@u_ %Q."f_;ml UaUM— I

f..,,k

k !93 V’}@CPL i3

; .i.»l. -4‘ 4 *

&tﬂ .*{DM %HXL lu.{

J&(( c!&.w 6
:' wm(eu\'se

. E(h &cu -

/é&w,‘le

1
»
i
!
+
1‘

Bitom et

‘P&-ﬂ«

Yeiom

Db

ﬂ’J

qu} (.QLC\{ z;a, bwl&e (l‘mm
(m’ﬁw@%w&

e\,gu L(,Q«ué a&:
K Aw{ L

13 r(ma%m Vlfxlmﬁn mum

]

IHD&- S‘fﬂ?

N ﬁ,uo(

-4

Tod m Y\&c%w

é_v i (J‘ i :
” V‘Kw““? i

'
i
-

¢, %

4 _—

f)'ﬂ."l:
i

r
H i )
4. e E i b
] . i §
! ' i [ 1 i : Z §
+ B ?‘,,,__ Lo ..,1.,,,.,,4' SRIY SSSUNES SR AT S PR S

Gtxo,r)

i Sk
u&‘»?mﬁ«m %C{meMamy( 52?[0 f(}ilv// (R)Jfr |

1 éz«uwﬁoc R =
a&ﬂvh /(Qén(()-ﬂé.(t
T 'Zz%«»ém! (/(a

e ?
'/a zm )mi \r.zz
> OE 4{7&&.\1 mu
y /&nﬁnc C/((l&Se

i
i

-

l
c», UZYZ(QQ

:_. i‘;

(‘AJ!‘AM ?ha’?— F‘)

MDG—SO{,\¢L& 6(4_ “’
M#Zzﬂfpfoﬁﬁ émoja Gmwa 4 i ”‘.‘
Pléblk(‘m cq,x %&tk‘rdéj} &Wk? @gg

e 0@*;- a‘»\{éé:f ;e,
Qn frt{t%asﬂ

; po;i:';__.:;-,,,,f

ofa,h

soob
5 ,.‘: ._.;.

"}

I

§
i

. 3%

Sy

{
-

=t

& ek

«&L m [(bu MQ!——, a&

et s b

S P A+ S

A tzéwt.@ yé

,m(, OGA @txc\m@ 'ZG {t/é) /g‘&cv'/l

C(G&’*Cg;u/(_ (Cn/ 0}

i

H 1 i
R

-—\/‘q =
oé’r nl(ofe C8is c9M’L( )

e

/«/(Mee !»em« a«*’(

L\ﬁ{*@ﬁ 7S

g
0N ST . —

o L

Weffﬁ

§

s ,”.N%,_...;N.A_ FR——

“ ’%p;fv/[w@ Mw ms;(v‘ ,
g&\(l‘tcé Qcﬂq/k Ofﬁi;wt.“vé é[i\u‘m‘v’"

s

1
:
it 7
i1
i ' i
4 1k
: i H
: ) i
d i
Fee 3
< 1 {
i : H
4 1 *
i { H
i : !
5 ' i
i ; H
o4
: ! t
H i
& i
i i
. i

’lCﬁﬁa t.r:,« Opkﬂ ngA 0'6\9 (2?05"4!’4‘!5



R - ! L sl 4 !
! J { . %‘ 3 e %~{ .

