00000000000000 2004 (4-5, Aug): OO0 10000000000 II

00 — Everything should be made as simple as possible.

Kuni MASAT
Department of Physics, Tokyo Metropolitan University

gobooboboogoboooobooobooboobooooobobooooobogoboon
uboooboobobboobooboobobobbobooboobooboboboo
gooobooboboobooboobobboboboobooboobobooboo
goboobooobooobooobooboobob20b0oboooboobobooobogn
ubobobobobobobbooooooooooilcobogbobobobobabn
goooboobobobooboobooboobobbobooboboobooobooboo
vboboooobooooooooooooooooooooboooboobooboonDo

oboob noogogoooooobgoboooooooboboboboDooooooo
gboooboobooboboobooboooboboobooboobooobobo
gboogbooboooboooobogoboboboooooobobobooooooboooboono
ubooobooooboobo 10b0obo0oboobobooooobooobobo3bognon
gboooboob4 000000000 O0DOO0OSODOODOODOODOODOODO
gooobobooobooboboooobobobooobooboboboooboboobobono
ugbooooboood

1 ODooooooboboogd

D0000000000 6,00 KO000000000000000DOO0ODDOO 107K
goboobooboobooboboooobooooboboobobno p0OgbO0ODO
uboooboogoboobobobobooboobobobobbobooboboboobo
oooo0ooOo0oO0O0Db0DOO0 rO0ODOODO ArDOD0ODOODDOOD ASDODOO
000000000 ArASODOOOOO0

GM,
r2

pArAS

ugbobooooo

4
M, = gm’?’p

ubogrgbooobobooboboboobobooboboobobooobooboonoo
00000000 ASODOO0OO

P.AS — Prypa, AS = —gz\ms
T

ogoooooooon
AP GM,
Ar 2
doo0oboodooooooooboooooooooooobooooooooooooao
gtddooouoooouoooouoobooouooboooouoooa




OO0 ROODDOOOODOOOODOPR=000000000000DO0OOODO

oooooo
AP PR—Py P

Ar R R
00 A
M:MR:§7TR3p

3 P
M=/ -9
A7 G3 p*

gboboooooooooooooboboobobob PO pOb0O0OD0ODODO
gbooogoooobooboobooob0obuoPUO pbbooobobobooobOoDbOo
gboboobooboobbooboobbooboobbod mODO

gbboobodgbod

P=nkT = LkT
m
000000000000000000000000
P ,05/3

0000000000000000000000000000000000000000
Doo0oooooooog

0000000000000 D0DDODDOD00D0DDDDDDDDDON0N0N0NoNonoon
0000000000000 D00D0O0D0O0D0O00000000000000000000
D000000000000000000 Ry~7x100em 0000000000000
000000000000 Le~4x103¥ergs™ 000000 Mp~2x10¥g0000
0000000000000000 2ergg ts 100000000000 O0O0OOOO
000000000000000000000 GMg/Re ~2x108% ergg ! 00D DODODO
O00000000000000000000000000 10¥%s0000 3x10700
000000000000000000000000000000000000 4 x 10°
0D00000000000000000000000000000000000000

000000000010 KO0O0O00000000000000000000ooooon
0000000000000000000000000000000000000000
0000000000000 0000000D000D000000000002000000
00000000000000000000000000000000000

2 JOooooon

gbooboobobooboobobooobobobboboobooboobon
uboobooboboobooboobuooboobobooboboboboboooboboo
gbooooobooboobobooboobboboobooobooboboooooboo
gbooooobobobooooobobobooobobobooobobooboboobo
ubobobobobobooboobuoobooboboobooboboobooboo
uboobooboobooboboboobobooooboboboobooooboobong
gboooooooooooboboboboboboboboboooboooooobono
ubooobooooboobboboobooboboobooboobooboboobooboo



gbooobobooooboboboooobooooooboobobooobooboobooDo
uoboodoboboboooobobooobbooobbooobobobooobbooooboog
gboobooooobobobooobboobobooboobobobooobooboooobog
gbotbooobooboboobooboboobobooboboobobooboboboboo
goobooboboooooooobobooooooobobooobooooooonon
0000O0000b00O00D0OD eAt0D00DO0OO0O0O0OO0ODODODOODOOODO
At~h/AE0D0DDDOO0ODDODOOOODOOO AE=Amc2 00000000000

