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0000000000000000M 00000000 TO0O00000 M\(T)
0D000000000000000 (700000000000 00000
Oooooooooooood
00000000000 P(x) = P(hv/kT) = P(hc/kTA) O Oz = he/kT), ~
28000000 N\, ~kT/(28hc)00000000OT=1KOOO
he (6.6 x 10731) - (3.0 x 10%)

M(1K) ~ = ~ 5.05 x 107°m = 5.1
()~ T = 28 (1A x109) 1 S H

D0000MN(K)=51mm00000000000000000 )\,0000
TOOOOOOOO0O000MAT) o« 1/T.

004, OOO0ODO0OOO0OO P(x)OD0O0OO02000000O0x:(0, 100000
goooo
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O005. DOO0O0ODOO0OO0OOO (Cosmic Microwave Background) 0 0 0O O O
O07Teye = 27K00000000000CMBOOODOOO A\ (CMB)
O00mm 0O0000000000000Tg, =6000K0000000
000000000000000 ASun)00000000000 (A)O
01A=10""m, 1pm= 10"%m).

[0 00N(CMB) =1.9 mm, \,(Sun) = 8500 A= 0.85 pm]

5.3 Uuunoobobuooggoo

gobooodgbbouoobbbbooobbbuoogooboesbbog
goboooobogbbooboboobobobooboobobbibd 0.1mm
00 10em)0 0000000000000 COOODOOOOOOOOOOOODOO
gobbodgbbbodobbbodbbodgobobboooboboooboboo
ggbbodobbbodbbuoobbbodboobboobobooobboo
gogooboobbooogooboboobbboooooooboobobbobooood
ggbbboooobob2c00bboooogobbbbooon
gododbogbobodgboboobobboboboosobboobobob
gboobg3ogbobobooboobobobobobooboooooobobon
000000000000 e 0000000 HYOOOOOO HettOOOoOoOd
00000000000000000000000000 e, HY, Hett O OO
gosoookooooooobobobuoogboobboobobooooon
ggbbobouoodgbbood
gobobbboouooggogoobbboouogooobobobobbogd
gbooooobbob Hobooboo HeOODOOODOODOOoDOOO
00000000000000000O0O0O0O0OODO (o000 oDOoUOOooo-d
00) 000000000000 00000000O00o0oO0oooOoDooOooOQ
oooooo*f
0000000000000 000000 (24)00000ooooooo
gbooobobobbobobooooobobobo2yoboboboboon
ggbogboobboobooogboboobuogbbooobobobooooda
gogbbobooobobbboooooboobobuoooobboooobbboboon
NASAO COBE(DOUOOD)OOODODODODODODODODODODODOOOOOOOOO
gobboboooooobbbbooooobsou 11oogoooobobooo
gbogbuoobogboooobboboobuoobobbooobobooobda
gobbouooobbbboooobbbooooon

‘0000000000000000D0000000000 e~ 0000 HY,OOOO Hett
ggbooudgouogoaoboobooboboobobooboobooboboooaonoo
ggogd
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0000000 HP8: "COBE (Cosmic Background Explorer)”
http://aether.lbl.gov/www /projects/cobe/#INTRODUCTION

CBE (00O0O0O0OD)

000 FIRAS (Far Infrared Absolute Spectrophotometer) D0 00000000
goboboboobbobboobbo23KOOooooooooooooo
gobboobouooobbbobodd 0.1 tod mmll]

gooooo0o HPY: "O000O000O0OOODOO”
http://aether.lbl.gov/www /projects/cobe/CMB_intensity.gif

0000000 HP10: ’"O000000D0O, COBE, WMAP”
http://map.gsfc.nasa.gov/m mm/mr_age.html

gde. JdooobbobbbbUubooogooooboobobbbb
gd goodd gdd 0d
VHF 30 ~ 300 MHz 10~1m FMOOOO
(very high frequency)
UHF 0.3 ~ 3 GHz 100~10ecm |OOOOOO
(ultrahigh frequency)
goood 0.3GHz ~ 3 THz Im~01mm |(O00O0OOCMB
(microwave) 1 THz = 10'?Hz ooooo
ggo 300GHz ~ 300 THz | Imm ~ 1 pym |00
(infrared light)
ooo 380 ~ 790 THz | 0.78 ~ 0.38 pm
U ~0
0000 (yO) 3x 10 Hz OO 0.1A 00 OO0 (photon)
MHz : 10°Hz, GHz: 10°Hz, THz: 10'?Hz,
pm: 107°m, A: 107%m
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6. oo ooooobbuoooog

