, BIARLL.

teaniid, Oy 7 iFSEORL Tl AR E R IR, SR IAIE I 1%
SUEEANRTRER P 52, JEX S P 1K 8 i SRR B R R A, 2 R
REMF R R EM A K. (Hig, M RuhSe B S Se X ek, A 1E 2
18 B — 2o DL IR BOR W) . RSP IX BEAERT, ME— A R R H
0N R R AR BTGk AT IO A SSRL ¥ 3 SRR AT, (HA BAR
RIX L S A AR BAR BE RIS RIS, 1M A2 BRI

I U Sk VP BB 2D, ANk SEbr B —Fea B
B S . BRI R S 2 DR 0] g s SRR AR BOR b H B
— B[R A, FRATDLAR B . B S E RS RN B
) A1 2 8] 2 TR B X 58 AN BAFAE o« AT A 1) s 1] A bR BYUR
B2 R T RO L BLAS S 2520, R FE AR A2 44 1E 17 5 LAY

FEWRC LA N 2, I TB] 5 ) 5 23 8] (0 & D5 [ AN AEAR ] 22
Ao Fy—Jrih, LR, SR AN TR AR BRI ASEH, DA A HE
RIFE S Z e IR T IRAL T HEZ Y, i =8 1) 7 [ AL T HE 2
Ao FATAT LA I BRI MO & — R s B sl e — My
i e RS R R & . AN, A EIFARUE
Tib. AIRERIEOLE, BRJLEMN 23R BEAM S, MR sk
253 AN 2 AR R A i A 2



AR FATIE 5% A 2 0] Py SR B AR 52, B A E SR T
P SRR B Rl — R AR BEAS 32 P S2 L e B i . T
ERECART IR, e ZRAE IR L i A A R R O LR AR 2, X
gl WEZEN, €52 MDA X R. 5t
FLAT IR e PR B S 2ok, O 1 RE TR DL R, BiE
FEBA OMAE R I RIS o, 85 A D SEARRE R B . 25,
A REFHIA 2T AL SEI T BE A A RE R P 52

Toid o AF

FE LSRN 25 B Al 2o i 5] DR TR, 5 AIAT 9 R G IR AT EL
M7 BRE EKEAFAE, IR s I £ IR E I TH]
TN ARG H O . e Elar fOE B AR, 5 L AR
TREIRETE. Ui, AR TSI AER IS MNP =Rl fEfE.
RIYIX I R B LA I S, I 8] 7 1) 5 25 Ta] R 2% A 7 1] 56 4 4k T
RIS, # S VU Al B AT BRI, (H IR AN AE A il el
BRI T . SR ER R, N8 2 T4, Hixk
RILNATCHE AR, HeFRaiaiEiis. mEEhsH
VTR POER L, ABASNBEL G AE, SRERASHAN—
A FW A5, ORI ERIRT 2.

LUE N QIRE R Gt el ik =/ o U e s oA M TR = < S e &
Ko A ame h 2 S B h  [FAE 1] A8,  BIVEEHAR U 5 T 4A
W& B vFRTE T2 B, ERAIA AR5 AR AR &
B, ORAEE T SR Moy L, AR RO 5
— U7, BTSRRI AT REE . XM B, B
T A AHEMAFN . Hik, Wk AR LR e mirh. X
BASAFAEER A E AR BT AL M Wb 5, A
AEARBT B, B R IR SR R i DL N 22 e e 14 57 5%



fEe AMTRTBLBE:  “ T8 A R M2 e s i st 7 5 MR
Bl BELE, AXESZIMEMFEDRZI. EBA P EE I
K, BARET—H. BN RZ X T

IERERE M2l b, E—IREH T IXFEEE: B (a7 6]
AR FEIE R 7 —ANH, XA TR AR, (HE A LR
bR . SR, EFRIIR ST G A RIS 4, BT DL A
M%&ﬁ&iﬁbﬁimﬁﬁﬁﬁ¢im%tﬁﬁﬁ E——ﬁ&%
Uit FEIFE QI . AERESE X2 1CHATR],  FRIS AN F3E anfer ) H o id A AR
KX T — %ﬁao Ak, BETFRBANER, &miMﬂmE
WRZFEEER R EE . EAE, I — 00 [FF A E -
R 5 —EHRIGEE T, WRNTLFR, FHLIWH S AR —L5®
A

BN AZ R B AE, B2 %A R 1T T X R R — ik
M, EATTRE N A FE AN JF B T 3 . BB B R S
—, ERRERY AR T - REENEE LRI S, (Hbr L
1) 38 0E U A T8 2 73 B A HE — L2 5 I AH — ﬁ%ﬁgo%ﬁ,ﬁi¥
gl MERE A BN X — S S, HERA = F—, TATEARE
%é%%,W*ﬁ@%%%fXﬁﬁ%ﬁi?ﬁ%&%ﬂ%é
i SR FRAT R E R AR B I 2 IS A 24 2 1A

, AR —FhBA, %%hL%Aimm%ﬁ%% fﬁ%ifém
mﬁaﬁm DAL T FRAT AR A A m] B 3 i T SR HE RS MR I LS - B
PL, ANTAE AR — L umw&——m@m% FE B TS 1 )
FTHERAE BT .

MR XA T F R AR I, ERZHIFIN, T ERE
ANATRER P L IME AR Z AL ol LS AN o (HSE, BhSEAFE— IRAF e
D352, eI LR AT REPEEE EL Al Py SERAG 2 . e F IR,



R AR VF LB R I, e DU R R R s eI s 443 Pl K
MR FEH R RE . TR WAL ek, B R & a. b
EIRriEd), GRS, MET ik EN EAK. E£RE T
W RNE BRI R R e BRI, BEREmRE oy —
MR BRI T REANE, HXWADRIFAAZT R,
X EMER BRI R AL IR A R e i AR TR A 22 A,
AR N 2 AL, R AT ER G AL AR A —F .

SR, TR AESEI TR P B RSB IRKMAF . T8 A AL
KON EA TR NIREE, 2R T R P LR R . 2R
JG, FHRAESER AR, B R . A, BEN S
B BEOE T AR RO I W RiE SRR IR, AR T
RFpigieds. FHSWKRBARE KNRE, HE2REE S BEPIE N
FESEI s ey | BB AR S RE . BRIk, AMGEME S B, RIS 3RAT)
i SR, EPT A I ANVPRAE S AERE . A ZH3ATT AT LUK RE R Z&
BFEI, A A HIEM R

2T SRS R AT ROE BRI, AR — T, T HLIX
AT R A B TR . XRS5 TR ERE
I i A R RR, Besadst, BB WA R, 2R,
— BRI BEATP ARG RS 2, RE RVVR AR . AR
NI T GOR UL, ARPIR il — Ao RS 4 /. A=
bR s T B 2, A ARSI IE T R

RMVFEIAVER], Pl B Se bR Ll 2 ZE A, g3 ATIAR
N, RS RS o BTG R AR AR G o £ S
THA DI — AN, CEATHGE A AL IR S A, B
FOEHAERT AL KRR HIE, AR AN AR A R EOL S P
CL, WP A RIS 2, SEbn B E ENRERARBS, 1MHTE



SR AT IE R A — M, T AR IR AR BN TR
R T R ORI, RIS YRR A i g, RFEE RS
Fog—Fpea R, el LA BATT R 45 2R . e T3
AT RE 2 e DRI, $ IR A 1) AR 2 e e L Wk —Fe o 5K
f, 2 “S7 I “RET I T X RN R S T MR —Mox IR 5
SEONAT FH 1 i)

B, I FRE I RIS A2, ARSI T AAT I RLZ R
AT FARAET . —ANRF & NI IR ) 2, 5300 5 i v X 2 )
SIS EME TR 2 K. MY, ZRWE S FEE P
BAR, REREE, BallBIATIXFEN . NGRS
I — e, FITHA TR EYS . Mk, WA BAEEE
EEFATREAENE, BB . TR B A AR, T
i E A 22 7] 06 SR 1 B DI A R Pl o VF R B/ i) BE RO AN 8 2]
Mo

R, 57 1 N = A AR AR PG AR, e P ad — BUPRGE 2 AK
IR AEIXBUN TR, ASEERIae AN SOV O, B2 EAT TR LA
BER B 2 CLHDR R 2 R AR FrbL, BATTE T8 b Bl 0 —
OISR a5, ARl LUR AT 58 5 8 I S 1 5 26 A A B 1 0 24 I AN T
JEBERA H PR

I 25 0] A e — R e i 5 A & i i 2, [RIRERS Ear 7 i
FSHRER BRI & E. BB R B IR AL 38 1 I BT HAS A
Ty, REZEFNHMANMGE Lag 5 0F 7l =0 — B AR Aok
AT W FHUESBIR R E . (B, KEEEIFRH S RRIT
HEEAE 2 IR R NAZ AR AR . 577 N A Fa Bl B ok B
Frsk, Jhde M7 iR E s e . REFHA I im, X im
e —AAF R A NIRRT LB 5 17 52 A A AR



NAERR . AR, WERFE BRSBTS B, ANEAEART L 5L
Hidbr, MWAEMBEASPEIEL K, AT —H, FHMAM
KARZFET . A, G TR E AL e ?



BOVE B IR BT [

L. P. BSHRFAIEARR (RN —Hh5iE. “d%k, JiemEfh
2. MEHMNMTHZTTAGZILBAMFE—ERZ, AffadiER
KB RMZER ? At aBATPridERmRELE, mMAZR
K27 ALY, AR RS BRI ? E5 T BRI —
AT R ?

C,P, T

PEE e A I R AR AOR R A DO WS Bl — 2, 4
B2 E AR NC, PTG SR A Ao (CRaR kL ¥
AT PRI EZIES, WA A Ed. THREZL
AR 2 37 A SO ok ——H RO 2 U= Fissh) o T
FRIG O, SCRCY AT N DB 22 @ A = N S ECAITP T E 47 24
L. MEZ, BREHPUTE ENERERMNNGESR, Hbk¥a
i, UGIR B Rg A i B 25 5 3AT 58— . WERIEE IR E 55— BT £
ERIN, bR AR AT, BAE SMET . BT B R
AR . — BB, ARMINAZBREIH R, JFAPE— A A L Wl =
NG WERVIER 22 @ A S ICRIPRIR & s R R A2 e, BA A
C. PMITHIERESIE M AL, A EATENE S ETIN t b IR A 2 AL
1o B,  H B A A R T AE [ B S5 8 A A D5 T 2 TR A B AR K
Mzl BRBA —MOK MR BBk, JREIR B . 220
X —H R — Bk, WAMEX 7% R 2 A e 2 3 e . A
SRR AR, B2 BIM 7RI AR 18 B AT R & H bk B
BRI, XA R H A AR T, JFRkRI R b R



FE IR SR AR AR AR, PROVALE BB A T AN T e 25X 2R A7
TRASHIXME, WE mLair o5,

I 1) 5 =k

EFIRAVN 2B ABIRRE T A5 2Bk 0] 2] St i, 38
2 RS I 28 O A E VR ISR H A e R
1, PR, BCEUUR, SZBER mmg . Saimidl, Zhls
SIEE LN B ——FD BRI T R R, 5T E— R
MR A RIRES, R _E3T8 T AT —RE R IREs .
g, AL 25 T b R SE R TR AR AR g AR R AR b A BB AR
¥ AERHEAT Z AT .

ToFRERE, Bl 00 BB I TR] T O, S P I 1A Sk ) A B
T SRS IR — AT, R RARORX IR B =
RAFRIRE ko 25 —3, M SARS Al A5 Sk —— i E X — i 18] 7
A, JEF AR BN RN . BB 2R, OB R k. XA
[ {58 FAT IR B I [R] FE AN Wi ——V B X — I TRl 7 A, A ieAE 1
%, EXAKIFT . B=2K, EFAETHENET L. IHEX
—I T, TR, AR

TR EORACUE O 22 A S B I Ak, DT S
gREE IR Al — 7 o QAR PR TR Ak, 4 B3R ANk
fHHR 5 FH I A kA ok, RE=F WIF AR E—D 7. 24
1M, PRFEBINZ, KA 20 Fk 5 3 27 M — 8 4=
AR S A A, TSR A IS RESE IR R . DA A Te PR RE R
e TR I 73 170 5 3 o B2 AR B 7 ) AR ) 2

AV S P



B BB RIN ZA I TR 7 Sk . IR e R A
TRE-AFL: TGN HZEREGRREZ/ L. filin, It
KFE—EH R MTEHRgPORE, 7. BT —FEES)
Ji AT A IR e B B Z . U7 il ZR U PR AR O %
JMFFEAI R — g B 52, WHES D7 AR H 2 AR ARE 2 1.

BxA MRS, —IRATREMA RS, mRaRREN
WA BENEPHER, ZAGEEYE e fm, ermRs
b kA2, 7B EE, KRG R KRR T —
RN TR HPIRES, HENRE R ——TF RS A FIREZ R/ Z
R, RERGUEN N @EEAF G RE, TR 2RI
[t T 1 8 K A 5o

B LI IR PR EAT PR RS, TR — IR = . — BIEREs) 3
&, PR 230 M AR REE MRS, X
I SR AN AL — BN I, TR e e HES 7 3
ZERFHINEZRZ . PRI S V58 R BE R R 52 Y R e 7
7y, BERERIE SRR, XTI Gl v RERRA B
PR = 20— g A EL L ERPIRE, X eI S H AT 5
FERTEIZE . BRI, SR —JF AR IR Le PGB AL T oA i B2 A PP RS 1Y)
WIga 26 1F, A AT TE R BE AR n] e BE I 18] i 44 Ko

ORI, DUAEABGAL b R 5 3 A B T 12 AR s FE AT e IR S
H—A4, mAEERENZHARES. Ba, EFHHBFHRE
REAL T RAN LIRS, B RE N = BEIN TRl T i o 82 3R

BRIy BTSSR, IR R B A, YR IEEN
GORLEM T BN F 5 AT 2 A2 i AL T P R FE B I TR] T 98/ B 52 8 22
o BAFZUN], XL N AT P SR 0 B SR A sk . a2
U, AT ICER ORI FENE, X RS E A,

)

=



DR

W ARILIZ I Al A2 — 1R 8, DOAEATT I ANE R
HARIBEMY . Ak, FATBSCESR 7 H P 8 00 28 TAE R
Ho B, NIRRT EALR O e R k. 3Ny, ATRLE
B EE THEALS NI B E7 kR MR APRIE,  AATE AT EUF

— BRI RIIEEN TR, EBREEAC S R  a

AR LU, THENIAE R — F e OIS I — i & .
& IREHE S RIS AT H R — A+ IR BB ERET, FAA
TEAEATAT R BE, R SR AW s . Mk, ZEREA B, [
B2 PR FFIX PP E IR A o AE 28 X P FOIRS T LA “17 AN
“0” RKARIH,

FERFCFKSRNAF AR AT, AL TP IRES, X IA0A A
IR . HFMES KRG LIV ICIZIRGS R, e SRR
FEHPRAS, WIRALE EIR P SORA A —Fbo it nl 0L, Ffds N TE
FEREHARNAFIRE . HE, N TR ESRLET ERRIRE,
UHFE R RE R . XA e LIV IR AU A 1, FHIP IR
FRREFE Mg K. nBAEW], O R AR MG &, At
FPREFE G ERMA K. DL, ST ENEF MR — Kl %,
TH P PR RS RS K

RN b, i E R BRI TR D5 1 S T R R EE I KT 1)
s AR o I RS FATTE I 18] 073 1 ) BB, B B 2 B T
K, REPIENAEEL T ER . XAk, R eI
BT, RGN R KRR, FATBE I E TR
FEHG R T5 R AE B LIS 1] AN AT BE 24T FUaX S N RS 3 M S5 (0 3T 1
T



T B R

B, FH N AN ZAER B ) — g, BIERATARZ vid %
AR A i s R I = A P HPRZSWE ? DA A B AN R AE S B I 8] AT
T rRe T rRER? AMEEAU, EENWREEE EEBTST
K48, SONHATE R FE K AR IS 8] 075 17 5 57 o B2 K 7 ) 2 4 )
FIWE? —NATRERIB A2, by EEk E T il AR KB B2 2 40k B
ZAET AR ITA IR . RATAR IZ I E BB IX 2 4, 1B
He WA N2 e Ear FEE AT e, DO 5 B9 i G2 B 22 5T
AL, R P TR AN I S R AR ATE

B, TR ENE SRR B E A AL . XL TR
Hl T Lar 44, AT REIARaRL, EIRATRIPA B8 ) £ KRR
XL DRI, ZR A B R B SAOL I — S T e A 2
HRERRAL, XAEE A G HNG? R M) SRR T, 58 BT i
RRE—AA R, BN SR BRSOV RK. AR,
PG SR 2 s A wl AR A e L, AT W] BEA A X
S0 RO Tl L U AT T AR A TS

TR A 2 HT Al Bl AT — R AR T A 7 RS . XAl
IR I B 45 R A2 AT IR AR 8 77 S I TR i Sk Ry AN TR ok, i
FRATTHT LI 20 )t TR X P B O . (R, [RIFEICARAE 73— Fhn] RedE,
I 5 B A 2 I A — o 2 I RS T ) ) T RS o X IR 0 oK
Y, FHMAOELT MR RPRE, BB REE AN AT fE
BEIS TR TG K. SRR S, N EAAFEM R RErE: oH R A
AR, X AN WA E RIS TR Sk B B HTD, X
Iy A 2 I 8] 7 Sk DL 2 38 1) 5 5 o A 1 S ST T X R AT REYE
PR AR AT — A8 B AT R UL 8 P 2 SR



AR O], i) SUHXRTIE, FH M —& F0T
A, AR RS ROy K FsL b, XEIREL M SRS
WME T EASNEG. —HNSHRRF/IRK, &1 51 HRNE K
NEENE, X2 B g AN A8 F RO 7 1l 6 S O ik . A
120N B 751 e, KRB AR5 78 5o 2 T s A= Y

R LI e, FEE 7 Ei et e R, Lhs—p
P EE AT SR R . — MR TIRBIIREE, 55— ERALE
BHIARAL, BPFUTE RRIEILZ A« N T 4 i BA R — MR etk
JREIRER, AR R A XRE B i 0 52, FURAEIX 2 ) S
IR o IXEE P SN 5 — S s fa], e ATIANER T 5 R A i
BTG DL . BATELAHITERE, EL XM ELR L, FHTEA N
AREET] LN B BT . FATAIE, BARRAEL T
LA A, R FH R R e RA LS, A
XA HEEAB AL T T2, Pl aem P L Bl E# 2 A IR
M, AHENTAEMAT . GbreE 7w s . eI eRrRmE, A
A2 7 YE . AERXAFOLT, I TR A RN 2 I A S BE R
OB R XEWE, TN = LA R AR P A 5 RIS T 4G
IR, TR AR REAXT L), HNME W & BRI AE R
B ORI AT L IR A A D BTk . AT, i AR M
AT TR REE XRRIE S R RE, H S MANE R B —
o

A, Tl BN EIEEEUZK, BE W ‘5%
Ak” o AL, A RESWRE R R, XM AR LR, T aa iy
YRR B E R VE AR, (HBE L XA RIS T AR R . — B X I
I s KT, MEZRRER S BN, XXM
AR =B . 2%, BESRIXIRMIAK N = 245 h ok, I ghm
ElE R HE, LB L



T AN F AT R T ACIRES, BRI RIHER,
AR N IR B SR B TR IR o 3K W] DA FH SR MR 34 7 252 I 1) 55 Sk B
fFAE . FRAETT IR N =2 20— P& A ACIRES,  JFBER 1] 1 2213
BRI 7o IEAIBAERT SCHUEIIRY, OB 22 N 18] 5 Sk flrda 177 16 5
IR R A o BRI, JRATTXS S a) A A2 B 2 VR 1 —
J7 1A T IEFEANBTIZ AR, T AN O S 7 1, Bl 7 il A s Ak T
AWriediz

b [6 i Sk o [ e 1 7

Big, WRTH—EAF LA BRI e 4E, Ik B
AW ? AT IEAF SR [ S N Sk, HUJE e AR RE 2 BRI T8 1 o
BUR/INIE 2 0T P12 BB B B 48 [ BRI i AR IR U, 1X 225
H A A RERZ N U AT REYE . ABATTR 5 R 24 E BIFTRE T A T4
MR EEREE 2 bR BATES &, I 52 B IO Bk [m] 2 S i EWE? AT
e N AT BE G AE A R SRS, FRER T A — 2B R e ?

N T R N R AT 240U E, XEREE A
IR BUONEDER FRI00IZEN FHZE AT . A
i, XA 2 LU i@ AR m] AR R s AR g 2 R A e At 4
RN BIARANES . [HEP AR, XS BT
75 IR SR IT BUTUN AR IR, W SRAEN S B BOh 5 6 1 08 P R B
I, A ATTE AT LU 2, £ JRR P BRI e A E 0 2 s
1o FrL, T N BT GOR U, Vb A R IEE 2 AT e
TERIRETAL, T REAEFC B H k. AL, BHRKE, A=
2 KM TRR BT SRIE T,  A y R B 58 19 51 0 3 IR PR = 18 At
AR KM% T . T 2PN RIS AR A5, R
AL IRATVRTE R KIS 207 R S I RO TR O, L AR BESE T it
AV ERAFNIRAT



i), BAE BT EERgEN, TP REENM AN X2
NI HEAE — B3 SCRARARAD, e AR 0] 2 31— RT3 1A e Y
W& XEWRE, Wb Bost B2 KB BU R 18] Se i o X Ak Ui
Aapr BRI S, TR AETR G P 54 H 22T A R 2 2 ]
Mo fAfe BZAERT, HAEEE, BB T8 HIU e i A2 13 Bk
T EMBSIRBIIN, BOvEEWE 78 BB IR A e b B2 4]
A DRDEPFIR. HE, MMIATRERZHX M, A
RFE A A — S . AR T, XS TR I A AR TR
THIEER, A SR IFAHRTE ?

