=

I_LI
1~ H

B

¥

Ll
Y4

WEZ—ER
REFEI



Sl

o NF R N (FEIEA L)+ L K- K




&

e

1. EY NN VFEEH: 23790 < 60
2. RIAFER (EICERA): 2379250
3. BIURk - 1., HEFK: 3aAva< bW




o REWME., FHICHE T SEBNEELXKEFRDHRTH

SROLNG

ReEeRXXZF - RIxYEE

L

o FIFFIC. B
NMERIT S

o THDIHICFHDIBE Y., KAFOXRAEIK. EFK.
RETRDIRIC Ny TED Y Tia%zED D

L



By /N FERHE

o FHMDAESR

o IR DHHE

o %> CLWAERE
i 2P A
— =Y —
A7 S e



KA B

o K
o ENANFHARLE

L

xy

RIS -

NARRE (V—V AARRE)

o MIf

BE. HXNMALE. A/NAZIE—NR

o SRIATZAN
o R & XF5H



— BEREEZ DWW DHDILHG
- IRKE
o [BEEHL
- ED—4%
—~HEFE - TS5V IR—IL - BENRK
o REWMDIZEL W LERE/METIV
— minimum solar nebula model
— F ) AR
— HmmHIREE
— Hho>TWRWZ &



ER

SHIEEZOEDLYDINT A MEHY FEA

?"m1

=
S5



7B EE %

o k>k; b w lXEH., ZOBRBIIARITERIN (EEDOE
WeERLC)

oek=%k; 06 w=0T. SA-EFIFERRELDZL
(I TE)

ok <k; b wlIMER, CORIFEIIRET B ER
T BEOmMALrHE (RELE),

BB, —RRBDEDICEVWTELC &, R (?7?) DFDORELIT%
EZDDIIMEZDMBAREISDED (EREE N ZRET
nif) ZOFDBDORUAEETRIRTEEINLTHD, D
R AENETHLIDIEARAMRELLGSTHY., £FED
BARINTZZDIIETZICT7— Y IZTMATERERTH
5TH 5,



DEEBRIMOWVWAB T &

o BERMNMEITNITEBDERK
o REM 1/k; LYW RWERFEDIEHRERENTEIL
o DFY, RWERDE—RNIBEL LM VIROHILEA

EADHDD (FHYIBDIELEAEASH D)

WWINZ D &

TRIEREPARWVWEMTAELEICR D
BN H D EERIC—HKLDKREE VWD DIXERES
HWRY g FALE

ERKT



o—V EE
Ey ICWERd 2ER: O—VXERE A\

703
AJ = 4| Vs (1)
! G po

V=V XRRSOLVDRERDIKZEZ B &,

o EEITRIF—: Myv? OREE

e ENTXIF—IT GMjy/\; DREE.

e M; I3 —VXBET (#F Ay DERDEE)

S NI RILF—DKREZFL LY,

STET3E, EE T RILF—LE
-V RERITFOVWIERSL,



CZETCORIITCZEMNLEED A

o —FREZREOYEIHNIX. RT7YVVARIAOADHLOL
BWOWDNSENRT YO vIIET—HFBEEWVDDIEAID
ML WL

o N\, — R RTCHEIRICUOAD>TWBLRS, EBAORT Iy
IVDBRRICE > TED DEAHIE

~.1

THLADIBE: THFEICH L CRERBER (L EEE
W) THRRABEMR 2 E OB, BL. BE
A IIWBD T, IFEDOEBHEHAICIZL S0,



HIRM & NPT OIRRE D REMR

HIEVEICIIDZ &b > TV, FIEIEME & HRIRRE
DEIDERE WD WBEART VSRR,

ZDANAE. BEARBICIERIICW D 7=BEETE T LN 5,

@ 1996 FLHIC, FHATEAD LD BRHHERZGFOHENT
ITWBWABNRTGA = %EZTCEHETEDEDITAANLE
CLThdEWVWHITUIal—arVERIHET,

o NN, TOHRITEIXEEWL THo=2 &N, &V KFRE
RIal—Tarvhrubhh-or-,

EWIDITT, DbHhAoTUVLWAVEEIZIEEIZZ W



H O —DOKRETLHEA

EDHISIERRICITERRE WD DIF T,
$R3 ¢ 1010 Al Z Ly,

HFAEER. HREM 10+°

SRR EXT7 Sy 7FR—IL+10" BiEEDE
ZOWDEIBTIRHEIWD ZEAEZZH




o

— O

o

Qo

-

S

g 2

O
o :
3 Dynamical
S5 Center  Stellar BHs
(o)
+

53s 52s 51s 508 09"55M4Qs
RA (2000)

EEEDERA M82 MHULERD T91E5] BiREICLDIEE



X #R T

NASA Chandra X{EFEICL B2EE
OVl EZATIEWS =W ETTWEN?




