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TR J7e RUwRe WAy o Fren e e s o Sefs
HWE | T 2R A 1A 1 wada e ow A e mare e Ay
(steady state theory) | dagvy =R & P i e =g wfn o

"ATEE ZATA S (Herman Bondi) @ BI07 5% (Thomas Gold) @¥ W

938 [T 3L (Fred Hoyle) SIS was=t Ao | 1ovs srat qoaa oy 0

Iew arsw fAwrem oW I svaved) fBweDt fiw . RofResf am smem

R e st

NCS 5 A0 UR wWEAE vRrRe Tewin wfifierena sg age Tuftewm wn
W g oW 7wl sifeEea A aw o3 Tafrmal o el
foITee | o2, S4BT ud WA T (TS TEATS Wl T o | i
wwird A oata fre we Rgerrergn aes e avis speean fiada
wm Ry A v o @7 W s ol us W (ofS W= el e
w3l 1) m om AN Hefas Afem en e RE oA @ oend
ey Sy LAwis wgre o Al of W o ol ek e adie
ol A W o et Afefse e ® sars s o wirweR TN
2 FACE #Arn o 1 e STl N vrw «al AR wweem feem
Trfte B or U mivasia Rug Sown 93T 9@ e @
(AT HTC 3, T CICT A orelamst e [ae #R e AT dado-uid
TR DR R O 3 S0 -ad TSR W o A6 7o (outer space)
WS Afte Tamsiag ol @il 3 (survey) |0 wrufew celine, sERoew
TS AR (Martin Ryle) (38 qwa 7wy o, (57s O 30T WO
e faw em saeR) Aoy g (meEmt efw-en Wl
TeRuRrea, o8 WaR rafts ware wikampet Bon waerk wrnye Sigfdem
Ty (urrE SR wRst ww Sulew ww o're e e Pfing
o, widendd Bera G g9 BRIEA W R wee 0 Snem g
fm 4o eAwsfng Bew wiwe e o wow wawalan Sew Red ewm wa
spufer TR o o a2 wnaad (common) BTHR MR- GTER Ben i
R Fared BeAafFre 39w wum we aTs 1 A 10 S saiEre
W&l el Srerwd (preat ? VI ) T9TH SR I90E | (7 SR Srwe TeHaf
R W TAAT W1 @3 W wY e +E S wea wEnY
wefie, TANS G4F WA WIS T BF FATR U J¥1 Y WA
e e 5% wne fenreeres Sfamfa Rofil o, ssse A
tﬁ%[‘cnﬂas] & BEAECAE (Wilson) @qEas R (microwave)
wfeTan o ES et v YrRe WET Wi (94 s e 1 g Faeeg
“iHErF )

o3y que Mrems wifim, sgean e el wieg wiee «f Py
SV S <3 &R R e AH R P LT e gl
(Evgenii Lifshitz) &7 WBWRs wMef¥as (lssac Khalatnikov) @@ 1 &7
g R gae Rrome oyt Do eftmreart fioag o am ore®
AW @A SUE0SE W (approximation) e W wEw W WE
affea s embnT are ToiEme S SraiE R0 gm Prwe e GRard
AT rey AR efdame ) 1 e Myimaf sereea e
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ToCS R ST | JEIR SIS [ I (S % wA s e
@ W o g % e e wafoy ShefRnel ey s rae
LTSN (directly) TR SRS % S0, wva W «3p o wfs®
sfSTass AU | F[EAR, WA STHA B @R W 93T SO AW FIG
Hre e 1, ST e oyl 4 IR SR R ST IS
e iy <3 Sma e RrwRen Wl @ owe i, 2 e
vifE T S | Ve e RS W P OF (collapsed) O
a7 foswmm aFwghn mghn = e @, W s s
W T werRT A o Y s SeRvE IR eprRe ) e
wwa & @ e R @ e elRee w99l ga Rrme [wE 7
P wa, weneles bR TR aftwem wTw ToRoE et
aifzmn Firee oy srafipes | oy R arer five Sofesin shafie
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U @R *ER TN HERFEITS LA SR A9 A, O gHe dwew afdam
T e, R (ure o e | g SRt Spufipers, dbR ST v
HIZE WYL A5 FTRN oA v, e TafRwaih frgn Afls e
TR | 7 T ORE ey w0 B Spm o o i e R
o e efarer Wt ey etz e w1 | e sy B
zau BE wmie (AT J5e RrwRe i - Ry 9 s it
fpeuicee W &fSAR S [ SRR (general) (R FNTR, TRERW
aF TS ST A G X R (W0 Sgaes o Rrweis eene
TATT SIS (H%1 YN saq0 WA S SR WA SR B0 6 |
g wm wersRee e fm wIEW, IR, o) ST g

e, W s o B &, o e TEReE @9 W ares-

RIS, WG WS 4F01 728 RewR) By un we «all P S e
W e wpemansn s B @ @ wmew sofite reta 93
R o o7 Wete, <R 3 walh 10w el 7« Ba et Picufier
s»ve HBrw | At ofe em w3 CFCAe (Roger Pentose) 5epf
B @3 B o BT 301 AR SOMAITR SIAD %3 (cone)
WEA &, WY FHAR SRR R w0 R e, @it ons
Ry SR O BT Meu TR % 930 We R W (tapped)
U 48 (surface} WERC Y WT My T ARSI T SegE ob
FEO U e A W, (SR O WA GRS L S Y e
fowra Auw AN AEBE G PN TS ARY werm SRR T | JTR
IO G G - WA B T WHIN | O PN PR A HAfes