A CSE S, SR DO A SEfa & 1 P R A
AT 4 B B SE 25 2 i/ o RO 2 R Rk At ) A mgl S ] B 5 e A T4
HIEAR, mfER rh e 4B BOE b 25 G2 I IR B IS Ta) S i o 4R
17, A — LIRS « FTda i, Joid F 2 A I AN ZEOR W e i B s 2R
e B AR B BCRO IS 8] S i 384T, ) — A4 SRR A « U IORIEK
B, RERRRMARS 5, TR PSR S K KRR
1o WERBIBEIE 17— iR, S E, B FMRE T AERgEY
A JC P REFE DL A R B RF I K. B TP e A U 4, 1B (ERR
TR IS, # Ty A B 2 R I ) 3 Sk AN 23 S e

IMREERIE B T — B WIS R, XN AR AL PR
We? LN, W& T, MORAAMENTMEEH. Miladks: kT
oL i M HARAE R B AP G RUESE, R SCRFABATIRE [ @AY 52
Yo 7S NWIEAZ, 2464 T0 R M SCRF S 9 0 AN IERA A 5, B
&, BRSO AT A TARRE, ROy TUESEIR R A FEH . K
Al PSR SR T G, HBA SRR, DY IZ R ) 18 Bl
AAFNL T AFKE, Wag i 7 AN E 228 14, IR
B EE, WENSE . 2R I TR R,



U, AWM T RN TSI T H 2, AT
PR B KR



BTH I

A A8 S IR IOV [ T R L — Rl e B gt —BE, a2k
HRAER . BTEL, BATEMZ S — 5, a2l kIR
PARAGHEfE . IXSE BRI IRV N ISR WIAE 13tk st H A PR 3R
HIRZI AT 25 58, B DL— 26 5 i BCrE v e el #ian,
A, AT LTS R 1 R A BLAE A, i /e R S A I A
HEE M. H E, AMREARAANTE 2 Eaedk 2] — M kM L HE NS
—H, 1 HE N A EA RN AT PR A A R A B . X
BESRBAC IR SR ARy “PIHAm) g1

5% R AT HE AU A G 2 1 K 0 I IR R — R g —#g, (BRI
B, AN FEACUHL AR B POy S AT 77 A
o b, ZRBIHEAMGE R T IR E S, REMX & T 715
Wk el 4% 7 EEAE . (HA, WAERBEERIELFENERZT
HAY— D IEARFAE . R, — R B g — B Ve 00 200 i 3 e L A I
— R,

B TAR, RERBIHRBERK AT RO EEEZ T, ROV
FHAPAR IS K EHEIEE. A, TATBIERE > 85, KA
ZHiCafa AR . Flan, E20t L), AATE POy (A
JIPER AT VL E S B ) — SR BT, AR AR SRR IN DLERE
BT IR T AN A AAE B, XP A 5 A & R .

Ja R N AL —R: 19284 55 B « I B8 X5 a2 i AR K221 —
UL, CHLIRATAT RN, AN AWLSE” o X R E
S, mIETAATKI R T R HE TS, BN Y



NI RESCRC B T (¥ & S BTk — i) —Fh 53 2R 1)
MHERYI BB oIk 1 2R, TP AR IR R —IRG R A
BEFA RN 2k —HE

JUEU T X, FAIR L — R R RS A, B
AP AT HE DBl IR A B AR AR Hbr. SR, Al
CER VAT REERL. JATH 77 e, XA XRIIHE
HVEREAE, DALKOIEE BCSS A1 s R B . Je =
A LS AR KRG — e, AR EHWR AT S N
=, ROVeamsl HasEan . 2R —MER, Pleestsl
A UA g —ike ok, FHEZEWAEE T SUEX 18 )52 — g LB
e KLU, BIFAUERTIANMAMEFRE . M, HAbh=F
RO S &7 A R R k. Bk, BAURRIH
TARR, BB SCHXHE SN AME R B 45 G k. IR E 2
HFE, XFEMAT DL G — RERES L, R FFAR R AR
M, FH e H N, HEAGS . BRGET, AR E Rk
& R 2 58 e A S (B T8 1 RE L 1R SORE 736 o 3K 28 fERL ¥
M BALRKMEERE, MXEWEEMNNIIEH AT d&mES
s G R /IR RUEE

FEH A — Lo F g, W I — USRI . B B RIRTR
JERITGR K@ . A, 7EXEer gy, BRI LLE —Fh
THHE B AL DT EE T A S B X7V RO B Aok R
AN sR FE AT R, AR R R B IR K. R R
Boeog PRS2 NERE, (HAESLhRMN A BB RIZA AN . AMd
MR IZ R ITIA T EEE, H DU PSR RS S RN 4
RM—8 EHE, MWEHE—MERMIRrW R RE, Hibfa—
ATEEFIERE . — B R AT INERICER K, A2 R B A A& Zt
WUV A% % XEWE, AXFEIR AR e S &AM /7158



FEZ SEBn U . A, EATANSANIE I 5 UL 25 2R 18] A 405 SR Lk
o X SCHXTR R, RAWAER A UFEEER), A2 5] 775
AP H 2 . R, AR A B AN 2 DLBEJT P AT OB FR K.
B, AL T RE, XMEIRERBEN R E (I 2 i =0
M wE, XEERESChR NI, EE2 e BOWIE, Hi
SEEDLRZARE . AT RERIE—HEM, 1976555 NI T —Fifk e
NI BEE . XAER AR Bl SO iR, HEfh e T
R T .

FE] SCHRHe 5177l IR VR T B ROV 2RRL T, Xl
gl . BIRERHIEAERE, NIGINE ROY3/2. 1/ 20 H Al LA
HZAFRGHRLT . T2, WEME R, B8k #n Ay
A= R BAFERIL. X BN/ 2H3/ 21 AL/ ROk
Tk, EMINMHAANGEE, MXMAREEESSBREN0. 12
AL R IR RE AR . XA 2R, W2 ATREMEIR KB AR
fFAE, HL NHLREA LR ARVIRATRE R AT PR, AR, ZEARN
WSV TR TR R R POH B, Pras Z i TR K,
HAEFEAR T, A AT H AT IS . RIME A TF ALK, 14
T EAD WA e EVUERE . Ei R R IR, B IR
o, XA RETE AR K. BrBL, A AR RNIE I S 2 SR 2 I
1, A HAa NERZIHE, JFRelS M R RZE R, 12252
X A REAKATHER

e EEBIOTEAE, 55 L AR R RLE A, A
R, ISR, AR TR R T — A A
Fo M2 AR K EEAIE M A FE A, i — 2% R AR 3
. 7 WRAL MR T T BB, B s
A BLAI 5 i — SRR, B “HERET . B, (e
B, — R GEI G T A — R, DR T o 0 o A — A



Yk, ROy CHERFE o MRS FUE ERAER A, TR
BORSER, —ADRAEWE, DR S sZ BN E . G2 TS
M52 — B, BEWIRE . By R, BRE
TR E N ZI5Z T AL A7 B

P ECTZ T DUERGEEOR, IR &l — 2092, 1K AR 2 4 R 12 A
kT R, 2R sa BRI DL BN AR 2. LR, Je Rl
WKL T I, BUE R GO R 2 AR 37E 1, BB oK E L
Beo — MR 53— AR BRI AR S BB e, 5 22 AR
B LI > B BCE E . Flan, 5 IRKBHXS HUER (14 51 78 FIR R A8
RN RIKERTE .. 2w OH s BERKEE. RSP
EETE ERB, XN ORI ER BRIk, 1S KO E R L
FITRE . (RS A AE P 3 2 TRIAR R 51 77

HWHEE BRI ERE. &5, ERE20H 60 AR
JER R, BT N E R B —F R Sk il 5E . e AR,
G F AR IR T, AT RUEVE N —455% LUk . kT 1a] K58 7
P TS gZ B, EATEE T A — S5 B 2 A, X P A SR
RN o SR AP B R U B R B 5 T WA, I s A 2 G
e —HE, FRREARSZ 10ME A2 A B H AT .

19744F, 2K « WML « fi LR KR 1T — R CE, T
ABATTIEW] 1 5238 Al LARAIR 51 77, 26 PF R 52 5K 1 b 2B KA AR
L ——2)B 1070, EH WK ETEE N, SRR ER —EmE 5
SCHXFB IS 84— 80 RIMAEIRF/NREES ChT1078EX) k
PR 1. A, AR TAE A SHE R RIER, BIVIER
AR A K2 BT 1RGN AR R 5ZE. Ao kit
N RO ONES . RN R, EA4T BIRRRESZ A BEBRA A



NAER R R XA 2K, INFTNME LR LT R T 528 R E— ¢
s ORI, S RFEM KRR BEIEE KRBT Z .

B 719845, NATTFEIRIA]FEEEXS 5% 77 A2 1 %R, X KMEA P 5 T
MR A H—, AMEUERE S IR AR, B0 iR gl BLH
KM RETRATT CRLI 2 (3B USSR 571, SEbs B IR 30E HUE 2 Kt
o K, 298y e LRI « R AMAEMAT T AR B — R i SCHHIE
W, sz B VF e R BERE Y B A2 AR T BUAFAE, 1 3R ATTHT UL 21 )
Rk T R IXMARIE. ANE R AR, VF2 NMRERIT 46 5%
WO LA, — ARy 7 R 52 BB A s BB K ke ok 17, T BB
SRARAT A] BE FH B R AR RESRATT TR 28] f4) 2% 20

SEEWRFE ST B RA, A AN SERE IR 5% — 3
WA A e T AR . vl g, sZERR T AR — A K
A AT ST 4EEE T ON R A S DR, e AT
AR EER . R, BN S XS BEL) /N F T2 w4 AR
ZHy HE UL ARSI N R AR, ST HXHERE
BT NI RE DU G R B R AT, T — S R 28 7 ik
ITH SRR &, KPR A Be el A EAR & oAt
BARAT Vo BN R R, AATHERE BhBom i 4E B 3 — 5%
. FATA UL LU 7 30R M — B/ AR R . BRBIATAERS 2 R
e, M HERT R, BB R s I i R T
MREA TN L b, TR EN L ERRE— R, Bans
SEEME. R, ZLREREMBIE S =4k iReT, A& Ppin
HEEM T X,

IR X EA N L EERA SCAFAE, BNV AR Z Z 85
We? AT A RATTHT & B R R = 48 4 () A — ZE I (8] W 2 5% b 1) A e
e, HABRIYERZ IS i TE NS Y, HREERZ) A7 100 7512



AL 2 —3e~f o RFFMRESEAERKRAN T, UETIRERENPrE
8. AR BN Ho = g2 (m A — 4B ], i B ISR 2502 58 4F
B XREDL A EEAEOIE T ROR I : IR BRI, B
22 M, i EATRE R NS, A A B0
RN, ©FE FERBRREE. TRk uE & k. 73k
HANKRE el t4em, mHsESih. ERARARE L, &F
ABNE L, BE R A BB YERE

a0 R PO AR BTG, T AR 0 s R AT 3 B R R
GRS . BUOMOYERE SR RN T, 2 K EA R LLEE . 24
M, XXGE 77— NEER . AR R AZ G A
BR, AN PTE e AGR nb e ? SEHED, BN R e 4R
AN 22 v B . A A A =4 A —4EmS (e -~ 1,
fib i FEAS A+ XA IR e ?

—A I REM AR AN EE . N TR BRERANTIXFER ERA
i, MYESS A RZ AR Glhn, X AENAe—4ihBR ERgP4E N
Kl P N AR I gk, A — A ANt 2 55— N
S BRI L. R gtz T AR, e~ T
K, EAFAEEE YK, 1 H A HAEE S REEE
PRI, IXRIONEZA — sl st g B Lk, BaeasliXAd
i 73 P A AN B 0, 1 BRATT I P 4EA: A o A T . 3SR
b, AR ELER R Y AE AL i R Y AR A BEREAT I AT IR A TP AR IR e . =4
AR HIAERE KT =N, FAES IS8 e . XN PN T8 ) 5
JIBERE R IR RN, e =4 (A g M TR e gE R —
PMEFERE, T2 (B SRRl 2 TRES.
R an H A AT 2 1 51 T PTG AR N 3B, & (R ER AT RR e 1 4
I R BUR AN K P o XA RIATE A MR LS, B bR
o SEhr b, XFE—Fh gl BERE A IRFIE, AR R FH Ak F A



FRER . KIHEE 22 &, B PR . o mka
oL, stk EAEMZ JeMEREIEOR , KIRERAE KRB HAL T .
ERVNRE L, R TR TRZEPIERSINE ), BaRAHS
SIMFE AR E. T2, Frama raa WEFHRRE %, 5
HHR A BN R T % ANE I RME S,  JE7 AN i REOREF
BUAETRATT B R R AR R RSLAE

BX, Adar——ZED2IATRE R R Ly, WA BAET
R € IR 25 X2 mf, e 1 = gE=S[aRT— 4 18], 1 A = R
AR AF AR /N o IR ERE AT DR ST # R, Al el fE a6k 2
A CAUE W] 52 2 v 2 /D Aff e 75 VRAE Tl AR SR X i H, B ORE
— P SZ R B SRR A VE MR XA AE . TR R ) BE A AE HAR A X
B, BEE AR T E (HARREWENA) , AT
PP I 4EFEEHR G I AR/, B o A7 YA DL B4 2L P B
. A, ERRXEH A TR EZLEDEALE, XA RgEE L
ANTRIASE ARt 5 TE RS T

B 1 I PR B R4 B 2 AN B TR A, SEARIEAFAE HA —
BERE L, BN AUEAT IR, )R A HEAEXR I 5 o RO DB A R 4
gi—Hig. BATHANE A RICIRARE S 2 EAHMRE, sSEEEAH
T8 AR A A 5% b K95 BRAT TR B AR 1 ) B AR SRR AR
R, 38 T REY LA A 3k 311X 88 r) U 22 1) n] B PR R A1
(o, 1 220 TH 20 R FA TG 2 FiE 9218 & B A S AT R e A 3
P G2,

Kb ERESAAAE G T FH ARG —HIgR ? EREATA
FEAEIBIZIE AN T R SN L) G ? X LR RAFAE =Pl m] REVE -

L RSRAFAE — R Se G — 3R, WERIATA B HIE S, RE
H—REEE,



2. MEAEE M T FHAEMARER, ARRZ—RIHE, &
AT 55 AR BOR RS A, (X — 1 7K o 18R

3. AAFAEIE T 38 BAE T E . B — e Va5 F A=A AT Tl
RO, e AR B LI AR A7 A L

— B NBRRCER =Rl gEE, PR HOR AN R BB SR R E
MBI L R TR M TR AR A . X S & 2y
W LW h A enGE il —YUEM H B RRAERN KA ke ? (=
e, b VB AR R AR, YR SR BT AT e R — 2
R WEHRBRNZE - FENAAERNEY . T8 G2 b a1E& i 5 8
P AR . EIEHEN, B AR GG T I C RN TE
BT 7E o

e T 1A BT, FRATTET I R B FH A R T AN AT e R
2, TS R AR RE A E . ERA N, Afhn]
PAE XA BENLRFE A AT B T3 E, XM 22— MARE A%
T BCAARMIESRRMY, AT E A K. F5k,
KA, ERAAZZEIN. E£S55F0, ETEHUM 7 B2 H
b, ATSERS O HERR 7R =Rl aerE. BATH H E T >EALE
B RGN e, WA BRATT REAE DU A HE J5 2 P BR 52 ARG 2 A X6
FAHH TS .

55 MRS K BIAE O PR LR AR R B — R AR, X
MG SIS T A8 . £ 2at, AR
MR TARR RBUE, BCE IR — MMM, H 1 R e T8
PR, MERNREIAHERTEWMEH. FE T, RONDIKE
NS RE B e . BITEL, XELAA AR R gt — Bk, wReq]
22K TSR RL T I A A S T AN RS, AR A ki T



RbNE. s, RFATOHUIH b2 EMIA R, WAL A
ZHREFIEFRAMBERASHRKMELT

SR, I BA RN “EhEE” AT AR AR R R
fl o WA KT, B R RS TE Y e &8, B0l
GeV2l, TP e EEamERE, SR2EVIN e TR
MR, R D RUNO R . ik, BRI & RE R BRI,
XFPAS WA i B PR 8 7 S B AR A SN %A — D RBR o« X R U,
AFAER PP AR R . P8, HATHA A S8 = A e - A I REE 78
HEWHEIGVA S, XE5EYwEEMBRIT, N1 s A KK
MR, TR G KRG E IR 7 i 4s . PLEAT R4t 58
TR, RESRAG NG IXRE — & it Fr /2 & 92 e e A r RER

ik, FH AR IR BO S R IR R R R 2 L W SE B
PAIRPT L, BAE AR — MREFIISHL, ARt BT w ke, ALK
MRS HETERIZOR, K25l SEAE20H 22 ARG H — M e RS —
B ——AR IR A R BAIN et BHECK

WRBATH AR I T — P R T R A R ERE, N H s
Hame? AEBRATANRT H A 77 LR R, I8 SO R [ —
BaREEX — g R MR B, AN, XA AR S i T
H A R AR A R TR R AL . AN, REHERINE A
REERNFRMIRZ &5, EO0WREMEMN . HiE, ZEHERSET
AWk, EAMPIX - S OAEHE . IS EEN T U0
MEE R AL T AW Z o IXFP R 4 A n] BEE L = i A B
ik, DM IE KA AERAR E AT, BN — 45K, T RIME 4n
I, SR EEAE B M — MR SR R AR .

AT, BHEEREP IR EARE 2, A 22 Bl KA B2 B
ARG LR TOLRS s R NEAZ A BeBRAG _E PRt e



FIRAETT . 1 H, AIASANZHZNE SRR E, FREREDA
KIGIEA NFLA T T 2T HRILERZHN, T ARG
FRURE Jeg LA R | B 51 Ok FR s I ok -z 2

Zr-bhEamE W E R, WA > NREREMRT X
xE. ESH, BT RAR AR R X — B, &f
JLAAANZDARILEM ., — BRI T EENG—HL, BABAE
IR A B AT faifl, R — NI a) A . ey, s
BT AP XA 10, DRI AR, AR, FRATT AR R e X 3
Ao, IR FATHIARAE S P 1 P AR L8 e A Pl 1 .

5% NI B 22 J I XA — ANl “HERMR T 2N, Ewa
ZRHIRFRI? 7 AR F B2 B E, BRIk e v 2%
PR LB AR B 7o 208, AR A5 B SCRC 3 2 e I H
TR A, XEBABREAZ KN E BIEFF R, RATFERAF
fE—MERE DM B RN G — e, B2 e, mHEFAE
SR

HIAE R —Fh Al R 48— 210, HIXMES AR —&EM
AN TR G, BATIE R v Bt b ag A il A A =
RE T RIBGENIX LT RE, IR 138 H A8 I 22 77 R RN LA I 1) 57 6
e ? 38 H M TSR R 2@ Ae, JFA R R XA — A
A A BAZAFAE — PP REHIZB ARG IA T ? AT R 25
AR Ab A R LASRAEAE R ? g8 — BB R B Wt NGk, UETEAS
FISEBLAN RS ? B B iR 2 AE X, manRiE 2w,
LR T NFEHMAAENTIZAN, By 2 3k 2350 5 8 it LA 4 500 2
WA, SOTHERNE 1 L

E5hik, REBRFZFE— BRI TE TR — e,
PRI 8 I H B, 1A IRt A . 5 —J5im, X+



HPLEER SR F RO ANt N CEP 2200 SRud, ARATTHY TAE ekl b
Blme iR, fE1sthal, TN ERER AN A4
P, MEMATRR TR IE R . AT 2 ue T “CFEEA e 2
KW, SR, B 7192014, BRADERAEK AN, X EFE M
HAATAT ARk, Bl RN EFE S 71k ARG TR, #%
FAVR KRG/ TAAT R R Ja ], e vk, 20t 20 &% 3% A
FRAERFRETE G UE: X Em S, ME—IE R DU S AR
SHES 1. 7 NIEE -2 35S, TEMHERERCEEZR T
WIS (B !

AL, —HIASRBL T R e R e, A N SR A
AN EEFE, AR IRTDERER. B, EAITERA
HHES ST T AR — R 8. A RIATRE] 7 X
A SR, R R NSSER IR AR MR . RO RRANI fige,  ATTHE
SHRE BRI T .



