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B1E WME —CMBHEEOREERE—

1 1948F —CMB OFEAE & Rik: Gamow, Alpher & Her-

man

FHERBH (CMB)ICHT2ZNETOMEDOEREZHBL THLO>LES, CMB®D
HRICEDDIEALRIEY — RIFZWA, ZZ TEHHEERRD 194048 FICHIT 5 George
Gamow DEENMH X Z — NF %, Edwin Hubble I &% 19294E D FHBEDFH RICE Y,
B TCTERHWICHEIER - BILT2FEIRWUEOLND IDICREDITEDN. ZOEHRR
ke LT, FHAOPEICE T2 EE - EEREBAZORDOBIRICE >sTHATYWI W
DR EZBRALDENTES, ZORICEHLE Gamow 1. BFIC & 5 HHETHE:

n+p—D+7vy

DEBE R TRBEAEMNEZY, SHICDMHHe BEBL .. EWVWo EX S ICHEFHIC
FHETIRRLETCEFHAMICER L LD LE, LALBRFHICEWTIE, FHEFHHE
THERENEDEHEBETHEAPMINICE o TTSEEINTLED, FEMNT ~ 10°K
ETWwAD e, KEDEDPMIZETOIRNF - 2B ERVWEDHHETHENEDL LD
2%, HiE. DAEREHRE%

(ov)npt ~ 1 (L.1)

U T ~10° K TOFEHEHE t ~ 200 sec 2 FHAWVWT ny, ~ 1018 cm = 24572 (Gamow 1948)s
(ov) F. BELHEE E HNEEORTEHTH S, ZOEOFOEKIIRE V. Gamow H
FREBIXDOHTHATHRVA, T~ 10° KTD ny, BHEDE ~ 1077 LB L TR
ny o< T3 K YBREDRE T &

_7y\ 1/3
T,0 ~ 107 K x 107 ~5K (1.2)
" 1018 '



2. 19514 —CMB # #8575 Tanaka et al. 3

LRBVLENTES. Gamow DHEFE%EZIF. Ralph Alpher & Robert Herman i&Z ® &
DRFBRICE o TFHWPORIHRE S KEEDERER2FDES D iR L E (Alpher &
Herman 1949), CMB T3 %.

UM U Gamow DT, HEFVRICHEFEL TWE LIS, HEV S DRERTHEMN
FHELZ2WEDHIHFHICB T3 mRERE He TA MY T UL, L YEWRRE L],
Be MEADDTMICERI NG EFTH S, He DEEIEIR 024 BERDICH L. TLi,
Beld 1070 DA X —TH 5, ZD TREI D= Gamow DEFWITZN DN, Alpher &
Herman DfEEEL F2, BhbhdFEehok, SHTEHIZNIE TRAE] Tld&<, ‘He ¥
TOBRABRDEERZI LEDO ARG THPETE, ZhUALOEARITIEANTTEK S L
5L3INTWS,

2 1951F—CMB#H|IEI®: Tanaka et al.

BiBT 2 X DI 1965 D CMB DBHIZHEHLEN, Zh &Y 144FBFTD 195148, &4
BRFZEBHER (BAED STH) OHFEFERD V)V —TFICE YV ZEOMREN 0 -5 K T
HBLVWIHEDEINTWE, LALBBINEZHEVNHAREZEDODDTH o= (BHEHER
ZRBMATBE) D L. 2O 2ERICATI I N AHZEH OFCEHEE R - WEERIC A
CAHANEN-EED, IRLALNWEZET b=,

HHiE. KEBEROBHOEOXFY ) T V- R LTEOBELAVWEdIEXE, *
NEYERICEDEENSOKTHE L WIMER LI TWEN., HESEZDMEMNK
ETELLEABHUERIT LR, BRScm T LEDREE2/{EZDE- =, BERAD
BRWRHTERBELA T RRBICEEOLL T, 5 KEWOYE7 R EBEEZHTCVWEER
BxTHs., BBOMALEED. PR H. CMBZOELDDOHEICEWTIEHAA
IENAVIE-STVWBEDTH B,

3 1964F—CMBEX: Dicke & Peebles

—1964 48, Princeton University, New Jersey— T oMY ENABNTWE CMB THho- =
M. Princeton K# ® Robert Dicke i&. Gamow, Alpher & Herman DfEHE %2 T2 H5 20
¥ E 1. MV CMB OBEEWEBEICKDIWTWE, HKITHHE - S EREeTE2 2T A —
WSO RTUVAXY—THY., EREBET OIS, HRWHZE%E R U < Princeton X



4 B1E BB CMBHWIZEDER

20 Jim Peebles iCATRD K DED =D THok, TZDT7ATT7DLY Z Lo/ Peebles
FHAOMICEHE 2T IO, RE 10 KORKKRH %2 FE T 28I % Physical Review ICHHH
Lk, 1965FEDETH2. ERIEIVI I NTHo 7. Gamow B & U Alpher & Herman
KEo>TTTIPONELETHELD., LWOIOLRELBHATH S, ZDHE Gamow
MOBERZAYTVDFEREED YL, BEAEESED LW,

4 1965F—% L THRIE~\: Penzias & Wilson

—1965 4, Bell Telephone Laboratories, New Jersey— &% 5 < CMB DHFZE D FE 5 D
HTHREELRIEY — RTHS. Arno Penzias & Robert Wilson D#FETH 5. Bell
Telephone Labotatories ® 6-m ™" —>2 7 YT F DT A N 2K 7.35 cm (AW 4 GHz) 7
ICBWTEF 5 TV Penzias & Wilson &, HBEOTERWY FFNICHE I TWE, JE
BICEEIC, BWOKKRYDOY 7 FIVERYBEWTE, FEEEICLT3S5+:10KDOY Y
TIBERENEZE ETH o= (Penzias & Wilson 1965; AT PW), LB, 2DV T F )
BZEOEDFEEMTITCERAUBETA-TLS... ¥BZ D& D% DCHEIIERELHEM
WKHENDBGENEFLALTHY., EXALZEFHEDIEERICRSEZDTH S,

)& Penzias EZ DY 7 F )V O IEM & w9 X< Princeton DF — LICEIHFENMTH D=
N, ZZIK—DERBMBRNEFEEL TV, Peebles . D CMBOH%EE I+ —TH
RKUEBR. TERODO—AIC Penzias DEADWEDTH B, EIF—2FVWERLESBLL
T Penzias L BEETH L TWEZDKRKAIZ. Penzias DO @O Y V' FIVDEEEZHA D 4.
IS Princeton DF — HDICHET 2 KO KEDHEDTH %, < LT Dicke i& Penzias
SOEFHFERITWY. CMBOHEANRENZREDLR-EDTHS., &Z AT, Penzias
& Wilson 3RSICEETHY., WX ERBLEBRTHEUORLCBN LT R>TWE, ZhT
AURREREDTEDN. BOEDZOULELBENH =MD ZZWTE LY T FHIVOKHN
HEBICR-EZDTHY., HODFREXELZ THER TRAAT2DEREREYTHS,

ZORRICEY CMBOHEENHSL M RN, B—HETOBHEHNTHEEHDAXRY
MUVEHIZEITERW, DFY, CMBAZHETTFESINTWEED 2 TRMEHKE) T
HENEDINE. FEHLMITERVWDTH S, PWHHMFEHERLR. Princeton DIV — 7
R 3.2 e 9.4 GHz) I BWT CMB OB IS, T = 3.0+0.5 K /8% (Roll
& Wilkinson 1966). PW LM CIRETH Y. BERFH THE2EEYIR—-MLTWVWD, £D
BB 4 L EERR. E£IC Rayleigh-Jeans i (v < 56 To7; GHz) TORER RV HRE S .



5. 19674 —CMB O EF —&KE Tl 2 \W?: Sachs & Wolfe 5

AN MVIFRENFIE 2.7 K DREHH THLEDHL Mo =,

4.1 2.7K BARG

R ST DB E B(T) BREETTRESI N, AT MUIE
2hv3 1

B(T) = 5 (1.3)
‘(“& U Vg = I//IGHZ, T2.7 = T/27K LT
2h1? h
C; = 147 x 10° V3 Jy st %é%;::0017gzqg T2, (1.4)

EELU Jy=102ergsec ' em 2Hz 1 TH D, T = 2.7 K DERMBIHRF ORFHEMEZ X
eHTHLL,

o E—V K N\, =1.89 T,7 mm

o Y~ 7 EWE: v, = 159 Tyr GHz

o U= UM B, (2.7K) = 3.70 x 10% Jy str!

e Rayleigh-Jeans B &: BIM(2.7K) = 8.30 x 10* v Tor Jy str™!

PW ORI % BIC & M. B8 7.35 cm(d GHz) KBWT 6m D7 V5 F DL — by A
7\@%5{@[[]5 [ng QFWHM =1.2x 735/600 =0.015rad = 0.84 dega %O ’C?ﬁﬂﬁ?é ﬂéﬁﬁ}ﬁbi

2w
BRY(T) = 8.30 x 10* x 4% x

THY., ZOREF->THEMEIVEELHETZZ2DTH S,

UL, E=IHEPSBICHEABICRS L RRBIOZDICH EX» S 0BHIE LAY
AWREE L o TW LD, ZOHD CMBOREIFRTRHOHBEIY - ¥ T I VFOBIREN
NDFX¥ LV YITHo =,

x 0.015%) = 340 T Jy beam™" (1.5)

5 1967FE—CMB®DEREII—MTI3 /W ?: Sachs & Wolfe

FHBODHFICBTA2HRIDRELAMED —DIC HEY LX) OMEND 5. BHEBH
SNLZFHICHEHPHEATHZ I LD TEIMRARIFE-HRENEEL TV L DOREMOE
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ETHY., ZNLE2FHTIDICENALZEEEZAVWS RO IX. FEHUHICEWTHEED
AR RBYEPHLENFEEL LS TEARLRW, ZOWPWHEDRETIICEHL THRALE
ROEBHoTEDEN, FRENIEVWTBLLEICLT, LYDHATYEDPLEDEELRD
&5, WHLEEEEMNATZ2IDLULT MEEYDH X .

Appn
Om = 1.6
. (1.6)

BEFT D, BEWPD EZE Poisson HER V20, = AnGpdna?/ > TZa— M YRT
YUXIN O EEKL. BEARFRBICL > TRED DX
AT AT,
T T
®ELS., 22T, AT/TRREY S EDWRME. Op, IRT VY VOHHRMLET
H5,
MR LT, BNYEHEZVOIY NOE—-JFEZ2oTE—~RTHBLWVWIE
HFEBVWTHED. FEHEOZY MNAE—FE sFIFLAEHHIHoTWEDT s x T2 T
HY. WHOBEEE n, I p, «c TH &Y

+(I>A* (17)

A(s/ny) = 0
AT Any,
3= _ =0
T N
AT 1 2
= = S5,=-S0 1.8
T 3 3 A (18)

EVWHEZEMNEONE, BRBEDEF I Poisson FEER. EHEOXNBLIVOA AT —DRK &Y
BONDSBBRN G, = 20, EHVE (X (3.44)) UEEY Ry MREEY S EIX

AT 1
2L oy, 1.9
T 3% (1.9)

EFRING, A (1.9)1F 19674 IC Sachs & Wolfe lc & o> TEM . #IC TSachs-Wolfe(SW)%h
R EPENDICESEIEFICEELRERTH S (Sachs & Wolfe 1967). =72 L Z DFERIE.
BERME (1.8) DHETOARELL, THEDHE| LIEENTWS, —F. A(s/ny) # 01
EoTHRINZYLEE [Ty hOE -5 ¥ LIFEN, Bz MSEHD S F (AT, = 0))
P TEHBPDLE (Pr, =0)] EVWoERMHEEZBALZENTES., ~BOWY L T THEAD S
XTIV MOE—WLEEMAEZHDTRESDN., EHBLDRBENEYVIEL VDML 1992
HICRED S ENERICRE SN I THREDAROLRARWHETH - =,



6. 19684 — AV T T HHEED DX Silk 7

BB, ZZTOSWHROBEEIAY VFVORILLEIIRYER>TWSE, 22T
¥ Newton 7" — YV COMi#ED 5 X HWED. SW I synchronous 7 — VYV TOFRWP H X &
AWTWwWa, MENMN —VERICI->STHUKEREEX S OIFHIKREY, SWRIREST —
VICRBETIHRTHL2EDBRBEEL L. 30EUAER-ESHTHHEPICEL TRXA
HzY3T25 eI THB, EEHOERIZ. BRO—-DTH S,

6 1968F—45 T3 BEEDSE: Silk

FHOBN ENYEETE CMB &NV F > id Thomson BELE2BE U T A Y TN LTW
570, NVAVOBEIIDLHLENHLL CMBOREICHPOLENELLZHIIRS, —
Ji. Fd D SWERITRIIMBICENNRGRLRD T, ZO5LEAVYTIVIICE-THEL S
WHELEFHDOEDTH S,

ULAMALZOULEAY T Y TEBRLTRL2RDHDTEHRL, NSIRAT =)V TRATN
FENVFVOEBEBICWEA VDRSS, > THFIE Thomson RELIC KBSV X LT A —
JICEoTHDLHEHETIEHR L, ZORAT—IVEATOWLEE2RBHLLTLEIDTH S,
ZDORT =)V, BN EDRY DR 2, = 1000 ICBWTHBEHEHETH L &

Apw = (cr)Y*(oraenea), /?

~ 2.9 (Qmh?) YR V(1 = Yp/2) V2 (2,/10%) 5 A L f? Mpe  (1.10)

ex

LFMTCED, p WEFOEHETHY. HHETOBEEE 20, TERT. XL

Ne = np:nb—nn:nb—QnHe:p—b(l—Yp/Q)
mp
= 1.1 x107° (1 +2)*(QWh*)(1 — Yp/2) cm™> (1.11)

ERHWE. ne=mn, FHERE. n, =np +n, ZENV T Y OBEE. ny, ny, npe FETNTE
NEBT, T e DBBETH B, HHEFRST Helc L Y ZENEL LT n, = 2np,
ERAWE. Yp = muenne/m =~ dmpnpe/pp & ‘He DEEEEEHBIETRLELDTH Y.
Yo ~ 0.24MBHEVB/OHNTWS,

S Ak

d Qm + Q2
T= /a(t)fldt = H—ZQ ~ 2O H2) Y2 fr(2) 2 /2 <z > |Q;A|> . (1.12)
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fR(z) RBHBBHOFHBRICESE 777 4 —T

fr(z) = (1+ z/zeq)l/2 — (z/zeq)l/2 (1.13)
ThHd., ¥
0
Zoq = T = 4.2 x 10* (Quh*) (1 — f)T5+ 1.14
TRy (h®)(1 = 1,757 (1.14)

Fels e eWEOEENELC L 25 RGRE. [, IHHEEITO=a—- bV ) OEEHL
THY. 3BED=_a—N) )EFIVT [, ~0405TH5*. ZhiV

2/ Zeq ~ 4.0 x 1072 (Q,h*) 1 (1.17)

%85, ZOBMICR oW, fr(2) i 2, = 1000, Quh? = 0.25— 1 IKKBWT fr, ~ 0.9-0.8
DEIIC10-—20% BEDHBENRELRMERXEGEADED. HATMAE,

6.1 NUFVETFILIZHBITSSilkRE

A (1.10) IR A S, Joseph Silk i&. B L2 Y BT O BRFHICS T 2 RH@WEOX %
TBHICHL Z 8ISk Y A\p ZEWE (Silk 1968). ZHIFARIC TSilkHE) LFIEND &5
KRB IERICEBRPRTHY., ZOWEDED CMB ENV A Y DY 5 E TR 2 2
F=IVERFEDEDICRD, HEEFEI- NV RE—-I <X~ (CDM) L WOBRIF AL, FHIE
NUZYVETTREIATVWBLEEIDATVWEDT. O, =0, £BZ g, ~1 2T

