THE LAST THREE MINUTES




Lo o ST

VAT UG 6° 4 1 F L k¥

THE LAST THREE MINUTES

Conjectures About The Ultimate Fate of The Universe
e

W)
Paul Davies

*

S

Sl &1

=l A e
N



&
:




K e

=Sy SISV
2l L st gy A s b
LS bl o U f S
S £ e wig ot g
Siamup it L oK et

u‘u‘”/oi//if/ﬁu’u“p(u
S el oits OF Uk =6 1 S0
u;’uﬁﬁr_wuiad/
(Pauldavies 6870) t £ o £ 19920G g U2 A1 L o € & =
c,_aumui’vdﬁiu'uf&(uﬁ"/fjéégw&‘u’u:“Ltﬁ/(»yrc,
DANIErR JE 7 (Templeton Prize) (bji J%'/ Y1995 Uk U~ — &b ML
G e LT s e

$




/—-)L:/.'.')

®

i e U & Sl Ku,}v; w i S 6T L w3 (1‘ b U Sl £ 1960
u‘f,,l :J',.:.??u.t/’ ..fél,) Ju’g & (BigBangTheorv):/}j K.,@ thy/u? e L/“?

K = t'6 56T (Steady State Theory) ,}; Kc«lylt{(@/g I 7K S e J/ d/:a.fr;‘

< 41, s (Amno Allan Penzias) L7 5.7 U2 1965 4 & J db/u.‘.' s G"/.ff/i - ;‘/g
céfn el uﬁ'd/u/# ! s uf&g/} S22 S A s i (Robert Woodrow Wilson) L'/J

.

Lf/ ol 5!5@{, e CJ’A:;U’&' (/f,gﬁ"ui (é;/i () d/c«l::g

WS Up e S e Ll 1 il £ =K §* (Cosmologists) Ush el
MJ’&?J{'?u’?(ff?&t/fdv.g?f(f‘frmdvu&ugL(BigBang)v@J.pw
IS Ut s S I $E e kP N = o o U R 1 =T Nd
RV AC TS (P SET A

SOrt§ AL Ay S el 1968 St L b1 &
LUt F AL S e p e L B L s
Juy.u,(]é_um@g{d/:,b’(/?;yeJ:AQJ&QLuLnum;quf%éJC;J
e AL e S e S Ut £oabd i £ 6T 366 S 35 s &g Ao & e
=7z UL Sk és,LJf | & (James Ussher) A1 = 2 Gl L $ur ot i Gﬁ V4 sy,
ugygﬂggwuquf‘&?igwftzgmm%uﬁ6”J?4007/,;W23 § bbb 0§
Gin W E et bor ki S

QU S § oo oF ot B 1 S L i St § 5 S e 6 S 80 5L

|




) e uf ‘E’." . (Steven Weinberg) J/, Ji; u;;,i“ e ;,Lgi’ d’:/l o 1977 S Q Cr 2 K_;f
*LT,: S SE U = JJJ!: é wlie o UJVCQQ (¢ (The First Three Minutes
L LUt & i £ ™ St U U et S UE e 5L e U
s S S i e Lo L

MU 27U by LT 0F S b Ll & e = UPLs o S
(LT Qo L S G F o L o O L & Lok £ e
M) ”Z:/l:'/? JG:B}" VD/J(Stephen Hawking) ué/l[ U'Q:ﬁ/ ) oLg:b 3&4&1 S,

& u:!/’/éj_fcii{/ V{' éj_fci =K A ey .:/CJ/JT/.:((&/"(HistoryofTime
o m,ixj"i}g X 1968 f fduﬁf,/4gg}5 q};“ydj‘""iauu Lis s
GO W

Lo onl ST LAz U e Sl LB G L
Jg4rguf£uuﬁ?€ngrg'Kmug‘g,;ﬁrd}j%uVg/,JuTL;,L{Kuggmff
?K;L{m?4f’g€n4£wjju,gi+guﬁj,u?+twf"f~f¢5’";,/gl~/’gg?w£

0 b eoat o § oL ey 22 L Ust U i el b £ U1 L 22U

fﬂg}é/gLuUtéuﬁj‘uﬁ’J&tn;ﬁ4u)uyuiugn,;.,;/"bﬂ}?f‘alﬂ:n
Z ebf e of Gt Foell S QUi T 2, L Q6 A s £ S Lo
et o7 ot £ (Cosmologists) e ¢ rb o U bt s § U2 < Q¢S
U"’Lc«%"é:&':')d/éf"uﬁdgydg«ﬁ}&kﬂuﬁyc@“a@wffﬂfJuﬁGﬁu
E i e 0T szs 2 SES S g0 fES et fp S i i e m F 67 L

Fi, e F ¥ edne FLLE L KUt & L 6w b U,

Lz s

(A



s 2 3 € e VU 366 U0) U U € el bl o sl Lo et
Ernl bt Wl i b S o v L e (P W e

P LT g ol ot 71 ke e 2T 0‘51 <4 3/ - 100,000,000,000
102 St L 100 /J:L.Qc)u’!”uy?:}wJJ;"Kngthé“a 10"

s 10° ety o $b 0SS Lon bl P 3t St K
aﬂ/@&’jvécﬁwu/u;c‘guﬁb@/ﬂu),ufuum‘_ff'(ﬁ”g})vbﬁ@uf 10"

Sorint/f — L @ fo e 0 e b 6 e Lo

1.000,000,000
K2 LWl 100 &I E b

/,:(‘:"g@/""{/ﬂ ¢ 7 ol J;«l'//ggo/:/ fﬂbcc‘, &u,/i» b.JC“/:/,-J/C"—t/,/u‘BJ’fL d/l?uf]!’é
(’ZL““L&L./JJ/ Jilp.?/) l{u;f’.“/l/ ) f/l (Futurology)c«l,‘wgu';l/ JJEVJQ‘LU"
e S enp S ES S G QLE L e £ ek

TIEfnintsfe Sal L el VKT 108 5 Ut R L =6
ﬁt““ad’f/?u»g%u“"/vJ’”,»L'/"'"Ké_n/lg»L@g?_flgig»lbj'i/@/w?_n?_ngﬁ
cffw{jvéu:%ug)/?ut‘_jja“.njuu“u‘;:g)u?mJifzu:&/qiérg;’mum’
) Udse Lk sl s 1A sl gt s Qiucrguéuuuf‘aﬂfuju et “L&“’
A AT 30 F I o 6 I e 5002 Gt & S (Black Holes

LaUK}jg?'LH'J"(L'ﬁa/'}"ujén:/.t"f«!ccaggélﬂugd/;ﬁ)lé/?u%:wf
e e & S L LSO Kl e S 3 P LK A
U Fer eSS Jt A e Lebe el e en So o flel

Black Hole) §/6 {121 Ut o st bt £ bny 1P L s Q3 <22l U7 Zbut

b BB ET S e 2 gt e 25 U N1 <2 (Radiation

ugu:n’uﬁH‘z_/wzumzrwiu’?’dﬁtffc‘,u‘fo/é,c)wwdwf/éjmi



Q;L/J»fag/)iéuyuﬁucfw

P I b o Ul e Qosr B2 2 o U s 520 800 £ 5 Py 5T 2
S &S é&/fé//uff/ Ju'i}:; le/f /c)&»l J! (’Zf‘L by 6T 6 s9n0 J(Science Fiction)
Erv Kl b a6 e FU e 20 L 02 Frusd i ot url & OF 75 6
Lol S ol o i § 575 U (A L b6 L L f b en S W 1 6 E S
e P e e §P2 0T Ui S Eee BE LS L Ui LU

e LI L S G

(Frank Tipler) )SL h..C,,/ (John Barrow) s Ol 2 c”J, Z u;{ s vt et (olee 400 z *C’(

3] :,ﬁ ¥ (Duncan Steel) J.f“ Jf 3 .1 (Roger Penrose) Js/ ¢ Al (Jason Twamley) Qe gff
< t)




I

—_—r

e 02126 221 5k

u’gl.m{‘&.ﬁ‘}vl’r,é-lgLj/u’gﬁu;i;/:wuﬁu‘}/({%uwuw/;/,:g/‘l,»g/g_u"/u/:rl}‘»
Suswe S o & Lisgap & de s 10 ars 6 Sz gl e £
]D;gju'g:wLT}u4fx/)/,1 .;/Q;J"“//myu:u‘ghﬂuxwfd“t e bl S Ui
uplies L

A SEG I E AT T e e Tr e G e dFu T
,»)J.:.;wwuf(%d//ga‘ufd/..,ufbfﬁiéuf@fg:;uéLm%{b/,Ju:fcw
)ﬂg‘bwufﬁd/uﬁnJtif/‘ab{mi/,:‘avo)?Jﬁidﬁa,oy4¢/bxjL
T Fem S St U e o S P S e 3 3 U Ut 25 G 1 (40,000
.‘aitl/ﬁgdﬁjéb’yf‘g/@/tﬁ/
(K4u:3/:;ch,/./ul,ﬁ/&nu’ﬁvﬁcfﬂa{mzié.//w}u,ué:;’;w&u;f
c1éenfbe ol Lonsvalvrd o S ud d o & S i
M’Gb/d/”/.u‘ufru;/f(«z’_;Luﬂﬂ’va{‘ujé@Lkg%ufjuﬂfujﬁi/fmJtii'
e ki ez E G IS e F g T S s
Fipi S Kl (G e 2T S a2 S e L a6 S aulen E s §FT

]



“ALJ”JWJ‘J:&/J}”&JKJJ;
-wufdil’:w/“ug}fu:/ﬂfuﬁ;/uﬁ/pc‘agﬂuT}K(;L‘J

dg_wginﬁnndﬂﬂ/‘;“a(n&ﬁuwé,:u:‘éw‘gmf:.uﬁ/'/;/m,wubﬁ
g S S e Ul e s U Tl ) e T o2 U T e e
ol vty e s T L Do e S 2 gl it L ik
/;ilm”ui =M 7z dhs quﬁz;l//;iuj&f’gd/ u:/lgc_,rli’»£L;b(ShockWaves)JjJ
¢t 1P S ok B e L B S Ll 8 3 s Lt
mfé.//w/;gan‘d/w//uj;Juilﬁgézf:y("'é_ulfifl’zg/’u;&’m62_7/50,111
.nlfu”}?f//g;é’m.’fd")/ﬁf(&f&fnﬂg;j@}u’luﬁ)i/

UgWflj}g».’é_lﬁfﬂﬁ:lLa}gﬁiﬁﬂvw‘wf@J[Uft’vdbU%f/llLu@fT)f
ﬁ/n@f@'wgm{ﬁ/}lct‘_d/.z//!’urué/l:/»gjfU)/lj"U)%ﬂﬁfdﬁ(f/c;J!m“_.l{f
<~ Lfyz J/la uy‘z)édﬁj INON /'/J'.D: S J/ JUVTKUFVQ K/tf} )/f:‘a

:u:tU/Lyz gjfb’lW Ju}:t{; uﬂ’;/'/u.‘.' Py il 2S¢ Lj4 e oslsy i tf@ /'/Jél -2
< Ulfu}”ffzz/;»?/é.gcuii 3%()/(;)!

L’fjvéutji(SWiﬂ—Tutﬂe) J“.,w < r,,g U 2126 =J121 b B2 U o sae
ul“//l;p:,_,ecd/ngnpw%ﬂ&Uu,lJn(ﬁ@;&u}'%blgﬁq,ﬁcg&4&fd}d/

Cn L f e gt £ gt2126 ST U o T3 1T e gL £ ot i Ut 1993
»,ﬂ.ufkfuf‘;u:mu(u(;I‘Lg:f.eL.,C@uLuJ_tgéuﬁmu?‘u,wm
Word i ouldrendl S L L o pp S L Mkt B K e dos £
LU S BE R i 1007 S VW oF K1 f e gt 7 3 ot s
waiu"épuﬁé‘t{uugwu QB e 0SS I L Pho S SR s L =



NNy RV AV IST IS TP OE 35 NS L SSD WIS Sy JU Y. - gy
ce L pe Z ot 2P < S ug dn b QLo s £6F G d
fuuy el i Sla gt &0 L T Ut skl Lu"épuﬁ Ll .,aluga.}e’ P

d e e P

bl L ow i U8 Z Ui ‘ugélg%uuﬁo;pau[w;&y@j&/uﬁjrw F e Sl
SQUE5 b o ot 2 n el LU e B S s S e B e ol et

s ol SE Ul e i p st e (F g car K EG Lk Sl 6n F o 2Bt
%JV&(&)%I;.J? Kuf)c;c;/.:u,?Z;./Z.n:,wudiLl/?/,:é.'Lg.Ju_/D

e FnE oAb F Snpman L0 5 s F s

Book of) 36 _,O/JJ"/; e )4 FT ey Ll e A7 ol L UPE il i P
e Z// J m{uy K s ol S U @/O{/ “i < JZ (Revelation

Lot SG SB35t s w1 oS S Uk ST i & ST A
LLi’}”’fﬂf{, 1 Z,./z_/“/" ‘én/lf‘f Z uy‘}". s ETJ.?;JjJ L Sl e ix )/l;/.:ufj
"u?/”:fgvglu); Kvgﬁz.u:u}@nu’/t Ju;’ﬂ d“!r_ujk“l’/?d;l’:éiuf

N G b b1 § en e (T E I R KU1 A = UFF GG
Frer-c b8 st SO e ot r o 20 unan £
LI e 5 U e a7 b L6 ES 5 A e ke 1 Ll ot
(93) 915 s S o (L Uy ot i1 € 426 1 e By Zbmls = b $d g 250 st
e K Gt et L e BT S ST F At S

.‘L[}’/’/&j“{ug)

e a2 L L U G 2 s b L b L G



ugjbfr(f(/J_LMé,cgéu};L@/ru/';éu?uj;/t«@‘l‘vgé/uﬁu&gfw:u:«"'
Vst Ll s s 3 e P el bz Il LA qu‘%;/u,‘ug.f
‘LL“T/jJ?:?G%Lg/Kulﬁgrfn;uﬁwsdj..,ecw%/(;adﬁ/w;féﬂ//L
,uﬁf’“:‘af(ﬁ/;o;cu%ff%r/f;}w;gﬂﬂwJ,»w“afigd'fd/i[m{!J/
‘quﬂﬁ/zWE/'ugL'!&c—Jfﬂ’u:zuauﬁd%‘affui//éCJ%‘LUJJQ
.‘LJfu’/i/l/;uﬁ‘"é/ytécﬂ//bwﬁ‘ngud{@mwui‘u{lc;ui‘usu‘guf'

VB ST A 51 So § e G115 Ut K U S e U K e F Ul
uéc,; o 3{, @guﬁwu((fdl@{zi(t Gy &6 d/idf‘» @f(Andromeda) (o 3005
c/,,‘l:&(uﬁu}"’“n,yli’»‘gjl?u(;pl';grcc‘_&‘!/};o/ﬂJlfzaﬁﬂjifu;nglngcff
cheniol g oS B FA bk L e R TS

S S utom §1 P e (P bl ol i S U S 63 o § e sa § Ui B
el puiE e Ut bzt @ et LT EAS G

e e UlA L B e o S e b $ ks SE U S e U G i
)u//’ﬁ' s 6/4/;5 (u,:L/)ﬁuﬁ;Lu“gidﬁj F U2 o Sasla & (Asteroids) 2/
Yo Sren {62 M & Gt LS PSS Lt s UG L s £ Qupiter
uﬁ)du;h%&;u@{q'/J@/rc;i/’/dljyuﬁ/uz:%/yg;/;l/&'fd/;;té’i(m
e G o S G ek L e Ui o oo e b o L
T L Une o3 K Ul mea 2 U L LTS, L m s
S fimén £ So ot et e o dut Lo e yreim§ 7
J/)E.,Qmwaf;fiu&?f;/géulj,'@/yf+&7}5&f,ug/,1+m;f;f
e s e oG e Lty s e o o et S Ut o o n
/?Jz_)u{iuu@m?;_lfg%uﬁy&uﬂLu"éptbj,yewzg/;wb})d/@m/



cdﬁ)dﬁf;jgl/);)jééjro/yjl; (}J:’/J/‘Lu&! {:,/ c‘at’Lgui'/; Ju’i o}/ﬂ‘Lt'/(
LJE‘LJ?‘L/?L/UJI Sals a3 JJ:ug9bn¢Li/€£;/y/l;(;uuﬁ‘Lgu){
i $% e ls I sl Ut sl e 26 unle S Cfﬁ JF S B U 2l el in >,
.Lnuftfuui'

Jir 08 U1 Ik 57 e e et gt 27 U ot Gl s el el S anm §
c;ulfn)';!ﬁu4u#176},ggéagn((d{c.;uéLun(,ju’m S gy ,3ftcuj
Y- & Un ugb s e e W NI sl oilsT £ S ﬁ/ﬂ,&’f S a7 s v ol

01 £y ik s J& dbft 4 (c st & uufuﬁ U =3y

F el Sunt o en sl £ Ul S e sir e § bl U1 Mo F < U
W/Jel Y vyl gy J < U /! ¥ UC ..{l ¥ (Double Star System) (Uw Sl o J"w

ChSpdtent ool L aT U Grest Sem G E e urat
e CE s el S 20s S Sl Uil s (33l s L1 K Lf;zr G e 3P 43 & s
e s Qr e U Bt T QU S L s U Pl ot S e J K e
e S RUe gt 301 F e § 5

C U e £ U S 5 ea b S 255 ol K S U T s s o b £ A
WEL ST 78 F S ol o S e E L e S e b et I 2L
o F G eI £ Uit K E S eI 1 ST U AF b S 3 )
Fa L Ll Lk B S et ot 61 L L Use st 3 e 0 s S ol £
.ujGﬁn

c;ar..flgleluwugdl;jj,mn .flg| JQJG#"LJU’:/‘Q/?U:’?}LU;@&%
Ll e r & v 8 QWb e e (o Pl B 50 2 UF ot s P 1



J;ﬁdﬁ”?ufpw/fm Vg il Jist U Ji/%/,:u&‘} Ju’ G U w7 Y
e G5 8 s U G o F ot S Ut U s U K Ut b ) F e S
U e (K st i L300 T e 6T 6 $6 11 o6 e 16 L 46 0

JJ]JWL'Q’/G%LL?JC%Ka’,/c’;yc,ﬁfuduééwfﬁwmJf,frf

2 uruz‘ldfbgzﬁlgéwguu:ui‘dbuf/';_QLu,LT?LLgJJuTJQ}JJﬁL/B/

L SLenh LS el § g dLE AT

?qﬂffu:‘”{)(‘ugr‘adguf«-/d”’laqw.'ci’:«%uwf‘adgg/,u"d/'lf
al“p,»,Q4J'z§_.>?Luf!fdfb‘»{;ial{%?&cna@u’iugc,muﬁ’uw’d/
.L:’:lggﬂoﬁyéuMP(f{/ﬁUln et 45 sl £ ‘J‘/'%O’ﬁwz_/w



I

- 2K Jyz 3/—/

Hermannvon)ﬁﬁ#ﬁuﬁ u”/; uufl‘v < 7 UL 1856 gjfu?' cf/u’gftc_b./@lé d/u’g’/l/é/t'
]éﬁ;édf@'»{iéa@fb;yzu{t_fuﬂ ‘4‘_@1/:,L~nggdf;é.m rd/é.(Helmholtz

oS s o Ul st 3Ly 2 S u:r:."i J/Ul ‘Wt ':d/u)G' | 735 § (Thermodynamics) u;«.lzfi
Y S w3t S 0w L e £ s U1 Ae L b & e L 5SS Ut (7
et B S K5 E0 K6 L 2D 06 o P et df

Sorb & s Ford P ante pfenr St ool Lot F ool G
E K S S AR S Ll Sl & e e 1 B B
St S 3 e FOPE L e ond e Lt & a7 50wl il 7 i U
e S I B i B o e A1 8 €U (Molecules) Ul L £ ek e 7 U (7
L7 on il nnz GGG Wbn e St 7 I AL LS =7 il oo

e Qe FAULWL 7 it 7 g UL P ST o

e b e e 4 Jﬁggfrﬁctﬁkguf'%f;égéwéatnj)v{m K7 K2
J}JU}J)@LU,CG”Z./@J/.:M/.:UU’LZ{:#git}z’;lduld?’glgklé/)t’;(d/d/ﬁ(/
il ear g & S stz S esm Gl L Uty & wntr £ 56 o B L JA 20 ol
e FEOF Q7 e RS et e 2 2 S SA S ST = S

]



S5 :’/u;’b .«Lv‘b U U Jlx ¥ 2% 2 ‘e L//(b /J;’L =\ (Irreversible) /,u
Py

JKLLMJ/UYU?:U‘J&V;(A&J&U K &‘gw,wﬁugjvéd@
PR A

21 F

d/ (Lord Kelvin) u:‘.f( 40 21 (Rudolf Clausius) U=~ 16’55, Hermann von Helmholtz) /s Hﬁ
72t L8 2 et § Entropy) Qs poe § etz L S5 §F L1 Ut £ L s
Al L J e 3 e o L bt ol Sk = S J1# (Thermodynamic) &lf]
Fob J@Ktc,é_/ﬂﬁ4g/l]gj;/a/if?+y4ﬁ(fu§'/,; it S




JJKCZ./Q()‘(}:JUJ:;/“J//L&Vddﬁjd/cu!]di;%df’Jﬁ;ﬁ;f)"’//cd%n
ﬁgﬁgn;@@f‘;ﬁ(/.wvJ’e‘f’;tgmmf/%;:uﬁﬁgﬁmJLW[
NS Y A S TR I Py LD G 1= WA L SN 2 G
W77 e i Sle P dMEA S8 I L7 it oS S e bl 2
Vohe Adn G 2 EMEAS B0 oda S s LI s £
e FFSIEF e e S KT Frd RS

Pl b5 4 urwjp.(a,,,u+8nGeneranzationJ:’7 Susb 192 kdmlid e 7 Ul
Pt a e JES pAR S S P SRS L e
/:;//,,Ju’{i/ét!?u’lé{_LZ.@_,L?Kd//%‘u‘;fJ(@ﬂgl:ﬁ;ﬁ’:/ﬁfﬁ(jaﬂié
e U KLt K07 b G AW Q0T e (o e it oS0 2
J@n]ﬁrfaz_wzc‘,ém;g;z_u{wu:f%t,%:ﬁf/%du'gm&z_giﬁﬁjb
z,guférwfcamgws,';.%u:m/&/ﬁ4;w“grw&L;?‘%[;nd"u,‘«,w;
J/;J/‘Lt‘n.?wll'}'iuﬁJ/Kl:J&;/»UJL(lb’J:L,?:JJIcgjg‘adkgnﬁ/f/(mf
Jﬂuf{frtf%ﬂ;(@Lf!fé:&ff“‘é&l?widé%d/(@c/g.ﬁ.‘a&?ﬂ&!ﬁ%{u{“@w&
Uk

G B A1 L6 1§l 7 7T 2 Y el 4 =8 o g1 1 A7l & Y
et do @ LS Qe & From, Bdn £ F SMSA S kb )
S5 e U St S bt e W v e by G4 B M Ut L S el b = 7
.‘LJj/”,:g:/2//:,;»..{1uédcgﬂgﬁ?d{’/%m‘a‘}l.puﬁb:y».’LU}o/l]c‘Lt%/t'J:ﬁ;wl]

e Syl e & 3y J&/;mugf/%uﬁawg[‘awuﬁw Jir L1
U:J/,J’“LL;'C[?/,U’c;/[[:d‘i/)"L@CT/ZE.;&/']LU:&‘LJ/J,&J:QiVg’u’g
A!c“_&/}’”uﬁ()'gﬁc(ja/l]rujé_ﬁéjyc;g/u..{i()'(nglul!ﬁb{!



L;;Jé_n(/ﬁi(egﬁmLn;ﬁiﬁ(ﬁf‘abffuiugf'ﬂl,:‘a(?’kdib/t
& e tbn iy §enr T te G o Ut (B 2t 2o & 4 il 7 20 LI USs
_,e:‘aufuju?.du&gff(wf%twf:},w c‘L/?JJKL’Q]AAI‘auﬁu)l;:Jb(WJ’
&”'xéﬁtufr@&gr+ﬂ5?&iéfafuﬁszf‘a%zwcaf?wfr@:f
A w37 apt e FOS LS Pon L enssre S iy
NEEN S NS

Lo St e S ok Bk Pt L L U $op 2 £ eJ7 7
(u.,{l‘fnuffj&ffu S Lguu?:§_ brs Se F I Usts S 6 il 7 e sl £y
uf.‘_,!;jiﬁlﬂft:frc‘;&nl,g:uﬁfégjjdzlgu’ﬁﬂ//iw_wl]dl;é.niwléaz_/tb
2o Lot 4 G5 A et S K s e S NS e L 1

14 v sl L7 ey b peis on 8N KT LS niid 3 &

A 3 11 LK 309 ST U0 L 1 B T S e el $E A 7 6 ot
Jn@4fjgtq}xkgu14?3gif/Kf'u’df/d‘}b(Uf S e k6 L3 By e sl $of U oo
P F S Sl Lo s b 08T ESS ST F A e 5

Gl et L e Ja7 S e s 27 7 A S 5 b L S b Sl QY

g;/J..y/Jug:LLCﬁtggrf/)/ﬂ‘;‘u‘"ﬂ} St 7 1 et 3 o S U ot P
S 286} e e Q7 F g L 5t S 0z (K =Y

Uty 35 UdFl (S e en Qs AT e £ EF QU7 7 26 S s U
St J;)’ % uﬁ”?u’f U}:.rél/f S ./l:rd;! J”/,’i:;/"/,ll“v“g;//lg»c;:{g/;ﬁ/f u//gf d/
N A%



S 27 4 A 3 L e 45 S i = P U et § U
des o £ urt 3 e bt b = ey 25 5 S 0l St
ﬂ"fiu?"}/4/¢&uuﬁ3‘ﬁ._,,/~(:g_t;z.?uﬁc};&(u_/ﬂ
&ﬂuL&lwuﬁ‘Cﬁuuﬁ’(’ujéfuuL/;;-/gufg_/;/&:"?u¢
Te ch/u d*// FEEN SR S S Y 1] AL ST 81 e N

E’;E'u‘{‘c,:«l/wéarglzfgéu’lmuiﬁ';/»c'::«giff/LWG/»cagﬂ
2o bkt dwes o £ L7 Ll U1 e Job 10520 QU1 il 8 oo b S
F e sk TS

ai/”(?ld{uﬁt_/w':u}hé:‘ﬂﬂdﬁdcﬁéougdféfﬂd/o;”&/l]
c,a./;mu,}%uﬁdl,;/gk@w//éc;ﬁ/u‘u.{'a%ﬁfﬁ;fu/udw

Jlu’,udf{&nﬁf/d;&nw);&/»,«fﬂdﬁfﬁq_uvbwﬂguc‘;uf‘;:ﬁr

‘Lcﬁlg%’/dUﬁﬁwlL/})réﬂuj;)}?}”L&fJﬁon)LL/..,}:JI)JLJC"JJuvg/‘“{XftL
Tz &l eu P L b6 S

ufuﬁ;ﬁf/,/kth/a“_}fmulﬁvédﬂqr&'ifc‘_duﬁtfjdgig/lmugﬂ
Lindntdpyr S e f Lintf e Bk L1 L =bFé &£y
Py Fint it d o8 Lt EVE e S ¢ e QUG
CBeW BEE e s ol QU7 7Bk AL L

Lééi!ug/c/.l:-@d”/;l.édﬂq;&;léu“iQtn:)&ngﬁ/l;’/ﬁcuv/;l@u’idg
ﬁtétfﬁuguv/;w,v{luﬁw:ngdﬁ:"g()lber/ngg@'ﬂLJ‘qu/‘;ﬁ’mcuCLu%i
by QUD 7 et o U T S 6T B Ul Ll s e T S e LU Ui S K50

]



.w(ﬂ,«&i”“iu’l"/;luj/?dwo)yo‘nic;(fg/t‘«féat‘fﬁ _{Jt‘“iu“l UV‘T“L

3 3380 § U ey Bt onit 15145 § Ussle Ut are 1 o 0 35S SyS AR
LT e Uk il 2 3 82 Lk b U s S s G o B8 54
ziuy'b“&/JF‘JVL'&zyuégtd/gmgf(cufﬂﬁjw @{té.,vgfupf&ldu
e Qo (65 L3 E 1T bt U el Kt Sty o KUt e B Bt F b
WISl £ o BUP Ut e Qo P T 3 § 1T b S0 Ao
r;;czbﬁfaal:ﬁlgLfcf.t"c;d/”-f};?ulﬂcaglgw?,;iﬁd/u;/l:«LbLT}jugZﬁ:/:f
:/UZLL&/L&Gﬁg&”ﬁaq&ﬁd/ﬁ&ﬁ;lﬁd/u!uj/’&léd:JL/u’/)
AU ALY, L F e Qe L8, L& S e ot
:?/?&Gu‘l}.{!au;/byfcal:@d.g?:uj"“a:/’/@r}'/g/u.,{!;;l}"lu]»,::ca
duLT‘w_uul}/»Jfd/]rufd’i‘muf/?u}"léLu;/u/LiKJ|c‘,(jifg‘fud’rf
ot LT s 83 w1 87

/’7er/CZ/Géudl)LTLU5/t’«~,.w)}?}*‘/,:u:1"l5,‘Jyrv"ﬂb.«%‘at‘ni/”{:ﬁ)u’lJf"’
/,:ubuﬁﬂ‘f//uk’l’gzhﬁfr%lgtﬂ»xfﬂue,:’/(}juJ}fdl)ﬁ_'l/.fﬂ;n;yé/d/c«l’;g

&b lw



Ju’lu!ujé.ng/’{égj‘?gfuu’(ﬂajbufgﬁg[//rﬁgat%/f"j&!:gﬁ());l
oar S SO L L a0 S L U e UK U U U 30 b
G s L e lnivilmmpl e Sl et
L, Ll (G f e my B udbe Se KU Sy
fl,gl,g :Knuf4/ﬁﬂ£;/£u1/uf1 Kf;1f61,§44uﬁjcj’g1,,lcfnﬁ/¢
Kot stV Lo €005 s &y g 20t St snir 0 o § s S 21 Y st U

22 F



e b = ke OF e Qb A el Jo e Tt Wk 10 F F e L uske 2
P2y v “;'/‘ubuuw?un(’:uutp,,g.,g;/L:mﬁ“aéwfw@;uwdﬁwa‘L
?ng%}jgjﬁ?a!cgn,;'/;ufu;f;,uﬁa//JLn;;ﬁULQMK:‘aﬁﬂ%éﬁ
wﬂufﬁ»ﬁﬂ&@uLngf&_w/wc‘LngufJ;u:_,t?f.,wfé;ég
Mﬂ,ugf;gutwﬂg{‘gnwd:’{uu;c;@/r4uijﬁfn5ufu,‘fm;p

