LAY /\\’/\'\ (_JP W’Oﬁ""”r‘J
PR o)
% Sphd Pt of  Metac Js's-cdtpaadx’
ma 306.6 3 Lo c’ﬂ.{‘.'lfﬂ -Hta.,.m.ﬁ )e:(fn. d'f ?f’tf )[a\f' Stabre MJ 3D 3?‘“’""

Homo Jeneatts Un.vere.

D Fiest oppscack 9D Space ( S;’)mn-c,,j Sucface emhodled /a 2p)

Chapter 29  Cosmology i 4
P RCrp2) s lplotGigazr=c
. ‘_, . n P}(lll‘juzd ) ‘rﬁl=m=(4s
p ' '114:11.*21: rl T
- Due tn &D
————— -7
(a) B (b) e SPMQ\
FIGURE 29.18 ¢ as measured for (a) a flat plane and (b) the surface of a sphere.
State Fackor
Mj N‘o‘la-kh- R_—_. PA“]S.GJ be"‘du\:z (P{LF@,— J,,;.,-M"_c) /
7
K= Comeving Distance Retrs atr X
%: r‘g 2 g'-”- I"S.\é—
2 Y 2 x 2
2
J%D :Q|rﬂ —-I’l',J — \"49 % Jqd
rg,_‘P'
ds :
2 2
&orsnt —,  dE —yde{dN N\ [ - =+ 1€
Ge- : JLD (l-. gl,
£ / r
Sm @ = -
(b= - Sape - & K= A . Cuoale.
T e )
(Ko d



I —KE&
do do”y G <x) d¢

C)< _—> g -ﬂ,r K=e Fl"’{- Space.
J42=des ¢ de’

Now  3p SPace ( 'Swa.-(.J Opace embaodded a qo)
a
i, <
i ]
@* Se,amc( af’Froa,t)w 9.]): JQ__QD-",.

) 2 ; 2
0= de+dy' dz
e 9&3‘121 . W SEe 3

o= 9’-““"’ UJg""ZJZ

J ?-J“‘ﬁJﬂ 3 {"Jh-\-ﬂld
23 = = i ;/ \Irz__f_‘j:_
HJF'-(fF’I'I-ﬂ«N_

dxa gtz dgiy §2J?)




Lkd',_1 e 5
Jﬁ = Jmlh!j: JZL = J%: sz_‘_ (fomglaj
0

r‘—)/ )
(A= S

- ng_’_ §2.;( V?— N gzc’gz

"‘1—- gl
2 2 b} 2.
e[ g +§J?_J§[ -g%{J
rz_ga ; —gl
= ng R éacl((l-—- ‘/f?. . ézcl?’z

A I_K€?

r , )

e dx*s S d e

—

a
A 3 c_b 2 ) ) - Zc’ )
=X +z = i cl 2 JQ+%|\394(9 . ¢t de
M Jﬂbb . d¢ + & ( ) =
2 [ 2 b3
CMSD = e + €40
I-Kg*

?

(Msn — dx* . St d9°

l

2 11 ¢ 2
CJS = -_C2J€?+ az(ﬂ]'cl')( + Sa(ﬂ 9 }

. 2 - 2 L
= (’X + (lz x i_z'lz r : .
or— e, : ]

4D'__’ BD, r"‘F-.ieJ



e It (R g

20 o)

| —Kx? |

2 S, 2
ds’. _clt'ya'w JQBD

Wlm* a bt QCx) <

e K=o
J?(: ;'/(éh, X - 0 ik (lme) k-
[_Ke™ IKI
Jl)z,Jg_gs JJ.f Sin (e &) Kye
X K=o
L € = V‘T:, S h (Wu\)() K<

L g (X)) Ky

{het

W)= L. Sim (\m\ ‘X)

|k




o
n
5]

7
Uﬁl”t:'.”; dcy,
Boloid e SF il
AL b A
i e T bW e,
L (b) ' © a LA_-),J 2 'jvj._ﬂ") o Ayt
(a)

i ies: (: clidean.
FIGURE 29.15 The parallel postulate, illustrated for three alternative geometries: (a) Eucli