ugboogon
h

Ame
Oo00000ooo,AO0O000OfO0OC0OOOO0D0OUOOODOOOUOUUOOOODODUOUOOOODOg

ooo0o0Oo00DAmOO0O0O00O0O0O0O0O0O0O0O0O0O00O0000000000000000O0
O00cAt00000000000000 Am~m,,0000000000000000
gooobobooboobobobooboobobbobooboooobooobooboo
ooooooOooooopooDooOOOOODOODOOODOO Am=0000000000
uboooboobobooboobooboboobobbobooboboooboooboooboo
goboobogoo
goboooboboooobobooobobooooboboobobobooobon
uboooboobooobooobooboobobboboobooooboobobooooboo
gooobobooboobobooboobobooboobooboboobobooboo
gbooobobooboooobobooooobooboobooobooboboobooDo
uboooboobooboboooboobooboobooobobobooboooobooooboooboo
00000000000000 10 KOODODOO0O00000000o00o0oo0ooooo
goooboboooboobobooooboboooobooobooboooobobooboono
ubooobooooboobbobooboobobobboobooobooooboooboooboo
goooboobobooboobooooobobooboboobooboobobo
0000000000000 0000000O0000ODO0oOD Y% 00000000
uboboobooobbooboobbooboobboobooobboooboaon
gooobooboobooboobooboobooboboobboobbonboboo
ggbb-obboooobbbogoobobooobbbuooobobobooooobooo
uboboooboboboboobobobooboobooboooobooboobobooooboonoo
goooobooobobooboboobobbobboobooboobooboobono
gbodgbuooogbouogboobobbooboboobooboobobbobobo
ubooobooobooboooboobobbooboooboobobooboooboooobooboo
gooobooobooboobobobooboobooboobobobobobobboobo
gbobodbuoobooboboobuoobouoobobuoobuooboboooboobo
gboooboobooboobooboobobooboobobooboboooboboo
gooobooboobobooboboobooboobbooboobobboobo
ubobooboan
gbooboboooobuoobobobooboobooboobooboooboobon
gboooobobooboooogoboboooooobooboboooboooboobooobooDno
uboobooboobobooboboboobooboboobobooboboobooboo
oboooboobooboobooooboooboobobooboobooooobooboo
gbooobobooooboboobobooooboboboobooboboobono
ubboobuoobbooboobbooboobbooon

cAt ~




3 Uubouobooggad

gboobgoobobooboobooboobobobbobooboobobon
gboooboboooobobooooboboooooboobobobobooboDbo
ubobooubooboboboobobobobooooboboboboonoobobn
gooooobbooboobobboooooooonooooobobooobooboooo
gbooobooboboooobobobooooboboooobobooboobooDo
uboooboobobooboobooboobobobbobobooobooooboooboooboo
gboboobooboobbooboobboooboon

000000000000 1/20000000000000000000D000DO0OOO
uboooboobooboboobooboobobbobbooobooboooboooboo
gooobooboboobobooboobooboboboobooboooboooboo
gboooboooooooboooobobooooboooooobobooobooono
uboooboooobooboboobooboobobooboooboobobooooboooboo
U0 FpO00000b0o0bo0oobooboobobbboobooboboboobooboboooDo
gooooooooon

booboboboobooboooboboobbboboobooboobobooobaon
0000000000000 0000000000 AD0D0DDOO0O0O0O0O000 A ooo
U1go00bobogoobooogobobogoon

1

A3
ugoobbboooooooobboobooboboooooooooooooboooooo
0000 A~R/pO0000000O0COOOO0OOOOOOODOOOOOOOOOOCOD
Er~pcO00000 p~mcO00O00000O0O0OOO

A~ L
mc

gobooboboooboooboooobooobooooooboooobooooooooboooo
gboobobobobobobo

n ~

me\?
PNmWNW%‘F

000000000 m,00000000000000000000000000000
000000000000000000000000000O0m, 0000000000
00000000000D00000000000000000000000000000
0000000000000 00000000000000000 m=m, 000000
000 m,=m, 0000000p~10° gem™? 000000000000 O00ODOO0O
00000000000 ~10%gem™? 0000000000000O0O0D0DOOO0O
0000000000000 D0O0D0O000000000000000000000000Q
0000000000000 0D0D0D0D0ODOODODODOODDODODDODODoonoonoooo
ooooooooag

000000000000000000000000000000000000000
0000000000000 D0DODODOODO0000000000000000000
ooooooo