Abs ~ 3 (Quh%)*/* Mpc for baryon model (1.18)

285, Vo BEU [P DKREEEEHLE, ZORT - VATOWSLERRLEINEDT
HB. A\p, KEENTWBENYF Y DERIE
41

Aﬁhz-gmeme3~4x1m2a%MyW4M@ (1.19)
L ERTOESICEHT S,
=P (1.15)
P~0 + Pro
Too=4/1)3T o EBRITNE. —a—t) ) OBEOEE N, & LT
7 4\Y3
Pvo = Nl, X g X (ﬁ) Py0 = 0.227 NuprO (116)

oT. N, =3I ULT [, ~0405 %255,



6. 19684 A YT T 2WEYP DB X Silk 9

T, HEHBEEDOTA X2 E5Z22T. ZNUTOWLEFIHEATLEDIDITEND., My, &
Vo EBEVNE TR EINDGEICRD, QWP <1 ETNESBICAT - VIRRELIRY,
BEER I ARREBEDN DR SN Ny T XTI VRIS,

6.2 CDM TFILICHIT S SilkEZ=E
ZZT. CDMEZBRBICANEFZTERNTAZ—: Q. =1, 0, =0.05 h=05%H T
HTHB L.

ADx ~ 37 Q. Y4(,/0.05) 2(h/0.5) 3% Mpc  for standard CDM model,  (1.20)

T, WHLEDOERBTRER

2
ki = A” ~ 0.17 QY40 /0.05)Y2(h/0.5)%/2 Mpe~. (1.21)

m
D

2> 1B 2 B AR O T

ro(z > 1) = 2¢(QuHg) " fa, (1.22)
012 (Qx = 0), (129
| 1+ InQooss (Q =1- ), '
EAWT \p, DRADAERFHEITHLIE
Op. = Af*f ~ 5 fFMA(,/0.05)7V2(h)0.5) 712, (1.24)
7
ZDAEEICHINT 5 ABBUIE
low = kpurpe = ei ~ 2 % 10° feQzV4(€,/0.05) 2 (h)0.5)1/2 (1.25)
D=

THd, ZZT. AVWEFEHETHE fo = Q2 &Y, BEEICRZIFERFEIC rp AKREL
RAEEICEERERRIERS RV, DX Y, FBVWEFHTERRAOAENLH Ry — 2ITHA
TQIPEFNSVWDTHS, BIAKQ, =03DFHTIEK, FHRFr—2 (Q, =1%%E
E QO =01, 0 =0.9) ICEANTRABAEIZFFE2IC RS,

t Silk (1968) D5EA 2 EEIIZ DIED 1/100ETH N, ZhRIBEOXEY T DOREN M < Mp, T
HLEDTHD, BBD Peebls & Yu (1970) K & BRNVY T Y HFRROBERICL Y. Mp, BEOP S E
VEYTTEEN TN o =,
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BEIC. \p, KEENEZNVAYOERE
Mp, ~ 9 x 10" Q=34(€,/0.05)"2(h/0.5) 7%/ My, (1.26)

LAALZDHEE. CDMIZCMBEAY TNV LAEWVWED SIkIBEE2RZITIRETES5, N
VAP SHXBHENENYEEIEZ CDMOW L XILEVWDL EIDICARICHEET 5 =9,
Do NS REBEEDHENMNSERSINEIRNLTY Y TR RS,

7 1969F—SREFDA 57X Z: Zel’dovich & Sunyaev

A CMBOWEGHRETCERSNEZLLTH, 220 EAME CHUZINS
SRS v, BEEARENRWE DRI T CMBICHA S DD T T R IVF — DR
hiE, BEOZAXYZ MVEW e BHRICKTATLEDIES D, HEDFEHICBWT., %
DEDRHBHEEFZEAONRVWDES DD,

7.1 Sunyaev—Zel’dovich %&

Zel'dovich & Sunyaev i&. CMB & BF VLIS D56, a2 T M VEEL (e +
Y —e +7) EBLEBEFNMS CMBADITRIF LIl k5 BEARY NVOER %
HANRNDEICEY, ROXZH W (Zel'dovich & Sunyaev 1969).

AT hv hv kg(Te —T)
— (™ ot _4L/ B e — 7)) 1.2
T (v) <k:BT cot T ) OTT M, o cdt (1.27)

#->T. CMBAEFLRTETRVWKRICEFMMIODNOBREICE>T—- MYy TS
X CMB OREANY MUVANEDLNDZELRD, ZHIE Sunyaev—Zel'dovich(SZ) B3R &
XN TWS, SZHROBELREEZ2 WL OD2B T,

(1) T. A TOBEDHR AT £0
(2) AT/T REABBEKERE 2R ->T VWS - BEREEED TV S

(3) Rayleigh—Jeans # 1< BT (k}};—”T coth 21?1;} - 4) = -2

(4) v<217TGHz T AT <0, v~ 217 GHzC AT ~0, v > 217 GHz T AT > 0
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7.2 yINTIAH—
STHMBEORESE, K (1.27) D> B, y/NS A K — LIFIEN B HRBIC A L 20

kg(T, — T
y = /aTa:eneMcdt

M C2

h~'H,

T,—T
¢ TOdz (1.28)

— 3.0x 1011 — YP/Q)(Qbh?)Tm/:ce < ) (14 2)

THMTED, 22T R (L1)BEVdt/dz = —H (1 +2) EAVE, K (1.28) dK
EVZICYIARDDDoTVWBEDT, 2> 1IKBTBELR H ~ HNY22 XD

0, Q7Y2h T.—T
~ —13(1 _ 2% Ze 7 ) .52
y=7.5x 10753(1 - Yp/2) ( o ) Tm/a:e ( - ) 22dInz (1.29)

255, BIARX 2~ 100CDEST T, ~ 10 KDBHEA R (z,=1) MEN>TWVWD ETH
E. T~270To, K&V y~ 107 25 5. ST CMBALBERICE->TEKTHEIM Y
INEEL DD 2TELT,. AVAEDLIBLVWAERYEN O RN oL, EFRE—
R7ZYTUTART MVEEDLIBREEVW DL TEZBALENTEEDLITTHS, LAL.
BUE D HIFR X2 KD FEHHE T (Fixsen et al. 1996)

[{y)| < 1.5 x 107 (1.30)

TH2ED. BEOFEFFIN Y, AROERICLVEFICIRXNVF—2ET EIORT
OB RICKHUTHLUWHIREREDITZ2ENTEZEDICR2EDTHS,

—7. EROEHTERL, HL2ORBICELU T SZHRIBH AR TH S (Sunyaev
& Zel'dovich 1972). S EIAICIE 1 Mpc i& € QRIS T, ~ 10° K D &R E T 4 A NEE
LTWBENGA-> TS, EFEET 20~ 103 cm™2 TH Y. AEMD y &3 L T
PhiX y ~ 3 x 1075 Rayleigh-JeansiBEICUT AT ~ 0.2 mK 2455 . BEDEREB N
BICBWTZNEZNIEEHELWBF TR, ZLOMMENCX LT SZARITHE
ENTWS (T 1.1).

8 1970F—RvwTJZ7—E—2%: Peebles & Yu

SWHIRDETHRNEE SIS, RFYYYIVDEEIC L > T CMBOIRER (AT/T)sw =
Pp/3ETEAT E. ZHNRIFHFOEN LMY LFTICST 5 HEp b EDHMPHRMAICE ST
EL2HDTHY. EHORICLZ BN RIETH 5,



12 BI1E 8 - CMBHEDOER

B0 1.1: SRFE RXJ1347-11451C B 5 SZR. FZILFHERBWATO 7R FHRD A — &
7 4. NOBA(=Nobeyama Bolometer Array) Z HWTH##& L =, K 2-mm(150 GHz)
IKBWT SZHRITBENT Ao EZEDICRAZED, BHEOFLELS THEICAZ A
MRAZ, EEL. AXA-YE@TS5Y 7 RBA (Jy 14"beam 1) TERLTH 5,

ARC SECONDS

45 30 15 0 —-15 =30 —45
ARC SECONDS
CENTER: R.A. 13 47 30.50 DEC —11 45 9.0



8. 19704 KNy 7S5 —E—7%": Peebles & Yu 13

LALWBEDRT = VART A XY EYNSWEE. EHLSM Thomson #REL & s
EACEBHZHGREZZREIRS RV, ZOEDICEEKELEZRLELTF N VR
DRIWVY TV FBRREBILEDNDH Y. B OBAEZTEMN Peebles & Yull & o T 19701
fTlb 7= (Peebles & Yu 1970) CDM 2 ZE L TWhWEEZERITIE, ETELYHITIFL
AWERTZORIICEEINTVWELES>TRW, YREIFHOLZWEINV A O M DK -
TWBEEBZLNTWEDT, NVAYDRDFEHEICBITZFEEITRV, HHENV A
VB ERHBAL = NICBWTHZERE -7 2F>Z 2R RA LA, CMBIE Thomson
BELEZBULTINVA VLRI AYTLVLTVWEED, CMBOYWSLELFRAT —)VICE —
JEFED, ZRAMNRIC T(1st) Ry TS—¥E—-2] LIBENZEDTH BT,

81 NUFAVETILLBIFISRYTZ—E—75

WO DRRNRT Ry TS —E—-TRREL, HBTEIHERT -V IFEEDLZ S
S AT/T ~ 107 — 1073 LIEBICRERBEP S E2EoTLEY, REOCHWE L F/E
LTLED, ZOHBEUTORY THL, NVXVETOFHTIEEN LAY OREHIC
HFE  MHEDI0UEEETESRATLE D,

C

C
€= ———~—=R % for R>1, (1.31)
J31+R) V3
3py 2 4<1+z>‘1
=2 315 WA, A (—=) . 1.32

ZDEH. HE Jeans & \;:

{72
A\ = CS”G;TCLQ ~ %CS(OLH)*1 ~5c(aH) ™ (1.33)

BEBNY TIVKRS A XY RT =)V c(aH) P DEFREBRY, INSBRAT —JVETN)F
VOLENEELTETCLEDIDTH S, 2D Jeans HDRAOAEL. 2, = 10001C BV
%) )\J:

Age ~ 50 (Quh?)~V2(Q,h?) 72 Mpe, (1.34)

PEEL. ERY TS —E—-J L WO ARRELIHHEERKBML TOWARWERGM-> TS, EFICE—
PEEBRLTVWEDI. EEZICLEZXFBEBYVD TRy TI—%F] Tldkl. BEPSLTILLEHHRTH
%, o T. I7a—AF4v 7 E¥—7 (Acoustic Peak) LSO NEL WV, ZZTRERWICRY TS —E—
JEeRIDN., BERERYTRY IS —EY—-2LE58. #TVYVIAINAS,
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BLUHENENY X TOXLBAEERE r. (N (1.22) ZHNWT

CAL/2

T'gx

¥, AL HICEERBNUA Y ORER

0, ~ 15 fot(Q,h?) Y2 (1.35)

Aﬁpz%?mdkﬂm3~2x]0m(Qmﬂ_QM@ (1.36)
T BHISHATWBIVYFISRAA—DEEZELHEENENU LEZ5EXS5FEN D, Peebles
EYnE Ry TS—E—-7 PEEAHOBTHE LHHELTWE. LALES BEHLTY
X210, ZOBBIMMELEFHBNTAR -ICRELAFINS =D, ZORKRETIE
FoZ2YLEEEESIZLEFTERY,
REDHEICDME2ZERLTBY., NUA VORI QA2 ~0.01BETHEEDHT—
N)FAVRDHFERIEN ERVEHET o, ~c/V3THB (R (1.31)). 55T Jeans Kl
NYTNWVHRGA X EYBHRELS (X (1.33) NVAVOPLEFREIRRTETICY
A—RAT AV VR EATROFICRS, ZODEDIC. NUAYETOFEEHEL CDMAY D
FHIZO S EOEIMICBVWTEENARBNERE DA, BEY S E 0 FHEOEARHPM AT
Z D Peebles & Yu DHEFEUREL > TWARWEFABZES D,

9 1987TF—FTERIN/-IE®/ 1. Bond & Efstathiou

19874E @ Richard Bond & George Efstathiouic X 2#XIC kY, A7 UEEEICHED
BED CMBOHEBIIFIEFTHLELE>TRWVWES S, 5 Peebles & Yu (1970) D
FEICESWTRIWY v Y FEXEHMENICHEE, CMBOOLWAHIEHZFHEL L. EEH
WCEHRLUE. 5 0@

o MWL X LEHBY LD &ERE

CDM & & &

i

CMB DIREDFIREEY AN, RAENEZ -2 5T

e BEWHLXDEY -V OHELEEHETE

2 AR C(0) DT E
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o AEMBEAXRZ NVC,DTFE

. CMBOWOLHLEDHRBICEWTEHLDDDIFLALELTODARERILTWS, Z0D
FHET. Peebles & YUDFERICHNTWERER Ry TS -E—- 73R >TWVW3, &
ZLU. CDM ZANZFICLYNYZT Y ET UM BATWERETELHEEY S EDOME
AEEENDEE, ESEHENITICHLNICLTWE (Bond & Efstathion 1984)s

9.1 CDMETFLICBIFSBERYTS—E—2

CDM D XEHRFHICBEWTIE, 2, = 1000 TEEREIL o ~ ¢/V3TH B (R (1.31) I
BWTR<1)ED. \jy ~3c(aH)]P EYRSAXVAT - VEEDNI A DY L ED
FHRT7A—ATAV IR EZITROFIL RS, 7A—-RAT AV IVIREO T =4 X HFHED
N—=F L INWVEKRSGAXY r, THRESTEY.

ro(7) = /OT (T AT ~ g ~ 88 (nh?) V2 (fr(10%)/0.8)(2/10%) /2 Mpc (1.37)

THd, ZZT, BEKHLHFIE ST BN (~¢/V3) THd e L, HFEEM 11
#® (1.12) W E,

UEXY. BAENVROEFEREDORTA X VIFUTD LD REHHIRATr —VEFEED,

o . DRIATLHE

T'sx

o = — 0984 f&"(fre/0.8), (1.38)
Ox
ZNERYTS—E—-VDNEEROIEELETHD, BURX (1.23) 23,
Q;nl/Q (2 =0),
N 1+ In 9&085 (QA =1- Qm)a

Y, Ry TS-E—-IRBAENIMNEBEETE SICFHOHMBTRD LNEZENTH
% (B 1.2),

e WL XM IWILINT —AXRY MNIVDIEE

Fow = — ~ 3.6 % 1072 (Quh?)?(fr./0.8)~" Mpe™, (1.39)

T'sx

o QRTLERMICH|B I N 2R TAEMHBEAXY MNVDABE

low = kg ~ 210 fo(fre/0.8)71, (1.40)



16 BI1E 8 - CMBHEDOER

o r  KEENBZNVA Y DRE

My, ~ 4 x 101 (€,/0.05)07%2( fr./0.8)*h ™ M. (1.41)

R — Ve LT, Ry TI—E—7OMIC, Bidd D SilkiED R — VAZET 5
nNd, ZUTHREEY., NT—ZAXYZ MU kp. (R (1.21)) AEHBERXZ MUid fp, (R
(1.25) CTENENZ YT LTHEY, 20 2 SMHBBEBO I — VY ZART =)V Op, (R
(1.24)) BETH2FICDHN TV S,

BICREEDIC, Ry TI—E—-WBNININEBEIFHOMBEEELML TS
(R (1.38),(1.40)) =0, ZOMEEMB ZLICE>T QO+ O R ERICRDIERTE B,

10 1988F —CMB I3 B4R T3/ 1v?!: Matsumoto et al.