T ]{{. o re
(b) elliptic, and (c) hyperbolic. L 0’_-‘/"‘5’5)‘?)» : '4’6‘“‘ L ) d
g @, L y

C;]Sw()'j‘/
- AnS¢¥
c(lly

C:J_Ti)(

Y cy 37K

FIGURE 29.17 Calcula
Mnd‘ﬁPhﬂt. and (c)

g the curvature of a surface in three geometries: (a} a flat plane.
surface of a hyperboloid.

FIGURE 29.16 A local measurement of the curvature of a sphere.



dy-o — d0 < dC = Seplp
2

Y Ciennn frence
C= dp stx) = S0 Ar =

c“:p _ vy S dy

H:O S(X):% — C s Q.TX sl’ﬂf

sSo

Ks. C ;./—'_ Sy (Vg ?()] Lx < 2ax
b Uil

K. Cw' = Sinh(x) 2x > 37 )
JA o dle e 3u)de
JA%; Qﬁ‘?ﬂ J)(

X . L
= Jy C (k) — T ?( ‘-Fgr Kso
o , ap _ ) Lo
L Vs S (P &I
— 1 g 9 . »
L/,JJO',J A=t St ’("":-’Q‘f e o0
A{?< %4 Ny YCL‘P’;"’/J —de,
,-/ P /S
I | S lse ity

-

. oo £~ —
c\sed < K RK K'\ S sars
o :
Flet I
Exeres~ |2 Far  Stabe  ood ~|—l—0mo3mm Spare— and l]$1kg~

¥ - Schwaczschild motric Show Hat

/
@HI;&U Jr1+r2JQ_l]
& L’Q[(n:-_ _L

T
Ricci scalace 5LWIJ be Constant I -Kr

-[-!"‘-ﬂ_ R.,J'-ﬂf S‘L
Stlmm-wf-\’j




€, l‘\‘7.=+t;;];J
w Exerene Q 2 Qramm‘abvmx QM(SMH— i
Ve—?—u{ };
£-ht% 2
‘-)::‘gdff'
£ L &3 ¢ mhot 4
L%: L‘)e('_ &) pV= B
c* — 247
Vo - &Y s daz= I+ @j( 1
= - - W
Ve
Yo
o
/.
_ e
]

w Co Sm°1°3‘l‘(aﬂ D_QJ S(\‘H

2., 2 2 2 2
(ISL: _cdt +4({,]:J9(+ 3(9()JQ J

NU" 3@429.1 B
& _ . dst=e — ‘JX‘ C act)

C‘Q:’



C

¢, €
J{_ < bfo
& de
{a al+)
Te+pte “
L
o t +he te
{' o+ at. T t
o+b
d+t
_C
’to a[(f)
{-@
Bbts
= bt
act.) atte)

Gl Saurr..& c’o%

higt ckouxa,a/ X=
'{‘ + bt

forad



b-{:o — a_("e) b‘(:e
St‘fl"m"y‘-"H“‘j’/ al+te)
At =1
?) — ol te) V — __L l)e
o e -
+z

A= L A ¢

bx _ z

A

. R(t)=a(t)x
& Phy3|ca| |ength ds? = c*dt? - a(t)’ [dxz +S(x) sz]

" Is? = dt o dt’ z dz
® ol .. S L
ComOV|ng length {sz— x a(t) (f’ a(t') (ﬁ‘H(:)
® i i 5% =
Angular diameter distance {ds =0 L SG0 = Al d, = a)SC)
T dy” =
® Luminosity distance d, = (1+2)S(x) = d,(1+2)’
e Comoving volume element ;- 4 300 N _ AV )3
dQdz H(z) dz dz H(z)
e Cosmic age AN, = [ 2 din:
- Luin dzdl
o dz
ty=[ dt=[ ————
J:’ g -ﬁ’ (1+2)H(2)
Now, T Fuen bo  Compute  Some Guantrhes Loom Bocgroud
Evolrher w’xt't"\ Oe (bMﬁJ 'bo SPa_La_._er{me d('f‘{’cuuce (C’S)
0) C"mﬁ‘/l'ﬂ\j Distance ’ba o Sewrce o Z
Xrz) N o s
a f -
obsecve~ 7 Brg— Bang