ARF TgfEe 4

FR-A 4 W @i e AR

21% WBCS (SIS STANCTS o WyNTy S aim Tl s 4
wufes | wEiTe wa TofAre @3 gee Rrgaee e A R 9% e
W TR A A e i A Ooe® (Penrose) T $1 « Bererm B
I W T TS W O W A W O 30 AT e
bt fen wrm B g%, - oiEseneE Toep I I A e W
ey gt Refy e w1 ¥ pufier wrfd ALS rams gefe | carf Arirers
7 ¢sifirea M (Lou Gehrig's Discase} a1 7754 fSa anfd (Motor Neuron
Disease) AT+ | STACS CARICHT EUfke SR S 1 =14 3% T g o
% =gy s 055, f-9a we avm g ree o fiw ae I me
wrefia TR AsAm WeT i A1, S e T O S NEY 95 ¥y
ST i | TR AT A T WS TS B | {6 SUTERS (Jane
Wilde) 71w worg o {0 Tarwa w W (A e g, e R sws
T W TG GRAE R 7 R [T WA reeE B M, «%5,

yaig AR W PHACETTE oo oo+ | Bormars %o, 0T 1A
FAlPTeT TR I RS W FDT TNCS T O Y O I T
(singularity) 1= T2 502 | 12 By RS Ameme s ST N
wftqy 7% Tr% ghew g, wefie FrEe mreuy off sreeTe g 1w, A
Beiaara et ST A w wnfae anwd ToEven ofew mam
Rem e o ol pummaa ofterem are om) TACER Eeema
WIACITE, T8 Sl FOEEE GEl o3 SAATEN (singularity) TR ER)
I LarSrefEiaes gfinre o tore R g S 0 [ g
RT3 SAAE R wE el WA 99933 (technical) IR
THeATER BT STE B R WA TSU | W Wy efHE af
S T QT OB ST T G OEAY TR G336 WA IS
Wit &% Ty Fur TAE 0% W eTEEw oy g avafee (amEe,
Ty fipemmaa & efdmeaf g Wi i) |

wmmmﬂﬂﬁﬂﬁmﬁﬁh s %' (technique)
e & | S e, 70 Ao Beretioe ST 3 AT WeATEl Wl WA,
W CE G5 o SRR ARTRS o g L pers SR we B@ a0
A SR G, [FTAES o3l g R o vy e el epfae
W, aeiE wreemar 4 [Age w0 o wefave 0w e s el
34, o Wiy of e o, o1 We o301 Jue R waerE it | S
e A e e farmieer wnens arAfis swowm @m0 ) e
drn fipem wrifin taonfrs Rffraanw (determinism) RSt = drar facaifm
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Fgafira, SR awen fir ST (singularity) PEvs Ty wengfe
WSO ST W e o orgm Oheefaf o Ry oS o e
sifeifiers Toerara Rave oF Ia0s TN A1 JOER T oy SR AR
HRRTETT S8 5 W W oW A (N Rt vaiiten oF o
yre Rrwern waare fRon aemb See @5 (irony) WO DT
wifd fFows st A% (o oW R e SR o vofioe
WFTE WELH (SN S 9 A1) R o2 ovel i) wfefRn (quantum
effect} 5 90 W11 {singularity} ey rore «ma)

s @ wny ey vefde wend wnre o qish gwm mem
& WA R e, o oty wiree o weow o 9Bk www Brws
TR BRI AT NI SR G AT JATS YR, veioes o
s gHlA AW S 9l 9y oF ) MenEE ux TR e W W
wTEH A e =l pars e W 1N, (A o I T u gl
TATTCE 330 A, WGTHELTA e Serearey RS Wil am e
& T PETSTT U IAR) ¥ 4w T v FiIme, e S
@3l e o) vofey B e uF W, 9 o O e w1 ) om e,
o SR S WA AR SO AIRS T TS o N emren
A TE(E TG W wWeereaw g ol awm v Rowe 3 e oy
T | TR WASH T e (singularity theorem) WIHW esrely n 9,
TRrE o =l gv aw 3l ww st R e T R o W
T8 1A o e vk R wum e oy Rl wRem (quantum
mechanics) FHIL SFEBUGR (small scale effect) THTAT FCUE WG =71
W A SeSe WA SfuTy SR WANY wrreide Aat el oy pwe
wqreids wy Sy o e 9y cems T @ o Sovey g
vy oft wmfe ogrs e Sl PR ToRel oy o5 I avEm
et (Reu T s TRl Rem fmt o)
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(The Uncertainty Principle)

Yt gl s, fives oo, FEESh 2o T ey wremn we Bafa
wadty wuw e Rl towlie Ty 5 #9m (Marquis De Laplace)
oty twfRrafirea-- Tty wespfera fadeihe (tamr PofefefEs— determini-
stic) | ATAR erEnen Ba, wim osgw awifve @ o 5P o e
NIRRT [0 T3 4% HOUFH WAL A el W S, O I ShEe
e B w5 1 Ao el s em wEw w3 e g e
AEERR U [ O HITSE B O WIEE 1% TR0 uTs, O e REhem
Rfgnia wroon Cheeogn == [ @0 AU T8 19 /R T A
T FRYrRETrers (determinism) (3 =o® 1 g s =R vl wow
wEEAa | 3@ s R, we e R orend, w3, weiEs wae
merds «f warnT i e