)C . w:i f-,, th-bz,u) (PLVJ.H(A 61[95«(,}-1\!“ - (/b(,_)o[.‘-g' Gueédctvé, Q \{»k\s&a(k MU{ZZZJDO{H&((/V;’
Aw\ w‘wéww‘\ffrww %l wwém 3 f‘y? BRNEERNY
{éém"é Cuomném SEN LT
»1: ‘ -_a‘:;oth‘) I'_' | ; 5 .; ; : Lo ;{,\,ﬁ %(HHQSA&\JJQLlH ! 1 _f
i Q’ g b i“l = e S R i —
HRaNN LT T f
ok = YIRS RN
2|4 M oy
\.7 4:‘ - aaw‘zim ?:M m T
(-;” et R, e
: ": i——y i ==Y ,,.4 - P i
i sf; ] L LT
= i .,’~ ‘ 3 : - = k oL "I[ ! E
SUNET S L T I i ‘ A S O N D O A ol
Ui r&oﬁh}ksﬂi(/:} M{&wOQm &LJ&JA&&.L& %—-Pv‘.wéfull*cff fit(ﬁwfj : % e j 5
@km Wt e Ena@ltm . @J\?rév/\rws 40y o&b b/ 5[\7 ot F* . ;
(w.xaw%wf% i R e S
et s T T
e "o i i & ' N LT T
o(“ ‘O" ﬂ’&\l )ULM(;J\Q )—_\&c?fcé\*&mg CLW( (Vlf)vw . wlcvn[ \/Q Mw /{/g émqia 3 g{ ? sl
Pm%uﬂ’\t {4& éeh ’DQQ;ELQ(E(CLSL\ Jt/g T& ~J k /’h ':v[.ry(émjﬂ(é U {{,ﬁcé;rélﬁ’ 2
" (3 ' @LA e | Asl o 1 1]
L CIMO‘\S @t‘\t Mk‘m(,c}g ,,,,,, \{ A.-7 6‘ - = 3 =08 A
‘*: B S SO S -4 4 =
R i I O AR , ke SR D S S S U A
=2 .3 / tE =g f«L 1 f T
BEANANNMAREEE AN Tt
i tooed L s B R [ S S ST i 1 ! : i i
=7 [ e el% f T
T F oy ey .
=) g% SN S R ) | iy




4
o ‘ R
| . [T B S S S I b ; ; ; ]
H i { i : d i b : ! o R
I { i i : i : ¢ ! i i 3
| | i L : ! ; ) ] oo
' I i : P e ERS RPN i ; i g | i - ! -d i . ! -T

; :
i

i i H H
| ! : !

i

i i

- i d |

= ! i : ! : H : : h i | H 0 { !

. : ' g J H H g i i i £ N i : .

5 W = S Je Sy . ~ O S Foeee o p s | ¥ i
i | | ) i | uo [ S ‘ i i . X : ‘ i

i ¢ : : H ‘ ) | i b : i b H . : :
T NG SIS AR TR ¥ #.. a 0 E R PSS U G R S SRt N F N
P e : 1 ' i : ! : : § H i ; ; 8
;= = i - i H A i H i | :
s T ey R L ¥ 8 [ A Bl i d e 4‘.4%:, s e s .
' { 4 ‘ ; ; ; }

f R : : : i i

z - ped

l

i i { i i
i ; { i [ ‘. : —
i i H : i : . i i
)

i

Ll "' ' '2. »!L(* D ! _
. (/(kv{ QQa@x(mu—e.. l:u :\ VL *Dtkm%;w g,%'[?en ;a(f(wd%&uoé i" M ‘%w&/ %sm"f(c&/s/ f}t“‘
}0&2 ;{&k}xmof [bﬁ-« d»wj %&:[sm (9%6&5- //z[hé ‘ z

|
i i H
N
|

g._._~;.___+.. B WD a
4

.

£
‘
EY p:
| )
{

H
-;-:~
|§%;i!

e e Fes ey o D T T S S S, £
LT 4 A R P _{

F ¢ i i i !

“,‘,. : o . i - L_ T o, ’
! v e ‘§ ‘* -?1-

C" "“ci"zu BT g )

- p

(ﬁéﬂliiiﬁ“?f'“d*

! F

i
e
!

; '{‘ 2 g - 3 t é'
! S Lo : i t
b * b { . ; | . /7 .= i 55 S 4
i g gl I N ! ‘ h“?(; mb o"h }&(’(‘3 %é ' g-«
| I i l c

! -

roo‘ol vL Mcmmslilh-\wr j\'\‘/‘h /Z/K/&o&

~Num

&ﬁ-] J&A’dﬂv& %‘{( {MQ&A? ?
' f“.?’(x,tl’woﬁsﬁu% éw&lk;, Py

i

Gaden 'Oma(tm g lollicle :

) p{“’h-ffuélm}a{l}){, ?Lwe'&. mee&u& (/1= L L ;
H wc: @fza;éfmu%‘&@<3 L
ummm (Rm T D eyt

-~i"~~§~-- _ Shm S e 4
; 7 ; 3 : : f !

e~
+

PIF:'

,‘l__._ . Q*PP:‘
.

‘\!

