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The disk Luminoslt_v’ for typical parameters becomes
Ly =750 x 10 (lf%) (ﬁ) erg s~ (1.24)
in the case of black-hole binaries, and
La=472x \045(11‘%) (#) erg s~ (1.25)

in the case of active galactic nuclei

For example, in the case of luminous active galactic nuclei with a
luminesity of L ~ 10* erg s=*, the mass-accretion rate should be M ~
3Mg yrL, if the efficiency is 5 ~ 0.1.
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1.3 Accretion-Powered Objects — Observational Re-

views
Table 1.1 Central Objects in Various Objects
Object Central “star” Size
YSO PS/TTS ~ Rg
CV/SSXS WD ~ 1072 Rg
XB NS ~ 10 km
BHB BH (rg 2 10 km)
ULX IMBH ~10°~'Mg  (rg ~ 3000-30000 km)
AGN SMBH ~10% Mg (rg ~ 0.02-20 AU)

Table 1.2 Accretion Disks in Various Objects

Object Mass Size Temperature _Luminosity
Y50 ~ Mg ~100 AU ~1007F K ~Lg
CV/SSXS <« Mg ~ Rg ~10°0 K ~ 1002 Lg
XB/BHB <« Mg ~ Rg ~ 1007 K
AGN £10°Mg  ~1pc ~10° K ~ 101918,

RE g =

# Spectral Energy -
Distribution (SED)
¢ IR Class

— Class 0

— Class I: protostar
—Class II: CTTS
— Class Ill: WTTS
— Class IV: ZAMS
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e Black Hole Binaries (BHBSs)
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Fig. 1.28 Schematic picture by Fender et al. (2004) for
the disk-jet coupling in black hole binaries. The upper panel
represents an X-ray hardness-intensity diagram in the high /soft
state (HS), the very high /intermediate state (VHS/IS), and the
low /hard state (L.S). X-ray hardness increases to the right and
intensity upwards. The lower panel represents the variation of
the bulk Lorentz factor I' of the outflow with hardness. In the
LS and VHS/IS, the jet is steady with an almost constant I’
(< 2), progressing from state (i) to state (ii) as the luminosity
increases, At some point, [ increases rapidly, producing an
internal shock in the outflow, state (iii), followed in general by
cessation of jet production in a disk-dominated HS, state (iv).

(After Fender et al. 2004)
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Table 1.3 Black Hole Binaries.®

Source My [Mg] P[] F(M) [Mg] _ d[kpc] _ Companion
HMXBs

Cyg X-1 295 5.6 0.244+0.005 20+0.1 09.7Iab

SS 433 ~ 9.0 13.1 3.0+0.6 50£0.5 A5/ATI

LMC X-3 5.9-9.2 1.70 23403 504+2.3 B3V

LMC X-1 4.0-10.0 4.23 0.14 £ 0.05 504+2.3 OT7II
LMXBs

GRO 0422432
A 0620—003%
1009—45
11184480

GS 11246841
15434475
1550— 564
GRO J1655-40
H1705-25
1819-25

GRS 19154105
GS 2000425
GS 2023+338+

0.21  1.19 £0.02 26+£0.7 M2V

0.325  2.72 £0.06 12401 K4V

0.28  3.17+0.12 50+13 Kr7/MoV

017 61403 18£05 Ks/Mov

0.43  3.01£0.15 5413  K3/K5V

113 0.25+0.01 T5£05 A2V »
154 6.86+0.71 5323 G8/KSIV

262 2.73+0.09 32402 F3/F5IV

052 4.86£0.13 82 K3/7V |4
282 3.13£0.3 74-123  BolI

335 9.5+3.0 11-12 K/MIII |
7178 035  5.01+0.12 27407 K3/K7V |
101134 6.47  6.08 £0.06 2237 Kolll -

@« 75km/s

o f(M)=0.241M,

o M,~30M,
s M,~10M,
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o Stephenson-Sanduleak catalogue 433

o Its bizzare spectrum was found in 1984
(Margon et al. 1984)

o 14mag star with Av~9

Table 1.4 Elements of Cyg
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o Ultra-Luminous X-ray Sources (ULXSs)
— A new class of X-ray sources
— Bright, compact, off-nuclear X-ray sources
— Revealed by ASCA, ROSAT, Chandra, XMM
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Objects Type d M

stellar dyanamics
Sgr A*fThe Galaxy Sbc 00085 3.7 109 LA Cove of Galaxy MaC 4268
M 31 sb 0.7 3% 107
M 32 dE 0.7 2 x 108
NGC 3115 S0 8.4 1x10°
NGC 4594 Sa 9.2 5x 10°
NGC 3377 E 9.9 8 x 107

gas dynamics
M &7 D 15.3 3% 107
NGC 4261 B 31.6 5x 10°

water maser
NGC 4258/M 106 Sbe 7.5 4% 107
NGC 1068 Sy 16 2 x 107
NGC 4258 Sy 7.2 4 x 107
IC 2560 Sy a8 3 % 10°
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the Newtonian case. The angular velocity measured at infinity i

e
Qar= B
"

in the Schwarzschild metric!?, whereas it is expressed as

e FRE

in the Paczyriski-Wiita potential
For the case of a rotating black hole, we have

GM a 17"
SNy P o)

where # = r/r, (see appendix A for details), in the Kerr metric,

GM
Qpk = P — )

17 The angular velocity measured at disk is
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=N\ T

B xT SRR P EEN
teAESNE
o LAEEE

The specific angular momentum ¢, which is fx = VG Mr in the
Newtonian case, is expressed as

e
tan = ﬂm. (291)

[ Gue 50
tox =\ [ (2.02)

For the rotating black hole,

e = VG
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The epicyclic frequency &, which is ky = Qn in the Newtonian case,
becomes

T M
o % (l - ;L:Ej (2.95)

KpN =
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For the rotating black hole,
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Similarly, the rotational velocity V' (= rQ2), which is Vg = \/GM/r
in the Newtonian case, is expressed as
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— Hirai and Fukue 2001 for Kerr case

— Fukue et al. 2001 for radiative collimation

— Orihara and Fukue 2003 for radiative collimation
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For electron—proton plasmas, mp/m = 1, whereas, for
electron-positron plasmas, my,/m = my,/m. = 1840.

Under the effect of radiation drag, the equilibrium speed
is defined as a speed, where the net radiative force van-

ishes:
[v(1+2e*)f —y*u(e +p)] = 0. (35)
On the other hand, the terminal speed is a speed, where
: | 4
the total force vanishes:
1 1m, .4
g R —L2 [y(142u?) f —y*u(e +p)] = 0.(36
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