Penzias & Wilson ® CMB D3 REARK. CMBARZICEEANTZ MLELTWENE
DN D BERLEL DHFEN RS, 1970 4 £ TISHK K 3 mm LA ED Rayleigh Jeans
HDANYT MVA Tg = 2.7 K DBEHH TH 2 HEMZIZHES & o= (Peebles 1971,
§V, pp.132)e LA L. ZOHEETIHEANY MVIE B, x 2 D& D ICHBII R T — )V & FF
ERVED, E—FHE (~2mm) EEIATY T I VEBECOWENRE S LTHRET
Hol,

FTIVEEOBMOML 3. 2053, (1) AR LB - HEDEDY 7T
UAZELLBEHENTUESH, (2)FTI VEERETE2HEE (8 4 X) ORIEE
EELZONELVWE, THD, (1) DHRICIE, B EEHENTRKOOT Y b2 THH
EFRSENRBTONEESS, (2) 1. ROA—ZHMORBI & YHACHBINDD
H5,

LI S A BT BN, W ODDBEAGERDHRE 7=, Woody & Richards (1979)
DHRERICRRINZ EDIC, BEMCE -7 XS AT Wien SHENICH M > THEEXE B T
WEDN, 27 KDORBEBHFANZ MUMBEZXVTWS &S THo %k (Woody-Richards
distortion)e

19874, EHRHLRHEIBITESNG, HHBRFZOMABHENFOLOL o=, AHEL
Berkeley DA v M2 HFAERTH 2., LAEHEND T v M 28 L. Berkeley AV i
wmERELE, BROATRBIOAFMEOHE - KRRELV Oy MHI 2T R > TV E
A, Woody & Richards (1979) D F — & & R T4 BA 5 Berkeley IS FAFF 2 B U AN



10. 19884 CMB X EM4 TiE W ?l: Matsumoto et al.

17

1.2 BEYOLEDAEMHBEAANRI NV C . FHEOMBICEIE Ry ITS—EE—-7 DY
The EELQy=0TH3, ZOHE., RvTS—E—-IBTRIz7 h3Ihd (1iF Q2

WCHAIB Y., O WNELRBEFERYTI—E-TRBIDODREVIEANTHLTY L,

1(1+1)C,/2m (x1019)

12

11

10

T

Curvature Effect
Q
— 1.0
--- 0.5
0.3

~ 0,-0.05

m

h=0.5

10

100

1

1000
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2o ZE B TCTRERNMROEMBARBILELMOTTHY., EBRATIRORAY ATH- =K
BRRZLTHEHMORHBEREDOH I L BICEBRMZEMBRICE > TH T I VEOBEFAEIT
bz, REHRTHE2ROA - X DOEBLITRONED. Berkeley DERL L TV 72 &R E
Wk o=,

BHIEFICEDO N, 2THAIEL VoTWVWBEEDITHo=., FYRINVELET6D,
FEBICHEIE A = 1160,709,481,262, 137,102 pm (v = 258,423,624, 2186,2944 GHz)
THd. HRIFTISSEMX L LTHRSIN, ZOHEBONBR I CMBEREWDWLINLE
(Matsumoto, Hayakawa, Matsuo, Murakami, Sato, Lange & Richards 1988). F % %)V 1
EHRIELTOF ¥ RINVT, CMBOBEENRBHRHZ2ERIC EH>TWEDTHSE., 20
DBEREEMDOF ¥ AN A4 —6ICDOVWTH 20 KOEMEAANETVTHATEEDN. %5
I —3F¥RNVICDODWTHHEAN DM W, ZOHEHE S Tz Rayleigh-Jeans # TD
EEE T = 2.74 £ 0.02 K(Smoot et al. 1987) THoEDICH L. F¥ X))V 1 -3 THE
ANEBEEEZNEN 2.779 4 0.018,2.995 4+ 0.017,3.175 £ 0.027 K TH Y. F¥ 3L 2.3
DIMEF 27K E 200 ELBHELTVD, T—ADOEIERL. ZORDOHEH TELRHEHT
S—F RO oz,

ANYT MIVBBEATVWS o ZThERRD SZHREMML, y NS AKX — (R (1.28)) T
T4y RNTBL y=0019%2525%. :ICHIZEHFRENS O X R MG LERT X, &
A NDWEE 355(1+2)KeT2eTF—8%5FLlFiHTEH., WIFhicE L, ZOHRRIC
&Y high- DFHTRAMDBE I > TVWEIENRBEINEZDTHo=. —1990FEF T,

11 1990 F &L £4: COBE/FIRAS

REMNBEZRB, KIK. Oy b, ZUTATHEL WO EIIRDS, 19744FICHEEFRLE
NASAIC &% CMB#EETE L. Z D4 John Mather & B #EfE A E D B, COBE(=COsmic
Background Explorer) 2T BN TS EF DR 25> TWE=., COBED#E®IE. (1)E
YFWNDLERIIMRE TOERRARY MVERET S, 2 RE® S EEMIL - WiET
5. BQ)FEMERBHPOTYEY Y, THolk,
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11.1 FIRAS

FIRAS(=Far InfraRed Absolute Spectrometer) &£ L NIRRT, ZOHDEY
FHEBETHD. MEEMICTZAL PIREIN, R 1 cmDB CMBOE -7 20T
100 pm ICEZ HE Z, TNV RICHHTHHDTH 5.

19804F 11 A 18 H. MHITH LIFICHKII L= COBEIC & YEIBICH S CRo HE L
i COBED#-7=., EoERADIFEDOT—RICE Y, 1965 FEDHEADFFER NS W
BTz TOMB RERSHF N LW SRS IBICHREZD X =D - = (Mather et
al. 1990),

o 6TV NICIEY. 1Y% O E T EMB S

o WX T =2.735 £ 0.06 K

19904 1 . ZAXAVARXLERICBEIT S Mather DRBRIIAR VT4 VT - AXR—-Yay
ICE->TEEADNE, ZO# FIRASODLZ2RKY —XA BT L. FIRAS DFERIF

o 267NV NICEY. 0.03% DFEEE TR
o MBI T0=27264+0.010 K
e Sunyaev-Zel'dovichBIRICE 2 AXY MVDEH (R (1.28)): [(y)] < 2.5 x 107°
o HIRDIERFT Y UX I pIl&BART MVDEHR: [(u)] < 3.3 x 107
CREW DT BN E (Mather et al. 1994), ENZNDFRERIZS HICD ULHR SN, 19964R1C
o T,p=2.72840.004 K
o |(y)| <1.5x107°

o (1) <0.9x107*

&30z (Fixsen et al. 1996)s

12 1992%F—0.001%MD k5 =: COBE/DMR

COBED® D —=D2DEMN. ZNETROD > TV RVEREYLEDRHITH L. TD
EHICHABRS NERRERIE. DMR(=Differential Microwave Radiometer) WX TW5,
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12.1 DMR

DMR & Rayleigh—Jeans # I H1F % 3V N: X\ = 3.3,5.7,9.5 mm (v = 31.5,53,90 GHz)
IKFa—YEINEREETH 5. FIRASIE CMBOIRE % 0.004 K OHEEETHRELED
KX L. DMRIE FIRAS DD ETS —N—=DI5IC1/100 AT OREDO RS 2 REH
RERSLRVWOEMNS, FIRASOEDIC T9FHTI LW I IZEwWhawn. 248/ O#
HERET, 199241 DMR IFREW B EOMEICEII Uz, EICAT =30+5 pkK—CMB
DIEE 273K D 0.001% EWVWDDTMREFHEOEEDN. HIHTHLMNIENEZDTH->
= (Smoot et al. 1992).

£ZAT. DMROREWLEFMTH-EZDES DD, BEPLHEDRY TS5 —E—
TN 1°HEYVICHEHNSFEIE Bond & Efstathion DHICRANZEY TH S (R (1.40)). €L
TENE. BN ERNVREOFEDON—FT L VKRS A XY, DEVFEIRKRORST A XY
YA XICHETE2AT -V THo=. —HTDMRDE — LY A X Opyway = 7 2T
—D2DOE—LOHICHENEAYVBHORSA XU 0EBESSIE5FEICRE, 0D
ANE., DMREBAWENYVBHETEWCIYEZ I M2 o EAr = VILEET
Z2PHE SWHREZHHLTWEIDTHE, E— LYV A X pywun 22 2B 21T R0 =
Her, BONBAHEHBARY MV exp(—202y,/SIn2) DT 7 7V A~ L &2 T, H3
U £ UHIDWZ T — )LD EHRIBRICRKRDONDS ., 1, %A 0,

1

e thaxowmnn /802 ©

2
V81n 2 110

Orwan  Opwan/1°

(1.42)

gm ax

Y, DMROE—=ULTIE (..~ 16%2H 5,

12.2 Sachs—Wolfe IR0/ EMEB/NT—2 T KL

SWHIRICKZ2HEMHEIAXRZ MU C)iE. UFTOEDICUTKRDZ2ENMETH S, B
1 (1) KR ED H OFFICBH S N2 HED S Zid, A EASYEHOEART > v )b

IKE2B8DTHEMD
AT

7(% To) = %(I)A('Y, Te) (1.43)
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X 1.3: COBE ® 4 M OB THE S NE CMBEEY L EDLRYY F, EAD 315,53,
90 GHzHD~Y v T T, HROFWNY NIEHHEM S OHRHATH 2,

- e
-100 I 0 W +100
pK

990056
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THY, ZhE7—-JIEB|LTPBL

AT

1 .
Tﬂk%m%7guhnwﬂ%wﬂhigAkn§: V(20 4 1)jp(keAT,) Po(p),

é (1.44)

ZZCATL=1—T, p=k-yCHB. BHDEH TIE Rayleigh DAREHWT exp & B
L. AT/T HHEIC 1ICBIL T Legendre B

e m) = (i) Oulk ) P) (1.45)
Fni.,
@Ah%nozééﬂknx%+lyAMAﬂ (1.46)

2185, j(keAr) B EZEMOARY MU E (ZBICHBT 2B EHST WS, KEEY,
C, DEFICHZIT

2
2 oo {100k, 1, 70)[*) 2 e )
= — = — P, ’ AT, )dk. 1.4
o Fué R Tyl 9W(A; k2Py (k, 7.)52 (keAT,)dk (1.47)

}M&ﬂz<@MkﬂWMﬁ?yvvw®NU—xN7LNT&U\ﬁﬁ@?ﬁ%@%@
ETFINVTHE

n—1
Pp(k,7) = 212 Afp(T)k ™3 (%) (1.48)

DEICETIVEEINTVWE., Apg(r) . BEDNY TIVKRS A ZVICHIET 2 27 — )
(k=c'H) DEART VYR VDORES - #ELERTT7 /X -THD, ZOETIE
W2 &R (1.47) ZEFTENICE S TE T

Am o, VT 1 2 LIEB =n)/2I Tl + (n—1)/2]
@‘"§AW“{7F“%A” n@—nymrw+@—nym} (1.49)

185, $IC Harrison—Zel’dovich AR 7 MV EEIENTWE n=1Dr — XTIk

2

Ot = S Ak, ¢+ 1) (1.50)

LHiBEALENG, BEHOBRICET(n+1) =nl(n), I(1/2) = /s 2BWVWE, ((+1)CP L&
VIS T —BICRENS,
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12.3 WL EDOKEZX
Ape. EFVBERHOVIC, WEHME—- AN (LT ERTOLERTH B,

[(9=n)/2]T[l+ (n—1)/2]
[(n+3)/2]T[¢+ (5—n)/2]

COBEF — Ll 2 RTBL LTUTIKESSINEEEDORTERED Qo ps EAWVT

V\ é o
_ )
Qrms—PS = T'*/O ECQ (152)

C0) = iL—E:(QEF])C&}%(COSQ) (1.53)

T

r
Cyp = Car- (1.51)

Zhid. 2 EHBEE 00) %

D & SIS Legendre R U= B DB (20+1)C,/dr THELEDNLHRTLETH S,
EE. 22U+ DC /AT E Il HTEYVDONT—%H DL, HDAT -V IICBIT5EEY S
EORESIERMLTVWS, ZZT, > 1IXBNVWT

(A +1)C, L +1)C,
4 27 (1.54)

THY., BERIn=1DF —RATARI MR TZY 8 TH 3 (R (1.50) FA2D. BEWD
LEEHLOLIEBENRBEL L TR DL TWS,

BEDEIIC Quueps & n W SWHRDONS A X -2z W, WHEIEOIMHELTS
YHNZICHERID20EF#E LY, 22T, flAEn=12EELTEDTPNIIT

fme—ps = 18.67 £ 1.26 uK (1.55)

A% 54 (Bunn & White 1997). R (1.50), (1.52) 2 5

27 108 (Qrt
Aﬁfpi = ?Ogbl — \/? <%OPS> ~3x107° (1.56)
Y

2585, BEWYDSXDKZIE Poisson FRER:

3 /Ha\?
KAp, — —C—)am 1.57
¢ 2 C * ( )

3 /Ho\? B 3 /Hy\?2
N, = 2 (20) %m:—<—)s%% 1.
¢ 2 (ck) D 2 \ ck 0 (1.58)
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KV, HEDODKRSA XA = )VICBWT

2
Si—t = 59;%;};1 ~2x107° Q7! (1.59)
ERDLND, BHICBWT, 2,0 > 2> 1 KBF2ELR: H ~ HQ 232 BET
2K 2 BT DBEPSEDREE ), xa BFAWVWES,
ZZTCEH SWHRIRDAEZ X =4, Bunn & White (1997) Tldk SW RIREAS D% R £ B Y
AN, 2<l<19DTFT—REHAVWT nA£ 1 DORICHEZD LD RTIvT 4 VAR EH

WTW3a, ZhICENniE, a=n—1&LT

Sumo = 1.95 % 10—59;0.35—0.19anm—O.lﬁze—ﬁ—O.MﬁQ (QA _ 0)7 (1.60)
— 1.94 x 10—591—110.785—0.05111 Om ,—0.957—0.1697° (% =1-—0) (1.61)

THY. Q=1n=1Dr—ATRHREROEMRBERLALER*E5EX 5. O, KEET
EWSERDZMN, ZHhiE 6, ODBEEFDOEND O, # 1 DRFICHN D SW SRS DFhER.
BIXUOWMBERESEFNTE IV IBERTELVWELRLYILES,

13 1995F TR N/=I8R I1: Hu & Sugiyama

Bond & Efstathiou DEiT@RN7=2 & DI, 1987TH DE S DWXICE > T CMBDOWHED
HRTEEMICTERLUELESTREW. UAL. BHEHEDOT AV v MIFHERERED T2
BEZOIRED] 2Z0FFTCRHHEMRTERVWETHS. HHELMO FEXNRTH 509 2.
CMBOW B X ICHT 2N RERIIENTVWEDTHS, K F NVAFVRO7I— R
T Ay 7 IRE P SilkiREDEARY LBEH, BLOMBICELD 7 I -2 T 1y VIR OAED
BE (R (1.40) R EFHBEINTWEDR, BEPLERIFHRNIAZ-—2DPLEXEE
THERELEML, HICERINGAZ—EY NTRALUWLERELZENTEL Y., #
HMARNTAX—RKEHEOHEBIEBIN 2VWEETH- £,

1995 4. Berkeley @ Wayne Hu & HERERZDOEFTH Y H U < Berkeley IC CMB
DMADE=HRTWEHMLEICE Y. CMBYW L EDFHEICBIT2BITMFEIETLHDH
= (Hu & Sugiyama 1995), BHRIELLE T 49T 4 >V TRAX R U, FEHTHYICH & % %
RERL I THEHEEZET CEHLMNITERAVWYHEZHBELEIOL LEDLITTHS, #
R 7A-RATA4IIRECBI NV A ORE., EART YO v )LO®RE, BEh LA

SEEBICE QL A1 6, x o BRYE->TED T, HIEAEBEICRZBHICBWIRRIEI 25,
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VIBHOYHELEHHAUZINDZD S EOXGEFR... RENRALHLMNIINE, FICEE
THo=DiE. HHBBEHORS A XVNICBIF2EHNRF YUY IVO BRI D S X
DREIICEELTEERF >D>BEEHONMNILEETH- =,

13.1 [ &1H#) | Sachs—Wolfe ZhR & O,,h?