Sbda el e e e ot LU AT ool 2

(S e 2B e f S QU7 7 51 P St e § G Q6K I 6 sy LT S5
:4"_(}{;(3;4@7‘uﬁ,lf;d(é:ﬁ/ﬁ/;?ujii’l&éum o/l]uﬁfﬂﬁé_/t‘»:f_uéﬁéﬁ%/?&%‘_
u?:g‘_lgtnuﬁvfaﬁd/gl:l;"ﬁl:ﬁlfc;_wé' ;‘,«/UM/.LJ';J}'J}/L'ML/@ﬁ
LS e G ot )L S ks e e gn £ b S G005 A
JVJV&L/J&){U;(C‘_QJ/%;IL/:"/L/uvgcuﬁu,/l}'«»)ﬁruﬁmgd‘
1F Mo s £ UF6E s L e sl Lo o2 e LT Lo 2 s I&?‘a&”’z NI
L0 S uste w7 50K Uil 22 LA 2 € 6 qu;t?&t“ﬁ},ug(‘aélgn A6
Ko, Jyzd/fcufbw"i &l:,u.fcur‘ JL;?):MUL:«L’:K{'Q rKL(gn/,i/,Lcu!] >0
BTt up2u LTS L& T w305 e 0

s N Sren §o S Uk S L 1 BT S S S el e
u"}},ujg“at“fj'f_{;L"uw’“iwm‘LCQ/.,;?uL,A,Jf/“ung/quaﬁfgzimLL
L/L/.‘,jyufbﬁd/étl?f[“au‘;t/?/?d}lj:wl:a:,;ﬁ:l,éé,ngfb&fdﬂa

e Sl Ut e e AL E e ek 51,

D;L)%)lﬁd/u;/t?qf/uz/. cngQ}/J/”J}/“ I{Ln}:ﬁﬂﬁglfKJ/‘LgJaﬁ?ng
ccgdu;f((/lg/;l:c;ol://ﬁ}’éu]o)pd/u;/l}?1ccgé_né_/fwi_w'»fﬂbg&‘g
G S Ut Sae g S ST e B PE W ez PE M LE S 01



L‘?ﬁ‘f’/ub&.ﬂ‘;lmL“@.«5@cj/G/Dg/»/ub/:Lcthffnyu‘;ﬁ'w
U ST T L 2 L7 e i 6K L R L e 26 o
‘{‘_lgt'lgn(//bdi’%l;ig,l;"Lue/a/k’r’/ulﬂ//u”lad;’/gc«bl{ﬁflﬁL‘J/Lg!/zlbg{tg<£
EI €6 et b UAV L L oF et s 5 5 b6 S e 20
J‘&//Jufﬁ%:—k‘u’l:,Qi'u/é,u’}fffﬂdeulgwu;/‘KLT&t//‘iui,,ig'
..{!Ku’ifgdu/’cj.Lé_ﬂ/l/d/d/g}lf/}’//’%!Lal::b/,l/u’uﬁ}é_gf;f:%‘f
Lng/{/rnbub?u“:’;[utmg/l:m@_”ﬁuuﬁw;gg'.:,l%ﬁ:mzr*}gf“f/
ML.f}’Zuffz_/lrudwédk/;/gzbvgUétf(wl'fdc;ul?nf/;(ak%?uj
Cas oo E o e LEFSA

(Paradox) & st sl =€) £l T2 b Yl S 6% 4 & & b 1k plug)
St &ty iy islins A ST @t S ¥ L6 0 S T e b e
z(u:cidé‘;dﬁ‘d/éutfvgu/‘«_uﬁut?uf(KL(Hindsight)u‘iﬂué(ﬁ..ﬂm,j
U (Time) UL =68 S o o K o 3920 Ut (Space) U b8 S a U 4o oo blé o9/
A e 2 ekl S e o & N Ll g BT U b e a
P b e S0 ST L UF S b8 T Uit sk 20 Ui S E
fgﬁ,‘Lx%n/i;J;igﬁﬁf@}uﬁgiLglég(a;;/;%/ufdeaa»
ﬁ‘fnéfuﬁ;ﬁ;g.’/"/?&:f{uﬁu'ztak:{f‘a:/’ﬂ;/.:/!u“luj‘gjdeu/{_/l;/t‘d
K e L L& s e btn Cold FE I AT it S =k¥
(T b L e (S e GES R ESU 0o L0 £ g/
u“c,ud/u"udua.u;u,u(c_/v‘u/u,c' dF =39 & vt o Ul Luﬁmw
,/u’{ilprc_/3b£JVd/!JLfrw’c~_("Betelgeus u"'}/dul,«g/u..fill/ égf:
Vo oS e tTek6 S fe by g2 e 0T e KT Bl
e b¥ S e (o T F e LT 6 LU 69 50 o o s 7 3 00 3T



m{;uﬁézfa,&hﬂ}vgc;@/uﬂffﬂ;‘a/»fugJJiﬁ&gnﬁﬁfUuﬁM;
.dﬁn{dgfvu)’ 7 Jﬂ»ﬁf}/&ﬁdbLT@)fﬂ)u{UVgJu;/t‘wcc/uf{'tg :£

cu:’b/:'a,i;(u;/t‘«ékﬂ‘Ldk%;ujdufg‘uji"éédlﬂfc}jyﬁagff
‘L’/}fﬁ:’)ﬁjb’«’ /’/Lc,;ul’:l Jol’f/gc%%/; //Hoﬁufé.ﬂ/?u)lgéﬂi/im 2,/2/
.én(’b“ u}l?@gf]ff‘LJQ Y

JGJ'/L;53;ui'u'.al.c‘a)ui’ﬁﬂ.uj»ﬁﬂ/d/c«lﬂ{f@?'&/o/lﬁ!J}Jl,«,l;ﬁ(l},{'tg
J?;A/;!Ladl;jfugjl;ﬁu’g‘agffbuiénd/fc;ét’l;d&:Jli/ﬁ:éfuf;ﬁ::«/vé
Uﬁa/ﬂjf?gﬁgfjufuga(?‘J'y’c‘,a%d‘f/}c%tlgﬂ/@Kc&/‘(}ﬂfc,léiujd:

522 KU e N L er (U7 J/Q'_(Z}JG")’;:,Q{A! G EntetT S ofn

$C b el Lk



L gl S d S SET S F LG E kgt S U bt
Z_Uﬁ'*il/"}’“d/u)lﬂL/(V":u,?!./‘/,,fal%u//;;fuftfﬁa.l{f}}ftf?kfwu;u.f
Ser1 S bk S m T oz e B L& b o Uf e s o6 ol S
SN A O L oF Ll 3t de p Qi Fosd 6T £ a6 S Uk o

HEF AL L p L

VgLuﬁ'ﬁ&tgiﬁc9%qkdﬁf@mxiLuid/‘*‘aufmr;,é:‘:al%f,}j,
S PERP I‘L JU? o,gy,:uf.,qi,i d/ < (ﬁugtfjf u/”,/“:atgaiécalfgd,bl 23 J!)JU
‘L.-(l,g,/“égﬂpvgléc:uufu‘h]

299 el :/Uol/,ug/'c;_,wu(u’l :‘L&J),:/j K&(‘]‘Jlglc;éw;ciofdvg L =¥
V@ Z (Vesto Slipher)/:lf Py b ..,Q Z st ‘e G’L e =f J[jﬁu dl; LT e ustﬁ%/;w
Z 4l (T Vo Z z J* (United States Naval Observatory Flagstaff Station) o6 4< 3l
C sl Esz S8 o S U 1920 & (Bdwin Hubble) J& ¢kl B o0 § A1 Ut EL
100 J(Mount Wilson Observatory) o6 ue u):v P J/‘ (e JT}) Z',/ 31 Py e éj.l}’»
J/gcﬁgué_u’!cgfd!/&b‘gwgu,vzﬂ(&/éﬂﬁmku’!LML/JWIU}/})J/}‘L@
.46_87}56/(54&"’;.mup‘d'kulﬁg@ﬁ;_.,;/“u”u..{l Ui P U

1ER




5 &7 2o L (Spectrum) 45 L b ¥ G ab e e b JE L1 P KB L0
IS e b/ Bl KU S e G R er P Sl £ o G ey Jb 04
K spkth S Ll e Lo Ll e TP e dr §F 0 S
f‘a,g:d/wgiamJ(fuf{f}dp’é,mddjﬁu/ﬁiug,?/,c»LJf‘,uuiL/

d’// s (Cosmology) e bpd wir & J7 21 £ el G U e S SF =¥

M Tie b e Pin) e Go Bt B 7S Ul e e edd § =¥ 3
I S Gy e S K o S e U L e U At S e = AT S
U :cc_u’um:_&/»...?nqvo;giafwﬁguslﬁ@/.ﬂ...uw/z:4_14«.7..{!,fﬁ/lbm 5144

L UA o £ &L T S RSP A K Eo v A ks oy K S

2 U1 et BT < 1915 :.mgmuuﬁvcjgfnu(u!j:_/ﬁg_ﬁcﬂdﬁfw/,
j’(d@ig;%L;w"j’w.,st;“;}/Jé_}fuuy,/é@oéw,}fu‘,fl;,uLJt’;«JT
‘4‘_4ayrﬂ5 3% Sslsny S U AS mﬂjm g L /,;4‘,/1/@;@4«_4?@1.,{1:4‘,
.‘cgnQ"ﬁJeﬁu’iz_gﬁlﬁ»

S LS G S Pl e o™ o QT 5 L 6skg £ (Space) U = 34 § S b L

wvTIQ/J‘/’b,!cw%//ﬂw/uﬁéuwmﬁ,m“Lutgg/w}%ﬂJuﬁ4d/;5
;/’;qu/ulli’»t{u}’*vgufb;i':wiwr_g/u.{icﬁ;A.uQ?ﬁ/?{/U:/id»ﬁ
&%‘uf&brwu‘ﬁ&f/u@f/;!‘aul,{,?/;f&{f&’icidfﬁiwawgﬂzﬁ
df/uf’t?/:@/uﬁ/fjéf@&é&fw‘ajucﬁc/»c;L'NiJ%uftz'J*'J/f

Jél/}uﬁld/;jdq‘]auiiﬁug‘u.?}bbé/;.@/£$:£d/55KJiug‘¢C¢n
S enpliSpend SLEEE LU, S1in e Sinln



The First Three Minutes — &* J.: %

e o o @& 9 ® e e e e e

\/

D e # ® *® ®

uj’*/vgw,ﬁw‘_[}/ﬁwﬁu}gubdm’/,l/éﬁiu§Wﬁ‘fu6ﬂ4Kawgén§g
@}”J}bgu:’bﬁu"“bwJ/,d!:L//”‘uﬁu’!/vgéuﬁ(ﬁ(ﬁ/}ﬁdji/»;@/ﬂ;@
P UL S ey P S Ay PN = AT

3.1 F

it e Baded S Fiags o) Ei g oSS bt LS
S L, N E ey Bl $§ I mbnmtize FLIrF U K e
Lu,/Ju‘,,,u@ub“ﬂJ,‘L Sy o B L &G Qe By
C‘.(ﬁ///’d}(}/(_/})égwLU}MUJJ_J)JL/}}L—U‘J}’J/J};/CU"!
Jelr M6 e F o 3F EUir T ol 2 b UE o h o o
uagfélf&%‘aqt:wu;véﬁmwJJ);@/IW}’”L&<‘¢&,¢@L>,J
S §6 & & faosedel miby st Enduidnmd® e dinS
b L

eyl LS5 L U cs i oot L1 G EL S« 61T e G0 JE 26 ]
3nuéca|4t‘>ﬂ{o)£)LbLnuf,vfQM‘JZ//&JIcfd&‘/a/d/fl&,{fﬁf&{b/‘c



B G s o o 3 EE ot PG S 23 e S P Oes e
S L e U S S EG b f e F L U e & e ua ST
M 25U Peeni L Soatton ptn§ b en g U G d Ay
o b F a1 2D s SV ET E S it et Fr st S0 G U U
Bt i Flo et A il S5 e e Fr (e el Pl e
e ot an i S U s LT 07 i esa U

Sl Tl L e GO T AL f i LK S e

L el el S O07 sl szrr f =K e d B o e d Q3 s b 35 s £ sl
‘%5*:,,&&0%@;&%}9 S nZ IS UF SOk 2 F ez (L
B FS e P s e g1 ee Qb & Qo 0 S Ul 2L A L b L
SIS L nkerls § 2 6 L L b6 f NS S e e o
.:«/..pwuﬁjl;u"%uf‘aﬂgzgé_ﬁfw‘Knd’ub%&‘«.&z/dﬁi/uﬁiuff
L/,iJQ)Luﬁu’ljviviazﬁ(a%%‘&gcdﬁqf.,%cu’?uﬁ:)uénff
‘Lcﬁ@%);d@Lé&}}’ﬁ;LQ’Jé’/@é/]b/gébu/’ﬁ/ﬁcéﬂfc—dﬁ%&cf
A USET BT S Ut 2 A B B st VS L 2 K U T A e S
.‘LugdﬂumdtﬁﬁK@ﬁ'dtv@u@‘&;muﬁﬁ.{tuhﬁmr



SiZE

A"

0 TIME

C/“;)ﬁﬂfﬂ.{{?@/’;ﬁ).,«%rc“.gﬂ&llv‘Lf&gj.’){ufdlﬁLﬂuﬁC/&d/fﬂﬁéab/{
.ﬁ;}gv@jd‘.’utﬁ?ma

32 F

a//;,/fitauudugf/'éidn/zhc;aﬂccaunJj{a’_wﬁjyi,&l/aﬁbjlgdg
G F KTt 3 AT St B b B LA i) 1§ =6 S
S e S K U e VW 16 e S E 7 el e U E wls A e L
o U e VL S K0t JE SN L P ekl po L
ALl e o€ e b Ja U (Nothing) 0 L& S Uk S
sy e &L B3 3SS S e LM AT e Ut e 6T 8 K 30T
3 .")CGMUJ;;L“LWJUMu‘i’/vc}%e/’f'd;gem:m/“;?c},.,@.fu:u?u?uf

|ER



e &S Ui U il U S e o 20 S Ut e b8 0 T ST L 250 F 565 1501 06 UK
o B L btmed e el f e B 5 Fa ol b L JTapzs
J;égc;..,@{/u‘urﬁé(uam)utjygLu?‘aié»ﬁuguuu{lcu:u/”zi
‘ug'ﬁ#'u:/lﬁ"dfb(U}Lf‘vé..fjf%:”u.?/x{(74L/J!§/£J%‘C¢?JE%J/
LG STl e G e B L2y S e ot 3567 356805tk oL
VBl 6l L B LS e & e FUr U G & ey o S 6

.uﬁ’dlr@/(.ﬁ.ﬁﬁ&(uug;n;;},4ugq/,u<$ﬂ$/égc;u1:LE

Zig Q56 S S s e d it S a6 s f LS
Jwbwdwﬂu"u’éz.})wu"1965:c_;/;/‘él_,L/Kg/u;u/uwdy/,gw
U e Db e U U2 307 o fee B § 8 = 062 (7 bk 0 1 L 2
5L>cu*d/wd/lpd’ywmuj,lz_wmiywJ.,WJ‘ ujézjvébwﬁ
iaw..ﬂ’ﬁdtt‘d/ufu’iﬂg&l#ldﬂ]u’!<u*d/ﬂ//,~d~.flJleJ.«bKdl,vl,,
06 & e Ut 2 Ued § o s e S URE (G U e B Sl it U
G U etz € ur o £ SEE S Mo dier S

;/;ufczféf’d/?z70&’.;M.?/;Kunf‘LCJg:g‘;fg,Jufuﬁ&u;d%u#w
et b UG U s T 2T ek A A L o S 7 on oF e

g}flb‘Z:L//Bco}l/ugUédﬁ;.v&fﬂ,{{ic«@gcu}g}%’%@rdﬁd/uu;!uf?(j
e e Ui b E S it Aol w7 o F1n s B a6 K P (o St

L a6 E b JPEUPLE Q17 e 20 51l Ut UELE P G usn Fosl At Gis
..glr‘Lt‘ﬁo)QJc;ufbv’:'d/aﬂf,?ué.ﬁl&/}”d)’ (ufw&d/a/!]gu{:‘gt‘lgﬂ:—%
U2 317 S G S et U b6 S 2T 2 SASE A Ay
:_u"<€ny/u,‘g/¢@/4000¢3/a/!},?/)Kal'fggeuju(p!db«[ﬂ/lg(j/ié.n.@j



< > ulu}uﬁgﬁJ(ionizedplasma)aﬂgg}’/l’fJ"?%/.:u%u,’yg}'ukjﬁu’{/&;l%
A ET FURET A Ao Ll enz oniff &5 e fie U
.Q;ng/f:,my/ufbﬁ&l]’gw:‘gauﬁﬁf//gw"dﬁd/ufu@ijl,

ST S o B e b £ 7 b1 LU 2 0 20 S UP2 S R

S E e 7 o L ufeE LT e U G ST e U 31 e S S

U ol QKb e S e 36 22l $n L e G K2 g P L s

N7 ondly Z’;:; 31 CLis ool 2 e U u/g &L S u/c': AL .(X.(‘L Homogeneous
4;-55uﬁuWoztr§_uﬁ’uu§4/kJ*(.:,l%fwat?ﬂd)d/wmwch,jé
%)42.55u;’vwiuﬂﬁ:w!.ué&z_zfdé&,/émujéﬁfiuslﬁ@/aﬁm
s B U bt b 0 (G e e e T S sl S kKT 2

KL%U.%/,:/? ﬁﬁng_;L/vL.Lg.gi :UZ/ uu{u“uz_z_wé,aj&_;wwu: o il
Mwuadxg&&'cchgZu;fcﬁub,déwJlldﬁbaaﬁi/’ﬁl%ﬂmuﬁm’f
g (S LinT b B N L eI s  J 6l L e J7eF ¢
5% COBE &f il §5% L Lt £1992 b 6 o il 2 4 UFLE 6 5 A
S LT LU UL U e B2 § A R S SR & Cosmic Backeround Explorer
uﬁ’?(”ub@bgdﬁd/ faw/:au"u{dwﬁu"vyd/ufb/duz.icu/
Lz..ﬂ&u*nmdmiku“ﬁa,ufwd//&‘wubud/f£¢1J';i,zi
(’c’@lfb:,?u%;&la,%c«bgf‘al«%:;arowﬁw:Laucfﬁﬁuy:u“‘/@tlfﬁa:f
zu?mc;/‘uﬁawuﬁ,gJ‘&J@AJJKé_néfuﬁuuamustﬁgfig;hwzja
SIS ULyl ?

o LT LUt 37 e S 3 St G oS § 26 2 o it ol GAT
onbell Ll Ligwgkﬁc;/UTf%t’ng;zc;dVT;Llpké e =7 ou




ST UG ‘ff’ujzg,jéu}:uf‘a o\ 6l el 7 o o K S G5 S50 s w7
sz S B GO i 12 by G s Gol e o B ol 23 U1 <20 U 220
IR AMEE S A Yty U2 o L b §Ey T A 7 o
D F e FLFS W e Vs e W £ S LA S
L6 skory g U1 (B "wr o & ot 7 Steven Weinberg T s i) S
uﬂ/éu@jf & G lu U ue’;/i‘bf//%f(fuffgféﬁ%éﬁi
Kersiwl et J L B 805 i P b 15 S ek e S fond 1 L
S i F o LGP 5 e 4 06 0 o L B U

("'t‘ sty e A u’/”); P A uﬂ{(:w/;l S-f:ﬂ:‘ (//b)}jé auwcjtﬁf LIy st 2ol i
uuw/fu#cef_;/u”wu‘uﬁ w{u“éw.ﬁéz_;tféuwi/vww
.Jngd/éiu:gLL}?‘,/vJ}l%Jw:LMI%LU}/@

At et Bl Fad § B L e LS ot Sl B2 S B R QK6 S K = S
Lwng/»tgufu’@/&wéuwﬁug;u“,LquJu‘u"dudw‘;w
WIS S L1 & o UG () =K S U1 61 B U
B e 1528 P 2 Ut e § U 85 R L COBE & U 5 i Ut U o £ ke
.‘LJQ’[LJ@JuﬁéuM’uflﬁg@c«’/fjwfzf‘aﬂo%d'fg?‘ay’/

M)J@Jtﬁg{@ti}é,muc,g/'f.,@,f“iLJ’LJ@J&L&/@JWV,&;%&
~J/L G /})é‘u* fd/uﬁ/;l»/ d/bl}'/l ) atfj ko £(Energy Particle Physics
S 51 LUl U e el as o § UL S KR GAE G
T u:;),l:»ww/.ﬁuga""c;u,;wJ?/guiuﬁugauwuf/ b/u,%;u“ﬂ’uﬁu‘l
18 £ Plag S b8 N5 Wodi Ut U2 o0 Q660 L 1 €575 it sk et e U009
e, d LG SO SE L2 lo s S ent phyinb & L2 f o iF o i

| ER




e Sl F e n e B3 S 5 e

ST L G5 o6 it S e 0ok e KK F 2
3.2%;1%%43'£4;J1:Kd;éb’yﬁ/ﬁtwkuﬁcuﬂd/jwjvg.ﬂgiﬁgaﬁguﬁcﬁ
o LU 2 S tn e e (b (L st e LI e u
it e VU £33 o e Sl tra U Ondnd i ey ot £
3 Gr B it T tn Tl Lot £ ¥ e bwe Gl e 3l ot 2
ugc‘¢t7¢,)4u@/zidy’”°%lo/:ibug»/i‘cgtglétg/?nuﬁcﬁugbﬁ?afcbogm%
e e S L2 32 5l U £ e tr s ohmld e £ 6 Ut T U

—
¢

& 60 32 S bt WO U Ul S b U 3k U 141 57 8 Ut U K
EUl e GFab el o Tatals fil cn o Ltnae F 211367 5/
bbb e U1 e Qb & Qi L AL Sl AL A L e (8,
)34/@»1g.,sgiﬁ,?&.,;'g?nc,}sug@um/%ﬂnwu‘.{uwujéas‘ﬁ?
S Lol w2 G E G 2 0 Sty £ 26 o T K s (Anti Gravity
a/lignuﬁfﬁ/u’g;lLc«b’g.’/%w{?cc«&};(}lg);/a‘f:dg‘aélﬂ/u’g&g'!_{1
.C@g;uf/l} I I @A&/&uwu:uuuf?J;/;u?ng;¢gJ:)CV/,t

FE Lo foalivig s L8 hm o f L g eb &
AW ar U 161 B £ e P e U S P e v S A n
..{l L =y ,J/’n:/hfib/‘ KT by (Exponentially)ﬁ Kc«l’f(fﬂad_,ﬂ?/‘ l{gﬁ L"n‘uﬁ'}uﬂ}"

A6 LS E N AN At s Lt Tt 8 6

ikt o & Em 3T LB e ot & BT s

e sk Sl b Qa3 S L im0 28 ol =d Qb 27 26

|ER



.‘Lb/w/‘&-’/c,u’i’/.‘J/nggngb/?ubééwkjuif&_ggc‘L $ ) =3

SIZE

v

0 TIME

s Yol 4 dﬁwr@ﬂ«.f&f%dywidj Z:LJGT‘?LI Ay K2
e Qs el f e Q66 L b o p Kt e T L S0 et 8 o

33 F

e 3ol ol et Ft Lty st = S0 U ol § U e Qb B et § 30U ¥
s g kg S it w1 3§ U o 2 U6 A Ut U Bt S e o

g Ot U B i AU A Qe SE Sk e Lig 20 F 61
4;75,},‘;@}6%6u:uﬁrw,fJin,uﬁféDLwLsuﬁam‘;c}ﬁ
G’Cﬂ:{g; JJ’?‘LJ’JKVaﬂations ;vl/é?Li; S &E/}Lu G/COBE bfuli? e by

|ER



2 4 (LT LT eolos SUN sin s P Ut & Ut s (0 £ kKl L
U 27 Variations &,/:;J' m{uﬁ :JC-’//“ WL j? L Jg LT e Us /0

LK e S e bt ol S el (o E il S SC sl A s 1 2T
U"}‘ 107 /:/f%4':c«l:w/(d'_gf?‘La}/?‘%%ugégf@lgngﬂf@cj

1
100,000,000,000,000,000,000,000,000,000,000,00

Lu‘fgyj.{uuuazLJy.g‘wg;(tKJ;éfLu:/&,L,g’%m:g,/u@pzéi’:?
KA e S el £ 201 g e o U1 st K el S UV 609 0 S S Sk 7L
.‘Lt‘{pu"b’,iﬁ

G K g s e sa el B Z (Sub-Atomic Particles) et § b3 (55
ek FSLaB SF 2 g S e e d 6 A L LT 2l K 3 G e
Z ezl d/ Jny u’ib (2 d“/, T §'(Quantum Theory) c«,l(@ Soa et TJ (Quantum Vacuum)
etz L o® a3 b S une ot Uk et L NG b Lo F
Ll d L30T i A AT s cund}“’/’am wS g FSE N
ST £ 4 Qs t G et 2 (Photon) w9 U o b U F § (Quanta) E1 | U5
18§ i (Sub-Atomic) Lsf e (51 st (F16 o B 1 gr 28 G Qs ot G 5
AN 28 e T e b U ol U St e b e il 4 o B U
AT LU S sy Ut sdo P & ustl cf U ults ol osy,

Uncertainty) % ¢ J»*1 § (Wemner Heisenberg) S 7zt Jo*1 §7 7 L1 e 505
(b LJedn i 0F w e i § Pl £ ela1 305 G £ U7 < (principle
& = ) cﬁﬁﬂg)bm’b«i:«#}'ub{?(ﬁ{rgw’/]ﬂﬁm = s L8 A

K e U e 5o § o i 6 35 S Q0T A L B, 2 s L2

1ER




L0 T 16 82 o S Bl 50 S5 s Gissd G B e = F e £ Q07
8ot 8 A U o e U K GE 6 o 3T g < B3 15 w96 ¥ o
U3 Lt e G Bl §u o e G 44 4 807 et L S0 2 w6 U
4,,gnb{b’k,:3:K;,«,liw[jﬁlgJﬂéfﬁé/gﬂ%rdviLn;gLn/“g
<y U132 ug Ut 2L L et S617 s S & Un y § 21 (Fluctuations) et 2 o4
Jnupdxeétu?‘fd/w S d agzg/«fﬂ(ﬁ Ut &S a o b § T8 el oy 2
bl by Bk ely (b A A Ll LT i) Sule 5§

)i lis B S F L F e LR e 0 2L G s A o p g (0
s $0F § ot b el Ut prame ks G108 U1 L 27 U 525 2 (Nothing
;m“iL&/f@m}f{éﬂwf;gfnﬂwz;./myéidfﬂjciolf'mau’
mw.}g;;méc}mo,wL/Jgs;Uédu‘;gﬂ4/k(uﬁﬁcf?‘ugLTu:
APt e f s e ot eam Bntszr 7 p K olag e 1 L obd oo Ut Ut e
et £ Real kB 5301 06 ot (Viral) G S S i L £ S F o w5

S

%}Kﬁo&p/)cujinﬁgi/)ﬁé@/l’/géyc«b}d)lf,:}jésc,é_nu‘z/l;'%!
tlg@&"”k{gmu;?&@Jﬂt}étuhuéu”}L&tu?f/,u):za/;gzi(uﬁ/.wwuz—
u’j 10 41}bruu¢}?vd)gv§1J’meugﬁ?:_z,)/;@gw/s,f{%uﬁ

1
100,000,000,000,000,000,000,0

L}"}' 107" /;l‘atq/J/"",ﬂ.uvaw}?l,u‘-’uﬁf;/’/gut@umaauﬁr;LJZ?
A¥A LS e SU &6 1 e (FS 8 Logy 2 1

100,000,000,000

:,uuzufi}’t&@/.v{'ﬂ“f‘auﬁfc;uﬁ4//3?u'u/u;/”?1mﬁ:§_m}<‘¢§~” 1078

13




NSk piie g B E L esszn Lo o Lew o T2k S
LSoorGnS o oot lsonr b & LG L% £ £ S i
Cﬁn,/“l.,{lKui}\/irtualdjgquJ’Jﬁ':‘LC@gééu/Kuu//LL@/t{u?uja“_j}z’/L*Té;
U Az G et £ e e @l 67 e S dw 5 8 U elo S i S e

o £ S i1 3 b ¥ (Spectroscopy) 45 /5 i 2 S d w5 o8 F Ut o7 5P £
.‘aﬁlgd/f@ccf%%d/uéiﬂdgu—éﬁ

Z_,/(uf/ =7 /,:u” & (Sub-Atomic Particles) <13 u‘b:! 5 S Ut é/}) ! //l J1 (’Z —2
e /,;‘7 ol Ul osan J(Quantum Vacuum) s16 $o5 3 gt &we 51 3 L Uds d/@/’ Jﬂ
&‘37;,’ uf} Corresponding J"l/ ot &n JILl 2 uf} JC;/.. ;i (! &2 (}/ug‘.ﬁ
Vacuumu.‘:jlpglﬁ d/(lﬁ! o;g/avgf‘éuﬂufup/géta w&m}%u‘fuyﬂégm
Ji e o d/u’l e 5P d% dla " el §U0 ”u.‘:jlp S e C‘r:u,ﬁ » 7% States
i b e D e S S S L e U (States) UL INER A
Lqr%&n;ﬂu!ﬁu’:‘gd/‘jti;"jlféug/;c;ufu%‘at‘/ué;/fuﬁu}')bgu;/u
3}7 ufjlpd’ﬁ'g:;?u Cla ke I - (?,: I tJGround State s (] 1J S g
(?gft};luﬁJ’n/ug)‘;u{m?ngUguﬁ:Jlu:l.Jrui}?u_{ufhugﬁn(c//jﬂnug
= < éyz HalfLife di’]...w Jb .{l d/chp <5 J(J’:! e T 4 Ground Level <
<~ Cﬁlg Y F L es

e Ul ot Ao UL 58 ol e LU LT S U e b G 6 oo 51 S o6
V07 5 e G BB G2 5 LT b UE UP (U S sl e b 3 L U U0
LMo Lt 56 § i Uit 6 & 264 P S Ground Level
bl ks P s 0 B 2T F el 2 e sl e U

"’g”"’?‘/uf’ KJ’?wlfu‘jwéuhc‘-m‘jékﬁWG;U}J%I%*,WL'HM;/?/U:

B3



U3 U B OIS e S e B e b LKL BT U ey fi
e Ui LI & uw 2 £ 31 L Strong Forces U7 /76 s Weak Forces
/u?iu’ﬁbt&/,l@/,u‘{:u‘?@/lmfju/’Ju?fJa/}':‘at“Tz*_wﬁ;i’/rﬁK;wdbg
dKuﬁu{g;gu/,ltn{,,/‘fK;LﬁlLuuuﬁJ/de,wq;19La?blgy(/¢/,udg5wf‘wﬁ‘
ufMJg}uc.g/,lugu/(”«guf}/,/mu/ibw@/.f‘auﬁﬁ‘;m,_,h%fug@,;
Kaf..{u}?u,mjbxbi'ﬁgféadgﬁKuiugwgwcwia}”.{u}?u"&uj
émp”m‘%.é?nugutmﬂu/;ufuﬁu?uuun@/,‘Kz_lgn.:f,m’f’mu/ﬁg
orlen i Fted 0 EF o Ol en S S Pt el