" i R e (determinism) TUR ) s &
WA e, (@ vz AfiTies Soe wersrew wRaeE ey 37 ) g,
o3 «F ey ey By enly Prefaflvsens &n 209 (standard) T
wepma | % R wfien e s o e o Yyl ol e
faftm taanfag o€ aC (Lord Rayleigh) @@t 3na (& 1&=05% (Sir James
Jeans) FRTT | T3 SR [T O, X T Tae axfere e owem arer a3fy
Tl wrafrEs wN o o RiEee IR T s o By saen,
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R @ w93 Tua ayfien FREE AEE RO (frequency

e - e % 2% (clectro mapnctic wave) [T099, 12003 o009 S NIFERE,
foq wn-ra] fafdas om Sfe ) o @al Yoy aafhs orers oo e

w3 o [l wara mrsrg o ofar wis s 20a, 1972 el ofiww
oz om e 92 e fus Gfvam Gfem wamm =mrws ffery o
e | purye ofE rarer e Tare wA Wi rAee wn wd o R (radiated)
wifir witmes =i

ol e G ey gurem e amde brefere ww fMe (Max
Planck) S»oo SRS oram STAR- WA, CW-TT LI SaTET T Uife
{arbitrary) B77 faf3fe oo e o) fAfafe o sma wya Rom sy
(packet), @ra s Fefs faferes commbn ) o1 e aifefb camine? wal figen
sfTmr o Arw om TwEn e T e W wfrs woew @Eh e
qra® T IS T @@ @afh b R o wfem e g o
griyems »fEm slre @F) uan BW wrvren R e e weaa,
r3iHe (1 = wu 35, ovine o Aife

WG 898 (hypothesis) % axvesE nre @aer e geum
wefzapsper e w1 o A el | faw s u g AIE s eny Mfiaiingeram
{determinism) H1zers @ srarwa persplfe ramn are ) e sonfn oo
(Werner Heisenberg) 109 %19 S50 ST Mt s sfeesaem® junce -
rlzinty principie) sl WA g aiam iparticle) sl I g e
(velocity) =z it are ga vt saga ¢ wiEan Fdreng o
HTTEA L MR EE £ BT A N v oaila Tem wosrestE g @ 50w
fog wrae wawre o afvw faley (scavered) 72 A WAy wie wiw ww
wayrEa i e ana few wwerea o weRdiele gaee sire red)
featmea & afva waym fadae o a1 | e euE o gy waatande
wnwrEerE F4, e Al wawm sfewra wen oy ewwe rewtm
ZOY WA THER (arbitrary) MR ofE@n wEE aMTEm oW R A
WHTF, LT LRGN WA U5 aT A By o cenntin el
Wi A3 A (disturh] 97 S wfErac gga sfEFad g o o wAed
ST S TR A WY, SEHEA T T8 ferge Ta, wemea R L

we TE WA AR 9T LR wfa WS WA Twan o ae, wf't‘lrerBa,

sfararea eagre Juan «fs e ara g werene qon ow, gl @l
wrge ge Sgena W 68 0 A, v iEw are wa e aw i
w7 feeEies w7el o (vice versa) | TEDEwAr riaeferae alert s
e sferarmn =wiosys M g e ow ofiem wewme wheste R

HTHT ST 93

4% 0¥ HU0H Furas ool Roas ofiwrm a9 gre A a1 o wfdeas
FRBA ¥ (Plank’s constant) 3@ *@Fs | o, «% T sFwfta s
WA 5B e ey e Seitw 6B vl fw shiem wfeerm
il}p:]ﬁ'fﬂmq'ﬂ' Wmmﬁlﬁﬂﬂw
wafEmay ol

of® smems wrayea e wowgd u% whsrer i Ao sSa)
SR SETERS TR T (D P | wvAs 4 e At i wespfena
Gt Fare I B w2 evws of wfeprer S I 0w g Ao
FIETA (Laplace) 4% B s ou oafh oy Tolioes ov= «afh efmm
g1 gga ! fofraeansit {deterministic) : TR adur wrg= of% fgersa
A AYY A1, W ae wide Aeond Rigmena e s of R
ATRICRA WU ST gt IS | ST SN G S IS PR @
o widerge S Aes @SS ssewm R o o R @ sepfaa
Fadiaet a2 ) e e i wiimen 5 @ o0t wollom odam Wy
e FUS wiEe | R s sge e wie Birga oo apiines
7%, effamera (0 Wi TR | O SIECS R SFINA TSR { Occam's razor)’
ares freafrer WS eitns 3 ogitn 1 [y nffvews s T w1 w00 ob
o fars i3 Bl gits mre <% e wpw g%eaes, aafs
BRI G v A AReT oRshe o SR WA (quantum
mechanics) T4 TP TG 2 3w | 0f FE oryn R = wfgaeam )
9% B WP wmafm wE g i (well-defined) SeRiTTSTEM
WA 4w ST TER 11 TR DA TRED W (ST ST [ N
sTEras 9 WAETRS ANGT |

HIETRTE, ol wwie {quantum mechanics} saeiire o
I @ %S ARAREE 09 9TE 411 T A 1 SRANONS I S
T S (different) TG | EE Wi gugiin ofebe el sy
wfie 735 Ul TP NIAYENA (similar system) 3% WM T @2, SR
ofels o wa¥%eny oF Gy W, A U WM RPN s e
ure vt o ) few wm g pen v g I W u T @8 39T {and so
qn}lmﬁ#ﬂiﬁﬁ‘l‘lﬂE’lwmm[appmnirmtnlm
sfemaie e +a) A e oofh SeieT RIpe o (specific result)
oo SR 37 AN A TeAR AN W Re pw A
GCTE SRR Faw e B wal womom wiitee oy