N BBEHICRS A X VNICASERLXEDAIBZTFWVWEEZZISL, P NVFTVROD D
XX, BAFEICEE273—-AT 49 7R EIT RO EDEKETEZ RV, CDMOW B =F,
BEHRMED R A LAT =)V g W

m pm
. FHBEDRALAT = VIVEWEDRIFYEETERW, 2TORFTDWP B XN
BRETELRWED, "F Y Y v )i Poisson FIRER & Y
47ern,5a2 _ 47TGpA,05a72
C2 02
DEDIC, WEEBBHICR>TCDMOWY L XRKETZEDICAZEITHELTCLE D,
RTFY VY )VORREIICESEED S X,

1/2 1/2
o (Gon) 2= ) (2] i (2] 5 (s (02

— k2D, = (1.63)

AT .
7f—:i/2®AdTﬁd—2¢AUD (1.64)

ZZTC B0 EMFRT AL UTHHORT Vv )V 0,(0) MHBREICE > TERICAR
U, SWHIRICES AT/T = 0,(0)/3 (R (1.9)) AN, R HEOFETH
%, Zhid TEH Sachs-Wolfe IR (ISWHIR) eBENTEY. 205 ORREEHRL
THREYLERHAT I LBEHEDOREREREITHSTLEDDTH S,

. ISWHRBFEHERNSAZ-DS5 QR ICERIBEbL>TWS, R (1.14) £ Y.
A BB SYEEBEBBHICBELHHIE 20y <« U2 THEIDD. Qh2 NS Lk
HEHZTHLIBHNRI LY, TOFISWHRERTZOLEDAT — VOFHHEMNEL &
Bo 2 CHRIAXVICABYWBEDRT —)Vid

keq = GoqHeq = V2(QuHg ) ?ag)’? = 9.67 x 107 Quh®(1 — f,)/*T57 Mpc™,  (1.65)
ZhERRAOHEEI

loq = keqTox = 580 (Qumh®)2 fa(1 — f,)Y2T, 2. (1.66)
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BEEY. [, ~0405 VNS

[ 220 (0/05) (Qa = 0)
“ 220 Q2(1 + In Q29 (R/0.5) (Qn =1 — Q)

m

(1.67)
285, ZOAT—=NViF1st KT S5—-E—-2 L EUTHY., HRLLTRYTS—-E—~
INELRBDTHS (M14) E—VDMEND Q, + QY ERDSNZDEFTTICHEN
EBYTHEN. E—V ORIV QP DOERE[/LIZLENTE, ZHhHHDB QL O
POMLUTHRDIEDNTEERS, O\ =0DF —A TR hOARDEKEEIC RS> TWEEL
BHIRZE W,

13.2 Qh2ERDS

HEPLZDEHICE >INV A VOEEERY EHICROONIEE2RLEDHEET
H5, HBREON (1.31) 265 - EFT L

C
Cs = )

3(1+ R)

3pb 2 —4<1+Z>_1
R=— =315 4Wh°T. —_—

HoTNVA VDR QR EEPIHEICIYFTEINEDL, BTNV UFHED TEX ] B
EALEDMBELVERSENSG., —FH. BHEDPTFE > TV EHBRLIEHECICRKRE
N, 7A—-AF74v 7RO O EIEALL. BEEOEMI K> TRHORIFBEREL &
5, CCRBEDPLED2RTHEIMD., WRELTIst R T S—¥E—-7 2B(DLT 5
BE—IDENY, BEE—- 7 DHAWICTASZEICRS, 2O ICHFHEBEROE —
JTHBDZEVDELRLHRET QO r> BAMCEEET. CMBOBENIC K Z X X & —FREIC
BOWTEHEOWME (O, + Q) A, RPRELEZNTARX-TH3 (K 1.5)
ZHAHRESDHEFEDOFAO—HITHY. CMBOWLEILHETZIFL A L2 TOHERIC
EHHREAEEEZZENY TR, EOEIBITREAVWTCEENICEBENEORKRE L
SUDIEETHETHLVWOIMAEEZD > TDITE, BR. FEHRNSA X —ADOKEE®
ERMICHEMBTIFICRIILEDLITTH S, HHOHEFEICEIY CMBOW S EDOHERBITTE
IKCHBEIh, ZOROHEX CMBOBEEPHEEHAVWTVWNMNIFEHRNTIAX—R2EL
PEDHBH. WD FHEANMEEHICEAT W 2. ZOSEERIT & o 244D Jungman,
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X 1.4: BABBHORT VO Y VOKREEEHICES, E—7DT—X b, QA2 EEDT
CRHBEEYEEBEED OV H VWO 2, < Q.02 VBN, BHHFEBHICES A X VIC
Ao EWBHLEDAT = VAREL RS, RABEBHORS A XVAORED L EERT
VY VDBBRZIC L BN N EZTTCHBHICARELI ARY, Ry TS—¥E—-r R AT 3,

12 T T T ||||| T T T T ||||| T T T T T TTT T
11k Varying Potential Effect _
10 Q_h? i
S o - 009 -
O - /\ 1
— 8F —— 0.25 /o =
X - . -
I 0.49 [ -
~ I / \ 7
g 6 B // ! r __
g5 ]
e ]
_|_ L .
= 3r .
2 — —]
'[7 Q. -1 0,h*=00125 ‘_
O 1 1 IIII| 1 1 1 IIII| 1 1 1 IIII| 1

10 100 1000

1
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B 1.5: NUF VDR Qh? BEPFT L, R QWh2 BNERBZE207 3 — A7 4y 7iRE)
DEOEMMEICY T NL, BT A XTH 5B Ist, 3rd E— 7 DM LR S,

12 T T |||||| T T T T T TTT T T T T T TTT T
11k Baryon Drag _
10 |- Q,h? _
S oF 0025 i
o - -
— 8l — 0.0125 —
X L i
~ 7t 0.0025 O -
I~ B {0 B
N 6 — [ \ |
\ - .
O 5F |
= 4L ]
_|_ n i
Z 3r n
2 - —
1 —--—-— - —
. Q_=1 h=05 i

O 1 1 IIIII| 1 1 1 IIIII| 1 1 1 IIIII| 1

10 100 1000

1
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Kamionkowski, Kosowski & Spergel (1996) T Y. BHRICHE S a— RAERDH D &
VEHERENEWEEZFMALTEHEFRNTIAZ -—DOREREERD =,

14 2000F—5%MDFHiw: MAP

COBEIK 2w b EDRALE. BPICBIT2BHEOHEKIE 1st Ny TS —E—-7 DK
HICEFLTWS, BEEDINV—TNRZEFo THREEH V. °AF5r—LO® 5 EDHE %
HELTWS,

19994 IR Y, FHSINZH|ENHRWE,

e TOCO (Torbet et al. 1999; Miller et al. 1999)
45 < £ < 367

e Python-V (Coble et al. 1999)
21 <0 <227

e Viper (Peterson et al. 1999)
30 < £ <448

e BOOMERanG (Mauskopf et al. 1999)
25 < £ < 476

CABLMEHICMET 2 HEBK, BB TEVWIEAN-LTWEETHE. NINSD
BHTE-IV B LEMENRAELLTEH, NONSOXRGETHALEDDE2ZDEERE
C2DEELY, £, B—0@BITHNEFY ) T V—VaydREA—-THEML, E—7
DEINVEHTERITHE -V ORIIEHTERS. st THEREHZICIFIE—Y
D hiE] ZPNERVDOEDS, FHEVWIDITTHS. K16, EFEROKRIC COBE
EMAELDTHD, RTCOBPN L~ 200 E—- I DEEERRLTVWEIONRTLH
5, ZhEBLUNE, FHETZSY REWIHEIIREESD,

ZOE—INERYMEDS NiF. PRYHBETRENODSFEIIRYZDE, 20008 114 7
H¥I B EFFED NASA ® CMB & ##EE. MAP(=Microwave Anisotropy Probe) T %
(H1.7) N> R\ = 13.6,10.0,7.5,5.0,3.3 cm (v = 22, 30,40, 60,90 GHz). E—2L% A X
i 90GHZ T fpwin = 13 TH Y. & (1.42) & Y

670

Upax = ———— ~ 520 at 90 GHz
Orwam /10
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B 1.6: COBE, TOCO, Python-V, Viper, BOOMERanG I & % CMB W b Z DH[E
fB. [ ~200ICE—=IDRHE2ONRRTENS,

120 T T T T ||||| T T T T TTT T T T T TTT

110 L 1st Doppler Peak ? _

100 ; ;

L COBE T il

% TOCO aidll 7

E 70 \fiper H}i T —4b—i —
3 - BOOMERanG T T
3 80 1 _
E"_‘ —_ »HN _—
SEE % - :
40 +— b Il oo L -

o # m — i T

20 - | [

o % )

O i 1 1 1 1 IIII| 1 1 1 1 IIII| 1 ) 1 I:II_

—_

10 100 1000

1
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285, 3dE—Z7BBLOAB LRV, 1t E— 7 K+ A RIRETH S (H 1.8)
Efstathiou & Bond (1999) IC &hiE, MAPIC &K YFEHRNF A X —ZU T ORERE T
HHENBESESNT WS (T5—RLT 10).

5(Qh?)
= 0.02
oh 0.028,
5(mh?)
W — 0-0977
Sh
== 0.082
; 0.082,

00y = 0.16.
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14.

990040

2000 5 5% DFH#w: MAP

Bl L MAP @ C, tﬁ%t:ﬁgdig%{)%‘?s%ﬂmwﬁéﬁ 13 i,

IIIIIII 1 1 IIIIIII 1 1 II
103
temperature
—~ 10 F
[qV] C
< -
gy VAP
v -
< -
D? i -
0 .
10 : polarization \J
10-1k T N\
10-2 1 ||||||\\j||| il 1

W.Huzes 10 102 103
[ (multipole)

www.sns.ias.edu/~whu/cmbex.html
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F2E FHOBN LMD

1 —SFARRTHICHLITSEE
1.1 Newton H)##(C &L % Friedmann AR OEH

FHERZTRTLIERSENL, BEBAENREEE DS Z &2 UIC Newton HHiE T
HIBENHETHD, HE2PEAT-VERE L. FHPRIC L2 HHL{LEZBRTET
HBAT=IWVT 77 B —qa(t) TRT. FERa(t) NICHBEEE M TN a(t) DRED
NEEHHFEAE . o

B e (2.1)
da/dt EDNT TEIITHETRIVF - HEIANES 0,

R (da\® GM ke
5<&>:*@a—77 (22)
ZZTCRIBBPEBTHY. (K3 TPORTEFDIIICAEHEALE, AFFHERI
BAUE. MABE pZHWT

4
M=§MMV
LEIFLZOT, X (22) &
1da\® 87G Kc?
) ==, = 2.
(adt) 3 p a? (2:3)

b, 2N Friedmann FREREEEINS, ~HREFEE*ER T2 HFEXNTH 5,

1.2 Hubble/XT A5 —EFBE/INXT L5 —
—REHIWET IR TS 4IRTHRAIT
dr?

d2:2 _2d2
S a“(1) |—cdr* + —

+ 72 (d6? + sin? 0d¢>2>] (2.4)



. “HREFRRFHRICBTLHE 35

DEIICETS, c E3RAEHICBIIHMBERINGAZ-TH Y. 12 1THPFE
TH5. BIEHTEWE Friedmann HER (2.3) FOEDPEBEZ D s ICHILTEY. 2
N Einstein AERADN S Friedmann AERE2EIFICE-oTnEnd, &, 7 I3HRE
M CHE%E DR ¢t &1
dT:% (2.5)
TRIZNTWS, BEOBEE2FE->THREVWS, ROBEEDEDICZ DS TR
DHEHNWDEICT S,
A= VT 77 R —a(r) . BEEZ 1L LTEHETD. FHEHBRICLZARATRB LI
a=(1+2)tTHRIENTWS, ZOHFEEZH VT Einstein AERD 5 Friedmann HER %
L, BUK (2.3):

8) = 55 ) - £ (26)

H?*(a) = (? 5 Pla)——
/5%, Ny NI TICEBWI. pla) P RFHRORIRXIVF-EETHY., £IC
pla) =" pe(a) = pwla) + py(a) + pu(a) + pa(a) = pmoa™ + pyoa™ + proa™ + pro (2.7)
F
LETS, JHHRIC. WE - NF - BWZa—KY ) -EHZEERL, FOOOWERITHE
DETHD, FEFEEODIXNVF—FBER IEHEER A 2HWT
Ac?

DEDICEHETD. ANF (KS)2ORTERFD. ZNEND o ICXH T 2EEMEIT. AFOD
EDICE T3,

® O
BRMBRA poa® — — 5 o py o a

© Dy Py
HIXBRIR D LT RV ¥~ p2 o T 2 F 5. B#WETHHMBTY hOE —
—%E (T3 =—%&) &Y. pxT*x a2

WIS, BENT XA X — QO

8rG
O =— 2.9
f 3Hg Prfo ( )
ZREHETNIX. Friedmann HERX (2.6) &
H?*(a) = H? Qma—3497aﬂ1+§na—4+QA4<1-§:§n>a—ﬂ (2.10)
£

LEHEETHES,



36 2R FHOBHL LMY

1.3 FHH/NNIAY—>bhihn
HEDBMICE > THELNTVWAFEHANT AR —DEE X5 L BT HL,

e Hubble E# (Freedman 1999)

Hy = 71 4 3 (statistical) & 7 (systematic) km s~' Mpc™

o NUZVHENS XX — (Burles & Tytler 1998a,b)

(D/H) = (3.4 £ 0.3) x 107° — QA% = 0.02 £ 0.002
o EYMHBENS A X —
—~ M/LB3f% (Bahcall, Lubin & Dorman 1995)

M/L)gs 300 h
(M/L). ~ 1400 h

— WEMEHDOHTRT S 7 Y ay (Mohr et al. 1998)

O = ( 0.21

o M,
53—nJ—ﬁ§§::(0075:t01xm)h_w2—e&LnAJOBQ(&%h?/OOZXh/O71Y4ﬂ

1.4 Hubble/x5 * % —DOITR

X (210) D 1HBE 45HE, H2VWE 1 HBE SHHORE S 2 RERNE, ¢ <
(/Y3 a < Q|1 — 3 Q| DEBKICBWT

]1/2

H(a) ~ Hoa ™ [Qm + (2 + Q) (acq/a)ag; (2.11)

Y

O O

Y =0 10, O
ERATNE. BH%R H(a) DEBRE LT

(1—f,) =42 x 10" (Quh®)(1 — f,)T5 (2.12)

H(a) ~ HoQY?a 7321 + (aeq/a)]"? a<K L (Q—m>l/3 (2.13)
— 0% &m eq |1_Zfo|’ QA .
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285, BABSBEISHEL ERXVBETHZIOR TR CERATESZEDEFNTHS, &
. R (2.12) DEH DR
Q, =238%x107° h Ty, (2.14)

EAVWENR Zh&VY
ST~ Q4 Oy (2.15)
f

THLEDIDN D,

1.5 HEFBOITMUR
EBR (2.13) 203 &, REBEY TRIENTES, EHLY

Tmy:A“ﬁiz):(mgﬁ)U{/Gﬁgiﬁﬁ::mgmaglﬂwﬂﬁﬂ@, (2.16)
fr(a) = (1 + aeg/a)'? = (aeq/a) /2. (2.17)

o~ L ERAOAE, 1BEOR (1.12) 28 Z LN TE 2,

1.6 HENARXEEHE S HFEFFR DB 1%

HEERIZ. KOLDICHLRITZENTES, I XIVHHHR (ds =0) 28BS DT 4K

FARR (2.4) & Y
cdr— 44 (2.18)

V1—kr?
ZZTC. TORAREEMIBHAMEICED DN, AT ARXZFOHTH S, 5. B rICH

BEZr 2HRBL o ICRRICHETDIHEZZD L.