X t,
O Horgon J)/__c_cﬁ% el c dt
o )
ac) o o
(s w]
{>/ = C_[ Jz 2’:" 'ﬁo‘o‘_‘
° > H=z) j( ° e
2:‘”9"5"‘\‘1:0° Bg-Bory
Z ;
7((2)= C _J_z;_ - C {2’
o Hre] H- H )
- l\loo Km
H =,
Mpe
Z J ;
9((1): Bx(oS-K"‘/j, Hf’ Z
|°°,'\ I{l"y_s i H(?«g
Z ’
i) IEX
2 — 3600 —_—
(Yl) B (h J‘ Hi2)

*)(,s Cfﬁ I A=ch X ~Cto

aw)

Alt)at.)Ldw)- - Lact)

xS ct, ,,

¢ =1 13. "”‘“:'v«f"‘a'jﬁ'@’ ),r{»(LI, 14 xto Y,,,a.o@({;cjj,; o



o0 J oo No e\/-mf
C -t_ Hof.'?,._,\
O Evesl  Hoviaom JE = J - =
ack)
to :#co Euved HRavio

9 @ | “//“”/06’ “(fddj)?/
"b/ et I
- —uy ;/9<>J sl ) SE2 T P
Ex. Fec cle SI'H:er‘ Univevae A>° and Ha(J__'

¢ _
ac - e H 0~—- H & Ho . — CUSMo'oJf(J -J-n'nﬂ.’:\

—, a

= . ob ’_Hn'(.'
€ e A #.

R Marimum Ussible agse & Cosma lag ot OLJ'{H.
C,/ ./ _ r
(“"«"/ P I

,f/ ./

FI) fcme/cw(-’» :

o 5 _ —/’/t } Z, CJe ,/J/f/
b'/f:)t /)aquC’IG’/_ﬂ(IJL

/ugjc (o7 t_\fﬂ' o t_L /J/‘fd(p.

o

ve
JZ, < -~ ’
K = QJO _fT;'J /‘-;L/«Q,d Oc./g,u,a_) c/JﬂJJJd‘—’J

9
de - e =
ak) < aUE)

topt o1,

£t ant, w
dt

at)

Mmap

=t G
J, .

—ths mesnr thot 1f We Gun See
O ol’Jﬂ't U.DL»J\\.\ lo cabed at
2, after Passig time

about Trdi ), We ove aot able Eo Sae Rl



S
It

(S

- - - - II!II - - - r II'III - lwl | T 1 IIIIIII T 1 IIIIIII T 1 IIIIIII T T IIIIIII
i 3l J
3t [ |
[ ~25F .
Q - |
25} o i |
| = of -j
2t To T ]
: % 15} .
15F = "f ]
[ N ]
L bl 1-_ i
IF | i
- 05F ZCHB ]
05} [ Sl |
] | 1 IIIIIII L 1 IIIIIII L L IIIIIII L L IIIIIII-
. L Ll I.“I‘, 1 L |||||1 | L1 1 i1l 10—1 100 101 102 103
10/ 10 10° 100
z+1 Z
l4 J:Jlllll T ITIHIII T Illlllll I II'IIIII[ T llllllll T Il”l?ll T
BE :
2 -
uf
~ F :
— — -
P = 3
O 7E
S’ -
- SE




Maximum visible age of

astronomical objects
PRD, 65,

047301

T T T T T T T T T T T T T T T
&
'
7k w, =08 P
-,
————— w":-]ﬂ s
o
e w,=-2.0 & q
i
o
e ]
sk 7 E
A
#
é ’ 1 =
L

Age (10 years)




