1 Geowe\vy & e Cogmo\oqifu\ FPN'-MIPL(

" Wao bt MV wievitl WYeowlum QLe\AQM

"

Voo, Thee one  abont o huvdned Willio- (46" ) Qons w a
gm\ﬁx7 (aS wWamy S Mo & 1n gl \:\q}kg) , ond a\oou\’
6 hundned  billen Sq\w(\es e Hae et umi Yo Se | W\ig
W\us r~ /\O‘n g\m\g \m *\\( CosSw0fS | \'\M» Com\dd W9 euns
\/\Q?L WAL S Y evolubion of W cotmes can B duce~itd
\:r o S ol Q\\MQ\!{ ec(»q\ﬁw'-%

The < Pogsx\o\; by &—a\m& o suflcianty CGm%°3AQM¢A
?NS@!C\'.\VQ , ““‘7 wu(\'\ i ‘\'\Al S aawe Q&y aS W Cow
docenhe Yo wokiom of o lsall wiloul LQQL\\\A& o\
eedh ndividudd alom . The puspchive 18 fnoted,
o< e Coswo\og(m\ (\«ﬁ»ctp\t .

|‘V\ Flygu(g, o I"vw'\a»fti\\l " s Psswhﬁllf am O pvieny
imbuitive qu-ess ok is wWlkiwabedy  cupomnled by ob -
g&l\lO\,\"QM ,

‘T—l"ﬁ COSM\o&;CeL\ (Pw(«_(t(’\l &‘q\f& b e banluense
1< QPQ\\\&\y L()woau.\emb& (lOGL‘g e Cawe E\a&nyw\f\u{\ Q.r\ck
‘IQO LXQ(’\\( k\oo\\s “Al Satme  m G\M, d(he(\‘\\ém\ .

H S 0‘0\::0\1& \&AQ/\- lT\'\‘\S PN‘\M(‘(.P\L &le Mo\’\'\ckfk Ow

S(S\(M Q)/S\{Av\ SCCLKQS ( P\G\AQ&S o~e mot V\Qwogb_gwsy SWQQ\J‘Qd
out ) mon o galedic Scalg Kﬁe\\«xies havt o (MLMHA
axit ;| e volalion axis).



10

\" {uamg ou\» “AA\ e Vv}r»up\n \S J«,g\(cmk if'
}\\cz, UMV N S aunosyc) 0 Vo < colug QQ A 400 Mpc

(cm«*s\m»&ih—& s S&\:S o(» \.occ.\ SM?U(\UQ&;Q \ .

T hic (M"'»ci(’\l lde Vo o sl dusexiplon ol Ve
MM YN GS sequ‘/\‘vw gromehy e (Omes PRIy %}M.?\.q, .
Booeon , wob Yoo Siwpla.

Ton ieshance | Mt mepbe Sinpur sprakive | wemel, o
dahic  tmivaue, & wld ok by gty g comglld,
ahacchue (o A\ oweks A shehe case Mot Wanelowe

be  wedable o dl mabe wonld wak ko clump (od
qrodd setetindy (GRY cormcde W propulacs oF spochive
o e aoly dighilonbon ) .

Thaelowe ,sfclce\-iwa musk  be dynemi o) ok €yolue

0\)1\‘\ tlwe |

A a Ranm ~4 Lv oo ke o look ob e

Cudidga %lowe\\y OF K—A(wugio»a‘ SPC‘CJ). The
p\«\;stm\ dis\cwu \pl\mm, fwe ihQ-lkiLt&n\Mq‘\r cloge

po}“\s m'\\\\ \Aou\-tsuccm COC)NGAM&\O. o’\i“nu\u& Jx,dy,dq (N
2 1 P} 2 3 ‘ i
I = v dy <032 = 7T 8y de i (+.4)
hy=4

w\\u(_ we \,\m& uled W M@\«\QOA ( x" p Xl I x‘x ) = ( Ky o+ ) . uut,
Mo Kromedeen é,;\ = dma | 4, 4,4) p\c;.g Le wvole of the meliic.
The v com bt vitwed o8 Ga o\’\'\z LR < W S TR




14
Cosndirat & slomas nbo p\'\ys\‘co.\ drsho- @S .

Wy cou emuh&\xu R-diwn Eudidson S?QC& q“‘\\? uQ“ w. b
sphoi cel Coondivake oW e didere 94 Would wed

3 . [
a- TR AR T =%__A g4 dxdd | (42)

This “W: e \M.\m uwsed (K"I‘ll’(‘)z (Me.‘b) o-d "LL QMQ,L-C(_
\»a\,a.s \'\M. CO*W\

\l
Q4 = Qi = du‘&a (4 ,11,«1 Sme) ] (4.‘5)

Obsuurs ugn..& LR Comduramt do w ?«uq\ ok Ot
PR | COON&M\Q \0\»«&, b b \\uj wou\d aqete om tle
P\yg: u,.\ CX\\S\(D»\-& A! u.\\'\c\\ “ow& 1S e i.,“m,\&_\- .