P 3



gooobobooboooobobooboboobooboobooboboobobooboDo
uboooboobobobboboouooboobobboboobooobooobooboo
gooooobooogboooooboooogbD 140bboboboboobobobooboo
oboobooooooooooooog

1.4Mo\ /3
R~ (3 @) ~ 10° em
4T p

oopooo0oo0o0 wokmOOO0OOCOOOODOOOOOOOOODOOOODOOO
0000000000000000000000 ~1gem™ 0000000
goboobooooboobobobooooboobooboooooboboboooobon
oooooobooobooobD iockmOOOO0OOOOOOOOODOOODOOODOOODOO
gobogooboooboboobbooboboobb oboooboooboboooon
gboboobooogoboooobooboooooboboboobooooboboobooDo
ubooobobooboooboooboobobboboobooboobobooboboonoo
000000000000 00O00DOOO00OO00DOO0OD0O AD10M400000DDOO
Uboooobooboboooobobub 383ms0DO000O0ODODOOOOODODO
ubooobooobooboobooboobobooboboobooboboooooboo
gbobooboobbooboobbooboo
gboubougboboobdobouoboobdobobbooobobobobobooobob
ubooooobgoooboobbobooboobobbobobooobooooboooooboo
goooboboobobooboobobooboobooboobobooboobo
gbooobooboboooooobobobooboooob0 ROODDOD MUODODOODOODO
uog M:AM/AtDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD

%?MNQMﬁZ
00000000000000000 10%00000000000000000000
000000000000 0000000000000000000000000000
0000000000000000000000000000000000000000
000 10km 0000000 107 gem 000000000000D00000O0O0OO
0000000000000000000000000000000000000000
0P gem3 00000000000

0000000000 mp=my,~m, 000000000000000 m=me 00
0000000000000000000000000000000 ~108gem™3 00
0000000000000 00000O0O0O00000000000000000000
000000000000000000 9000000000000000000000
30000000000000000000000000000D0000000 P « p*/3
0000000000000000000000000000000000000000
00000000000WDOOOOOO0ONSOOODOOO000000000o0o0o0ao
0000000000o0000000000000000000

Rwp <PWD>‘”3 Ae (me)‘l

RNS PNS >\n mMn
Jooodooooooooooo 10em 0000000000000 oOooooog
30000 10°em00000000000000000000000000DO00D00




gbobobooogoboobobooboooboobboobobooooooboboobooono
ugboooboooboobboboobobobobbobooboboboobobooboo
gboboobooboobbooboobobooobooon

4 JUooboogooooon

gboobobooboobooboboboobooboobooooboobobon
ubooboobooboobooboboobooboobobboboobooobobo
gboobooobooooooboboboobooboboobooboooboooooboo
gboooobooboboooobooooobooooboobobooobobobooboono
ubooboobooboobobooboobooboobobboboobooobobo
gbooobobooboobbobooobobooboboobobobooboooboboooobon
gbooobobooooboboboooboobooboooboobooooooogoboooDo
gboooboodobuogouoobobooboobuooboooobooooboboooboo
uboooboboobooboooboooboobooboobooboobobobooobooboo
gboooobooooobooboboooboooobobobooooboboooboono
ugboboobodd

gboobobooboobooboobobbobooboboboobooboobon
gboboobooogoobooboboooboooboobobooooboooooboboobono
ubooobooooobooboobuoobooboboobooboooobobooboo
goooboooboooobooboobooboobooboobboobobobo
gbobobooboobobobobbobobobOobobobobOobOobOobOoDbOoDbOo
uboooboobooboboboboobobooboboboobooboooboooboooboo
goooboboooooooboobooobobboboboobooboobobo
gbooobooogooboobobobooooboobooobobooooboboobooDo
ugboboobodd

gbobooooobobobboboboobooboobobobooobobonoon
gboooboboboooboboooobobooooobooboooboobooboono
uboooboobooboboobobbooboobooooobooboooboooboooboo
gboobooobobobooobobobobooboobobooboboboobobg
gbooodobooobooboboobbobooooboobobobobooboobo
gbobooboooboooooad

ooooooobooboo MbOooboobobD rODU0DUObODO0OD0O mUOODDODOODODOOD
000000000000 GMm/r 0000000000000 OOOOOOOOO
aoo

uboboooboog -rbooboooobooboo

[2GM
v =
r

goobr-rgoboobogboobooboobboooboobooboobooono
gbodggbggbobooboobuoobooboobobooboooboboobo