W 6 2 b L L5 F 2 £ sy Ut (Grand Unified Theories) el & (s 2 il

S FLie Lo S e die feter? GBS el f o bty ZTH et f
Ju;i%u"wuwﬁ:u{;ﬁ;u&f&"c‘,dz 1077 J/‘}"{c‘_ug)/v/)}ﬁa/fét!?
J# 107" J/ﬁ@/‘;@u?;ﬁyuﬁ(":; =2 L) b ¢ Sud U <‘¢J}? 102 & ¥l
S s iz § et S Q013 Lwi‘at/;;?‘u/wé&?vgw/ﬁ{tg e N F5F
S L b L i N 1 Ky b e ot LS U0 BT U o6 e 2 51
TG g s § eI oE B S U e

et o (K L J T S et et G 56 £ 807 §% et 20 £ £ 0P B85 PL o
;Uédzﬁcéat‘@ul.rlpﬁu"d“lctagéjjg};'?dcg;d/u’?caanag/d{d/gjti?f‘at‘n
g 1077 uj;b/w‘Létl}dj"uﬁ;uéfg)’-f&'f'.tj“aaéa}@‘?dﬁoﬁ@u?m/uﬁ
q«;"ug)(}:ldg:‘auﬁ 10°° @}Ju/‘;K‘_/?taug)d’fc;g%wwg)i@(&J@Tu/’;,m‘b@
J;U}Jbgf"fr‘gau/’d/*}?ﬂ;gj.LJ!f{r&/d&)bf&/UﬁL/!&fU{gﬁf
G P K L P e e e 2 F i (8 PLens 2 Gud 2
I et = 3 e Qop i 2 e L P LS U U 2563 3 b

|E3



505 K5l U ot it Ly e ce b8 U8 U LSS e S AL AL
(b LS e n b el o dnivige ed {7 el fatnfi
F s ook L lnd e o §i it L s oo uiin LK un £ T 4 o
Frair§osf ed Seed G e P e i et & U S i e
s £ U ce ot b et B (F 50 sl o Qoo 8 St § 305 U208 Pl
(L85 6 Lot & S e Qo g wers? S A A1 [ e EFBRL L L G
L"m,g?/“uQ}Q{“ﬂc}mf,*lb/:c‘_b/l&ﬁuQ}Q{“&’f@d*:g.t“{?/m%!.ﬂ.uﬁ}‘ﬁ@
L/,dkcf%uffk}fu'uéj/-:afu(ét'?u(u'W'/Jvﬁgﬁifq5?£foQU£‘+
Repulsive) = f §u §2 51l e 6T o b S b o & e b b FL¥ed (22
K7 e eF o e (o Fm f 2 e L L3 [ kK2 (P (Foree
cde B it 10 LA L

/'/ﬁ/“,;:bl%'lgﬁuﬁu’i Ut d/ui’)bd/ﬁ(l? c‘at’n(Unstable)(?/:;uﬁ&v&.uU} Jbt
et e e bl Ll g KLl @ 4ol Dolo &> (Ground State) b S0 S Rl
“LénéLwégﬂ’“(ﬁQﬂLff,uﬁu:até‘ég‘v/st{u’w‘atic};t{”u@'uﬁ/}pg
Ground:)b(éyc:)lp;;?i@.iK;U}Jbgufuﬁdﬁ;é:al'//gf‘afﬁlgﬂé‘;}'gut
COBE S o Jp KUl o F P et 1t el & £ e Bt mls € Uf b ¥ 4 State
Py A B AU S P

do7 s Ut ot Pl 10 5 Qe Ao AL 01 8 s 66T < (8 121 606 Pl 2
20 Bt Uk UG 362 Bt 2 2ol L3 e G o U e el 7l o GRn b
,?um93;4(/94»:,6(?9%&1515&{*2~~:‘¢L~TL-,</“%£}‘J””/¢AJ
&Aid}"’”uﬁ8&’(@7/;{(}»!@}%}5{%Kétl}"m;_t'lgn,?» 10 A A Kl et 7
&p/ééa%;u:;uéd/ﬁfg_,é’ugKz,v';L@tl?éﬂé@_mruﬁom&uiw

|ER



p!LL/fcuX,&fmuy,g/cZg/Z‘_uLc«lﬁ&b}:a,ufcﬂmdétl;L:«w’
e 2Kl 107 foku:ab’b/wkuui.»AA,J.U&(’*JJ»‘/’TL%;

LL&M}L!Q/;L}(U;!:‘Ly/u,l{./,u}’M/;Lﬂ/f!/ﬁﬁct};‘wﬁfwg’ﬁ
F i i £ 10 S el 6T L =3L Solr c,uf““‘&fb(wic,t%/é?‘ug
Juklung;L}%J;ld/fc;u;%,«;u’%@fu%ugl%,ufiwwqu{‘é%n
J"(mmquf‘&?.:'/mLLnC;/‘;:_‘,/,JQ‘ugz;ﬁ@Tuﬁd//p’;f
g

::352_,!,%4;!((({!Ldf@%ﬂgcﬂb:g&@/u’/ﬁwauﬁufd]'TKui"’uf%‘.:
fﬁuﬁ’{;ﬂ:c‘_éuﬂu&ﬁu&wK(L;"L:,l%&"?d,c‘_m&wﬁ;é.wfé

J/u?KrL;‘uLmQ/J/%LJL:LLl;&ﬁm.@)Ké’;’jmLJL&T&J’%W@W
Cgla .lg/uf ugat_/uvgl}’/rl‘{'l 2/ JGT&:X;K:%

1ER



(K Y

(Chile) & =& 0 LI St (Tan Shelton) u“‘f U § 1 Qe §24 123 U2 1987 s
2213 ol LK U A2 | /(Ku”' (Las Campanas Observatory) o6 4. L‘U/él; 4 Sk J}j:«i e
dy JLof KJ'/V ufu 219 Jtédvuwéuw o8 T ;JKLJ:MU&/L/

0> .fl 4 L = (Nebulous) dUr” Z (f 2, St (Large Magellanic Cloud) u"“’p |
u;{ 2 AT L LS gn &Gl O Fo mlJ 3ol s 35
% L/“ - ..w ,.//'/

7 /Ju"u)dwcwl,/xumLu;ﬂfpmJi/d;p_;‘/d/ﬁw;?d/ﬁa;uw
:wflaufw_[t‘f&ww/l/»,:wM.»Lm,y/z_u,b»u‘”’immu"‘f&‘f
e e 43 U =3 & (Johannes Kepler) 42 72z U2 1604 13 & LKL P NS < U
LSN1987A1,y/u*ur”’Lu¢1:z_;/////u“"? 01%¢¢ugﬂ’gﬂtuﬁjv
G b Fodelze § LAy

(Kamioka zinc mine) ub/ug JUEU 1] u’{,ﬁ 2 L Jju?‘f»aa,:ﬁgu/zfl bz U1 L}/J‘Jf-;
e PG La 2o U1 U S e LS U S
e el S e o LoahsB K F 1 oS oty BT S e L U e
OGS gl F Qo (L LT 22l 21970 43 55 ol 6 1 F L wbsy 5 L

1R



Kaw'i(Bul:}"n/tgucwj'io;../e/;lﬂt’l?ggrﬁ“l(ﬁuﬁuﬁ’)/,:f‘afﬁﬂfu’{@njé!
LN ben et eon L0 WE F oo ist b W Attt
.JL(;J&iuﬁ_,giuvw‘Lnu%gu/”u’u»m;[:,Ltiziﬂf';5.»,&55/

A = Qe A6 5y2000 Bl oM S F M L L8860k L utsy
KT K 6651053 e s S P et o Qe L LG 6 uid s S L i
G uid el S L g LY LS eb o & otz e iz
U B K G s sa o £ Pl gl sl w3 § s ol sl 8
oAb F Lol fen i@ VL L5

sl o S S o) Ut Em Ut &2 Aol R AT U Ll Lt 61 86 S 6052 22
Sty A1 b £ F S holl ESUS 1L T § Ll od b L1 S
§ Ao i Udls o :UB/ &b St olos sl 35T S ety i -3 l:ﬁlau:(d{lgr‘ K”(f(i'"
}?UU’)/,:J/Ug:g,LL/;JW/ﬂgf/@/é@ﬂl’uv/é'/‘%lgj!cd/’/;’}k/)gﬁd/ab?bc)l
wu:f'*?ug.pus&!Jﬁfﬁ‘éaif}'zfgcutctﬁL“Lgu‘ft"/,utu%,jmwggttg
o BSEA LN S LU St rbr S e LSS A e L LT L
Jy B¥ sy s o 15 s T & e Sobs o 4ot 52 & o b A = 2
o Z S &fié,kz.,{ui&”dt(BetaDecaz)w;‘uQeuﬁ 1931 & (Wolfgang Pauli)
e U bFI U G sl Ubsy K 12y L Uk beS b (Typical) o U | J6 L1 4B Y 30
Ui LA S e e Tt B A LS e bl e g ) £
bt S b Lty et 7 e e B0 U1 o e Goe il Q07 S
Ll odb S FE i o £l o oF e ot e 15 § 8 5 ot 5T §u5 A £ b5
Sutze et esdy 6 800 inf L8828 L8 56 e gon o §du3
4:ﬁf{n(_‘fu,,,mgt{;yKd%/u;ﬁ-‘/f&wJéu/i;,usum;_wm!/'éu




@/l’ uﬁ/ ‘f(/,: <5 /'41 ‘e 31 & 4 u.fd: JG’C Penetrating &1 ~ =9 d/c)l J uﬁ{ B SIN]
52 e o ST el o SVt 8 £ WL e U U ol T b e G ¥
.l{f.t. e’ ¥ (Neutrino)

< 24 d/uz}j.zﬁ’!mi’);/ziwuu,/fdgfflgd/uﬁ;lmfgﬁw::uw,g//i
e el i L e ek g il

IS e porec b JobI7 P K ed o 6T dbe Kt il S oS = §77 o
£260000 el St S KL L L T e §a bl £ 05, LU we F7 3 et §
Fae 5GSBS bn et S el gmie $en it § 263 2
v Frsdied Sl Edn L L5, 860,87
YHeF E et d Loe Fuid sie e F U fed £o ot
B8 es S T tnp§ed 7 Sraif i g L et § =i (Sub-Atomic
e G e e Slo SL U ed S8 T bn s oo f = 586w
Soted S udtsy mud 2 iy &S 3 S Ut (Particle Accelerator) Us/ &1 1 315 <
e Grol U e ed Mo S

L aldi e b P e 0 e3P 1okl L1 S e 3 e Uity
Sist o A1 Qb 0 T LI L Lz E e Q07 s Sy A
MEQT E=me L L e Tt (F £naby & 303 2y 0 8 sy
H e Senited S S8, & &nod jp €0 oo 26 Gl m o
leﬁlﬂ'l:‘ab‘/cﬂ/]c;/.l:"/d/éﬁuwfmdwKJ!?9}’@¢JJJI/7:}4}’9

.an}'%/“Lﬁszuu?ngJf@J/@/JJiﬁf9éﬁ%

U 2o §(Spin) S8 2 g A st sy g e e 3L s P KD o et sl o



) 7 5 Qs S e L o U s U L i i e G o s SIE e b 2
..,Q u/{:i/] s &L;U A R0LY Z// d/él:!; b JIb ol “Ldﬁ' .{l J(Angular Momentum
T I e Bt oy § 151 SLots £ 1T o b b1 6 12 L 2 e 96 ol
J‘wuZq’wc"sufui»}‘auﬁww.{u5ufgue,4mu';?'u,a’,m%c,w;'
;ujuﬁu;’.”)lc;;/uugibjl c)l}’)f/fi Sk bn e 518 L uu’}jftf
23 U!/’gl uﬁazﬂd{u/c;uﬁu]» ‘b/z_lgﬁ)’sufgfum Zu:}/@r"‘ /g/ﬁ)vglu
bWt o F s St N e En 0 s LAF L 12538 Jou ¥ oty
Logg 5 A e bos il o F e s LAE L s Udn E3B 6N S0 S )
e L G € e L K S5

ed WF el e s SEYSUFI L U b 8 A8 Koy S
I e Ui S e A S0 A Lol e ) SIS o e
L S S el ST s e Fe et Skl et S e & aik
A Ao L Sl S b et ik S LS
W1 bt € 25 & P31 e & et E0 520l S Ut Est iy U A 3 (1
=l o WU U U G61 P b w5 LK 198TA 109 2 sl e slos L 52257 U K 631 S
I e e LU I GBS T L g L Uil S wae §
LEA oy L5ty e 1sS

U erte § Pl it 22 519874 19 g 0¥ < b New e ¥NOVA 89 1 2.1
e L I EE F e S Lyt e S Lo J6 i s
e VB Gl ¢ e DB BF B Ll T 9 s v e 8 1 B e o 10
u"/c’—fﬂﬁéuﬁc/ﬂ&r'?c‘—"UZZZ’EJ”UMM&»"JUW&'(Zc‘—'fc‘-vgf/'&’"’



d‘l&éLg;g/t’woﬁfoﬁkéu’iJg:‘afﬁ@bgjuﬁajﬂJ‘&)cLﬂjugﬂL(}ﬁu
Ji[(ﬁ?k}uLu;’)c«&mZ:Q;’T@Mgﬁgi&E/)Jﬁ'ﬁc‘a(})’lc«uﬁd/dfﬂ)Jﬁw
Ll EoTpf lurdiac ol e o ur il el et ) iy Ut vl
l}fnggc;/jLZwr/gKJl s K(:’ Super—giantdfut‘« Ul;ﬁicy//Lo'//lg K s fdc_
Sanduleak =69° 202 {5 o §* B (F L6 U1 dF ol

Fred)J/Q,?,} JM:’:&QJL}/JL{. d/dMJl%a;qrujé&{c/U«f/vé—%J’
Margaret) [0/ :y,,j/h s31 (Geoffrey Burbidee) «— /:’ {William Fowler) /36 (‘u :(Hozle
e =l L}ul! ) Jie b /lg» 4’;/:_ (l{i STl Lj:(fcnj. Z é - (J(KL (Burbidge

@u/@/ UKU)/D(V"Q/»:%M.L.JL.,%(}“@ %ﬁbdﬂﬂLJ?C“_D/U»MZ'/JY‘:“‘_UJ}/}:{JB
JKvl?@Mf‘Lgcﬁzz’dgr&Tufﬁ.Jﬂii@}(uﬁu"ﬁ@/&}geﬁﬁjuﬁﬂ}”u‘f
/'/Lé’J/!Lb.«ﬁf;«};’/uﬁuij’;LJfL/@(V“cc‘_J)/'u:,%?.)ygf'ydﬂééu;}
LL‘”}J}’J/M@}&Q5ubal‘/,{_‘%.u:?(}nd/:«}yl;/igx.:cﬂb.,}g?/lgjgc‘au//
uﬁu;mLuul:wf‘ad.?,Jw?muﬁ’wﬁgg:“gwguuﬁu}'fmLmlgm;
.‘Ll:m/w;*/.,sgz.;Jdu,é_/f.gngJ/;ufg”ga'_qjdw.e{ufénif’{

Color a7 2nbf S L e P Lt ens on Lt siis LoF
Jg/,iu’iu!:‘Lt’ng/l}zMUZVLaﬂ]guﬁ‘at‘niwuﬁfpéu’f/?ub(lo;"‘a
NS wviend NS08 LS p Lt bl FE T b ads onn
J@Jﬁﬁa/l],ctat'ﬂd/@uﬁtCf/é’iafﬂg/;ug&Kc«/l]gu&%:%up:«%c«;i]gug
Yeise et b (07 e S5 (e 2 Ut 2 el L S et e (g =
m‘L@tg (}L =9 @/, Z";Uﬁuyuéiu;//‘fg)fu c9f(i4uﬁf'7%£u%5/if§c(Fusion
S ez ine Jbe i e Asren § e o0 g‘.,' et Ly
.:/}5djuué./ug?@u?mcc_Cﬁé.nfju‘ﬁgu"},gAaUQ%GC/&L&/JJL«UJ,/

]



Sttt s o Qo Foit cisbr s e 3l £ Usd S e § b e bty o e o
p it el st P e T Bl e 2 f 36 £ i 2 F B S S b
."J;}g/;@‘{uf;U&c;i/Ju’iugc‘at'q/l%c;.‘a}?//u(%/’l}}z:uﬂgl'%fu;“at‘no,ﬁ

ettt S L6 LU

et st il o K16 5a 50 2 L P Pty tor S N1 Ao
e S5 Ik e Fnde 1S Pk S v o] S KL
F e ad N6 et 67 a2 L5 ol (I e 3§ 28
&7 Q0T ks Ut Pl sl e mbio £ F TGP e §7F ol Pkl b e (s e
Qb o 5§ it it o o by 3L uguvuf;zr S e S ed s S
.KL’j/’/@jj,ClLJVU:LJJ&}J/U”/Q:’U:’,"L/,‘/,Lu}?/)"u/)&;{d/u%o/l}vg’Bf”“L

Tl e ad e b S F S P S g e Sl St L < ST
§ Pt e b KUy £ ek & £ P Puity st L L Pk
bn&";’4uﬁtj,j,)/,uuie’%»z‘aﬁwfﬁg}%(;“ﬁaiéw(%mue%..gu/’»g;j
oS e o 6007 QU U Pt T S U e U Ut ea B e e
~/“‘;"‘a 31 F e 7 s Kﬂ// Lok ‘e u.‘.‘"/ 25wl b/éti;" - ug e 2
c/./l‘r‘/:()/}’(M)Uﬁ‘ﬁ//fcéuwﬁfﬁujf_l‘auiufjg/ﬁcw’)ﬁf"@Ji:g}féi
<A au@&ﬁj U osar I‘L Y- 1RO g/;uﬁf/zig/bgzu{!cuj!_lg
Ugt"ﬂ]):“c;):“l:l?gu”’,c;v:‘galgdf.Jn][&ti?d!;é“.;d’@ﬁiﬁu’g:ugé;lg%Ln
uﬁuﬁf%uﬁui:/iwi,gufuiﬁ’%&/}'Ll'ﬂL;/l:«f‘at'lg!'&/aﬁfg"at'tg
AL S S S Fo T e S Lk et Ly
G fton et Guns e Qo B i & L gpdnG et L
:JSuper-giantC/ PESit Q:/;L/.:i/ Ul e mnt:wu"”(u» g o}fu“?ﬁ;blgn



W

e e (o 7 P wal (8 S £ o 38 Sl £ of 20 U5 ¥ 0
st Gotd e (T Lseks = J 1§05 ks L £ UF o wid § v s e
LL/L%@A],&]J//ngb./,“aél?f;t?:,l?%tlgngtaﬂf/(;Jbu/_,ea,
b U et L o i o o Lol S e bl 2h T L LT b U 6

< bl S &ﬂi}jg’ el W sl e bm

Z:Juj{j&'g)jﬁb‘a’ﬁy//g‘L}JgL/Dt‘LuzMJJ’:‘LVMC_L}):?&%/H‘LV}?‘»{K?!
f%t’%cn)@l}z!;)é*}?q}ulC!:/J.?};‘j'i;/,u);&:l;fcaﬁfuf;l,g:a/l];jJJ'

LG et Q& Ll § Ul S e F R
("11f{<‘~_unl>./J¢u/q{z'.5/_,nf/KL/L;m‘{n%}LJ’c/:f/”..gw,{u’?ﬁ
ijkf“n‘,u:f/.,eragm!jg)’%‘f».}//?/k(uf/K;Jt«4&/ul:uggf_tg:§
/B/Jﬁ?éﬁﬁjuﬁuﬁut‘jwﬁféwﬁ/”‘g,t//uﬁmLd;:“uw;fméf/?c‘,
.w&/fcﬂgzt’«bjlgJﬁ@ﬁuj&nl%yy{@/kﬁ{_ap@;ﬂ:‘gt'/'%/,:g}(/c}'f_

Luunbj/‘jue%muu}?;Luuiuthygﬁiu/,1‘¢L~)”¢4~.,'>;J?5g{“(ﬁ‘%.|f/_,e
=Lt tb g I en LSS e uin S p e S U LBl 5 U
Sl 22 S307 01w 3ST06 ph = S T § 224 i (Shock Wave) g5 SE
/;I‘LUT}; ) [5&;//,!/,£UK/ru;{ﬂut‘~V€Ju}g:‘LJ@&{L£Lﬁ) Jg‘}:.xjjd;/;
e bl e B S F KT

i e G e bty e a Toesl UE e L1 S0 L Ut UEE Pl 0 5
Sl 1w U’{a}cm/“,}:f/};uﬁg}’(idllf‘uﬁdrf 10542&045/@/@“/:[.6?/}1 -/ S
R y/)y.c;(t‘di(Crab Nebula) % .:/,,//c;i 23 ‘LLTT}':: Y o JJ}L er“giuﬁ (ng



uﬁ):u‘;/ugd/a}u(/,&-‘/,:g;M@.,Ufi!ibj/gb’(djgé_’g;é1987A|;i/,
L6 LISy L g S e L g U e R F G L
¢u’ﬁM;’:)’;j%]’JLl;LT;UWJUu»ugf&n;}]u;ﬁ@:’:Jlauu}J&f:m
LTt d) S S e Ut ot o Ui U1 51 g £ gt ol 65 u’{ugcu}"azj}f
Gy 21054 S\ S LT GG s B

“iégjum%ugKutdg9%a;fJarg/ﬂ,€LL;juuj/;f‘Lu»
S¥rd Cn e o S o brpiide 00 e S re Fhel
L L iin Sl (0T a bl o S el Ut o ok w5 £ 34
LIS AT N LGS ke $e3 o0 3y o e 2 g il v s S
jvifv¢gﬁ{7m@/KL;,&U:J’;/&MLdjvuffgz'/bf,c%énuﬁ)p/
Lo AL dnE e ud gl bbagild b ds Sy
W3 Lo et Qb & S 7§ S U sl s S 2 o UE UG L1 T ot
kv b/uﬁf < ‘ﬁff sl S AP =l u:’gc' T U2 o2 J/f K Usil && U S 2 g/{
;zrﬁiarJuuuuurgij_/ufu/J(:/"vgJu;}ﬁd/ubﬂu;mmJKu%dm
ui'J}JK;JW/VK@TJ/%:&Ju’*’(:fﬁn‘&?c;a;i'uﬁ;z;pgé@rﬁéa
e FUAEE S ot Lisbrn p & 037 0 SO

J/llcikﬂ’)dg‘at'l?/‘{bj}J/ZEDJL;DJ&J{/'?‘L“/J.?}DQ/?A}’J';:’/;Jt'»u/q»}/;
uﬁf/w?ﬁq}ﬁuf/“;u’fuﬁa’,n)é%ﬂLuuc‘Lm/;ﬁr,@@l//UULfJ)
c(ﬂb’kﬁi.}?fvgfﬂﬁK‘Luz/uﬁgf}(f;/l:«u!}’)jug,?nlng‘”ful.tﬁe@/r;m
/..G/f/'fbgJIJG/JJ!:gic’"—)‘f)j'%'c;dﬁa%o/udt:c;Ul/b}fJ/‘LdiU&Jo}k)dg
I e b S AE o sl s Swsd 6 S G B ST S & oSk
:4;_&62.%;5 zray S wictS e Biue quioie Jes b



“L[}L?n;:“u&;fd/wm‘L@ﬁcﬂg%uLn&fz‘adejMJléﬂéJ@Jw

Z (Crab Nebula) s b/,,//? W L e e (& f/!/ KUl Uy e et el sl c,.l.,a?
§Tp Ll N Ache Fnie § £330, Ut et W ol U128 2 U bos
eF U e JF U2 GATS U s 2T s S Uow s S Fremlied § 2

LS AN F el b UI2 S § ko 0 25 e Gl §1
ﬁgc}'b{l/}!‘acﬁé_/béﬂ//r%tﬂﬁb‘jﬁl}'ulJ/ul/ff‘/c;b}j/‘,’/vgﬁ‘at'ﬂ&/oﬁd
.§_L"w.,ftzu:m//u.dnu§&,§uuﬁ;ﬁ,ffc;&quugéj’:?fs’i

bﬁojbdlf;fiko;%tgf.:ﬁ(u’imLLnL}g,’/Q‘_L"ndﬁﬁgﬁ'Vﬁg/t’»&bvg,jl:g
Lok £SO S EIF & & e & St o § sl L AL
UdE e Lumel LU

BB e KA LA e 2o b OF TG en 55 S £
S Tl GF KU e Lt en U L 61 e K Ut Lo (F s 7 L S
ﬁ,m,Juummu‘wjé'gzpuﬁ‘?(“’uJuuuﬂ“mL/uf@f'aJB/@fu”m
u'.f}'//&u:/t’wiﬁfwf,:c/urujébﬂgbechfﬁ/buglcujlféé.’,«*uﬁwj
/éw;Ll,qungjxtjtgi @p;&gz&@f/K‘LJIU&JJ’%MVWJW
e lnfd LE T/

/f/'%’,?éagjﬂyf,:i/jdeugg&fﬁjﬁjﬁcadc‘ugJU}/DLD&J{U‘G@/K
Jf(f/c,/gmLauwégﬁ@jﬁ%;zruﬁ//ziw/“ug)(:%“awL“/df/;u:(:%
St ot P enr 5601 st Ln g s §Fs 2t S & 7
df/d/auwéy‘;jz;_if@m{.L'?éc_ngg,jtg“aJ/oﬂfJ_,jlfg}duiﬁ
L};/,Cl e by t'/l’é }’//L'w.:— o Wl J :‘L/&L&ujjl, _,#'/‘ = ﬂ~+&z%4i/
Cbor KUt dTube s F el S Sor A LS ibe o usks

1R



LL/%&::J&@TV@’J/LJ/u’f:f{(/JJ!Luy'nggyz[cui]g»Ki/Ju’lcg
<1 € 2k ¢ (Red Giant Star) s> 2 { ~ L1 31 € oy molJ ufég LV e A AL AL

Z// (g 2T Jb = (51 Arcturus 29! Betelgeuses Aldebaran < éla d.ﬁg:ﬁ oeueT 6'(
e KTEEC L T it

Juu“Am:‘a@;quﬁKi/utﬁuhjﬁgfcuJjﬁzguuug9tnvﬁ@u/aé/{/7
b § et S Ul £ 5 6 ot o Gt ) 2% g O e (i st Luminosity (51 5% (5
ue/c,u'l:gné){uﬁuw}up{élﬂo/gul/;l:ZUM%}?./LE/JUM%%LJMKIZ

Sed ETo w0 £ Ftitr 2 S LA dnFnnl o s & ex

D!J/Ju}’ibjéjdffu:&WﬂfTJ@/f‘J%J&A;{:/}{"L’(f{%d:/'dg‘gLL

%})fiuﬁjm gné?nb/uému’/qfu:/gﬂ;%f/é!/lf'/}JGJ//vcf/JuﬁJ
-Jﬂé%fd/fﬂé%/“

2L b n AEI oS 2o FEENS G L ke 2 v 22 e 4
Lf@mb’».ug:‘a JK;L&%&{M ;@ALJM o f s L/@Ju N7 s
iz P 81 LSSt it o i it Loy 2 L6 S Ut
ot et 0T Uka? Bt U ks B sl o St Ut S $2T o elt St pe st o &
anwl&df/;z:u;/ulJfféﬂ“cujL/Zy/l}J_f/d;/Luf,uﬁft/ulé%wi
ui’u?:uf:/'f/;l Lﬁ;}/t‘@%mnutﬁ’ﬁﬁ%(ﬂﬁ;zruﬁf/Lu;ﬁf‘ad&ufr‘a
ot St S Esis of dap St STUtomlise St
ctnS e FTaukzc by 26,5 8Tty o L Eue ufes

C@MJ:U};QZ:y}'{:’gUUDLOLAL‘l{‘/}AIg:ﬁ{/@ieﬁid’_)/cd/&/agvuﬂ
c’_j.}‘.?.’vgifg@/fjve‘g%/d/lgf&uﬂ/)l‘gt'n/,:/:b;L?/é_fl/bédcéat'n/“}ft
/y'b‘/,:;l‘/.u((%j_}‘?fu’!'?L!:uj"%;(tgi.zyﬂa.@g{/zl./ﬁgﬂ:t’lgﬂgﬁ}/,l/,cﬁgzgw



ccalj:n‘ug]a/.ccui],?uLi/d/@/r’.:ul],gnKi/d/ulfﬂlauj?_!’};(ﬂxcﬁf(c"_:{
.t‘Tuj}jL’)f,gE’éfcuﬂﬂiuf/»

Kw‘K‘L/rfjdvﬁéf@mu‘f»e‘C&/w‘%auwuﬁgﬁ‘“’”/@,fgm
i.fuméifvakﬁfupc_%g‘j’r}Qﬁfu’ﬂf{,fﬁﬂmzguw;ff’
uﬁ;l.:«:'d,f:izuf;y;’é/wéul‘aé?ucéL,ﬁ:i/"ﬁdjéyﬁjmémf;;yg%
S G TG bwiid i) ool el =0 L S § et Qe 2T 24T
Il AR it NS S LT G S LB S T 1
Kb o L6 0 L o) S Lk P 2w



7

ﬁp{Ldvﬁwg_u:’:'ﬂ;"K.,{!/;éuﬁulmwutﬁuy‘gmﬁrwgdﬁu%fdm
n/@(u)l?g/uLagiiqer/UM%nJgﬁlc’.U}}ququjZ:)ﬂz_/D
Lun& #uA LS SPa S

ke BBl Byt Lt i e e U FAf S s G E A s E K
Lnéf’dﬂééﬁf‘%u"{d‘é(lﬁi'mwvgLufuﬁuf:JWJf/iuWw%ﬁ”u‘f
JAT S sderd S F o p L 0 S L& L5 5 L s 22
u(u’”/;l e ‘37/} d//'.{ld‘&i d/u:/l“wu.f(ConstellationofOrion)b"// St et b
1/‘-«,Jf,ut,éu,;{cau;gspﬂ,ﬁufut«aﬁﬁ.mzvm;Kfuuﬁ//imf
Ml/l;kd/u’ud/w le:u‘gl}’ ;/gigwau*ﬁalrr.WU../
u(m/ziuiju‘fu,l&u:&/égédza @iﬁLi}JGJDd“Uy/gML’%u’:u’u

G 1l 2 aae s S

oo L LB e Bt I £ O S s S e S U
A LGS e FE P oDy £ 63675 A L ST Uz = Qus
A ufes o bop it Fip v &8s S uste s s § uske cofes 09 g % 0

< AT U e U o n



/(r“”/)iujL/gsz|4¢cL¢uzufd/lg_fcuuﬁﬂdl.’pi/@/@ ngl.d‘ugﬂf‘a/;w

ST b QLo s £ Ui LGt o F L b o Ut b L sl 12 iy i S

P € ot brr JE U st 5 50 F sy e b8 i E S A aes § e
qulﬁ@ﬁqﬂpa:/fg‘ﬂ/ﬁéfx}(gu_,»,;m,éfy ST € low o584
2l S W S Ul 02d ST s L e S e u F
e ol Jog S et iy 1 A £ o i e L E LT e

%/&Lﬁfﬁat«’%?nt/bﬂv KEGUTSE SO S0 $F bt ot fh s
]ﬂt //»L(}éu :Jé_lgn pf :_,Iél./“}ft Jhe ].ﬂlza;_ulf'}u 23 ugtc;&u?/'u&g:,
.ﬁ;tﬁfj{}_ L 2

2o QLG w L¥30T 6 e U (I ek P L G
.’;«)"'~}’b’)l&;"aé L (}L’G’JLV}’J/J}//i/u{‘}’u)t{u}’KL/}”LLDJL/JL

jdb‘gjféfca_d// ;bujbdla/ Jof,«,uyu'uc,u:/u’“yi/ial:c,dlau’
uw;LJf;v JO Wuﬂyidu{fiLé//l//jﬁiialqﬂiéu)’u’l;/l/
e b T AT o s B P

Strong Nuclear) = Jg%,; P d:l.? dhs b é.l'. U L u}U’;/,: » u"/‘fg:j Z ()’:1 L
STl ol JE Sl e (5 el 3- i ejgc‘a &n 2 b 107" € (Force
e tly S unl
J"lpzdj../}g;«;"ul{{,“ad/dnugdﬁ‘uayuﬁﬂfcqéia'_/'/uy./c«}d/..«}?
ks
‘au%ut)(;f&wutf»'m;b/;/uwm“amyﬂ;gféjdfd/m;pﬁ/ffgm
e b Vol S8 A O A L e brsnr LS sy 2



xf“apfmLdn,@L/»&sz/i,&fvg&bﬂ/loozéc‘aﬁw}g’.géj}
;ﬁﬁ.@V'%!duﬁ&Vd/dnvg&u’lﬁt‘:Kngﬁ/“A L.»;L;u”"f/im{;/utdn.,@w
Sl i@kl bun LE o FL€ 080/ b, LK
e £ w3t s Ll 18l Sed SUn b iy e m s
.fnd/u}c;dﬂ,@g&'&/w&u?