»- GORD COW: ST T e (dave-dyess)i emioem amu vl Roefen S
& HFe miiives X 2 SATAY WP wwe | TR g ven e ey ceul ow
[ AT |
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{randomness) | 4% #REFRE @0 g2 oF woE TRwEE R SR
o gFEeE ST o araliree | Y @ A S el weta e | T
EE EAWAR Gl WGS9 S e s | e @ e
wuifds = 53 = (chance) Fa—4 TF WO TS i s
sEn W1 @ Ferd TE aemen mpmee e e efErana aA s
Yo e parAs 1 R wee fEenfeaen wieene® pant amfawnre
rwra fire S farsla R S, o TR TS sfEmnme egam fE
el o | FErs @ weg Mpemrsa s wire atar | Sy faem war erfetawe
oTT witera B % g | Getesm aag susles «few (integrated circut)
Erge 404 03 53 | iiafoms aag e iis agvifens wfnws Seowm aisdie
W72, TS WER (integrated circuil) | SRS asw g Stafanas B
a% &g rEEEmE [ g 0H0n N aAldire awis Ay §E
Fa Twt, 7% b o ware aa wuiAreg gueniiE 0 (large scale structure))

EWREE SR M TIRE mEs orwe (PNVLE R arH, e

=

anrwy WY opm s speery afgend oaey

s 1)

spowr BN g omy 4 ege b sey

fExs.3
I T ST AT SRR T [T N Y WS eI iy SR | s

wfesrara™ 5

wYRTY AT (packet) emr e st Ffe mre s e Rpanite are
o | wa%Ery fErmearsfy whesTeTTEe W s =W AT T
TACHA SOE WA @7E | wEa rasl v weee ) pa Rpe seEe
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raasE afarea erga s vl w3 wara sE) @ sfe afie aw
Faw TINE0E (terms) W AHA GeTE fAdws RM @E A <% TNE

b 8.3

Tfvfere wyang snirrsa oo fApeed fReae meu e e s (A
gt Ew g sl foera WY (duality) 9000 | 0T (0T BOR
e niATe wowdry B Fare WA T, WO (S IEI T Eauld
afaa arn fog sare? S 99 @3B a2 GEnfl we, 9F 199 (set)
wes T aleem foarg afesm (interference) s g wya ) Wde o
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TE3 (set) STHT B W I [set) TTFANTR iwave trough) ¥oF ATEfE
[coincide} TTE T | © WF 5% 73T TN RIS AT ITR 060 | S
TS *RRS 9% TUTsR we wra = wab o ara Ry ot =g o (e
8.3 ) | FIRCAR TURITH Jrarwd ara 10 28 (wer 07, THG! Sireiirs roer A
{ipterference) @33 Aefftw Twzan | o 48 =g o & PG 0 I, wE
eite 7T A ofbuel wq e A we Rfts owtrde e
aﬁmsﬁmmmmmmmmmam
ﬁﬁﬂfﬂﬁﬁmmmmﬁﬁ[mincidc] 5| A% Femterdin
i weaf eftnfs wwaes S o e o serssfics M
T =

TS RN 1T Y (duality) BrrETe Sace, o T Sfew revas
e TE WA mlﬁ ot fpEa @M frwo-slit experiment, 53
8.%) 47 4G e Trmeet | ot wATgRm & T (5918 yE <3 R
efSires @ Rrasan a1 ot g ae Roow 2rea S Tew
T (g (e, o3l Rove st ween) | witewe st e
erffiva wsra Fg @ A R wer & oA = des Ten R o
AR (S0 Trem IR e oifbitan wifiee waht o Greven srure s s
T8 T Rt ot (5 e A (T oW O ATeE ) R s 6
THRrE I G Ty Bt rars e pFheTS S Fem few g e e
A 47w A aieE O i Bsle cawal o wwin oifEre o
T PR HIT O3 T (phase) R AT (AT @TAT OWLE SR
SIS FGR AT WA (A AT DR S AT S Fea)
TS 50T HAN A7 EEaE aF57 AR s A

TR AT T, T SRR e qwiel g s af weerg
AT ST o &9 O, W o0 «3Y 4T AW TST AN o s
YeRERe WO MR («F ud I A SResRs aah R Bes
WALE) | MR WL WP XN [0 WY 03 A% a4 FE e
A *NGU T T4 TG0 AW oW BT FNACe AW (uniformly distributed)
YL | WS SIROE LA, SR 3 508 I 1 WRege v efdiegrs
7 Al S s orafFE T arsra (9 TTsnaR linterference)
Wl ATHCY [IMAT AT ALA WAIGAT AT A9 W gAn <% mars @
Wiw @t foy o w3 ata SreRelEr wnber TR, © oA wen FA B fw
Reshaa® e I o3 e Fo e, T T wm i G pee
wefle, Wy @3 O wWE eNEA WA 9 39 16, 1N 40T WS %A1

wlfsTrrTanm Y

Yoot ot Bera AvEe T WA %A TBod 3% @Il e Ereel vmee
T TR O | 1 g ol Brerele Pesu oel sy §fE e Ron ey

wiigrylom fEery ATSHR (interference) TR RST 515+ TARANR *0
a3l R (crucial) R PAE o FRET @% st @ oo
(basjc unit) | W % *TTRYE QAN 8 WHLHI BRI BT 0K i v
B d-weifl gty TR e weafE wRll pfs e R v
WS | WG a [Rem (negative) tagfes afim) radtn AR smeme
wwery i | R B o/ (positive) e 25w 3@ R =
e i am axslEE wgds vt @R (gravitational attraction) T8
T ATLONH SO P AT 3 A 2 o wide, wn Ryiren W
WHEAMAIE T PRI AN @ WY R =, e wRwa
SR A 93 AR (clectricity) R wpiza sifre et
TSR T fE T uR F EUE S SEm e A g
FEEEnem o e med w2 07 WY 00 A R TN e e
PR Sy w3l S o save BEww rewida tamitie S
{4 {Niels Bohr) 4% W o3 wnfs mmm ooafices & e
(suggestion) fier ¥rerel gl soren rlii RIS rute ox oot ey s
P AR FALE T 7| SPT IS A ST Rpw BRE qarg
AT O WO A 09 4% WE [ U @ «afiee T «afh R
90 REREG SN AL W TIEH W] pO WSHE FUA AR 341
TTE *M0H | 18T, TH T8 7 i o 50 s oo grot Sree et
T TR FHOTY GRS I 1