vboboooboobobooboboboooboboobobooboboobobooobo

2GM
Tg=—>5

c
ubooobooooboobobooboooboboobooobooboboboobonoo
ooooooooboooooooddoooooooooooooooo r,dooooo
gbooobobooogoboooogobobooogbobooooboboobooono
ubooobooobobooboobooboboobobbobooboooooboooooboo
gooobobooboboooobobooboobobooboobooboobobo
gboogano

oboboooooooooobobooooooooooboboooobooooooonon
M =5M, 000000000ODODODODODODODOODOODOD rgwloﬁcmDDDDD
gboodgboobobbooboobuoobobboboobuoouoobobooobobo
ubooogoboobooboboboobobobobbobooboooboooboooobooaon
goobooobbobooobboooobboobboooobboobboooobog
gbogbooboboobboboobuoobobbobooboboobooobobo
goboboobooobooobgooboobooooboboobooob0 M =M OOOODO
ng3><105cmDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
gbodgbuooobooboobuooboboobobuoobobboboboboobo
gboooboobobooboboobooboboboboobooboooboobobon
gooboobooobobboboobooboboboboobobboobooboobo
ubboobuooboboobobooboobbooboobbooboab

goobooboboooooooobobooooooobobooobobooooooonon
gbobogobobobooooobogobobobooooboobobobooooobooboboo
gobooooooboboog X-1gboooboobooboboooboooboooooboooooo
gbooobooobooobobboboobobbobooboobooobooboooobon
00000000000000000000000000 10°M, 0000000000
uboboobooboboboodoobuoboboddy boboooobobboobobon
gboooobooobobooboobobooboobooboobobooobooobooboo
googbobooooboobooobooobooboooooboobobooooboobooDo
ubboobooboobbooboobbooobooboonodga

5 Uuobuobnogad

gbooboooobooboobooobbobobooboobooboboooDobon
ubodgbuoobooboboboobuooboobooboboobobooobobo
O000000pDOoooO00ooDoooog AA=X2—)000000o0ooooooo
Ov=cANX 000000000000 OOOO0OO0OOOOOOOOOOOUODOODOD
goooboobo r0O000O0bO0O00bOO0ObOOO0bO0bOOODbOobOOOObO0Do
ubobooboobbooboobbooboooboboobooo

v = Hyr

0000000000000000000000000 HyOOOOOOoOooOoooo
00000000 Hy~70kms~ ' Mpe™ ! 000000000001 Mpe = 10° ped1 pe
=31x10%ecm 0000



obooboobooobooboobooboobooboobboobbooboooD
ugoboboboooooboooobbboooooooobooboobooooooooobooooo
goobooobooboobobooboooobooboooboobbobooobooboo
v=Hyr 000000000000000 00000 v»u0000007 =r—r; 0
00000 v=v—v, 00000000000

v =v —wv; = Hyr — Hyry = Hor’

ubobooooooboboboouobooboobobooooboboboooobooobonog
gobbooobobooobooobooboonoboobooobg
gobogoboboooobgoboboooboobooobooooboooooobon
uboooboobobobooboboobooobobboboobobooooboooooboo
00000o000o0oo0ooO0 Hy=v/rO000000O000O0O00ODOOOOODODO
ubobob0 eO0O0OO0DOOOOOOOOODOOOOOOOOOODOO

_1lda

Tadt  a
0000000000000 000000000000000000000 «00000
00000000000000H, 000000 000000000000000000
Ooooooon

000000000000000000000000000000000000000
0000000000000 000000000000000000000000000
00000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000 000000000000000000000000000
0000000000000000000000000000000000000000
ooooooooO

¢/Hy ~ 10%® cm

gbooobooooobobooboboobooboooboboobooobooooobon
obooboobobobooooooooooooooooooonDo

Hy' ~ 10" yr = 10 Gyr

gobogoboooboobog ebgbooobOOoobOoOobOoobOOobObOobobOooD

0000000000000 p000000000000000 pc200000000
ubooobooobooboobobooobooboobobooobooboobobooboboobon
ggbooobooobbooboboooboobbobbooobooboboooboooooboooo
ubboobobooboooooboooboobboboboobuoobooboboooo
0000000000000 000000O0D00000000D0 e00D0OOO P=¢/3
000000000000 0000000000000 e00000O0D0O0O000 €> pc?
uboobooobooboobboboobooobobboboobooboboooboooboo
000000000000000000000 9% 0000000010%0000000
gboooboboobooooboboboooobobooboobobooboobooDo
ubooobooboobooboobobooboboboboboobooboooboboo
O0o00o00oooOooD 1% 00o000o0oo0o0o