L Lud e bbbt 28,000 & st S i Ut U7 g oF e f ol
et SIEd Lt e 8T L s i S e & 2 b St G ) AL
L et/ et S e A L un o e bt £ Un &t
lﬁzii/d/dn..{&uj;:,:g/r!&&/bfﬁﬂug_,@jlfirﬁufcg_é’cnu’{:_wr‘
uj,‘¢<3”2uzuz.~,}du'¢/‘f./tgJéqu/f/vw.,sgiqjug;@ §ve e/
E FU S nl Pl e Pel o e el 0/ Ko I U3 22
Jﬁmétui‘f&é@jzﬁfgwd.,mb/wuﬁJu;dfdtf»..{icKnt{%/rwf/vﬁ)zu
S & 305 =l U F



KL}’ZL&&U}’):LL—KL@J} Jdﬂv@/mﬂLLdﬂj&/}’ﬁL&/Uﬂwé— ,“db’.fl
¢ ¢ — ¥ 4 v . - ¥
Vs Lol $F G FE5 FL S Un et S pp Qi S35 m e oS
b &/le/ ét’;( E=mc

51 F

A2 me Sodsay s Em ed Se vt L2y S nS E=me Lkl e T
e JL}@'(!/C/&og{d/()’c‘adr‘?sﬁ@&tiigﬁd;ﬁfu’:()’f/c/g?ﬂ st e B
Qe S v St T b = 1 $6 e £ T e F L F Jud
A1 1 St e 0 0o o S e add L6165 U s T 6 Ut S0 = i
B67 U Ui st e 60l QU3 b3 b o ar Ut e £ i QW Q0T 1 6 s =
o Ol e i Qs

] 5



unugwi_/uﬁu)nvg&]uif(w;@:‘Lﬁ’j@u&f%&ifugdu_pwﬁﬁg
$ded SUE 7 S mtn b o o9 gz 7 U S0 AL L
S AT e bl 2 80T e (Pt o0 (S Fadh e S = po¥
GG Ur e §U o S e ST o e 0o $F e 2
sl d L a1 6025 s 05 S Q0T b n o il 02 S ns L
28I ﬁt:ujog?aﬁfdfb@)utul w‘g/L(KLuMnggu,v u}”l/i/’&‘g;/
e dnb o Sren S G LUK LU b S Thas

U e L6 L& U U S par 1ol e U e 5 S U e U st
gf%:él(f/j(ﬁ/lrUﬂcﬂ‘_J/fLJfLﬁo}h;d}ﬁuu!nu&!gd'.ndﬂug:écﬁ
6 g e Jr S e S L oSS e £ ot
| /;l4,8!)uif(Cv,qnusConstellation)u"'/é,’}fjiU{ujgiéégwﬂv‘ﬂgzgéﬁ
l:Clp lag)r_OpticalTelescoloe&%uf/» "lu’/g,/t'w Jl?u:f,’tb J! <‘¢.l’f.L‘; t ¥ Cygnus X-1
o PV e i o F M e b e £ 7R e e o0 (6 LU e
S Fre E2e T F 7SI e S Wik o S e bt
p{Lu;ﬁufuwwguzcaﬁl//géysg;JJKG/»JQ/LL,I‘L,WKw‘LL
Kt 22 Ut Ul L pnllcf e B 3 ol S e 16 ety Ut JU
Lol BU7 G & T T e i e K1 T U7 B E U e U o 6 A
.u’jc«;é/dg‘%u;u@lKdnvgzLch%o/Duﬁu[mJ}@%/gkt’/uﬁ;u’@
/JL»HWGKu@j?n(ﬁ”azfd/;/u&uf"geccamd{:.%fd/ﬁ,ym@/m_,Q
‘f‘gvgU:JJJ-’K.@JJJU,;J/J@auﬂ,’wé/(}v%ﬁ!um_/»(ci
J!fc;.l;%:;c;fdwccc;gnug]gﬁa“/&wéj_J!A!ujz_ﬂ(jgzl}'«%im“.y
o a8 L S Ol 2 e s Loz §ed Sl ELdy o




Cod U4 e 7 Ut o2 o S A 0P e Ui ol A Lok 1 b i o Kee U
FAEES P ae ¥ e b of i v dEw UF ol g LU a7 U
IS e S S e GG b Unf R E LG L WS
Cod S0z § ok tsibn dor N K L S e S od G 278 L3¢ 20020 23 35
fﬂ/@;h&/ay&ﬂL/u}i?‘/cj@‘?én&gzﬁ&;.J()VJ//Z?‘@J&
f?n,_/u?fKul}"ﬁlg,:ﬂ-{mZ_lg/:}i;/,/fpd;’lfu’lufna?’m.2(,’3/&'12//(;/&
ol e 2dlol LB P L T Eg o Snmls = B0 G 5 ST Ut S
e TS U b e o S B U e st g =l Sl L T e

EX-1 | :e;&fao,gb’zﬂul..{la)w,y}'gj@tbg Sistsne & Jn gt U2 X-1 w‘ﬁ
sz Use §7 U1y Kcﬁwén@uaaﬁvl@ez/wﬂaudw@éwwt
4‘_C5Cnu:.pmw_}/@zhfufuﬁgjﬂuw,u Ju!ﬁhdﬁ'éaw‘?gé'gauf
Lo B e G 6 s Ut S Qe b Yo b U o LT UE B 0]
d/(w}?‘aa/f_)/’d/dnug&u’ff//@iﬁ/;iﬂngt«@gc‘at‘/..«jgul.‘;g/t«@u’m
A TS o etk L e e S L dnl e L0
$Z o e STz g ok e b ) LUn kb o 262 Lo (n oo Sl
LSS TS o0 5P s (Viscous Force) =8 God ol e bt/ oS =
Ln[u”f/;lKn&}j(&b!?&/w:J;/@Jkéu"/;/wglﬁfud/;/n(juf///?/)
Seo S tdn b §F st uml By

A7 Qa2 P G b 0L Sy e § s Jn e 2 x-1 2t
K L8 o e o J K 5P QB P s e F T OF L et JEUn ALY
Lé&?é.lglf.dliwKurt&ig/mﬁcgmux—luﬁug&;ufuuﬁé./,@cagﬁ
.ujé’.n/;lb';;tbid;"ﬁa’.ﬁdnv@y{!,;u’!ggj}'q/]}



SerSalbn e il asiraidi EEm bt 2 LuwS Sudn b
u;;buﬁu;f/ccuflﬁ@/w ‘gt b Lg Jizvgz(Super—massive) Cs‘f(f’uﬁ//ziustzgf
AL A LU, S et e Uz K o S Ut b i e 7
diLL?(c;JJLJ)&z{J(w;?d“'galy@{d/wKJ/Jbguf'&/éﬂmJffcazbi
sz S e L s b L F e G Frs Lz
i & tee Qb e St § IE S Usgr o 7 0 ufcgjtr DA - S S
ST, Ll Lellbe 32 Ut 6 & Ul 87 o6, S

20 P U 40§ e 0T F QA S g ol A 26 P e 01 LU S
crener A e e Fudutds e o oF 3t (G § 0
2 )7 ¢ Qi Km{cuﬁ(w 0] wan,&deiu;fu Usil o cdlos o e Jt Z 4 <o
ol e 2 20§03 1 £ U Usit 2 (Quasars) 5 1Y &bt et 4 b £ e
ST e S Sl G Vet S e I G L2 &S

cresenm LT KS D en® e 2§ S e g KU el = e
Foutn s Loz, Eoar B e s rz 28 ez g et
e te eI SF s e te A e F L g ke F 30

Ednbhem §E LGS b otohnsioe nendf i x5
Hubble) 2 7 & 2ugs (21994 & € 2 bwe 3F Ut U1 20 2w € S oS5/
<~ J:)Lu o) u‘f/ugl én G’;’(c, S us ﬂ// Z M87 UWL (Space Telescope

CAEL it e b S §nclh Srnps $doly o = G367 1 S < (En
uﬁ;,«,t"/c/l}di(jul ‘nwﬁ'jzgu;/l}&’_ﬂt?4/kL;ﬁmnﬁgmfiwmi/i
S B LU S sl Gt u”ibw J/,uﬁJ:@L@}u PN LA Jud gt

.§_@gtn(@g}5m Qalee b et FI 4 U2 Ul e bone FY S K i



Tr6 St 2 FUE it S e sir Bl L S = ¥ (Miilky way) L (> UEE Sl
A sl Jf U .3)7 «e - (Sagittarius Constellation) FEG pfj 15/,“)5' Sd i I*
) Jeuféz’/”" sl ez Vf:zng'&g‘adﬁ’wlﬁf&uiuﬁﬁr Juﬂ;guuaﬂ:
218 qugégf;ﬁr S Sagittarius A 2 b5 s/ (Compact) ¥ =z uk¢AWZ4¢
Aot Fue Lip LUk ) e 2 K i ot eoln L 2 S
Lf//;guwgLufuﬁﬁzn)fuc},wa:‘Lf//ﬁwc;unfuﬁgﬁyuﬁqum
ufu%ﬂugﬁ-wfséwlfn‘g//"c‘-t“l?%%}iu"d{f/vgg'/ng"ct-J'wﬁ’V
VG o p ALl T s 2 tasb 2y atbn £ ninr £ Jn g
L%JM/JU}J%VQ:&.:{!(:’.’2’1“&4’4£UKJVU§J)J/9<{JJ’(,ZL““LH?
35S e L(:’m s s, S U 0 A i L € ol S e tT &
e En it BT e Frod i Font & an E6Un f o F U7 e
u/c«ﬁd/wdg‘gﬂufcuﬂd/iéﬂ;wvJﬁaﬁ}ﬁj@léwﬂ'i'uf%u"{gf
éu%’&@ﬁ&ﬁgfc/’wﬂi«nufﬁ,u"{"fnuﬁ}d«furlbﬁ()‘”a/uwﬂu"{
St i3 sk s sk 325 U2 USsil

‘L/J}’Z’Zy/(}éu;&{Uq/JJ’gé&/)ﬁ}”b)héLLB’J%JJ’}X&J%.@K;K%
b 2w Ll s ol Jn € 2 (B olml = wls s o AL 0 LT &l
ern Lo § S ST A S E e Lot apszr fInl Jn S § L S
G E I 2 e o F L
wﬁﬁuugJut}z»Q5g2LJwJng»a{u(d:@urgifd/&ggwuﬁ1915
G U1 O B B U e e 2 £ Ui Qe § o B U1 o i
Sr® urdoe o S 6 F S80I E L 6 2N s L E st B S
Qs i Ut o £ 0 g s e br B2 SO K01 L £l 2 £ unf 571

|ER



e S5 8 oI e S e s o S e s SO K UL Uz B OF
Srenpdtend s 0d £ 20 0§87 L e ol dig T
F e a3 16 88 U1 S usr 3 e PV = IV E e/ i ph e
G5 o G S 1 L een 2 F 7 S e U e U S o Py i
S e by Cumulative &7 § U1 25 ST 4 0 L i e § 10 i Ll §oF
= AT L U S Sl S sl Usie

T bW ig el (7 St S JeB0dw ot e F 5 bz 2 4o
Es7 JUIUgé‘_‘}/l%deﬁ'?J’J/ué)/fg:j'/)))jcgz'//}/Uﬁjw"u,?&}fljg:ufw di
»Jé_m,,ww,}:g/z‘ﬁ_&%deuﬁ/uLuﬁ/‘@n}ldwm?:{_énw:ﬂ,&;}w

L P S L EFE D LN p S Fa b U F

o ST e Ul G S =3 B S G2 Kt St et o 2 OF
VAot U et S LS B A2 U B LU e Qb Ua g 0% QU U6 e T s
Jnug: Sw (4" Ly é;’/u’ﬁ J! :i,j/,: u’i < bUn /“,;: Cf}{,/? (Violent) "67/1 2l .flgi .{I ==
dr S Quiz 104 Lo bz e g L1 S Uy S¥ Uy e bl S B S

3 Uz 3100 2GS Ll e PFE G e G Qn bl F AL F i S e
e plat Gt Lt LS oS e Sl 2 St usta S S 1 P2 s 0T
N ESKE (B U1 e 0Tl bl 7K USLE G5 1 208 O6 2 8 LK Uk s
Jr bty S 5> unu@ Pt ok g plat s L/J’;f_,e < Gst ol los? =35
Rgf;,lwb &l{u; Kl o~ J;f;/fﬁ e L e 2 3 JE Aquila (}5}! Cg (Ut
SI i i1 £ EE 5T 50 K G ot S Lt b o giger B3 £ ‘tg/"-fﬁuf
e o ST S e e 6 = 50§ G o B9 605 Gota S usse ot e U
L/‘E..Qﬂtct_&i’u/f@‘j@d{uﬁwf'uémLum@_&?mz@v’ic}u@;j@}g{“



.‘Ltlgﬁf;,o ﬁgmidv&yd;ﬁ/umuu“Lwn{ﬁéyﬁ%z;m;wmﬁ

A JEUF E P2l e b U S L GBS UL 513 Jr £ o £ B g
Lé/gum/;,‘c?&;fzig/uv{t,uﬁae‘677%¢L1f1w4}&1 Ui JiF Z
o T 2t Ao £ o LUA G167 6F 4 oe P 67 5P S Usd 3% ot
e SE UE sl e Plostasl s et LA E Db &, ST S e bt £ e Ly &
ke in & B KL ke KLl e £ F7HE U e bT i
.wcazé/g;fig/u.{iﬁujz_@//gﬂJ‘“Juu{/ﬁg:

L 638 ap ST = T2 g i 6§ Ul G e B
SeenF 8l 8t pmbibndl 7 18

K)ol VPP QECE 1A Lu;j@l}u’gc‘_ﬂpf. LA/ J@tl?fﬁg/z
Soslu KU1 'J/‘f— (% 2o 2l Z (Binary Star System) (Uzi Sl JL: i Aquila «e JE $P

oS b ol el ST L Und B3 (6 4 £ e Jbr f £ o F L b T b5
‘étggéui‘%,}u/)ﬁr/vui‘)él/Ku,/u!fg,du/“iLu@’ig(,ujp;gjug‘c‘,
Cdor 15 G S S L L5 Bk P bt i iy S § L G
2_6@/Ku,jutfgﬁ:é/((,u/tnuﬁ’a@u’uwJTU’-’JIJWQJQ:‘L%@/
Ent 6T Sons Fr LS G LS ol s d L3837 Son Lo

A5 L oot ] N e tT ot Prdn b AL e Dol 02g1ml T e (6ol 0l odi
A ave e s b L UT s T b6 Udn Ll e br b o
Z Usgd 3 5 550 2 <t S 045 K Ringing s Wobbling /£ e tss &A1 € 2 d G 315
bl f’ UL L s & S s v 2

:J‘?’ Gb Lj%’: b &L.}" K uﬁ' b e malJ d/@ijl Z JU; d;l:" & (Q;i L Udw .,Q I3



) Kk = (Stephen Hawking) ym u‘f/ {(Roger Penrose) Js ¢l Al e J/!;l Z L;l!; J 70

cg/(K &Q }) 4 u}j O (Lag Smarr) & § A 291 {Remo Ruffini) u*f ¥, {Brandon Carter
s v § Q013 45206 §0F e U F T UL e St o 38 U 3]
J&iuuﬁJ’Lulm£lgmjuu“uc,/;g/’u)nv@uufmﬁr:g)wJ/ﬁ:?aw
F S ebia gt 7t e U8 G Ko e § 2d R TEN Y- 4 STpyan
:JlanuféL!cg/»uQ;/l:«ﬁdg‘fnutﬁ5.7,/2 m&tf?}ug)c‘gf,mw
o Se Ui ) L3 T3 S F ol e wli Ui S 207 Ll S o U
LA ey £ 807 S & stk S 07 e S Usd B3 8 Ui K 2f
Urt ok bl e (E s F U 60ty G U b oGF F F 1 Q07 0L 00 F g oF w0 QLE
"u)’gd}’l.«gzJlﬁi@/lgﬁaﬁ/ﬁfwé/vi.)'K&U;)}/"‘(%Jbgu;’yu;})b(&w"/ﬂ‘54
Gl QUIT U T v U G5 $Zke 3 B e L e b e S Lk &
ne

G Lk it F et o L Ut o LSk Grold by £ s S £,
nbi F s e L L i @itk Seh & i e U Ut el S38 U
Uit 88 £ g 18 ST 0 G £ oo g UL L U o S
S fler Sed bl ot L8 e b & L L STt S 2ilnen £
) ‘w‘LC‘?JJ;a}JilpJ/Mu,?&/ér;"/;/»ug/nu)!}"J}ui:)}"‘aﬁ;..f,w
JJ—/MEJC‘—J'@/%/,J%%&/“‘L&/U?»J@/lgvkic'—vkiﬁJﬂv@u/ﬁcab/&
Sy ot P ¥yt L Liyab 2 d En B € b ot Wny Ty § 5
f&fJJn..«g,sz( E=mc’ )lfé_lgnjutuﬁaz{u(w/;ufé.fdn..@éu}",cd/ﬁ
€t ed 30wl e U1 6 31 U U Gy SE S 6 o Ll o o 2
Sese wlthkoan st dibnbsflnf Leriped§ed sty

bt




n;ﬁrfwo:gjco:gjiy/lg/,:gjnu@J(//ic‘at‘nﬂﬁuéuf&z{d/u’i K@/g;zy/?dn.,@
3 Ut B I st F G AE U S et e s St Gu e F U1
te Gt v S £ o oS 0 676 UFF Udss 575 (o 338 B 2 s £
Soas £ add g L3033 Sew F 07 G € o Jiwo

b Gl B 4 sl Ut 38 U Ui S Ut o 81 2 S e $FT 3 S Q0i U Z0 b
St 2l s L0 » £ 808 o S F ST 0k 0 Ut s T st F i il
Jldn,@d‘;ulL"nu.f‘;@/lg&'!/.:u)n,@/,:/#yf{ujdbi&%‘iﬁfjdﬁawﬁ
A e 8 ST En 6y K L & ST mls e mls S Ut e a1
,ﬁ/;'gib"KJt!?aJu(vau!d’f?n;uﬁjmﬁ?a’.;(w,Ku;ﬁuf?@_s‘:u/‘f
S L& 2 F A e 07 s im i — Ui U2 e §U15 L o€ b G 1
S e S 307 4 L DKt F s ot S

e Qtinly e & o Ay v 5 o L Cinder pa ok ixte S oy et S UM 56w
Ot T 1 ST § 5 1 bt gt 8 e 8 I 1 06 U Fe o (S
Frd 8w 2§ & eir ¢ 0 & (John Archibald Wheeler) 4 wb F6 £ 7 s
gl g e LT S L U lh w2 038 S e 2 U L 2l ? (e
o5 Ldsegpzs b S by zu L L5 o et Sy ot Uy TSy
WL Unid e bbb s L & st 01 S G bbb i1 S b Un IS
St = U e by I Kv{/.d/C/’$4u1}‘¢tfuntﬁf¢au)/¢;/§wytJ
e 3wl £ S35 307 1 AT s st = (e o 29

&zugc%ﬂgﬂff,l?‘gétl;ui‘aéngc«l{'Lffc;g/”/:tab'ﬂu’Bi/;;Kqu’!
.Le?[:’:/'/ﬂ!}u:c.'«Jlm,C)uﬁg&/wbétl;w&)o{cu“L@/C’«u}/&)ﬁdaﬂﬁ



4wwmrwu:Jnu“C&ug‘ac@"»Kﬂfw/wéum,é_n@/u‘;Jnugg.;/'
b/lz“iL.ﬁ:‘:uﬁwUi;,l&/w;i’:’.,;}zidm;wzi;;h'%uLgmo;/c‘abw
ccat“nl[]'ﬁga’v£¢;Lwfw“‘alg@lgjﬁjﬂiu;ﬂz;ﬁgfvdnvg&f/_,eui’:‘at‘lgn
W EFSE e FEemE e U LN A S iz KU
Fosit CUnffG e vduaeded P 2§ Un ok 32 e 3 Ud AL
ﬁrf+g/ﬁg/;uféuf{;ﬁ?u’fn&w&),wjdnugwwdvj;«gé/u:fu,w
el Ui g e i St & e b w56 3T $o2 £ U f 2 2dlon L
b kol LK FTOE e D55 w 4 4

Cutsd b zee £ 06 Ubee Bl o7 Lo F et 87 37T §Un b
FOST N HF L kG e p o Ldn b S =
Ltguﬁ’ﬁgm§_C£}§u’f/ui}qu,fc‘-};ﬁm.,sgf“mLdn‘c‘,:yﬁtu‘f&uﬁ.ﬁ.
AV IS L 6T ol Mo o G0 e it 1 E o Sy e
Je W e Gt UV, L7 2 d U1 7ol e 9
o 23 ;:LTu.?}fruﬁkig;&;/}gtﬁld_l;ﬁ_nuuuiLdnu@:fﬁnufﬂfﬂggﬁr
b1y Lt st U skt sl o & Un & o et & (Event Horizon) 1 55 5 C Ut S
Li/w.»,L,?uzgjg‘ujélgé“w,m_atﬁuLuLnuﬁu;;.“LJ/(KKJ’GyquL
o2 e S Ur it & Fb o U109 2 5t o 5 U v b S
.Cﬁ,.{,uﬁ’/ujyuéwﬁé[c;/;g,?.‘gtﬂ{;/g)&%

KSAES I L6 e Qo & Fraif of LUt tor S S Uk st od b Uz Uz
Srdutlundr Ldnusier§ pic S tdn b Zuiadn Sioie
LUPE U e bl an SO e BT b £ e OS2 i o e
K F b §os P i SEE 56N L In SRE G FF i T



.‘afﬁ@u/”f{&ugr"ffmLJuﬁJU’g/;lJutuﬁ@p

L b5 o LI AP i Q36 et g b o1 0 3 L £ Ui b S e bt o L F
A K s s AL AL Ly C gl 338 L U1 ee b e § 38 L ol -
ul:J/L Y U}/~ I Z:":(Singularitz) =Sl | Jgégd/uﬁu GbJ :’/Mr‘? JI b u‘”.L/ e 4,
i Enfe S e SRR UM et et b P Gk s DT = U
AT e Sea bt prisr ml s st s e« 1 sl 3 16 S &6 £ s b et | B
LS Ut silios 1 E P £ () Py

SUn b Ll b o | Ut Ul e 6712 S e e as £ ur 2 U e § Un ]
,<Zﬂw@’uﬁfj.;glmduz“_;/;mwc;[]t JL/;/);U}?JJ;UAJ,M@_
uﬁg&f&&ugrubu}u(gq_%%c.é.tgJugﬁ:ﬁuno;%ﬁ"%wgffdﬂ

G Uy S CE G oS eition g N E P S s F Ul p $FT U1 K
ol €t 2 KB I N e s L e § U b s o N AT U b §
E e i P il Feslore 185553

Syt U e 0 e 7 e e b D e S ST P L e il
.‘L&T}:"M&%J]J&)djTgécﬁ;Lﬁgf‘LJéfjJi._Q:,A:Jd/

do 2 et L L s &S oalee = s s P N LIy s (N1 £ 1= = Y NI
e w6 L Sy L & T EFs 1 s e 5 U Free Qb &
LSS L ekhUn oy S b Pt AL Zodab s ST F

.Q‘Lu"?/?ﬂ{'l£aﬁgﬁc‘¢t‘lgnf}::’;ulﬂ‘aﬁwbeful Kh:dbngﬁhrgf,{'tg“LD/")/)
.LLD:/a,«,B»‘ubai/,;f/jﬂwjuﬁdﬂ

Jﬁ%ﬂau@ﬂﬂd/;ﬁl6}5ngdg9Q’7/}/¢ufu;}()’”J&/jb‘dlg"i [

1ER



ic«l'//b/o;‘L 5 é’f'/;/t’wugﬁc«}@ugg}/bi/b/ucléu’:z'_//d"}:g/ﬁfial’:g
e g £ K653 A6 6 mae S TS S I A

Gt S bbb L8 S LS SIS L g eF 2



Ui K en 2K

St & i 2, PO ST et £ et bp g 2 S 20
J]@/B/o;&);yu‘l}vg()‘/ﬁlrt’%dﬂwldgrL@{éc‘.!L/{/D’/d/ﬂj/v
e E S L LiT o A Sl b e FT i S

u,?&/(l}i! KL/J%/G/:&/L',L@;ui‘;uéfuuy&ﬂ”

So U e obd F e 6 uE £ $ ik 2 e 553 U7 25000 G5 42 § 2 F 16 G
fn{ﬁ#&d/ﬁf‘c‘,/rﬁﬂLu'u,mﬁd/;)wﬁuﬁ)&f%ﬁfuﬁn%K/D’/
6184Lgﬁgntnd:b/vuﬁfd/u’lWK;l};u’}plbj:d%no)gjdfl‘fj{d/é/d/w
e 3 K u;w“iizi/";(l,z! Jf’@t?"#u»t«uu”::':fm%u%u’f?&ﬁ’:g
.Jnﬁ?&}f}gé/méﬂ"ﬁ/d/éﬁuz&dﬁ{_Ldnvg‘:f?fnaﬂﬁd/étlhf

el S 3 6 6 TG U e ol S e S UV e & 1) e =k
%J:ojﬁ:ﬁéoﬁu'fydjhul‘L}}?}”ubffug ul.(cﬁggfu?umu/},wﬁugtm’
ﬁuflﬁ@fd/)uu»f{‘aﬂ.~4/.,;}‘,cfn/&'/dn/'@/D‘/J&ﬁu/i?%/’éiuigjvw
uﬁL}%J,a”aﬁ;au4,1iat?u"f;uqu/,J/ﬁw@uggc,ﬂ/%};d,&;
.uju’un/!/'"&ﬁLT,:Jil;d"fc;;/u..{l{Jl {gc;a%uﬂﬁ@@f‘aﬂﬁwf

1E3



LPRLE e s KW 3 Lo TP o 7 S O35S 26 2
L b6 ST G v o o 15 S Q6 S e 5 el § A L
e K cb/‘a Silo 351 sl d/u”lar/l//i le/u‘/.d’ s Lf!;d/c)l.((/c/»
L8 ST S L Ry ek o S50 o e e B ST
.J;{m ¢ =6 sl S us Pl AL T L p

KK Sl e B ST Ll 4 JG L stist 9 AF1E 12 0 15 05 B of
SEIL LiT oo § U e Lo EEAS 62 < 08 2§
g?:c‘_ b Se e calerortiose eale LI L 50507 Srens 5ol

e S E Sl nls F al s € =8 S § 8 S rmee Bl L 210 U3 A F 1

e E S e fe b Sl IS S Uk el T
ke & e o S unf i f Lot eV # Ut e d £ une S £ i
U S S il e B8 o K £ ot = I § oo L uske e (P

LK oL OB A Uy e o v L 1 S Ut s i 2 G ol
SO b Ll Gy it L g S F S o = A e ol
U I 10" Eras o 5 107w FEo gt 120 S b8 Lo o
€905t O o 6 0 U e K AT Y e o o B K
3Pl AT G b B L e Ll T F S unk bl A S 2t e (8 4 [

S #@ et Ao Seb & 3 L7 metm§ bl e F 06 s G
Ko s f

Kg%]u:a;fmdewiu’uzugu‘{éu;%ugwduLth'wu;ﬁt/aof.
('jéu(L»Z’U@f{LTQﬁ;}jﬁujjﬁrf/(W'u@cé'<‘¢K£Uu’5}u:gl,?/vu}’wnub
‘ﬁc‘_fjg?mu‘f/;’m‘Lg/ﬁwug?dmang&/;lg/g”;/l:«(ﬁ:Z./u:f'@/u



U'[/,:UJZ'/QU’“LJJ;L}G/?/)L}[LLJL&/fW&y/)Jusw/g‘%&/ﬁz,«”]ME]K

e U6 s any N S

e B LGN L ke U Fay 20 Ut el L 7 o F bl ot i 1
KTl G ERTC N, FFE T2 F UpBtald, Ealis T F oz
(Subatomic) uﬁ&éul/";jm by :gﬂ/”g a,% a,b e I J}'Q’}’ZLLJL(/(JW'
:»'Cﬁm&guuﬁun?,juﬁur/.,)lujﬁ;?u?y("'u’{é_gw‘aﬁ;puj/uug;éggw
.,fu’f@!’ugﬁuné’j:,idz_m&mug(?/i%}ug)auﬁu/sv&{unagyfg
u:u)/?u(gfuj}':/”}:'u“w:p%mg);quﬁaggul:ﬁu}uzr/,ubnggd/u@
Selibesnl & S eIy Qb £ F it eda i GG ot g b, S
U ¥imedb tam o & et 2 Ui o St S 2a o
uﬁjwik}}ju,Ln@/u&,Lv@..f.pw,fujééumﬂ(ou/d;mgj’ér
o i (3 S 8007 s U P Qi £ b8 B 2 6 o0 e G
}'{./J’;jdil'..«guﬁ}fgfgﬂ(.{lL;L’aﬁ'c‘aa:lggégl)K;lﬂfgf!:/”}f?u}&nﬁyuﬁjm
!kif@‘&u@uﬁ,&u»igﬁugLg;LrufG’i:uflgé_mzr

i LT S s L T bt e bs 2 £ LS 2
S e L3t L a6 JF el b f o & LF gt L2
L P S L Sl e B LU G U L
L;;Légfyf&nﬂ/'d/a‘b’udl;é,nf};w@.’Q‘u:zé;lg/fa,uﬁ()'éf'f!:}}j
At I e St P E LG o sy S e e AL

