| A .4
LQLTUJ’UL 7 T&x Hul:;(oem él\x/
Soomt’;z Cap 42

COSMOLOGICAL REDSHIFT

NOT—— . %O'ua LQGQM 'lroe’t;vh- 'f' b
T \'MAP@zS Zo( 1) SO’M::; %&cﬁ% ¢ fe megaofz:
(2) « eg@,of'o%« o_gQ_ MA% ou e

a(y. c
( 3) H}ua ol:@em i oot 2zeceiares
?C-,o oL

In ? "F@WM/\M%%WU{ ob| e?/ts We;ﬁw{oo )
L s Cece (aetS f

ﬂ'mnrejnq,@c« Jr«AMcEf‘on{ o%zs @M(M étel CQR&
Cor ofot Po% tlous Coﬂmo’lﬂ/bc% cwoedmala g

= wa S CWStQA.«C(:
‘lL, e\Q Q. ‘94—9"4 "7\’4‘\- Qﬁw
LS P et Propegetieg olovg

WeE EXPL\CIT ¢ HERE

ds™s —dt’ + & dlue = 6 o cdb _ dlioe
a_(E)
Th %aﬁoxms g(c\/zs fwo Pe\,o}’Oﬂ—-S Qt tow ewd

Cean + At@««_ surped @b bobs oud Abors
tobs GALcb= bobos + Aot s
/ Cd{—_ . J e f cdt

ale)d Q&)
Baas GAL free Eeant bt

m-s "{::‘:?-rég\éw W : | | Ry o
f edb - A CAtew. . J cdt .. CAhAtoks
o 20 Tglen) B

6261\/% Het (&) = 1. Giviem Het Wc(e,s Qe

Qe e VT

=> &:%t_w_— é\o:i _ 44._'_%_0&%\_;“2& T
locs t ool a Hiot borc
m"e\ﬂﬁ t%oc{jf( Aty %Vﬁwgetfoog (S St

Y mwetelic  def= —ccl'l: r &%) J20 o{?( do2s mets
?@wd ou X => Prx (s cowserued,



Uswc% PP« =0 wa gek: F.2

- - +. 4 p? L . A
BBk %’a%)P" 1T alt)

1’0&%‘:&@\‘%7%% we Hie %m/w-,e_ of He OEW"U@C ; /@f(
V=(4,0,0,0)

R i =l 12 |l e | 2 g\\’obs =p &Vobs“j(—)=>gobs°‘0\
lEe

=2 9\oobS = ’L Q%Q./L‘/\/k

A 2un Q(&w.)

Bob e besic Eion ia s 2x Do Ho, Heo
Mma/,é&s (02%(%3&%; i{o.;\ SR

PRoPeER DISTANCE
]Kee.i t = Coust, alk) =(,cwst/ He olistouce befween two

(eSS 1S:

3 z .
dos [ ey Y oo f) - a®R A

T WE sl A~ A~
= a(b “ ole (et oefilions ¢
bes e ( o mwtOCEEAMg(aSZs M)

Thio 1s 9@ cowrtse NOT mueosuwrzollfe
coMoviNG DISTANCE alzedy oiscussed
de = P = A = Lios  de=altdd

HUBBLE TPAGRHMETER
Let's ol telocdy” e zete ab wlhick €% propec

distouce e witle e :

v ddp - alde - a o,

QU
Where e ol olaneotzs  Eitme olocivebe .

let's oCL@‘JM e Huwbobl pc)ukuz_térc as :

Hed) = &
e
Hua: /U/.’HOL?

bubt Tdle 1S NOST THE HUBBLE AW e @ ofzcet Sense
lbecouse @‘P (% | Aot W%umlee(l_



7.5
To ol stond obcervoble diclouces we Q,o(oPt o
OPERATIONAL APPROACH

We Mmuzoswee dislaumces tCLz,oqu(w

~ sfouolerd coudee
- fauwdertd. ‘“tulers

—7 Stawdared counde : :f-_-_l__ _é_

gihmaeh Mﬁ?—% (e )
S {-&n_waefam@o_cg et x=d

’
S: G po ’LZ \)U@.ULQ T s l’e.ﬁc,oo‘ccﬂ,u_o.ti

olstBuce

'Jr(mtvvﬂ{_: wWee 2 [ae%e Hee ?&of’éft«s Qe cbsexved
@’ = o !
Toi (S a‘gpﬁcﬁcf Fwice ‘04’6 O.’f’ms?o ow !
L is W%/fim/ E:&\s«.;é: ,dt"CQ
ks L Q—Z ) Lob>= LUM Q"
=> - LQAM 2 - L-W

f LRkt < L1 df

LVHINOSITY DISTANCE
d, = % ?ot = C’L-I—-?)?O’Z;:: (1+2) Lsu)}

— Stoudord Tulin:  B- % (i 2aclious)