. WV k~12gin ! (/{1/27") (k> 0)
CAT:—/7:|K/_1/2 —— =T (k=0)
r V1 —kr? 0 V1Fa? " U
k| /* sinh ! (|f<a| / 7") (k <0)
(2.19)

285, EELAT=7—-7Td 5,
—FH. REMPOCAEOITRAENG, BEr OLDONFEORGRIWET D =1r0TH2H
5, HEAEERE ) ZUTOLDICERTE S,
D

o= (2.20)

Ty
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Thb bR K AEER T T2, X (219 2HVWNIE. LBAZEREIHLE
RETETT
kY2 sin (K1/20A7'> (k
ro(T) = ¢ cAT (k=0
||~ /% sinh (|,'<|1/2 cAT> (k<0
2%, UEXY DERRAOCAERI c DFFICE>TRELERY, k> 0DEE 0§ >
D/(cAT) k< 0D 0 < D/(cAT) 25X 5,

0

V

)
) (2.21)
)

1.7 HENAREEBOITMIR

ro(T) & : DEBTEERT LIEBICHMERBBEICRoTLEDIN, 2> 0 1DFr—2
TIIEBICHMILI N B,

ro ~ 2e(QmH2) V2 fa (2> Q7Y), (2.22)
Q12 Qr =0),
fo={ (2 =0) (2.23)
1 + In Q0085 (U =1— Q).

WoTs rgld 2ICERB T~ ERY, EARKELDIDTH-oTH 2> Q! THHIE
RIACHEIFACTHEIEERIRLTWS, FE. O\=1—-0Q,Dr —ATEFEHITEHE
(k=0)EN. FHOELDLETNQ, =1L ERRDEDIC [ DWENFET D, Hl

X O, =0308 flat L 0.9TH 3,

2 BNl s5FEH

HTFREHETFLRETHEINRTIE. NAY VHELIC & o TBE WA 247
D, TOEA LR —VER (1.11) VT

tc = (caTxene)_l

= 45 x 10" 2711 + 2) 3 (Wh?) (1 = Yp/2) ! sec

Ouh? \ B
0(i25> (1—Yp/2) " yrs. (2.24)

~ 10% 27 (1 +2)7° (

T FBEHET. 2 PEHHETFOBEETH S, X (2.24) & V. HUFENTLEH (2. = 1)
THYRTELETNE. 2> 10BNV T tc < 1010 yrss TobDBMNLY VEELD X A L
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A= )VEFHEHR LY BE Y, DXV CMBAFREZORHPL TEFICEZKELICTE
ENTESTSEDRWEICRDS, ERICIE 2 ~ 1000 DRFHHICHBHEFIXBFICHE (B
% ; recombination) ENT H 2R T 2 2O BHEIIRBIC/NS Y, CMBEE-T
REDBZELDICRD., TNEFRME (decoupling) EFEENT WS,

2.1 TREFETMUIIEL O b

BMFEEDT7OEARBFOBERADOFEMICEI->THRESLN. B UBEEEIKYZ>TW
NEENEBIHRICHT S, ZOREMHEINZEDICETHOA A VLT R IVF —.
B;=136eV=158x100K* FUKRZEVWZIRNLVF—-2FONRFOEN. BF 1EDEY
KPS Rdhdhdvn, HBETRNVF— wEROATOBEE n, (v) &

8t/ c?

(V) = St (2.25)

THY. BN ERVEDRE T, ~ 2700 K ~ 0.23 eV 2Z AN, SHIKHZ TR )V F —
NYRh >136eVICBNWT hy > kgT B YIML->TWES DT
2
n (V) = &r—ge*h"/’fﬂ (2.26)
c
cEplcEDL., —FH. eBEEE 0 /i, En, x T3 xa™3 n, xa P KYFHBRE LD
WS —REME:

M 236 % 107 (1 - Yo /2)(Wh?) 7 T3, ~ 3 x 10° (2h%/0.0125)70  (2.27)

np

CREND, ZZTLRBBELE n,(v) DY~ hy, ~ 044 (T/2700 K) eV TOMETIEIF
BE-oTWVBETHIE, BN ENVEIZBEWT

n(13.6eV) o 13.6% ¢7136/0.23 »
T, G ey X0 (2.28)

T b b BETAIIS <R Yo TWRWEICA S, BEETH %AV TROES (n,(13.60V)/1, >
1) & T > 6000K DHTH 5. EBICE Lyman—a (10.2 eV) DHF A4 B 013 Bk T4
DANEWELITEHR YIS, T > 400K AEWEWDORMETH 5,

*1eV=116x10* K
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2.2 Bftn7Ootzx

InEToERLY., BERBEBEN ENVRICEREETRVEINGDSEN,. n>2
DEERBICBEEL TWE n =20BBTRIVF —: By =34eVERVWNIE n, (3.4eV)/n, ~
45x10° THY 3 PEHREBTHIEN NS, Ho TEERBL n=20RBICEHLT
BIET+o5THY., BREIREZTOBRAFUTO 200 LIELHN S,

o 2NTFEH: 25 — Is+ v+
o LymanaZ#¥: 2p — 1s + v

BIEDHETERFOIRNFT X 102eVATTHEINBEONEZ H2HERMT 2HIE
WA, BEIEHELTCLES, LML, FHBROEZDICHTFIIH 2EBHET S0ICHKH
WBTCIANT—2RIED, REOT-ALERGICHFETT 5.,

ZDT O EAE Peebles I & o T 1968 IR 4 (Peebles 1968). 1 D SR 1T FEAHY IS
BHELELNATWVWS, HICK-> TEMNERKREIZ.

d e 2,,2 S
d (:1: n ) _ [acmene _ 3. M (BB keT | (2.29)
dt \ ny Ny iy /

¥, dz/dt = —H(1+2) R (111):
ne = np(1 — Yp/2),
B L CHERBOBEE n,,:
Nis = N — TeNp — 4npe = mp(1 — z6)(1 — Yp) (2.30)

RV R (2.20) 1

dx ) 1-Ye \ (5 C
_ e _ g, 1—Yo/2 (1 — ) [ —22 (B1—B2)/kgT 231
e = |z = o/ 4 00— (50 )« e (231
LEEXHBRAONDG, BIEHNERES. BoEH EEERT, 22T
e = 2.84 x 107 (T/10*) 7" em® 577, (2.32)

ormeksT\ >/
5 = a, (mhi) o BalksT (2.33)
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W ENZENERGRE, SRR TEY KRBT
1 + KAQS—anls

C = , Nog1s = 8.22458 571, 2.34
1 + K(A25—>15 + /gc)nls et ( )

/\3
<KEE§EH;% Ao = 1.216 x 107° cm, (2.35)

m

LREBESIND, COFFHEIEHE Lyman o BEMS DF LG, B2HIT 2N TER (N1 =
BRHR)DFETHD, 78D [, F Lyman o BBIC D RS>EHERL., ZD5HEHR
aNEND,

A (2.31) DREEE BT 510,

(1) BHFLDEDOEEENS DXV B RICAN. RN (231)HO T 2ETFORE 1, ICHE
EWMATT, DRREDON & HIICHFE

(2) a. DHEEEZ LT 2
(3) n>2 DEMFEEREZIETT

RMENBZBND. (1)1F Peebles (1968) ICBWTBLICERSINT WS, (2) 1 EDRDE
BICBWTHITMT b TWS, 3)RIBEICA>TIFAabN, [RECFAST] & W
SEHI—- KB SN TS (Seager, Sasselov & Scott 1999). LA L. £ T&EEZREL
TH Peebles (1968) D 2. M5 DX VIE 30%ATFTTHY. CMBOW L ZDFHETD X VI
10%EATFTH 5.

Bl 2.11IC. RECFASTIC KB EH L, BHEEOHRENDL L T 23t ELELDETOY
FMLE. 20 &Y, BETHORRE 2 < 1500 (T <4000 K) ICBWTEFLLI AL TWS
EHADLMS, $E, BHEEIHETHEEDICE RS, 2.~ 1074 — 103 BENE S,

23 BRseJryEY T4

H21XVEHHEF T 2~ 1000 CTHESTI2ENDH DN, EEIC CMB DX+ EEL
ANTICEDZ LD IR BT ENICRDRE AL AW, $F. NAY VEKELO K
MBS o A FOED ICEHT S,

T = /aTmeneadT. (2.36)



42 2R FHOBHL LMY

B 2.1: BEHEFOBERE. Qn=1, Ah=05DFEFTIVICENT O, = 0.05,0.1 ICDWTHE
B o DML ETOY NUE, ERIOA— T RECFASTIC X 238, Tl Saha DE
BETEORXEHNZD D, 2 <1500 (T <4000 K) IKBWTHFIRFRFLLS XV TV EEHED
b,

e
LE Recombination History 3

- Q_=1 h=0.5 -

I \ ]

0.1 = =

Py I RECFAST |
N 0.01 = E
o g :
~ i 0,=0.05 -
0.001 = E

: SAHA :

0.0001 3 E

. 1 1 1 1 | 1 1 1 1 1 1 1 1 |

2000 1500 1000 500 0
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INEFBELERLRDOT, YA VBT (BHE)F e cERED, IhE 7 THDT NI,
MH T4V FAEB V() LLT

V(1) = (e77°) = 7ce C = orrencae C (2.37)

/5. V(r) REHEDORHEZL, >FYBLEFXAYOTOoERAEZRLTWVWS, H21T
REEDIC, 2.3 2, ~ 1000 TRISNS KRB0 T, V(r) 3BHEEH 7y ~ 7. ZHOICE —
DERFOBBLERENIFREING,

221, A TAVEVT4V(r) & 7By MLE, BIFEY, R ICE—7 28 OB
LioTWa, DTEDNCERBTHEMN. Zhid <7y Tl ro(r) PRBEICKEI 2D E
DY) EHFEIEED, —FH1>73 CHe ™ 1 THY. 70 x nea ox (1 +2)2 oc 772 &
YV(r) FEBHRELNMCEELDTHDL., £, E—-TJDER oy ~ 027y T2DDB
BFEEEDN—FT 2 VNVHRSA XD 20% TH 5. MELHRALTLEDDOEE O RE
Ble LTk, V(1) =0(r —7a) EF VA E LTHRD HEDH S, ZhEEXTVWEY
LEDWERD 0y ~ 50 Mpc K Y BREVWGFICIELWHEREEZX S5, B 1RELTIE.
V(i) EHTYT

T)= ! ex —7(7_7—(1)2
V(7) v@?ﬁ%' £>< R ) (2.38)

THEUT 2D THD, ZZT Ry =0y/V8In2~0.087g TH5. 221, BEFHE L
DHBOESAHT Y7 VEMETOY M LE, HDEYREEBEEIELL WA, FIVLAEHEH
WREVIIHEER2 LIF2ENTES, EREROVOEADED. Ry ~ 20 Mpc AT DR
T=VDPLEFHETLUTLE D,
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B 22 T4 VE)TFTABEBV(r) = 7ce " Qm =1, h = 05DEFTNICIBNT
O =0.05010F5 =270y bLE, Vi) dREESGH  ICE—-2 K>, E—-7 DIE
Eop~0270. 20 Wiy oy 2RHOAVIT7VICK2EBEE2TOY ML E,

4 | ' | 1 ' | ' |
Differential Visibility Function
Q=1 h=0.5 |

V(t)=de "c/dT (x1072) [Mpc~!]

0.6 0.8 1 1.2 1.4
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BI3E EBEEDLEEYEDSE=DHENL]

ZOHEERE T, O EDEME - MEXNREHAOVTRITHWICED., 25 0#ELIIR
Einstein AR AT WEROEH FERNICL > THELSENARTH 5., MEIE—BICIE
BICHEHETHEN, ZZ2TCEB I LETZ7Zyv 7 2HAWT, MEEZIEFICHEBEICHET
5770 —FEENT S, ZOHTHc=1LWVWOEBEMREAW., =L TODE% Fourier
ZETHRT, o TERPH VLD DE LNV EOMND. IBIC, ZZTHATIE
X2 C Newton B ER (Newtonian slicing) B W THHBERE L DT -V AREETH D

*

1 ERAER

W5 XEDHEA L Einstein ABRICE > TRL2ICHBTEZ N, —BICHHERAFELRL
%5, UMU Einstein AR EHEDOEH FEXN2MHAGOELETCHELBRLTSE
MTE 5, MEOEDHERXIT Einstein AERXN LMV TIERWA, B OMNEEBH S L L.
FEBMREBSTHLEDEHTH S,

¥9. mOEBICET 5 Einstein AERE

EC.®y = 4nGpa® ((—:g +3(1+ w)%%) , (3.1)
k? (®y + ®p) = —87Gpa’wn, (3.2)
ZZT
p
w o= =, 3.3
; (3-3)
3K

*R BT U (BIAWE synchronous gauge) B W THHRNBERE L DS -V AREEEHA WD L. BEY
SEORBDIDEVWHNEEMNICZDLIEILER., F—YOBUOFILOEDRS. H50VWIEEROMLLL
FEWEALENTES, ZZTH Newton WRENALEIC LY HEDRE. LWO RS (F—-V) Tz
EDHB,
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®, = Newton RTF > ¥ ¥ )V

° EgEéI*}U:\f“‘%ﬁ@@rﬂg :Zf(spf/zfpf
o VL =FEY
e T=3EHFANVR

T#H5. A (3.1) & Poisson AERITHIL TWE N, —BAXNRBHRICE > TEES D
RTFYRNVICHET S, £ 3RTHROHR C, AEEHL TS, K (3.2) I Newton
By 725t i 2R = RV Newton R CTHRASHBOWEIIIHESEF A N VANNZIWDT
ZORICEST Oy = -0y, 235, o THK (3.1) & Newton RT > ¥ v VICK T 58%
D Poisson FENICFET 5.