.9[56/.;/_.51/,5:0@(,@41&La%fmrut;w?dzg"ufamuluﬁ;w‘du

DS RE LG eme dned o SO TE S e BASt kL i
};//gf.%f&lau(viwH‘&g}'fuwuﬁgzgi}'s/"z“uzJuJon-{!(wu;:“J

1R



Sl e a g A S et 0 3F D0 Pl ed 01 S S
;MJJ:/”}:'UQ:‘L[Muﬁ,LLE»Lgﬁg/u(}l’”u‘{igiuj‘)wi%fkbjﬁ
‘uji_/m/u/ﬂuﬁu);fzic,%un[u’f‘f/%/d/umf“iwc‘Lug)a/.uﬁaW
e e red SO e Uil el e bl L ot S0 et U dbr b U
.fnupauuaégﬁmv Sed Suitrzy otas §) i ety

ot LT 2 G A sl edF e S s L e d (F
Siri NS el & e GO SFEEE A by L LiniT e 1987A
ed d A gt 7 S Fu F s LS s st T e 2 e 2o L
wug!_ndlpLJu?):l.aﬁ:hjé.bé.h;uj/vwfnﬁq/@/d/ud%uf}ﬂ
et e ZEEA S Sn e LGB ST E U el AL

Vet e G Lurrind 25 a5 vtulidud vt ln & Sy
cdwiilesu Sae 8 F e db il i nlh e 1987A15 5 e [C
e dnas L2 gy Lty #

ggwéK&Jkafgﬁf‘L&@%ongﬁ//}’JL;J}"L.?}J’fﬂ(ﬁ’b)&)&b«gd/}.’“..j}jf
d/:“m‘aﬁl’avfm.QJJ:)}:’»{L&Q»J’ug:u?g;é_dg,z;/"%z;iw%
‘tfu:féﬂ'/guﬁ/’ﬁ/"ﬁdywi‘",ui'f;ufgaat‘/vu”ékﬁczi—/&'}”'mﬁg

.‘Lﬁ”éL(U’d/»‘Lﬁﬁdfééfgﬁyﬁd/ag{upawp

Gl L S i FE 2B Q6 E e £ it e Lip £ oF & i & =¥
fuug‘m;pc;;:/"}jw.m“//,m/duu’vég;u{& Zu;'ZLyzl,g:alu’ < u"/ul
Coad o) FL L Uning i F b & mts e elis LT 2 b ot ed o U
L s e G2 e it U2 s G o Qe P S Q0T s L L s

§ Weakly Interacting Massive Particles <13 [}J} J L L J' W / £« bl Ly WIMPs (L‘ J )‘-"




)J}.’.’b} 23 (Higgsinos) ):%t"(‘(GraVitinos) J:%‘ﬁz’/ﬁ/:«l/} OP= u:’l,v:‘/lx u’/” ‘e i
S ony - fl (b u.'.’/ m{&:’/uﬁ < Loy Ll b 32 <ot Z (Photinos
.m/c@fuf'u:zfaw,éw

4':WIMPS:,:/JU!ujd/;»gi;Luiiﬁl/d};a&a/ﬁ&g}'@‘a;)hibg’icm}w
Jd'Jggﬂi!/%fJ@b/cﬂc—}/d/@fﬁ;JPE/‘%%C‘LMVM’M'/.J&/;JM}
o b E Lt LGl K S e Eb b1 old sl & o ol
SN L L FL L6816l L cs E i i gt =)
d(/,&-"'/agfdra;_(}ndu/}fc’_(l?.l(V"cﬁ;/;;!ﬁwp%d/w/-f?%&flbfLé".)/“
/n)'{jviuffggaw,zuyféuw;Lé.@éu/m,fmu::,gjwu"./’dﬂ
L2 3

/ﬁ_.,!:‘L(Uz‘iUl;é/!M}fﬁJ?‘afy@f/d/u@(Germanium)ﬁyiJTK.Lf,“u’!
tf4,§‘;guué1,/u;£3@;u'/ig}j;,?,Jﬂréunic‘,m/ﬂw_ﬁ;ju/wmpsé/
J'LatticewlgJ‘f’/_g:%&/j/uﬁf//,“gdﬁ,g,/u”fgfﬂﬂ.ugthu,::‘g
Lt Vit Fp LI IS e Qe s Stenr JiT o 3
u:w;]/n[)m’utqugu/;:,,eug:‘amu‘vqcu’f; Cairfend e,

< YOl KUt G

e LWIMPs 2t &S 7 e 0 el e w8 S e W & L g F
Epilidye Fad Lol ed vy i; Le Led §uardnds ot
e St Laliom £ PS5 oS Lo LG (8 ot S le b 26 3 %
e B BELLFUS Free 0 S WiMps sy L S E ped §ts e 30T
.‘adguft@él/:/lnl/,g



AN e L LSS F ¥un & kel A AL S G S el ol
Yo ol 1 L g8 w3 £ P38 S o P O W i P e O 4
e s S £ Uranus) 9y A o ol S G0 b U1 23t § (Neptune

3 S L (Sirius) A ek Fo i S il 2 (o el F G52 § 7
LT st Sne 0 b o eitn § (Situs-B) P A b Pa LS S
:g}m,f‘cénuu&wé/‘f&ﬁd&.}h&/ﬁ? U'}&Ea"f—alzlfﬂﬁaﬁ&/d%

- K3

.gﬁcn;ﬁrJnvgu:CygnusX-l ﬁf&’ﬁjé{gﬂéé/{

LS G U S e LU e 3 i £ 7 § Uil U s U U 0 L1 U
ceetrmie Jo g rn b ol sk B S St S BSOS LS L e
e 5 B U LA T LRIV 31 e K sk U £ 7 e S 86 Ut S el
2 OF 3y e $o3 Ll 2 Grs b p 5 (B P e F b s FF L
Che t8 i wf ol tr ke §5 L e w st LS S e §7 wl e S s
:ffcduwofﬂc«*jtfuub“%f)'f'éf/v!wéﬂéwtfu%ra/t«ﬁf‘aﬁ’%d/
S

Jﬁﬁ‘uu:@L/ch;/@'/utfuﬁutﬁgfﬁ’i&gd/vw;m:‘augf,éwwwdg
e ¢ b MK S F S L e SO S o ol 20
S b 2o LS Kg;bzrfuLJuf‘aGCn,?;diijzi;;wﬁugm
02y Up e 2sd U e b L Ut Ut £ U 2 Sl 6 Ut il e sir ol dp 2 L et
u;M&/LuLﬁ%;/wﬁJs d/g;hu&‘ujf‘aﬁﬁngff,:‘a‘}l'dﬁuf.‘/c"/d/uul}
S = ST Usl o e bt o Ko S = St S Uil osze i =
Fpbhed Serd 1 d Lot L Ui wg ol e £ o (U6 =
w«z{C‘fu{lHcd/l’«.t"wcg-ggéuch’pazfﬁtfa}bﬁff,uub‘fiU'IG%«;-&?gg

]



<~ &)’Z 31 l}f/i/’; é.L‘ =

e3P LB U el Lo Sk Sudten g Lol
Ciboder i S Sl e N e FE pear f i oG F
U e «e_ bl L U* (Constellation of Coma) (f° G e LK e
b T2 v e e ALl Tt NS ols §1 Gk § Ui e
uf'_{lu‘/J:L/J;/,Gu,iu%fru.{luty/z’tff;g%ug/{w/,?n;mr
Sah Lt sz canie ot d LEANL o Fnd neE
Ubs 14 é(d/g;tuiu/:,}fc‘-tjcc‘;ﬂ}"t'Kd‘”k@{ibrﬁ"w@c;c;»'L/d/_V//;lm

.§_gﬁ/njixl}14¢/f] Juslﬁﬁf}u‘;mr

el g iTet g Zalldy FIeby b mioglie & £ o 156 =¥
L g e &L I U, e L erf g nes g
drSrdnF B udndf U el B GV ok U ol e s Sl e
)-’fL-J?.:‘:uff‘LL;}’FJ.LU?M&K‘}?J)/KLC)%‘LL/'//"WJ(;U}U)J,C‘Ku#,’/(’}"{“a
,(uﬁ’fﬁuﬁ;z;(&ww,@mut;'@/c/m_j/uﬁuu+1,f¢},&.fb,u;
r)l’”:!zu?r‘/iﬁf&KJLJL&/A;[}%LULT.&%uﬁJ’//i‘LO:ﬁdgu:cdﬂle/
o Ao eSS 3aB S P 660 S 5 o e s Sl 2o ot T
Ln? LSS ey

K‘L&fkﬂjg/&}/,/&’/}u}/'d“lU:J|‘L’}’ng&:g,f/?ﬁ/chLLULTJ}jEé//j
(C s et oz eur S usle Fal Ul 4 Uf 6 Extozr U4 S L wl § il
zaauguuué//i,,{&’ﬁ‘unjé_c,fmr&mﬁ/,mpupw;fm;/mﬁ,f‘a
cbjéi.}z;é_uil;agﬂ?{,Lé_éb/h_;hcgu‘unw,c’w.uif}uﬁu”’/&.g}}gf"ﬁ’lfié/

Qagﬁd)lf&c‘_.{gdb&“lféu’id:aéuid};dfzﬁuflﬁwcf'fufu;@/w:ujé

]



i ':J Gravitational Lensing

SECGT L o e i f U2 G0 o L o U Sl KU b o
L};muc«,,pwmfLL?T‘,{ui‘w?Jgjfcugéajr¢CWJl,LT¢;/uJ(
uéjgf/})fZ:Jla,gf)}?}"(ﬁ/;l(fu?}”u:g/“d:u’! Stor €T Fintie &S
Sir Arthu) o 41 57 A £l $Hbs Lo Pl el BNl S
SIPS ity Lo L feFTE G0 E U 1919 L (Bddington

FOCUS

T d/d;n Kl el e 3/”% /CL:P’ d/fu s LTLS(}"")U; 2 S d/() ey d;L%'
K&ﬁu;féﬁwfu‘?;ﬁr/,Ew%;;/Lﬂlx’gu{lffuc)u/cx(wt,ut
£2T5

()’let{%fdz%gﬁ/ﬁ‘w&/f//rﬁugufmu“_j’//ufbﬁgffuu‘fcx
E L Fuds il akimmenl S P cnLinie JobF b
‘;?5?;}0,;,19324;/.{1fuéu’c;sé“qff‘aﬁ%uﬁé.lJ{’“:‘atﬂu/?
u?ugéfu&fg[%(L,emvg),gﬁ‘tar/f//,ﬁug_/lgd/»ifuzf/ufw“
S oS Fp & Lt A0 E St 58zl §u2 U Zsewl) 20 2 (U6

]



Lineofo@‘}a}ﬁrcat‘nwauﬁuugKS?‘LuynﬁdﬁjmSZ?;()‘,U!;L/!&,J&?
S Fbesr § i Fo i ST bw 2§ U JE S 2 o s F 1o J Sight
ULl FoT e 0 6T ol B s £ St 36 S 2 ¥ e T
o S ek B e et Sl QUKL el o et il e T U
St P S LS 7 g 8T U s & 0 5 ST S Atd £ 0
.wz,nu”futa/ﬂd/u,}l;d‘(/wu{ggugz_nu:_wﬂd}aw;-%

e s o 8F et &SI L LG S Ut P a b ek Fa F ulFL S 3G U
L legin i Fo 5w Kc}ufmugngﬂ%mmw&fé,f:@

e Gl Fud SUF L e U ee bom bbb Pat el Fo B olon
(j'ﬁdgt’fuff}j()‘uéu/:;d,g/ﬁ“at’/&//ézféoépél’lﬁlugwhf}//g,{}ﬁ/
P L LSS e el ol e o S Sz (Ut e B
JE KL/u“mMJ‘(J;A:«wauférw e S SE P nd Zow S
Pl & st el L L 1 U b | S db/(w,,,ffugcaf.fy 2 s
& 1Sk T dis S K Ut (Stromlo Observatory) s as, s 2 24 § s #ib 5 U 1993
358§ Dward 2t 1 £ L4 £ OB ke g £ st £ e £ o 3 g &

i & S e

u;w&j’/)/})u:&@gd’}Ll? J%LJU’“JUI ‘u}L/JjC/ JU)”,@QJ’QU‘{J}?VQ
gT}) J/‘L 1 .6:? == :«L‘é{a'; U bl [/;JW gdig? J(Radio Waves) Us ¢ J.L‘,fy Qs T =
<~ J}y/? U (ﬁx /3l u}’nv@ -~ U”f? VA PR WD

»jz;ﬁ,i,@jf+uguf:wafﬂw77guJn_geuy?g/.uﬁju~5f4aw
:,;f/u%uﬁt{g}(c,u*&unz_L@Jnuﬂi.ﬁw.s/uﬁwu”Jme
L}Kd/g;hfu"w;ﬂu’i d// o)L/c‘_(ASteI‘OId)Jt'wV/'M" Jg;tu"w st S olJ

]



vfu’f‘a,/! u'(u!jfﬁ u:ang/{uf c«l’f(d;{,:m Jnénﬁuﬁuﬂnui U
Ly (L' ¥ (Hawking Effect) 7/ J/& /c«l,:?; L} UK S 9ae ot 940 (5 d/;,glf% Z "l?.l b'«:,/.;

Setiod g g flat L S Qb oms r K bW ol b 2 P L2 = b
Sde G180 tsf U (7 1 22 ol L O i S £ e A e S
LTS LN L DL L& TSl a L Se P § ey oy
S anler 1 el o7 ol gy K5t AP Us 0 50 LT E U Wt b Lt
F Rk LI A LGE e S o e pbin o o S U5Y
U el K s Jz_}nfiaw,fm,_,ﬂvKm@_m;’,m}m/}zLdvu:‘
.‘guﬁdﬁu(uﬂn..@ u:’fu?.ﬁ

J._{l/;lu;u:fg;l.uéuul uﬁu/;; ,{)iﬁm{<‘a_ﬁﬂ514/lﬂ d/z_;l.uﬁuj Kuil;ggﬁ

ﬁuarw&"véul;,L{KQ/;LIC‘,,WJuu/f:w&.{umy;nu"’”-,?.c‘,g,g'
L bed Fota s 2SI N w36 un ol £ abn f Ul F F 2 r ot

2

Q¥ S0ikd 356 2 e szr i SIS el FulT < o st e = F o5 A6y

28 6 Ut e QW 308 o I8 51 S0 b3 Ut O = o (Density) <50
Ln54:)C(J’G/Ja;LJ//fJ;!3/c‘aupl&f}/c:)lj(d/g;l.é/u‘a&&u}pag
Lt

L6 bl ozt aluGae e Jr b Sl dy FLein & S e
Bun» L& L 5

ng;‘Ltﬁcjﬁg@lﬁcujggf%/gg%alflffé/diédﬁgﬁgd/ﬁuﬁré;_'
_.g/fi‘taa;.t.)frc;az{fﬁ:ﬁ{d/c«lfgf‘a/?/lJIJL;IK?iﬁw/)ﬁuhgngfjlﬁ

]



uf*ugayuibao;y/.éwﬁ‘faw&/‘wﬁu:dvu:ﬁ}’..{@/’".»,t{t{?‘auyw
K onls ik sl

ety e (F b L Ut o e J Qb ui Q66 S < U 6 (Theorists) wixL § & 4
Uz SEL L ? £ F 3 e S I Qb F 6 2 eiaie S
SFF e I i Qo @ L b6t om L ot F b Lot Bt
) 0 Lor? (U o e 2 Gos S Ut £ Ui 6050 S s 366 2
St § e Jg;ﬁruﬁal{(uﬁ SERPAINIY, Lf(u:gfu}'d(d /D;gj(Schemes
A s ot ot LSS S 1S U F s e e G o e FE TS
d/é./‘ﬂ?m4_%w,uu§_ﬁfi’$uﬁuu,jlpz§c~gJé.tzujjuf"{gw
Lo tuff Bl L G e bty o 2 e P e &z
e S S s gt =¥

St KTE b6 S S e i S Ut b6 P ¥ e ot U Gt St L F
B o § ek ed J6.0 ik i Fenlol en e o F6 30§ el
sl S e Qe Pty ik w6 2§ b pa Al b6 5 &
b KLl bn bR o Kol e Qo BF F e J6 61 e 3T dus
st F i b pkir e vlemr el o derEdnse L
e U Ll p Ll xS J6 AT b6 S 520 f o F
.{LJ/JEJ}’Z’ ml s e

Ué’, .6:? Kl = L}n‘ (Exponential) LW Sy d/'&k J/ J:JCKJJB uﬁ&/ A:SU-ee’ ("'L"
ef Ul e bl o I KLt 5 £05 LF ol F e 2 L i Kig S1 S
@)GT:’Z&(’IK(&’U;!u@ufjvz:”.f"ﬁl/;ﬁiﬂ{f‘L,g@K'&ﬁuﬁjuugu
Qe 6315 0 o L S b6 st o e F B Sk e o U 55 Qe K915

] 5



u/tg/“;f;wg%n.ﬁmkwt/gﬁm;.&»Kfuﬂ;‘ﬁj.grvg?%wdné,
”U)E"QﬂL):‘Z;‘LJFJ}?J@J/K&@,}”J&;MIUQu:._‘acrjiﬁdg!c'lgd&[?g‘aj
J;ﬁulﬂt'ctaﬁcnu%u/uﬁw{ﬁ‘aql?// Kjrcgnb/:%bmé/a(ﬂcks)
L LB walee 0T s S 612 5k 2ol & G b st 5 1 e o S0 3
b e edb 0T Sriil f Fao 56 e ot 0 S S 5 S
JlH/I‘L(j}/ou&io;&)&;&fujdgnﬂ/bc/f)q/ﬂgﬁ@gdé]g,&fd/f!}éc;gwlﬂ‘;‘a
A2 S ) en L5 J6 3 S L 5601 4o Slestlg F Bl 06 = =5
;Iamgjtffa/fmzr&gwu:w:Knuﬁc’..t?&/cﬁ.;,/.u’f’ldeig_u’ct/"c/gw
.gﬁmf;;rlf'lKa@(&ruUlwa/ﬂJ!:+Cﬁj

]



u’gj!,g.‘u//;l;;j/ftc‘_uf.u&lza‘n:f:,f%dzgﬂ..{!uﬁ;/LL;L;‘/!U.L.)u!/;;
A E KR et e $3 L L s b S PR e OF G g g

/ii%un!/ﬁ:‘guﬁ’ﬂfcﬁﬁfgﬁgwKu’l;‘LL’J}(L;{,))MUU’/VJI/LJL/G%M
}fu?fﬂ’“&é&/uiﬂuk.{i/ﬁﬁ:{nﬂﬁcﬁ;ujgu’cntxﬂdclffuc‘_lgrjb‘f{é/
.KL:ﬁ/.?;e’rw;v K,;/?ff;&fui‘mmugéu?

»@d‘%ufdﬁtedffu{'JKJJ’ﬁKfugénwyuﬁf’.,mu?@mLu,[u}st,?
Srae PSS ue§ ot dnenm Sud b8 ph Sdvdos ot S Al L 7 7
]rgu’L};’r%t‘/g’/:«‘}f/,’/,ié_%,&/?:/f]JUﬁ]‘Lbﬁ&JﬂJu}/‘Jd}'g@’j‘b"a’}
PSPt il T o 22§26 ) 858 Szt £ Jud 2
Fredondeee Bluipmdene n s B8 0SS tin
S ra P AS GuZan f s el LS 2l e s S
S A oL (1 Zurl Gt 26T M6 AL

awmugzédf;/ucq//i4an£gl§Kmvaﬁ/"wf/”_.{uIJffZTc,/.u:J.”’”
(392_}{ ol 3l I u‘j}jb/’)’{J}/iVQ Zi}fgﬂ U0l d/;lﬁ c%gﬁ;dl}du’gcca (ﬁ)’: ,“C/L”
leJu’mlf_ﬁﬁu’uﬁ}umwui.Lts»z:lechwcL_//ézéﬂu’fg/gw{f

]



:Jnulﬁ:‘/cf_éé_/wag/nvgfrw ol a@K@ganJ;ﬂuﬁ@ﬂ?g?ﬁ =
F Lt T AL £ el um S LS o £ L ol
194.>gu¢/uf' Kéﬁfaﬁ&tgf@vw ‘Zu,ﬁ‘a/lg'&ﬂwag/:;v{iwﬁ
LSur ol dnf et sl et Sond et} o i S ey
L by S i Al e ST 03l s sl et dx fjj;,}/?;/»

;z;gzi[}uit/“(& G e AT o 2T = F B UE U bz sl b o 5L Sk B3
Lzyl)f Jc,r/B/wm)E.,{uml+&J&g4/ku‘/ﬁ?étu?&uu LI Qs
éé’./‘(;x/ﬂuj&ﬁd/d/u)n..gguyl}'»u/é.zl}u/ilfLd}/a/ql{?rujz_@
Vgu)ggﬁeiilLufl:ﬁd}?%nuﬁfd/é.zoyé_nﬁugJcﬁ}u’l@/y:ujﬁ.lg
Lo Faidnlhozr it S L OB Sla LS m € Low P a Kt Ut b ot ot
£

j/u’l‘%IJ}Jf/équ{{n/lg»C%/.:a/dlcff‘;(({i’%i@/r,{uf{wg/g
u;/twn‘;u’gérw) élﬁ'éu:/t«/f/gu’! J/gﬂu‘f,cgnptﬁ Kw‘;uut«éfg_/»uﬁ
G fo S B e U L e o F B A U 8 06 L
e FUF LEL Pl 2 S BSS L pn flc bbb pt¥ S 2 o B
Wt o e Ji L an KT8 PSS s LT K e
il S U E T e dn byt PSS TS B s S S
Dk g ot ouze Prsbed VL plat oF G S ol L upn 2 S T2 U Gl
te§urdaf @ UL uF S SeeT S 08 F e
WL e &f/,u‘L&nugégu.gJ’{Jm}uputu?‘gwn & P u‘;“éf;ug
Lo A 67 U el B e ol 2 U s K P T 12 et 526 s ]

]



étl;g?:ﬂlJ@J;)cwuf‘f%cﬁnué,:c‘adlﬁ“ﬁf!d/a'_néf&*gjﬁ'bﬂf/:;
bbby be S E gl GeEn S S I e e
.‘LJ@ Qs Ll J,m})g? U = 22 1

mgmc;mu/uﬁgﬁ“atﬁdwu‘féu&?f&w//;mﬁv{uK&ngﬁ
b/utuw;Lwa:Zun‘LJpZJ:ufﬂé@“;uyzjiuslﬁgf4“¢l/4¢c/mdnu@
Jf,ugcﬁ Ut LA e s S ol 2k u?ﬁ&f{u 5 e Cﬁnd{c_uflﬁgfd/» (sl
J;(Leuaé/:gz‘tfﬁcﬁmg)wvgcjuszawut;é?j&/w%nw%
LSfednbbenenfufafiml foleph S5, Loeld L uf

Sudn b erant S r S Ul P oL £ o elB e r ol U5 7 ol S e
e G Goe s Q07 ol et U2 S 1 2 A3 88 5 e ws £ Soae
LUl A ey Fimin SEC S S o oe Froused 2 o160

L Lo n Lo nl dh A& bwd Lo 2 S BHS ab g s
uﬁ’(t“ﬁ; K&L{Jdn;{&,(cb%gﬁfﬂutm Jn.,gw’;{gul:wuubjm,u’éﬂw'/&f&
w7 e S tm § Ut O A 2 s b S i & B R 1974 e
e Gudnebas s K¢

Sebd e Pl e § e FAE W 5 b ot S (Hawking Effect) 51
A Sl S Tt F s S f S Qv Ut S P S < L S
Cesed e nrmut £ S F e dr et G E et $5 L U7
S L L Lo P U o Ao L eab U 5 L6 Pls o
369 s 1 2 ‘C;CL? S 2t o & e i o Q03 20 Z i 291 usd
.‘aézt/uduf/} ﬂu,gﬁwéLu’f”/w"

]



86l L e P e b0 b G0 E DA F a0 W e b L S e
# 1+ ¢ (Quantum Vacuum) b §.5 = (1 e ¥ Q¥ ¥ s & F e £ Sas B S
S8 rdninsPlusie & Gt Sl L 58y ds sty
auﬁglﬁluu‘ca‘}c/%uhd.)’dugéclgd;dgi4df/u’ugs,u;-%,gﬁtaﬁj
bk SR ST IS G 7 e L L

et 305 S dost 05 B e bt 6 P Gaop £ Ut th sFs s il K K25 51
DA A byt A st S A8 £ i L2 s
JE G e setn S WIG G bas Sesd Fude 2oL ien
{um+b@nfbg/gg153§7/§a!4/#L;}':ufr)ﬂtﬂ(;wéig/5u1%
.9@,/@)”&)3}%&5

VQD;‘LL"/J%,’:/;ZKL/}&:’?LJ‘&LL/MJ}KJL’OL@D/}J&/:‘&WLJG/Q
(:‘f.:a?ﬁzi}f‘c‘,t’/yutg‘}}g?Kdnv.@utétl?,;w/‘cc‘_t’nc;ud/u’u;!uf.‘b,/“édyz
G183 L Unfiia LG LGS PPt e s A U oE2 2 o b g 102 K s
Jdné/ﬂx’/ﬁ'!wVg‘;ut.;m'/q/u'”/'_,t(‘amu“.g_j/&%m%}‘ﬁgi
LG Qi S s Be S P 007 e i 48 L Uz ce bl t S
LFep Lo & Jhugme 3 T FJ 63076 el Uz U Uz sl g
JJI)ﬁchlgnb/lz“iz:.:‘aﬁo;/;l;/b,j‘p/gidﬁvg&u’f//;/}[}:;.f‘atfﬁncéaalg
LU S BB 3 e Cn e st T e 7 F i b 5

L» ¢t €' (Hawking Radiation) S S LSS gl Uyt Ao U2 516 Sl st

R

B2 3 Ut et & s o b o ak G Q2 B UE e § Ui o Gi0s?
G el Sl 0S8 b 2 5 10" K oL b oA



c,u’ic/L'?G/Jﬂ//’c‘alﬂ:/l%ulmd'ygu]i}g!dﬁdnvg:(g&”LZd/Jj:ngﬁ;[
1//%/(EventHorizon)j' J%u[(ﬁuf&;wu’giuﬂ}?t&b/ijupitaup
0PI TE e S G

F oo L Lm0 e b SEs ST AU e b S S b0 &3S
PRA I MO AN J;jfna)gjb%f}c‘¢4/1ﬁ SFF Q-3 £ Ut £
S e £ [JJ}@tu??+uu}?!w‘ﬁ‘tatm_}“’&j/?:ﬁf&ud@gf;ﬁ,ﬂ
S S e 6T oy 1 e B0 I g St £ J03 Gl £ e 2o S
CodnZESSesd ndnd Lop 75 mdnns & 07 ed M
F e Endb e el e Hintit e el So s i
Somw e F N1 Un berte F L e ped o L §udi L
/lmmuﬁémmug:c‘,tﬁfu%wuuégzbj/vm;F/mmi}u‘fdn..g& Jo b et
Sl Genestd

b 605 B Lt el - Ut otk b £ o & B Q0T s 3 e €77 5 e
onal S F L f L6 S o S SRS B 56 e e SHEH S 7 p )
b2 EFE 100 B Il Eerta (b U ol U bl § etz
KK e bbed Somw LG5 Lo BN OLP FE et e
()'l/{jdc‘at’nu)g)ﬁw;b/uggdﬁ»@dﬂc)’%aﬂ]guKulu!‘at'ng/fg
.Kg/@ﬁ,ﬁu{ldﬂguﬁuﬁduﬁdiw,omu/w%w,@

A Linf et SUndh Lo o Le Ut Ut 20 = (Hawking Effect) 51 1

Ses Zdwiaglv el o Sundnlsd £l e oy eitr 206U
LA LGOI, Ut bF U b Uy e O S ed 40k £ 5 o §07 S o S e
el e JER A S S Ui e e Qe B FL B S UEmLS



-‘é@/d/?é—c;‘u)f.’/”/u{gd/

W T L Plon A Su i Ut SR U2 ST Ui e o0 S e o § 3 U = 51
[Ju[,%cféuf@g@{»ziﬁgn@mu@g&u?wéw;&%gciwuw.f;éu
cBdnht Supwr 2 R OMNL S SOPEF L Lo e LK e bt
=l AT ol k¥ Jﬁg 2 J/‘L¢ Sl € bw s S iF Jg Sy & o
qb{uféu/éfuu‘g/uuuL’v‘JJ”uz;_u,uZq/@/lp’a/uid.{n};c,é,npwuﬁ
Z_n(;pff‘aug,»tﬁ’”d;(}vg:‘Ldjuduéd/;@gfl}(ﬁLa@}’tnppf@/u’hi
»/;:szmj;@“,Ka,t}vwﬂu&g/u:u%Zqiéggguﬁéyrwan
Ebndp e ens G o ik ed S udn ol O URLF

10 @;/’Iu.fé.npw‘)n..@ L Ked St rc“_J)j/:.;@,/ﬁfé"—/B/lel/&! e
S AL 2N Lol 108 sp L LSl el g 2L
Background) Us#=* (§ £ U [}W.w; ) K s ..g" -2 Cor S mspe JI uf ,“»;
/'/uy e Jl PRI éti? 6} U .,Q A e ol e eI 7 on Z (Radiation
Leemlianf e I e s KUFE U Ll = L B LK L
KUseE ol S 102 ot S e SUsE o AU S C Tl (U Gy U
3 T RS b or e iy it o G015 by vt b = Ut S 6 T et 200
u‘f@f;l%.s} Fetdt & TS

]'ﬁg:uéLn';a,i:i/,f&’Jnv@g/V}ﬂg?n/fﬁ,ﬁ:‘aﬁ:waﬁgcﬁﬁfﬁ
;zru”{d"wéfgﬁnvuu}&@ugKoﬁuwuﬁ@g’d/ouétﬁwyéuﬁwqu
< e ol St

3L AT



slsT s o & o6 bt s £ USEE U9 ol Ul 2 U S S U ool v
Lf'{ /u;;’.b" .,Lf’ 2 Jab g ‘JL 5 uff/ <L d{}? /lf} )//}! J’f/o;&) es £l Z U
?Knufopfq,g%nw/i/g

Bl it S F Tl fe Pk b Sl (U e by b = el T T U
ool bW e G5 Labe 65 57 48 §ATm 8 ek &S e &7
KU1 UQ‘L&lgéﬂngﬁ/,u:f&lLb‘ d:i/(Sub—Atomic) u%!o;/;! uf:l =B u'u.}'/?ub
ugujz.n P F J//:‘ eI s S s J,»Lzu < :é;lgcnu’f4(w b Dbl
SE Gt §r S e L