'\9 e Ht QMQu.ewt X 1ot of Quwn o’o)'e_ci_
D e its pMseco/Q ©2e

Exbonsion (s ‘sotropic eud Kkeops Hu ow
R & e e B P p e ¥ e

\é/f wse_ 6&(@ tme. o mnssiou , becous? D g olo_ﬁ'm_o(

oo .
W( wse {‘eda C,OMP(/L'\_Q,%L@"'L o€ Q. W u‘to& o obtem :

= = /9:‘—..2_. . .l>——
D an/?ot 2 TS X

ODIAMETER. DISTAPCE

Ab" a—?o/zr- —-:-(——'?o"l",_LLsKy
L+3 A+2




t gs;@QoW5 oot CLI,C1+?)Z= o{‘_ ;L’

The “elobion ketweea d, arcd O(C (s : ik

(1+2) B %x‘M(,_g:—,) o= 4
dl_: (i+27 dc, k=0
(«+D L, %w(’;,_(%) Ko -4

g gm@wc@b fsﬂ; JD ,wi&(’,\ (1-\-’%)—1 te Tz&c‘a e{ C’1-+E>
NB: m&%"' of i o dcsré;uc,q 's (:e-.oi‘ T
c(,ogs st

wotee S with 2 ez =l
os™olosicaL. DIHMI NG

The swefocs bu%ﬂd’m&ss og eu object is Rl &WLM@ )‘IA
?(/(_ Lt Uteo

- 5{ foi ool Doci/i

e I'—'—Coust

_L (1 %)\L’

HOBRBLE LAW/
La/b'é Ta%()oz—szwA olt) .fizst oo 2
a(t) = a(ks) + (E-t.)alks) + O(f-t.l)

¢ A o~ -__’_é,u:o) = > (to Q_L%o)':"
e@ig W o) Sle) | )

A a1+ Ho (k-8 + O(lk-tR)
4+2

4+3 ~ 4 - Ho (E"‘{:o) =l |2 Mo ('&o —ﬁ)
Hiotons Lronel afcm% mll grodesics :
de’= - ALt + QCit) __’_Z;;.‘EI}; Lo
-kt
to e
/ cdt R’
ae Vi_kz'?

(¢}




Tl ’b%’t*&mc' ssole.  iS ,Q)(?@wo(kd Qs : 75

T
Ko g% = 3
= Ke + ’Cl )
| Ve S PR
wilile He &g‘:—@ua_md oide i< :
f cdt | C(t-8)+Ot-tl) o Cc2
5 a (k) Ho
To He soma ecz_si”gfzc&m_ o diadpr Olf"‘—’dcﬂ-' 2’?_,
=> (2 = H.d,

T—eufs sewws l‘;e\.a;h: , .

+ 2 S NOT @ Dopp lor ’?x_ofsg,lff'

+ Uv=Cz 1S NoT Q%cﬁ%\k\'ﬁm usucl sevtle

+ i< Fotiouwel 2o.dfift elun (5 L

Zaéo,t\‘%zu?cf«’mof; axmz% { UEM‘W;L o=
SUPER LUMINAL HOTIONS
ComSieled | 1 [“Hiblle | Gl | tu| b ()erwu.-
- Hde

KHus is ehow UMO\UW('D'Q-‘PQQ ?wgem GC-.S\’O—U\CJL vt s wr‘el tlne .
oTE s Voseii:@o. Lok '\Y'—'de > C

Tus ts NOT a atoletion og SR, Hwel eppliee to obrecte
Hizouelh euz (foce?) mectial , S0 +

=
P\’&Z'Z}L’éﬁoa\’% cem be mecosuwrad
DECELERATION PARAHE TER
The zelolbeons elove couw leo zx\>0Mde,ol 1z <ecsud ozden

al®) v 4+ Ho(E-%to)- %CTO Ho (t—f;f,)2 g
Qo= - Bl
albe)®
4 4
7z 'Ho (150’65 + (i+ g—Cio> Ho U:—-to) +

Dece Cenotiou ‘FQ)LO«‘\A&Q/\—E/L



CZ:(&O“E)‘* é" H’O({:*a"' t>2 +]
= ﬁ: [% B L qo)?er--.l

d.- (u—%ﬁ,z * ﬁ—— {4 . g(i—c;o)zza..]

-
&[g
e

e

T@us ~€QS\' O‘o%ot’lﬂlb& ’?_:zen.‘tt AMQLCQ_%- \\T O
e <ssi 54
I g M 1

We weQ X372 ’c&_o,t s e ol
malttec Muvt% P% uMultfcct; ,tf('f(ai{jo
"()Zbg)ovsSw : (2 d a‘f'S - oT Qccefu,cz(:co»u,