Taonm S?o.(‘.&,\ re\ch i L; . we koo Hab He mumio b
Asto~ o of Hao '\“QW\"‘-\“Ql\y c\ove Spacehime tunbe (S

‘ Finger S St
%Nw \ﬁr

) Corve~thom

J
o 2 ) — R
de = S A 00 =g, ol x™ elx (1.4)

whene te heve  uwed Wa  coondimaleg  yF = (Ct / Xi) amh

Jomole e Muhowtl? mewic qrv by
%r‘ = dkﬁa L"’"l‘\"u*"l-‘-") | (413)

sndr Heb o
he = — b+ §pddda (4.6)

((“W Mo O, We Mo =4 oc oy R )



» O&M,ai wlabovly e ki becoms o dynomicdl G
N Ou o\ Qv = Qv Lt X) i 1 dlawmined \or
Ewdeds (1 tquok ow (el ) Wb commects e
T3 VETSINR TSR | WY, V| W W EP Sy 4 eragy awd wad

A< i€ douions Q.qw (4.3), meb ey (*R\\dew&w\’
'ML\*\‘C \$ assocla\-ul Wit a u\oM—L«iviq\ Spes e .

A (% ~d{(w-d.»& O gt»‘)g onite Reom o sice ol
Coondinabes |

Howaver, o gPOLQ,\"\\”\L d\twa«\' e\ € &(&,2\ e camneb
be norsfomed e ke (AB)  descnins o Speakime
oW mow tviwal %LGMQL\( \\wo(v«‘r'\'&- The wehces  1m
Eiden's GR  Jescn s sPucL\-Lw, Cunvotune 05 Souww Gd

\>7 wmcyw»é walo .
Now, Yo Coguokosick\ ’P'\h«c\\?\s L2 \/\m‘o%»,us od

‘30\‘0(’7 w Spoa comthan e addeyat mekic ol

CQSMGKOS\\(Q‘ %QQL(W o OQ’ e Convwn

12

A Y VS G (4 %)

e QU= ey drds

b on dh o meQ\AiAz&Q-v\\y q?ply W Ctxmokogira‘ 1\\‘&((‘)\&/
We ‘/\(«\)( Lb aSuwme “«a\- Seau_\—{w Caw \0’1 Uvdus\oo(‘)

as o LQMK—O‘\JMA Q(C‘uo..q_ ()Q Sfu\"iﬂ\ %\(QS Zt ,

(4.7F%)



hicanse Mo Comclogal puncigs opelis only bo He
sq,c.\;q\ V;N\— 2. & seoo\-iw . The scale Qicw
alt)  w fol ot R sehel ok AL coced depud om
Kiooas b Lo vl howegualy |

Ako, ol ek (Ou powen b Qoc O GQio e ot towo
w4 Fe) L The s becavse of  isotNepy | it g

Qo + © e ¥ diaedkon  Would e o dASL~Su§chg]

(}\'\L(HQ\A .

k\ v-i'v C\Q\L f \'\’\L Qoo CQM?Q“(A\’ COk\d \3( (‘)‘Q('Qb»" QIQ‘M —4 .
\\cmwu L\ e caSe (o Wwe ould whodne o wew M coomd.uJQ

&tl = ‘(%‘,0 dt omd &LJSNL suld @ (\°CL°" i~ a n-tch(«‘u\\m\
of time.

Tiw»l\?v, 1 %Po.\«‘xu( melwic Fip ) e (A3 g

'V\O\' a_s\;\\ﬂor\, ‘\)&\{ &\SO L“& \6 QQL\SQr ‘H\L Cb&wq(ositc.\

")\\U\'C;?\Q.