H
RO P S S

i
!
i
i
i
3
’

T'TE

Y
i

A s @w)v T TS T
3 : 1 ( 11- k (,J— )’2 : : 'f e - Lo

o A e
P ',

i

H

T (JMzu, ,) VAR ETRER T IAY
S i i ; Pl H

&Lu

'su

f

JEEST

(2/(.&4‘@)

B Rt ST S S

-x.-.t..“.;_,”
: : i
RS SR O :..._, -
i i i :
H

‘“{V“,;f'w““‘" ““ fQ§fﬂ_m%@%;
- f : 'L rd . : i =
] :c%” ‘M [ cb + w) ( 019 L of¢ ) [

o . e § _g . =t ‘ = e g 7 i S . _..:‘.__,‘A.m;. iau,- ~i‘_\‘
RN X) ; B2 TRV I B SR I e
o e T s R B Sm(z {a--¥} i O g L
./{[am‘waL Jaﬁ VL": k f c&s mm(wﬁ /ﬁiafa(oée; Zweo. e(szo h%é QADC-J-U) aﬂwc, H

ﬁ LQ&R \?flmecm,:} /\ jw‘ e‘”t(z""”‘*l‘% O{QJ[I‘—UA ak (OS f( CV{V (@6\ 0‘9“’) ) Z«- et‘u. ;
il’!ﬂtﬁtm l((k;( (’jmlcu/\i(o&:q (R-&sllafxvf\ cwcA é’xé:{:l'a,r'é‘ ¢ *.Z' Lpfﬁa{q’/f{ﬂw%!oﬁfi gw%j“ ) * *q
l‘/( 2 l:/wu(“v 0(1 r P 0[05 :A,_w i ?~~ ,
‘fwﬂffr(w R dloteislp opF Uf’“‘( EEy
qumfé* of Q (c“( HM k(cle 4«&“ 610@ )/ . 4

R VANV LE AR




! ' : P e e e B R O
j;% ﬁ 0 Q'v,@/ﬁﬁém m fgdwwm# m Lu\cw{(z/w %\}Nam );um;wg% ‘&M @

I

‘ R |
H PR H i } j . l L | [ i Lo i .L ' d i ‘
: : : A T T e ; b P 1 ! e b T -
[Ujj @ [ R R S B [ I 5 ; 1 bl f
. R o I + bl | I A S B B s B ‘ ==
‘ ‘ I Py * '
1 ]

j:(u L(—— fmu((lu w Q»\;cﬁaa(w& @)lv«/-‘—- Mw&(ﬁ 0&} 64%»4«&/3‘{@1‘% h;v(zf ; h
fo& w«u%w @a(ofw’ @wq @H&MM )it vacﬁm w
@o: ek w il @.@Mm cwm 6,4 3 ( hmw? ___

[ r

,1.. . le ! ,..K. .,’ o ».v_m. T MJ-W,V, i

RS SN S Y ,Jn...,..<. ALU ..VN.' .,4‘ , { ,.i

$ ¢ ¥
!

SEE S O Cp bl
’Eh k@oww log NJAL ?mlt)w)cﬁuﬁ%w% L ,f . ;{
U’;“«D@“Uﬂ f"‘a %‘CHVGA{[‘(‘%’T"{% ’MQ/} M‘\L M%W
Cmt Qom&:%{g )w @MUEMA& (D\ww-» \Sﬁwmzw AUV Hs (b v
Ganas') o a8 st kb bomabbpnitt P
X (@)

S W
t ;

i
i
4

P

P o ” ?—l
' b \Sn(}m(ﬁa{a '{65»&..«( f/(ai @(é) 0’('{ g R“’) é( —

e l I O Zf,méwk P EYH TN NS NS S R A0 42 O O S

; £ by C‘z%”\‘" Lol - ' bt e e o d oo b ﬁ

) 5 = -; _é ; ofy of P

1, ,: .,.: ,‘ " ?’(’g’) j = I{V(*(/ X 4_5 “:”‘- g(.,“ it e C T /. X :. r

i l “ :.‘ .; é."& 4 1 ‘ ,.: 4.: ﬁ I‘ 1; .. =, R ..é. .i [P S S : - e i
SN SRS SO S SO S J el } - |

i M H i

m (ym%?m culon {A%Ua&ML wf} e o& ton tine Jedoi i poad] 7L
"i%'eu&ewléu’@ 5‘“% A;.\eigﬁ,. % s%((w by Ae'i;i spu;, ‘&M@a&mx

SR~ G- L I

{5@ 'M) < ma w

—— Ly w{,wm éfwwlaq
=5 @9{m%wéy h \f,ozépéa/(m.% /Hp ﬂw&cm’)



| i s = A f._. R e R g I - 1 i P

/Z(Lm .E‘l dc.; /(k\‘)bngp o(u (}Mtﬁ\uéd, KQ&«AMMM A,(A H( A%/Lbbt\[ @&Zi&fw @;

