Title: Cosmology Review-2
Date: Jan 27, 2015 11:30 AM

URL.: http://pirsa.org/15010068
Abstract:

Pirsa: 15010068 Page 1/46



« MAKINALLT STHHETRIC ON A S AT AL

Pirsa: 15010068 Page 2/46




“ll.fl\k{, n\?“i

« MAXINALLT SYHHETRIC ON A SFATIAL  CONSTANT TiF

(

Pirsa: 15010068 Page 3/46




RN 7:1'&[

SFATIA

« MAXINALLT SYMHETRIC ON ASPATIAL ( CONSTANT TiE) SChC =

\ﬂi !\T_ -I ("Hl/‘\“H f:f H f\ l l l't H _l ”l\— 5 0 "‘f‘ | f',-‘ ( It 1\ & [i |

Pirsa: 15010068 Page 4/46




. - U 2 — M
MUETRY . . g9 ([SOTROPIC) +SPAT TRANS S fon) = St 2= s
) > = PRE FERRED FRANE. - (OHOOVING OEERVER
— .{ - —

e — ——

NO BooST (M MRIANCE .

DNLY QucH DESERVERS SEE HON &2 (STTEOPY

TPEPENDS ON HMATIER CDHTEMNT,

HUBRLE E XPANSOY RATe

Pirsa: 15010068 Page 5/46




((SoTRoPIC) +SPAT TRANS S. (fon) = St 5= s

O BODST (A VARIANCE <=7 3 PRE FERRED FRANTE

SRy

DNLY QucH DESERVERS

PEFPENDS ON HATIER CoHTENT,

sy e
l‘((’“' PLE Exfay SI0Y RATT

Pirsa: 15010068

COHOOVING OBSERVERS

N e P ——_ e

SEE HON &2 |SOTROPT |

- ll-"‘{':I‘ Y t K ‘In 1K1 E

X1 = ConsT

Page 6/46




ep—— e

A // YEFENDS ON HATIER CpNTENT,
)

| Hosscr
- HUBB(E ExfAnsion Ry

. DTHER (OORDINATFS

A) SPHERCAL . . . =

= l 2 2O (AR AL . :
| s (= < — ( ’:.k \
X'= v pnBon'C AS=-alt +r’\(|_+(,t"_ ol 2 ) (
(= > I IT ¢ i =
= ﬂu ﬁ-‘ﬁ@ M‘(P / / [ ",’\ ~ (,{ {-) f F-"‘“(F)rlff rr,.f J

2

K= Negts

Pirsa: 15010068 Page 7/46




EFENDS ON MATIER CONTENT,

. DTHER (OORDINATES

a) SPHERICAL

—

K= (v pinB 0 € ~

Pirsa: 15010068

——— e

- }E/ HuRB(E EXPansoy Rrve
i

A/

r—._._-_-——_— = N
| 2ol —0{1——[ (NS
! L{g?-o{—l + A ( ,__;(,LL +1 C'U& )

AN = d D% u O o f‘”?'

Page 8/46




S (A O Y : - _’L )

;2 o ¥ = { ? g ¢ <
X M pu® pe =7 \ AN =dB™ 9, O
X = /1 Cen > - -

)

Pirsa: 15010068 Page 9/46




v s, - —Kn N

..; L au® pu o * =) \ A/ = B % O 7
‘= /1 Cen > .

Y,

Pirsa: 15010068 Page 10/46




_’L LA/

AN = o % O Pt

Pirsa: 15010068 Page 11/46




K= L pi® pilp

"= /1 Con

A —_- _ _ '
/\ \ fNﬂTUR—/\L tkon 32D PEESPECTIVE
I
l)

Pirsa: 15010068 Page 12/46




X = i plp

\3 = M oy S _ T,

Pirsa: 15010068 Page 13/46




H=NONENTUH]

Pirsa: 15010068 Page 14/46




« TEST PARTICLES

— = — —_

N G ' H=TONENTUH]
« CHOOSE. AFFINE A S 15 .. T ONENTUH

/\fﬁ'f(:f\) ( m#0

EOD EG

\O

Pirsa: 15010068 Page 15/46




« CHOOSE. AFFINE A ST.