6.1 DUonooooooooad

DoboooboobbooobobooooboooooboobobUore =
mc000000000000000000000000000000O00000
ggbboboooooooob

gobboboooob ooy megOOOOO0OO0OO0OODODOOOO

m(;M GM,
RQEB' IfmI:mG = g= RQEB (EBDD)
7] S

gobooogoobobboooobobooooboboooo

mrg =G

goboboob oobbooogogoooog
gbobobboogobobboobobbboooooobobbboouooon
gbobobobobooooooobbbbouoooobobbbbooooon
gbboogdobbbbooobobbboogobbooood

bbbt oooogobbobbboouooooobbbboodouooan

gboboogdgbooouooobbooogon

ggbboobouooobbbuooogbbooobbbuoogoobbooo
gbbbbbooooooobbbbuoooooobobbbbooooon
goobobobobodooooooooboooobboobobbboooooon
gboboboboboooooooobbboouoooobobbboouooon
gbogbbbobobuoodggobed3dbbbboobobbbooonbn

godddoddodddoodoooddooooboobouoboouogg
goboooggbooood

gobboot tgoogoobobbboboduoooobboboooduooon
goooo

gobbooogd
l.ggbgbboboobboboobd
2. 0000000400
. ugbbuooobobobuoodgbbboobobbbooobboooobn
gogbbooboooood

guobbbooobobbboogobbuoooooboboooobbo
goboooobbobooobbbbooobobbboooonoon

oooo 3]0, [6], [7], 4]
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gooboboooddd

0000000000000000000000000000000000
D0000000F,0000000F, 000000000 Co0000F,00
00000 »,0000000000000000000000 000000
O0000F, 000020000000

00 2,2 00000000000C,C,00000000000000 C,
00C,000000+0000000000000000000000000 C,
0At,0OOOOOOOOF, 00000000 C, 000 At,0DOO0OO0O0

AtQZAtO 1—(’0/C)2
oooc,boooboonooonpG b c,oooooooooo
Atleto

0000 At,OOODODOO

At
A—tj =4/1-— (0/0)2 < 1.

oooooobD Gooobo Gaoboboooooog
goboogbbobodbbouogbobbbodobumuoobboon
dbbOmgzU00000000O0DODOOO0OOODOOO

(1/2)mv* = mgh, h =2z —2

ggoooo

Aty _ _ 2)2
Atl__\/l (2gh/c?)” < 1.

gO00bO0O0oDO000oooDobooGObooobooooboobooOo8ombobDOoOd
goobooobobobooboboo GUuboooboUoobUooooboDbo
ggooboo
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6.2 JOUOOOLOLDLDOOOOOOOO
gbobboodggbbougobbobooobbbobooobob

R = -8 G T
[00000] = -8G[000000000000]
(000000000 )]

gogbboboboboogbooobbuooboboogoboooobooobooboo

gobbboooobbbooggbbobuoooobboooooobobbd
43000 (2000000000000 0000000OOODOOOOOO0

gobobooooobbboooobobbbooonon

(1) 00000000000

Ooodobooobboooboobobobuobo MOooobobobooo
0000 r, 000 (Schwarzshild, 1916)0

rg =2GM/c, G=67x10" mPkgts™?
gooouooobobobbooooo
(1/2)mc* = GmM /r,

oo MMOOO ,0OooooooooboobOOO0O000000000 mOa0o
gobbbbooooboobbodo ecbgooobboooobbo

0000 ROODOODOOOOWG/R)r, 0000000000000 O0O0OO0
ggbbbobbodobbboodgbbobooobbooobobboobboo
gobbboobobbooobobo200bboogobooooboooooobo
goooodbobobobooboobobuoobOobbobOObUblack holed
gobboboooooooo

OO db0doogbdoooboobodbooogbdoooooaobdaod
gobbooobboobbboooooobooobboooboooooboo
OO0 blackDOODOOOOOODOODOODOOOOODO holeODOODOODO
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gbov. gobooooobbooboobooboobog

OO0 Ood o0oooooboon
ry =2GM/c?

00 Mg 2.0 x 10%° kg = 3.3 x 10° My, 3.0 x 10> m = 3 km

00 Mg 6.0 x 10** kg = 1 My 9.0x 107> m = 9 mm

O 50x 10 kg =83 x 107 Mg | 7.5x 107 m

00 proton | 1.7 x 10727 kg = 2.8 x 10772 M | 2.5 x 107" m

(2) 00000000

4300000000000000000 R#) 0000000000000
D00000000000000000000000000000000 VOO
RA)ODODDOO0DOOOOOO V=R=dR/dt.

0000000000000000000000000000000000
O (Friedmann, 1922)0

AT R3 1 1

3 p)§:—§k (29)

1.,
5R—G(

0000kO00000+1,0,0000-10000000000(0000000)+
(0000000)=-k/2000000000000000000000000
00,000 ROODO (4/3)rRP0000000000000

00000000000000 HOOOOOR=HROOOOOOOOO
(20) 00 1000 (1/2)H?R2000000000000000

oLk
3H?/87G~  H2R?
ooooo
k p 3H?
H2R2 Y pcﬂ p 87TG ( )

Q=p/p. 0000 p00000 0000000
k03000 +1, 0,000 -1000000000000000000(1)
000000000MO00O00000M((2)000000000MO0000oon
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O00M0o0o0O0 3)oo00D0DoooO0m@mo0o00oUo, 000000 oo0OQ
gogbbobouomoboooogobbbooguobboogoooon

Q>1 00, 00000000,
Q=1 00, 00000000,
Q<1 00, 000DO0D0O0OO0OO.

