'BE— NRJE) & EAH 7

I\ T — B8
(THFURAFEBEV Y —, TFVRAKREA—RT 4 VK)
TEMEE "FHEIBDOYIE, LB LTI VR T A
ERAT—3>AV77L>X,2009%F10HTH




BE— NREX TN MNS

o RIRENRZE U CHHAFEO ez &l
o (VI L—YaVFHICEEXS

e ENILVRAZEUVIFEHOYE DT DE(LDE A
o BEIXRIF—EZa—NI/EE



BE— R TERSFHDIEIL

Dark Energy

Accelerated Expansion

Afterglow Light
Pattern

400,000 yrs.

Development of
Galaxies, Planets, etc. ~

Dark Ages

Inflati

. * ~sllnd -
.2 ’0‘ . A - B -
- " A -
AR o L e F #
= < e o -
. - ¢ - :i. » ‘.f‘ . < , .
. C - ,..’. o 3.: q. -
l . .‘f .,cx - =5 g- - ’ A
: L - - i

‘o b “‘.J;’?:?’:‘. < A . ‘ L - ’E . | . -. o
) el SR . ¢ 3 -I; ', b
o] B e 2 A e i , “

!
* | .
gl Al e - e :
T B .‘ . : ’. < A “.* .’.- . " . - -/ . J
Fluctuatic . L LT P 1V .
L A . w2 d . ”r T S .
! : . ~ =

1st Stars
about 400 million yrs.

Big Bang Expansion

13.7 billion years

WMAP

3

NASA/WMAP Science Team









B 7

IS
S

=
7

=5




Q>0; U=0

Q<0; U=0

o Q=|Esrzms|*—|Esrienisn|?

-

o U=|Esgmns,

T

Q=0; U>0

=54 |2~ | Esrran s,

=T/E D 45,

D 45,




FTH <A 7 B SRS O G

DU DOWERE > ¥ U
Gavomn P EOIEE

: cEe B
W EEV RIS - RICITAE L 720
L

X 7 ‘
o X “‘

/U e i i S . MRICEL 5

‘e




Wayne HuO 7 = 7% 4 k & D

Quadrupole
Anisotropy
Isotropy
4 v 1
Thomson Thomsgn
\ . X T — | > Scattering
Linear
No Polarization Polarization

bAY VEGELIC K B VU AR DS 722\ 515 PUFE A DS db 2 LIE
JZE SR HHL (TS AR MICAEC %

http://backeround.uchicago.edu/~whu/intermediate/intermediate.html



http://background.uchicago.edu/~whu/intermediate/intermediate.html
http://background.uchicago.edu/~whu/intermediate/intermediate.html

o FAYVEELTEUSWAEDAMIEERWL, ISR,

10



e FEEOSESNOLERMINBDRIL/I\NY—2IF. BERESSE
DXL T D2 ARICEER. &5 WIEF1T,

11



O (k,x)=cos(kx)

RN N)LkD A

| -— | —- | -—-

e EE— kR I BEFE ST Z DL 51E (TOEEEER
5E) DRENY MVICHFT. HB5WEEERRBIG

o RHNRY N)LZxEhEBINIE. FLARQIRIE(U=0) 12




BE— K@Yt

AIHD

h(k,x)=cos(kx)

BRENYT N VKD TT A
CERIAXI” 2 SN\ 22/7¢ SN\ 24/72 SN 22/74 N

o BE— KR BEESZA DL 5E (SDOGEXLM
MM SRW) OFEHNT NLICK UD4SEEVWTZIRTE

o RENRY ML ZxEl & BN, #ERRURIE(Q=0) "




JRIGEE 71K < K S PUEEMR (D & A%

FHIRMEIE I 5 &, ZEREICUEMRDEADNEL B
—ZEEHDMRO B > RARE > mEHNTHS
—ZEFEDIMEEX D > B ARE > mENLEHS

B %%

><




PTUEMRDFTIR2) © EIIK

hxDEENRT N )Lk®D FA]

p
p
p

Bty Y \\\\\ ///// \\\\\ ///// \\\\\ ///// N\ g
o ENINDESENSERINBRIG/INY —>(DID)
F. EROIREHNIZIT Z2AMBEICK UTHAEEL,



PTUEMRDFTIR2) © EIIK

h+ DREINRT N )LkD T[]

p
p
p

o ENHDIESENSERSNBEN/T —(DI1D)
4. EARORENE(LT 2 HAICTET - Bl



o BEHOZTIIEE—NRBIXUDNERTERLN
o HJIKIFEE—NRILHBE—NRILHEKTES
@ BE—KNREAZE>TENRZANETES !