2 o R R

absolute zero ZAXfiRIRERE
anthropic principle AfFJHEIHH
antigravity x75l/7

antimatter ¥

Aristotle YL H 4-Z4H

arrows of time IJ[AJHTk

Atomic bomb project JHE ¥ 1Ll
background radiation W StHEHT
balloon model of expanding universe KT 5 B BRFE Y
Bardeen, Jim 7, FHH
beginning of time B [A]C &

Bell Labs DURSEEG =

Bell, Jocelyn DI/R, Fre2f
Bentley, Richard A%pF], FHAfHE

Bekenstein, Jacob DIEHIH, HHRAG



big bang theory KIEIEELIR

black hole i

blue-shift W

Bondi, Hermann ¥idi, #HF/RE

Born, Max M.y, S« M
boundary condition i4F4AE
brightness of stars f{HE=E
Carter, Brandon 4§, fF=%
Catholic church RE#H

Cerencov radiation YJeHR}KEEGS
Chandrasekhar limit 27 ZERRIR
Chandrasekhar, Subrahmanyan EfE+H;ZE £, HAHh S/
chemical element M2ZEICER
Christian church REE#H %=

City of God ( b7z k)

classical theory £ LI

cold star JCREVRIEAE

Copernicus, Nicholas =+&FHJE, JEHHL



cosmic censorship hypothesis FHf W%

cosmological constant FHFHE

cosmology FHF

creation of the universe FHEI4E
Cygnus X—1RHKEX—1

density 2

Dicke, Bob idive, )

direction of time M} 8] /5[]
distance of stars fHERZ
Doppler effect RGN

Earth hEk

eclipse B, XE&

Eddington, Sir Arthur 2T, WHE1:
Einstein Z[K#H

entropy i

event horizon S

expanding universe JEZIKHIFH

Feynman’ s idea %%[X S EAH



fixed star fHE

flood 7K

formation of stars f{HAZJEHK
Friedmann, Alexander #BHfES, Wik
Friedmann model  3f B & A5i iy
galactic gas cloud EREML
galaxy B &R

Galilei, Galileo fUIFIWE, HNFI3EE
gamma ray 552k

Gamow George fIZELR, vV

general relativity [ SMAHXIB
Geneis gItHid

Gold, Thomas X/RfE, &Lk

grand unified theory K&G—H1t
gravitational wave 5| J7y¥

gravity 5|7J

Green, Mike #%#K, W

Guth, Alan Etaj\’ )4{1'/6



Hartle, Jim WMS4FE), Hi
Hartley, L. P.MS4%FH|, L.P.
Helium =

Hewish, Anthony MRI&KAT, ZZZRJE
hot big bang model #F K EEIFRAAY
Hoyle, Fred EM/R, 3pHE{E
Hubble, Edwin M%), iR
Hydrogen &

hydrogen bomb &7

Ice Age UKJA[HA

imaginary time JER

infinite time JGPRHY[A]
infinite universe JGPRFH
infinity L%

inflationary model Z&JiKAsiAY
Israel, Werner #MFHFEF/R, RN
Jupiter KRAE

Kant JFEfi



Kerr, Roy W/R, Zf#

Khalatnikov, Isaac WMeHifF/EM R, fHEEw
Laplace, Marquis de $i3¢4y i E%

law of universal gravitation Jif 5|l 1E#E
Lifshitz, Evgenii H|KFHK, HRIER
light cone Y4

light spectrum JYGi

Linde, Andrei #RffE, Z7ffid

luminosity of stars {HEGE

magnetic force /7

Mars ‘KA

matter #JJi

Mercury /K2

Michell, John K&K, ZJEy

microwave detector FUEIRINAS

Milky Way galaxy 4RV %
MITHRAS BE T 22 F

N —

motion I1&#f]



Mount Palomar Observatory WHI&S LR &
Murphy’ s Law #&3EE N

neutron star HfA£

Newton Zfiii

no boundary condition JCilIF4&AE

Nobel Prize if DI/R¥L

observable universe ] T

Olbers, Heinrich HAHHr, WHRHEA
Oppenheimer, Robert BAFER, A4
particle theory of light J&HIRIF Ui
Pauli exclusion principle JEFIAFEZ HEHH
Peebles, Jim RAH/RHET, &l

Penrose, Roger %', B4

Penzias, Arno #255WHr, Fi/RE

phase transition #AHAR

Philosophical Transactions of the Royal Society of London
(e ERK T 222D

physics #pHiZz



H

Planck energy EiAERE

g

il

il

Planck’ s quantum principle
planetary orbit {TE¥iE
Pluto =EA

Pole star JbtkA

Porter, Neil J&%F, JE/R
positive matter energy IE¥JFREE
primordial black hole J5E4J]ZE
Principia Mathematica Naturalis Causae
prism 5

psychological arrow U»HEZHik
Ptolemy FE#)%

pulsar kA

T

H R S A R P

quantum gravitational effect == 15| 7%

quantum gravity 15|/

quantum mechanical uncertainty principle

quantum mechanics & /1%

B 1A E R



quantum theory & THif

quasar A

radar HIE

radial wave HEHTIK

real time SEIFf

red-shift 4%

renormalization HEIEAL
Robertson, Howard %{Hifh, ZEH4E
Robinson, David B5ifh, #4E
Ryle, Martin #i/R, 5T

Saturn 12

Scherk, Jo #al1 &Ko, ZjBR
Schmidt, Maarten JEZ4r, SI/RE
Schwarz, John JERLIK, 2%
Schwarzchild, Karl S2TFLPH, FIR
Schwarzchild solution S ELVHf#
second law of thermodynamics #2258 e

selection principle EFEJHEFH



singularity %A

space—time continuum [ 25 %E

space—time dimensions 2S4S

St. Augustine FHHEET

Stadia HikHh

Starobinsky, Alexander HiIE% =3, WHILK
star JEA

steady state theory FafEASHEL

Sternberg Astronomical Institute M REER
SCHIFFE

string theory 5% (¥) &

strong force HR/J

supercool water IH¥EEK

symmetry of water JKHIXIFRIE

System of the World FHARIL

Taylor, John Z&#¥), 29

theory of relativity #AXtig

. A} E,E‘\\
thermodynamic arrow #7285k



Thorne, Kip FER&, H¥%
uncertainty principle WAV R
unified force %H—7J

unified theory Z—HiR

Vatican FE# X

Venus 442

Walker, Arthur Ko, Wi

wave theory of light YGHIUKBShVL
weak force §57/J

Weekes, Trevor Jividh, HrEsdb
Wheeler, John &), iy

white dwarf H%AE

Wilson, Robert J@/Rih, ZAAEF
Wittgenstein ZERFARIIH
world-line 1H:- 54k

world-sheet {HStH

worm hole HLJf

X ray emission Xk & Ht



Zeldovich, Yakov VER|Z4EE, HERIR



INTRODUCTION

In this series of lectures I shall try to give an outline
of what we think is the history of the universe from the big
bang to black holes. In the first lecture I shall briefly
review past ideas about the universe and how we got to our
present picture. One might call this the history of the

history of the universe.

In the second lecture I shall describe how both Newton’s
and Einstein’ s theories of gravity led to the conclusion that
the universe could not be static; it had to be either
expanding or contracting. This, in turn, implied that there
must have been a time between ten and twenty billion years
ago when the density of the universe was infinite. This is
called the big bang. It would have been the beginning of the

universe.

In the third lecture I shall talk about black holes.
These are formed when a massive star or an even larger body
collapses in on itself under its own gravitational pull.
According to Einstein’ s general theory of relativity, anyone
foolish enough to fall into a black hole will be lost
forever. They will not be able to come out of the black hole
again. Instead, history, as far as they are concerned, will

come to a sticky end at a singularity. However, general



relativity is a classical theory-that is, it doesn’t take

into account the uncertainty principle of quantum mechanics.

In the fourth lecture I shall describe how quantum
mechanics allows energy to leak out of black holes. Black

holes aren’ t as black as they are painted.

In the fifth lecture I shall apply quantum mechanical
ideas to the big bang and the origin of the universe. This
leads to the idea that space—time may be finite in extent but
without boundary or edge. It would be like the surface of the

Earth but with two more dimensions.

In the sixth lecture I shall show how this new boundary
proposal could explain why the past is so different from the

future, even though the laws of physics are time symmetric.

Finally, in the seventh lecture I shall describe how we
are trying to find a unified theory that will include quantum
mechanics, gravity, and all the other interactions of
physics. If we achieve this, we shall really understand the

universe and our position in it.



LECTURE 1 IDEAS ABOUT THE UNIVERSE

As long ago as 340 B.C. Aristotle, in his book On the
Heavens, was able to put forward two good arguments for
believing that the Earth was a round ball rather than a flat
plate. First, he realized that eclipses of the moon were
caused by the Earth coming between the sun and the moon. The
Farth’s shadow on the moon was always round, which would be
true only if the Earth was spherical. If the Earth had been a
flat disk, the shadow would have been elongated and
elliptical, unless the eclipse always occurred at a time when

the sun was directly above the center of the disk.

Second, the Greeks knew from their travels that the Pole
Star appeared lower in the sky when viewed in the south than
it did in more northerly regions. From the difference in the
apparent position of the Pole Star in Egypt and Greece,
Aristotle even quoted an estimate that the distance around
the Earth was four hundred thousand stadia. It is not known
exactly what length a stadium was, but it may have been about
two hundred yards. This would make Aristotle’ s estimate about

twice the currently accepted figure.

The Greeks even had a third argument that the Earth must
be round, for why else does one first see the sails of a ship

coming over the horizon and only later see the hull?



Aristotle thought that the Earth was stationary and that the
sun, the moon, the planets, and the stars moved in circular
orbits about the Earth. He believed this because he felt, for
mystical reasons, that the Earth was the center of the

universe and that circular motion was the most perfect.

This idea was elaborated by Ptolemy in the first century
A.D. into a complete cosmological model. The Earth stood at
the center, surrounded by eight spheres, which carried the
moon, the sun, the stars, and the five planets known at the
time: Mercury, Venus, Mars, Jupiter, and Saturn. The planets
themselves moved on smaller circles attached to their
respective spheres 1in order to account for their rather
complicated observed paths in the sky. The outermost sphere
carried the so—called fixed stars, which always stay in the
same positions relative to each other but which rotate
together across the sky. What lay beyond the last sphere was
never made very clear, but it certainly was not part of

mankind’ s observable universe.

Ptolemy s model provided a reasonably accurate system for
predicting the positions of heavenly bodies in the sky. But
in order to predict these positions correctly, Ptolemy had to
make an assumption that the moon followed a path that
sometimes brought it twice as close to the Earth as at other
times. And that meant that the moon had sometimes to appear
twice as big as it usually does. Ptolemy was aware of this
flaw but nevertheless his model was generally, although not

universally, accepted. It was adopted by the Christian church



as the picture of the universe that was in accordance with
Scripture. It had the great advantage that it left lots of

room outside the sphere of fixed stars for heaven and hell.

A much simpler model, however, was proposed in 1514 by a
Polish priest, Nicholas Copernicus. At first, for fear of
being accused of heresy, Copernicus published his model
anonymously. His idea was that the sun was stationary at the
center and that the Earth and the planets moved in circular
orbits around the sun. Sadly for Copernicus, nearly a century
passed before this idea was to be taken seriously. Then two
astronomers—the German, Johannes Kepler, and the Italian,
Galileo Galilei-started publicly to support the Copernican
theory, despite the fact that the orbits it predicted did not
quite match the ones observed. The death of the Aristotelian-—
Ptolemaictheory came in 1609. In that year Galileo started
observing the night sky with a telescope, which had just been

invented.

When he looked at the planet Jupiter, Galileo found that
it was accompanied by several small satellites, or moons,
which orbited around it. This implied that everything did not
have to orbit directly around the FEarth as Aristotle and
Ptolemy had thought. It was, of course, still possible to
believe that the Earth was stationary at the center of the
universe, but that the moons of Jupiter moved on extremely
complicated paths around the Earth, giving the appearance
that they orbited Jupiter. However, Copernicus’ s theory was

much simpler.



At the same time, Kepler had modified Copernicus’ s
theory, suggesting that the planets moved not in circles, but
in ellipses. The predictions now finally matched the
observations. As far as Kepler was concerned, elliptical
orbits were merely an ad hoc hypothesis—and a rather
repugnant one at that because ellipses were clearly less
perfect than circles. Having discovered, almost by accident,
that elliptical orbits fitted the observations well, he could
not reconcile with his idea that the planets were made to

orbit the sun by magnetic forces.

An explanation was provided only much later, in 1687, when
Newton published his Principia Mathematica Naturalis Causae.
This was probably the most important single work ever
published in the physical sciences. In it, Newton not only
put forward a theory of how bodies moved in space and time,
but he also developed the mathematics needed to analyze those
motions. In addition, Newton postulated a law of universal
gravitation. This said that each body in the universe was
attracted toward every other body by a force which was
stronger the more massive the bodies and the closer they were
to each other. It was the same force which caused objects to
fall to the ground. The story that Newton was hit on the head
by an apple is almost certainly apocryphal. All Newton
himself ever said was that the idea of gravity came to him as
he sat in a contemplative mood, and was occasioned by the

fall of an apple.



Newton went on to show that, according to his law,
gravity causes the moon to move in an elliptical orbit around
the Farth and causes the Earth and the planets to follow
elliptical paths around the sun. The Copernican model got rid
of Ptolemy s celestial spheres, and with them the idea that
the universe had a natural boundary. The fixed stars did not
appear to change their relative positions as the Earth went
around the sun. It therefore became natural to suppose that
the fixed stars were objects like our sun but much farther
away. This raised a problem. Newton realized that, according
to his theory of gravity, the stars should attract each
other;so, it seemed they could not remain essentially

motionless. Would they not all fall together at some point?

In a letter in 1691 to Richard Bentley, another leading
thinker of his day, Newton argued that this would indeed
happen if there were only a finite number of stars. But he
reasoned that if, on the other hand, there were an infinite
number of stars distributed more or less uniformly over
infinite space, this would not happen because there would not
be any central point for them to fall to. This argument is an
instance of the pitfalls that one can encounter when one

talks about infinity.

In an infinite universe, every point can be regarded as
the center because every point has an infinite number of
stars on each side of 1it. The correct approach, it was
realized only much later, is to consider the finite situation

in which the stars all fall in on each other. One then asks



how things change if one adds more stars roughly uniformly
distributed outside this region. According to Newton’ s law,
the extra stars would make no difference at all to the
original ones, and so the stars would fall in just as fast.
We can add as many stars as we like, but they will still
always collapse in on themselves. We now know it is
impossible to have an infinite static model of the universe

in which gravity is always attractive.

It is an interesting reflection on the general climate of
thought before the twentieth century that no one had
suggested that the universe was expanding or contracting. It
was generally accepted that either the universe had existed
forever in an unchanging state or that it had been created at
a finite time in the past, more or less as we observe it
today. In part, this may have been due to people’s tendency
to believe in eternal truths as well as the comfort they
found in the thought that even though they may grow old and

die, the universe is unchanging.

Even those who realized that Newton ‘s theory of gravity
showed that the universe could not be static did not think to
suggest that it might be expanding. Instead, they attempted
to modify the theory by making the gravitational force
repulsive at very large distances. This did not significantly
affect their predictions of the motions of the planets. But
it would allow an infinite distribution of stars to remain in

equilibrium, with the attractive forces between nearby stars



being balanced by the repulsive forces from those that were

farther away.

However, we now believe such an equilibrium would be
unstable. If the stars in some region got only slightly near
each other, the attractive forces between them would become
stronger and would dominate over the repulsive forces. This
would mean that the stars would continue to fall toward each
other. On the other hand, if the stars got a bit farther away
from each other, the repulsive forces would dominate and

drive them farther apart.

Another objection to an infinite static universe 1is
normally ascribed to the German philosopher Heinrich Olbers.
In fact, various contemporaries of Newton had raised the
problem, and the Olbers article of 1823 was not even the
first to contain plausible arguments on this subject. It was,
however, the first to be widely noted. The difficulty is that
in an infinite static universe nearly every would end on the
surface of a star. Thus one would expect that the whole sky
would be as bright as the sun, even at night. Olbers’s
counterargument was that the light from distant stars would
be dimmed by absorption by intervening matter. However, if
that happened, the intervening matter would eventually heat

up until it glowed as brightly as the stars.

The only way of avoiding the conclusion that the whole of
the night sky should be as bright as the surface of the sun

would be if the stars had not been shining forever, but had



turned on at some finite time in the past. In that case, the
absorbing matter might not have heated up yet, or the light
from distant stars might not yet have reached us. And that
brings us to the question of what could have caused the stars

to have turned on in the first place.

THE BEGINNING OF THE UNIVERSE

The beginning of the universe had, of course, been
discussed for a long time. According to a number of early
cosmologies in the Jewish/Christian/Muslim tradition, the
universe started at a finite and not very distant time in the
past. One argument for such a beginning was the feeling that
it was necessary to have a first cause to explain the

existence of the universe.

Another argument was put forward by St. Augustine in his
book, The City of God. He pointed out that civilization 1is
progressing, and we remember who performed this deed or
developed that technique. Thus man, and so also perhaps the
universe, could not have been around all that long. For

otherwise we would have already progressed more than we have.

St. Augustine accepted a date of about 5000 B. C. for the
creation of the universe according to the book of Genesis. It
is interesting that this is not so far from the end of the
last Ice Age, about 10,000 B.C., which is when civilization
really began. Aristotle andmost of the other Greek
philosophers, on the other hand, did not like the idea of a



creation because it made too much of divine intervention.
They believed, therefore, that the human race and the world
around it had existed, and would exist, forever. They had
already considered the argument about progress, described
earlier, and answered it by saying that there had been
periodic floods or other disasters that repeatedly set the

human race right back to the beginning of civilization.

When most people believed in an essentially static and
unchanging universe, the question of whether or not it had a
beginning was really one of metaphysics or theology. One
could account for what was observed either way. Either the
universe had existed forever, or it was set in motion at some
finite time in such a manner as to look as though it had
existed forever. But in 1929, Edwin Hubble made the landmark
observation that wherever you look, distant stars are moving
rapidly away from wus. In other words, the universe 1is
expanding. This means that at earlier times objects would
have been closer together. In fact, it seemed that there was
a time about ten or twenty thousand million years ago when

they were all at exactly the same place.

This discovery finally brought the question of the
beginning of the universe into the realm of science. Hubble’s
observations suggested that there was a time called the big
bang when the universe was infinitesimally small and,
therefore, infinitely dense. If there were events earlier

than this time, then they could not affect what happens at



the present time. Their existence can be ignored because it

would have no observational consequences.

One may say that time had a beginning at the big bang, in
the sense that earlier times simply could not be defined. It
should be emphasized that this beginning in time is very
different from those that had been considered previously. In
an unchanging universe, a beginning in time is something that
has to be imposed by some being outside the universe. There
is no physical necessity for a beginning. One can imagine
that God created the universe at literally any time in the
past. On the other hand, if the universe is expanding, there
may be physical reasons why there had to be a beginning. One
could still believe that God created the universe at the
instant of the big bang. He could even have created it at a
later time in just such a way as to make it look as though
there had been a big bang. But it would be meaningless to
suppose that it was created before the big bang. An expanding
universe does not preclude a creator, but it does place

limits on when He might have carried out his job.



LECTURE 2 THE EXPANDING UNIVERSE

Our sun and the nearby stars are all part of a vast
collection of stars called the Milky Way galaxy. For a long
time it was thought that this was the whole universe. It was
only in 1924 that the American astronomer Edwin Hubble
demonstrated that ours was not the only galaxy. There were,
in fact, many others, with vast tracks of empty space between
them. In order to prove this he needed to determine the
distances to these other galaxies. We can determine the
distance of nearby stars by observing how they change
position as the Earth goes around the sun. But other galaxies
are so far away that, unlike nearby stars, they really do
appear fixed. Hubble was forced, therefore, to use indirect

methods to measure the distances.

Now the apparent brightness of a star depends on two
factors—luminosity and how far it is from us. For nearby
stars we can measure both their apparent brightness and their
distance, so we can work out their luminosity. Conversely, if
we knew the luminosity of stars in other galaxies, we could
work out their distance by measuring their apparent
brightness. Hubble argued that there were certain types of
stars that always had the same luminosity when they were near
enough for us to measure. If, therefore, we found such stars

in another galaxy, we could assume that they had the same



luminosity. Thus, we could calculate the distance to that
galaxy. If we could do this for a number of stars in the same
galaxy, and our calculations always gave the same distance,
we could be fairly confident of our estimate. In this way,
Edwin Hubble worked out the distances to nine different

galaxies.

We now know that our galaxy is only one of some hundred
thousand million that can be seen using modern telescopes,
each galaxy itself containing some hundred thousand million
stars. We live in a galaxy that is about one hundred thousand
light-years across and is slowly rotating;the stars in 1its
spiral arms orbit around its center about once every hundred
million years. Our sun is just an or dinary, average—sized,
yellow star, near the outer edge of one of the spiral arms.
We have certainly come a long way since Aristotle and
Ptolemy, when we thought that the Earth was the center of the

universe.

Stars are so far away that they appear to us to be just
pinpoints of light. We cannot determine their size or shape.
So how can we tell different types of stars apart? For the
vast majority of stars, there 1is only one correct
characteristic feature that we can observe—the color of their
light. Newton discovered that if light from the sun passes
through a prism, it breaks up into its component colors—its
spectrum—like in a rainbow. By focusing a telescope on an
individual star or galaxy, one can similarly observe the

spectrum of the light from that star or galaxy. Different



stars have different spectra, but the relative brightness of
the different colors is always exactly what one would expect
to find in the light emitted by an object that is glowing red
hot. This means that we can tell a star s temperature from
the spectrum of its light. Moreover, we find that certain
very specific colors are missing from stars’ spectra, and
these missing colors may vary from star to star. We know that
each chemical element absorbs the characteristic set of very
specific colors. Thus, by matching each of those which are
missing from a star’s spectrum, we can determine exactly

which elements are present in the star’ s atmosphere.

In the 1920s, when astronomers began to look at the
spectra of stars in other galaxies, they found something most
peculiar: There were the same characteristic sets of missing
colors as for stars in our own galaxy, but they were all
shifted by the same relative amount toward the red end of the
spectrum. The only reasonable explanation of this was that
the galaxies were moving away from us, and the frequency of
the light waves from them was being reduced, or red-shifted,
by the Doppler effect. Listen to a car passing on the road.
As the car 1is approaching, its engine sounds at a higher
pitch, corresponding to a higher frequency of sound waves;and
when it passes and goes away, it sounds at a lower pitch. The
behavior of light or radial waves is similar. Indeed, the
police made use of the Doppler effect to measure the speed of
cars by measuring the frequency of pulses of radio waves
reflected off them.



In the years following his proof of the existence of
other galaxies, Hubble spent his time cataloging their
distances and observing their spectra. At that time most
people expected the galaxies to be moving around quite
randomly, and so expected to find as many spectra which were
blue—-shifted as ones which were red-shifted. It was quite a
surprise, therefore, to find that the galaxies all appeared
red-shifted. Every single one was moving away from us. More
surprising still was the result which Hubble published in
1929: Even the size of the galaxy s red shift was not random,
but was directly proportional to the galaxy s distance from
us. Or, in other words, the farther a galaxy was, the faster
it was moving away. And that meant that the universe could
not be static, as everyone previously thought, but was in
fact expanding. The distance between the different galaxies

was growing all the time.

The discovery that the universe was expanding was one of
the great intellectual revolutions of the twentieth century.
With hindsight, it is easy to wonder why no one had thought
of it before. Newton and others should have realized that a
static universe would soon start to contract under the
influence of gravity. But suppose that, instead of being
static, the wuniverse was expanding. If it was expanding
fairly slowly, the force of gravity would cause it eventually
to stop expanding and then to start contracting. However, if
it was expanding at more than a certain critical rate,
gravity would never be strong enough to stop it, and the

universe would continue to expand forever. This is a bit like



what happens when one fires a rocket upward from the surface
of the Earth. If it has a fairly low speed, gravity will
eventually stop the rocket and it will start falling back. On
the other hand, if the rocket has more than a certain
critical speed—about seven miles a second—gravity will not be
strong enough to pull it back, so it will keep going away

from the Earth forever.