A% &fE TS ] DAGTHE M §7 TS AT FAE A
3T o AEEOE Taeme Sy ofie wafurs Yeele e e
A% TF ¥ T T & R O RS B 4 DT @ i e
i@ e see S 0w e v W wwrd a3 At
T T R TR AR ©Y O SR G SR «f o0y e
Tate MG A Fweny gfua Yl w3t sms o soe
TR BT I e 30 O A e | [T TR S oel
Foas Ut 3 ARG STl w3l ot o sy (B swoe
) | 9 A PR (A & LT A TR WY | HEAM
TTHSIH 10T T A | %, P A TR SR I wgE
g v Ty Peren bed ol aat o e T, of www vwon
ARl ol T ghmim o o sawEntre g3 e wfte 203 A
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7 T e ol T A, (s wraiEe 5E A

wuideE et s peEnzee (Richard Feynman) Sefie &
wurafew SEETHT T [sum over histories), TU% 4, ¥1T 9§ (duality)
W AR W30 4T P eelE) @% Berwerm Baes w-rowln W@
W YA -IH e o3 mz Wewm e e wpoa w3 ow A T e
SN W T SIS NG T AN el F TS ¥-a (S vid | el
“TUR ATH g0 M §F 1 430 M Garw wew Piems, ww walh Pipe
T € BF TH A (W o6 W @ oenw wafe) ) ® o o-a 9w
T H1OYl AW M FOME WU SRS onee R mwmesre sl
w48 [FEa G 30 (a set of neighbouring path} £% STZ #1 (phase)
SR AL HET ] IR WA 8T W B 2% Y HTed o ol
soagi am fAgmers e wears afew Sta ot A aeTl sl
AT DA (AW (sets) +sfEm fEem w3 (phase) Y@ et g An
% R AT W i e mfEe Sara A oY e e s
wrFrgin wE

% iR RRRATE 8 i sugem e S sl s owid,
v B, SR I WNT enaus e 3w gEean e e fe
wog o Yasls @ waE awite W e e of Yeehan@
w1l s (RS smisa a0 w97 w39 g3 s wnedes arfelm
ANY AT 1y g BafEeng R o e Meeresira e @ wsg
AP T 41 oy e 7 reerd vt [ el W B0R ) wa A
e sl e firg e (anlrera Y oo oz swsiha 139 wesha
WK TR Ao s o F S0 {8 E IF e S0 0 A

TH W BN QNS WA R0 e enes Mo
bt &7 SuRiEs BANE wY (classical theory), TUiE @ & terEm e
WEPGTERAW (A6 37 A1 | WYE AT TP ACE HFTE 2w aB1 Rrass
1 55T | 07 BT HITTTOOTIE AN (AT IR A1 ST S1A°, FTATE
W TISWE (U Y IR (e W e isl i g W
WEAISS TSR e (singularity theorem) TPz fay ms¥y reoam
wye g #RARTE @ Ref g 5w 2T (black hole) LR T2
FIoT (big bang) | €& Fw =il pegslTe rewtn wwidnR wfdm
By 13 5T 1 93 T Bawe Ay wrerFam WA YR (infinite density)
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{Elementary Particles and the Forces of Nature)

=il s ganea s o ol o Beamm frw sfds)
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5 aw (e . veeE- FEfE am St T N eReE @AY wE
&7 G Teia arg e@Tel TgReE Trammaie swm gz aw Rese
wiEe AMAEE F 50 .
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A7 FHEL BT T I FEL L 4% T IR 30 B % 95w T
o1 BT SiiGul HEA T ATF T I AW A0 (SAFDOA WS §- 43
i fay e sqreq, smd sere sna% TRmE (grainy) @ TOE ol
T ORAE A1 g e frn o [Hie om e@Eng (atom) e wY
“witeE] W3 oY weE v el an siefEst ) WR (S TS (FIE
ar A ey v B @Y svos TN e aomfas g3 emefEn we
THGH (John Dalton) TR, FrEfaE s (chemical compound) FY
RS 0l e ST s we o | o T fRm ey @ g ma sl
R fapem care (las zewn walém s B fofiem =g e, <%
*reria e Sah) onfy By of 5% wem Oy wda sraafor A
a9 Tram gy ) wefl geger 15 s B stafiem wrhi ) R
Tl FeeF fATE sTvg SR FES B WA ywoe A R
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P T AYET HUUNE S(49 4% Wemmos »ires aw fER anfe R
foraers Bram wper walh uy waum srakEy  Sary aFad w3l wisg et
TR Wewgd FelE ) s vele e whe med lacgative) D985
LG TR AT AW RS SUFA @4 78 I w0 o0 lapies
CHRT AAER B e WHelAalA e wE S WA s il e
S e rn e Srse i frewt faefe vl foea u
vy e (2w emefAn WRHE ARECHTE (Emest Ruthedford) Sa3s FEA
el FAY ga- ngaire gel srerEle e o S S 0N
" {positive] Tiuw TR O TEHS (puckcus) | TF Freeimd WEfdE mw
FEnA BASGA | [OWRY R wiS fAfias v S e o (T
Feaming smmge woy wned oA v sy o REfE ol fse arel
refer @% Francy eoiiegae |