H()MlS;»L\L; dewarde b -0 W SPQL:c.\ slhe bt
Momluo  Chwvaluae — Wa  cunvebune mugr e Comghen b
o 3,

Gual,\\-k“u\yl Hﬂl.e (W'Y 3 Ch‘g'c\b»k' PQSS\\\M\L\L{Q&.‘

4\ —_':\«L g\,(\u ( ™0 be\vd‘kﬂ) ¢ e &‘,\4&— %Ql"’\k\&>
(()m,es()m»és ‘e —dim. Focldiom Spau wi W
bWL (hvkus\’

A= &y x o (18)

R



Ay

flat spherical hyperbolic

- i u»k\o“&ns ot QP\M‘\ chMkN& Mo D, Ronmonn ’(Wolw&y

ms S?GC& (19 (\.\0*(7 \\- \\QNtCM\' L;\-CA“ "NM&\Q\\‘QNS

13

Xt daad | - const (Mowogaily, ), ond
wede  golak g Xt RYLx" / RTR =4 (‘S°L°?7)-

Z) gp\\"‘;“\\ S(WC& . these aee N m]\»\,\ cw«&‘w\' Vb&'\\\'ul
3
Cliayelune w\f\iL\\ Cun o H@«&u\\—l(\ s z_sf\"*"‘\ Sw\uddaA

\M\o L\—d‘\u\ | SFRAN T S?QQ Y

g3 !
o\k = dx '\"&l} | )_22+u?-— 'Rt UA)

W\'\'«L ‘zo W< \-\.@ qad.;vs 0(’ Y $‘0L:.«¢ .
\\omocluug owd  \gobs opy  one obuious Mo W Symu\«y
o B b dumad 088 sedu 4 dun wolaliems,

2\ \\y\w ‘xsht S?mu : &Mc\kogous(?, we Cam uv‘eg.,.\'
SQQ&& of N\(SQ\"\\I{ (w&\w‘ (\,.Nq\m;t as\ \r\ypu\m\cxés H'3

N
Cm\y.d&;& TATIRN Lk—diuwg‘\M\ \.0\-(»\1 W SQ\Q FR ‘

Lt

Y U VS S S (1.40)

by
w\\m D\O’ (V) 1S commected \>0 \Ky Con Qo (we&m}im\cmw&ww



A%
p\cwﬁuu» L \&c\now one  inbeided Qo W Godine.

LM\'I— 'L‘NSQG'\!»G\QWS h)]‘r\ W \wuva e “\hl\u\/i cs@\dtqu.

Cetes 2\&3\ C o \ee combind w\o

2 B}
U = dx Lgu? R xu’— £Re (4. 1)

Tl  duQoe-bal o He Q,.M\m&di«\& com shaua T t gies
Geedz )™

Y 2
Ro '-F;

\M\\\,C«\'\ COun "' vsed ‘YQ Cl&wtkm\ﬁ ’\'\'\Q OuaXy ‘AC\) W (bmd{kqh

2
x.dX = F udu =2 du = (1.42)

2

—

W= A+ Bl (4.42)

T ORFEX T

A“ CukeS 4)—’5) Caw e Stammaiawd 1w W S‘nkk\
\UAL l\!.mu\‘— . . m%
dl'l _ d}l + \( (ROA.E‘ R ' C(.N "\: E*" S‘;

-—h

Ro.l— k X -1 H&
(4.44)
_\_\\a &;«MN\..\J& \x(omq mGe v(s\\oh w\'\w u&i«a Se\amra\
CGDNCLQ'»Q,\.&& : _;'1 - ~
Ax = dv  + (46 +S\~16dq?)
XedX = odn (4.45)
Yy ] ¥

14 2
1 1 2 1 .1 2 N O~
= dL = a4 de +*sn6dq ) + k m«1



1€
= g\ do

= T + 'fl de (4.46)
A=W

bu\,\bc ()\.Sll = df)l TR 01¢ 1S Mo webic vt stk

2 - 3(3\/\1-( .

Thwe s‘,c.—\& A\

me (,\bmwl— (4.1¢) l‘O&L\'\Ab Wil (4."{,\\
Hudd

g

A = — It + o () LL + N’l&&\ (443)

A-k 2
R

whid. © W clulnded  Faiedvoun = Lewahe - Rebso b~ Wl
(FLRW) melic

™ SP\\-Q el / ‘ml(.-v (w&kQLS .

[}

LI Wen Wiy be uﬂr‘ws\u \\«a‘— W CG&M\%(CQ‘ TN (e

hel aedmod Hae 40 - vdepedoct Cw«(‘ouu\s of e melic

(O\ g}r\»htki( bxy waL\iX) '\’Q oM %‘hj‘k QAM»(\-{OA q(‘,) o@

five  ond {2 oSt -\}o sek.h& e cuw\m‘bu Src\b.

|-—Q\— (VAN &\-u&y Lowme th?uh o@ Wig M"’ﬁ(

The GQue  dosed Mas o «-cscu\/‘ua leu'he\«y v da

R
o6 — A& , N —> ‘YT / ’Po_> °

X (4.49)

v 25> 0. Ofte, W<
Re > 1.