This behavior of the universe could have been predicted
from Newton’s theory of gravity at any time in the
nineteenth, the eighteenth, or even the late seventeenth
centuries. Yet so strong was the belief in a static universe
that it persisted into the early twentieth century. Even when
Einstein formulated the general theory of relativity in
1915, he was sure that the universe had to be static. He
therefore modified his theory to make this possible,
introducing a socalled cosmological constant into his
equations. This was a new ~ antigravity 7 force, which,
unlike other forces, did not come from any particular source,
but was built into the very fabric of space—time. His
cosmological constant gave space—time an inbuilt tendency to
expand, and this could be made to exactly balance the
attraction of all the matter in the universe so that a static

universe would result.

Only one man, it seems, was willing to take general
relativity at face value. While Einstein and other physicists

were looking for ways of avoiding general relativity s



prediction of a nonstatic universe, the Russian physicist

Alexander Friedmann instead set about explaining it.

THE FRIEDMANN MODELS

The equations of general relativity, which determined how
the universe evolves in time, are too complicated to solve in
detail. So what Friedmann did, instead, was to make two very
simple assumptions about the universe: that the universe
looks identical in whichever direction we look, and that this
would also be true if we were observing the universe from
anywhere else. On the basis of general relativity and these
two assumptions, Friedmann showed that we should not expect
the universe to be static. In fact, in 1922, several years
before Edwin Hubble’ s discovery, Friedmann predicted exactly
what Hubble found.

The assumption that the universe looks the same in every
direction is clearly not true in reality. For example, the
other stars in our galaxy form a distinct band of light
across the night sky called the Milky Way. But if we look at
distant galaxies, there seems to be more or less the same
number of them in each direction. So the universe does seem
to be roughly the same in every direction, provided one views
it on a large scale compared to the distance between

galaxies.

For a long time this was sufficient justification for

Friedmann’ s assumption—as a rough approximation to the real



universe. But more recently a lucky accident uncovered the
fact that Friedmann’s assumption is in fact a remarkably
accurate description of our universe. In 1965, two American
physicists, Arno Penzias and Robert Wilson, were working at
the Bell Labs in New Jersey on the design of a very sensitive
microwave detector  for  communicating with  orbiting
satellites. They were worried when they found that their
detector was picking up more noise than it ought to, and that
the noise did not appear to be coming from any particular
direction. First they looked for bird droppings on their
detector and checked for other possible malfunctions, but
soon ruled these out. They knew that any noise from within
the atmosphere would be stronger when the detector is not
pointing straight up than when it is, because the atmosphere

appears thicker when looking at an angle to the vertical.

The extra noise was the same whichever direction the
detector pointed, so it must have come from outside the
atmosphere. It was also the same day and night throughout the
year, even though the Earth was rotating on its axis and
orbiting around the sun. This showed that the radiation must
come from beyond the solar system, and even from beyond the
galaxy, as otherwise it would vary as the Earth pointed the

detector in different directions.

In fact, we know that the radiation must have traveled to
us across most of the observable universe. Since it appears
to be the same in different directions, the universe must

also be the same in every direction, at least on a large



scale. We now know that whichever direction we look in, this
noise never varies by more than one part in ten thousand. So
Penzias and Wilson had wunwittingly stumbled across a
remarkably accurate confirmation of Friedmann's first

assumption.

At roughly the same time, two American physicists at
nearby Princeton University, Bob Dicke and Jim Peebles, were
also taking an interest in microwaves. They were working on a
suggestion made by George Gamow, once a student of Alexander
Friedmann, that the early universe should have been very hot
and dense, glowing white hot. Dicke and Peebles argued that
we should still be able to see this glowing, because light
from very distant parts of the early universe would only just
be reaching us now. However, the expansion of the universe
meant that this light should be so greatly red-shifted that
it would appear to us now as microwave radiation. Dicke and
Peebles were looking for this radiation when Penzias and
Wilson heard about their work and realized that they had
already found it. For this, Penzias and Wilson were awarded
the Nobel Prize in 1978, which seems a bit hard on Dicke and
Peebles.

Now at first sight, all this evidence that the universe
looks the same whichever direction we look in might seem to
suggest there is something special about our place in the
universe. In particular, it might seem that if we observe all
other galaxies to be moving away from us, then we must be at

the center of the universe. There is, however, an alternative



explanation: The universe might also look the same in every
direction as seen from any other galaxy. This, as we have

. b) .
seen, was Friedmann s second assumption.

We have no scientific evidence for or against this
assumption. We believe it only on grounds of modesty. It
would be most remarkable if the universe looked the same in
every direction around us, but not around other points in the
universe. In Friedmann’s model, all the galaxies are moving
directly away from each other. The situation is rather like
steadily blowing up a balloon which has a number of spots
painted on it. As the balloon expands, the distance between
any two spots increases, but there is no spot that can be
said to be the center of the expansion. Moreover, the farther
apart the spots are, the faster they will be moving apart.
Similarly, in Friedmann’s model the speed at which any two
galaxies are moving apart is proportional to the distance
between them. So it predicted that the red shift of a galaxy
should be directly proportional to its distance from us,

exactly as Hubble found.

Despite the success of his model and his prediction of
Hubble’ s observations, Friedmann’s work remained largely
unknown in the West. It became known only after similar
models were discovered in 1935 by the American physicist
Howard Robertson and the British mathematician Arthur Walker,
in response to Hubble’s discovery of the uniform expansion of

the universe.



Although Friedmann found only one, there are in fact
three different kinds of models that obey Friedmann’s two
fundamental assumptions. In the first kind-which Friedmann
found—-the universe is expanding so sufficiently slowly that
the gravitational attraction between the different galaxies
causes the expansion to slow down and eventually to stop. The
galaxies then start to move toward each other and the
universe contracts. The distance between two neighboring
galaxies starts at zero, increases to a maximum, and then

decreases back down to zero again.

In the second kind of solution, the universe is expanding
so rapidly that the gravitational attraction can never stop
it, though it does slow it down a bit. The separation between
neighboring galaxies 1in this model starts at zero, and

eventually the galaxies are moving apart at a steady speed.

Finally, there is a third kind of solution, in which the
universe 1is expanding only just fast enough to avoid
recollapse. In this case the separation also starts at zero,
and 1increases forever. However, the speed at which the
galaxies are moving apart gets smaller and smaller, although

it never quite reaches zero.

A remarkable feature of the first kind of Friedmann model
is that the universe is not infinite in space, but neither
does space have any boundary. Gravity is so strong that space
is bent round onto itself, making it rather like the surface

of the Earth. If one keeps traveling in a certain direction



on the surface of the Earth, one never comes up against an
impassable barrier or falls over the edge, but eventually
comes back to where one started. Space, in the first
Friedmann model, is just like this, but with three dimensions
instead of two for the Earth’s surface. The fourth dimension-
time—is also finite in extent, but it is like a line with two
ends or boundaries, a beginning and an end. We shall see
later that when one combines general relativity with the
uncertainty principle of quantum mechanics, it is possible
for both space and time to be finite without any edges or
boundaries. The idea that one could go right around the
universe and end up where one started makes good science
fiction, but it doesn’t have much practical significance
because it can be shown that the universe would recollapse to
zero size before one could get round. You would need to
travel faster than light in order to end up where you started

before the universe came to an end—and that is not allowed.

But which Friedmann model describes our universe? Will
the universe eventually stop expanding and start contracting,
or will it expand forever? To answer this question we need to
know the present rate of expansion of the universe and its
present average density. If the density is less than a
certain critical value, determined by the rate of expansion,
the gravitational attraction will be too weak to halt the
expansion. If the density is greater than the critical value,
gravity will stop the expansion at some time in the future

and cause the universe to recollapse.



We can determine the present rate of expansion by
measuring the velocities at which other galaxies are moving
away from us, using the Doppler effect. This can be done very
accurately. However, the distances to the galaxies are not
very well known because we can only measure them indirectly.
So all we know is that the universe is expanding by between 5
percent and 10 percent every thousand million years. However,
our uncertainty about the present average density of the

universe 1S even greater.

If we add up the masses of all the stars that we can see
in our galaxy and other galaxies, the total is less than one—
hundredth of the amount required to halt the expansion of the
universe, even 1in the lowest estimate of the rate of
expansion. But we know that our galaxy and other galaxies
must contain a large amount of dark matter which we cannot
see directly, but which we know must be there because of the
influence of its gravitational attraction on the orbits of
stars and gas in the galaxies. Moreover, most galaxies are
found in clusters, and we can similarly infer the presence of
yet more dark matter in between the galaxies 1in these
clusters by its effect on the motion of the galaxies. When we
add up all this dark matter, we still get only about one-
tenth of the amount required to halt the expansion. However,
there might be some other form of matter which we have not
yet detected and which might still raise the average density
of the universe up to the critical value needed to halt the

expansion.



The present evidence, therefore, suggests that the
universe will probably expand forever. But don’t bank on it.
All we can really be sure of is that even if the universe is
going to recollapse, it won’t do so for at least another ten
thousand million years, since it has already been expanding
for at least that long. This should not unduly worry us since
by that time, unless we have colonies beyond the solar
system, mankind will long since have died out, extinguished

along with the death of our sun.

THE BIG BANG

All of the Friedmann solutions have the feature that at
some time 1in the past, between ten and twenty thousand
million years ago, the distance between neighboring galaxies
must have been zero. At that time, which we call the big
bang, the density of the universe and the curvature of space—
time would have been infinite. This means that the general
theory of relativity-on which Friedmann’s solutions are
based-predicts that there 1is a singular point 1in the

universe.

All our theories of science are formulated on the
assumption that space—time is smooth and nearly flat, so they
would all break down at the big bang singularity, where the
curvature of space—time is infinite. This means that even if
there were events before the big bang, one could not use them
to determine what would happen afterward, because

predictability would break down at the big bang.



Correspondingly, if we know only what has happened since the
big bang, we could not determine what happened beforehand. As
far as we are concerned, events before the big bang can have
no consequences, so they should not form part of a scientific
model of the universe. We should therefore cut them out of

the model and say that time had a beginning at the big bang.

Many people do not 1like the 1idea that time has a
beginning, probably because it smacks of divine intervention.
( The Catholic church, on the other hand, had seized on the
big bang model and in 1951 officially pronounced it to be in
accordance with the Bible. ) There were a number of attempts
to avoid the conclusion that there had been a big bang. The
proposal that gained widest support was called the steady
state theory. It was suggested in 1948 by two refugees from
Nazi—-occupied Austria, Hermann Bondi and Thomas Gold,
together with the Briton Fred Hoyle, who had worked with them
on the development of radar during the war. The idea was that
as the galaxies moved away from each other, new galaxies were
continually forming in the gaps in between, from new matter
that was being continually created. The wuniverse would
therefore look roughly the same at all times as well as at

all points of space.

The steady state theory required a modification of
general relativity to allow for the continual creation of
matter, but the rate that was involved was so low—about one
particle per cubic kilometer per year—that it was not 1in

conflict with experiment. The theory was a good scientific



theory, in the sense that it was simple and it made definite
predictions that could be tested by observation. One of these
predictions was that the number of galaxies or similar
objects in any given volume of space should be the same

wherever and whenever we look in the universe.

In the late 1950s and early 1960s, a survey of sources of
radio waves from outer space was carried out at Cambridge by
a group of astronomers led by Martin Ryle. The Cambridge
group showed that most of these radio sources must lie
outside our galaxy, and also that there were many more weak
sources than strong ones. They interpreted the weak sources
as being the more distant ones, and the stronger ones as
being near. Then there appeared to be fewer sources per unit
volume of space for the nearby sources than for the distant

ones.

This could have meant that we were at the center of a
great region in the universe in which the sources were fewer
than elsewhere. Alternatively, it could have meant that the
sources were more numerous in the past, at the time that the
radio waves left on their journey to us, than they are now.
Either explanation contradicted the predictions of the steady
state theory. Moreover, the discovery of the microwave
radiation by Penzias and Wilson in 1965 also indicated that
the universe must have been much denser in the past. The
steady state theory therefore had regretfully to be

abandoned.



Another attempt to avoid the conclusion that there must
have been a big bang and, therefore, a beginning of time, was
made by two Russian scientists, Evgenii Lifshitz and Isaac
Khalatnikov, in 1963. They suggested that the big bang might
be a peculiarity of Friedmann’ s models alone, which after all
were only approximations to the real universe. Perhaps, of
all the models that were roughly like the real universe, only
Friedmann’s would contain a big bang singularity. In
Friedmann’ s models, the galaxies are all moving directly away
from each other. So it is not surprising that at some time in
the past they were all at the same place. In the real
universe, however, the galaxies are not just moving directly
away from each other—they also have small sideways
velocities. So in reality they need never have been all at
exactly the same place, only very close together. Perhaps,
then, the current expanding universe resulted not from a big
bang singularity, but from an earlier contracting phase;as
the universe had collapsed, the particles in it might not
have all collided, but they might have flown past and then
away from each other, producing the present expansion of the
universe. How then could we tell whether the real universe

should have started out with a big bang?

What Lifshitz and Khalatnikov did was to study models of
the universe which were roughly like Friedmann’s models but
which took account of the irregularities and random
velocities of galaxies in the real universe. They showed that
such models could start with a big bang, even though the

galaxies were no longer always moving directly away from each



other. But they claimed that this was still only possible in
certain exceptional models in which the galaxies were all
moving in just the right way. They argued that since there
seemed to be infinitely more Friedmann—-like models without a
big bang singularity than there were with one, we should
conclude that it was very unlikely that there had been a big
bang. They later realized, however, that there was a much
more general class of Friedmann—-like models which did have
singularities, and in which the galaxies did not have to be

moving in any special way. They therefore withdrew their
claim in 1970.

The work of Lifshitz and Khalatnikov was valuable because
it showed that the universe could have had a singularity-a
big bang—if the general theory of relativity was correct.
However, it did not resolve the crucial question: Does
general relativity predict that our universe should have the
big bang, a beginning of time? The answer to this came out of
a completely different approach started by a British
physicist, Roger Penrose, in 1965. He used the way light
cones behave in general relativity, and the fact that gravity
is always attractive, to show that a star that collapses
under its own gravity is trapped in a region whose boundary
eventually shrinks to zero size. This means that all the
matter in the star will be compressed into a region of zero
volume, so the density of matter and the curvature of space—
time become infinite. In other words, one has a singularity

contained within a region of space—time known as a black

hole.



At first sight, Penrose’s result didn’t have anything to
say about the question of whether there was a big bang
singularity in the past. However, at the time that Penrose
produced his theorem, I was a research student desperately
looking for a problem with which to complete my Ph. D.
thesis. I realized that if one reversed the direction of time
in Penrose’s theorem so that the collapse became an
expansion, the conditions of his theorem would still hold,
provided the universe were roughly like a Friedmann model on
large scales at the present time. Penrose’ s theorem had shown
that any collapsing star must end in a singularity;the time-—
reversed argument showed that any Friedmann—-like expanding
universe must have begun with a singularity. For technical
reasons, Penrose’s theorem required that the universe be
infinite in space. So I could use it to prove that there
should be a singularity only if the universe was expanding
fast enough to avoid collapsing again, because only that

Friedmann model was infinite in space.

During the next few years I developed new mathematical
techniques to remove this and other technical conditions from
the theorems that proved that singularities must occur. The
final result was a joint paper by Penrose and myself in
1970, which proved that there must have been a big bang
singularity provided only that general relativity is correct

and that the universe contains as much matter as we observe.

There was a lot of opposition to our work, partly from

the Russians, who followed the party line laid down by



Lifshitz and Khalatnikov, and partly from people who felt
that the whole idea of singularities was repugnhant and
spoiled the beauty of Einstein’ s theory. However, one cannot
really argue with the mathematical theorem. So it 1is now

generally accepted that the universe must have a beginning.



LECTURE 3 BLACK HOLES

The term black hole is of very recent origin. It was
coined in 1969 by the American scientist John Wheeler as a
graphic description of an idea that goes back at least two
hundred years. At that time there were two theories about
light. One was that it was composed of particles;the other
was that it was made of waves. We now know that really both
theories are correct. By the wave/particle duality of quantum
mechanics, 1light can be regarded as both a wave and a
particle. Under the theory that light was made up of waves,
it was not clear how it would respond to gravity. But if
light were composed of particles, one might expect them to be
affected by gravity in the same way that cannonballs,

rockets, and planets are.

On this assumption, a Cambridge don, John Michell, wrote
a paper in 1783 in the Philosophical Transactions of the
Royal Society of London. In it, he pointed out that a star
that was sufficiently massive and compact would have such a
strong gravitational field that light could not escape. Any
light emitted from the surface of the star would be dragged
back by the star’s gravitational attraction before it could
get very far. Michell suggested that there might be a large
number of stars like this. Although we would not be able to

see them because the light from them would not reach us, we



would still feel their gravitational attraction. Such objects
are what we now call black holes, because that is what they

are—black voids in space.

A similar suggestion was made a few years later by the
French scientist the Marquis de Laplace, apparently
independently of Michell. Interestingly enough, he included
it in only the first and second editions of his book, The
System of the World, and left it out of later
editions;perhaps he decided that it was a crazy idea. In
fact, 1t 1is not really consistent to treat light like
cannonballs in Newton s theory of gravity because the speed
of light is fixed. A cannonball fired upward from the Earth
will be slowed down by gravity and will eventually stop and
fall back. A photon, however, must continue upward at a
constant speed. How, then, can Newtonian gravity affect
light? A consistent theory of how gravity affects light did
not come until Einstein proposed general relativity in
1915;and even then it was a long time before the implications

of the theory for massive stars were worked out.

To understand how a black hole might be formed, we first
need an understanding of the life cycle of a star. A star is
formed when a large amount of gas, mostly hydrogen, starts to
collapse in on itself due to its gravitational attraction. As
it contracts, the atoms of the gas collide with each other
more and more frequently and at greater and greater speeds—
the gas heats up. Eventually the gas will be so hot that when

the hydrogen atoms collide they no longer bounce off each



other but instead merge with each other to form helium atoms.
The heat released in this reaction, which 1is 1like a
controlled hydrogen bomb, is what makes the stars shine. This
additional heat also increases the pressure of the gas until
it is sufficient to balance the gravitational attraction, and
the gas stops contracting. It is a bit like a balloon where
there is a balance between the pressure of the air inside,
which is trying to make the balloon expand, and the tension

in the rubber, which is trying to make the balloon smaller.

The stars will remain stable like this for a long time,
with the heat from the nuclear reactions balancing the
gravitational attraction. Eventually, however, the star will
run out of its hydrogen and other nuclear fuels. And
paradoxically, the more fuel a star starts off with, the
sooner it runs out. This is because the more massive the star
is, the hotter it needs to be to balance its gravitational
attraction. And the hotter it is, the faster it will use up
its fuel. Our sun has probably got enough fuel for another
five thousand million years or so, but more massive stars can
use up their fuel in as little as one hundred million years,
much less than the age of the universe. When the star runs
out of fuel, it will start to cool off and so to contract.
What might happen to it then was only first understood at the
end of the 1920s.

In 1928 an Indian graduate student named Subrahmanyan
Chandrasekhar set sail for England to study at Cambridge with

the British astronomer Sir Arthur Eddington. Eddington was an



expert on general relativity. There 1is a story that a
journalist told Eddington in the early 1920s that he had
heard there were only three people in the world who
understood general relativity. Eddington replied, 7 I am
trying to think who the third person is. ”

During his voyage from India, Chandrasekhar worked out
how big a star could be and still separate itself against its
own gravity after it had used up all its fuel. The idea was
this: When the star becomes small, the matter particles get
very near each other. But the Pauli exclusion principle says
that two matter particles cannot have both the same position
and the same velocity. The matter particles must therefore
have very different velocities. This makes them move away
from each other, and so tends to make the star expand. A star
can therefore maintain itself at a constant radius by a
balance between the attraction of gravity and the repulsion
that arises from the exclusion principle, just as earlier in

its life the gravity was balanced by the heat.

Chandrasekhar realized, however, that there is a limit to
the repulsion that the exclusion principle can provide. The
theory of relativity limits the maximum difference in the
velocities of the matter particles in the star to the speed
of light. This meant that when the star got sufficiently
dense, the repulsion caused by the exclusion principle would
be less than the attraction of gravity. Chandrasekhar
calculated that a cold star of more than about one and a half

times the mass of the sun would not be able to support itself



against 1its own gravity. This mass 1is now known as the

Chandrasekhar limit.

This had serious implications for the ultimate fate of
massive stars. If a star' s mass is less than the
Chandrasekhar limit, it can eventually stop contracting and
settle down to a possible final state as a white dwarf with a
radius of a few thousand miles and a density of hundreds of
tons per cubic inch. A white dwarf is supported by the
exclusion principle repulsion between the electrons in its
matter. We observe a large number of these white dwarf stars.
One of the first to be discovered is the star that is

orbiting around Sirius, the brightest star in the night sky.

It was also realized that there was another possible
final state for a star also with a limiting mass of about one
or two times the mass of the sun, but much smaller than even
the white dwarf. These stars would be supported by the
exclusion principle repulsion between the neutrons and
protons, rather than between the electrons. They were
therefore called neutron stars. They would have had a radius
of only ten miles or so and a density of hundreds of millions
of tons per cubic inch. At the time they were first
predicted, there was no way that neutron stars could have

been observed, and they were not detected until much later.

Stars with masses above the Chandrasekhar limit, on the
other hand, have a big problem when they come to the end of

their fuel. In some cases they may explode or manage to throw



off enough matter to reduce their mass below the limit, but
it was difficult to believe that this always happened, no
matter how big the star. How would it know that it had to
lose weight? And even if every star managed to lose enough
mass, what would happen if you added more mass to a white
dwarf or neutron star to take it over the limit? Would it

collapse to infinite density?