HMIBICIZENZ < RV

BRI I NI IS AR O

> ENTNDEDHEIXLZATZAZIHL D TWLL
PIEIC IS [ZBORFHIEEERT 2R
— Rt NEN (BAOEM) ICIRES 1T

DEY  AEHRE (T hOE—FXK) ICOD>TELLT
%139,

EBDOI[AETADERL)




EEDER & DEL

NDIRILF—IZEED 2 FIC A
o HIFZRLAHTHEFE (RFR) 2’H 5 HIFTIEAWL

o
Tl

2DEIELL DS VDT, EVWAE—DIZLTH5,
BAEMICIE  (RIEEBICEKF DRIRETH ATZLHDEES
FKz=EZ 5,

BEIOPRLIHDZDLLEVKEVED,

E@%Jttlﬁiﬁ®1ﬁ7tmﬁw%¢%# 2 AR Ty
RRTHNIXDHERIBLCLDOTEHWVWLHE,




(7

ITRILF—LUET2EXREL

Z‘JT

&ﬁl\\\io) E: O)IEE g

BE (BT xI)L¥—) HE
IRRE
CNIEEBEAAENDBWVEEEZTH 5L

(T
ot

BEZEREAZ2TIFTCWC (ZRILF—ZIKRWVWTWLL)

|
EHNOMRM|ETKL %,

BEAMICIZ, RADDBENLEN ST, BEDEZABANTHS,
NI, ENEENGEZHNY EHLE B8, kORI H
ICWKIFEELLRBDERL,




AR & BEATRR

BRI BEDR D, FREALHERARDABRRIZZARSD,

dp M
dM — 4mrd’ (2)
dr B 1 3)
dM  4nr2p’

M(r) 3+ Er ODHDBEE, pkp FENDERE. T I TIE
BATEBENLICRB L DIBRBEMRIZET B,




R & BRIR (15 )

E?ﬁd)t'db\tb‘ BT WD, [BEERNBERTITE
CEBEBN DD, TOXIFHHENITEBOR,

[
= 7 R
J:O)_Uéli

|I)~|

\I

dp  pM

dr 72
T, EAZEDPEHEAYED., EVWODHXTHB, BEIL.
IRREAER

(4)

S
[
o
~
o



FTEI & BENTHE (3)

o —fRDIEFRFZM TN H BT TIEBWD, pocr2
DHDEEH B, (RATNIEBTHBI DD D)

o BEADIF-ANTHIRFHTIIZDRIIFETZ S, [H
CEAR] ELTEHEFEETERWV (BENERKICRS)

o FLDTHRBEDHEE. r — oo OWMEIRTITEETERICEHE
EX

o TOWD, BORINZEEZ S,




FED RS

o MEBWICLI-WZ E:HEBEEDHRZHDFEERDEHKFD
BElCUWNT, BABREZTITTW, #593%&, EN
DIRDRELRO>TETCHOLEEDHEL (D ET S)
NN

o STBEHMTIDMERDDICIE:FOTHEHYLBEISHED
T, AMAICO D> THEA LTV, FEDEZTHS D
DFENKRE D, Ihz, B2, FRBRZ BHIZAE) 112745
KIICRAT—IEHBL T, BEEHHHE S,




A — )L ZH#A

o ¥Xpr, BEm, RE t DEI’H T3, G=1TEZXS, R
TIVEBRTRY¥EZ 1/rf8. BEE%2Z 1/m F95DT. ENTX
IVF—IE r/m? FIZR 5,

e AT RINF—ZRLCLETRT—ILITNE. EHEEANERAL
PWEIRICR>TWVWBIFTTHE (EVTILEEISL 2ERE)D
T, SEEE t/m BINEV0 (EY)

o IBONLIRIF—TIFTEAT. BOHIZHB., EWHERFH%Z
WIS ERDEIETREEITRIEVWLADLASRVA, R
JF—IEBINIEKRD BN B,



CRILF—D TR

1|!Iil|'|

IIEI|IIIE

| D=60 D=10000!