: i

e %- i Rﬂ& ST Hs e
| i ; l .;/a! —;AQ ‘?Qi f~ ‘i % g i oy 1 ; Lol |

O

Q‘:nPﬂ'm.lult[ L\k¥ "’VIRH \61« &,LL.}(_;{A U{.}& Q'AVgNM!”’"“# Zé vlu«o/& L.MJ 72@5?[3& é{&&uzf‘)(
f Uﬂ,mhwn ?&J/‘ ?ma; of&ﬁv&z ?m{ﬂé';ntf\ 64:/ l(mw&»\yzm Z(r))aufz { (‘ \Mz'a V/DZVUs } ’E

(5,..
u

» 6 @u}m th éxﬂq&e&,wc&buu%«w 4{[{”“ /’“ %"UMT w( h”‘r/ @J‘; : ‘QPMMN

Tt B

sdmw tuid m““»’z(mig;a &aswwm Lokt b f“““”’* “‘
‘(2 i “mmc_g(‘ o)-(62

i

TS O . ¢ T
. ] 3 g i ‘ . ‘ : ) ; ,
' H 3 o " R B 3 i i ¢ i . t 1 : H i
g _\(L S d “ s g ‘;_(',: ” acd 1 : 5 = L R, SR SR S e R AR
L= k ] . K ¢ N e 1 5 ¥ i
B A T .. - tR o e ki B N T o PUUND R IR PP Sy - -
B { i B i ] : H 3 H i 1 T H {
: i i h i i i i . 5 ¢ ! f B : : i
E H g : " H ) s i : i i i
- R I - W QR S A e 2 W o e g s g 7ol im0 §
‘ i A o [ H : ¢ i :
' i i i ¢ il i J

NIMV\(-\M (lZ) th&Q&bﬁ %L Q[Q,{'w) QS\(_RLJNHI 2)’4 ([& tgcr‘\?{)cVG D/c.j

S L p 3& (S avey (S adtwf’/a . S EEEane]
P 5 N i :
4 ‘_4_. e R ST R S ( LT T : ok — 4
Pl ,(/3}
- ? LW . e __,_q LI - - - " -



; m H . | :m T r M - -
i — Im.. e i :
I3 i :
: i s
1wl Loy j
T Ty =y +
REEE .
B et Tialot S S SV OO IDP SV S H
- TN 1
R R — g Nl :
L A B i 4
el B S 4 1 H o ..
. f R 3
SIS " TS SN U R - ¢ ”
) : {
”10 : v L W T )
H : E 5 t g
e § e b s SR T V- i
R e R :
R AR - i
o Y;:h.l.rry‘. It BE o ;
Cd ~3 ; :
e N N AL b ; ] ; ¥
g 57y ,
i _ i ] il B H 1
EL TS o 00 SRS SOUR. SRR S (Do I d N
= 5y S .
i P i ¥ i i {
A S S S (- i
F 1
Lol
:
i i
i

fl.t}uﬁk'«s{ ‘
e LL'
N

i

Q1

Pt:)fe..:
|

\S

1%

éw

O, e NN N
i

i
i

.

| YW

Y
|
i

it

=
pdha

4o
vh, €1}

9]

i

_§;

TR

! ] S . al S, o8, N3 <

#@

i

TSR RPN XN [ G

Gf
o

i
H
i
4

?

1

e Pl
b RuL

e

Q@Q&&'

e W

g
H
A
PO ok
i
e

i

x
N b

i

pslan b £

£

g : g H H



1 ,1',... S

@)L'QFMQLM% @C&cfwhw ,I

Pl o ;,; ;
el % |kl lm
*0"“0*({"!
Rw&»&#ﬁ "

JEE S - RN Som
]

O Su—"

i

i e e
- : : ) i i :

A B I o

o~ s H ! .
PR

!
§ i :
i A ¥
R S

o S S B
..__L_‘_-,_n -
by 2o

-ly
|

S m e ¥ S
5
4
>
LI T
[ -
€8y g — . H .
A f‘ ‘
5 I ; :;w,« .
[9%)]
@N
3
N
=
P
P 2

_. R e,
@(HCZ }szi

1 N b { i 1 H 1 Y i ‘ \ H H P H
B R ] T S N e [ R -SSR SR S [ .1.1. . ~h A
i : il H H i i t i 2 3 : p i

Ll
e o [ O. | ‘ _,_ _.,.