Eddington was shocked by the implications of this and
refused to believe Chandrasekhar’s result. He thought it was
simply not possible that a star could collapse to a point.
This was the view of most scientists. Einstein himself wrote
a paper in which he claimed that stars would not shrink to
zero size. The hostility of other scientists, particularly of
Eddington, his former teacher and the leading authority on
the structure of stars, persuaded Chandrasekhar to abandon
this line of work and turn instead to other problems in
astronomy. However, when he was awarded the Nobel Prize in
1983,1it was, at least in part, for his early work on the

limiting mass of cold stars.

Chandrasekhar had shown that the exclusion principle
could not halt the collapse of a star more massive than the
Chandrasekhar limit. But the problem of understanding what
would happen to such a star, according to general relativity,
was not solved until 1939 by a young American, Robert
Oppenheimer. His result, however, suggested that there would
be no observational consequences that could be detected by

the telescopes of the day. Then the war intervened and



Oppenheimer himself became closely involved in the atom bomb
project. And after the war the problem of gravitational
collapse was largely forgotten as most scientists were then
interested in what happens on the scale of the atom and its
nucleus. In the 1960s, however, interest in the large-scale
problems of astronomy and cosmology was revived by a great
increase in the number and range of astronomical observations
brought about by the application of modern technology.
Oppenheimer’ s work was then rediscovered and extended by a

number of people.

The picture that we now have from Oppenheimer’ s work is
as follows: The gravitational field of the star changes the
paths of light rays in space—-time from what they would have
been had the star not been present. The light cones, which
indicate the paths followed in space and time by flashes of
light emitted from their tips, are bent slightly inward near
the surface of the star. This can be seen in the bending of
light from distant stars that is observed during an eclipse
of the sun. As the star contracts, the gravitational field at
its surface gets stronger and the light cones get bent inward
more. This makes it more difficult for light from the star to
escape, and the 1light appears dimmer and redder to an

observer at a distance.

Eventually, when the star has shrunk to a certain
critical radius, the gravitational field at the surface
becomes so strong that the light cones are bent inward so

much that the light can no longer escape. According to the



theory of relativity, nothing can travel faster than light.
Thus, if 1light cannot escape, neither can anything else.
Everything is dragged back by the gravitational field. So one
has a set of events, a region of space—time, from which it is
not possible to escape to reach a distant observer. This
region is what we now call a black hole. Its boundary is
called the event horizon. It coincides with the paths of the

light rays that just fail to escape from the black hole.

In order to understand what you would see if you were
watching a star collapse to form a black hole, one has to
remember that in the theory of relativity there is no
absolute time. Each observer has his own measure of time. The
time for someone on a star will be different from that for
someone at a distance, because of the gravitational field of
the star. This effect has been measured in an experiment on
Earth with clocks at the top and bottom of a water tower.
Suppose an intrepid astronaut on the surface of the
collapsing star sent a signal every second, according to his
watch, to his spaceship orbiting about the star. At some time
on his watch, say eleven o clock, the star would shrink below
the critical radius at which the gravitational field became
so strong that the signals would no longer reach the

spaceship.

His companions watching from the spaceship would find the
intervals between successive signals from the astronaut
getting longer and longer as eleven o clock approached.
However, the effect would be very small before 10:59:59. They



would have to wait only veryslightly more than a second
between the astronaut’s 10:59:58 signal and the one that he
sent when his watch read 10:59:59, but they would have to wait
forever for the eleven o clock signal. The light waves
emitted from the surface of the star between 10:59:59 and
eleven o’ clock, by the astronaut’s watch, would be spread out

over an infinite period of time, as seen from the spaceship.

The time interval between the arrival of successive waves
at the spaceship would get longer and longer, and so the
light from the star would appear redder and redder and
fainter and fainter. Eventually the star would be so dim that
it could no longer be seen from the spaceship. All that would
be left would be a black hole in space. The star would,
however, continue to exert the same gravitational force on
the spaceship. This is because the star is still visible to
the spaceship, at least in principle. It is just that the
light from the surface is so red-shifted by the gravitational
field of the star that it cannot be seen. However, the red
shift does not affect the gravitational field of the star

itself. Thus, the spaceship would continue to orbit the black
hole.

The work that Roger Penrose and I did between 1965 and
1970 showed that, according to general relativity, there must
be a singularity of infinite density within the black hole.
This is rather like the big bang at the beginning of time,
only it would be an end of time for the collapsing body and

the astronaut. At the singularity, the laws of science and



our ability to predict the future would break down. However,
any observer who remained outside the black hole would not be
affected by this failure of predictability, because neither
light nor any other signal can reach them from the

singularity.

This remarkable fact led Roger Penrose to propose the
cosmic censorship hypothesis, which might be paraphrased as ”
God abhors a naked singularity. ” In other words, the
singularities produced by gravitational collapse occur only
in places like black holes, where they are decently hidden
from outside view by an event horizon. Strictly, this is what
is known as the weak cosmic censorship hypothesis: protect
obervers who remain outside the black hole from the
consequences of the breakdown of predictability that occurs
at the singularity. But it does nothing at all for the poor
unfortunate astronaut who falls into the hole. Shouldn’t God

protect his modesty as well?

There are some solutions of the equations of general
relativity in which it is possible for our astronaut to see a
naked singularity. He may be able to avoid hitting the
singularity and instead fall through a ” worm hole ” and come
out in another region of the universe. This would offer great
possibilities for travel in space and time, but unfortunately
it seems that the solutions may all be highly unstable. The
least disturbance, such as the presence of an astronaut, may
change them so that the astronaut cannot see the singularity

until he hits it and his time comes to an end. In other



words, the singularity always lies in his future and never in

his past.

The strong version of the cosmic censorship hypothesis
states that in a realistic solution, the singularities always
lie either entirely in the future, like the singularities of
gravitational collapse, or entirely in the past, like the big
bang. It is greatly to be hoped that some version of the
censorship hypothesis holds, Dbecause <close to naked
singularities it may be possible to travel into the past.
While this would be fine for writers of science fiction, it
would mean that no one’s life would ever be safe. Someone
might go into the past and kill your father or mother before

you were conceived.

In a gravitational collapse to form a black hole, the
movements would be dammed by the emission of gravitational
waves. One would therefore expect that it would not be too
long before the black hole would settle down to a stationary
state. It was generally supposed that this final stationary
state would depend on the details of the body that had
collapsed to form the black hole. The black hole might have
any shape or size, and its shape might not even be fixed, but

instead be pulsating.

However, in 1967, the study of black holes was
revolutionized by a paper written in Dublin by Werner Israel.
Israel showed that any black hole that is not rotating must

be perfectly round or spherical. Its size, moreover, would



depend only on its mass. It could, in fact, be described by a
particular solution of FEinstein’s equations that had been
known since 1917, when it had been found by Karl Schwarzschild
shortly after the discovery of general relativity. At first,
Israel’s result was interpreted by many people, including
Israel himself, as evidence that black holes would form only
from the collapse of bodies that were perfectly round or
spherical. As no real body would be perfectly spherical, this
meant that, in general, gravitational collapse would lead to
naked singularities. There was, however, a different
interpretation of Israel’s result, which was advocated by
Roger Penrose and John Wheeler in particular. This was that a
black hole should behave like a ball of fluid. Although a
body might start off in an unspherical state, as it collapsed
to form a black hole it would settle down to a spherical
state due to the emission of gravitational waves. Further
calculations supported this view and it came to be adopted

generally.

Israel’s result had dealt only with the case of black
holes formed from nonrotating bodies. On the analogy with a
ball of fluid, one would expect that a black hole made by the
collapse of a rotating body would not be perfectly round. It
would have a bulge round the equator caused by the effect of
the rotation. We observe a small bulge like this in the sun,
caused by its rotation once every twenty—five days or so. In
1963, Roy Kerr, a New Zealander, had found a set of black-hole
solutions of the equations of general relativity more general

than the Schwarzschild solutions. These ” Kerr ” black holes



rotate at a constant rate, their size and shape depending
only on their mass and rate of rotation. If the rotation was
zero, the black hole was perfectly round and the solution was
identical to the Schwarzschild solution. But if the rotation
was nonzero, the black hole bulged outward near its equator.
It was therefore natural to conjecture that a rotating body
collapsing to form a black hole would end up in a state

described by the Kerr solution.

In 1970, a colleague and fellow research student of mine,
Brandon Carter, took the first step toward proving this
conjecture. He showed that, provided a stationary rotating
black hole had an axis of symmetry, like a spinning top, its
size and shape would depend only on its mass and rate of
rotation. Then, in 1971, 1 proved that any stationary rotating
black hole would indeed have such an axis of symmetry.
Finally, in 1973,David Robinson at Kings College, London,
used Carter’s and my results to show that the conjecture had
been correct: Such a black hole had indeed to be the Kerr

solution.

So after gravitational collapse a black hole must settle
down into a state in which it could be rotating, but not
pulsating. Moreover, its size and shape would depend only on
its mass and rate of rotation, and not on the nature of the
body that had collapsed to form it. This result became known
by the maxim ” A black hole has no hair. ” It means that a
very large amount of information about the body that has

collapsed must be lost when a black hole is formed, because



afterward all we can possibly measure about the body is its
mass and rate of rotation. The significance of this will be
seen in the next lecture. The no—hair theorem is also of
great practical importance because it so greatly restricts
the possible types of black holes. One can therefore make
detailed models of objects that might contain black holes,

and compare the predictions of the models with observations.

Black holes are one of only a fairly small number of
cases in the history of science where a theory was developed
in great detail as a mathematical model before there was any
evidence from observations that it was correct. Indeed, this
used to be the main argument of opponents of black holes. How
could one believe in objects for which the only evidence was
calculations based on the dubious theory of general

relativity?

In 1963, however, Maarten Schmidt, an astronomer at the
Mount Palomar Observatory in California, found a faint,
starlike object in the direction of the source of radio waves
called 3C273-that 1is, source number 273 1in the third
Cambridge catalog of radio sources. When he measured the red
shift of the object, he found it was too large to be caused
by a gravitational field: If it had been a gravitational red
shift, the object would have to be so massive and so near to
us that it would disturb the orbits of planets in the solar
system. This suggested that the red shift was instead caused
by the expansion of the universe, which in turn meant that

the object was a very long way away. And to be visible at



such a great distance, the object must be very bright and

must be emitting a huge amount of energy.

The only mechanism people could think of that would
produce such large quantities of energy seemed to be the
gravitational collapse not just of a star but of the whole
central region of a galaxy. A number of other similar
quasi-stellar objects, ~ or quasars, have since been
discovered, all with large red shifts. But they are all too
far away, and too difficult, to observe to provide conclusive

evidence of black holes.

Further encouragement for the existence of black holes
came in 1967 with the discovery by a research student at
Cambridge, Jocelyn Bell, of some objects in the sky that were
emitting regular pulses of radio waves. At first, Jocelyn and
her supervisor, Anthony Hewish, thought that maybe they had
made contact with an alien civilization 1in the galaxy.
Indeed, at the seminar at which they announced their

discovery, I remember that they called the first four sources
to be found LGM 1-4, LGM standing for ” Little Green Men.

In the end, however, they and everyone else came to the
less romantic conclusion that these objects, which were given
the name pulsars, were in fact just rotating neutron stars.
They were emitting pulses of radio waves because of a
complicated indirection between their magnetic fields and
surrounding matter. This was bad news for writers of space

westerns, but very hopeful for the small number of us who



believed in black holes at that time. It was the first
positive evidence that neutron stars existed. A neutron star
has a radius of about ten miles, only a few times the
critical radius at which a star becomes a black hole. If a
star could collapse to such a small size, it was not
unreasonable to expect that other stars could collapse to

even smaller size and become black holes.

How could we hope to detect a black hole, as by its very
definition it does not emit any light? It might seem a bit
like looking for a black cat in a coal cellar. Fortunately,
there is a way, since as John Michell pointed out in his
pioneering paper 1in 1783,a black hole still exerts a
gravitational force on nearby objects. Astronomers have
observed a number of systems in which two stars orbit around
each other, attracted toward each other by gravity. They also
observed systems in which there is only one visible star that

is orbiting around some unseen companion.

One cannot, of course, 1immediately conclude that the
companion is a black hole. It might merely be a star that is
too faint to be seen. However, some of these systems, like
the one called Cygnus X-1I, are also strong sources of X rays.
The best explanation for this phenomenon is that the X rays
are generated by matter that has been blown off the surface
of the visible star. As it falls toward the unseen companion,
it develops a spiral motion—rather like water running out of

a bath—-and it gets very hot, emitting X rays. For this



mechanism to work, the unseen object has to be very small,

like a white dwarf, neutron star, or black hole.

Now, from the observed motion of the visible star, one
can determine the lowest possible mass of the unseen object.
In the case of Cygnus X-I, this is about six times the mass
of the sun. According to Chandrasekhar’s result, this is too
much for the unseen object to be a white dwarf. It is also
too large a mass to be a neutron star. It seems, therefore,
that it must be a black hole.

There are other models to explain Cygnus X-1 that do not
in clude a black hole, but they are all rather far—fetched. A
black hole seems to be the only really natural explanation of
the observations. Despite this, I have a bet with Kip Thorne
of the California Institute of Technology that in fact Cygnus
X-1 does not contain a black hole. This is a form of
insurance policy for me. I have done a lot of work on black
holes, and it would all be wasted if it turned out that black
holes do not exist. But in that case, I would have the
consolation of winning my bet, which would bring me four
years of the magazine Private Eye. If black holes do exist,
Kip will get only one year of Penthouse, because when we made
the bet in 1975, we were 80 percent certain that Cygnus was a
black hole. By now I would say that we are about 95 percent
certain, but the bet has yet to be settled.

There is evidence for black holes in a number of other

systems in our galaxy, and for much larger black holes at the



centers of other galaxies and quasars. One can also consider
the possibility that there might be black holes with masses
much less than that of the sun. Such black holes could not be
formed by gravitational collapse, because their masses are
below the Chandrasekhar mass limit. Stars of this low mass
can support themselves against the force of gravity even when
they have exhausted their nuclear fuel. So, low—mass black
holes could form only if matter were compressed to enormous
densities by very large external pressures. Such conditions
could occur in a very big hydrogen bomb. The physicist John
Wheeler once calculated that if one took all the heavy water
in all the oceans of the world, one could build a hydrogen
bomb that would compress matter at the center so much that a
black hole would be created. Unfortunately, however, there

would be no one left to observe it.

A more practical possibility is that such low—mass black
holes might have been formed in the high temperatures and
pressures of the very early universe. Black holes could have
been formed if the early universe had not been perfectly
smooth and uniform, because then a small region that was
denser than average could be compressed in this way to form a
black hole. But we know that there must have been some
irregularities, because otherwise the matter in the universe
would still be perfectly uniformly distributed at the present
epoch, 1instead of being clumped together in stars and

galaxies.



Whether or not the irregularities required to account for
stars and galaxies would have led to the formation of a
significant number of these primordial black holes depends on
the details of the conditions in the early universe. So if we
could determine how many primordial black holes there are
now, we would learn a lot about the very early stages of the
universe. Primordial black holes with masses more than a
thousand million tons—the mass of a large mountain—could be
detected only by their gravitational influence on other
visible matter or on the expansion of the universe. However,
as we shall learn in the next lecture, black holes are not
really black after all: They glow like a hot body, and the
smaller they are, the more they glow. So, paradoxically,
smaller black holes might actually turn out to be easier to

detect than large ones.



LECTURE 4 BLACK HOLES AIN'T SO
BLACK

Before 1970, my research on general relativity had
concentrated mainly on the question of whether there had been
a big bang singularity. However, one evening in November of
that year, shortly after the birth of my daughter, Lucy, I
started to think about black holes as I was getting into bed.
My disability made this rather a slow process, so I had
plenty of time. At that date there was no precise definition
of which points in space—-time lay inside a black hole and

which lay outside.

I had already discussed with Roger Penrose the idea of
defining a black hole as the set of events from which it was
not possible to escape to a large distance. This is now the
generally accepted definition. It means that the boundary of
the black hole, the event horizon, is formed by rays of light
that just fail to get away from the black hole. Instead, they
stay forever, hovering on the edge of the black hole. It is
like running away from the police and managing to keep one

step ahead but not being able to get clear away.

Suddenly I realized that the paths of these light rays
could not be approaching one another, because if they were,

they must eventually run into each other. It would be like



someone else running away from the police in the opposite
direction. You would both be caught or, in this case, fall
into a black hole. But if these light rays were swallowed up
by the black hole, then they could not have been on the
boundary of the black hole. So 1light rays in the event
horizon had to be moving parallel to, or away from, each

other.

Another way of seeing this is that the event horizon, the
bound ary of the black hole, is like the edge of a shadow. It
is the edge of the light of escape to a great distance, but,
equally, it is the edge of the shadow of impending doom. And
if you look at the shadow cast by a source at a great
distance, such as the sun, you will see that the rays of
light on the edge are not approaching each other. If the rays
of light that form the event horizon, the boundary of the
black hole, can never approach each other, the area of the
event horizon could stay the same or increase with time. It
could never decrease, because that would mean that at least
some of the rays of light in the boundary would have to be
approaching each other. In fact, the area would increase

whenever matter or radiation fell into the black hole.

Also, suppose two black holes collided and merged
together to form a single black hole. Then the area of the
event horizon of the final black hole would be greater than
the sum of the areas of the event horizons of the original
black holes. This nondecreasing property of the event

horizon’s area placed an important restriction on the



possible behavior of black holes. I was so excited with my

discovery that I did not get much sleep that night.

The next day I rang up Roger Penrose. He agreed with me.
I think, in fact, that he had been aware of this property of
the area. However, he had been using a slightly different
definition of a black hole. He had not realized that the
boundaries of the black hole according to the two definitions
would be the same, provided the black hole had settled down

to a stationary state.

THE SECOND LAW OF THERMODYNAMICS

The nondecreasing behavior of a black hole’s area was
very reminiscent of the behavior of a physical quantity
called entropy, which measures the degree of disorder of a
system. It is a matter of common experience that disorder
will tend to increase if things are left to themselves;one
has only to leave a house without repairs to see that. One
can create order out of disorder—for example, one can paint
the house. However, that requires expenditure of energy, and

so decreases the amount of ordered energy available.

A precise statement of this idea is known as the second
law of thermodynamics. It states that the entropy of an
isolated system never decreases with time. Moreover, when two
systems are joined together, the entropy of the combined
system 1is greater than the sum of the entropies of the

individual systems. For example, consider a system of gas



molecules in a box. The molecules can be thought of as little
billiard balls continually colliding with each other and
bouncing off the walls of the box. Suppose that initially the
molecules are all confined to the left—-hand side of the box
by a partition. If the partition is then removed, the
molecules will tend to spread out and occupy both halves of
the box. At some later time they could, by chance, all be in
the right half or all be back in the left half. However, it
is overwhelmingly more probable that there will be roughly
equal numbers in the two halves. Such a state is less
ordered, or more disordered, than the original state in which
all the molecules were in one half. One therefore says that

the entropy of the gas has gone up.

Similarly, suppose one starts with two boxes, one
containing oxygen molecules and the other containing nitrogen
molecules. If one joins the boxes together and removes the
intervening wall, the oxygen and the nitrogen molecules will
start to mix. At a later time, the most probable state would
be to have a thoroughly wuniform mixture of oxygen and
nitrogen molecules throughout the two boxes. This state would
be less ordered, and hence have more entropy, than the

initial state of two separate boxes.

The second law of thermodynamics has a rather different
status than that of other laws of science. Other laws, such
as Newton' s law of gravity, for example, are absolute law-
that is, they always hold. On the other hand, the second law

is a statistical law—that is, it does not hold always, just



in the vast majority of cases. The probability of all the gas
molecules in our box being found in one half of the box at a
later time is many millions of millions to one, but it could

happen.

However, if one has a black hole around, there seems to
be a rather easier way of violating the second law: Just
throw some matter with a lot of entropy, such as a box of
gas, down the black hole. The total entropy of matter outside
the black hole would go down. One could, of course, still say
that the total entropy, including the entropy inside the
black hole, has not gone down. But since there is no way to
look inside the black hole, we cannot see how much entropy
the matter inside it has. It would be nice, therefore, if
there was some feature of the black hole by which observers
outside the black hole could tell its entropy;this should

increase whenever matter carrying entropy fell into the black
hole.

Following my discovery that the area of the event horizon
increased whenever matter fell into a black hole, a research
student at Princeton named Jacob Bekenstein suggested that
the area of the event horizon was a measure of the entropy of
the black hole. As matter carrying entropy fell into the
black hole, the area of the event horizon would go up, so
that the sum of the entropy of matter outside black holes and

the area of the horizons would never go down.



This suggestion seemed to prevent the second law of
thermodynamics from being violated in most situations.
However, there was one fatal flaw: If a black hole has
entropy, then it ought also to have a temperature. But a body
with a nonzero temperature must emit radiation at a certain
rate. It is a matter of common experience that if one heats
up a poker in the fire, it glows red hot and emits radiation.
However, bodies at lower temperatures emit radiation, too;one
just does not normally notice it because the amount is fairly
small. This radiation 1is required in order to prevent
violations of the second law. So black holes ought to emit
radiation, but by their very definition, black holes are
objects that are not supposed to emit anything. It therefore
seemed that the area of the event horizon of a black hole

could not be regarded as its entropy.

In fact, in 1972 I wrote a paper on this subject with
Brandon Carter and an American colleague, Jim Bardeen. We
pointed out that, although there were many similarities
between entropy and the area of the event horizon, there was
this apparently fatal difficulty. I must admit that in
writing this paper I was motivated partly by irritation with
Bekenstein, because I felt he had misused my discovery of the
increase of the area of the event horizon. However, it turned
out in the end that he was basically correct, though in a

manner he had certainly not expected.

BLACK HOLE RADIATION



In September 1973,while I was visiting Moscow, I
discussed black holes with two leading Soviet experts, Yakov
Zeldovich and Alexander Starobinsky. They convinced me that,
according to the quantum mechanical uncertainty principle,
rotating black holes should create and emit particles. I
believed their arguments on physical grounds, but I did not
like the mathematical way in which they calculated the
emission. I  therefore set about devising a Dbetter
mathematical treatment, which I described at an informal
seminar in Oxford at the end of November 1973. At that time I
had not done the calculations to find out how much would
actually be emitted. I was expecting to discover just the
radiation that Zeldovich and Starobinsky had predicted from
rotating black holes. However, when I did the calculation, I
found, to my surprise and annoyance, that even nonrotating
black holes should apparently create and emit particles at a

steady rate.