IR D EE) 5 FE N T
€g ' . a w
kV, = —-3by—3——TI, 3.5
<1+w) + f al+w ( )
. a c? 2w w
(1 =32)-V, = —— Oy, ———C, — 1. )
Vi ( 3CS)aV k[1+weg+ A 3(1+w)07r+1+w (3.6)

ZNZENEBEOR - BEuler DR THB. ZHOLUTHRBZ L. RO LRFEEDOES HSEX L
FEAEZEDLOLRWERGH S, EROAXNTEELICRT VY v )LD RKEEEL FHE R
EWV S EHXNRBIIRMM E SN TWS, Buler DR TIX. ZAZHE 2HICFHRBRONRD
HBEUMNTIEHENBARK AL THE, EZATINDHEN—ZANVDZRIVF—FE -
BEZICNT2HAEATHY., RoHEOMEEEAEBZRE I TWARY, HEMEBICELT
FRETHED. NIEE 1 ED Sachs Wolfe DIHTA LN 2T PO - WL ER2RIT=E
THY. "EP2HDURENSKEZARATE—MBICEET S,

1 pe(1+ we)per (1 +wer) 4, 9
I'=— E — %) Sqg = E 3.7
2 p*w(l + w) (CSf Gt ) i w g wr, (3.7)
S O or (3.8)

= T+w  1+we
PR ERTHEFT. B (1), WE (m) TH 5. FIETHEBSBEICHE T 5K WER
Tik

Poe = — 2250 = — Sy (3.9)



2. TVMOE—-WHXDHRRE A7

THoH., BEOBHIE. HEHEE L WEEESISL L RBEN (R (2.12)):

_1_Qm
eq Qr

a

EHWE,

2 IyubhoE—wosEnFERRE

Ty DEEIFEEIE 5, 10 E o THD BB R, ZNIFEREOR (35 MERDEND,
Smr = _k(v;m - V;r) (310)

o THHEDEDHNEEIC L >THROOLNDZEICRY, PELHRHAPKIET T S &
DRRICBEVWTIE S, = —& &b,

3 FEFEAX ML ZOEE

FEHEFAMVA ik, N (3.2) ZBUL T Newton RT V¥ %) dp LHEBYLE oy &7
582, ANVRABEALSWTEERFEEZ2RF OHMHARFTICL>TH TSN TWVWS
A TR PNV VRILEBLTE LI N2, WELOMHEEANTF V=2~ KV
MDY —ATH5, ZNICEBNRIIHHBRHICENWT

Oy + Pa
Dy

2
=~ fy = 0162, (3.11)

Ko THLMICEHTZ S,

4 R—IN—KRSA4A X2 —ILOR

Zh&y, ERAERX (3.1) B6)EANVRTIV = (7 =0), A=N—KFA XV R —)b:

ke,
aH & ’
FHOMBNEETE ZEH:
O
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DEBEDHETHL, A—-N—FKFA XV - VTREBEHFERICBVWTESHOMEE
ERMNRWED, K (3.1)-(3.6) 2E>TREW. AEEY, 7, (k/aH)?? B LV x DIH = HEHR
TE2HEILESTaAVIYRTY NRERS,

% 9 Poisson HER (3.1) £V

€e = —3(1+ w)%vS <super horizon; % < 1) . (3.12)
%% Einstein &R (3.2) &V
Oy = —Py (stress free; m =0). (3.13)

B (3.12) EEBEOR (3.5), Euler OR (3.6) IKARATHIE

a ' . a w

Vi — P —— 7T, 14
(av) k( H+a1+w> (3.14)
. a w w

A ) VA 0] — 1) = ) —1). 1
V+av k( A+1+w> k( H+1+w> (3 5)

EELR BU)KBWTRA—N—KS4 XVEBEY K2V,/30EEEHLE. R (3.15) &
(3.14) IKRAT X, ARNVRTY =+ A=N=KF4 XY AT = )ViEBUC B 2 EH F
R ‘ ‘
(V; + 291@) - Yy (F + 9F) (3.16)
a I+w a

25, B MERCE T T OREBERIEIX (3.9), B10)KE-sTEALBNS., A —
N=RSA XY TCRESHEOHNEEZEODTHL NS, K (3.10) &V

Sur(a) = S(0) = — 5 (3.17)

TH5,

4.1 TRHHMEEBH (w=1/3)
st BB TIER (3.9) & Y

a
Fmr = _Smr -
aeq

TH2H0H6. EFHEN (3.16) IEITTET

K+29K:k<0—%&mﬁd, (3.18)
a

Qeq
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CRESEBTH B, S =5(0) =~ LYK (318) I BICHHTEC,

Vi(a) = ka™ éﬁ;)<c-%sanfi>. (3.19)

Qeq

WEHEBIIC B 3 Hubble X5 X & — 2 (2.13):

1
ﬁkeqaeqa_2

THMTE D, keq = teqH (aeq) = V2H 20 l? F aeq KHRTA X EL B HED
WBTHB. UELYR (319 OB EFEFTINE. A—-N—KSL XVE-ROWYHE

R
Vi(a) = V2 <kﬁq> Fci - £5(0) (iﬂ (320

H(a) ~ Hy(Qnteq)/?a™? =

3 Qeq (eq
M5, BMYERCEIY NOE -5 EAYD (S(0)=0) Of. HBOLE] Th3,
PoT., —MRIMBDPLELT Y MO - LEDMTEITLNTH 5,
BEY L XDHEIEIN (3.12) B RDH 5N,

e,(a) = —g <o _ 25(0)i> | (3.21)

Qeq

EHIC Euler DR (3.15) WU, Za—-bhYRFUIY) O, BLUOHED S E oy DfFEL
LT

a

Dy(a) = —Dy(a) = %c - 25(0) (3.22)

Qeq

RS, RTUVY N —EHEERDDTETDORE Oy(0) = —20/3 THRIELT 2D
FERITHY. UEXYVBABBEHICBIZA-N-KSA AV AT - VTOFEDEY h&
LT

o WD S E: 5(0) =0

) = -~ La0 L, (3.23
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o HEHED B E: Sy (0) = 0

v - —Eso (L) (3.26)
Ba(a) = —¢Han::—%s«nii, (3.27)
64@::%ﬂm£; (3.28)

255, MIBOOLETERT Y YUY I -BEOSEFHIC—EEN, SHEDPLETE xa
THRETZONRETHS. P HLEZENARREIL I THETZEH. X—)N—&
SAXVTRERBEICE S THEETERVWDICK L, RS XFFTy hOoE -5 X
Y —2AFB5EDA-N—KSAAVAT—VTHEERETEZE2DTH 5,

4.2 YEEBH (w=0)

WEEBSHTEIX G160 KBV Tw=0& YTV AE-—DBEDY - AMEA S =D,
I3 I

Via) = ka™? / ;(CZ,)C, (3.29)
Byy(a) = (—1+—H§@u/}2zq>cx (3.30)
cgla) = —3}ﬁf) Lﬁi@ (3.31)

DEIICH/EBND, KIS, FHEENBETE RV (o < (Q,/Q0)Y%) TER (2.13) &V
H(a) ~ HyQY?a 32 = 27, 1a /2
THY, BOIUT OO IHITHICEITTE B,

o WD S E: 5(0) =0

‘/;(a) _ ]{?7-0 Ca1/2 _ _3]{77_0 @H(O)GI/Q, (332)
) 10
3 9

ela) = —2 ::%@Hm) (3.34)
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ZZTOMBER CIBHEB L WEEBZOHETOMEN. BHBHEETORT >
YRV —ERDT C = —30y(0)/2%ZDEEMok. Zh&Y, RF YV vLid
BEBHENSWEBHICB LIS 10% RESMNS<RY, BU-EHEEZRLED
SINB,

— 7 FHENE BT L A i BRI e 2B .V, ORI
ALNT oy FEET S (K31 TO—FHT e, IKNET BN, ZNIEFHEI <
EIIC 2 & A —EEICE D EFHIMEEEEZ MO, Hubbleh T4 XV &2BA
AT VOWLEDRRBRERTLEIDICRIEDTHL., MRELTEHAR
BEICE S THEPDLEFRELBDLZDTH S,

o BHED S E. by(0) = 0

Vila) = ~E£mmm, (3.35)
Ba(a) = —%san, (3.36)
engzgﬂm. (3.37)
BAOEBE LT
Cz—ésm)

Blok, X(318) Tl a = aq TOY —RE —5(0)/2 0. MBS > HEE
BHIADBBIEILRDONMIEZEED a = aog TOBEFZDOEEHFET 2 L FED
Ry, MEZIOIPULUERICEIECIY EHEDOT 77 2 — 1/38F6H, HREE
a4 =20,/3 CRIDLBMTED., ZOROENLIMBPSLELHEHCTHS (K3.2)

5 Z—IN—KRIAZVZT—ILDEEDSE
%%Tﬁwtﬁﬁw6§%u£&ﬁuﬁ?é%®?&é#6\%%fdﬁ%-%ﬁ%n
FNCKHTBREMS, o, DEHEDD

€. — Zf 5Pf _ pmém + prér
DY P+ pr

(3.38)

R (2.12) &V

m Qm
ﬁ—zgazli (3.39)
Pr r Qeq




52 IR BEDLXLHEOS XD ]

X 3.1: WEHBBEHDOA—-N=-KSA XY AT = VICB T 2HED S EDER, POLEDE
BRETOO) THEILLTH D, 0, =03, 0% =07 hLh=05Dr—R%&70y hLE, F
HEANEBEICRDWEH 0 = (Qn/O)2 ~ 075 TV, OBRRAMA BN, oy BEHET S, ¢
FHRELHBD S,

T T T 1T ||| T T T 1T ||| T T T 1T TTT
. Adiabatic Perturbation Evolution .
(Super Horizon Solutions)
S 10F-Q =03 0,=07 h=05 .
HH i ]
o I 1
4
- i ]
q) - -
N €
pham B g ]
g - s
S(S 1= (DH -
2 RN
1 1 1 L1 1 II| 1 1 1 L1 1 II| 1 1 1 I I |
0.001 0.01 0.1 1

a



5 A—N—FKRSAXVAT—)VOBREDH X

X 3.2: WEBBHDRA-N—-FKRSAAVATF = NVICBT 2S5 HEp s EDEfl, o &
DEWFET S0) THEAELTH S, Q, =03, Q% =07, h=05D0Tr—X%&70Y ML
o WS EWERD EDTTEATOYNLTH S, HEPSZIPE S E % EH
V., EHBOLETCERA-N-KIAAYAT = VIZBWT CMB DREW S ENEL fE

5Nd,

Normalized to S(0)

T T T T ||||| T T T T ||||| T T T T 1T T 17T

| Isocurvature Perturbation Evolution|
(Super Horizon Solutions)

1 -0 =03 Q,=0.7 h=0.5 -

: 6111 /:

by _

0.1 | -

1 1 1 1 IIII| 1 1 1 1 IIII| 1 1 1 |

0.001 0.01 0.1 1

a
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THEMNH

1 a
= | Op— + 0. ] .
e L+a/aeq ( Qeq - >

I hOE-—WBEEDRN (3.8):

LR (3.40) BRI S BN

1 a
0y = ——— 3|1+ — 4Sm: |
4+3a/aeql ( +a9(1> s 45 ]

1 a a
6 = —— |41+ =) e — 48—,
4+ 3a/acq [ ( i aeQ> Eg CLGQ] /

5.1 KEKSE: S(0)=0

Bisp 5 XTI S, = 0CTHEN D, BHOKRES L OR (3.42), (3.43) 25

5m(a) = {

5.0) — {mmo (a < aeq),

3Py (0) (a < aeq),
24(0) = 2Bu(a) (Geq < @ < (n/2)'3),
(0)

Lpy(0) = Edu(a) (teq < a < (Qu/)Y?).

U, B BB ORI oo, D 1K DE %R L7,
UEEY, ELDOAY T TICE s THELZHBMEREY S XX

Ou(0) = —324(0) (a < acq),

AT, 1 >
E { 30(0) = —50(0) (0eq < 0 < (/2))

(3.40)

(3.41)

(3.42)

(3.43)

(3.44)

(3.45)

(3.46)

b, ZNICZa—bMYRTUYVUYNVO,ICEDZEANRFREBEMAEZLDONEH S H

SIMEPLETHY,
l(I) 0 .
g(a) = l5ﬂ,(a) + ®p(a) =1 2 A(0) (@ < aeq),
T 4 1PA(a) (eq < a < (Qu/Qn)'3).

(3.47)

% 1FED Sachs & Wolfe DIHTHIB NN, ZhH Sachs & Wolfe IC & > TE M =AR.

Sachs—Wolfe IR T&H 5,



5 A=N=FKFAXVATr—=)VDEEDP S X

5.2 FHEDDE: dy(0) =0
WrEd B X L EERIC,
(0) (¢ < aeq),

nle) = { S(0) (g < @ < () Q)Y?),

o(a) = {_

EEU. BAEEBHOME a/a., D 1ROEHEZERL 2. FHRHEED S X

N

(1)

Gl N[

S(0)a/acq (0 < aeq),
S(0) (Geq < @ < (Q/)Y?).

AT

~15(0/en (o< )
(o) = {

—15(0) (Geq < 0 < (Qun/2)Y?).

ZHIC Dp(a) EMAZBDODNBMSNEREYSETH B,

95

(3.48)

(3.49)

(3.50)



FAZE BEEDLZEYHEDS FOHEIT

PELENKRSAAVICAZ ., EAHPELSEOHEEERARE L EDIChos THfino LD R
BFWATEind, SETERYTRSA XA —)U:

k _ka>>1
aH a

TOYLXDEME, MEDOFERER—-RICLTHL,

1 MEOCEEARER

WEOBZE LT, NUFA 2V CDMEZZAS, NIAVEEFE2ELCTOEF L OMHEE
AEFH-O>DICH LU CDM EFHEZWED, WEOEHHEXNE BEuler DRICEWTRERS,

o CDM DEF A ERX

be +kV, = —3dy, (4.1)
Vet =Ve = ks (42)
o NUAYOEHHER
('Sb—l—k?‘/i) = —3(131-1, (43)
Vot =V = kda+ R(V ). (4.4)

Euler DR (4.4) DAELE 3EN. %F L OHERAC L EHROZHKOHETH 5.
U 76 = orzenea, R = 3py/4py

1.1 BhnitbhIBoWES =D

B ENYEUREE, B2BETRNEISICERE 2, 3 ~ 102 /NS R5DT. NV
FYH CDMEEL &DICEMRT D, ¥ THRSA XY AT =) (k> aH) Ti&. Poisson
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R (R (3.1) 1
k*®y = 47 Gpay, (4.5)
& Newton B M CIC Y, ERDORX (4.1), (4.3) DELITEHRTET
O + KV = 0. (4.6)
ZHhEIEMEMNBARERORXNLF L TH S, Euler DRICRA U, B Poisson FEN %2 H
whiX, o HEX: '
O + %&n = 471G pa’Sy, (4.7
285, ZHhiE NewtonBHBICB T2 EDODEEDPLXDRBHAEA LA LCTHY., FfE
X, x HTEALNSG, —E® 6, = HGLELIZLIZKY

}L+GH+2%>G:0, (4.8)
IBr=GLLT
(et
T = 5%. (4.9)
CREDEBTHS. UEEY, BLLT
5m:H/£%x:G%H/@ﬁP (4.10)

25, HBBLPFHEAEETRWVWEHICIEZ, Hubble NS X & — &
H(a) ~ HoQY?a™3/?

DEDICHELTEBZDT
an:§OQ;w (4.11)
o T, BEPLEF ICHAILTHETS. ZhESTEHRS A XY AT = )UD Poisson
FHBR (15)IKRALT pxa? EHVAIE. oy A —RICBEENBERRENE, DY,
W ENYEAED oy = —Pp k. A—-N—FKSA XV TEVTHRSA IV TE—RICHKE
NEZDOTHD, FIl, BEOPSLZFIA-N—-"FRSAAYTEFEBENYTTEHRSA XY TIF
BEHRREIK > THETE2FICRS,
HROFHFHOMSHICR S L. HERE L VEBLI RS, ZNEIFHEBENEL o
T(HMREL 2> T). WEPREINRLIRZEDTHB, MR L LT Poisson FER &

Y, oy BWET 5.
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2 W OEENAER

HFEIRELRBHEER LD, WEHOBHHEATERATEEANVADEHT, . £
NEYERODE—AY NOHMNEHTE RV, £oT, REWLET LS EMREM:

AT . -
T(kﬁ Y, 7-0) = Z(_Z)ng(kvuaTO)Pf(:u)v H= k7 (412)
¢
LTEHHFES2EZFETEE.
. 4 .
v :k(?wum—ém>—mw¢4@, (4.14)
. 8 36 .
7, = k <3V7 - £93> — T fomy, (4.15)
1 4
O3 = k <Z7T7 - 594) — 7¢O3, (4-16)
. 14 (+1 .
@g = ]{?<2€_1 —1 2€+3@g+1> —Tc@g (524) (417)
EELU. 0,1, 2RODE—RXA Y NE 6, V,, m, LENEH
1
© = 19 (4.18)
5
@2 = Eﬂ'7 (420)

DEDIHEONNVTWS, KT D Euler DR (4.14) DEZICNY A > & OHENEH O EHMN
BENTVWD, fLIFREADHFEGERT 7774 T, BAEEDRVWEEIZ /100 DD
S5 EE 3/4TH %, Thomson HEL DO WE B IIRAKEELD Y., RLEED 2 L MEMBE
DEANEEZILZIEEIDTHE, EELZALDHERNRICIE. RIEDOEK W & # Bt
T5ED. RICERRZ XA MNAY TV THALBEBRICAWTH 5.