S bl 2 o O B A U God et e el 5 =Ll sl O su o)
e KDt s sl S P S E L i U LT S e e K e e §
A E LK g S A e Sln i U el e L s By
&6 (Alpha Particle) o5 Wi i o o b ol L 08 et ee b (BT LF U5 5 €238 oy
u‘l}.{lu/uﬁcﬁjémvgf%ug?ugd/@guﬁ;mf‘algndgutéugmgf
Latgbfgggcuzéﬁdv&/tg&jvww@,n‘9u6|f@%ﬂl&j’lé(’ﬁ(ﬁ»,g
b5 A Ku‘/‘ig}j(i%gui;“wu‘fuﬂj_u’uug&miu@u:’"m Sb L1 =5 36 3 1

<l

ik an S J L Uty uy’u}’}j;zruﬁﬂ}jrﬁ/g s e b Usd BT L B
E I et 6 Q7 o1 S b ol 108 et 286 1 1 St e b OF pa
LAl 1 e to ) ma SEg SUE S e U ssnr s U2 L L
J;ﬁ:bﬂddbﬂ}‘dg‘%t’ﬂ[&%gﬁﬁ‘atﬂu}?rﬁ&/écjﬁfu/)/)lJ}”?
K ce (P Wl o b oo 60 F 6 1o F & g S 8 S
P e b B 6 8ds S e bt L T e i UG g s s s £

1ER



f‘a,vgc«,u:atﬂéﬁ‘armzr,ﬁﬁﬁrmuf‘f%:u:;/gL(Lz»wLw
‘Jﬁu‘f&/f‘a;}'b/Jf,;?wzi.»,ﬁfu?mu/mﬂ/@fu«»‘;’ﬁg‘;dtgw@;(”i;
Bode e det P uf sl oA LS e F S F
SF e gl P SO Lt $bini b ofdep b b 2 o
Kbz ol 2 §o /1 17 = bl ol b 107 &W&gV&J&!ﬁUﬁd}Uba%

Kb S F Sl am i1 F

Sepe Cuarde fa el & LIF B8 F ruvth S
Z,};Q{{ﬁlu{lf%cfgcffcfgq.)'umm.:,.l,fo‘n:,,gﬁ:q/u}/vu}:ldw»uﬁ(g
K".{%’?/’/J("gu}juul%/b/(g&chféujig}féé-w'%lu’/fg}fggfl/)iﬂd’ij
12 uﬁé:ufw,/u"fd/wv,?/ml.agf;L(Fusion),flz;l Jg‘giaﬁ'w ‘q;l'/.flt

Ju s o FEJL 108 J/Eéb.«L?LJ&ﬁrc‘;’f&%d’)JKﬂéLu’dgcc‘,dc'

.?Lw},u:‘aw’iu’%gyjq;(?mw;?,}w

‘;wméy&bémﬁ;/;}/,;@@;j&/‘&?_mtéyﬁj,ﬂamru‘fubnKJ:(«L"
S Ly e (8 S el ) e Sl e uG S5t AKX 7 s
Jr g ue,4/7uﬁgUJu;/»w(@/.fyg}””@/’f"umm uu}’,j;zr/;iéu'/‘ig;jféa

@Lg;.,/,,fuf/ﬂﬂyf/%‘auzrm,}Lkgpbz’/vdtpziJuc«,;};/;uﬁ

.w;'(@/wuﬁf'l‘Lag;),vue,/?fu?,),/*cu?ufﬁ/gf%u’luﬁu‘“gww;ﬁ?‘é
CecesfFCFVERLIsnrd FHELLNF Gre s

O F & e Ut & g o il s 2 A 23 (Rositron) o L

(Uz’idfbfaadgugg;é}'!/i,“}%a’_n#uﬁuil/’:}g/?ub(f?}'ulf}/??u;fubgoﬂb
f&(@u?ﬂmunwduﬂufJJtu?,ubg?;;é]/z«;umu:_,t‘}'uiuy}i
Ejufy/(/l?,’u/“é.uiuugb:uja“_/u:"uyfwue’,/vfifg_l:ﬁ,{d“/g%ng“f



En it S = d s o E Ul ntT T &S 1260 096 3K e
£ s# (Quantum Mechanically) dl@; Soud IS8 sl O[2y ) u’i:g ¥ .{! 4/ S 87 & /“r‘j
s F B e b GBI e F O s gt E s L S = §E U
{doﬂccaufﬁ?dﬂérui@,u’g:‘at‘/&; d/bl}i'liuﬁ’:/’ﬁ‘a)ﬁ//ﬁ:?hc,d!}
5 el L 41 57 G‘—JJL Juﬁu} ST O S v KK LS by fcau’{, B

SEL s e 1 2§ ekt 2 (Pion) wF L et o B 4 U S b Ut e §
C—’«f‘/&’{LLTU:}}?JC.DU}U};)}:ré“_glgﬁjﬁu:éu;d’}i}(&|/5))0|0}4“_(35(3;/&’2L

Sebtbzeen b 108 bold Zobs gy L v § Lo ALE ool
Koy gt e bl oo SEnlTUE U U5 L T o p Ut ot e f i
)3 6l S S, St Ut 5 o o e o S K 5T G 1 (B 1
S&S U 3&}’ Su? e F bl 107 Zl e Q6 UE ek (5l < (Quantum Mechanical
Lty Lo 15 L L Gbsy 10% S S ‘Lu:’ S Sot i Jue’;/ﬁ, > Kl

e bz Uit st S E 107wt SE7 § s

J'}U&|]’@J$[/J’JUB’}{:J:U}).&(}‘}.@%LL}?J#L%}.}J'“Lt')’?ﬂj/lr;:‘."dg
SFENIE U Bl E I 100 s 100 FL Bl Gk
¢S e 107 e LU QFmar o 2 Ui e e 10
Jﬁglu’:?:iunfc,%}uuue;45;g,{luu;;igf}:)w;uﬁﬁé%ﬁf‘a,w
LWL A S UK e

L) & 3 d/c«UTJL?d‘offa'_l/:!.lf.l{rﬁzuhujjuylj;uﬁég}djé’ie’:dbﬁéLWU”
G oA Sl b L L& el nd o s £ gty S T 0 4T U aalee
.’.;LJDZL.TZJ'.:_JIJflz/"'35?:9&;1/”‘&2.?}”’5‘3/4;[?55c;;ﬂfu:;i}z”JLW!uﬁ’ﬁ/,:c;



2oz 2R E ef re g SesdndE o PG or¥
(Cleveland) & 58 . £ {1 S 3 Gon 2t U ol el £ & LSS s i
L3 A dE G STAF G S L S TS i ot
Lni(Detector)aﬁﬂ/&ﬁguLuél/u’l/;/’:':&Lgfuf/uﬁv@l/J.Q&La?g}:jy
c FE I s S LU b SEE T b S edes S LS
(Pion)u;f.l;.{l/djc;l}"cat'n&llvLdﬁrg;/bw;lt{ut’;/v}"/ﬁf&?d{/vdﬂimff
F s Jué‘}/t!?é,u uujlmugg:§_/éf£@/l5/ﬂt il e U U7 e e 2l LT
gjﬁéuﬂ}?;mu!ﬁ)g/ufau’/fg}jufuﬁgpvfuﬁﬂéchz_lgd},uﬁpvf
S L un B2 A S L P el o SO0 3605 2 Ut b Ja e
Lf e F LS ERS 2

Ul e o SFTEL L& e Fa i S 232 £4503 50
L/G/J&/uﬁ&ggmm{ft.,n<‘¢[3tguj;?&/”-fﬁﬂf;uf{uzfnf;/ﬁjtbJ(fu
mugbéf_,e“aug;‘;/&mffuu:&gjﬁjJu¢I€n,_.beKwiugL/JJ%/"
Shidesde Lekdas 2t e v igeilrod et < B, § T
LSS L2 e bk e 5P G o T e B o e B S Fut 2
f,l/ K UL J}Kﬁ' 5L ,jugmﬁ: Ul Q((CerenkovRadiation)CLa/”l J:”/;’/.:(L’éLu
oﬁ*&/@uﬁu506,4,;",m,z;./d/tguy/,u:gg,u«,&ﬁ:u?yfgc—u"/'u”a’.@
P EIE Ll < 198TA ) £ L Ul— e G & S Lo — AL € 1w 2 ol
e Qb g S S LS T § g e ben b U Lo S s
Ic;_CCn,J/Kw(§_uu5’gz¢,;~J/uéc;agjL;,Ln4ux§d/;z4}¢;t
el U 107 Kgﬁ:) Ju' J%Cﬁnfwdgul/,l :mufwil Kby
UlﬁUﬁ‘.ﬁ.&/f%df'u@l{'tg:‘Lo)gjéuﬁ."&ﬂdjuﬁrd/lnél/KLWUG/W@J!
T el e db FoF




€t Q8 o e ¥l el S 26 Sy S B 07 S ok st oty
U e Q2 Pt 2 e U (o U3F QY s A ¥ UTS Sy B s
e U1y S (Beta Decay) blbs1 b = s &lf;j /:f,{«/? < u';{; e A S UNLy Jobay
NN ﬂléi:ﬁgiﬁ%uﬁ,g@f&;mwj! Koty e 0§ =i
§Llst by uﬁ g L losr =i bk a.L./J - Z (Grand Unification) Lﬁ‘fﬁi i’lj/fl ug
2FopErlaprenl ¢ SR B F v Lo f ol

—
¢

S 6P ek U1 (Fgor KbbA Lt U U o S L L

§ sy et & (Quark) S U e b S S e = lis uf,:cc_ufu}ug%vKﬁ u’ﬂym
g U7 e (U A B KU e L e U Us? s 0 LR 2l B
Gl 240 Z (Quantum Mechanical Uncertainty) Lf? 2 L%"x Sou A Pl J:‘( J/ PP
el f et LT of en Lo Line ol 63l e, 20 fa o®
ST/ 2 ia/}»{',u@'ff‘auﬁuffu”%/“:«%(‘uu” L S U S
U e g1 e K 4 uss ,’l/“ S (})’l J}/&% e =l 2 s ‘}JL%’ S S
Quantum Mechanical) ..ﬁf(}é» S8 =32 ot Y szugb ey /J o’ s
f}uki%g&dn.&&ﬁ@/&! :‘at'lgu{o/ll L ed L};’L?d‘(};l,::jcc(Tunneling
BEFTE sy = &0 U e bt lag iy K g o8 5 e blost primr GLIL P 1 o b
aELI 10 Lo gl 107 ui'JU;l‘aL“nu%p/;}JQ?!

‘ugLng/guﬁlﬂl4ng£at«’k{LJ!Lﬁ?‘LCﬁ//uaf.w/wjiLue;4/ﬁ

U Ut s b 2l 2B e e Vot e Pl il b e (BT F w2 Uy
s oy S 2 Jn Ut s 5550 S 0 Uy L fom e ST F w2 S
(iﬁwct_m[ue’%w}p{uuvéutuﬁ;IKﬂ,Jme?ndgdv 107 s

] o



ujgdbf 10% UanfjaJL”/,%;"JUlf}(:;(}nujo{}'C//)lJ(uﬂJ/u’“/u}/.

Gl g S S o E ittt orte S 1 et ity
wi B G T s e S it e 307 F E UM UA 6T U Lok g
LIl e 6T F Ul o 10% 2 st dow o b5 Ut e 1507 sl g L
bt primr S i 6 051 QY A L o tox A6 U Udn

el L b S 7 U p Ut E s AT U by s i o2 Ak
e & it Ext g ) el ol wjg}%t}iuu;g@f‘aéwmf-’%f{‘atgwuﬁ
Albor e bl oS s Sesz uﬁﬁjg—u;/«?; L G0 e (?/j ezt (Pion) Wyl o4
< Ui et S & Frod ol kUt E L byl 2
o A 2oty s Lts ke & ot (bag 7 ook Joo £) s Lis ke e Ut 66 S
b bor 2000 § U3 A it U K ot £ bt L ey T 2 U Uy e
e i L Lt B ol 1 A Uz e (Anti Particle) o5 42 € ot A i ol
Qg ot Sl SF e pn e ronee U6 A ¥ S U1z S
e bt

T E Jow g m B S A S e S Tl = S i
)6 - D S b G 8 st LA ALVL P SE S F S n

Udn U7 U St i b S S el Udn & e o dewe U 13 L € (Annihilation
il FE s ﬁrcuja“_/u“;f&g£Jjé4qu;f£f/&rf}5"%u s
Mo $ § g o o A 230 R iy MK e b Sl 2 ‘fr}//,:&l/ V¢,

<~ 4

¢ L crEdl 107 ULt st 1 Ut U Sl S e U s e e UL

1R



SL S e e FTE e e [ Ju 3 222 & B K U or U il 5 ks 21
ufﬁftfna,d/fbw@qub«,jtg‘Zu:ﬁdl/uf‘fuﬁé./aywﬁﬁfvguﬁ
f&:uw@(ﬁiif}'ﬁ)ga/ﬂﬁfzufidv 10116 ui‘a;mtifdi/?auv’,li/'%'
e ten o 5 A L UE

2 Anti Particle < 42 o1 0l Uz Uz L U F B il s o o e el ot
216w Entn KT o 1§ b & due A3 G0 S5 =50 S o £ U
S e Sens dabdnf il upne AL LS S G 6 by
2T Lt brat P €T A S S dnnpl e f i &
Ests2y UI/‘Z.J.E.L.UI/}’“OI.,{IJ/J: Uy § o

JnJ@)J,»{Lu)f»wjyﬂ‘jwuufwzéuﬁugJ_»,W(c_,u,jcg
SOt se g i A Unosre F 2 UELE S B R 28 a2 LS e LT Ul
Selsg b A Lkt £ bk o F 4 i Lun JE et B i, 0
A2 albb bbb RSO ede S S F St dn o F Q0
ufg/:;”'“uﬁc«//d/u;}uydnug,gﬁ:Jnu”zn/zgd/u;’nvg(L/" cgné:n./lzcuj‘ilg
L3 G sl I U U o L e AL un i A L
/,1uiu‘}j,é?’;wwjldwb/.»,u;d/w:ug§4*£;;/6771uﬁnuiﬁ€nd3&u‘f
Ut U el U 2 £ s I ek A A g S € s e bF1 6 Ul

Surebid il Lo a2 2 Jon S

Jﬂﬁ@%/fq’”(jg’?iLuii}g'éﬂc_duo/ulu;};/}’)fcu;};c«l'fgd/xjfy{'t;
LJ'&W&:H‘:’:jgl;/W:ZUﬂtazlgé:.i/»c;/»c.g/»bg’/vubum/;?
.b/nﬂfug)t/,»rrc,(tigrdy/&/w‘tfnu:fu,u?u&/m



L K e Lir & e Sbuba¥ @ S 7 pu P alag o oot alid
w8 L D S o e T o) L L Q7" a1 S
b ol LT B2 K Byt U L 2 U S S el L 0F e i e up® QU
csden P Sobrut Slr e o

e SNEAF e FwoS e U S et k301 £ 51 (66
Ve e i KU b e LY e SEOF S Sy e g
Ermd SO e L L LF L E L ety b E S
Hob§rer o F i K57750 8



T_he:;YJLL/;.{l/vJFV Lg;u;z.(%” L1 4t (Club of Rome) s ST ¥ U 1972
Zlle FUBY SN L UK el ey ey o W EE = ¢t L Limits to Growth

?/;!u’(m/u‘“"d/u'fciféi.f) f/u‘{d/J‘JLlaL/lwﬁJ’d,wu*u:f
cu:/m dlignpwéilﬁuﬁj//gé‘_ﬁ/,1wuﬁdl,;u/90(”«¢‘g@@¢,/.{iaf
))ﬁﬁfu,?&@ue/%—/’dwwl/agp,f<‘¢Gf}€d}§{_¢,_}/’Jl/ﬁ/gvgl/.:/)bL{?
DO A0 A0 G- OIS PR RISy =T PG N P P XY cal S7'
w0 E G L e S A LTS ot F 6L U1 e (T A
Gl G402

Ltg_wgf_L.ﬁ:‘:[}u;@)uﬁyiuiﬁ&d;gﬁ’_g,}(métu?@n&nfjf‘adgsKuf)m{
e o eSS A L e L300 S &6 £ F (o £l S
6 o o un ool FUF S S5 S AU 2 s ne s S i e 265 £ Q0
e W Sy £ AT L1 e s ST ol Ff s P S U e QU7 5
4}.me‘ggﬁﬁ'djud’w&‘w«.}4_;(&;‘1;;Jwﬁiﬁgﬁé}(ﬂ,f%cm
c;d.-nfjLulf&»*f"/ﬁﬂt'm“_a/}/bJLU/(Z.)/,/U?/VU’)LJ"!AiLf.k“o)&]c;urv
gyil./ﬁ/;lufU(@“!uﬁd;gT&U!Livu@?(f&:‘fﬂ/ﬁcufg;fﬁ'/rolﬁﬁdbé.n!&




L;)}]G L é/‘uﬁz}t% (242 S 4 K&Ul Cyf‘aﬂéiéug@w f@iﬁé()@ (}l{"/;!
.nt‘@yj.::)l)bd/ydzhﬁcauﬁ;a/j

drudeidw et Set¥terd it s S amup ot o & S Le
‘L;zr:,Jt/u:J'ég@};uu;caaw:,fcjfbd/ﬂfdfb/u,saiufﬂ%n@j‘"@d/?
uf'uf);fu"ﬂa/cc,dvjl/;):gf,41171,1(944/76”@&»'1“;%: K edib § s )
/Zl:d,{c;iblz:f&UlJ‘Lwaﬁichlgﬂ(gyd;ﬁ,Q}fg‘ajfl,/gﬁﬁ';fdv
LU ude B 38 S 8 i e e b e d s
dmufjpuf‘ﬁuo/f§.Cﬂﬂ/£J,!§_J;u;£¥u§.ﬁ/Jvd~..{l?é_,bta‘fu?
Ustaze e e ofF ot Ut el

L& snesgmnld® R liuEle £ FI0F0ITotwe
LWU{JLW’;{/JA,/’/Jluft%4Lﬁf/f£@;/<‘¢;ﬁr//y1@fié
Ly AT G it b B b A Ll S F ol ot lpm ol & Lins e
o T swe g S L30i8s S e FE o 5 L
s

4(2@%51!;@&1&@;/»Lc,l[]]a'_u’léftﬁy@(/%g)’/ia}’/,ut(».,g
y/uyajul?f/'gnmq_ﬁm; dU &gﬁngnfj/K]'TL@Jruﬁé'Lu”gL s
bl ln N L PSS Fen S Loy S b Ol S8
Vi  NENE L P §f 2t B L a5 LW
Q@Jra}'djp’dnu@f/p}LLnol;LJ;FLEJJ/L“n:;/Jqu/J):b/ny/7
E LR o J S e 8wt S ot £ 1T e S Do b2 Q09 s
SV LGS TP L Lo b ude S f L2y
e S0 S S



/,1[j’wﬂ;wéL&wQ‘JJ‘L&KJ&(/JJJ@#Q?VLQWJJ'TLQQ%
U 2 e S e L FF O A LB T o v I ol
J,J/ﬁ'dg%nuﬁf.ﬂ{uw’;zi[}u'!ftyu:)uﬁg%ﬁp@.ﬁ#dﬂjf};)gm
A VL S anrd e a1 S o K60t S wnr QI LI S
ek el En I £ Sl £ Uil s

) Sl N1 s o3 £ BN T S e £ 660 Qo (Homo Sapiens) U1 5 Pt o)
Loz o & S el e X CEIEE A e dr e §F e Lu s
Subs 1O S S L Sfow J6 U1 A G a0 S35 U i G S Uk s B
Lé.Tu:;miz_/“b»ugfcufuw;m‘j/uwL&;:&wﬂ%_moyﬁ’,}bi
GGG s S S g S withl e S o 5T &L ./:éfétgy,/;; JB L U ke B W
L&xﬁ’J;W/fgjjuo//uLJlL,/KLu;;’l,;}:gqu/QyKJJL/u%.ﬁ.um/;
SE e Pl o S L Jlon b 1o i Ut wl) = U1 e Lot 6
(;’Jnf‘aéﬁd?w,gs,tfz;/uﬂ:duug;gT/?u;/yg/,;;zrutuli,Cf,ﬁu“};w
chern&ic o L oS Qi S $e L st S
s Js £ st s e il Lime\T S 1 2265 £ v $ud iz AT 9 2 38 Sz
Poctade P LI bt S ANFFES pf e .G
Fef U st b e 3 2ot Son o6 2 S J b F b [ S 6 S o
s 2 it G5 e ol £ ot Lt ST G 0T iwe sz o) = ml U U1
Usa® m{u(lrd%q/d/lg S = i g St £ u/q;u,' S Uk AT F
SO AL ULl e 518 sl A ug ol & Llons\ TS e 200 U
‘j;('/,:/v‘.’?h—gL/B/J’:ugiu4ﬂf;r’u@df/f)/dié.//)fd%‘éé)@f}’f&
/;;U:le/ﬂJ@&QU&)@T))/?U}/E«/I/?)"V;’L!)LTUﬁoU/ﬁ“LHg}’ZKJVU:LJJ//
oot F Dot F St b ST IS U L Uwe s st L 5

]




H B it T St o op S L G L LU o ¥
ziam“au/?upatﬁfﬂ'uﬁ«_&/w;z;foj4jjfo/:u32fdv&y;;uﬁL/
Vs dar S35 &S Ut b o gt e O F U ot F o 1 ot = by

&%Z:J’@G‘:’)tku:é:-b;b"Ugﬁug)-’fLLT&)K}/J/CJ/?J/H/{Q‘L{/}?U:‘}
Kbl 9 Ul ol Ut & e ¥

/éufugf”«?qugmmgéfz;_;ﬁ/??ziunéc}J/{;gTjﬁ@,;/w
FP e BT G et L& F ol S ki S
ul:zfu”/ub/'cf-LJC»«,Q_;M.,76’/3’.1,63%5’33/1?§_ﬁwuﬁu?€2_@y/¢fugj4m
m{? U}ﬂf{gf“? V% m{/”,:/ﬁrcf_ g7 ;«3&/) o/ng)jﬁ (Epsilon Eridani) d"f:g/"! uL/L:;j
&"gm’/wadywcﬁZuftgz.u;bgéw4@)5y%<_gc/ufww’p4_zup
wd’jcf(fu,/'wf?n&b"m,‘Knmrrw}:uvKéu;/"/,/JfL,#fui‘mJo’ﬂKn
u:/’gv,f?n,,zw“Kd}:fJ%:+Cﬁ@ggt,,/vj/u’fifjfuum;’i‘utﬂﬂffuu:
d/“ﬂzd/uwzszi?/?‘)ycuj@%;ﬁé/ﬁ;m&w/,Tjgu:uu/m us ¢ e
Fopd S5 St Bt § lom s U8 ST K05 5 LT g il 15
byt o e Sl S P e lninige &0 4

}jL£uiLﬁiJK;LTDJJ/%(JUQ(/@;L@QV//@ gc«bc’/af/}:",u(ﬁ:’:y.l‘?;up:ﬁ(
W d Z8G s ATE S OF Jb £ elnf i Nun o £ e L T
Sl 36 £ ato fr? E5 el ot 5L Qo ot o 25 20

§ g s Bl Ul Ut UI s el il = U Lt o § 5~ KT LU S 2
Lo D Bt S (L F e 0 26 LG 1 e Fon o
uﬁuﬂﬁuﬁ;ﬁ; =T 5’7143, Lé_/'/u./] e &Ui ‘gfﬁn :uf/lg!'uﬁub u‘/‘ (LZ!J}“/
S o S Enf Sl f Lo oo £ enpd eding £S5 g o



e 3 3ot & b i om it SO ¥ E S Aol e T o el Qb £
¥ (Neural Nets) Jo 52 & § 2nd S5 L L U S ol et & s Bl
condi o Bl FRE T B L i P e dun e LS
e gl Ul en L 580 S e oniie e rz e 5™ mar
S5 il & miaie Fe A E G ES S £ 8 G G F S L S S
C bt s F o0 5P 6 ks sl 2o S 52 o

Las Blsuaton VL5 Jo L Zuard v b s*L oy el
SE S ALGAE f e b S G
2t e d el K e (o Jn o e TGS §E YU S G K U
GAESET L et ST 2 ot b L m o N e i
(ool Floa S Ut Qb § st 22 (Genome) 52 QU L S o i § 85§
e dd e S S UF g e i N LS Pkt S e
-‘avvw&ﬁ@

Vel ™ £ ol § =b67 Sos iz ety 4 87 F Use §2T S GAE ol oy Gt 2 1
Ui KL s £ L b T Jon U 1 2 5E § e £ S Segsl un
d/u!,g/;lca:lgguﬁ}f//r‘j@TK(ﬁgﬁlg%é4’1@)}”(&“1&“!&4()%%}(/“}[/
Loun U Jogens K & um JE 4 £ st QU f 2

S 6y N e 06 Qe S U e e e B L2 L 5§ £ GF o
Jim L g S Az 206w W6 A5 L L 2o Qe TS 40 Bz £ S Ui Es
f(nt//fc;gf/zé“4J'rJlW/§J9r//g;;¢a;gﬂu61 KLﬂ&tﬁ&Ul@i

atT U P e Sy PP b T et J Ol e 0 B =86 § U7 o WU oL

W8l Un ey O AT L un £ S EA L Uit oo oot o o L1 S



ﬁ’?ﬁ%/;%l(f;/é@/d’uégub'LLL?}?GZWLZ/L’/”//”L’{LU’@
F o o Lo 1 8 6 0T U G6 U s 2 B e T U Ut £
e el 30K Ui £

LU e ot g ey ST F S L L& 57 S U et S )
B S e § Urt b S o 5L s S 2 s Gl ol A4 ‘:)@&u:gﬂﬁufg/
/J;ﬁut?ur‘:"’"lgz;_l/ggu!@u@l(iﬁ‘u’f&‘?jdﬂ'ﬁmwgféwﬁqguﬁ@@‘ugég

L Seneb S Jolen im0l o &M Euab o

Fyus P b S A2 U108 JE U e 2 g b UL g § OF U gL (5
Forebnrd Lo el S bnf e b £
K LA T S & e L P i S E o sty s
e & 2w GF B G nl o F otk £ ot S S 51 e g lbnslbe G750
qu?f £ il 23] J(.L‘ u:/’/gjfﬁlg iold (K, u{'? s ugm A 4 il U2y L =¥
6t 2 6w 2 Tb s U P e 057 U 6 K G ik GF 7
S b 5605 Job S & eib (U ALK 360 L S
FOME S fbr e St/ Ul A L1 ST F Lo e wiar § G
uftid;g:Lu“vn:ﬂ'g@}d’f’fﬁw%ugcnux,u:f/”.,g/&ﬁ‘aﬂfu/um
Gﬁu.,iZ:K)’UJLJKL?/G”/"U‘&TD’?@)L‘QJLLQMJééwl,}j/ﬁlﬂv’?cﬁﬁnuf;ua
SUAE T S s ol LA TS e B & iyossi e B
_al{b@d;4%?§@guﬂ4ﬁfufufgg9&cndv@u[Jt!?“ap‘uéu?é’.aidf/
Co UK for S £ S o o anson $07 20 Ul

ﬁ?g{/&ﬂ#!Kufi;"uxL/d).L:%/.:Ji/{fulQ/u’?l{u“}?/}’ﬂGJc;uu(bé/?}'@@ﬂﬁ
/f:u’)LJ}’Jf/cuj(féc‘_c*&}gjﬁ)?éfdﬁobd/;@d/u’!dlu{jugkffu,?ég/&g;



Knymuf/?wgé.w,:&w.:,tfﬁnt“f/ut‘u?/awuf%p’u4_Lé_n
J! :ujJ@u’f;;y JL/'/Process u’:’uz‘&u’/KJf J:«L}L’” u]ut‘/u“/u! tgr:é/rjb‘»gi
Q‘acﬁ/&l;//&ingf(u:c«ugy(f

K6 -2 I‘L o =2 (S Jlnformation Processing .f/.:/:/? L JJKJf d/c/l.)’” L'/Zzy} thi;"
L Ut e bl S8 80 F o (T oS 6 S s i o) Loeiz o0 & Ul gL
Kl o L e e 7 Yy o B Jﬁ sy I et L/(Q f;/%ﬁ% /”,;{/“ mlJ sl
S Pz e Qo fp S 8 0P L LS 10  ted o e bn

e AL Los LS vt P S v15s gz e £ e Ut sy
I3 d/Input Information u:%/LIJ! 2ol =l Jébl. e Ji LGk e Ut $n s tg _Er
& S e 8.‘.} L Bite, I d/Output Information < 25T =l Ful ,J? u(Bit <

S Wese S gonr e AU Bite o L L ond L Ll i
b ek GBSt e ek SR U S (P U e § o G
o K50 Ut Sk 5o ek St o T Ut BT i it S L sy

—
¢

=ty ny J;vy‘ @/!Jﬁ‘a.@o‘//lg KJ}?/F}“ $3 &!,{iL(Freemaanson)u’éfﬁufd/.
J/u;mu‘-{/?zi_réu’z;d/agJL/@j4c}u‘uu{l/&tu§J,u+@Juﬁal~/’gdﬂ’z
uﬁuu.»,/1;J"’Bﬂ“%tgtnufugu;i&,;fw.wv,,mKuuf‘a,?dxag&fwén
Lot ESVFEM P S L0 Lomodb S Sk Srm b B s =
ciuﬁﬁ/rdrgj/gw&)u;"‘a[LC}‘J;I;I&&AJC}'d/@lj!&;iiuﬁuﬂ/ﬁcuj’;yz
S L A et F wli e U6 L85 K 30T 6 GF U1 4ot § ustE
gl Fordni L L2 £ 30idnek o d0F = Ul < & L K 30T i
gtz £ 03 S OF 192§ K 5T & ot pram 2650 S 807 it F S v &

1R



Kol

S pmmibiin et Faf bt ST a8 bl Ly 152 1 o
b G b C/:' J(EXperience) L/u’/ V=

A1 (5L Er LT 20 L7255 e 0 F6 o0 U ot L 38

/"/gb“:”#’f'ZL}Ju"Jﬁ):"uﬁ"VQ“}@JJ(“L&(G/&d/uér}/,d/cat)‘”uru'f‘a4/’
(Robert L. Forward) 58 st & s e §2 G §1 25 L 1w £ Uil § 201 s
&w&&gf“aguguﬁjm .,,)?; &% UX Dragon's Ego J;tuﬁ(u“v Ny 2P