At first I thought that this emission indicated that one
of the approximations I had used was not valid. I was afraid
if Bekenstein found out about it, he would use it as a
further argument to support his ideas about the entropy of
black holes, which I still did not like. However, the more I
thought about it, the more it seemed that the approximations
really ought to hold. But what finally convinced me that the
emission was real was that the spectrum of the emitted
particles was exactly that which would be emitted by a hot
body. The black hole was emitting particles at exactly the

correct rate to prevent violations of the second law.



Since then, the calculations have been repeated in a
number of different forms by other people. They all confirm
that a black hole ought to emit particles and radiation as if
it were a hot body with a temperature that depends only on
the black hole’s mass: the higher the mass, the lower the
temperature. One can understand this emission in the
following way: What we think of as empty space cannot be
completely empty because that would mean that all the fields,
such as the gravitational field and the electromagnetic
field, would have to be exactly zero. However, the value of a
field and its rate of change with time are like the position
and velocity of a particle. The uncertainty principle implies
that the more accurately one knows one of these quantities,

the less accurately one can know the other.

So in empty space the field cannot be fixed at exactly
zero, because then it would have both a precise value, zero,
and a precise rate of change, also zero. Instead, there must
be a certain minimum amount of wuncertainty, or quantum
fluctuations, in the value of a field. One can think of these
fluctuations as pairs of particles of light or gravity that
appear together at some time, move apart, and then come
together again and annihilate each other. These particles are
called virtual particles. Unlike real particles, they cannot
be observed directly with a particle detector. However, their
indirect effects, such as small changes in the energy of
electron orbits and atoms, can be measured and agree with the

theoretical predictions to a remarkable degree of accuracy.



By conservation of energy, one of the partners in a
virtual particle pair will have positive energy and the other
partner will have negative energy. The one with negative
energy 1is condemned to be a short-lived virtual particle.
This is because real particles always have positive energy in
normal situations. It must therefore seek out its partner and
annihilate it. However, the gravitational field inside a
black hole is so strong that even a real particle can have

negative energy there.

It is therefore possible, if a black hole is present, for
the virtual particle with negative energy to fall into the
black hole and become a real particle. In this case it no
longer has to annihilate its partner;its forsaken partner may
fall into the black hole as well. But because it has positive
energy, it is also possible for it to escape to infinity as a
real particle. To an observer at a distance, it will appear
to have been emitted from the black hole. The smaller the
black hole, the less far the particle with negative energy
will have to go before it becomes a real particle. Thus, the
rate of emission will be greater, and the apparent

temperature of the black hole will be higher.

The positive energy of the outgoing radiation would be
balanced by a flow of negative energy particles into the
black hole. By Einstein’s famous equation E=mc?, energy is
equivalent to mass. A flow of negative energy into the black
hole therefore reduces its mass. As the black hole loses

mass, the area of its event horizon gets smaller, but this



decrease in the entropy of the black hole is more than
compensated for by the entropy of the emitted radiation, so

the second law is never violated.

BLACK HOLE EXPLOSIONS

The lower the mass of the black hole, the higher its
temperature 1s. So as the black hole loses mass, 1its
temperature and rate of emission increase. It therefore loses
mass more quickly. What happens when the mass of the black
hole eventually becomes extremely small is not quite clear.
The most reasonable guess 1is that it would disappear
completely 1in a tremendous final burst of emission,

equivalent to the explosion of millions of H-bombs.

A black hole with a mass a few times that of the sun
would have a temperature of only one ten—millionth of a
degree above absolute zero. This 1is much less than the
temperature of the microwave radiation that fills the
universe, about 2.7 degrees above absolute zero—so such black
holes would give off less than they absorb, though even that
would be very little. If the universe is destined to go on
expanding forever, the temperature of the microwave radiation
will eventually decrease to less than that of such a black
hole. The hole will then absorb less than it emits and will
begin to lose mass. But, even then, its temperature is so low
that it would take about 10%®years to evaporate completely.
This is much longer than the age of the universe, which is

only about 101years.



On the other hand, as we learned in the last lecture,
there might be primordial black holes with a very much
smaller mass that were made by the collapse of irregularities
in the very early stages of the universe. Such black holes
would have a much higher temperature and would be emitting
radiation at a much greater rate. A primordial black hole
with an initial mass of a thousand million tons would have a
lifetime roughly equal to the age of the universe. Primordial
black holes with initial masses less than this figure would
already have completely evaporated. However, those with
slightly greater masses would still be emitting radiation in
the form of X rays and gamma rays. These are like waves of
light, but with a much shorter wavelength. Such holes hardly
deserve the epithet black. They really are white hot, and are

emitting energy at the rate of about ten thousand megawatts.

One such black hole could run ten large power stations,
if only we could harness its output. This would be rather
difficult, however. The black hole would have the mass of a
mountain compressed into the size of the nucleus of an atom.
If you had one of these black holes on the surface of the
Earth, there would be no way to stop it falling through the
floor to the center of the Earth. It would oscillate through
the Earth and back, until eventually it settled down at the
center. So the only place to put such a black hole, in which
one might use the energy that it emitted, would be in orbit
around the Earth. And the only way that one could get it to
orbit the Earth would be to attract it there by towing a

large mass in front of it, rather like a carrot in front of a



donkey. This does not sound 1like a very practical

proposition, at least not in the immediate future.

THE SEARCH FOR PRIMORDIAL BLACK HOLES

But even if we cannot harness the emission from these
primordial black holes, what are our chances of observing
them? We could look for the gamma rays that the primordial
black holes emit during most of their lifetime. Although the
radiation from most would be very weak because they are far
away, the total from all of them might be detectable. We do,
indeed, observe such a background of gamma rays. However,
this background was probably generated by processes other
than primordial black holes. One can say that the
observations of the gamma ray background do not provide any
positive evidence for primordial black holes. But they tell
us that, on average, there cannot be more than three hundred
little black holes in every cubic light-year in the universe.
This limit means that primordial black holes could make up at
most one millionth of the average mass density in the

universe.

With primordial black holes being so scarce, it might
seem unlikely that there would be one that was near enough
for us to observe on its own. But since gravity would draw
primordial black holes toward any matter, they should be much
more common in galaxies. If they were, say, a million times
more common in galaxies, then the nearest black hole to us

would probably be at a distance of about a thousand million



kilometers, or about as far as Pluto, the farthest known
planet. At this distance it would still be very difficult to
detect the steady emission of a black hole even if it was ten

thousand megawatts.

In order to observe a primordial black hole, one would
have to detect several gamma ray quanta coming from the same

direction within a reasonable space of time, such as a week.

Otherwise, they might simply be part of the background.
But Planck’s quantum principle tells us that each gamma ray
quantum has a very high energy, because gamma rays have a
very high frequency. So to radiate even ten thousand
megawatts would not take many quanta. And to observe these
few quanta coming from the distance of Pluto would require a
larger gamma ray detector than any that have been constructed
so far. Moreover, the detector would have to be in space,

because gamma rays cannot penetrate the atmosphere.

Of course, if a black hole as close as Pluto were to
reach the end of its life and blow up, it would be easy to
detect the final burst of emission. But if the black hole has
been emitting for the last ten or twenty thousand million
years, the chances of it reaching the end of its life within
the next few years are really rather small. It might equally
well be a few million years in the past or future. So in
order to have a reasonable chance of seeing an explosion
before your research grant ran out, you would have to find a

way to detect any explosions within a distance of about one



light-year. You would still have the problem of needing a
large gamma ray detector to observe several gamma ray quanta
from the explosion. However, in this case, it would not be
necessary to determine that all the quanta came from the same
direction. It would be enough to observe that they all
arrived within a very short time interval to be reasonably

confident that they were coming from the same burst.

One gamma ray detector that might be capable of spotting
primordial black holes is the entire Earth’s atmosphere. ( We
are, 1n any case, unlikely to be able to build a larger
detector. ) When a high—energy gamma ray quantum hits the
atoms in our atmosphere, it creates pairs of electrons and
positrons. When these hit other atoms, they in turn create
more pairs of electrons and positrons. So one gets what 1is
called an electron shower. The result is a form of light
called Cerenkov radiation. One can therefore detect gamma ray

bursts by looking for flashes of light in the night sky.

Of course, there are a number of other phenomena, such as
lightning, which can also give flashes in the sky. However,
one could distinguish gamma ray bursts from such effects by
observing flashes simultaneously at two or more thoroughly
widely separated locations. A search like this has been
carried out by two scientists from Dublin, Neil Porter and
Trevor Weekes, using telescopes in Arizona. They found a
number of flashes but none that could be definitely ascribed

to gamma ray bursts from primordial black holes.



Even if the search for primordial black holes proves
negative, as it seems it may, it will still give us important
information about the very early stages of the universe. If
the early universe had been chaotic or irregular, or if the
pressure of matter had been low, one would have expected it
to produce many more primordial black holes than the limit
set by our observations of the gamma ray background. It is
only if the early universe was very smooth and uniform, and
with a high pressure, that one can explain the absence of

observable numbers of primordial black holes.

GENERAL RELATIVITY AND QUANTUM MECHANICS

Radiation from black holes was the first example of a
prediction that depended on both of the great theories of
this century, general relativity and quantum mechanics. It
aroused a lot of opposition initially because it upset the
existing viewpoint: ” How can a black hole emit anything? ”
When I first announced the results of my calculations at a
conference at the Rutherford Laboratory near Oxford, I was
greeted with general incredulity. At the end of my talk the
chairman of the session, John G. Taylor from Kings College,
London, claimed it was all nonsense. He even wrote a paper to
that effect.

However, in the end most people, including John Taylor,
have come to the conclusion that black holes must radiate
like hot bodies if our other ideas about general relativity

and quantum mechanics are correct. Thus even though we have



not yet managed to find a primordial black hole, there is
fairly general agreement that if we did, it would have to be
emitting a lot of gamma and X rays. If we do find one, I will
get the Nobel Prize.

The existence of radiation from black holes seems to
imply that gravitational collapse 1is not as final and
irreversible as we once thought. If an astronaut falls into a
black hole, its mass will increase. Eventually, the energy
equivalent of that extra mass will be returned to the
universe in the form of radiation. Thus, in a sense, the
astronaut will be recycled. It would be a poor sort of
immortality, however, because any personal concept of time
for the astronaut would almost certainly come to an end as he
was crushed out of existence inside the black hole. Even the
types of particle that were eventually emitted by the black
hole would in general be different from those that made up
the astronaut. The only feature of the astronaut that would

survive would be his mass or energy.

The approximations I used to derive the emission from
black holes should work well when the black hole has a mass
greater than a fraction of a gram. However, they will break
down at the end of the black hole’s life, when its mass gets
very small. The most likely outcome seems to be that the
black hole would just disappear, at least from our region of
the universe. It would take with it the astronaut and any
singularity there might be inside the black hole. This was

the first indication that quantum mechanics might remove the



singularities that were predicted by classical general
relativity. However, the methods that I and other people were
using in 1974 to study the quantum effects of gravity were
not able to answer questions such as whether singularities

would occur in quantum gravity.

From 1975 onward, I therefore started to develop a more
powerful approach to quantum gravity based on Feynman’ s idea
of a sum over histories. The answers that this approach
suggests for the origin and fate of the universe will be
described in the next two lectures. We shall see that quantum
mechanics allows the universe to have a beginning that is not
a singularity. This means that the laws of physics need not
break down at the origin of the universe. The state of the
universe and its contents, like ourselves, are completely
determined by the laws of physics, up to the limit set by the

uncertainty principle. So much for free will.



LECTURE 5 THE ORIGIN AND FATE OF
THE UNIVERSE

Throughout the 1970s I had been working mainly on black
holes. However, in 1981 my interest in questions about the
origin of the universe was reawakened when I attended a
conference on cosmology in the Vatican. The Catholic church
had made a bad mistake with Galileo when it tried to lay down
the law on a question of science, declaring that the sun went
around the Earth. Now, centuries later, it had decided it
would be better to invite a number of experts to advise it on

cosmology.

At the end of the conference the participants were
granted an audience with the pope. He told us that it was
okay to study the evolution of the universe after the big
bang, but we should not inquire into the big bang itself
because that was the moment of creation and therefore the
work of God.

I was glad then that he did not know the subject of the
talk I had just given at the conference. I had no desire to
share the fate of Galileo;I have a lot of sympathy with
Galileo, partly because I was born exactly three hundred

years after his death.



THE HOT BIG BANG MODEL

In order to explain what my paper was about, I shall
first describe the generally accepted history of the
universe, according to what is known as the ” hot big bang
model. ” This assumes that the universe is described by a
Friedmann model, right back to the big bang. In such models
one finds that as the universe expands, the temperature of
the matter and radiation in it will go down. Since
temperature is simply a measure of the average energy of the
particles, this cooling of the universe will have a major
effect on the matter in 1it. At very high temperatures,
particles will be moving around so fast that they can escape
any attraction toward each other caused by the nuclear or
electromagnetic forces. But as they cooled off, one would
expect particles that attract each other to start to clump

together.

At the big bang itself, the universe had zero size and so
must have been infinitely hot. But as the universe expanded,
the temperature of the radiation would have decreased. One
second after the big bang it would have fallen to about ten
thousand million degrees. This is about a thousand times the
temperature at the center of the sun, but temperatures as
high as this are reached in H-bomb explosions. At this time
the universe would have contained mostly photons, electrons,
and neutrinos and their antiparticles, together with some

protons and neutrons.



As the universe continued to expand and the temperature
to drop, the rate at which electrons and the electron pairs
were being produced in collisions would have fallen below the
rate at which they were being destroyed by annihilation. So
most of the electrons and antielectrons would have annihi
lated each other to produce more photons, leaving behind only

a few electrons.

About one hundred seconds after the big bang, the
temperature would have fallen to one thousand million
degrees, the temperature inside the hottest stars. At this
temperature, protons and neutrons would no longer have
sufficient energy to escape the attraction of the strong
nuclear force. They would start to combine together to
produce the nuclei of atoms of deuterium, or heavy hydrogen,
which contain one proton and one neutron. The deuterium
nuclei would then have combined with more protons and
neutrons to make helium nuclei, which contained two protons
and two neutrons. There would also be small amounts of a

couple of heavier elements, lithium and beryllium.

One can calculate that in the hot big bang model about a
quarter of the protons and neutrons would have been converted
into helium nuclei, along with a small amount of heavy
hydrogen and other elements. The remaining neutrons would
have decayed into protons, which are the nuclei of ordinary
hydrogen atoms. These predictions agree very well with what

is observed.



The hot big bang model also predicts that we should be
able to observe the radiation left over from the hot early
stages. However, the temperature would have been reduced to a
few degrees above absolute zero by the expansion of the
universe. This is the explanation of the microwave background
of radiation that was discovered by Penzias and Wilson in
1965. We are therefore thoroughly confident that we have the
right picture, at least back to about one second after the
big bang. Within only a few hours of the big bang, the
production of helium and other elements would have stopped.
And after that, for the next million years or so, the
universe would have just continued expanding, without
anything much happening. Eventually, once the temperature had
dropped to a few thousand degrees, the electrons and nuclei
would no longer have had enough energy to overcome the
electromagnetic attraction between them. They would then have

started combining to form atoms.

The universe as a whole would have continued expanding
and cooling. However, in regions that were slightly denser
than average, the expansion would have been slowed down by
extra gravitational attraction. This would eventually stop
expansion 1in some regions and cause them to start to
recollapse. As they were collapsing, the gravitational pull
of matter outside these regions might start them rotating
slightly. As the collapsing region got smaller, it would spin
faster—just as skaters spinning on ice spin faster as the
draw in their arms. Eventually, when the region got small

enough, it would be spinning fast enough to balance the



attraction of gravity. In this way, disklike rotating

galaxies were born.

As time went on, the gas in the galaxies would break up
into smaller clouds that would collapse under their own
gravity. As these contracted, the temperature of the gas
would increase until it became hot enough to start nuclear
reactions. These would convert the hydrogen into more helium,
and the heat given off would raise the pressure, and so stop
the clouds from contracting any further. They would remain in
this state for a long time as stars like our sun, burning
hydrogen into helium and radiating the energy as heat and
light.

More massive stars would need to be hotter to balance
their stronger gravitational attraction. This would make the
nuclear fusion reactions proceed so much more rapidly that
they would use up their hydrogen in as little as a hundred
million years. They would then contract slightly and, as they
heated up further, would start to convert helium into heavier
elements 1like carbon or oxygen. This, however, would not
release much more energy, so a crisis would occur, as I

described in my lecture on black holes.

What happens next is not completely clear, but it seems
likely that the central regions of the star would collapse to
a very dense state, such as a neutron star or black hole. The
outer regions of the star may get blown off in a tremendous

explosion called a supernova, which would outshine all the



other stars in the galaxy. Some of the heavier elements
produced near the end of the star’s life would be flung back
into the gas in the galaxy. They would provide some of the

raw material for the next generation of stars.

Our own sun contains about 2 percent of these heavier
elements because it is a second-or third-generation star. It
was formed some five thousand million years ago out of a
cloud of rotating gas containing the debris of earlier
supernovas. Most of the gas in that cloud went to form the
sun or got blown away. However, a small amount of the heavier
elements collected together to form the bodies that now orbit

the sun as planets like the Earth.

OPEN QUESTIONS

This picture of a universe that started off very hot and
cooled as it expanded 1is 1in agreement with all the
observational evidence that we have today. Nevertheless, it
leaves a number of important questions unanswered. First, why
was the early universe so hot? Second, why is the universe so
uniform on a large scale-why does it look the same at all

points of space and in all directions?

Third, why did the universe start out with so nearly the
critical rate of expansion to just avoid recollapse? If the
rate of expansion one second after the big bang had been
smaller by even one part in a hundred thousand million

million, the universe would have recollapsed before it ever



reached its present size. On the other hand, if the expansion
rate at one second had been larger by the same amount, the
universe would have expanded so much that it would be

effectively empty now.

Fourth, despite the fact that the universe is so uniform
and homogenous on a large scale, it contains local lumps such
as stars and galaxies. These are thought to have developed
from small differences in the density of the early universe
from one region to another. What was the origin of these

density fluctuations?

The general theory of relativity, on its own, cannot
explain these features or answer these questions. This 1is
because it predicts that the universe started off with
infinite density at the big bang singularity. At the
singularity, general relativity and all other physical laws
would break down. One cannot predict what would come out of
the singularity. As I explained before, this means that one
might as well cut any events before the big bang out of the
theory, because they can have no effect on what we observe.
Space—time would have a boundary—a beginning at the big bang.
Why should the universe have started off at the big bang in
just such a way as to lead to the state we observe today? Why
is the wuniverse so uniform, and expanding at just the
critical rate to avoid recollapse? One would feel happier
about this if one could show that quite a number of different
initial configurations for the universe would have evolved to

produce a universe like the one we observe. If this is the



case, a universe that developed from some sort of random
initial conditions should contain a number of regions that
are like what we observe. There might also be regions that
were very different. However, these regions would probably
not be suitable for the formation of galaxies and stars.
These are essential prerequisites for the development of
intelligent life, at least as we know it. Thus, these regions
would not contain any beings to observe that they were
different.

When one considers cosmology, one has to take into
account the selection principle that we live in a region of
the universe that 1is suitable for intelligent life. This
fairly obvious and elementary consideration is sometimes
called the anthropic principle. Suppose, on the other hand,
that the initial state of the universe had to be chosen
extremely carefully to lead to something like what we see
around us. Then the universe would be unlikely to contain any

region in which life would appear.

In the hot big bang model that I described earlier, there
was not enough time in the early universe for heat to have
flowed from one region to another. This means that different
regions of the universe would have had to have started out
with exactly the same temperature in order to account for the
fact that the microwave background has the same temperature
in every direction we look. Also, the 1initial rate of
expansion would have had to be chosen very precisely for the

universe not to have recollapsed before now. This means that



the initial state of the universe must have been very
carefully chosen indeed if the hot big bang model was correct
right back to the beginning of time. It would be very
difficult to explain why the universe should have begun in
just this way, except as the act of a God who intended to

create beings like us.

THE INFLATIONARY MODEL

In order to avoid this difficulty with the very early
stages of the hot big bang model, Alan Guth at the
Massachusetts Institute of Technology put forward a new
model. In this, many different initial configurations could
have evolved to something like the present universe. He
suggested that the early universe might have had a period of
very rapid, or exponential, expansion. This expansion is said
to be inflationary—an analogy with the inflation in prices
that occurs to a greater or lesser degree in every country.
The world record for price inflation was probably in Germany
after the first war, when the price of a loaf of bread went
from under a mark to millions of marks in a few months. But
the inflation we think may have occurred in the size of the
universe was much greater even than that—-a million million
million million million times in only a tiny fraction of a

second. Of course, that was before the present government.

Guth suggested that the universe started out from the big
bang very hot. One would expect that at such high

temperatures, the strong and weak nuclear forces and the



electromagnetic force would all be unified into a single
force. As the universe expanded, it would cool, and particle
energies would go down. Eventually there would be what is
called a phase transition, and the symmetry between the
forces would be broken. The strong force would become
different from the weak and electromagnetic forces. One
common example of a phase transition is the freezing of water
when you cool it down. Liquid water is symmetrical, the same
at every point and in every direction. However, when ice
crystals form, they will have definite positions and will be
lined up in some direction. This breaks the symmetry of the

water.

7

In the case of water, if one 1is careful, one can
supercool ” it. That is, one can reduce the temperature below
the freezing point—-0 degrees centigrade—without ice forming.
Guth suggested that the universe might behave in a similar
way: The temperature might drop below the critical value
without the symmetry between the forces being broken. If this
happened, the universe would be in an unstable state, with
more energy than if the symmetry had been broken. This
special extra energy can be shown to have an
antigravitational effect. It would act just 1like a

cosmological constant.

