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Ty - M, Ry To
Mes 0o C =3~ 10%m/s G = 6.67° 10%cm?/s%g, K =
1.38" 10 *°g.cm?/s%k h = 6.63" 107%"g.cm%s
Ty, Tp » 10"27Mb34§) g la
Rp GM,/ R, = C?/2 M2 (1b)
Ty Ty M, = (C¥4G) ~ (h/2nk) = 10”gk 2 (1c)
Mg Mg M, = hC/8nG = 1.187" 109> (1d)
Mes meC?= kT, = Ch/2nl (1e)
M = 4mpR*/3 1f
la -dt, = 371072 My (—d M) 1g
2 2
2-1 7 Ry ol
#1 #2 #3 #4 #5 #6 #7
Mp(g)  10%g 10%g 2x10%g 10%g 6x10%(3Mg)  10%g(10°Ms) 10%g
Rp(cm) 1.5x10%  1.5x10™ 3x107™ 1.5x 1072 9x10° 1.5x10" 1.5x10%
T (k)  0.8x10% 0.8x10%  0.4x10° 8 1.3x107 71018 710
Tp(s.yrs) 107 10"yrs 8x10%" yrs ___ 10™yrs 10%yrs 10%yrs 10"%yrs
rp(g/cm?®) 7x10% 7%x10% 2x10 * 7%x10% 4.5%x10% 710 7%x10%
me(q)  10° 102 10% 10% 1.6x10* 102 10%
ni 1 10% 4x10% 10% 4x10" 10% 10'%
l(cm) 3x10% 3x10" 6x10%0 3x1072 1.8x10° 3x10™ 3x10%
—dr(s) 3x10™%%s  3x107# 10718 3x107H 1.7x1072 3x10° 10%yrs
ne (s 10% 10% 0.5x10% 10" 0.17x10° 10 107
t; (5) 0.5x10™  05x10% 107 0.5x107* 3x107° 0.5x10* 0.5x10"®
E.erq) 10% 1073 107 10" 102 10 10
t. () 0.6x10™  0.6x10*  0.6x10% 0.6x10™% 0.6x10™ 0.6x10* 0.6x10"®
Qn 1020 1039 1042 1050 1057 1066 1080
tup 0.5x10~%*  9.5x10%  95x107%  5x10 " 2x10°° 5x10° 1.33x10%yrs
My R Tp Tp Iy Mg 1 ni M, Mg s
M —dt, Mes =(--d My Pn = =1.66"107%g, N Mg
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E mg Tup (22a) t; te
Compton Time, te=t, “
1
My
1 [3]
M
#1 =
[3]
2-2 Mpom = 0.76” 10™°g #2
Tps = 137
Tp=137°10° =137 10% 3.156" 10" = 4.32" 10"s. (22a)
la Tbs M,s = 0.76” 10%%g. 0.76" 10%%g
Mpom- ‘ ’
Mpom > Mys( = 0.76” 10%q)
1 Mpom = 0.76” 10"°g #2 Ry Tpo Tp TIp
Mes mg » 1.66” 10%g=
2 2 Mpg = 10%g My =27 10%g.
Tpsy = 317 Tps2 = 2530
0.76" 10%g < Mpym <10™°g <2 10%g. (22b)
(22b) : 0.76" 10°g < Mym<2” 10%°g.’
y
2-3
[5]
#1 b #7
[5]
1* #1 Mpn = 1.09°10°g  #7
#1 Bl Mom
#7 &)
2* #2 = Mpom » 10% #3 #4
. [5]
p b » 10%g/cm? #2
tup
tp= 3/8pp G “2=0.37"10"%s (23a)

Bty = 0.377107% pp<
10*g/cm?® #4 (22a) ty, » 107, Hadron
Era,

. ol Mbom

Mbom 10%g/cm®~
10%*g/cm® #2 #3 #4 -
10" Radiation Era
s 30~40 10%g /cm® = 10%g /em®
#1
#2 ~ #7 #7