T .ﬁ kf« r 7? té) *Bu) @U

1 ;

ooTiger T . usaa) ffé%)
f Lol B

ex(aqwé'%wﬁ @ Umw&%

A 41
i

i fy(:;

e s

§ '
it vy ek om i;
H H
“ B
s

i H - ¥

M %,/w..c,{,l- p ,; /4 5~
”J“ “w B amn id o “WJ e

[gc + P i §_:..;o(f_5+; ~73W 75\5 ﬂT "“ ME- MVH%J) »
. . - _.;._,. 5""7*"" ;-.p..;”_.z S S .Aa.,.d. ‘i :,

>’£~= i*wp(cbﬂ IMW ;fﬁﬂ&/@n (Ww‘z‘« VCJMMMZ(W»J 02444 J %bc«(ﬂ IC/QQ&" d
ri%vlth.m :k km@vwﬁwm Je v’k éz%ufé’o{ ‘V éml‘% gca)c OL m/o(twfz 4fﬂ@bléea 64 )




)

| ! |
{ : R P - .a ; *‘ 7 -
AU 7 10 SO A TS I N P ] 3[&-&) SN VU 0 IO S W S O TN O S O
TS R e T f':(le?;' Sl LT
| e '“S’ NENEwih 25 SeAESEREERRRNES
- I SR SIPONE S S P | N e
bl ,:.?7) ?u((s <z Omo’zdac:eo of«t-w /(? f’ w*-d i ‘ | Eo
4 ‘I j {f’n; AJA— Svlﬁolv‘t‘- Oler; &lwmf»n& } e
: i i i i i .E ! i e R -
i

.

[RY95 4@)u\d@({5) ,ch %) il zf-,g,

/ﬁm %5 CmiseJ\ 04, w,,(@ g,. U

_ f l'ﬁ) o(om\j\mwfwﬁ% %m&r Z{' M
‘ L);“ 0(«1; Q&aw(ﬂwﬁ Jéx;smle A
[0k s |

,1

(S N PG S WS I SO
1 .k i .

""‘ A

/NI L O S S S N
» ey oy
g

- .|,,. Lt

y i
WL - ,,J._-d__,‘_‘.:d,... ¢ JE e e 5
i :
4
-
H i
: !

,‘\dt(fzr &d uﬂéw i}ce fom \gcf«wq)}\yj; (o(m{,m ng Q(a Maw &u L)oéu QSG M é& t/u 3"' B " ;

!

o(r«ﬂ/“o m\d-} duxc&k /ara&éﬁ dm@mvmum‘ ofevhfe(M- Uw@; Q Qms @({) Mv‘ o{en &o{,u;
Q(u} auj‘e( ek:x_ ef"",‘;[-’f"“i"L (E L( OL ( NJ\I DP&bL(/de)h- }C,L‘,.(A(ﬁ (,{L\G‘V{&V{ Ox'\fjw&/(&fz'

i | J |
‘__“, T P (U -1

l

LQ\J?L(.VM {fs) N O

b e .., N S SR b gy ed ek
[ i i . H

mom, R G o o

,,,,,,,

avw( e“\l&ph“m qﬁr‘\ L 0&5 (huﬂﬂ( ) %mcd &Y{% (Q,,v(*;} {’lw/acm h rh fo{uue%’i( E/‘w /ﬁhwéé’uf*m:

O&,\/at\pﬁ ,6(3 L@ 1,“" | C”“'%E ;t-mke

'“F.wlw/» o&, e bcwﬁﬁcézm @L%wﬂl :' 'v" Ow éu

‘&‘s,{» e axo__,@wk P(Jb oemcjfmuéu

.1. 4 Srhesr 1 R E—




..,z :.A. =

j ; “ : Fooeet 1 | P | ; | i;. :@
®m h%&ckl?«baéh(%lm[h‘ (C <Oé,)(( fi OLQ &&\ M{t).s H’%h—#—-&&a&ﬂwv {"‘,vé:j i ' N
| 3)@};}1%&5 (‘a) E % u&,-1 cac %&mm &u-, aam MMQ o aA.mJG '
L) Kb a mzm@ emf\m@a&amdzmc% ‘mwm,am

i .JW-W.., - j R i
_f @».l’w(- ‘Q\Mh\u,g P || j 1

o 1.,_‘ 5  — .;.‘

I

[a) ﬁ-fl (Qcm; D’ i fru)}- (D (1 c&o1~)

o ‘femmm\tw_ m Tl M re U f@»)\*k wamiﬁmis
L 27 4

i
B E N S

l
i
J
oot e
Do
o
l

i
v I‘_‘i' . -t J Tf..‘ E
1 : i

i
i

ﬁs-
-t\“
|;,t‘7 A
33
,?! I
A
3:

!