Einstein introduced the cosmological constant into
general relativity when he was trying to construct a static
model of the universe. However, in this case, the universe

would already be expanding. The repulsive effect of this



cosmological constant would therefore have made the universe
expand at an everincreasing rate. Even in regions where there
were more matter particles than average, the gravitational
attraction of the matter would have been outweighed by the
repulsion of the effective cosmological constant. Thus, these
regions would also expand in an accelerating inflationary

manner.

As the wuniverse expanded, the matter particles got
farther apart. One would be left with an expanding universe
that contained hardly any particles. It would still be in the
supercooled state, in which the symmetry between the forces
is not broken. Any irregularities in the universe would
simply have been smoothed out by the expansion, as the
wrinkles in a balloon are smoothed away when you blow it up.
Thus, the present smooth and uniform state of the universe
could have evolved from many different nonuniform initial
states. The rate of expansion would also tend toward just the

critical rate needed to avoid recollapse.

Moreover, the idea of inflation could also explain why
there is so much matter in the universe. There are something
like 1,080 particles in the region of the universe that we
can observe. Where did they all come from? The answer 1is
that, in quantum theory, particles can be created out of
energy in the form of particle/antiparticle pairs. But that
just raises the question of where the energy came from. The
answer 1is that the total energy of the universe is exactly

Zero.



The matter in the universe 1is made out of positive
energy. However, the matter is all attracting itself by
gravity. Two pieces of matter that are close to each other
have less energy than the same two pieces a long way apart.
This is because you have to expend energy to separate them.
You have to pull against the gravitational force attracting
them together. Thus, in a sense, the gravitational field has
negative energy. In the case of the whole universe, one can
show that this negative gravitational energy exactly cancels
the positive energy of the matter. So the total energy of the

universe 1s zero.

Now, twice zero 1is also zero. Thus, the universe can
double the amount of positive matter energy and also double
the negative gravitational energy without violation of the
conservation of energy. This does not happen in the normal
expansion of the universe in which the matter energy density
goes down as the universe gets bigger. It does happen,
however, in the inflationary expansion, because the energy
density of the supercooled state remains constant while the
universe expands. When the universe doubles in size, the
positive matter energy and the negative gravitational energy
both double, so the total energy remains zero. During the
inflationary phase, the universe increases its size by a very
large amount. Thus, the total amount of energy available to
make particles becomes very large. As Guth has remarked, ” Tt
is said that there is no such thing as a free lunch. But the

universe is the ultimate free lunch.



THE END OF INFLATION

The universe is not expanding in an inflationary way
today. Thus, there had to be some mechanism that would
eliminate the very large effective cosmological constant.
This would change the rate of expansion from an accelerated
one to one that is slowed down by gravity, as we have today.
As the universe expanded and cooled, one might expect that
eventually the symmetry between the forces would be broken,
just as supercooled water always freezes in the end. The
extra energy of the unbroken symmetry state would then be
released and would reheat the universe. The universe would
then go on to expand and cool, just like the hot big bang
model. However, there would now be an explanation of why the
universe was expanding at exactly the critical rate and why

different regions had the same temperature.

In Guth’s original proposal, the transition to broken
symmetry was supposed to occur suddenly, rather like the
appearance of ice crystals in very cold water. The idea was
that ” bubbles ” of the new phase of broken symmetry would
have formed in the old phase, 1like bubbles of steam
surrounded by boiling water. The bubbles were supposed to
expand and meet up with each other until the whole universe
was in the new phase. The trouble was, as I and several other
people pointed out, the universe was expanding so fast that
the bubbles would be moving away from each other too rapidly
to join up. The universe would be left in a very nonuniform

state, with some regions having symmetry between the



different forces. Such a model of the universe would not

correspond to what we see.

In October 1981 I went to Moscow for a conference on
quantum gravity. After the conference, 1 gave a seminar on
the inflationary model and its problems at the Sternberg
Astronomical Institute. In the audience was a young Russian,
Andrei Linde. He said that the difficulty with the bubbles
not joining up could be avoided if the bubbles were very big.
In this case, our region of the universe could be contained
inside a single bubble. In order for this to work, the change
from symmetry to broken symmetry must have taken place very
slowly 1inside the bubble, but this is quite possible

according to grand unified theories.

Linde’s idea of a slow breaking of symmetry was very
good, but I pointed out that his bubbles would have been
bigger than the size of the universe at the time. I showed
that instead the symmetry would have broken everywhere at the
same time, rather than just inside bubbles. This would lead
to a uniform universe, like we observe. The slow symmetry
breaking model was a good attempt to explain why the universe
is the way it is. However, 1 and several other people showed
that it predicted much greater variations in the microwave
background radiation than are observed. Also, later work cast
doubt on whether there would have been the right kind of
phase transition in the early universe. A better model,
called the chaotic inflationary model, was introduced by

LLinde in 1983. This doesn’ t depend on phase transitions, and



it can give us the right size of variations of the microwave
background. The inflationary model showed that the present
state of the universe could have arisen from quite a large
number of different initial configurations. It cannot be the
case, however, that every initial configuration would have
led to a universe like the one we observe. So even the
inflationary model does not tell wus why the initial
configuration was such as to produce what we observe. Must we
turn to the anthropic principle for an explanation? Was it
all just a lucky chance? That would seem a counsel of
despair, a negation of all our hopes of understanding the

underlying order of the universe.

QUANTUM GRAVITY

In order to predict how the universe should have started
off, one needs laws that hold at the beginning of time. If
the classical theory of general relativity was correct, the
singularity theorem showed that the beginning of time would
have been a point of infinite density and curvature. All the
known laws of science would break down at such a point. One
might suppose that there were new laws that held at
singularities, but it would be very difficult even to
formulate laws at such badly behaved points and we would have
no guide from observations as to what those laws might be.
However, what the singularity theorems really indicate 1is
that the gravitational field becomes so strong that quantum

gravitational effects become important: Classical theory is



no longer a good description of the universe. So one has to
use a quantum theory of gravity to discuss the very early
stages of the universe. As we shall see, it is possible in
the quantum theory for the ordinary laws of science to hold
everywhere, including at the beginning of time. It is not
necessary to postulate new laws for singularities, because

there need not be any singularities in the quantum theory.

We don’t yet have a complete and consistent theory that
combines quantum mechanics and gravity. However, we are
thoroughly certain of some features that such a unified
theory should have. One is that it should incorporate
Feynman’ s proposal to formulate quantum theory in terms of a
sum over histories. In this approach, a particle going from A
to B does not have just a single history as it would in a
classical theory. Instead, it 1is supposed to follow every
possible path in space—time. With each of these histories,
there are associated a couple of numbers, one representing
the size of a wave and the other representing its position in

the cycle—its phase.

The probability that the particle, say, passes through
some particular point 1is found by adding up the waves
associated with every possible history that passes through
that point. When one actually tries to perform these sums,
however, one runs into severe technical problems. The only
way around these is the following peculiar pre scription: One

must add up the waves for particle histories that are not in



the real time that you and I experience but take place in

imaginary time.

Imaginary time may sound like science fiction, but it is
in fact a well-defined mathematical concept. To avoid the
technical difficulties with Feynman’s sum over histories, one
must use imaginary time. This has an interesting effect on
space—time: The distinction between time and space disappears
completely. A space—time in which events have imaginary
values of the time coordinate is said to be Euclidean because

the metric is positive definite.

In Euclidean space—time there is no difference between
the time direction and directions in space. On the other
hand, in real space—time, in which events are labeled by real
values of the time coordinate, it 1is easy to tell the
difference. The time direction lies within the light cone,
and space directions lie outside. One can regard the use of
imaginary time as merely a mathematical device—or trick—to
calculate answers about real space—time. However, there may
be more to it than that. It may be that Fuclidean space—time
is the fundamental concept and what we think of as real

space—time is just a figment of our imagination.

When we apply Feynman’s sum over histories to the
universe, the analogue of the history of a particle is now a
complete curved space—-time which represents the history of
the whole wuniverse. For the technical reasons mentioned

above, these curved space—-times must be taken to be



Euclidean. That is, time is imaginary and 1s
indistinguishable from directions in space. To calculate the
probability of finding a real space—-time with some certain
property, one adds up the waves associated with all the
histories in imaginary time that have that property. One can
then work out what the probable history of the universe would

be in rel time.

THE NO BOUNDARY CONDITION

In the classical theory of gravity, which is based on
real space—time, there are only two possible ways the
universe can behave. Either it has existed for an infinite
time, or else it had a beginning at a singularity at some
finite time in the past. In fact, the singularity theorems
show it must be the second possibility. In the quantum theory
of gravity, on the other hand, a third possibility arises.
Because one is using Euclidean space—-times, in which the time
direction is on the same footing as directions in space, it
is possible for space—time to be finite in extent and yet to
have no singularities that formed a boundary or edge. Space—
time would be like the surface of the Earth, only with two
more dimensions. The surface of the Earth is finite in extent
but it doesn’t have a boundary or edge. If you sail off into
the sunset, you don't fall off the edge or run into a

singularity. I know, because I have been around the world.

If Fuclidean space—-times direct back to infinite

imaginary time or else started at a singularity, we would



have the same problem as in the classical theory of
specifying the initial state of the universe. God may know
how the universe began, but we cannot give any particular
reason for thinking it began one way rather than another. On
the other hand, the quantum theory of gravity has opened up a
new possibility. In this, there would be no boundary to
space—time. Thus, there would be no need to specify the
behavior at the boundary. There would be no singularities at
which the laws of science broke down and no edge of space—
time at which one would have to appeal to God or some new law
to set the boundary conditions for space—time. One could say:
” The boundary condition of the universe is that it has no
boundary. ” The universe would be completely self-contained
and not affected by anything outside itself. It would be

neither created nor destroyed. It would just be.

It was at the conference in the Vatican that I first put
forward the suggestion that maybe time and space together
formed a surface that was finite in size but did not have any
boundary or edge. My paper was rather mathematical, however,
so its implications for the role of God in the creation of
the universe were not noticed at the time—just as well for
me. At the time of the Vatican conference, I did not know how
to use a no boundary idea to make predictions about the
universe. However, I spent the following summer at the
University of California, Santa Barbara. There, a friend and
colleague of mine, Jim Hartle, worked out with me what
conditions the universe must satisfy if space—time had no

boundary.



I should emphasize that this idea that time and space
should be finite without boundary is just a proposal. It
cannot be deduced from some other principle. Like any other
scientific theory, it may initially be put forward for
aesthetic or metaphysical reasons, but the real test is
whether it makes predictions that agree with observation.
This, however, 1is difficult to determine in the case of
quantum gravity, for two reasons. First, we are not yet sure
exactly which theory successfully combines general relativity
and quantum mechanics, though we know quite a lot about the
form such a theory must have. Second, any model that
described the whole universe in detail would be much too
complicated mathematically for us to be able to calculate
exact predictions. One therefore has to make approximations—
and even then, the problem of extracting predictions remains

a difficult one.

One finds, wunder the no boundary proposal, that the
chance of the universe being found to be following most of
the possible histories is negligible. But there 1is a
particular family of histories that are much more probable
than the others. These histories may be pictured as being
like the surface of the Earth, with a distance from the North
Pole representing imaginary time;the size of a circle of
latitude would represent the spatial size of the universe.
The universe starts at the North Pole as a single point. As
one moves south, the <circle of latitude get bigger,
corresponding to the universe expanding with imaginary time.

The universe would reach a maximum size at the equator and



would contract again to a single point at the South Pole.
Even though the universe would have zero size at the North
and South poles, these points would not be singularities any
more than the North and South poles on the Earth are
singular. The laws of science will hold at the beginning of
the universe, just as they do at the North and South poles on
the Earth.

The history of the universe in real time, however, would
look very different. It would appear to start at some minimum
size, equal to the maximum size of the history in imaginary
time. The universe would then expand in real time like the
inflationary model. However, one would not now have to assume
that the universe was created somehow in the right sort of
state. The universe would expand to a very large size, but
eventually it would collapse again into what looks like a
singularity in real time. Thus, in a sense, we are still all
doomed, even if we keep away from black holes. Only if we
could picture the universe in terms of imaginary time would

there be no singularities.

The singularity theorems of classical general relativity
showed that the universe must have a beginning, and that this
beginning must be described in terms of quantum theory. This
in turn led to the idea that the universe could be finite in
imaginary time, but without boundaries or singularities. When
one goes back to the real time in which we live, however,
there will still appear to be singularities. The poor

astronaut who falls into a black hole will still come to a



sticky end. It is only if he could live in imaginary time

that he would encounter no singularities.

This might suggest that the so—called imaginary time 1is
really the fundamental time, and that what we call real time
is something we create just in our minds. In real time, the
universe has a beginning and an end at singularities that
form a boundary to space—-time and at which the laws of
science break down. But in imaginary time, there are no
singularities or boundaries. So maybe what we call imaginary
time is really more basic, and what we call real time is just
an idea that we invent to help us describe what we think the
universe is like. But according to the approach I described
in the first lecture, a scientific theory 1is just a
mathematical model we make to describe our observations. It
exists only in our minds. So it does not have any meaning to

ask: Which is real, 7 real or 7 imaginary 7 time? It is

simply a matter of which is a more useful description.

The no boundary proposal seems to predict that, in real
time, the wuniverse should behave 1like the inflationary
models. A particularly interesting problem is the size of the
small departures from uniform density in the early universe.
These are thought to have led to the formation first of the
galaxies, then of stars, and finally of beings like us. The
uncertainty principle implies that the early universe cannot
have been completely uniform. Instead, there must have been
some uncertainties or fluctuations in the positions and

velocities of the particles. Using the no boundary condition,



one finds that the universe must have started off with just
the minimum possible nonuniformity allowed by the uncertainty

principle.

The universe would have then undergone a period of rapid
expansion, like 1in the inflationary models. During this
period, the initial nonuniformities would have been amplified
until they could have been big enough to explain the origin
of galaxies. Thus, all the complicated structures that we see
in the wuniverse might be explained by the no boundary
condition for the universe and the uncertainty principle of

quantum mechanics.

The idea that space and time may form a closed surface
without boundary also has profound implications for the role
of God in the affairs of the universe. With the success of
scientific theories in describing events, most people have
come to believe that God allows the universe to evolve
according to a set of laws. He does not seem to intervene in
the universe to break these laws. However, the laws do not
tell us what the universe should have looked like when it
started. It would still be up to God to wind up the clockwork
and choose how to start it off. So long as the universe had a
beginning that was a singularity, one could suppose that it
was created by an outside agency. But if the universe 1is
really completely self-contained, having no boundary or edge,
it would be neither created nor destroyed. It would simply

be. What place, then, for a creator?



LECTURE 6 THE DIRECTION OF TIME

In his book, The Go Between, L.P. Hartley wrote, ” The
past is a foreign country. They do things differently there-—
but why is the past so different from the future? Why do we
remember the past, but not the future? ” In other words, why
does time go forward? Is this connected with the fact that

the universe is expanding?

C, P, T

The laws of physics do not distinguish between the past
and the future. More precisely, the laws of physics are
unchanged under the combination of operations known as C,
P,and T. ( C means changing particles for antiparticles. P
means taking the mirror image so left and right are swapped
for each other. And T means reversing the direction of motion
of all particles—in effect, running the motion backward. )
The laws of physics that govern the behavior of matter under
all normal situations are unchanged under the operations C
and P on their own. In other words, life would be just the
same for the inhabitants of another planet who were our
mirror images and who were made of antimatter. If you meet
someone from another planet and he holds out his left hand,
don’ t shake it. He might be made of antimatter. You would

both disappear in a tremendous flash of light. If the laws of



physics are unchanged by the combination of operations C and
P, and also by the combination C, P,and T, they must also be
unchanged under the operation T alone. Yet, there is a big
difference between the forward and backward directions of
time in ordinary life. Imagine a cup of water falling off a
table and breaking in pieces on the floor. If you take a film
of this, you can easily tell whether it is being run forward
or backward. If you run it backward, you will see the pieces
suddenly gather themselves together off the floor and jump
back to form a whole cup on the table. You can tell that the
film is being run backward because this kind of behavior is
never observed in ordinary life. If it were, the crockery

manufacturers would go out of business.

THE ARROWS OF TIME

The explanation that is usually given as to why we don’ t
see broken cups jumping back onto the table is that it is
forbidden by the second law of thermodynamics. This says that
disorder or entropy always increases with time. In other
words, it is Murphy s Law-things get worse. An intact cup on
the table is a state of high order, but a broken cup on the
floor is a disordered state. One can therefore go from the
whole cup on the table in the past to the broken cup on the

floor in the future, but not the other way around.

The increase of disorder or entropy with time is one
example of what is called an arrow of time, something that

gives a direction to time and distinguishes the past from the



future. There are at least three different arrows of time.
First, there is the thermodynamic arrow of time—the direction
of time in which disorder or entropy increases. Second, there
is the psychological arrow of time. This is the direction in
which we feel time passes—the direction of time in which we
remember the past, but not the future. Third, there is the
cosmological arrow of time. This is the direction of time in

which the universe is expanding rather than contracting.

I shall argue the the pyschological arrow is determined
by the thermodynamic arrow and that these two arrows always
point in the same direction. If one makes the no boundary
assumption for the universe, they are related to the
cosmological arrow of time, though they may not point in the
same direction. However, I shall argue that it is only when
they agree with the cosmological arrow that there will be
intelligent beings who can ask the question: Why does
disorder increase in the same direction of time as that in

which the universe expands?

THE THERMODYNAMIC ARROW

I shall talk first about the thermodynamic arrow of time.
The second law of thermodynamics is based on the fact that
there are many more disordered states than there are ordered
ones. For example, consider the pieces of a jigsaw in a box.
There is one, and only one, arrangement in which the pieces

make a complete picture. On the other hand, there are a very



large number of arrangements 1in which the pieces are

disordered and don’ t make a picture.

Suppose a systems starts out in one of the small number
of ordered states. As time goes by, the system will evolve
according to the laws of physics and its state will change.
At a later time, there is a high probability that it will be
in a more disordered state, simply because there are so many
more disordered states. Thus, disorder will tend to increase
with time if the system obeys an initial condition of high

order.

Suppose the pieces of the jigsaw start off in the ordered
arrangement in which they form a picture. If you shake the
box, the pieces will take up another arrangement. This will
probably be a disordered arrangement in which the pieces
don’ t form a proper picture, simply because there are so many
more disordered arrangements. Some groups of pieces may still
form parts of the picture, but the more you shake the box,
the more likely it is that these groups will get broken up.
The pieces will take up a completely jumbled state in which
they don’t form any sort of picture. Thus, the disorder of
the pieces will probably increase with time if they obey the

initial condition that they start in a state of high order.

Suppose, however, that God decided that the universe
should finish up at late times in a state of high order but
it didn’t matter what state it started in. Then, at early

times the universe would probably be in a disordered state,



and disorder would decrease with time. You would have broken
cups gathering themselves together and jumping back on the
table. However, any human beings who observing the cups would
be living in a universe in which disorder decreased with
time. I shall argue that such beings would have a
psychological arrow of time that was backward. That is, they
would remember thence at late times and not remember thence

at early times.

THE PSYCHOLOGICAL ARROW

It is rather difficult to talk about human memory because
we don’ t know how the brain works in detail. We do, however,
know all about how computer memories work. I shall therefore
discuss the psychological arrow of time for computers. I
think it is reasonable to assume that the arrow for computers
is the same as that for human. If it were not, one could make
a killing on the stock exchange by having a computer that

would remember tomorrow s prices.

A computer memory is basically some device that can be in
either one of two states. An example would be a
superconducting loop of wire. If there is an electric current
flowing in the loop, it will continue to flow because there
is no resistance. On the other hand, if there is no current,
the loop will continue without a current. One can label the

7

two states of the memory ” one ” and ” zero.

”



Before an item is recorded in the memory, the memory is
in a disordered state with equal probabilities for one and
zero. After the memory interacts with the system to be
remembered, it will definitely be in one state or the other,
according to the state of the system. Thus, the memory passes
from a disordered state to an ordered one. However, in order
to make sure that the memory is in the right state, it is
necessary to use a certain amount of energy. This energy is
dissipated as heat and increases the amount of disorder in
the universe. One can show that this increase of disorder is
greater than the increase in the order of the memory. Thus,
when a computer records an item in memory, the total amount

of disorder in the universe goes up.

The direction of time in which a computer remembers the
past 1s the same as that in which disorder increases. This
means that our subjective sense of the direction of time, the
psychological arrow of time, is determined by the
thermodynamic arrow of time. This makes the second law of
thermodynamics almost trivial. Disorder increases with time
because we measure time in the direction in which disorder

increases. You can’ t have a safer bet than that.

THE BOUNDARY CONDITIONS OF THE UNIVERSE

But why should the universe be in a state of high order
at one end of time, the end that we call the past? Why was it
not in a state of complete disorder at all times? After all,

this might seem more probable. And why is the direction of



time in which disorder increases the same as that in which
the universe expands? One possible answer is that God simply
chose that the universe should be in a smooth and ordered
state at the beginning of the expansion phase. We should not
try to understand why or question His reasons because the
beginning of the universe was the work of God. But the whole

history of the universe can be said to be the work of God.

It appears that the universe evolves according to well-
defined laws. These laws may or may not be ordained by God,
but it seems that we can discover and understand them. Is it,
therefore, unreasonable to hope that the same or similar laws
may also hold at the beginning of the universe? In the
classical theory of general relativity, the beginning of the
universe has to be a singularity of infinite density in
space—time curvature. Under such conditions, all the known
laws of physics would break down. Thus, one could not use

them to predict how the universe would begin.

The universe could have started out in a very smooth and
ordered state. This would have led to well-defined
thermodynamic and cosmological arrows of time, 1like we
observe. But it could equally well have started out in a very
lumpy and disordered state. In this case, the universe would
already be in a state of complete disorder, so disorder could
not increase with time. It would either stay constant, in
which case there would be no well-defined thermodynamic arrow
of time, or it would decrease, in which case the

thermodynamic arrow of time would point in the opposite



direction to the cosmological arrow. Neither of these

possibilities would agree with what we observe.

As I mentioned, the <classical theory of general
relativity predicts that the universe should begin with a
singularity where the curvature of space—time is infinite. In
fact, this means that classical general relativity predicts
its own downfall. When the curvature of space—-time becomes
large, quantum gravitationa effects will become important and
the classical theory will cease to be a good description of
the universe. One has to use the quantum theory of gravity to

understand how the universe began.