17



S S DEEMT
2 FRTE B BIEX

« C(0)=(1/4T)5 (21+1)C/Py(cos6
«“JNT—ANRY KNIL G

—1~180E /6

18



http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg
http://preposterousuniverse.com/writings/cosmologyprimer/images/wmap-cobe.jpg

IR

2 | COBE/DMRDF—4 h'5 |
L 1500 |- FoN/INT—ART MU _
Jo? | A ~ 180 / | T

e
N =X ' - ‘

— - ‘ -
I_l\ Cl\:2 1000 - T -
o O\ i \\\\_"__jtﬁ_ﬂ{y‘,fff*”" _
,:“% : ~9 ® ? ~9fF
10 \:/ 500 Y EiR) ) “ _
P! . " scale—invariant -
X j ——~ ACDM |
qu 0 | J.-| N IS I S [N U N N (N N N M —

| A T T T
012 345678 91011121314151617181920212223

AR E



WMAP®D /\"J

6000 T

N
()
()
o

[(I+1)C," /21 [uK?]
S
S

SBERESZD/INT—ANRYT KL

/1
-

5000

KERAE . NIVWAE
: 1. =
$
3 \ -
COBE ¢ Sy T
> f TE . - % ﬁﬁf
. > o & % .
Fs &
TP O s N
hr3ire
?“ I I I I :
10 100 500 1000

20



WMAPDTE/NT —AXRT N

EE—REEOMEE S o Hiph AN e
&, EEFHBOFSIC o5 3 | |
E7YVEERLTWS, doFw i

10 100 500 21 1000




AT -
TV

1 r= 2
[1=0.2

10 2
fy R, [ i



ANZ7—T2YVI)VE, r

o AHTDWMAPDIER KD, r<0.22 (95%CL)
o r& [FA[E?

o RIREIKDIRIED2FEZ., [RIGEANRT Vvl
(BRZCIIRIBERIES E) D2FETEI > T2HD

2(<h+?>+<hx?*>)
<P>

23



BICIEE DB H>TLS
o CMBDIRNIF LY VERELICE D E L %,
o HHEFMNIE |
mX o FHIZz>1090 (FEHFM<38HF) TREERM
o FHIL1090<z<~30CEIFH M [¥—T 1 V]
RXE o z<~30h52z~6 (FHFMM<IOEF) [CHITTER

R o z~6DSIREDFHISTEEEH y



IR N % NI
W%?ﬂ%w

ﬁ@ﬁ%%

FHOBER & RICDER

° IJL:{:I:%_-}U/E”é n%) ?%7/{7 I:Il :“315?{

« ZMDSE, WK 5H(~9%)IIBEEE
SNTEIIMINN\TH-oTULEX D,

B8 13z=1090 CELE

I.:é 1’2/7'1‘_%0

FFICIE S N 7c BEREF CTrEL

=T, ETHNTRETRESAFDS BV SD(~9%)FRA
DAHICHELE NG, LT, ZOREANREELTVS !

AR RE
PR iE
NG

ﬁ

i
X 5T

z~11,
t=0.087=x0.017
(WMAP 5-year)

7z—(

z=1090, t~1

25



o BEEEDHFSICLD. 1<20
IR RIS,

o [MZAR] BEBIZITNIL
BIEIET - E/hE Ly,

¢ |~100DBE— N (I#h_E£RA|
THHIERBEENY. 1<20(&
KD B WIEFENS DER
AR, 26




_ EALYXHE

¢



Figures From Hu & Okamoto (2002)
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Figures From Hu & Okamoto (2002)
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Figures From Hu & Okamoto (2002)
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