£UTR WW TR TR (FEE GFEF AL 4ag [4T5E M oA
wrah P S g ofde ) anlng ame prew HuNE LA ST B
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g ywes A [S40E AMECRTEL TR (eun SEEES (James Chadwick)
Wieaa sTAY (e W 93l Fe Qi@ @it 418 W @3 =8 raheE
et g wq fnen togfEs wmn (9% a3 o0 ned &a) BIEEES (A
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G 5 SATER A 1 TR anTie e @I BEA | 4 P, TR
s i vt i [IeA oW LT o caren e a0 S i
TR ety [57 WO I S0me (o0e AR W) «F AT [ee
sl agATea WrAE o6 weem W e o8 wha o eoee fTw
A% wrufes wwm A W | s @ Fegs (e 3 g fAanes wreE
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Mt (e A @ BEE, W8 wwa wgmw awi wrds srem s
T XD BACS ST [ | yeAn, WA wrd unee ae 3w m
v [y TR 8 @ wshE ol wd: wmfs smefia sl
R, AR AISAT WA T S wiked 1 S wawny B =
Wi oA ) e remie Ryt RNEs el a4 Bm vie ) 2R o
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FREETS ATy 9B 5 (down) 9 mm wafh BE @ ww 3d Fas wom
sl e ofd | wn istrange}, rafes fcharmed), 529 555 (botom)
O3 AW B {top) 1 Y @ w5 w1 www AW um FE wewy am
SR T wa MG oA vy
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ohafet & 2 wmeen wawled el e s sis S a3 | wean
FIMIETE1I3 HE] TR DT s 795 1 7507 W 2TE B SITEa
W Ty TRl T fy ) weR sy e e e s
9LE FOE FNE W ww a9t «f%F qw R e omw e gl e
SITETCRA 20 A7 §ACS S Baw 57, Wb sl (padicle energy) STamEa
Uow TR B WA @i Bia Fee wwa sl wawee e wwE e
13 1 0% FGT =i Wit SR wate F Sreel ron ¢ T St
Pica e o e Foft el TR & AT ARG A
FAET ) @ TEndy wal lpfee own rure anh WAl m woE e
A NF F g% FAIE e Bafe sradne (o aftedEy e
W b 0T @, Wigs annd wwe B @ sew rena apide e g
Tge srmal Rals (oG S ONT TR W e, ANl WHON W3S
BT FITES ~i3 8T o (1) el =i fim 2w Sy Sreme ot o)
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Al TR e e (7 egiea suge wlyw (Des Teerd s e
fam ar Wy wwfe v iR

WA WY whE 4 T sfaw e weerd o sk, o
AW WS gny vy Wws saideen o gk afen afifire aam aa
) <8 sl o3l wfa W EET (spin)) bE W SR @b
i W g 93 93 AW (axis) Pl At s are e g
WS A, S RIS Awfaen wmnen are sfeesfAa e pnfae
{well-defined) =% =75 | 0a7 Flirama v A0E AR O (AR IR oA fafie
wioTe (s U % =W o | @3l A 53 (spin) TR 5w ea

fodt @,y

ot el e aren : 13 oA R Tare ol 03% 79w rea (Bd eLs-i)
S BB 3 3 I w31 B WY, 9% o Fe rE ol e o
w3 Few (B o.v-ii)) wywd wf Moy 9afds (cue BH) oW, w wal

it e &igfes aw ye

Ferint e s OW N 1 s AR fve gl ¥ Srm we (R

2.3 ~iii}, WHFT "0 WRES A (yvo (BH) ABTS wF ww (7 | GBTETA
TwEa seal slimafie wal aew oA, W oeaine e snedran
wEET EERe AT TG U % s Aeral FESAnd (fairly straight
forward) % TR AT 481, GTA WAS [Ae S, [HafE e gafh
WA 9T FIW (look the same) IFYW 11 PISETS 43 399 prm 4fh
W | o o <8 T wenml sae s { )

wrfpgy W wrs afternfne 48 pebive o e o < W afieny
S (spin) WodkE, el s e % aftEal B ol em 70 s
e BF (spin) o, b GT 3, WA FUCS R FafE RE emelefiem
wudd g Ted T etend e enliva e SRE (Paoli's exclusion
principle) e T (0= 575 | @ S w0 wige Wiy sl Tasirs s
(Wolfgang Pauli) Smsm o723 | ¢ wifRmres s B s » 20 W3 (At onte
pruferem | R ferem wifys swfaages oo e (archetypal) | € e
oty =e, ov B 238w 9 e rwfss “Smsfe o
BTy fis ) wrem s WEa T q0 Twme (similar) o7 9% STy
WS T N | wefte, sfpuEam waraiie A Feera gt el oy e
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ARl wH o ofbgars onda ol o7 W T g 0% wag
A e g3 W) e o wemma SR gy R e, w wa sda
Rfter sprfaae tenbs am Q5 = was a1 SRR asfRe Taha s
Rty sprflre +plg w2 30T e A1) TR FE peg D o A
uq 3G " (soup) TOW TR |

WrEsla 9 Wl R T samal g e sy e S w0
Trwfd 20 V1 71 7R v e (Paul Dirac) 30 =g Bofis ara &R
*a (ETE e FrEtEE (Lucasian) wee RAfe = (93 sy
Frsha «% wes ws fgem ot @% o o W wafR) s e -an =gl
0% $EAY WY TF U T [SWW awdwn o BiEE sersaea Ty
wure ) ASYEA (AN WHF 5o e @ A w3l wde e (e
B T TRy A, s g s - o srnale fEarea vy aifiibesa
T TR 4% TY W T e ern; Swweiew Frovt sl wfe
RTa | S WY @30 R WSl (anti-electron) Rr <1851 swex
e «fals wifdns w0 wm fares orEn Ao awe Wi 4% widmn
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ee fka W |