000000000000000000000000000000000000000
00000000000 00000000000P=¢300000000000000
1/6*0000000000000000P=000000000000000 1/¢®00
0000000000000000000000000000000000000000
O0000D0D00 «*0000000000000000000000000 1/¢®00
O0000000000000000000000000000000 1/.200000
O0000000000000000000000 1/e000000000000000
D000000 1/*00000000000000000000000000 € < pc?
00000000000000000000000000 P=0000000000O0
000000000000000000000000000000000000000

0000000000000 00000000000000000oooooooao
0000000000000000000000000000000000000000
00000 27KO00000000000000000000000000000000
0000000000000000000000000000D000000000o0oo0ao
00000007T,=27K00000000000000000000000O0000O0
Oe~4x107Bergem> 0000 000000000000 O00O0O0O00DOO0O0OO
0000000000000000 ppc®?~10Pergem™ 0000000000000
000000000000000000000000000D00000000000000

000000000000000000000000000000000000

da\*> 8rG 9
(dt) —Tpa = —KC
0000000000000« 0 {-1,0,1} 00000000000000000000
x=10000000000000x=-10000000000000000x=00
000000000000000000000000001998000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
000000000000000000000
0000 p0000D00000 ROOODODOOOOO0000000000000OO

00000000000000000000 G@rR3p/3)/RO000O0OOO0000O0
000 (1/2)(dR/dt)> 0000000000000

1 (dR\? 4rGR%p

_2(ﬁ>_:3
0000000000000000000000000000000000000000
00000000000000000000000000 00000000000000
0000000000000000000000000000000000000000
00000000

1dR_1da_
Rdt adt
ooooooooo
&G
2F = a’H?* (1 - ——
¢ < 3H2p)
O000000000000000 p0000000000O0O0O0OO00ODOO0O0OODOO0
_ 3H?

Pe = G



000 Q=p/p. 0000

da\* 871G 5 5.9 P 2772
— | ——pa*=a*H" (11— —)=a"H*(1-Q
(@) —Tmt = (i3] =t o

ooooooooooaeoOboboO pODODOCOOOOOOOOOO

Q>1(p>p.) 00000 k=1
Q=1(p=p.) OO k=0
Q<1(p<p) 00000 k=-1

O0oo0oDb0o0o0o0o0b0oU0d0HdH =Hy,a=a9,p=po0000000DOOOODOO
ooobooooboon pe O

3H?
Pc:%
gbobooobooboboobobooboouoobobDoobOobobooobobDobobDoo
UO00Opy<p. 0000 po=p. 00000000000 0O0O00O0O0OOODOODOO
0000000000000 000000000000000000000Qy~ 100
gooobooboobooooobooooooboboooDoboboooooboooo
Q~100000000000C0COCOCOOCOOOOOOOOOOODOOOOD Qy~0.05
0000000000000 0oO00oo00oDobO0o0ooooDobOO0o0ooOoDboooooo
goodbooboboooogoobooooboboodbobbooboooooobboOooo
goo0oooOobOOdo0ooOOooO0bOoobOoooboooOoDOOobOoOooOobOoooboOonDo
0000000000000 DO00oO00oO00DO00oO00ooOOoO0ooOooO0ooOOoOooOoOoon
ooooobooooooooooooobbooooboo O9v~o030000D0O0O0O0DOOOO
QW-OQu~0700000000O000C0O0OO0O0ODOODOODOOODOOOO21O
000000ooooooooooooog
goo0obobooooobOobobOoboooboooooDoboboooboooooboo
000000000000 00oAdO0ODOO0DOOoOoO0oOoOoooooooooog
goboobooobooooboooboy e obbUoo
gooobooobooooboooobon @uboboooboooobooooboooo
oo0ooOooooOoOobDoOoooOog Qa~070000DOODOOOODOODOOOO
0000 Q=0+~ 10000000000000000DOO00C0000DOO0O0O0d
00000000000 ADDODODOODOODDODOODODOODAOODODODOO
0000000000000 00O0000D0DO00O00oDOoDOO0oOoooDOooOOoooo
000000000000 0000O000000000DO0000DO0oDOoon QO
go00lodboboooooobOob0obooboooooDooobobuobooooo
oooo0ooo Oub QD000 00000o00oo0o0oo0ooooooo

~107% g cm™3

10