Sy MMQL7 is MS.&A\ ‘0 € cale

Puce we will st (448 do b W scal Qacboy  today ot t=ig



1%
“0 MM:\-7 / Q“‘o) = A . T‘f\m( Ro I aelaked ‘t

‘Loday's (uqu\uu &cq\{.

T\«\u, i‘ S \\lﬂ(»'*kma\’ ‘}b v\s‘Q “A&\' v 8 Met Q éu‘mu\'
amesSuve Lo cowme vodial  dushe~ o | Rq,\l&:.ﬂ (OGNS

Co/\m@v(ua (99.‘_‘_3‘_';—“-'5—\—2 ( Lk o @ Coondurale syt

b goi drow on e sualece of a smell ballsow .
The dide wabs ) ou bave daown wll " co moue " b
\Jou s\t m“a\-{k& Re balloom . AF (el tumeg, He bick
moahs Wl have o \o~3u demce ). [ Po\,‘—CCu\c'v
‘e coondetale  distara con be C\’\(.U\ASLA us‘\ug

“«m Mchub(S ((.48\,
_‘_\/\Q met) P\«),s(cu\ Coo\ck&»a‘e CoamSpwd&ﬂv (S

R oduck
© P Volys = all) « (4_45)

l,o\nic\« ARMAGLLS MO Ot bu«du H/Q NSCOLK\A»& (4.4%),

The COﬂ(o-CS()QVda‘Na \JL\OQLV o « ”Pod.{c\gﬂ ( Pk of
a Shon o @ gu\c-xk) e  weods

= CX? s d‘l N Q _ - -
Voo = At =4 alt) ab = H Tptys T Vpoc
(1.20)

W\l\\& WL \A&\K l“\"O dwad \‘\«Q \\u&v\)\a quawexbv

H = HU\'-: qu ' Q= AI? (4.?1)




18
T okt i D~ BRgs 05 called the

Hole Blaw 1k deglg the velocily of e

Pw\ri(\.t (ste, / ﬁm\tuy) f\-eg,u\\-‘\% (vow e & O~ Oan

-

of Y o6 lbbwen v, od e onige of He
Coondivake  Sydum. The secomd fuwm ?fr‘,uzc‘i’
s e peelion  welecily  meosundd o o

Comoutg obauve  who  him/ husd € Collews Lo bl
flow. b decnibs Bl mebioe oF W pobick weledive

‘O “'\Q CbSMné‘OSi(Q\ MS\— C.‘wq ({K LOMQ T lu\A::,LL
M coo~st —Csr\ctlvux \I\ONVOKQALOMS (\.,Q“-&. d\&‘h\\')*-\\l‘\ﬁ"‘ \ A

Wt L NS q\— Some o 6 '~ \~\U~»¢ (8 q\— et O

q\(bc‘?\ . —Pn(u\(aﬂr \AQ\&;“A Gne |‘7P\Ca“r C)Lubd*d
by %‘Q\u\? Q“n&d«'\ké o pelicle /ey /%q\w to  Col\

\o woedl a \mae« CRNVISY eh&‘mi\w\—(ou .

The e ~ Cb”*FOV\w\* of the FLRY wehic (A7)
< mob—biuic) . W Sowe CaSes(l\' e v ful bo

A e oy fime e woudu‘u\ Comd{«»a\e omd  imnNodua
d o

T (1-k < | (1.22)

dX




19
ﬂm “z\( TLRW wdlic necclQ

48— o +atl (4 S dQ)
(1.23)
(N\I\NQ. S\p\\\ %0 co‘ Lk =—1
S = Ro % (o =6 (12¢)
Simn %o @oq k=1

Tor k=0 , we bheve =X .

S"‘Ai\(‘m l7 [ L con e ug(;u\ Lo wedefne  the
‘\\w, Cbc;t\a»tucu\-k S(.ALL\ {'\'\k\‘ \'\«e M»Q\-*f( QQL\%M g |
Tov W | we wkiodue  confommal time

v = dE
"\ Q(l’) (4.?.'5)

Thon o+ e welic  neads
= Q) | —dg +%Ima¢] (1:2¢)
sodn Wek  He diwe —dypendir e ocCuns ouly wn the

prelocbon 03('»]) C Thic fnm € Convonit when
S\rud»)vwa \iﬁ\x\— propegalion Pox whech ds — o ,