ity wfdan weuw 3 g aleglhn agdl @
iy ffFmam srfsean 52 (spin) &8 o am afde @ -
o, 3 W 3| WPTA W W O W Werela R s W e30 e
e wafl S sldw FPree swm 9% Rest (emission) 0 grEneiE
(recoil) 39, SR oo »wrd Feia wfraram wifeda o aoral®) efirofla s
o wea A e BfimEm o T wow e sfaef fapefie w
(absorbed) | @8 werda wrm R frwy o s @, e om
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) sPwgin ol gwee of @, oW wwEs §fE A A
{exclusion principle) ! @3 o 757 Fsxf# sffmm Ry 03 wE wwm @D
Frar (% 17 1 e T Rt an een g e | Ry Aera® wfiemn v
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o2 33 A oA ER (Y 1A TG A SR A {range) WA W | SRS
ﬂﬁmﬂﬁmnﬁaﬁﬂmﬂmmmﬁaﬁawmnﬂ}
3 A W @ Egin sl e sitenba R W@ e
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WH HESPWETA WG I 4w | [y wwa wiEy wwa eere vfd ) wm
BT, W WG TivEraen wfSfRn arare R el afdemglen @
w7 AR WA IR A EAR 0.y B 3 54 (spin) REE zaafE o
TR RTINS 0% | WA I TSI A 4 W | s sl
TS SO A & IR YA W T TR WA OTE | TUNE, WAR
o B wall oo e sl 2T (virwal) ) e Rt
TR emrefde ofdfm g = % s (wdie o, 3 R oy
s FeoE e sfm-ceEe) Refr oo s (S ot Breeeliow
wia® tiee Rak e e o S ol AR of fetege
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g oy few oS Rga wgae 08 Beea me e e i emreliao
mrany ke pemg oenfg gwe] oDl ey B0 WIAER SA0AG, T WERE awd
fafzi faw arer sall awra amm @ Wa ) WO WIATEE IR0 ST
sy e o QDTS SWER el agm e Rl aers JaTTs e
oA woET TUsE | @ WY W A epnEraf Raad or ) et e
vl TS S $Ar2 e Wi e ® TUma & A R

s TEE gH wEaT a9 | «F T vuieer S wode ofER sfead om
e sa Rep =% =amn wraTn &= aw 302 safh arem Rere vl
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% M 0% TA m % R ol @ oareA @ 4 WTEE S6ER WeE S
% a5 T T P @ A BT FA0E N0 AR 8 TA A Y WRE WA
wa e 9% 75 Whrer wgdd oo aFwain wey 0 wget @
U T 430 wuiy g Do w0 oA T o R aa J =
ol @mmfog o0 =67 (range) T80 Ry ewr erm wed, R
Faderest@l | Fzan BUAA S WA SAA 2ROE ANl | (ST WU
isfire, swey rwra ot s e we AT 3 1R w09 mfEha (graviton)
wraw oft 65 (spin) BRE oFl sl g% aftem Fem e @ o,
TN OW A 7N AR AE AR ore emt WD wm g o am ofilm s
SRy ad wreeES e (graviton) AT tacs By 1 o #esl afhe
T (vintwal) g8 Tr RiEpee aafh gemmns Mo 57 a0 o ofeTe
ol erine sy By snefina as el eay wes, pinfr e
Zrgm  =TEG (praviton)! TEREN SEEaE @ ¢fE W AT 3 4@
w1 ey ounfirs sninews o o A

s pefi oo fagre - pEE W o e FEele o7 W (quark)
wrt L s AR afdwm Ars smeeesifi frm w fvy smf3Bae {graviton)
wrE wne (AR i wrw A eneerfas TRn m A g e irad wydd
Fee-5e8ty 3 syl aree FTEe R Eaa Aieum Rfema R
Riforr fferna (are Fros Pafied o) g sfiped ) tgfes s (g
§ FIT *F {positive) 4T WO {negative) | 50 @ TIne WE4E a4
faafera® pewfa gD S0orT {negative) SaRn wwdE aw [Gefo® | g oafl
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TFaninm Tedl geete® on el wma@ eweears oy afde
A WA IR (net) Rye-peRT @ g wnnd) By g ernmg
TSN TH TR 0T e -y T S o s e s b Breal
474~ W R BEIEE (nuclcus) TR sl Yraelre Mt
EdLS dAPee Fn anenEDy «fifee n 2w sl aw he enfe saw
THE aav ) e el wreerE GrW A W e A SRR AR (vinual)
9% 555 [spin} A 2 wivw slvam Ao oaof ) o s poida R
7 v oie fay afve olie’ | oy mww o3l trwalm wofl wpuive o (s
reEred Mabea i wafl o R o o o5 % 5w o1 sl a9
wipa fsfe s ofe v smaled) #fis wites o ww o anrE Oe W
wOE | SERF R T e Rermm s @ e wfians wim
ATHITE ¢ T8 A 3 A (IGran w0 3 s et oy ol S b
CFFHTET (nucleus) foahss =5 Lo 0t TEEN S Hfarg Gre T | WA
craE T aEms 5 wEan o foefie o

T r=la T gde (3EW I (weak nuclear force) | [EEEwaE
wra a% @ wds we F i s stea el of o R A
fy nofa fmg amfeiom wrer o,y B 3 soed BSY e wfiam Bera
BB A vnes WA wE oY G4A RS AATS T a0 T aw f
DTE AT AN s Srere WA A g e Fhrse
a2y Terre a0 | A wnafa o smeetds sfaE Gineraction)
eﬁiﬁ}%ﬁ arsy W% SWITE (unifed) 31 MU L% TS WM TTRSOUN
(Maxwell) Toies oo padl aa0s oo domas SERIE AT owm,
BEaaoela amar fem covhe wrw o Feafh @ s (spin) fAR sl wfiry
wTE s enfa g wfws sEgE) ¥ AR (massive vector
basons) 1 wsF @9 @O 7 e anfm oW (Teme- B3 g,
W (e g wham) a7y 70 (TwEe- % A5 @1 erelly s am
soo GeV (GeV -3 @9 giga clectron-voht =40 g% gama s Ywol
el ) 1 ERan-wegen o ool of gl et we A geypd sfm
= Eh 1.-pu111;m:nu5 symmetry breaking) | 69 wd; W TEE (at low