I
o
_Iil%llill’lillll ill%l

Ep

IlfilIIIEI[IIIEIIE

tEHE L CHDEEZETEH
SEATIFoNsblFTIEA
LY,

QIFEREZTRT . INIdEH
CHIDEEEDREDL., e

IIJJ.I.[I.LJ.IIZ!II%

|
1 2 3
log D

4

ICTRILF—%E2ED



RLHTIRRE

D =709 TIXILF—DHRMABY, ThUETRILF—
AME W EEDRRR I AR W,

EHIC, TRILF—DIFONLEZTCHADE, HDIXRI
F—ICW L TENICHIGT DIEEIREN 2 DUEHDBD ET S
NH 5,

o LI RILF—HIEWIREEILZ ?
o D KEWEZABIEZWoT=WRIIH?



BELLEAFRF L V) KELVIREE

g TBEHNZEMICARERTEERRE] ICR>TW5,
BE/TLE : T TIE T&#HEW]

SBEN—RRAEERREIC, §ZULEEEZADIFTYS (BT
RILF—%RENL TP 3B)

o L&
o Rb7

R5 :
D2

(1

/

£
£

I



RNFHREM

T EDHDOHFDED : RBISRET>TWS,

HEEH LI AIKREN LA S,
ELNEIFEDITBENTHS,
BWADNSBIZWHICBANRINEDT, TICRES,
EIBAMN... BEADPMWNTWBEZDRBEIEFRELARL,




RNFHIALEMN

FEICESTIFUTOE 2RI ENERI B

RLOENOEZED - RE/EADVTHSE - EHZHYE
HESEHICIGE > ENLEC RS —» Ho>&E - FR
L TRENENS,

IhhfEEDE, BEaEDLNI-ANBRENLLENDZDT, £
FITENENE L. WoZEDBEELLENDEWVDBERICIE
W3,

IN%z, TENBNENTIREMNE] WD,




EDVPO>TREHNZHNZ D

[E BN EM] :
ETEICE S TEREEZFARND I ETHOHTRRESINEE D,

[StETEEEEZFARS] EWODDIEFFEFEEIWVWDZ
EMNEWVWDRIEBHAQEAZT I LEIFLTEL,




,}

- AR KT D [RIE

C I CHRBZDIBESAMEHM2 AR CR)

8}

= A(f(=z)) (6)

ZZT. A DNEE (BBUC/ERYT % TEE ). BB
ZiE, BIZIEEEDORIEERS f OB 2EMD. f 136IZ
c:c mE,

DEER folx) BB >T T 2,
EFICEY A(fo(x)) =0
YLINlz f=fo+df . df DERERZES,

X



#RIZ1E (1)

df ICEDANNIEENDAE D RDIIDEETE S
HOEWPBAEER df ICDWTHARD ?
FARZEDNEINVPODTTESEN?

INZERBEICT B2 AENEAEL CEEERZEICT D EWLD
Z &,




#RIE (2)

IRE: df D* fo WHBT>ENTWV
df ICDWTHREARRNICTE %,
TR

“ - B(df(x)) (7)
EWIFEo7mE& LT, BHREI L (T

B(adfi(x) + Bdf:(x)) = aB(dfi(x)) + BB(dfz(x)) (8)
EWOMBEEHBILTEWVND T &,



#RHAE (3)

£55 8o EhHUYRPTLND &,
df, DR S dfy DERIES R

dfi, dfs DR S dfy + dfs bR
WSz,



5|5 B &Y

CDEDICRTEARARAICIE. BEE. BEEKEWVIHD
5,

&5 BRI,

Adf = B(df) (9)

DR, X DEEE,
D, BFEREED df = eMdfy, ODFICEIT B,

—RICIIERDOREMIEERBDENREHLE TEITBHDT,
CNSEEEME T ZRARNITVNWT I3,




5 AEELEMN

IO (BBERH) E—#&ICIFERED S,
N9 EEEN ©EREDD S,
(2 HRSVEFIE] BOIRICKD B & S RFRETED

HBHDT, KE>7mmAD
‘if/ﬂft \/\j | t‘t_f&%)o

5

BlENE (REEDH) ThHhNh



OB &2 ERFHIRETRIE

i-g» f() gﬁkiﬁ%‘%o

ZEREHHOWRIAICDITT. ZOZKTOEZELHICEE
ER:E

H T DDIFEILHENICARS, INZzetREMzE> THE<,

fo KEDE, ENZEFLT df ICDODVWTOAERRZERKH
&%,




df ICDWTOARER

INER XY EILFERNICRSZD, B THD I ENLE
Y—RABNICHRD, DX YITHTHIT S,

Z D175

B1E.