( M= &) =) lI = /M N )

AHETS

Pirsa: 15010068 Page 16/46




XH(X)

|

(_.-':",', 'lk

UL
d ’1

- =1yl !’; 2
1 = Z X )

N

Pirsa: 15010068 Page 17/46




Pirsa: 15010068 Page 18/46




« CHOOSE. AFFINE A ST

/\/Df(k\) ( m#0 => /L("': e \\\

U Y
.‘I.._l /H I"‘" - ( )

(’ij'{'lh‘ YN é

) ' 1
) A\VL Y
4 f.'\ o\ ’\\ d

. ol Iy '.’l 2
)ﬁ - K’ -{ ~F O {:() (

r
v
~ |

Pirsa: 15010068 Page 19/46




« CHOOSE. ATFIKE

( M O

Pirsa: 15010068 Page 20/46




+ CHOOSE. AFFINE A

( m#0

" GEod EQ. p

|

- s —-l { < 2y (rf}'f 'l}"f
Lo B i of

’.{,f'] |\

27

f

|

y F TG A
("\-._. '/1/\

Pirsa: 15010068 Page 21/46




Pirsa: 15010068 Page 22/46




CPATIAL TIAGKE T VDL

Pirsa: 15010068 Page 23/46




CPATIAL TIAGKT VDE
Y

Pirsa: 15010068 Page 24/46




CPATIAL TIAGKHTVDE

Pirsa: 15010068 Page 25/46




o
Shae

‘\
J
\, )

- | ¢
C-_U\

- - T s o . ) — Al [ (-‘ 'l 55‘
NECHIAZUS | - \‘)E(A?/C.(#\T\L VELOC(Tr . RELATIVE TU COHOOVING DE

— . —
o~ —~—

Pirsa: 15010068 Page 26/46




. NON-REATIVISTIC  P= ) WLIAR, VELOCTY . RELATIVE TO (oHOOVING

~

4_______--—"—__-_-______._ s — ————— g s
2R & oA
DOLE. T, KAG

(A% g ""." s II" '\J

(0 Stiot. EXPANSION FORCES PARTICLES GRAD. CONE TO REST W. R @HooVING 055

Pirsa: 15010068 Page 27/46




« NON-REATIVISTIS ULIAR, VELOCHTY
P O o et Sl Ve )

(0 StoL. EXPANSION TORCES PARTICLES GRAP. CORE TO REST WA R.T~ @HOOVING 0%
( RANDON DBJECTS = K004/ S )

i ™ D
COHoo VG OBS. . THE SAHME CrorD. DiST. BUT THE ~PHASIGIL DISTANGE .. GROS

s A~

Pirsa: 15010068 Page 28/46




. — g et = ATI/E Tr ot 7 alolVARY: -r_:, [
WLI4R, VELOCITY . RELATIVE TO COMOOVIRE -

————— T

(0 Stot . EXPANSION FORCES PARTICLES GRAP. CORE TO REST WART~ @HooVING 0%
(P\fﬂ\l DOH DRJECTS = K00 Lew[ S )

_ - o I 2 | . P L,—J_—” ; L;‘”L'{(‘)V(/‘.; AV //{/
OHoovHC OBS. - THIE SAHE CeorD. DIST. BUT THE ~PHISICAL DiSTANCE —

( UNIVERSE g Exfﬂ'ﬂHch\

Pirsa: 15010068 Page 29/46




UL IAR. VELOCHTT RELAT (WVE T (OHOOVING DE>

———

4M£ﬂE DRAG

(0 SHoC. EXPAKSIDN FORCES PARTICLES GRAD. CONE TO REST Wi R+ @HoovikG OF5

( RANDOR DBUECTS = R00Ln/S )
=y " BCTANCE .. CROWS v A
COhoovie OBS. THE SAHE CeorD. DIST. BUT THE PH DISTANCE .. GR 4

( UNIVERSE (S E)(Pﬂwomc\

7

QA

w t){At’\)( FSS‘ TDAE’TI(‘I(ES\ P - t()o--_ E r,( (}\J =) (kﬁ

Pirsa: 15010068 Page 30/46




/L(/\}\ VELOCITT . RELATIVE TO COf 100VING DF>

—————_ P

~ \

/ 7 (%! w': [ — - ~ A
f_ = A T ‘J /‘Elf’k t LT:"\ &

(0 St EXPAKSION FORCES PARTICLES GRAD. CONE TO REST Wi R+ ©HoovING 0%

( RANDOR DRYECTS = R00km/S )
GROW/S AV N/

(| o ) ; o > /
COHooviHC OBs. - HE SAME CeorD. DiST. BUT THE PLUS ICAL DISTANCE
= Cosn. REDSHIFT

( UNIVERSE (S AND .
(S EXPANDINC \ —y >\N »
» MASSLESS Pue Ctxw 2 |W m/[

5D I’Af:'Ti('(ES\ P__ i/) -

Pirsa: 15010068 Page 31/46




/

"2 = . ) =Y 1¢ < i —
K= Ll palf (SR AN =dB* % O g P2

> feps /'

NOTE . FIRGT ORSERVED B HUEBLE
I

Pirsa: 15010068 Page 32/46




<!