L TR R -.E!"p'r-ﬂ WeTER DRI YRR AT R YR
) fapia AniD srene HELEOT 49 AT [ElE—T5HERS

T G4t HiF e T -

Encrey) 17w e soe i 9 20 1Raf weice 9al st s,
wra ffem weme 1 05 =TS {at high cnerpy) 9% F% Flaais Wipa wIEv)
sl e ool (roulette)’ SO SATES WD 408 WIS WE | THAETE
(e Bl qa @me’S qare) aaba we @ o3l ey LF tra wE
o fen ool ¥raem g A ofF 30w oW ity TG var e
sirde foesea [0 (@I oaht o +0% | W0 o 3w i (g wtth oald
S TETE LA | CIE e ufd e w ol Heer wprgn GwihrE eframse
QAT AW & B WwA erraT o4 MW I 39 A

BEHAS- RN EF W soo GeV-dd STECE WIS TaE T wiaee
Fa=ift a1 Bfr e, [oTh FA5MRE WIbad 50a «e qaw | fay widan s eretes
wogn 0 wEed sfmefym gl W, ooy el fSemee afewmn
{symmetry) 7808 TR W T, W, @3t 7° SIAE (A8 ¥ 5 54 A T
T A A TW TS (range) TAS STW ALAL AW 0 Braw vy
A% g erwra wpafigeae, wwd @8 erg Ry arEfRres g9 e Carek e
2wl gae TESME (particle accelerators) Soo GeV *f3RE (e w=
wae @ an W, W, a 20 @ T 739 349 Berm soud m)
2 e =i erves | Y waall s G 2%E AR TR w0y @8 S0Ed
el SRR AT 7N WY 48 SR A YU 01 329> WA
W o BEReie el Wrae o e B N N0R (A
2% W TS (TS TR (Sheldon Glashow) | s q4et (w1 79
G fpe P AeE 9B A Jes @ Belie ererEe ) vave W
CERN (Furopean Centre for Nuclear Research)-« (9o il sagw
{massive) ERmTs wTEmE 201 4% AW st v SRy wgee we A
w1 wat wEn o) cad S e g A weme wemm we Lars (3
g awue o sy aefl ww «% wfian s dnen rae e e
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Force) 9= =rya od HIrg, wM @md WAEE {confnement}i & 48 FaEans
afrernfare e Hre IR WY R T @A @ w5 FEER go
TEE I TaT WHY AU, T TIAS OO [0 A (81 4% oIS (A,
Fa o e ) E A Lol o ardre a9l pue (pluoni iR (stning ™
W asls wgE aay sl T oardy e mUs w0 wa (A + A
+ A = ) ) a%rew w3 3T (riplet) v s S cerla faen HEG e
25 ) W 02T wgra s am R wnd jani quark) THTE {# 4 TR
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¥l o (gluon) T7E 2t ¥ 30 $R9, Poegs FrsE e wTe) @9 AN
ST GUIFA AN S W) (A qren Onem R TR N0 @ 3O
Fary el wim sl o W, % "W g2 (pluchall) |

s o e e e el femee | wf wIvE wow e am
s Fieesmy @513 woedds s g@aes wigfdsreTl {metaphysical) ST4
5E o7 | widemd RISET arem {strong nuclear force} (g WA R
(asymptotic freedom) 5% w1 @ o TR | 4% €07 TR orn 3 A
4 FeeidE A WEs YRR 10 | WEEs #f 5 {at normal energies)
wigper@ CIBE a1 WErd el | «f = Fdgie syEre T e Ay
Fey gme Sf@rgas T7FA (large particle accelerator) FHETH *AIHQ v (WT
fsm e o ; Ty arg «fE@ o w2B o wf2ead o ers am
T 8§ TSN WIS T AT WES e wrm (B 0.y ) re wal Twes
Hewl (R A9t WG uTE WTETSRE vy T | wrrall o wke
3% ‘ﬂﬁ mﬁ'ﬂ £, -‘_“E‘;T? g Badme #m ljets of track) T4 fermiea |

Fagre - st 91 w3 ofar fBE arers e Mg ARTeTa e @ 4%
R AE efdend) IR A AT <@ 9B Wik deME T A SR
aFfes =% Tute (GUT - Grand Unified Theory) @ 9% sresa oy
GG WPTuln | £3 e oaElR oln o Tgalv W% amy, el ana
fg T=W A1 e o el Jeigns TE, w0, el @ S0 W§EE
fe + peia srov e @ g, N EPTE 9UA genfR e (parameter)
AAE, TF L4 09T {value) Fogd SR @ g a- e AR
¥ TR Aoy W =3 gl fvalue) R v =1 s wsfars
Heoel JETam B HEa wiw =l R0EH 9 [m0E ) GUT (93 985
TG} -G TS QR WA B T el HEF TR Swelen
rocd 39 Al Gy oS ) TENEE WA 4 Wy -yl 99 g @
AR TR (asymptotically) B®=E (=8, af@ U6 =T wRe ofgend®
WU S0 | I BN WS TR AT wem muce 291 iR wua i
(grand unification energy) 149% 5T o 717 03% sa0 & oz 1 I 93N
agfE %l Rfta Mo 208 +1A (different aspectH GUT-a8 =1a 430
G ;. <% ofTE ¥ a3 Erealed wre s wdsma R (spin 12
matar padticie) *AFNSH W 088 A1 QIEI U W UF S W
s SER|



B0 B T Tl AR
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