[aa]

»
]

SHE. BEXRY MLAEKRDD E, TORIEDE

B DELHEICA > TW D,

E. IBADPRY I LW, STERTEZEREZRANRS & WD
ICICIETEWEWEARDTF TERLCLIBIEDIETLLSED
T, B2 EiEFELLKEWTHT,




V=YV AN EDLE

R -T2V — YV AFRLREITEEL E D DO WNTENT
f=o {RIER?

|~|
I~

EOARE DRI THER—Hk] Z2H>TEL

e 7O 95, MREEHRIIHTT BRMDAEINDEERRE
IC72 5,

o ZHNETERITS, 1£2TOD] BHEEIEMNICE &
x5,

[ER—#x] &b TEEAE] &b T—F3k] &HDLUADEE
TEB5EDICRSTEDIEBFEIEEDFEELE,




2 =

2 E

Rima, D = 1.05

P =R E]
o ENIFEIL AWV

e TV MOKE—&REMNL
51

T 7 T 7 ‘ T ‘ T T

ol D=1.05, a=1 —
L A
B ~. _/;f;—” T
0 === — B R
| - _-7 7/ 51 _]
/

L P np
- " olnr -

-1 = ST e SInT
— /./' ————— JWONE

B 2 -0lnp
_o | _/-/ ———--0s —

74/’]/-7. | [ | L[| | [ | | ‘ [
0 2 4 .6 .8 1

r

FY 52, EBOMBARZED
HhDHR,



RESSE (2),

2II\

— D=10, a=1

0 2 4 .6 .8
r

D =10

ROTEAD LSS

SEE IR IED
2T H5DT, TV
E—&dnsd

By 8B
Ro=

N O



i

KA:fd:i%é (3)’ D — 100

<

L D:ZOO) o= 1 B
= == i ‘_\4'\_/._ P e __
- \\7.,./«-1':',,,_,_,/ ]
L T N o
— y !
- '/‘ """"""" olnr
- oo T SInT —
n /,/ _____ ot
: S iy
- T —0s ]

[ | [ [ | | [ [ | | [ [ | | [
0 2 4 P . 1
r

o FOTRES LS

ZlERSTEE (20
HLZEFRIOLDAEMNMEER)

o ANFEMICITLTE



XI‘IIII\

oo o SBEAREATE AL

1 e L7=A>T, EFgHLd e
0 LIRS AL




XI‘IIII\

T ]
- Slnp
: ___________________________________________ Slnr |
- olnT —] ~ 4 on =
- su/he RIDDIE D NRE LFD
S e -Olnp
e Inp | R E LN
il ‘ || ‘ [ ‘ || ‘ [ | 14
2 4 6 8 ALZEICI>TWS



s NRNFRIRLE

EWD DIFT, MIEETORER :
MIREZ DT THFEOEEREZF>TEH, EAH’MWVT
W3 ERNERICARE

liml

[BEABNEZHALEM] gravothermal instability & L

DRAFMHBDOVNTWD,

FHE : V. Antnov (1961)

D& BREMDIAEAREINIE: Hachisu & Sugimoto
(1978)



£ o & EEDIE

B BRIREX THRE L72H EDEL : BEFTETHAXRS,

Hachisu et al. (1978) : BCEDRAFICOWVWTHIEETE
L7,

Cohn (1980): AL ZFEHBVIMEIEE 7 4y H— - 7
SV ARKLOBEREL NS, BEHEUBIRIELTWSEZ
xR L7,




5 O R EUER

!
‘-

-

o

o



A

533 VN g

FLERDRE H

~
7/

7%

JEBICEN>TL B .,

o ERTDIHIEEE

o 3ENREEBFICES <
BENTZS, hik IZXILF—RERIG] (@Ee
@ L)

INniC&Y, SERPOEIEERZ 186 5 & EHRBICIE TR
SNTW% (EANRDFHIIRE))




liml

logp.

5 B =204

|||l‘|||l‘|||l‘|||

BRIR 2

Dl

UJ'ZF'/L,\ﬁB’C

DL HR™ZED
FLT>TWAOEEM

A=A



BRIXEFAP LD KX EREZEH

o LHDEENEKEINDS,

s WE T E

o B4 1FHEL: B

M

Silz=r Y by o B)

o 7oy UR—ILCHUEFEDEEN SRV S N DIGM

ThsHaeeH

o REB=XIREEYI

TW5

RNV —ERBRICZHE DD -

o ENREMREINT-DTINDLIFHING ?