Oy B L 03 mesee AT L0 S e ity L1 GF 7 55

Qi el 0 & 1 e Qo 2 U e Q0 § el (7 £ e 0 U el
el e UK Ul o2 e ol LU § L 28 L1 4 5 (U1 e 3 U0y = G
LUUU;IJJ?LU;/!J.fu}“£;§)&U|4¢&Jdﬁdldgi4f!/&!}.|&@?u?
LR LT

o) 581558007 (o 7 B e S LG FSES N Lt e 7
W5 e e S Ly S U T LS L2 s L0 = 57 $ G K x
By e b i S G SO S0 e i K s S B O
md Ladr 1ot e U S G U b G 2B UR U2 S ool e F e (2o
cngUgt'n]J“;bc,Jj’A/:,ﬁﬁdg}fui:‘Lfﬁ//.@!.@./g';lguf(:ff:ud}
Z (f/ LT bn o enr e i $mE S 2 et & Suld
.pff.c;::a,wuLn;/&,&v/w"’égru::g/w‘Lwtf(éLwa:wuf.)"é
/;ﬂ‘LJ/J“')’..{!J"wugﬁfu;fﬂw/uffw.ﬁugf&wgwkzzw;b/dlf.ii'fxrgﬂ[
§ssio ol o (s st bsrsnit U sl QL3 st Tt p2 S (P ot G LSl 6 s 6 5T 7
piir L ee Fntsnary 5 Qus? F T st Qs $52 I S S L v Lol o




/J’ilp:/,,,g!/,:J:? 6x10>° u";Jﬁf’id;gTJaTdmf‘meugd;ag/?JuijJ“;
.‘L&n@ﬂ}u:gZTJ/L@/rJW;:/J;l‘QGC

S du§OF & e FB Sol 4 e By S s sy § 1 e F F
T L F L eoat OF G 5 e G or G e s § 7 Sl 01§ Ut 2.4 Brain States
SIS s eent e o1 Eepat L L FE 1S e el LSS
Qs g it VN T 5 E 2 L SCINNOF 4ot 2, LK E o § e 1 7
L Lo SEnGI B FE Skt b 2 G E S oF e &
LI i LTSS 6 G OF o S e (Fw ks U sl U e sl
.+;zr£ﬂ;3,gL&L‘Ja._/“(t?(;glzé_lgn_,ygu:

LS e o S 5Lt e QT B L OF 0 it B eor o
Fobu1 2 o o Sudo s Fid € bl bn AL A L 3 b S
Yo it Je sl § U ‘ugjéhffAnalogfuw&;_u‘f(:’mUQJ}’,“JUQ:KMMU‘?
U o s 3t ot B 6 U5 6 1 S Ui & £ U o 4 Ju d2b e (Slide rule
G 6 et S o

it et § S0 25 P § IS S o Jo os e o S S 2 i St

SUIT o dsea s Lo dsugas S G b s § oud St S 6 e
it S S e Eni & S8 00§ rud S 5F 5 N 26 e Qosnnirs PY

il S LF Kugrﬂ.&@r/?/)’

carf{%,{ﬁ:”@wa.{ﬁwg)c/}’gjﬂw/,:u!’Jrfc«l:z/{f&?’uﬁ}uﬁkgztfzcﬁp,f
S e Je e Ut S bt S0 65 e e S el 60
Alu:/@jllwzéd/uc;oegugugfﬁ'UnJ/«fu:fji,diJy/;}ayr‘}d/u’léiu;;&/i



JJJU‘Z@LU};‘//&)'M&LJUQ/!JQMc‘LJlJ”JgE’JJG.fLﬁ/i,:ugfq;j)f?fdléuyﬂ
.n;d/ﬁui’%hg};lﬁw,‘aﬁﬁn:ufkfu’fga{i

b S b dsd eyt el Jopm oz Q56 L J0d et w0 A et S
vl LT oo L€t 0 e85 3 v et€un )
CL I S 6, AN E s ds e s 355, R g e
LS F T nit VL f i) Lo o ek

/;lsu;{zruf+yjy;/*1/w.€fu“gu‘m {Jgjb”@n;/@ldquﬂf‘atﬁﬂ
:n;uu,fcafﬁnugqfnuf&j&/uﬁdquﬂgd/ot%u!wﬁé_ﬁgﬁ
o;c‘_ujﬁwg}}zuﬁc}ﬁw{uﬁuifﬁﬂ&:c‘_ﬁﬁg;("/(@ﬂ(ﬁiz,/f_,ﬁ;“
d((;,ou.fz_/;;.,g}"i//,,/‘ﬁ*}?dnu@zlnwuﬁd/,,,}:wﬁgl'//gré_@m?,uﬁg!ﬁ
e b b U ot L 3 ol o g UK F L1 o Ut
{/;“"7@/“/,1 ?ni,’&a"o;g/’/,:/;bgf:fdn..@gU!;&r_ééu)n,@5):§,tn(fo;gju?$!
/B/Jf&{igwlc/ﬂf(u;w%'Jn,gng+,Jiyﬁu‘;Lwi,g!f‘w(d%ugn
Sustt F ef Lo e In b L LOF T tbna L L5 b5 L
mugn;:“z,/‘Jre;uLuﬂnug&f‘au&oud’-‘gudg‘?‘anﬁr,ﬁx:;g/%éu?uﬁdﬁ
LTz 2 807 00

cbod Lol dnesdiitS Laor e oo sl ds
Qo ed QW7 78 o e S LS Uil 25 R & b
<3, ss1 (Charles H. Bennett)&iﬁujz{g uiu"/lf}’}ﬁ/i IBM(:lQéT<‘LJjjT,ug<‘L

AL Jg Jj L}L? Ul élﬁ .L.%.L./“,g = s Syl J‘L y/o/;w & (Rolf Landauer) 41
Crie o e F S Qe Lesdoi 2yt b e (U Eap  F S
25 PN P8 AT S UF O & e U f Qe iy A L7 Q0 2 b




E/uf._ﬁmKg;J)ful’%l;/;@f'ét1?z0ﬁ3/wdgcuf%é/fu:“%/,;
n

UXVJ;/‘,::‘Llng,zf"/?w}Luilﬁlxé_/r‘jﬁcalzfl{&/c.&/uk)cdﬂug
IS S h S B B O s K R A S e 6 o K i
d/lg/.:uﬁ)uﬁyJ):’AIC}"@T:«.lg,u’Ul}LnC};‘c;Z{?‘aLﬁujuéuﬁag?g?uj
e Qedlyb Lai o F s vo e o 3 0pe S Qe e 6T P
4_;1,&.!Jg,%ugz-‘_lgﬁjugz“awmkuﬁﬁm‘a;gu’u/»uﬁé:"i@]guu?
Ju@s} Su @y bk J.:l%,jtg AT Ut Ul F AL e S S
e b P2 8 Q07 =68 S0 L Ut it £ e tT T Paradox o5 1 o £ ee Gt
PNTITRE Y S GSPY (Wt 97 TN

St ceo i = U8t Organized Complexity § 42 & 6 520 55 35 Jous oF
SEMad e GIur by e L& w LS U 8ol 6% T e § § %81 i
uim/»{gt{;fdi“admﬁ/wuf:}q_/?,?d/»u”;ﬁ/wﬁvgwL/m o

.‘LG"/C“G%J/KL'IG%‘L

L LI L7 7 b6 S G 7% U The Cosmic Blueprint 07 Gl & U
U e Frdaz & a et s 8 U Ul e K E it 6 Sz Gn 0 M4
“LL“Tuﬁ;z;(LEJMg;U,lg.,QpJLgﬁl;u‘o;cu‘-{uﬁf&@/lfé"9bnjuufuﬁfjgt
P e Qe S S el e (rpb anr F U1 e 1 I LIE
TS L b i

6 Lt il S U S s S s o ¥ S & L E G E S
.‘Lt’/u[{. Ul ol /uﬁﬁ &L’//K)ﬁ:l,diézai?%‘:_u%' ;/»c’ic&r]]




K6 AT Sk Sam F e S 6o ib €Sy dn o ot S £ 26 (66
Shedad Livnlumdnsf 0 w8718 (S isne ZEME

g/h/-.f}"‘ac/u,/ﬁ‘fnﬂg%rgvén/v‘f?m?io;JnQ;wazﬂJLuiui'
zgﬁciuf/ﬁwf’wggﬁ'*ug)c,up;“.4/%4u,/3’5“¢nrwéém?ﬁ@
.Jnﬁyé/¢@fﬁuff/&u?/;l6"5&9‘}@»,«{ uﬁ;iﬁﬁui/u’i";/?uff/m

Sead i Labd S EF snabd S &b p1es i,
C}/"L’%ok«/ﬁ’.‘a&@n}‘LﬂZ_n[@;Jfﬂ.{{/ﬁdgf%u@.{lb}/,cuﬁaw
?Jn Yl o y/gf;t‘ig/-ﬁf(n ( KBig Crunch é/jufq 23 Jé_l;}’i



2

L3~ =

fﬁﬂd’llp”(l»" g d,wﬂdfu’ydﬁ AT gl e rio u/g U S U sz ”{’u"ﬁ
Seoloy o Z L S hnt Sl €7 T Sl et T sir F o fonid L =¥
Ve ol e Wise Sl LI s Kal’f(ﬁc%//?u];féul@/u//ﬁf K.;qu‘;
e b ed S50 6 S s BF e $ab o Ky o et e S AT
Kool o e £ L 5 oyl OF 7% 55 L7 o Qo b 205 =6 Ut 2 57

e Uy e i el e 10 Lo U 2T ols 1 e £ 95 J6¥
v P S YT PP S ETo kTS b S it F e b T 1T E (S o
.J/Justi%_u!:tw&mizgmmZun‘ajd‘fgju‘;%‘,ffi“atfug)vu:“
L'fd/’d/;/»vglé_uﬂl/.ﬁmf&nc/ﬁuﬁ/ééul%fﬁuﬁf’{;mﬁuﬁﬁ,{;
el oo oot Lt F7 L b S Ul ke 35 25 A LT 60 2 40 S8
S it koS S Lol 6 Tl B o ot £ O s o ol e Sl
Fopd Sl AL oo S 6 2 B o & E
mz.s/Juuz_L;.Jg;ég}ug;uiuwg%}@ﬁuj’%fziu:’f;m(&nufﬁ‘m%
o U S sz Red shift Jx7 § o o U o i 2T e G S s ¥ et 5
Ut § 5 Ao § £ st o QTmli b a2 €n 26 outL 515 56 §out o £ b

T



s s & B L UEE S R S S T S e 6 4™ s e Ut el 7 o
(/:,M,p; Kulggal{&‘a»@;/;ufc;}ﬂ}bgﬂigﬂ 40l ;‘:J;u’u;luf?(jn
V131 :)@/d/;ul'%_,e s £ 5 & 9% L L7 on 2 ujL ¥ b
ciﬂdvu’:‘r.{l/{ww%Ltgnx&g»d;}‘J‘bug»w1;g»?u¢nﬁ

-« Symmetric B e A1 £ =3y J1os 1 B f K 2K

Wil s Jt et e LT E i & ntn p 35 S on S A el UF =K
JEFE b i e Lot Ot ints S 605 NH L gnd Sas
DAL LG Eun & F S F e L eih & et 55 Lt S S

EEa s e FE Al KU F s S

Eibnai L Fvar Aribatbol LTy 2i6nlsfolde & e o195
nugjagf.dn..@LTLT.fﬁuﬁy‘?nC:/:’p!Jvcf,f&rfi}’c:,fi‘gnﬁﬂgwu/?
.iu;f/,i/,éjuﬁLTL/ijyj‘JfG':ﬁ/@;ﬁz_/l}/;!diu;uf_

Kt et o 2 S 1 S E o KIS N TS & L Fwar e il =¥ a
kBT Il LD L2 S FuaF LS bl sl £
8 T En 300k =7 oir e € Lo S NBI Jbo our® 0aF” 27 50 K UFRE § E2 R
Py /,1?%‘%/?3{”1 ez Q6 KK bn S S b & ez L L sl
LA e

IR on s o7 o bl LGS i 7 o K UFE S e e g ngg
Selo 1 & e e U1 gt 2oy £ & Red Giant 58 £t L uts F Plu b i
A e UPeE (7 b6 s 0 s E ol P S 10 85 Ut £ U St G &
w SV I8 8T el AN o2 g s € 6300k 2l 7 200 Kol L



ol 0 & o iz AU e Gl et 0§ F L b6 S TG = £ 55
el Lon s pinda i 54 Un B ests Jwt §un o S 2 Ko s
Uz Uz ust o o B §1 U s F o £ S e S U1 ol KUl
Sy Lelbdswid L B Ll durdal Frabd e 5T o k¥
Uf Lol S b &2 L U & bk B par L 1 d el il LT S 2b
(f&“lufl;ﬁJl%d%ui‘tau/f(/"ﬁd/d’l/dﬂéﬂw QE6E Ut e Gt £ Udeel
SN S P EFE Labe T e bl & ol E S o S8 fon
L SuneT L e i 8/ L e unke o F 0§ S dn 6F e 35§ e
/m,éuul:uifgfun(//&"’ AL Sl JM/.:LJK:JLW,@/,’A!J?@& =k,
et d N ek 2 e S P S eis i1 L € om0
Sevdnplup ¥ ralnssagod o fus Lo

Db UoF B bW b bn S F et St § b Pl S w5 o2
lp oot A g e o ST n Gt U DI At ;A 0P &

B EF ST Kot F L g S S A B ST €
METer L STtk LS

ST L L Ui ol ook & unébuiu’f’uiig,jufl; STEn6 oy 1810 =7 200
S cujénf}ﬂ:u}ézr)g}:@'/l}fd/%ﬁé.U}/L’Jw/}iu@j:‘ag//gil =y
ikl buray S s adeF el F e v s lnd pay
)z:/;@gaiJnvg&ur‘ugé’ibai“iLé?;d"fug»ﬂ,j&! Lug;,/(?_fu)v
e E st Sl o F N L e e Tt i

l!/lgV}%’/U{A(}L‘”tc"@/‘&nGﬁﬁp/;d{;w!]gu%plgL"ﬁ)ﬁ' Uﬁuﬁruﬂ KK
e Ol -5 L1 ¥ Quarks UYf S 2 ot & UF L W2 iy S 6 6 Bl e



<~ S d{! ru,‘f!

AT {agé_umu@“L@ndﬂwwg@gﬁ?,/ugqfu:u‘gv&w
é‘”/rgf'!%m{ﬁugéiu@uuf,,l,“a.af?;/ﬁg;aw@g&lpd/wf/zi
S JEA L k6 & L

S e G UE S sl e T % 2 e e F el 3 UE ¥ GAT
Qb Lo flopadtesndn SOl £l 4L e L e oy &
Moo o Sl U e s Db b A0 S i LIS 6§ i S ol
e bds t 0 SE S s

,c‘ajl}uél{;ﬁ;,“a/"lp'()j/z,.ﬂ‘au’f(cﬁi K;;LJ/Bingnchw!/{‘(fi:
o d Ll o e Bl e & oGOy L1 Sy
Lv@.famal%z:ufu&au‘f{_L;ué/;!u:fuudfgj_ Ljﬂfé’:q_uf”ﬁ;’"
Frpwdn EELGES LN E STt £

‘;Lw;ugz&ug‘gd/ml;z@wuﬂ?‘Lt[/“},?{‘_lgtn/@Ku“gtg.w&aud"!ui"l/
S ]m e J> = LE .QJ/L oAl al?/g&! Vgl/f 1S by (342 13] 4./'1.)} J/,C!
.‘atlgﬂfju"

étl;.f/ug{, Wt JJ{LL}Q/L;«[;?J}?L}%@UQIéfl)ufc«l‘//gén &4 _J) d/é/.f
S LN L Ui e Sl L LA U Al e K U K S S
.‘ijcdfv{u: :«l‘f(d/{ iju: Sy Sl 82y Ju

Vgl,:/;lcaux}ugafaf’u’lwrtauﬁﬁ‘fKUK'L;/JLGQ]o;VL.:MKJn(M
ﬁ@/ﬁd§@/hjdjﬁ:’ﬂ,&’.’d{lﬁg sz S L kKU A S S ol o
.u:/b"l/gé/vfcai.ﬁdg/ﬁulu:)/fc«l:w/gdjv



;ﬁr‘g'/g‘ﬁ/ujp%Lé/bff‘ai,:g:ﬁ@/u{%ﬁ“,oﬁftaﬁgﬁ%,?w
o P Ui de ot e S e LS U5 s AT e P s
Bl = S U W T e by T T E LDt Lot e £
e 29 & el QL6 (Metabolism) /4t £ o AP 1§ 5y § 2 £ Ul e
Bl Lo e enl & FrulLua 10FE By m g (S ¥ois £ §u)

G 2P U Lont 3§ (Hades) P A £ Usttd v S e F L U1 e 2

/“i?c},c,d/t’u):“upfdfbuﬁé&&9J;}fJg,u;_,ibfg_wv,?»z_nzz
w2t § S U S S U et ol SOF L L st ks Lus
W77, 80 L0F 2 S 2 E PSS Sy Fr S b i o 22y
LLE it s st & NS L U 0 s e U8 et S 50 S i
A LG8 P ebb P Se Lt enp§iselnf Lo fic By
ﬁ(ufdkgéf4/kd/14uu“Ltﬁt?g&{‘;c/‘w S S Ut £ Ui & palze

o a3 OF L T s A Sl e

wséaﬁ;44;g74u;uﬁJ;/d;’;’é.»,w&mwgf‘acﬁnﬁ,,;Juy,guutufs
(John Barrow) s Ul 4 Jlr’ J et él’ =2l e Ul Cr‘;’ sl 1kl e st s aL ‘}"L e
Lo el $ ¥z £ v tndi Ut S £ ot e s & (Frank Tipler) & &3 s
Folninzy bS8 b6 N e pond Sate 3 L F1 $ITASIE
3ot F e Jor 508 5o F G g 0§ 2l e bl 40 ) AT & G UK
e $Eme B SFua3E E O fg S o 8 A6 iE 503 L S 2E Lo
U &l M S Ll e LIzt F)p$HTL b6 i (E S 7
Cubi JC}K@J}{..@K{.JC‘U}I.{IJEventHorizonﬁ! J};dréfﬂ(}v/(tg,ﬂt
v o7 & po F TR OIS O S sl el o Bl bt oo f U2 U2 76 s b U 4L

|




S S S T S 2 0 L8 G LBy S e b
(’5@Jét)a,u’lm‘LG:)/'/»}ZKJUB/;;A{U/Gﬁu;"‘afjﬁruﬁfl/dff)z:il}
2 Qbr SV L uzr U S

wJ}JJ‘ﬂ/dﬁz_lgWu»,fauﬂduﬂJZ‘.uLx/L,duLyIu/uy‘///&u
S pradt B3¢ SN s s N ST SE S E o L 1 e
,-/‘U()’uyfu/vsﬂJUKJL;/U/JL/J)J/}JuJ/LWMLvW&LﬂL/W
FrGaa b Ler s b e us WS 6T P bt ar L1 T

rc_ab(}’(3”7/6/,,Jéj.,&:/“mc:C:,«"u’/»f{/;!c_(}/u”(!MlLMJJ{‘
GBS e e S U T e §E G ST ol a S8 £ Qs szl K
JCU,I‘%If/@bf..”;gu’u‘nlﬂ(gq/l’JLU@L/»LLU&..{!Jl(f}’;u’ﬂt_/d,«}'
boiig Nmeta ¥, ESL S vmcbda st i ppe bk flor
A3 Q07 A L LK o o Oscillation bt 517 & s ALK 2§ s £ ool
A § bt 5l S n s § e TS p S E6 L2t 6 Jb b G
e Tl Y6 st st L i J,tir% AN e . Gcn 942U

Lo/ L 3 e tnFond§Ertr st d LOF 200 o8 Qo o 50

.Jnujf}d{y;&"ﬁ"‘aﬂgn(ﬁ/ﬁj;ﬁ;Kc«t’fguﬁg
€£/)§;/i4u5;%;rt7£)z,'%' J/;,:&WL)?L?‘LCJ:/;:,L:(&L) gc/jiuﬁ/f
4 Zblett uﬂg; @l/r‘j 4 i/ J(Virtual Reality) =3 S &4l Z wéfﬁf.: uﬁ‘fjlﬁi 2945 U ﬂﬂ

S e L L2 fiwm o §AT 0y o o o 0 85 S s s
iufl; //.L}'F'i 3945 |

/’Z:A!:ujénalf‘a@.b/’!/ﬂ/vu}’J‘(ﬁujdf/?ufl}&ybu”ﬂgc«lgé’ﬁ/"”(L-’"dc.u?},g



S 85T L ot $38 £ P oo B S (Quantum Effects) 121 S48 U US ol
S vwitapE S SUp d/qiru?‘ff'm SN ol et 2l 9 L LT I
SFu S 06 sz Ut 3 el L OF S Q66 S 2k Qo St e
.£/:f42.ﬂyt5




e I
(‘") ol ey ._fLQ.)l

..§_Gcﬁfjc;u;3‘../»uﬁ,g&’dfwuzfvu}’nﬁﬂab/gf%,h/i”bwufZJ_UV:Cyl?u’{l
T &S T Supwr kb 2 & L6 L Srsd £ = BigCrunch &/
Sebn gl S EEL 0 LT Use e

U e el b cn S § S ool & ee (it s 2 o F o 1 ¥
FAG & o Uik s n & b L e s UF Jo o S0T o Tt 02 U
i U L e B e L Foma tT F 42U e e st LT
K:«W&:Zuﬁ{;/t%upwm b/u’tﬂ?nwu“m;ﬁﬁéﬂcadf”ufuw"uguf
VY e S ek bl 54§ Pl 1 L6801 Ses g 2 il =B 7 1
e VW5 U2 101 B et 2 Past Light Cone b1 # 69 § SV A e F Ut




TIME

y %

S et TE s b B sz Ulg e 00 26 5 Pl U1l £ 1P B U8 s ol

”L;}d/iJfL"”abM"dué_ThfPJﬁJ“ab,u&?f;u’?uiu}l.mfffz_i’}jgw

G e §E v ebtbl 2 e US 39 & 26 et St Pl T30 3 o AL &

Sl NE S e B e TEAFE LS

J}dmgu‘lLiwf(/;gz_wﬁfz.nmL&m,vwzcgﬁﬁd‘?%gauuuu
Y SRV IS s IV PP

10.1 F

AEF P T prvie S0 FE NG e i
e Ut 3 e JH‘LuL; I3 Eniit 3 AL G & K e
ﬁ‘du@&f{%%dmJ?&fLmt;uu:"icganmw_/),B/ﬁug;gé//?{«fu
LELE S S SEL 1 B T o 3 F Sl S o U b 03 Lol &

.gnénul;/v(lu_,e(%gc};uugﬁgu’t



LondTeiFsonuie §Tde & por g /P S Enugde &5k 4
LA g S ek b i e U EE F A e Up 5o 2 e S (F s
e I SL S T FEEl Lree (F u st My S P S e 2 e b
o etb 26 Ly E s e b m e Fl§ et npgt &
G a0 S S8 St kT 3T B oy

0 2-E FI LS et i S Sl L q Il 2 Uk ekK
Jvu’u’,«:gui‘Z,uaL;fmo,Zun¢,1?'zc~,£_f£4_:l,utJn..g&gamfg/l:wfr
S EMN G F S I Z e S BT Ly st s £ ST L s 948 F
/;".Lb:c‘;(}nugjéw/@/d/u?ujézgﬂfLz_:l.uﬁééu’iﬁ;é?nug%fbf:uj
e f e LUl dnih o wid en F USLE

F e S Pt sl fEN S cikzn (S S f Fuy
d/ 7 /LJJVW.J/J/Mu"'lﬂfdu’(fdpl.ul/}!/l///l»’ibfd/wKi/dbgfc_

.)’Zlﬂmid}

J6" & (Frank De Luccia) (4 (55 <&/ 2o (Sidney Coleman) U:I’(dj/ UAls e 2 U2 1980

kﬁl gk .{l < ¥ Z ”Gravitation Effects on and of Vacuum Decay /| d;L? YAUAWL] L5
< 6L sl Jb B Lf/: Koo U7 Ul Ut U cgl;/élﬁ U~ (Physical Review) ¥4 ﬂﬁ’ Jes
Ut e G et 6 5 2 S G eolor e F e N el 05 K
)u'/“'/jugcﬁ;,xztnpwmL';et{.w;'@:“’?/fctad“udjtgdf/d/ﬁ:ﬁ;,‘wﬁ?uuﬁ
= A q}n u.?( ol ol J'“/ & (Quantum State) =/t SR - S s f/ - f_;f e b2, S U
JUUY 2 e I ssl o 6 (Quantum Activity) SS SRS ug ‘W GC ” J:j b S/ 0olJ
Sus iz




F b S ude Suzn & Fu i bbd1 oo S e &l S st M K e §15
& ez (Casar  (Bxcited States) Ul 581 (51 {1 18 b L s K e
(G"/ﬁcammru%KLM&&J@U?@][L{L/@};Kétu?&’ikujugjj,u:(”:u(w
2Tl gl ongif L OuIsest pi € S FS e 521,00 51 P Mo
sz b 258\ PP KT e g B s $ o B (6K e 7 E
ATl o o "E a6 " PL L s S § e oF il = a2 J S 2l 2
Vn @ Loy ¥isg

Fosszr o b¥ S omeio S Fea Foreibr o b 26 (0T o 2o §F
o L G o P et e 1 U F e s £ 80T
(Metastable) (651 =Mb F6 33 L1y & sy K 2/ d Ly FE Wwsr S < (Cw s
(”:u(J*Jg(«:na,;wf;uzruﬁyumJdvuzl‘fim_;‘/ﬁay’gww/nm}w
u"@ué;ﬁrwfq/u")“Lf&nd/dmjf'Jdﬂ:}.ﬁﬂd/&w;&uz,uﬂbd/ﬁ&(dgf
£ivmJ‘L@@J’,@&wf‘jtn?}fgwmi/”c};uf&w}zrﬁmJ@uﬁufw
Quantum) £+ §5 F* i Ut &t L Ly SbFend Lo AlL
wkred 2 gl F g s$bifid L E e Fbed $ot  (Tunneling
o In 1/ZL U2l Skl o U Sl Lo fq/u'”} <« | L% & (Force Barrier)
S EF L U 0L B £ UF Uy s 2 Ut U (10.2 )



I

S ot J03 S e ot etV e tle UF U Sl s £ Ui 05 L1 ST 51 B
KU ST bte B SO E " o iy G Losler S 2 & F 0 S g UF)
J c‘LL“nji/' 41541”f/"c.uﬁdﬁ.m!;f/ww'u:m c‘LdjétJL/).w’ﬁ%)(lﬁ

e G E S et dad o By sy ot e

102 F

2 185 O QI K L (L En b U o S 2 Lutig o S s )i
by Dbl Ku.‘?(ﬁdﬂl51/,0;2/?:«!/50’/,5([7[‘@/ui'uf;'ugcéat‘lggf‘{upéA:
/;/5/3‘9&%;«%;;1”;Jugﬂ,:ugéum,uétu;;La./ J-oﬁu/)ita
t’lgﬂg:jlgd/))/mbf?dj%%%c’_axbﬁLJé_/u{:lﬁc;loﬁf‘L(ElgJ/Lw}!él?l;[f!
L kn i L L P S bre Sl S b e3P oY e b T
u&uiiwdﬁj/ ;,{/@L{./)d/ﬁ;{l:.&g[fﬁ@/u’l :uj:iTunnelingﬂ*a!
S5t S i $) S ik §% o Ve L g S Ut § Ut 3L 7S ST A
NS ik e § L & st £ St oot Q1 w3 5
4&5}/@1l;,mfgﬁ/ff.d;;“[iuz.ui‘u;w'u:g/ﬂw‘ufupéwd/urﬁ‘au&



S usk UUuI‘LuC'4/) 3ol gt 59 F b 70 B e o o S
2 J/"4L§u€|ugc+ f&m K djﬁwdgugjfcuﬁjug;.,{u&
TS G e B 5164 § 215 W e =t s 2 S "Tunneling Effect
(Scanning tunneling microscope) /52,5 A _BC J& L d/Jl bl e o b =T

—
¢

b S LS FE i IS T o P L4t 26 L e F U
4_}3;LAdm/_:JlaJUéuzr:%C%gu?“c;uJ10.3/J¢ufi‘¢y4uji,yd/ﬁ
dft’;b{}'utﬁué‘C"-E?jLAIK{-J‘VLL&LB(})U&M&?,?‘C"_&C?L})&&VL
g}gwt{;duz_/wé‘[ugmu)»ﬁ%v@ggu@/KLHB&@J&:?‘,{?LA;A;J
u:fc,:?vJﬁuwg‘g@mﬂouu@wf'umdjt{g,{ﬁ:%w@uﬁwd/fwuufK

tb e 0B b 25 £ (Tunneling) £+ f = A elb (g e "1 B o0 S Ut 3
A ET e 5B SN e 01T EaT S o 68t T oy o e

< G S B G 7 L 2



EMERGY GAP

s

Lo sl g PSS A 2o 88 Sz £ o Far Fe & P S
W 25 LBy S i S K U e (o § 5 S K1 L 6652 U S Gt
J&L’G"/,:ubLg}'/ﬂJMLK!:L&Mugd’idc’glg74&bd/yﬂéd‘gpa&bj§

Sn ol s 8% e

10.3 F

L doss £ & i Ut e i o S Qb 6551 36 U1 29 5 o
jﬁ?;,&%w;{,{!Kywﬁ?uy;“aﬂnéfu’fu/uﬁyu&mwm[jwLuuw
Lﬁ/.l?/@’/énu“”kﬁ/;Jul?{n&/"’b@ﬁ{,}g&,g:?nlnl;uﬁfwg?jgfg/;i(?