In a quantum theory of gravity, one considers all
possible histories of the universe. Associated with each
history, there are a couple of numbers. One represents the
size of a wave and the other the face of the wave, that is,
whether the wave is at a crest or a trough. The probability
of the universe having a particular property is given by
adding up the waves for all the histories with that property.
The histories would be curved spaces that would represent the
evolution of the universe in time. One would still have to
say how the possible histories of the universe would behave
at the boundary of space—-time in the past. We do not and
cannot know the boundary conditions of the universe in the
past. However, one could avoid this difficulty if the
boundary condition of the universe is that it has no
boundary. In other words, all the possible histories are

finite 1in extent but have no boundaries, edges, or



singularities. They are like the surface of the Earth, but
with two more dimensions. In that case, the beginning of time
would be a regular smooth point of space—time. This means
that the universe would have begun its expansion in a very
smooth and ordered state. It could not have been completely
uniform because that would violate the uncertainty principle
of quantum theory. There had to be small fluctuations in the
density and velocities of particles. The no boundary
condition, however, would imply that these fluctuations were
as small as they could be, consistent with the uncertainty

principle.

The wuniverse would have started off with a period of
exponential or ” inflationary ” expansion. In this, it would
have increased its size by a very large factor. During this
expansion, the density fluctuations would have remained small
at first, but later would have started to grow. Regions in
which the density was slightly higher than average would have
had their expansion slowed down by the gravitational
attraction of the extra mass. Eventually, such regions would
stop expanding, and would collapse to form galaxies, stars,

and beings like us.

The universe would have started in a smooth and ordered
state and would become lumpy and disordered as time went on.
This would explain the existence of the thermodynamic arrow
of time. The universe would start in a state of high order
and would become more disordered with time. As I showed

earlier, the psychological arrow of time points in the same



direction as the thermodynamic arrow. Our subjective sense of
time would therefore be that in which the universe 1is
expanding, rather than the opposite direction, in which it

would be contracting.

DOES THE ARROW OF TIME REVERSE?

But what would happen if and when the universe stopped
expanding and began to contract again? Would the
thermodynamic arrow reverse and disorder begin to decrease
with time? This would lead to all sorts of science—fiction-—
like possibilities for people who survived from the expanding
to the contracting phase. Would they see broken cups
gathering themselves together off the floor and jumping back
on the table? Would they be able to remember tomorrow s

prices and make a fortune on the stock market?

It might seem a bit academic to worry about what would
happen when the universe collapses again, as it will not
start to contract for at least another ten thousand million
years. But there is a quicker way to find out what will
happen: Jump into a black hole. The collapse of a star to
form a black hole is rather like the later stages of the
collapse of the whole universe. Thus, if disorder were to
decrease in the contracting phase of the universe, one might
also expect it to decrease inside a black hole. So perhaps an
astronaut who fell into a black hole would be able to make
money at roulette by remembering where the ball went before

he placed his bet. Unfortunately, however, he would not have



long to play before he was turned to spaghetti by the very
strong gravitational fields. Nor would he be able to let us
know about the reversal of the thermodynamic arrow, or even
bank his winnings, because he would be trapped behind
theevent horizon of the black hole.

At first, I believed that disorder would decrease when
the universe recollapsed. This was because 1 thought that the
universe had to return to a smooth and ordered state when it
became small again. This would have meant that the
contracting phase was like the time reverse of the expanding
phase. People in the contracting phase would live their lives
backward. They would die before they were born and would get
younger as the universe contracted. This idea is attractive
because it would mean a nice symmetry between the expanding
and contracting phases. However, one cannot adopt it on its
own, 1independent of other ideas about the universe. The
question is: Is it implied by the no boundary condition or is

it inconsistent with that condition?

As I mentioned, I thought at first that the no boundary
condition did indeed imply that disorder would decrease in
the contracting phase. This was based on work on a simple
model of the universe in which the collapsing phase looked
like the time reverse of the expanding phase. However, a
colleague of mine, Don Page, pointed out that the no boundary
condition did not require the contracting phase necessarily
to be the time reverse of the expanding phase. Further, one

of my students, Raymond Laflamme, found that in a slightly



more complicated model, the collapse of the universe was very
different from the expansion. I realized that I had made a
mistake. In fact, the no boundary condition implied that
disorder would continue to increase during the contraction.
The thermodynamic and psychological arrows of time would not

reverse when the universe begins to recontract or 1inside
black holes.

What should you do when you find you have made a mistake
like that? Some people, like Eddington, never admit that they
are wrong. They continue to find new, and often mutually
inconsistent, arguments to support their case. Others claim
to have never really supported the incorrect view in the
first place or, if they did, it was only to show that it was
inconsistent. I could give a large number of examples of
this, but I won’t because it would make me too unpopular. It
seems to me much better and less confusing if you admit in
print that you were wrong. A good example of this was
Einstein, who said that the cosmological constant, which he
introduced when he was trying to make a static model of the

universe, was the biggest mistake of his life.



LECTURE 7 THE THEORY OF EVERYTHING

It would be very difficult to construct a complete
unified theory of everything all at one go. So instead we
have made progress by finding partial theories. These
describe a limited range of happenings and neglect other
effects, or approximate them by certain numbers. In
chemistry, for example, we can calculate the interactions of
atoms without knowing the internal structure of the nucleus
of an atom. Ultimately, however, one would hope to find a
complete, consistent, unified theory that would include all
these partial theories as approximations. The quest for such

a theory is known as ” the unification of physics.

Einstein spent most of his later years unsuccessfully
searching for a unified theory, but the time was not ripe:
Very little was known about the nuclear forces. Moreover,
Einstein refused to believe in the reality of quantum
mechanics, despite the important role he had played in its
development. Yet it seems that the uncertainty principle is a
fundamental feature of the universe we live in. A successful
unified theory must therefore necessarily incorporate this

principle.

The prospects for finding such a theory seem to be much

better now because we know so much more about the universe.



But we must beware of overconfidence. We have had false dawns
before. At the beginning of this century, for example, it was
thought that everything could be explained in terms of the
properties of continuous matter, such as elasticity and heat
conduction. The discovery of atomic structure and the

uncertainty principle put an end to that.

Then again, in 1928,Max Born told a group of visitors to
Gottingen University, ” Physics, as we know it, will be over
in six months. ” His confidence was based on the recent
discovery by Dirac of the equation that governed the
electron. It was thought that a similar equation would govern
the proton, which was the only other particle known at the
time, and that would be the end of theoretical physics.
However, the discovery of the neutron and of nuclear forces
knocked that one on the head, too.

Having said this, I still believe there are grounds for
cautious optimism that we may now be near the end of the
search for the ultimate laws of nature. At the moment, we
have a number of partial theories. We have general
relativity, the partial theory of gravity, and the partial
theories that govern the weak, the strong, and the
electromagnetic forces. The last three may be combined in so-—
called grand wunified theories. These are not very
satisfactory because they do not include gravity. The main
difficulty in finding a theory that unifies gravity with the
other forces 1is that general relativity is a classical

theory. That 1is, it does not incorporate the uncertainty



principle of quantum mechanics. On the other hand, the other
partial theories depend on quantum mechanics in an essential
way. A necessary first step, therefore, is to combine general
relativity with the uncertainty principle. As we have seen,
this can produce some remarkable consequences, such as black
holes not being black, and the universe being completely
self-contained and without boundary. The trouble 1is, the
uncertainty principle means that even empty space is filled
with pairs of virtual particles and antiparticles. These
pairs would have an infinite amount of energy. This means
that their gravitational attraction would curve up the

universe to an infinitely small size.

Rather similar, seemingly absurd infinities occur in the
other quantum theories. However, in these other theories, the
infinities <can be canceled out by a process called
renormalization. This involves adjusting the masses of the
particles and the strengths of the forces in the theory by an
infinite amount. Although this technique 1is rather dubious
mathematically, it does seem to work in practice. It has been
used to make predictions that agree with observations to an
extraordinary degree of accuracy. Renormalization, however,
has a serious drawback from the point of view of trying to
find a complete theory. When you subtract infinity from
infinity, the answer can be anything you want. This means
that the actual values of the masses and the strengths of the
forces cannot be predicted from the theory. Instead, they
have to be chosen to fit the observations. In the case of

general relativity, there are only two quantities that can be



adjusted: the strength of gravity and the value of the
cosmological constant. But adjusting these is not sufficient
to remove all the infinities. One therefore has a theory that
seems to predict that certain quantities, such as the
curvature of space—time, are really infinite, vyet these
quantities can be observed and measured to be perfectly
finite. In an attempt to overcome this problem, a theory
called ” supergravity ” as suggested in 1976. This theory was
really just general relativity with some additional

particles.

In general relativity, the gravitational force can be
thought of as being carried by a particle of spin 2 called
the graviton. The idea was to add certain other new particles
of spin 3/2,1,1/2,and 0. In a sense, all these particles
could then be regarded as different aspects of the same

“superparticle. ” The virtual particle/antiparticle pairs of
spin 1/2 and 3/2 would have negative energy. This would tend
to cancel out the positive energy of the virtual pairs of
particles of spin 0,1,and 2. In this way, many of the
possible infinities would cancel out, but it was suspected
that some infinities might still remain. However, the
calculations required to find out whether there were any
infinities left uncanceled were so long and difficult that no
one was prepared to undertake them. Even with a computer it
was reckoned it would take at least four years. The chances
were very high that one would make at least one mistake, and

probably more. So one would know one had the right answer



only if someone else repeated the calculation and got the

same answer, and that did not seem very likely.

Because of this problem, there was a change of opinion in
favor of what are called string theories. In these theories
the basic objects are not particles that occupy a single
point of space. Rather, they are things that have a length
but no other dimension, like an infinitely thin loop of
string. A particle occupies one point of space at each in
stant of time. Thus, its history can be represented by a line
in space-time called the “world-line. ” A string, on the
other hand, occupies a line in space at each moment of time.
So its history in space—-time is a two—dimensional surface
called the “world-sheet. ” Any point on such a world-sheet
can be described by two numbers, one specifying the time and
the other the position of the point on the string. The world-
sheet of a string is a cylinder or tube. A slice through the
tube is a circle, which represents the position of the string

at one particular time.

Two pieces of string can join together to form a single
string. It 1is 1like the two legs joining on a pair of
trousers. Similarly, a single piece of string can divide into
two strings. In string theories, what were previously thought
of as particles are now pictured as waves traveling down the
string, like waves on a washing line. The emission or
absorption of one particle by another corresponds to the
dividing or joining together of strings. For example, the

gravitational force of the sun on the Earth corresponds to an



H-shaped tube or pipe. String theory is rather like plumbing,
in a way. Waves on the two vertical sides of the H correspond
to the particles in the sun and the Earth, and waves on the
horizontal crossbar correspond to the gravitational force

that travels between them.

String theory has a curious history. It was originally
invented in the late 1960s in an attempt to find a theory to
describe the strong force. The idea was that particles like
the proton and the neutron could be regarded as waves on a
string. The strong forces between the particles would
correspond to pieces of string that went between other bits
of string, like in a spider’s web. For this theory to give
the observed value of the strong force between particles, the
strings had to be like rubber bands with a pull of about ten

tons.

In 1974 Joél Scherk and John Schwarz published a paper in
which they showed that string theory could describe the
gravitational force, but only if the tension in the string
were very much higher—about 1037tons. The predictions of the
string theory would be just the same as those of general
relativity on normal length scales, but they would differ at
very small distances—less than 10%3centimeters. Their work
did not receive much attention, however, because at just
about that time, most people abandoned the original string
theory of the strong force. Scherk died 1in tragic
circumstances. He suffered from diabetes and went into a coma

when no one was around to give him an injection of insulin.



So Schwarz was left alone as almost the only supporter of
string theory, but now with a much higher proposed value of

the string tension.

There seemed to have been two reasons for the sudden
revival of interest in strings in 1984. One was that people
were not really making much progress toward showing that
supergravity was finite or that it could explain the kinds of
particles that we observe. The other was the publication of a
paper by John Schwarz and Mike Green which showed that string
theory might be able to explain the existence of particles
that have a built-in left—-handedness, 1like some of the
particles that we observe. Whatever the reasons, a large
number of people soon began to work on string theory. A new
version was developed, the so—called heterotic string. This
seemed as if it might be able to explain the types of

particle that we observe.

String theories also lead to infinities, but it 1is
thought they will all cancel out in versions 1like the
heterotic string. String theories, however, have a bigger
problem. They seem to be consistent only if space—time has
either ten or twenty—six dimensions, instead of the usual
four. Of course, extra space—time dimensions are a
commonplace of science fiction;indeed, they are almost a
necessity. Otherwise, the fact that relativity implies that
one cannot travel faster than light means that it would take
far too long to get across our own galaxy, let alone to

travel to other galaxies. The science fiction idea is that



one can take a shortcut through a higher dimension. One can
picture this in the following way. Imagine that the space we
live in had only two dimensions and was curved like the
surface of a doughnut or a torus. If you were on one side of
the ring and you wanted to get to a point on the other side,
you would have to go around the ring. However, if you were
able to travel in the third dimension, you could cut straight

dCross.

Why don’t we notice all these extra dimensions if they
are really there? Why do we see only three space and one time
dimension? The suggestion is that the other dimensions are
curved up into a space of very small size, something like a
million million million million millionth of an inch. This is
so small that we just don’t notice it. We see only the three
space and one time dimension 1in which space-time 1is
thoroughly flat. It is like the surface of an orange: if you
look at it close up, it is all curved and wrinkled, but if
you look at it from a distance, you don’t see the bumps and
it appears to be smooth. So it is with space—-time. On a very
small scale, it is ten—-dimensional and highly curved. But on
bigger scales, you don’t see the curvature or the extra

dimensions.

If this picture is correct, it spells bad news for would-
be space travelers. The extra dimensions would be far too
small to allow a spaceship through. However, it raises
another major problem. Why should some, but not all, of the

dimensions be curled up into a small ball? Presumably, in the



very early universe, all the dimensions would have been very
curved. Why did three space and one time dimension flatten

out, while the other dimensions remained tightly curled up?

One possible answer is the anthropic principle. Two space
dimensions do not seem to be enough to allow for the
development of complicated beings like us. For example, two-—
dimensional people living on a one—dimensional Earth would
have to climb over each other in order to get past each
other. If a two—dimensional creature ate something it could
not digest completely, it would have to bring up the remains
the same way it swallowed them, because if there were a
passage through its body, it would divide the creature into
two separate parts. Our two—dimensional being would fall
apart. Similarly, it is difficult to see how there could be
any circulation of the blood in a two—dimensional creature.
There would also be problems with more than three space
dimensions. The gravitational force between two bodies would
decrease more rapidly with distance than it does in three
dimensions. The significance of this is that the orbits of
planets, like the Earth, around the sun would be unstable.
The least disturbance from a circular orbit, such as would be
caused by the gravitational attraction of other planets,
would cause the Earth to spiral away from or into the sun. We
would either freeze or be burned up. In fact, the same
behavior of gravity with distance would mean that the sun
would also be unstable. It would either fall apart or it
would collapse to form a black hole. In either case, it would

not be much use as a source of heat and light for life on



Earth. On a smaller scale, the electrical forces that cause
the electrons to orbit around the nucleus in an atom would
behave in the same way as the gravitational forces. Thus, the
electrons would either escape from the atom altogether or it
would spiral into the nucleus. In either case, one could not

have atoms as we know them.

It seems clear that life, at least as we know it, can
exist only in regions of space—time in which three space and
one time dimension are not curled up small. This would mean
that one could appeal to the anthropic principle, provided
one could show that string theory does at least allow there
to be such regions of the universe. And it seems that indeed
each string theory does allow such regions. There may well be
other regions of the universe, or other universes ( whatever
that may mean ) in which all the dimensions are curled up
small, or in which more than four dimensions are nearly flat.
But there would be no intelligent beings in such regions to

observe the different number of effective dimensions.

Apart from the question of the number of dimensions that
space—time appears to have, string theory still has several
other problems that must be solved before it can be acclaimed
as the ultimate unified theory of physics. We do not yet know
whether all the infinities cancel each other out, or exactly
how to relate the waves on the string to the particular types
of particle that we observe. Nevertheless, it is likely that
answers to these questions will be found over the next few

years, and that by the end of the century we shall know



whether string theory is indeed the long sought—after unified

theory of physics.

Can there really be a unified theory of everything? Or
are we just chasing a mirage? There seem to be three

possibilities:

*There really is a complete unified theory, which we will

someday discover if we are smart enough.

*There is no ultimate theory of the universe, just an
infinite sequence of theories that describe the universe more

and more accurately.

*There is no theory of the universe. Events cannot be
predicted beyond a certain extent but occur in a random and

arbitrary manner.

Some would argue for the third possibility on the grounds
that 1if there were a complete set of laws, that would
infringe on God’ s freedom to change His mind and to intervene
in the world. Tt’s a bit like the old paradox: Can God make a
stone so heavy that He can’t lift it? But the idea that God
might want to change His mind is an example of the fallacy,
pointed out by St. Augustine, of imagining God as a being
existing in time. Time is a property only of the universe
that God created. Presumably, He knew what He intended when
He set it up.



With the advent of quantum mechanics, we have come to
realize that events cannot be predicted with complete
accuracy but that there is always a degree of uncertainty. If
one liked, one could ascribe this randomness to the
intervention of God. But it would be a very strange kind of
intervention. There is no evidence that it is directed toward
any purpose. Indeed, if it were, it wouldn’t be random. In
modern times, we have effectively removed the third
possibility by redefining the goal of science. Our aim is to
formulate a set of laws that will enable us to predict events

up to the limit set by the uncertainty principle.

The second possibility, that there 1is an infinite
sequence of more and more refined theories, is in agreement
with all our experience so far. On many occasions, we have
increased the sensitivity of our measurements or made a new
class of observations only to discover new phenomena that
were not predicted by the existing theory. To account for
these, we have had to develop a more advanced theory. It
would therefore not be very surprising if we find that our
present grand unified theories break down when we test them
on bigger and more powerful particle accelerators. Indeed, if
we didn’t expect them to break down, there wouldn’t be much
point in spending all that money on building more powerful

machines.

However, it seems that gravity may provide a limit to
this sequence of ” boxes within boxes. ” If one had a

particle with an energy above what is called the Planck



energy, 1019 GeV, its mass would be so concentrated that it
would cut itself off from the rest of the universe and form a
little black hole. Thus, it does seem that the sequence of
more and more refined theories should have some limit as we
go to higher and higher energies. There should be some
ultimate theory of the universe. Of course, the Planck energy
is a very long way from the energies of around a GeV, which
are the most that we can produce in the laboratory at the
present time. To bridge that gap would require a particle
accelerator that was bigger than the solar system. Such an
accelerator would be unlikely to be funded in the present

economic climate.

However, the very early stages of the universe are an
arena where such energies must have occurred. I think that
there is a good chance that the study of the early universe
and the requirements of mathematical consistency will lead us
to a complete unified theory by the end of the century—always

presuming we don’ t blow ourselves up first.

What would it mean if we actually did discover the
ultimate theory of the universe? It would bring to an end a
long and glorious chapter in the history of our struggle to
understand the universe. But it would also revolutionize the
ordinary person’ s understanding of the laws that govern the
universe. In Newton’s time it was possible for an educated
person to have a grasp of the whole of human knowledge, at
least in outline. But ever since then, the pace of

development of science has made this impossible. Theories



were always being changed to account for new observations.
They were never properly digested or simplified so that
ordinary people could understand them. You had to be a
specialist, and even then you could only hope to have a
proper grasp of a small proportion of the scientific

theories.

Further, the rate of progress was so rapid that what one
learned at school or university was always a bit out of date.
Only a few people could keep up with the rapidly advancing
frontier of knowledge. And they had to devote their whole
time to it and specialize in a small area. The rest of the
population had little idea of the advances that were being

made or the excitement they were generating.

Seventy years ago, if Eddington is to be believed, only
two people understood the general theory of relativity.
Nowadays tens of thousands of university graduates understand
it, and many millions of people are at least familiar with
the idea. If a complete unified theory were discovered, it
would be only a matter of time before it was digested and
simplified in the same way. It could then be taught in
schools, at least in outline. We would then all be able to
have some understanding of the laws that govern the universe

and which are responsible for our existence.

Finstein once asked a question: ” How much choice did God
have in constructing the universe? ” If the no boundary

proposal 1is correct, He had no freedom at all to choose



initial conditions. He would, of course, still have had the
freedom to choose the laws that the universe obeyed. This,
however, may not really have been all that much of a choice.
There may well be only one or a small number of complete
unified theories that are self—consistent and which allow the

existence of intelligent beings.

We can ask about the nature of God even if there is only
one possible unified theory that is just a set of rules and
equations. What is it that breathes fire into the equations
and makes a universe for them to describe? The usual approach
of science of constructing a mathematical model cannot answer
the question of why there should be a universe for the model
to describe. Why does the universe go to all the bother of
existing? Is the unified theory so compelling that it brings
about its own existence? Or does it need a creator, and, if
so, does He have any effect on the universe other than being

responsible for its existence? And who created Him?

Up until now, most scientists have been too occupied with
the development of new theories that describe what the
universe is, to ask the question why. On the other hand, the
people whose business it is to ask why—the philosophers—have
not been able to keep up with the advance of scientific
theories. In the eighteenth century, philosophers considered
the whole of human knowledge, including science, to be their
field. They discussed questions such as: Did the universe
have a beginning? However, in the nineteenth and twentieth

centuries, science became too technical and mathematical for



the philosophers or anyone else, except a few specialists.
Philosophers reduced the scope of their inquiries so much
that Wittgenstein, the most famous philosopher of this
century, said, ” The sole remaining task for philosophy is
the analysis of language. ” What a comedown from the great

tradition of philosophy from Aristotle to Kant.

However, if we do discover a complete theory, it should
in time be understandable in broad principle by everyone, not
just a few scientists. Then we shall all be able to take part
in the discussion of why the universe exists. If we find the
answer to that, it would be the ulti mate triumph of human

reason. For then we would know the mind of God.
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