6.3 Uy

gbogbuogbobooboobogbooogbobuoogoboggooo
goboobbooobbuooobbuobobbuooboboboobbbogoooo
ggbbodguouoobobooobbuoobbuooobboobobooobbon
goobooboooo’ooboo’ocbobobobooboboboobobnon
gogbouogboboobooogobooobboogbbooobboooboboo
ggbbooouooobbuobbbuoobbuooobbobbooobboo
gogbogbbooobobooobobuoooobooobboobobbooboo
gogbboodboobobuoooouooobobooooboboobooonooboo
ggbboogbboogbboouuobbbuoobbbooobuoobbo
ggobbbooobbooobooobbuooobboobobboobboo
OMOOOOOOoOOooooooooooobobo «obbooboobooon
red 200000000 pOdoooooododn

) 2GM/E  4GM
p  pc
00000000O00000000 10000000000000000000

gbogbbdobboobobboobobbodobooboobodobaoba
gobboobooobbbbooooobboogoobon

o =

64 UDOO0OOOOOOOOOLDOODO

0000000000000000000000000000000000000
O0000000000000¢t=7x104s000000000000000
O0000000000000¢t300000000001p =ctp=23x10"%m
0000000000000000000=,/Gh/@A000000M00000
00000 mp(=he/G) =55x108kg000000000E =mpc?000
0ooooo
00000000000000000000000000000000000
D00000000000000000000000000000000000
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gbooboooboobooboooooobobooboobooobooo"OooOorDO
O0000o0obo0o0b0ob0o0oboOooooobobOoobOoUoboOo Atogooo
000000000000 Arp00D0O0O0O00ODOOO0OO0ODODOOOOAODO
gobobbooodd

(AE)(At)~h (=h/21r) = mcAt=h

0000000000 AEO0D00OO0O0OO00mOO0AE=m0000
OO0D0At00D00000/000000bO0obOOoboboooo

h
l=cAt ~ —. (31)

me
do0ooboobooboobooobooobooboobloboobooboo

0000000000 »,000000000l=r,=2Gm/A00000000
gobbooogobbbmpoonooog

f ~ 2G me =  mp = /hc/2G. (32)

mpcC c?

O0mp00 31)DmOODOOOOOOO0OODODOOODODOOOOOODOO

2hG
3

00000000000 c000000D0O0O000O0te=10p/cOD0DOO

(33)

lp%

6.5 0000 (String Theory)

gboobbobboobboboobbobuooboobobobooboboo
gboooboobobobobooooooooboboboboboooomo
000 (String Theory) DD 0000000000000 000lp =23%x10"% m
gogbboodgbbodbbooobuoodobbobobbooobbuobboo
ggbboboodbbboobbooobboobbooobbooobooo
gogbboooobbbooobooobbooobbooobbboooboboo
gogbbuoodbboggbuoobbbodoboooobuooobooboo
000000000000000000000000000000 8

gboboobbobbtuodmpbbbuodoboobobooboboobobn
00000000000000l,=23x10*m00000000000000
00000 10¥kg 0000000000000 O0O00OOOOOOOOOOOO0
gboodbuogboogbboboobbobbooobooobbuobboo
gboogboobooboooobobooboobuoobobboobobooba
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III. DO0o0ooooooogggoggn

7.000000000000 [VTIROOOODOOOOOO0]00

00000000000000000000000000000000000
0000000000000 00000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
0000000000000000000000000000000000000
00000000000000000000000000000000000
000000000000000000000000000000000000
000 O Dynamical system, 00 00 0000000000000000000
000000000000000000000000000000000000
0000000000000000000000000000000000000
00000000000000000000000.0000¢t000000
z(t),v()0000000020000000000
0000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
0000000000000010000000001000000000000
0000000000
0000000000000000000C0000deterministic chaosd O 0
000000000000000000000000000000000000
000000000010000000000000000000000000
000000000000000000000000000000000000
00000000
0000000000000000000000000000000000
000000000000000000000010000000000000
0010000100000000000000000000000000000
000000000000000000000000000000000000
0000000002004008000000000000000000000
000000000000000000000.1000000000000000
0000000000 020000000004000008000000000
0000050000032000000000000000000000000
100000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
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