365§ ude uin S e st & S E S Pron o o £, E o

dué.!’u:ou/,u‘fg.}}/;u’féuidéﬁjﬂcfnf/utéc,éiméui/.u,zid/'

e e U v o 66 § Q0T Sev &3S 7,



Kg)dmmf%f.ﬁﬁjug;&ﬂ.,».Kgc:uw@:gt{ﬁszﬁwéwé&?u:"
u%uJWJLJ@:JMJ&/?LJ‘&,wufu:‘?%némtg»a.&g.ftgf,g'wd/ﬁ
LU, 7 S (Er i L S Jb el L L il elor® § =3 Sub-Atomic
cllor i € 23 b 87 00§ & (U A 2o B Q03§ plat o 2 b5

éﬁ&'f&)z;lébi?&;ﬁgg}:9ag5?J‘;gu"/'q}'ﬂcéiu:f..&f;o/.,’,l"idiut
b e L Jonpup AL gAVEGE T W i L1 S s P Ui B¢
sl S8 1 B S o6 B 2 pein$ 2 SF 6 Lo pn kil JE

Lucjf‘”:f_é/&sjuﬁywt/i?_,ﬂvKm:‘fm&gmu@&;uuéivz’:d}Jm

VT TRV MRS

lej'!waww)u&/‘;wdjg_,Q(”cfpﬂd/ui/id{t//f/?u@u—/’“
,Q;_uutfuuw/dmf.,/_g/v.yugiu-/ﬁ‘%@;;Jugmf
L ey L ae JoS S S e S eon s
U st — S A e S S s K on P a0
J:L/Lj?fQJJL/JJL)H‘JK(JU-/WIL;)@.r/ucfjgfngr’f;gr
Yo s L~ L

25 1 g el 3 ol £ b8 (6 L U Ll U ot ot & sl § s

»s1 (Michael Turner) // Jg/l. =K sl ot u:‘» L1 L1 4.? e (M)/gf Py :én C;/"
Micrthxsic) :«Lg;:l’ 4 :.l('/uM Kélf«' 0] ) s & & (Frank Wilczek) VQE; VQ/ Ul c.vkg:b
L K;W@?.Jjuiu/uf al‘fg‘c"_u’g;[/“uf(:ﬂ(Metastable)(?J') Kol St < 3/ &/(s
LT o e sd G0 Sl €l o AL 0sF

|




u’{ P (M) &r & s (Martin Rees) UaJ J/L R ;:L s d/u;‘# Z .{}Eﬁ Y
Gkt Gty o3 S ot Zotb & o (For S ot 36§ oo G5 Lo b g Lt 2
Luf(cg el o ef L Sud j;,; e M EE U e L S e f el
AT ag M LT 2 sl e bl 0% B 63ty 6o B o iy S
(Particle accelerators) u;/fC'/l u:f‘z 'l{'/;’. :Jn RACHT g é/d/cfu = L/,blai Kc«l;fgd/g |
e ebiszy St U 66 5 s e F 3 0 S b G0 A8
iwi b f&ln oS L e I qu (5(:, st v S oolJ uﬁ'(:, e d/u;ff,l/t
Q6 0 £ oo L mr e (FL 2 B & 5 Ut 67 ks & 4
§ e Jmu,% Ju;/cﬂ/i w2 e QWY Yy S_se Tl 3 U P el ol g 2 L ULt
e G L ns F ok S s St

R e 3B S8 LS e e B A L JE L e
Lo EFE LK E Goire w6 25 S JF oK ald Go (T b b
8[’%"uﬁu)b.)ladgﬁ,b}/‘“_ggvg?w,f‘alﬂﬂc’;lgm‘fﬁuﬁu’l/&c«lf{@
S & LT LU J/U;:,a/./;!‘aén&idK/,:(BabyUniverses) " bl
Uil & 6TE 6 o 1 o et oS 0 L U e Bl U2 1981 & =
Uiy e e L L6 es 5 b vl s e Lol L84 s fre b
SE S A Lk S LB LS e Lir Sk Py
FLEINS LK g e F S S gy (& skt i Py e (T
SN S e B PV LS e L Q03 e S

S N AV v SRy 9 B TNy PRSP SOy -1 - [ GRS B
@ggué_;yé_at%/ff}v{léulL&Jbgw<§_L}93.>%Lf»c_dnv§&.{!,
J.Lf’..gJi/uﬁéé’;’/dlaq/:‘u’i<€<‘;/§‘”7,Jy%:;2_lgbgja/:@/ﬁugrd%2_7}j&n



Aokt EF 1104 B) TS B S Ut B 6 2 e i
ks e it & Kl St 253 L v B 1 o b6l 2 o U6 etlin = kK
Lo B sk e B 3 o1 L F e 67 F e § Ut L oK 17 2t
Sl byt & F e blon A 4 b Fo SEE sl e bl S U el U9 =5
Ll e Qb o 6T 1 § Lot et vt o K6 sl 5l e Vot &z L U b
S F e £ o665 St o B80T L1 Ut il € b6 5 Sk Ut B S o 2
NS G LS LN LG\ or & 6 E e b =
/,uu’/f&’inél’uﬁ;mg’é/m gl{Kdmc‘_CCnfﬁ;,..Qéutuﬂiiu
sl § =¥

L e K bl K6 5 e $rt oy vt Sl n DA =6 5 L e U K6 L
B2 Kéw/ JI s b bg} e el il ‘< uu:‘ F-2) Z (Umbilical Wormhole) J/a (s Jl:
U e Qb e =K 5 b6 sl ot £ 5§ Un b Ut e S 6 er® § Un L

< 3T Ut 2 b6 G L

10.4 F



ot e T S § el L Ul £ 1 sl (Alan Guth) F oM (L & o £ s
L;Uéﬁ’c,w/,uw;uzi;uédbi,“aa;.w‘wJu&ouzif%gf.»,wﬁv{luf%,j
uﬁ’éfﬁd}uﬂ£.~,L~/’wamué&""7u@f£m$Jbu/g/.ziziuLuéﬁ_&..,{1

ot b6 G S F G ki L ki Fr xS oaS

Sep S opifveetos o8 Sigs

et SQ0T N S 08 F = e Ao § L0 Qi dor oF < 5B L F L o
uf/z’fsﬁwgaug"KJJ?J&W@;L‘?d}fﬂc‘—u:@/Zé’:Cb’c’—blf”uﬁ67.
s S gL A Pt S I Sn oot e §&S L Sv Pt b6 S 2
e ivilirdnibe et el it Guag i d L aal
b S ST EE 2 Son ot b6 G S e st
b T Kl §r el 1w K B2 Q00 e e iy b S =6 5 o
Y I it £ eont & § S KOS 27 b oS at B vt €n F F ok
!uééiaﬁg,ﬂjn“iLuifjtggm.}/;c,;,gld

Uﬁ%lgl,‘u/!;//,j/uuléd“lvg£u;l§KLgﬂd/'&?r4c«§nc«}”Jc«l‘;Kuf@fc«/r’u’!
FEE 18 o o 6T O 26 R Q6 U1 e btk by £T = ZT S U G o ot
¢ K PT Jw)ﬁa_;b&/@f/nl&&wLué/ééuguﬁgxuééfd;%
b e 2 U 31 it B U i ot S € ot L1 o §oF 237 0% s
Jl%@/JQ;_‘,;:I’:/?@:}L.Lr“'”é%ruggugén1%4/kd/ﬁalfg@.ld/w
Sl E ar el e E e P B 0 L pE T
Lo dfi iy = S8 G S & IS ALt 2

MS:HJUP{’u’}u’b%{b‘f}leﬂJLﬁLﬂ)‘gﬁj}"éﬁ&uK/)Ljﬂu’/&l{géﬁr&“}’?uji’)d
g.{’cu:?z_/'//l/;;iuKcﬁujZ{JU{a&l!‘}o}c:awég)huiuf}dfgd/a/jfcguj;



,J}’d/u@nd.{lufc«l{K/;/;lUﬂ,ﬁgaﬁufl}oyﬂ},:f‘afﬁnfddf
Qb & § S (B b £ s 26 bk $64 52 wlor® A S s2r F K
K;M&b/f@jfimsugyemunJuJJu?uf.{!@“}Imundu{lqﬁunuf’u
S U S L o Fo T A S0P Qb ¥ 5 e 1T i b5
e Freq ot SEL UK e &l elor® § et s Sl BT M
Mo b elor® G o bbb 5 S e Fn St e b/ F o §use (U
aa%wﬁ/dm@“ii&@ugq/?u?wuu}/G’ﬂmug/’ﬁ/a/.c;ui‘uiw.j.uigf;:)

@%d}’,ﬂ?ufwéauufﬁnuf”(::”"de/uﬂﬂCfqu_u{du’f,:uné;%lﬁ»
S S UK S w57 § (Lee Smolin) /s~ § e s s 5 § Ul S 2 £ da
et S Q3 dow § b L85 diug»b Lt 2 e U oot 3L K s F U T
27 il J,CJ Ik e | sl Ut éb, u:“w,;. PENCY u/mr o .w’KnLI+, 6 b,),) 31%;

.Und:c«y#} jirﬁii

Ju?.tJLéi&u’"’vJ.:ng:%uﬁ’oéfuy;um%u‘gu’fé/‘;u:c,g/‘f(ﬁut
(Sl Ko oF GATS Uife e I Ut 208 o Kb 1 2 F L e U2 P
.J+uhﬂ)b/.ui’cuﬂuj;&(uﬁf;uﬁfdﬁmﬁg?‘alrgu‘f



E=m)
S =yl

o Lotk s L G e o1 ek L e ol f En ot L &5
J/,:@//vub(u:uﬂlz;fg/?(ﬁ“i!Lawu‘f?zu&ﬁ;d;bégujd/ufuu!u’?é_
woli e ol b L el e U U A 2 2 e o/ Uir 4 Cycle Model Z6 Sons
u@»ﬁLyzfjéL%Llﬁdgc‘,gn/l{ftKBingnché/’/ufra‘-a/"CML%.ﬁ
ORI S S CERNY - Pl gVA -1 P RPAPRY SPE Y DAL GNP d
E-aréﬁ_gjju“lc‘Lt‘anﬁlﬂlJlﬁjUgKJud}l};ldgc(Cﬁi;‘LJQTJ[KJiJIJlef
}wJ%/‘",/;’"’mgr,a,ydméuwmumj_uﬁ‘LJJ%JL/Luﬂw

< Lfd;:’. M (Mythologies)



Y Y Y Y Y Y

>
TIME

:,.,C;_f.{l 2 L e u“v"f'ugméu;% il U"J;”.’.’ ] v%‘ﬂ/gﬁ:ﬁ(atfg.fl} K 6 S
e BLF e B tnF oS L L tnlnf

11.1F

‘wu(utg44;k%l'%m/;wd’./ru)ﬂuxv}zug;4f"¢t}>;;4al§KFC“éua;uﬁ
J/d/}):‘aﬁfvﬂg{ o B KL@;’Z}){L’;M“&L,ﬁ.ﬁ‘lic«(’f%?:n/»dyt’li’é/j
SAE s b ot L £ i€ b6t L2 foose L L Use S ai

<~ t’/i,.«g, e’

)Vé:“;/.:‘fff/@l c;/[:"/):ﬁﬂﬁujﬁﬁ/?u@i £J&/ uii ;@(Model) Ze Iy
J.f‘/ Jla d/u:i (/ugj i:,g‘! - 4}. Z Ul os (/’?7 ug ‘d/n »E 4 (Information Processing

&S JQJV?J/D/ 81 b5 Sl sl J‘(, S« o 8 (Cycle Model) Z6 n
S f il i /;;ﬁff_,:,/ﬂ.gJfgéut‘§_/;/J’uu,{1&u,Ln;ﬁj
S Ol w3 5 U & F U Phoenind 058 =6 m 2 Jlbor & v s L

J:’fm); =V 57 ol JL/'/J.’.@. J(Ué) 2l =3l (3 .;l%du&ﬁgagg ng%&u/v

CesS S Fo b/ S AN TGS S

c‘-u%utfiwffuﬁgéwiﬁdﬁww@df&'Ju'cf?c‘-u“"“//?/lé,}jg//t
S AL Ll oS L SE Lo nde O L kg (F =522
,J/ngﬂ R (}:i /.:‘fl/ d]"fﬁfi/”éﬁ‘aduﬁ ts ¥ Anti-Gravitational (};L? 2 P



d._L//J/,d{/c«;d(ol;u(..‘d'?mL/J@Lﬁ/gr‘ﬁ{/éal’;KQIJ}J/liLLV”}
.Ju}’?%}}b’a{f&kﬁ!‘;JJ’Lﬁ/;‘L&}.&’/ﬁ‘ujuﬁH‘LJVZ&}&’&[L}Q/’GL)/’/Jf

éT/KL;/,uﬁJ’_/551},{@},’43/‘.{lLﬁ&%&/éuiwz:u@uffb/n;g/dzﬁ‘
Jun%(?j@fcmzw%ggmf&u%’uJ;&fﬂ;{o;,f%gwuﬁu@u’-’,u@‘f
S B e e gt o B 16 G B b 3 e bl A A e K
d/»dggl}:’/(w}lK;uéfg,f;/;“auﬁfifujf’ﬁ“iLat«%{{;_{uﬁcgcﬁdgj
UVTUE/’L}(IL@b"/j'f/}ﬂ’fd)i/"‘ccé_/t)ﬂ;”/rjjd/gf’fﬂU((J(aq«/}"”:«r‘aal:
.K%(Kfﬁ't/!%4JiJuiD/g,}/ﬂu’?‘§_

r,;_,gVgc;u:ul:u;z;zrd’ﬁ/‘ﬁﬁ*uém?z_lgyu‘fyc)faé‘ug@p,gﬁ
2w Cis S Lk e Go it Lty &l Z ko s g s LB 2B\ T 5 0 U
Fer L AEE S U G Ze & el G U s s Lo
Fo U U6« SH 166 o FEFZ U1 Bl om a3 LT &b U Sae 5
ff,.Ugf‘at‘nﬁ:(f{JO{JW’fé’@L‘?%Ji%DED“é@/%ﬁ’jﬁ/ﬁ/d‘g(}/cﬁ‘é
Fasd e foi Lue S Ldwgen Fod ety

f{cu’?‘%,uﬁ&‘adi K&/wJ’w,b/b/é_njwial%f‘aﬂf‘jﬁuﬁ}jﬁ
iw (/ (Background Radiation) U£ls? (§ 5 U7 (s S u:f wis P s e =
G Ll s 6 Lol 29 Ut Usss Bt G ot wobe sikss 265 (e gz st 0
| Kmﬁruuag@’u"-’z“afdﬁﬁtq,K&gwu’?c‘a@?&‘;:)mfmma
el e TLF e NS GT I G o o FU P LT 0k
VLS Kb w i dsig e Bne (G0 2§ S el F§F &
.« (Lag



Seb¥imi o S €t & | S =t _ (Richard Tolman) 2952, UE 1930
et eld Z 6T PRy o Jf; b et e L"/Jlg 0 6 (Symmetry) =i+ § 6
S e usle it E e o &Sl s & o use Uit ot Sl 2 S UFbd s
S e iF kb a2 Snas LenrwSon § o L eir ol o gt b
(el ot o S e o U S bl Senri§ei £,
Coinlier e T ad? onbt ¥ IS LT L 230 ST m o ls

U &y LS w7 e b S 1) eF L e £ Sy Lo FTal £ Q0i 4
LS L e st e G B el Lo Y o & 22 iy
U Ul sty JE sk Ul S L it U sy 26 UE LS,
o)//i% Ju;} J&J{:j " b« ?.lful,,(ul.”oﬁ f" e b ((Mi V”O = ﬂa.t’yz u.’f/,!/, Z
FEE0T 0 E — sl sy 36 1 L A W s Ut e § Q019

VPSS ICT N 3 P J&t’;rc“,t'/ﬁéf&{/ﬂ/bc&bfgdt(gd,fgj:étl?@}ul K sl
]ﬁf/B/Jru{méu?/u,/,&/qu;éfgat";u:ji:‘gﬁag}q;g?JLJL
c?ﬁ@z@o}&);fi%f&{(di?éﬂiJ:l,%ijjg;éfjal;t{cb/l’u/(ﬁc‘aa/'/
& w6 gt & = K l?,c;gl‘;‘f é/.f/; Un B a9

J&d o

e L a7 7 S A L g e B L e d Joe L (66
Ll e AP 40t (F 2 o8 s fu $36F Fus b 236307 e L =
o By P60 L 55 Q66 U 1k EF s oims $ U s 1 e 3T e

/,"L@/%fg?c})iuuuﬁl K sl &t«’{ul?uﬂgb}/Ju‘z’hﬂ/L/Ll}u‘ufﬂ“a

HF e oo §ew Q7 2 6 GF 2 0 S Lo S 2t 6 S
ey



J_/‘Lm&{LJ;)JWVQ}?‘LJ@;@JJJMLJ%MJ‘ff’é_u}ugwg/uwédﬁ
ML kb S e te SIS Lot s 26 G Lap 2 /3 et st F1p £
ELNFE o lspur Loke e 20 LS =50 g sz S A
AT Lrwmm/f F 2y o3 § U L 7 ST S szes S 2 T S ss Ut L
‘uftzdﬁ_.@;/,/n(&,u)ﬁvg&i:cabﬁﬂ: ST Sz n Lap 2ol Lol ot Sy
aég?u‘uayﬁu(d’u/&wLﬁjdbgmq}'g{“?fn@é_y;Lé/fa%_,e,jtg
Zumzrdn.,g&&Kutjtz!’imiﬁ;muﬁuzj_Lwﬁu/ﬂi/g%ﬁ‘fn

‘(?

FATSUnJE T i 8 &L i s QKL LT Tt 3]
S sem Sne S e FE) e widifbs1 £ uis L/}JL u/
S 0 Lo 5 S8 e s § 1 o F 2 i LT L K2
L Loz ST

Ku’l/if.’;"ga,ln‘kﬁ(/vubu’-bag/»/u/;/'ﬁlrc‘, “;ug;gguﬁéuwfc‘_f““tf,
/,wia;ag;.,;,,,“Lu:Jﬁg‘éwmvgMu@‘«,;/mg/;,,;,r%ﬂw/g
.yu/,,c‘at“l/o’”4V{lufufl§t{;ﬁrut}ii.,{¢gufl>’(;zr4/kdjnif/uu,uugu”?
b o S EF LN Ll d P o e 2B e db P s b

PRI IPNS R At NIy

/J@’la(’f(f[}"{’;lg%d]ﬂdﬂéu’dj};d/u)ﬁ’g/uﬁc«giff‘ad{,ubll/»ug
s o UKl Sl s s e L Ui sy ecs s Qe S I 5T s

LA L phpea ) Sn B e Fabpd Je ol LT K & i e pm Ut
c«@dbLUglﬁjl/f\;:‘LJ;I/"‘LLUK{'LKJ?!:UB’JJ”:fugn//d.f(;)gﬁg)c,uf;//
Jt{tgcugcjfjt{;ﬁ,a“aq;%g!f‘ym&thaujt?u/ugalf]],d‘w“a



Pyl LJ_UgL*J’/&:J“KLi?/uJG
; s £

KW AF b L S8 G 27 & (Thomas Gold) 45 76 s et F 01 Ut b § 2L
Jfé’_lwu’f’uﬁgdﬁmr&,wfg@_w:‘Lfﬁnsu/éK:};wi/zisl}aé
uﬁéi/55%“&wcfg;w/?i/évmufﬁ;f/&;éLuua,:,,?,wc?ndtﬁuﬁ
et Ly s ETebind Lt £E Ut I Lin s f Usz e s2 s
S by w3 b6 o e e ST B EE LU 3F ek b ey
Enuf e S &S G (F bt uf S e S LT 6 5

G et ot I F 6§ Bs  op AL A Ot e $(1980)
Quantum) =l Ke Sk 4 =8 o S Jp K_,C/wﬂ %:Q:IJ}'/Q; A2 u}'ﬁdﬁc,h,w
S8 Sl b Ul 42 ‘e s 2 J(Symmetry) edbr =3 ‘}f«éjcf_ L Ot £ (Mechanics
Murray Gell-) ¢ f < Ushs 2t Lo FEE 0 F G s ke
L‘}f(bféu)'c‘,d/&i/?(f!]&iuf.’ufiféc«kg;:bd/ﬁL(JamesHartle)J/l(/oful(M
o QK a6 P Ut Lm aT 0 2 ST S bbby £ T MV e pl o el § 5
Andrei) ) ek b el (53 L1 st aT2 G0 WS e 7 W Jo b ee (Pl L ot
ﬂﬁféjtzwrgi'%té_m“agrguﬁjuuﬁf‘dgmb”«%iLﬁédﬁv[}%é_(w
2o S ek de SE UV S e F S e VD F S e 2B G (er o)
éwfﬂggdgéwu?;L&//"?/gw/,mu%w‘a%dvgwé;;?u
/,1fﬁff,‘u’?ﬂubf.ﬁﬁ:)uﬁ/uﬁaw&mfl[’/ja’,;/ﬂu: 1983
LG L en B8 ATudp £ o 50m b faf b o S 55
oy S 6 5t 538 S e U ol £ B 5 5 U & 581wl e 2 b

=K U1 20 I pmld sl e Bl 0 B =52 sl GBI Sk 215 dymls UE UF ke 55
,g//l e ,;»'”“ == :/EJLZ:"’ (e ot }’/Jb ey S e skT /,«43/,, ~2 ol f; L

|



NE 2K o $dort QT et e Ky 2o 81 S o £
< Wlon Q0T ol §% 3 2 F e b J R S binendn it L3k
e teT o Al § 2 £ b8 & o

oA L i ek ek p b e B L S D

ety U3 =81, § Ud e P U BU Al it vt s U o G et A U e Bl 2
ufu,ﬁ/“ug)b/.al%,fggu“aéno;gjuj’/c;ﬁ/f@uuigﬁJ’u&bJ&ﬂ;Luu“g
FEBLOG S Ll , L8 Sl tntE L N §7
uLJUld{é};Q{Uszuﬁatfgff.dgc]f{tg‘gnzlléu}wdflu;"é_lggg;;f/?/?
c«{'jifu;}?f&cigféj—c%%évo/epL‘-ﬂ‘ﬂuﬁvgJ(LU:UJU&LML}’Z
LU = §g ol 10

u’!/;lﬂllzjzikcj[;ufu)i{"@J:JLZTJiwo}uyzLL/m{ol'//KfﬂéJ/‘Ldgc/fpjtg
Ao it LA Lo L f1e3P sune s JE S 2und 2§ e
£iﬂ;u‘{l£w&nu’féié,p{}"ujLn‘az//;iujLné/@@wéd@)@i&
.pl%dyz,}d/eﬁfLu?@(éfﬁugwyg&fv&’ﬂ;,{kcujLnutJ’u/Jum
U o §S S U e L L b G K st e S U L Ut e SB
.J&T&;’/.:,glf?m A

QK& Ve b G s nf s Lo £ UsPle e gt Gz S UM Q6 0l
J}‘“/“& umiu/c,éana/_{iﬁ@gngu:vi;/;)gugéujyﬁc;&u
Life U}‘k’ ur el 2 LNt 4“23 ~ (Physics Letters) J/”:.’ JK/ O~ 1989 e Ly
e col s e by 2 K¥Jl» 51 U After Inflation




()uuﬁfdélju..‘/_“/uggjﬂﬁj;@;_,gfq_a:L./L/fJ..‘/G"‘/ud/éuw“
”.uffC/L.'/d/;%-/.l; S A 0l ,i:ub'/ ;/LL

ﬁf‘LG’Cn.wr‘Lﬁ.{iJ;@“Au’i?ng}jl,%ﬁﬁ’t;ﬁ;«ﬂ,{»&u’uv{lfgf%wggﬂ
u:/la/caﬁb}/ J&QU}U&L%

b Lo Ll folie ¥ we JUungatuiatcdd on 26ikg J
HL L LS AU et S f b2 S n g5 v e & e
Gpell L& et GO Fmel 4 F LG Ly it

ﬁgﬁcﬁcﬁju’l(ﬁ/;};d'/uéi':u;lfﬁcﬁ}u?tflww;ﬂ"’;bf&é_/»u’f;u,w;gf

o it L ab¥ e e Uik § o b o £ o L 2 G506 = K6 Gl
e J/l;l Z (jl[; JXV 9l (jl(: JJL{, d}:" - ny 4 agt u((Steady State Theory) 4‘_}"
AT IS At o PR PPRE L P DIV PPy - NS S L Sl By

/,:L@L?,écfuéu d/u’i (5 y;/J/Lal‘*L(Thomas Gold)ﬂfg/‘u? 231 (Hermann Bondi
Ugbﬂfdu/nl%mgc‘LGgaL{Kuﬁuz“gufﬁUu(L;WKu'n,gcg“a/é"/j.p%
G ol U 1 5 2 e o KU 6T e G P 0 e S g <
s GG ST E s e el st 2 e st s g P ee

U e 1 e b ULE U il A K K b §F St e dn i PSS

e g7 S usell o ee G B e S el

I 6 LG e szl e dud o f o L ek uns/ &
cu«f%}ggﬂ c‘le}/Cj:" d{:’/a;,gl QVK&LLAJW Jw,}?,wmw‘y’uﬁ;ma
uu?,ﬁz‘l:’/&l:«/{jl& d/uili‘i«?/ﬁ )ﬁ}@diar d;!)’Ji Jusuﬁf{‘a Jla d/.:y,,,gl &iﬁ d/al'//g




Jjug,d/;)té;‘fnufgﬂﬁJL/é/;u/n{’_Lz’l&:’i@tl?/u;%ﬁl?;m:‘au”/]
U e P 265 £ Q07 e Ve L 2 St S S 0 S s 3 B it ot )
u):,d//mdp,lﬁoicéttﬁdu{l“iL.f»::um‘uj"tg%uiu%fumj@u//fu?

pay e

S i b s S e Gl U Qb A L Ll SR L 1K
‘Knt/%ul.,gfef10uﬁd_/Ju?‘auzC/!/"/./c)C'/&t«’Kﬁ:‘Lm/%;fwmJv
gé/’%élﬁgjﬁdﬂvg’g}_A:J'I‘LC%%LigW&Q‘L&T}jdﬁafﬁjlﬁffﬂ@
uré-Jté’-ﬁc‘-tf/Jj&bw#”vé’u‘{f—w‘ufnéﬁjj%tfﬁ’&vgfuﬁfi
éfjga’uﬁJz_;L/JéJé,f_uLﬁ§_VU/ojjulﬁLn;ij@tl§/é:c‘_L)/KuiJj%
SF S £ & 1 Qayant Nalikar) £t =4 s (Fred Hovle) Sy 4/ e di &
FErn (L Lo TF ek F S0l U e e S B L e s
Lme" ¥ e b7 Uk 27203 G ¢m" ed 2 e & 865 &t S har U1 U 5 67
< dx e A} e 3619 s

,;/ém‘Zntéf,JbJJ";.:,/.mugg)/ﬂ/'?d"ugftﬁfzg,lﬁ/z’_uw&gw
:ngl;wd/mu/o}wéf&d/ﬁé/«f:ﬁﬁéut.ﬁmcf.t“d’u%u{'uw,d/
Je el % e o Db £ =¥ it U1 U1 T U s UF2 S 52 R Ut B § 2L o
IE 350875 S L1 e S S U ol 6 6 e U Y
Sy ud S P Qi & LS (Fu b Lo ki 2 b L2202
Gy 05 FTL % cn%g/gu‘;zﬁm’g&“’/@;gf GG sl s U1l eUmt 2200 o) 2B
G L SN EL LAk b6 L2 p & L e S0 U T
e Gtk e U6 T B0 e oG ik e Lo S 5
4‘_,@ < U ol sxP €(Event Horizon) 31 E5s Lkl L& e JSb K_‘Jﬂf,éti J/,L:j =

T




ot Sesd Ly S b riF s E8S Lune Ldndh it £02
‘Lag:ga,uw;lujJ“)TJ.L:S:,;Cé@é;ﬂc‘afﬂ{]/ﬂ,g;d/u’l:g;'z/»c,u’)i'uk)c,
LTL Py AT S w2t = Ui 38 §1 8 e 6 P56 sl QU1 st b6 S
Sre Qe e B LCTSur § R U A b F ok e
S Ens 2 T 1m g o Wl <F s ST w2 A iy UF eolon (5 S i L F K el ot
T B il J@miublﬁdﬁf@}w e 2k e §F e =K
s T ;;L/u‘futm/wd{_;u It 045 swim Lo F wf:g;/

ﬂff:t{/;;;ﬁ}j K”gl%uﬂ;f"_,mf(}jé‘féd’f’JfL»;W m{oﬁﬂﬁdi(ji,ylflﬂuldfb
=Gy ety Gttt & 35 S 017 um Flos i Sanss gL £ 0P e )
P L6 A ST S e b b 3l 2 U ORI w0 o et SF

gﬂgﬁgfégwémf&,/"u?@;‘_tgmﬁnguJwgé;_lgttg;’ﬁwé&}!u?/&
S Ve b St e e eloun s e 2 F L de s S

ﬂ;w%&’uu‘%ﬁu’:,u,;:(&&ﬁpﬁa%(ﬁ‘;u(}/gﬁmfgm“aﬁnu‘u

tn‘;,yut}zuduﬁ)uuﬁgwg_w‘Lcyduyﬂ,fgm‘%tg&m%dﬁgj;gﬁw
Ut 2 L kS F L3tk £ g 3 Sto e L5 50 2 J
PE LG I3 S OF S e = &P et SE
J:’/uﬁ =6y S I - (F v o .63 y’gw 4 J e sok) 2 ot F

ufcak«/l{:_ud/&b}‘uhgn.}/»f/;}/;l{}44,;:6;’.3(.)0‘&[6{@{@6!{Jioli‘,ﬁ!;u’;

Leopipa v, sl o ESusr Lo Lnis
T L1605 Fe O o Lt £ 2o § S SSATS S OF 2 fio
‘%lJan/ﬁ;:&@g}?Jrﬁ‘_t’/rK/u/ﬂLufi;’.dfbw/&a%:?lﬁgi...giJ/L‘f,'J'CL‘-
e T F S enle SO 5050 4 0 T el Qe L

|



60, S b Lt F o6y Load 7 20 L as 2K
L Sr s ot Jo e St o1 B b S K edoby S a6 il
Sl e Gan i febbuzuzSe g Eugend & ae 3 E U
L e Fr T 3§65 er Qirsem S bone & it o e Lt
i Lol 2 e o oy M OF S Ut ng/’g%»!aiarjtgu,gu‘iéf
g ekl e Fn SV & F Kok U r%&/“b&&’gi’/ﬁfjjjid:&;|ﬁ)
.nuﬁ’ﬂﬁcf{?

IIA AL eon L gt urd o 66§ U T L G et G
u'u?'wJC/d‘vg'cw:’/ﬁ‘ufc'J"'?J/JJ'{—WWK&JC/J%IQWZ—}?
aﬁ&chgcc’(‘..;uf/w,‘ffé/“juquﬁm‘%o’”;u?‘gdpgavw
4LMK,eW'?4‘/Ic‘_,,kfwénfu@;jvL@&Jyanaﬁ,;
K e s Sl dp Sle dnb e s LT et/ 0 2 63
b o ISP (B WU e S 7Ll Jbuim U1 AF) o bl
f‘LU:ﬁu"{M”LgiJ/uﬁa'.f’”u/gc‘a&lg..ﬁd/ﬁ/LLnJ‘bLJ/‘?‘LL“@n
?‘LCJZMG"[,;ﬁ;g}"ngQ&J'/"/ﬁ”Jr"gf»ﬁ’tu/ﬁ:nédjd{qﬁ

A L o2 Bl e bon P AT o b b ad e a8 $E k6 ]
@/b/u’t‘L&szrpkuﬁuz.ww.tjiugl»@ui‘)u:u u‘ﬁ‘ft:‘aﬁ”g;z;b/w
dﬁ@gﬁ%(}%@/ob%ﬁé&fnuéagd/ﬂ;”J!“?:«ral{g{tg :U:ufd‘nﬂf”

Fhai Lokl UiPo el e oo f §5T e o Mo a2 S 4 4

7/

b

o,g.’y;”)
I



	آخری تین منٹ
	مصنف کا تعارف
	دیباچہ
	قیامت
	مرتی ہوئی کائنات
	پہلے تین منٹ
	ستاروں کا انجام
	آغازِ شب
	کائنات کا وزن
	ابدیت ایک طویل وقفہ ہے
	آہستہ خرام زندگی
	تیز خرام زندگی
	اچانک موت اور نیا جنم
	ان گنت دنیائیں