)= DODBHABRS THE2=a— M) ) OBHHERNE. BTFOXLSNVA Y LD
HEAERTERW,

2.1 54 MHayTY Tl

BN EAYUBIDORFO S EDHEME, NVFEAY TIVEETHEL, BHh ENYE
BICIE AT O EHEHBHTE (' ANSARY, 1 EYREVWRT—LORTFOP B EIF
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N)ZF VB AYTIWVUTEH—-DOFHMELE UTIRED KO3, - T,

LA

TC
ERBEANIARZA - UTHERZEBHWICHIZLNTES, ZhE 24 v AT Y
THEE 2RERTWE, A NAY TV Y TELOYHE BRI CFEEY B e DE
MEDBEBIAYTIVLTVWEDN, EVWDIETHY, INAT = NVICWSE/BEDAY T
VYRR ETE R RS, EVWEANE., 24 MNAY TVELOKREDN 0, 1, 2... & ED
1IN, RTWaBRAT—VIFEALANS S RoTW3,

2.1.1 O RER

BALNAY TV YT ORTE. k/c - 0 THREEW, F-NVATVOEHLFEX%E
AY TIVSENE

(257—5}))' — RV, = W), (4.21)
Vy=W) = —c(1+3) G -1, (1.22)
b, = —fofamy, (4.23)
O, = —7O;, (£>3) (4.24)

2155, Buler(4.22), 2 VR (4.23), BRE— A Y NOR (4.24) DFF I

V,— Vi = Cyexp [— / i (1 + %) dr} , (4.25)
my = Crexp(—fo1c), (4.26)
O, = Coexp(—T¢) (¢ >3) (4.27)

THE 0B, RWHEET

vV, = W, (4.28)
T, = 0, (4.29)
0 =0 (=3 (4.30)

WMEALNAYTIVORDETH S, ZHEEFRDOR (4.21) ITARALT

R . (431
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B3, MBWLEDGE S, =0RDT. BIE30,/4=25 25,

REEY. B4 NAYTINVORICBWT, AFENVAVEIACEEERFED, ANV R
TV —DE—DERMEL UTIRED EADN L., OO EDRAT — )UK DFH H HITHE
WCHARTTFSREVWED, TETFRESMNY I VEIERTIEE >TWS ] EEBX TR,

2.1.2 1RER: b2 & Q02
ORBEAFEXEEE O

V, =W,
THoE=DT. 1RMIZNIC k/ic & — & — DEF:

V= g (4.32)

7C

EMAZETCHEONS, (IEEEBTHE. ZOHETEANVAUEDEHRE—A Y
MNi¥noeis,

T, = 0,

O = 0 (£>3).

FOBANE, NTHREEIEERARAL LTRATES, BP0 Buler DR (4.14) I
fRATHIE

L@::k(i&f+®A>——k¢ (4.33)
NUF YO Buler DR (4.4) KA TN

- k
-V, =k = 4.34
Vi + =2V, = ks + d. (4.34)

EEU. k/icDA—F—&EBHALE, REEXYVEEBEKRJOHEBEET S L.

: R 5
V,+ —=V, =k . P 4.35

"TTTR” Lﬂ+m+A] (4.35)
285, EEL. R (434)KBVWT R=3pm/4p, x a &V a/a=R/REAVWE., ZOR

Y. HFOERHEOR (4.13):
&wz—gmg—4¢H
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EAVWCV, 2WETNE A MAY TV YT IROATFHREETRT S 1 ROWH HE

Re LT '
R

5"1 + H—ffdy + kQCz(S,Y = F, (436)
2 pW 1
S T ot p 301+R) (4.37)
. 4R . 4
F = —4dbyg— by — —k*® 4.
Ho T poH 3/@‘ A (4.38)

285, R (4.36) 3. RFYyv)VC&a0h P, FEHBIRICKS TEE (0/a)d, DD
& TORMRE (B2 WITRFIRE) OFEXNTH S, 2% Y 5§, 3 RFH 6, oc exp(k [ cdr)
BT RODTHY. ZNWE 1ED Peebles & YaDHTHINE 73— F 4w ViR ).
H5WE TRy TS—-E—-7] ThHhs.

G, TRV TRSAX VAT - VOPLEREZEZXL, ZOHBEFEERED XA LA T —
VICHART 7 A=AF 49 VIR D XA LT =)V HENED. R &y DI C I3 E
BHoE. R (4.36) EFEREICHRMLINT

.. 4
&+k%§7:—§H@A (4.39)
b, 2=1/3(1+R) BEV. R oA NEHL> 2HEZRT 251,

ERRET I R Ry T R (1.40)

INEFESICHEMRGOXTH Y., BIX

% + (1 + R)Pa = C cos(krs) + Cysin(krsy), (4.41)

r  AHEEDKS L XV T,
ro = / codT ~ e ~ 88 (Qnh?) 2 (fr(10%)/0.8)(2/10°) /2 Mpc, (4.42)

fr(2) = (14 2/200) "% — (2/2eq) /2. (4.43)
R (4.42) DFELIT. R=0. Thbb=—F EMLELTVWEHEILES, BT eNVFY
WS AY TN LTWEEH, NIFTVOEBEEPLEHERICTI—RAT 4y VIRE 217
Y, DFY, RSAXVELRSEBEYOLER, EHICE-> TIMLTERFOED
BHE 6,2 &> THRAPAINEETES, 7I-RAT 1V 7 RBETROIDTH 5,
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G MR C), G, AP B ENRRS A XV ELSBBICEADNG, Bi#d DX DHH
GlEk L o EHEWE. R (3.46) & Y

THBEDT., dy=02FBEITnIX

. —1oy+ 1+ R)Ps = (4
1 pu—

—20, + (1+ R)Py = (2 + R)Pa
Cy = 0 (4.45)

(4.44)

185, BEEY. ATHREOHEED S XIS L HEED S X (R (347)):

AT 25 O — (2 4+ R)®a cos(kry) — RO, (HRGTEZHT),
T 47T T (34 R)Dacos(kr,) — ROy (WEBESE).

V7A-RT AV I REETLHEICRD, 22T, ROBEIEHLEW. R=3p,/4p, x
W2 THEND, RETARDLENVAYDEERL. QA2 EWVWI NS AR —F Y NIk
BLTWB, NUAYDORWER (R=0) CRHEBEY S EWE AT/T « cos(kry) &2 Y. ¥
O*HLNDETE27A—-RATAV IR 21725, LML, BERO REFEOHEICIE. UTF
D2BY DHRNT7 - AT 4V VIR ELILSIELIFEICR S,

(1) 73— AT 4y 7RG OIRIE % HiE
(2) "EOEDHEEY T K

FEHENZDWE Q) DOWETH 2. (1)RT7I-RAT AV VRHBOBELEXRVWA, (2)1C
FoTIAT| DHFBEEHLHBEEO 7 A—-AT 4y 7=V OMHMNREEIAREDZDT
H5 (F(4.1). 2FY. QWM ELEABFILESTCT7I-RTFAV I -V OBEN L=~
JWEMAL, 7A-ATAv I -V OFHREFHLBYBEHOE — 7 O 28 S 2§l
ETEHEILLoT QR EROBNDEDTH D,

WIC, X (4.36) BTS2 M1 (R (4.38)):

4R . 4,
T RoE T gh
WWEBHLTHS, HRE BHRE 420, /33 BRLEDN. ZOMOEREMST 2E0H

HREIZEHLE, LAL. BULRT Y Y Y IV Oy ICHEZBANEE L TR, Bk

F = 4Py —
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B 41: 7A—AT 49 7IREICBIT BNV A VOER. Quh? = 0,0.005,0.01 D — A %
7Oy hUE, QW2 E2EPTHRICES T, FRE— 7 LB — 7 OMENH s S NELL
35,

1.4 - Adiabatic Acoustic Oscillation -
- —Baryon Drag Effect— 1
1.2 b .

= 0,h#=0.01 -

(AT/T)?/ &%
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HYE AN LTHEET S, 4. MABBHICKSAXVICAEYLEEZEITAHAS,
TTCRAELIICHHBEDOP L Z 5 WRF L THRTERWED, Poisson FEA LY
Oy x p,a®d, < a~2cos(kry)s TROD oy FIRB LAV LEMET S, ZITEERFL,
BHDOT7 oA AMEEPLEDT7A-RATAVIBRHD T A XL ZEE5TVWEETHS,
ZOEDAHEHE D ERYFORBHKD IO ICHIBWICO L EEWRIEE, K5 A
AV ELLRS2TUEBLKTELBEDHR a2 DEDATTOFEFIRREICHET 2H. K
FAXYELK RS EEREIBEKIRERRKGE2RZIFICRS, BEXY, BIWRATOF
5T THHEBBHHICARS A XV E2EEVWERLEDRAT =)V IKBWTREWLEE KX
SWREHES, BVBANIHHAESH EWEESH OB O (KX (1.14)):

Zoq = 4.2 X 10" (Quh®)(1 — £,)T5+

DRSA XY AT — VAT DREW L EFL2THIRHWICT A MINZDTH D, 2z,
Qb2 ICERBELTWT, QA2 NS WEBFESHOKRHEIREWED., QA2 AN WRE
FYRELRAT—-INVODBEPLEELT A NINBEEIIRS,

REXY, 7aA—-RAFT 4V I RFOREZIPRY TS -V OEIDHMEEI T
RBEHFICEY, QWAZL QAP ERDZENTES., ZHHN CMBORERSFEOREIC &
SFEHBWNIAZ-—REEDTYEATH S,

2.1.3 2/RfR: Silk KR

HIATREEIC (k/70)2 4 — & — OB £ MA. HHE FARICHET NI
4

o, = —gkv;—4¢H, (4.46)
: R kEoo/1 1
= —— — -0, — = d
Yy 1+R%+1+R(f”(f0+kA
k( R Y&
+—\— —
TC 1+R 4
+Tc 1(cosmological redshift terms), (4.47)
kS8
Ty = %ngIV% (4.48)
e =0  (£>3) (4.49)

A (4.47) ICB 1T % (cosmological redshift terms) X FEHBED & 4 L AT — )V TR T 5 H
THY, BELDEALRAT =)V it LOBE XA MAY TIVEBICEHTES, UbkEhy
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TEgnid '
oy + —£—+2@DUﬂ($+k%% =F+ig'Z (4.50)
v 1+ R o v sV — c 4 .
1 R \? 4
D = _ ~1 4.51
(B) 6[Q+R>+5ﬂ+mb] (451)

®85%. Z & (cosmological redshift terms) W BHIRET 2HTH D, BUFEHBRDO X A L
A=)V DIH % T 0k,

. k2. 9 9 4 9

0y +2—D0y + k*ci0y = — k" Py (4.52)

TC 3

2D, DB, A MNAY TN IRVAMRH TH DI L, 2RETERT 2
CRIBERHE2RE5DTHS. §,/4+ (1+ R)Pa o< exp(i fwdr) &BWTHHBEIMRE K
HniE

k2
w? = 2i—Dw — 2k* =0 (4.53)

Te

285, MEMEBMER 28520 w=w, +iw; DTN,

22k — w22 Du =0 (),
422D 0 (68 s
Wy (wi — %D> =0 (REE),
i A
Wr = Csk, (455)
k2
wy, = —D. (4.56)
TC

EELU. w,iZBWT (k/ig)? DA —F —&BHALE, 0 3FERICLDZRHGE— K. Tadb
LERARNAY TV YT IRTCESNETYIA-AT AV IRTHEN, w,ZEZAL NAV TV
VT2 (~ O(k)ic)) CHADTHELNEEIVEY OB TH B, KUY T ORI

J : D ,
ZW + (1 + R)®s x exp <—/wid7) e'*rs = exp (—kQ/ _—dT) e'krs, (4.57)
TC

WHoTEFDR YT A — )VIE,

D dr R \? 4
k2= | Zdr= | — (—) __= gt 4.58
D o 6@[1+R +5a+mﬁ (4.58)

LT Z2EMNTED, fLAMRAEEZEDRVWEEI/10. EHEHHE3/4THoEFEZERW
HERX, RAOEENRT VEY T AT =)V k! % (9/10)/(3/4) ~ 1.2 EHEMSE2FEN
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DNB. FEYTINER (H2WVWIEHE) OFEICE->TEL 2D, WERICHFET
BPRAELHEERFODTH S,

HTHEBEIC RN, BEAWRFERIIUATOEY THS, A4 MAY T IV 2R TS
OHMEDHY TV Y IRRLTR R, HEOBEHOZEIC & 2 BE (525 W) ICk-
THWLERRBLINTLED., ThCE->THREY S EIX

AT 6 "
7f—:—fgkéA::é{W@P(Cumdkm)+CEQMﬁm»——R®A7 kgl ~ Ap ~ | —
TC

DEIXHBEEVEYTAT =V Ay ~ k' BT L ERAEITHEE L THATLE D
(B4.2)y 22T k/kp > 1IKBWTAT/T ~ —RO, LRBDB. ZDEDIRINAT — )LD
D5 EFHRFBEHICART A XVICASTBY. R~ 0.032/10) 1 #ZET2L R< 1
FYWBHEFRIARS>TLED, ZOAPE 1 ED Silk DHTHMNE SikHETHY., XV
EYT AT = VERBRST Y X LTF =710k TEDBHBICHIELTWS, Bh ENRY
1 (2, = 1000) 1< B 5 BRI 23R (1.20) &V

Abx ~ 37 Q714(€,/0.05)7Y2 (R /0.5)73/? Mpc

THB. F=. Ap (A2 VAHWR)TV2TH Y, FVEY TR =B E O,k B &
VR ICBET 2 BHE/ONIENTN B,

BEDES>R, 7IA—-A7 49 78R + SilkBE L WOBICEY, CMBOWH X DS
HEVEFHRNT XX —RKEEOAREN RIS TIZTHMBETL2HENTES,

3 BRIENSEABEIT—LEQ,+Q)

ZHETOME, FAMAYT I Y IBPMFSNTVWLIHETELVWEDTH LA, FAL
DERICBENT Z2BEY S TN FEYEOMEEAMINERFEEROEDTH S, &
QETHBANEEDIIC, BEAEOTOBAZERTZ T4 I T4V (r) @B EOEL T
BiAE G W 7y ~ 7, ICBT 57V X B

Ve ~ 8(T — T)

CHEBTEEZDT, BlHSINZ2DIEE SICHESKRDOBEENE—-2VTHB, T, Btk
BRICHIAT =N =21k ' 2 FHOWRENE -2 2 RAOHE 01X,

A2 o
N T'ox N k’l"g*

7

(4.59)
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67

B 4.2: Silk #F, BMITEERL, ERTREEZRLE7I-AT 4V 7R, ¥ E
VT RAT =G ~ 00T AT DR = VDWW B EE e~ Fro) DT 77 B =10k o> TH

NTLED,

(AT/T)?/ %

0.8

0.6

Adiabatic Acoustic Oscillation
—Silk Damping—
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L%, 22T, MEERE TOLBARERE r. 13X (2.22) KX YELWIC

Tox =~ Q(QmHg)_l/Qva

Ol (Qa = 0),
E{]ﬂ%nQ%% (=1 — Q).
OIS ST B AEMABEARY NV C, DA 013,
P (4.60)
279

REXY, kZ2ETHLONEREY D EDIRIE. £~ kry, ICHIRT 2 CICHBEINLHICR
5, BEELRER. HRINDIAT - IDNFEHRNTAZ -ICHIKELTWEETH D,
MUCAT =)V kB LEL LTH, FHAFEHETEEVWEW £ oc k(Q,h%)" Y2 TH B DIC
XU ZRUNTEL o k(Quh) 225, RS, 7 I—RAT 4 7RO R — )L 7 K HLE
HBAT = NVELTRALDDOETHRIA AVICEBRLTVWEDT, ko b ox (Quh?)/?
EY (DFEEBNT A X —RKEEIEVEW