30~40
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[3]
3 # #6
#5  #6 5 10 ~ 107%g /cm®
107% ~ 10° #5  #6
# #6
#5  #6 ‘ : 30~40
(1~3 )
#5 #6
#6 #5 #5
#6 (5]
#5 #6
6 10%g 3Mq = 2°10% #2
#5 #2 (Mbo) = ]
» 10% _—10Y
6 10%g 10%g
Niin  Npin = 6°10%/27 10%° = 37 10% My,
#1 =
[3]
4*  #7
#7 10% #1 10— #7 10%
#1 #2 #3 #4 #5 #6
#5 #6 ‘ #7
- la Tou
» 10_27|V|bu31§) » 1013 . S>> 1013
5* M, Mg
#1 Y
#1 [31[ 5]
#2 10%g ~ #3 2 10%g Mes
Mg =1. 66 1072g = Pm (1) myC’= kT, = Ch/2nl g I =107
em, Mms = 3.5°107%g » 2 #3 mg =107%g
Messs » 3.5° 10727g » 2 em (23b)
- - -y _
Y
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#2 10g ~ #3 2x10"%g Mss
Pm ~ €m Y
#3 2x10"%g ~ #5 6x10%g
Mg X ~
#5 6x10%3g~ #7
mSS
.
3
(3a)
Sm— Sh— Mg— =210 %g,
Sp/Sm= 10%¥My/Mg @ (3a)
Jacob Bekinstein Sb = Sm, (3a)
M, =2 10%g = Mpom = #2
Mpom = #2 = 2°10%g I bom Room =
2.96" 10 3cm I pom

Ipom» 1.84 7 10%g/cm®  Myon=2"10"g  Rpom=2.96" 1073cm  mgm = 0.559° 1072 g, (3b)
1* #5

p,= 5 10"g / cm®

d, Pn 2 N, 1cm® m, N,
1cm®
Ny, = p/m, =5 10%/1.67" 10—** =3" 10*/cm® (3c)
dn = (1/ No)*® =10 cm (3d)
(3d) dy p,= 5 10"g / cm?
1 < 2Mq P, » 5 10%g/cm?®

p >5 10"g/cm®

2 #5
p >5” 10%g/cm® >2M,
#5
4 5 10"g/cm®
10%g/cm®, (3a)
2* Bekinstein Bekinstein
(32)
_ (3a)
5 (3a) < 10%g/cm®
L
S [3]
6 , 10%g/cm®  10%g/em?® ,
10%g/em®  10%%g/cm?®
‘ ’ 1093qlcm3
7 2
10%g/cm® 10%g/cm®
10%g/cm?® 10%g/cm® ~10%g/cm?®
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10%g/cm® ~10%g/cm?®

4 #2 Mpom »10%°g 10%
4-1 #2 Mpom »10%°g = (1d) my M, = hC/8nG = 1.187" 10™°g?
mg =10"%°g » 1.66" 10~ **g = 41a
#2 Mpom »10*°g Pr= Mpom»10%g M
Pn = Mpom/ Mg » 10% (41b)
#2 Pn = Tp/dT, = 1.37 710" 3,156 107/3x10! » 1.44" 10 (41c)
(#5 #1 ) Psa1,
Psy = #5 My/#1 My = #5Ry/#1R, = #1T/#5T, = #5mM/#1mg = #5| & /#1] & = #5dT, /H#dT, »
10% (41d)
4-2 10%
(41b)  (41c)  (41d) 10%
1 10%
#1
#7
7 #1
[5] 6 M,
M,  (41b) (41c) (41d) # 10%
(1b), (1f) PRy = const, Db/ Oy = R/ Rm (42a)

#1 #2 Pp1 = 7x10% P2 = 7x10% Ry = 1.5x107% (42a) [
= 1.5x10¥cm 1b My, = Mpom = 1.012x10%g 1d Me =
1.173x10"%g (41b)  pn = Mpom/Ms, = 1.012x10%/1.173x107% = 0.85x10*° z 10% Me =
1.173x10"%gz 1.66x107%g.

#1 ~ #7 2 £ 10%
1039 1040

#2 ~ #7 M, 10%

#1 #2 #5 Ri Ri Rz Ry 10%

Me | Por Pz Poz  Pos 10%
2 R 10" )
1034
4-3 “ ” Fe Fy

m, =1.66x10g, me =9.11x107%%g, e=-e=

1.602x10%°C, r

G = 6.67x10%cm%s%g, k= 9.0x10° Nem?/C?,

Fy Gmyme/r*=6.67x10"°x1.67x107% x9.11x107%%/ r*=101x10"%" r*
, Fe  ke?/ r?=9.0x10% Nem?%/C?x (1.6x10™°C)% r? = 9.0x10° x10°x10*x (1.6x107°C)% r?

=23x107%/ r?

p = Fl Fy =k €%/ Gmpm, =23x10?°/101x10® = 2.3x10% 43a
p = F/ Fy= 2.3x10% 10% 3c
_ Np» 10¥ p="FdFy
G m m k e
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1* #1
#7
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w=1
Wz1
[5]
2% #2 A
B < 10°%g/cm?
10* ~ 10% g/cm®
C 43a p = Fo Fy= 2.3x10%
3c 10%*/cm? 10%
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