2 IR A& A

liml

e XFM2H11H 10:30 (RBERME) LIGO JI)L—7
FER

“We have detected gravitational waves. We did
it!”

0o CCICHBDEIWVWDKIEKEST=D
— 13BN EL
— XKBEED 361 DTy IHR—ILE20EDT v

R—ILDER. 62BDTZ Y VR—ILIZR>7 (3K
[FEENENRODIRILF—ICWoT)




M SN

LIGO Hanford Data Predict

Strain (102")

feEEl: BFME
fteh: EH ( [EEDEH] )
LIGO Hanford Data Hﬁj(j:h—;fl]EElo ]_O 21

\ (\ 3000km Bz 2D DRIER
WY (B#8 4km DT ALY Y -

| LIuLLﬁ:ﬁt [;35 0.40 0.4 :E l/ Tj}l/kg-l_) T\\ﬁ Di&ﬁz
Time (sec) EE;HIJ
VAN

—
]
[=]
—
e
5
m
=
—
vi

Strain (10?")




LIGO DA 7= D

e//e 0//9 ¢O Inspiral: &K ERI. &FEKRK
_ ! HiICk > TEgmasaft . EE
NEL, IREAKRELCAS
Aﬁk@ﬁﬁﬁaﬁ KiIRlE. = RRE
DK
) g8 1{EDTZ v
HR—ILICR > TH S DEFED
IRE)
TalL—YarvTFAINTWEEDEIEFICE K —3:
FICRETDE=Z - B=tt, Bz RO LN S




s JIRRHEDEREGROMED A

liml

o AYICENRMEATHOH THRES N
— —MRAENHIERIALICEIETEL W & DTLREA (R
DEHTE LWVRBERII IR TEESNLLEVL>TLWY)
-~ S WBBRRENER., 77V IR—ILOUEDOHEADE (RE
V. BERDFEf)

¢ 36 AZEEL29KBEEDT S v IV F—ILATDERKRE S

- &< F8&

~BOABEBoTWE/BDOFEIELTVEED:
EEFHETFEDER



AR FENTZ 72D ?

o THFEIIZHEDN>TWVWS, BHEBRRDEICE R
IZTES (MCEE/NILY —: 1054 FDBHEIRRETT
7)o BRRER 1 DT TEDORICHE D SBEEDH S,

o FEFEFEEL VWK DNMIRDAN>TWVWB, (EEN
L —)

e 7oy I R—ILIT1I0KIGEEEZHERICBADZEDIEIRD
Mo TWhEhoF, TovIFR—ILEEITFEBEAARD
Oy > TUNR LN,

o P, 100 A KIZFBEABADKRKERLT v IVEKR—ILIZ
ZHEON>TWB, INSIEEERRLICH B, FaD
KERDH:400 A RBEEDT o v 71K —I,




t(lj:\l\z\-EE'Dﬁ:HE,] \\\

b) | =]
. L —u
-
2 0
| LIGO DREE: 100Hz $H7- Y
& F ) TRHEW
7 | : SEDARY MNIBE LD EF
10742 3 @i}l
T T ARY NDOESRERE: B
Frequency (Hz) NCIER AN =--{ s ]

FHOEEHZWDARYML—FIMPRALCARS, (BRENEBRVEHT)
BEVWHDIFEEDIFICLALTHREL—MED S, 75y IR—ILER
DL WhIF TRV, FEFESED 1/1000 & WUEWL, &WIREE,

170817 DANRY M T, OTELLHFHRFE (DL EH—THR) DEHFHD
BREN, ENREITTRL, AV . BRETE,



INHIHLHEFINSZ &

o FEFBITRLDARY hAMEEIND, HIZ LIGO ORENHHID &
1z 5,

o BHAISNBZE=EZDLIR: 100-200 KFFEE, I 5 LEIF LIGO (&
YR YAN AN

o FETEARKREZTZIZ DRSNS IFT
DFEY: (Q00AFBEEUTICRZ E)FHEHDOEZITLWDIEIWHI>EEDT
Zv IR—ILCPHREFENGHELEDL. DKREDHLS
EWZ B &

ANZZXLEERELRIL A Y THR/N—X b, Kepler FE X THED
DI ST RAREICHEARD & RABEKRLGEHABHRLGC>TL %,