B bR G @\\.@wgm 2.1 30 R« D AECETN N

H i
i H

( ks m 4k - [wahvi-l):, RS A FRCRT ISR
1 j ‘ ‘ P ; : ' i An o i j

G E § o
! Dol

e S R N s o f Lo

P

’ g

i | ! 4 H H i i i !

oS «.L ..[, - ; B, o ., S ; - ! __; .;.v; el ‘i 1
i i

Qw) - c,{"ibd'o( L. m&) amnva _5!%@.&.)_\ wcalml l-m! ;ZW?AJ&QW%&&«

!

4
, ; f~—~%i' 30;
L.!'”..;.,‘ l i
‘ |

gé‘jlﬂ

i [
/ "m ‘w’ - k=0 | |

zm-;(%‘m?s (;-i.,;

)
-~
i
l

.1...‘\ ‘..! ;..4., .}. - J o 4...‘.,_-&»“
: ! i :

f@e) E%% (?}?ocm.kuh&' ! eéﬁﬁ;(aﬂf@d'; @h‘J?—(/O l
| k;;;z'm, wm &wm //@A o) aem a

OSSN OWRRANE DI MY S

4
_l
“u’ SR SRS A L
; bk b S
=

P ,f “"v(f:}«v{m” w:-,»&/&fﬁs u‘o» 5?

: . H i i i i ' !
[ [ RES SO ORI A e et e [y : .,.‘ ™ i =~ — L, -_.. @ 4. %
i 1 i 1 * A . £ + !

P o ! R R !

§

i

i

|

3 i v
v st s .-.-..-««‘v——,a. -

!
o35 - GRS S y (.ﬂ_ué.,.‘.,; = .1_‘ ‘ - wi _._4._.-__4 _.__?_

SR A S A V
(\DA([UM; OLQQJ\[Q O 'H -l o‘-.t—u,q‘fr;bv.ﬁ é(cwm : w&r-t/m«:; hl,w&:;(/ow'c&

b Sl ls ol obn | oy 0 W F 8§ .%,,, &h,f - ST A0 SO O T
P T L i 2}' R e T P

i_) L( +4 C(;u.o-u-sg \Tﬁorxau‘r‘mz

s 4- wr,“.T_y_.’A : g ; i ;A.,‘._ e
> o Mv‘-fé"u“‘ﬂ "y

i
1
f
i

S

‘“";il < g} o ‘) (L(,-,- | l(w)- 1

o T S ey sy

";).(,u.va zm,z. Ao, Ms Q(Be‘— g.tuswf b, ¥ /um. W b

SR

gi; ;~ z o °’@/&_s ( > wa;,., SEBEERNEN )
(MMQ P s :

1 §> fl{.m‘:-—f )



482 15 Cosmolog

Equations (15.3.1) and

(__- (1533)
fio/ L A |
The solution may in general be expressed as a formula for £ in terms of R:
3 1 [R/Ro -1/2
3 t = — [1 — 2q, + 2_q9:| dx (15.3.4)
i oJo &

with ¢ = O defined as the time when R < R,. In particular, the present age of the
universe is

gt 1 ~172
: b= L [1 — 2, + ?@J dx (15.3.5)
H, ], z

For any positive ¢,, the age of the universe must be less than the Hubble time,

ty < - (15.3.6)
H,

as already remarked in Section 15.1.
The behavior of the result (15.3.4) may conveniently be discussed under three
special cases (see Figure 15.1):

(A) gq¢ > 3 (= +1, py > p.). Itis convenient here to define a development

angle 6 by
1 — cosf = (%;1) 2t) (15.3.7)
9o R,

7 021
welle h&u\u%‘

0.25

o
Figure 15.1 Solutions of Einstein’s equations for a Robertson-Walker universe with

curvature ¥ = +1,% = 0, and k = — 1. The numbers along the curves k = +1 give
the valuesof the deacceleration parameter g, at various epochs.
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Fig. 23: Thermische Geschichte des Universums
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