.-‘Z - ] . ) { ? & < ¢
X" =L pn® o 7= \ AN =dB* O g et

K= Neats e

NOTE . FIRST ORSERVED B HUEBBLE . SPECTRA OF OLJECTS REDSHIFTED ~— DISTANCE .

N=0=
[/

Pirsa: 15010068 Page 33/46




— /':'U‘\ l’i -(

4

AR = B 0O
2 K&'(}:? /-f\ (%) d

[ 2 4 2
|AS"= ol °

\ .

. E{RST ‘OBSERVED BY HUBBLE . SPECTRA' OF OYIECTS KEDSUFTED~ DISTANE -

A

7S SPATHL DISANGE AL= QA LK 4 ¢
_  CotooviNe AT A¥ AQ ‘ el R ~ [P :
[U' — -—ari_ NIRRT K = _:"5-. -“"I a ) — | «]\J -~ .

A

Pirsa: 15010068 Page 34/46




— Mml X

AN = B 5O g%

.

SERVED BY( HUBBLE . SPECTRA OF 02SECTS REDSHIFTED ~ DISTANCE .

X SpATAL DISTARE AL= QA A¥ 4

Comoovine AT A¥

A(

Pirsa: 15010068

A< 2 A A
S=-oH + 4 KOU’-('PH -

Wuegie's LAWY/

,—-’_/_/_M_w

Page 35/46




AN = dp U Og e ’

T ORSERVED BY HUBBLE . SPECTRA OF OYJECTS KEDSHFTED— DISTAKCE .

SPATIAL DISTAN (E nNeE=r QA A‘}( | "
AL . oL ’
- — » | — —lR 1/ o

‘F,D- b 9"{-_ - U= A }(_ \‘M A J@ - ;.)

AL

(T — DOPPLER <HIFT OF ATOHUC SPECTeA

Pirsa: 15010068 Page 36/46




A= dB 'O

— —_ — - . m ) - (E .
EIRGT ORSERVED BI HUBBLE . SPECTRA' OF O4SECTS REDSMFTED — DISHARE
’ W n=0=4x gflr\T"{lL Di‘?TH NCE L\,Q = A A-y ’H
< ~ Cphooriec AT A'¥ i AQ : ! (_L__ / o=~
(T= oL - A AK _\:’L""\'\f\ ! ) -7

Al

&5 (U <> DOPFLER SHIFT OFATofC SPECTRA
;\t( — STANDARD CANPLEC

Pirsa: 15010068 Page 37/46




Pirsa: 15010068

X =L pa® P = AN = D% &'4«?9(,(?‘?*
T NS ; =

D=7 - T4 N (-L_— / = ) -
AW _ SPATIAL DISTA A= A AK < e
~ Cohooviie AT A ¥ )

AX
7= G = oo v A G0 W)

/LT — DOHLEK SHIFT OF ATOH!C SPECTEA

;\'(  STANDARD CANPLEC

e —_— -
SHFT —— GR CCALE

; — e
- )
ACIT L

Page 38/46



-RELATIVISTIC =y ( YLIAR, VELOCITY . RELATIVE TO COROOVIK Of

- HORI[ZONS
LET'S CONSIPDER  RADIAL PHOTONS

) = ¢ .[' Q -‘T, ‘\ k 7 ,rl--l ol ..rrt + (& )

s’

f

3 - f
,wf(r( - - ( 7 - ' (r

—_ L AN AL )

Pirsa: 15010068 Page 39/46




Y-TONENTY

« CHOOSE. AFFINE

Hwwyp
e

Pirsa: 15010068 Page 40/46




Pirsa: 15010068 Page 41/46




&

* EXMNDING ONIVERSE

Pirsa: 15010068 Page 42/46




* EXMNDING ONIVEKRSE

DECELERATING p=0

O< < |

Pirsa: 15010068 Page 43/46




* EXMANDING ONIVEESE

DECELERATING a0

O< Jp< |

Pirsa: 15010068 Page 44/46




"ELERATING

CANNOT Sel

pacr (PARTICE ) HOR(20N

Pirsa: 15010068 Page 45/46




DECELERATING =0

O< !_,g_ |

S (o4

P

J’ A HNGT =l

VAST ( PARTICLE ) HOR(2ON

Pirsa: 15010068 Page 46/46