, Q12 (open or closed)
x
14+ Q%% (flat)

iy, PHAGAETRELALFEEHERNTIAX-ICEILT-BRDICXH L. ZhIUND
AT Q2ICHAILTEMLTZ2DTHE, $abb, BlllshEC,0E—-2 0D T
Bl ICEkoT, FHOME, 3205 O, + O\ 2RDIZENTEEZZ LIRS, FIfiTIE
E—20 MEE1ICEoT 2, Quh2 BPRDOLNE L RN, THE] K& o T Qn+Qa
DEDLNDEDTH 5,
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F5Z HAHOWTO

1 AEMBI~XI ML

BHENS CMBOEBEEDLE2FEEALTEZEDOLE LT, ZHAETICHAEHBEARY
MVCIKODWTATENMENTEEDN., ZOEFP I ODEBEREEHBALHBELTAHALD., O
EHEITLHETIE. Sfik2BYO7 T O—-FHH 5,

1.1 2=MBIBR & DEI1%

HEAEOETHNEEDOBENENETESTVEDN, EWVWODERTEMN 254
BB C(0)TH Y.
AT AT
C0) =(F W7 0+6)

LEFEIND, (ERRTLoAELHERT, HEYLXOEHHEIEOTH S DT,

(5.1)

<%§m»:o, (5.2)

C0) 0 ETMNEBESOBOAMERL TV FIC RS, FHOSHENS C(0)F
GICUNESRNVWEEZRTNIE. Legendre ZHATREMBTET

a@:ﬁ§]%+maaﬁw% (5.3)

BRI C, 25, FRIC, loglH=Y O EBRE:

020+ 1)
4
E. B2/~ 0 LICHETHREDSEDDBEELIKBMLUEZELR>TWEED, B
fEHbHhTWwd,

C, (5.4)
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1.2 BENY—UOZEBER

BHXINEBENR -V RS ERBHIDIFEICEY, EOXORBEOVEENE -V %
EosTWELEHBENRTEZDEDILRD,

AT
Zﬁmn : (5.5)

mFEESGDHIREEEZ2EHR L TVWEN, FHENSH S (ICHT S 20+ 1D a, &
2THETHS. o T,

TH5H, ZhER (5.3) IRATIE
CX@)z:%—E:kumfl%ﬁnse) (5.7)
n m
%195
2 4 v R—BE

%@Lﬁ%énémF%Anmu BUFHEIKET DA Y B wn) L RT#H

Ajﬁobs o Ajﬁreal / / AT1noise
2 (m) = [ a0 =2 m)w(n - n') + = ) (5.8)

LETDE, AT 3TA Y R—2BTED TED] BES. AT, dBRESRD ) 4 XK
DEEGTHD, THhEZEBBEHEINIT. EEAZHADODEHEND

obs real noise
Ay, = Qppy Wem + Ay, (09)

ThHo, HOWEP S ELREBO ) 4 XIHBEHERVETROT. (alaese) - 0
THY. H>T O

Cobs — realyy, | moise, (5.10)
W, BAETHSNE T A Y K — BB

W, (5.11)

2@+1;
PoT, BHENE C . BHFRICEDZUVAN—BH W, T HYUERBHE] BOL
25,
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21 TUTFE—LNT—=Y

HOWLBHUFEICBVWTETBERLRTNERL R wy,, & 7Y TFFDOE—LN
R—=VTHd. 7T TOEROOED =S, HEHFBRFICHDT 2 5MELT OBERIT 2
B3INTUEDIN, ZhE—BICATI 7 VICEoTRLERTES, AUV 7 VEERH
B2 DTy wyy, &

1 2
o (¢+3)
Wem = By = exp | — " (5.12)
Q(Eb-i— 5)
EETE, HLIRE-LYAXICHETEIHABHT. ©— LY A XDFIETE Orwin 2 A WT
1 1
bhy+—-=—"°——"+ (5.13)
: OrwHM
2 QSln (2\/81n2>

LETS. RIS, ZROBHTE Opwan < 1 rad ~ 57° DT, FEFICRWELLT fgl o~

QFWHM/\/ 81n 2,
By ~ exp (—(*03 101 /161n 2) (5.14)

LRTIENTESD,

A Y R—BBIBUTES O, 0HHEAERDTVEIDT, FROLE—-LH A XL oT
EDIETHUTEZL2DN0ERBELLENTED., BINEFIIRZ2LZIBR2YIVET
BabiE. B2 =1/225

V81n 2 110

Opwrm Opwin/1°

gmax -

(5.15)

%?%éﬂ

2.2 FIave UTEA

BIEHT, E— LY A ZQNAT - VOBEEET =D, W, = BZRIREVW(TDAY b
ELTHEETEZZLERE, 20Tl RAT =, T2RDENZIVWIDOFICIENVWLI BT
PEAUNFBLRDOTHAIID ?2HEBAUDOIDICLERY —RXRADNTELHAUTHNEIKRA
EORGFHOBHENCHBIZ R, W, B OATHRESZN, —RoO# LEHTEEDAER
DEHFELMEHT 2N TERVDT, BOTLHAUTER (HARHBNATLE D, 2
DEDREROBRFOMEEL. NEWIADAY N LTHFEETBZLICRS,
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BEOH LB T, RROBELBNLZEDICHEADTREZS LEAF v UEICES
THHUEITRODONETH 2, FTHIRLIELNEZDON (AL F VT  HadWE TFay
BV MBENSHETHE, Zhid. ZOBANEBE*RBELFHELUTEHAL, 20
ZEVITFNVEUTHRETEHETHS. CMBDEDIRFWY T FIVERETERARK
D) AXFIHETHY., ZODEDIC TE] 2RETZ2ZLICEK > TRRDES & HEFICE]
EEoTLES>DTH S, HRDBEMA, 2H0EZDOHERE TS5 HEE RE—-LASvTF
YT 3K T3E—LAALwF VT EEERTWS,

TRHZIDEDICFHHERAFY VB I THRHUISNERESFLVWODIF, C, e LTYE
DEDRBDEBHULEZLICRSTWVWEDEDRD D, ZHiE rms EEEBICETEL TR
DHZENTED, Bl LT2E—LRALVF YT EEBRX D, Ouo, ETHENE 28 4, 7,
DEEHRET S & ThIL.

C(0) = {|0(m) —O () (5.16)
= (16 ) + (18 1)P) = 2(6 (1) © () (5.17)
= 9 [Oreal(o) B Creal(echop)} ‘ (5.18)

ZH % Legendre ZIHA TR T IL,
C°(0) = gé;jgj(wﬂ)ogefﬂz[l — Py(cos Ochop)] - (5.19)
¢

HoT2E—LFavEVFTIlLD Wy . W, = 2[1 —Pg(COS@ChOp)] THEALNE Z LN
TNB. JE—L A —-LICBHLTHHUHERVBELE. A4V F U TERICED W, 3%
E— LRBOHE g, & THIE

W€2beam = 9 [1 . P((COS echop)] , (520)
1
Jypbeam — 5 [3 — 4P(c08 Ochop) + Pr(cos 20cm0p)] (5.21)

1
b = guo—1&%@%0mmy+M%@%2mmg—J%@%smmgy (5.22)

ZDHFEEE. Qoo ENTERER—ZS AL LTWVDRED, Oy, LV BRERZRT — )V
DEAFEIBHWUTCERVWEIIRS, HoT. MEWVWIANDAY MNERDEZDTHD (K5.1),
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B 5.1: @R — A (MAP; Ot = 13) £+ 2 =2 (SuZIE: fewing = 177, fanop — 46),
3E =24 (OVRO; Opwam = 18, Ocnop = 7'), 4 E =4 (Python; Opwam = 45, Ocnop = 2°75)
FavE 7B OT AV F—B8. E4A0BHAOE—-LYT A XIEY, [ DRERFAN
AY "RHAE, BRY—RALTEHNSIRIDIFEDFHFRA VWA, FavybEr FEHAITE
FavEYITOABELYVRAEORAGHEITAY NBAASEDREREN RV,

| MAP (al-%y) — ' Window Functions s\ ..,

SUZIE (2-beam) Y
- OVRO (3-beam)
| Python (4—beam)

Multipole |
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2.3 THEt

FAE., CMBOBHFHEL LTHEE2BUOTWAORTFEIICE28HITHL., Tiet
. =27 VT FOAEDICE->THE BHE:

A

FUVEREIWVWRTF—IVOEBEILE2RDREVWED., ~BRICEBREODYOXTHEIRR A
ZICHEBICH. LD L fpoy LU RZERRT —LOWEY S ELEHTERVWD T, O9s
W lin ~ D/AATOBHRERBZIENTERWY, o TTHHOT A Y N -BHIT

Wy ~ 9 — loin) B} (5.24)

LFETCES, BBOE—LY A XFFHOEHRBROE—LY A X T, YV TIVHRERERD
NR=ZAFTAVEE by €55 L Opwan ~ 1.2V8In2 X M byay TH D, EBRICITHE O R
F=NVICHAM KON TREMRAICEDL TP ED. (y, KAM T W, B2 ICED
T < (H5.2)

FHEHDOED —DDRAF. ARXA -V VIHATHS. THEHOBUEIIZEDOEEST
D Fourier B V(u) TH Y. ¥ TNV E N Fourier KT 2 FRMTLETA A -V 215
5DCTHS (K (5.3)). ZD Fourier KZWET 4 Y EY T £ LT,

V(u) = / AQuA B (n) A(n)e2miuwn (5.25)

LRIND, An) B FEHRT (7YTF)DVARY A, ABP(n) F—HEI2 2 &4
WIEERMTHD, FBDE DI, —HRES I THHTRRBETERY, X (5.25) 2EE
WHLEICEHLTEERANI

881/ AT’O s\l Tiu-n
Viw) = =T / dgn%o()/x(n)e? , (5.26)
il

¥z, B REBEGEHH AR MVERAWS, LEDE SIS, FHHOBAERIEENE —>
K7 YTFTDVARYAENTELDD Fouier BB TH D, V(u)EEE, ToYEU T4
EEFENRTVWS, T4UEYTADONT—ZARY MNUVEFHET S L.

(V7 (u)V(us))
— GEQ%Y/m%ﬁm;@mhm@/ﬁwﬁw%@ﬁmkaW”W%QMWW“a

ar
(5.27)
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B 5.2: Chicago & Caltech ® CMB F#&tEHEH TDASII OV A > K-8, RFH 13, &
WE v = 26 — 36 GHz, BEF 3°. WESFESHNTWS (OHEEIE ¢ =125 - 700. X— 2R
FAYDOBT 13 x12/2 =T8EN. 7VTFDOEENHLDE D YIS 3DDIFARN— b
DOERENTWSEED, HEICHRIS (= 2ru OB 78/3 = 26.

1.2

104 u W, (u)

0.4

0.2

@)

(@)
III|III|III|III|III|III|
III|III|III|III|III|III|

@)

200 400 600 800
{(=2mTu
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B 5.3: Cambridge ® CMB F#& TCATI KB A RX -V VT, RFE 3, AR v =
13 — 17 GHz, $15F 2°. fIR I 7= ¢ OFHEIE ¢ = 339 — 722




3. ) A4 X VAR)UD A 7

A(V)E A(n) D Fourier M TH 5. 22T, THEHTEMUIN B KT —MIC oy < 1
THHFELY, RKIHEETOD Legendre BB IEEEH 1T D Fourier BB TH LT E T,

Omyngz—L§]%+1xuum-m):/fwsmkQWNMn% (5.28)
4 5
N (2)
wolw) = (2m)? c (=2mw (5:29)
WYL, 5T, ZnEMONIE
9B,,. \’ . .
wﬂmwmm:<5ﬁw>/&wywmmmr4WMm—wL (5.30)
HB5WiE
WA, ug) = [ dou A" (w - w)A(uz - w) (5.31)
REHTBFICLY
9B,
<kugvxug>::<8T %J [ wdw S ()W (s, a) (5.32)

255, BEXY, JAUEV T A DNT—ZARYT VI S(w)(H 2 Wik ooy ) ICT
BHDOT7 VT FVARYAD Fourter B2 2B ZAERBICR>TWS, HioT. WAD
ENEHUTEZL (ODFRE AN ERDTEY, EVEVWAL~D/X ~ Ly, THB,

3 JA4ZXLRILOFHE

HLPLBHET ) A XL DEWTH DD, B EZTROE (HDWVWIEERETT 28T IC
PO BVOREBOBET, Y05 VOBEMITNE, Hkb2HERHELND N
RS FREETH S,

Mﬁéntqm:< >w¢91m5:7 RMET 5, HROE Y 2V N, %
%OvvfiTﬁEAﬁ%%%?hm\%wﬁI%m

obs

obs AT pXAT

pix j=1

obs real noise
aém = Qppy, Wem + Ao,

real noise\ __
<aem Appy > =0.
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EEGRBD ) A XHS ao 3b LB EE 72 UHEY D AT, DWEI L bhoTWE )
£ X g RDT. T —DEBRDS

Np 2
dagrs AT,
noise — _ . . 4
()5 [ (i) |- o
UEEY,

A ) i
< 4o > = CJIW, + Am o (5.35)

pix

—J. BADHERER CSICHMYBELI Y Y T VBE. HD0ICHLTm= (... (£T
D2AU+1ETHENS,

obs __ 1 : 0b€2_ estW +4 Ugix 5.36
1] —mmgeaem =L Wy Wm- (5.36)

22T O BPEINE CND ) A XERVTHEINSE O, THB. ZADEAD
B 25, HLECS Mo TVE TS — 2 HMETNTEV, o NH T Y7 Ui
> LT B L.

1 ¢ 2
e D |y (5.37)
< aobs > —

Im
TEHBEE 20+ 1D SMICHEN. EIME 20+ 1, 78K 220+ 1) 2FD. £-57T (5.36) D
DEELNX. CFDEERIFHELT

X

2 o2 ?
est real real DIX w r—1
<(O — G ) > 20+ 1 (C TN ) (538)

255, W, WAREWER, §2bbBRESINEHUICEI->TTLOWUETEZ S (DOEELTITE
QEHBHWBNS 25N, E—L0 A XUTFTOHECHEFONLRE W, MNSL2d5LZAT
WE2HEMRRICRELRY, EELIEDLZENTERLI 2L, —H. E2HED
TOTH-TH, FIHHOBFHEICEKY Ot D v >S5 -FEOiliEasan, Zh
F. 20+ 1HEWSERENET Y TIVENS Crl 2HELTVWEENSAELS 2T
YITTFVTPVR] THY, YYTIUDNDPERWEIS —-HPRELIRSE, ZTHIZ, IBHIT%E
DAEMREIK fo, DB EY— XA FTIHEITE, U TIVEN 2+ 1 — (204 1) fu, &Bo
TLEDIDT. SBILTS—HWIBEILRSD,
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T EF

ZOHEE) - PEEXTECHEY, ITHEHEEITIBRIEEA T LS o 2 HHEBE
B (RIER)ICEHELET, £k BEEHRVWCT I >ERUREFHRIIN -T %
BULHETEIRIBRFZRLEBHEOERICIE, BHEELBELC THRSIBETVWEEEZ, HYN
LHZInE L,

ZO#EHE) - NIE2RTT., J—-hE2EIFT-—THESTVWEEE, HLHMRFEIR
PHEEOIZFEE LA, BERFETTEICHEB L TTS - EHBEEER (FHHEX).
RERZFHERTREOER L, RICEBEHZSACERH VELET,

20004 10 B 20 H
IR TE— B
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