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Fig. 1. Schematic picture for the present calculation:
cylindrical coordinates (r, ¢, 2} with the z-axis along
the rotation axis of the disk.
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Fig. 1. Schematic picture for the present calculation:
cylindrica) coordinates (r, ¢, z) with the z-axis along
the rotation axis of the disk.

Fig. 2. Contour map of the intensity of the radiation en-
ergy density € which is drawn in the meridional sec-
tion, The abscissa is the distance r from the central
object and the ordinale is the height z from the disk
surface, both are measured by the Schwarzschild ra-
dius rg. For the purpose of understanding, the ge-
ometrically thin disk and the central black hole are
schematically drawn. The maximum value of the
contour is 0.0047 in the dimensionless unit.

JI Flg 4. Contour maps of the intensity of six components of the radiation pressure stress tensor p®# in the meridional section.
The shado“cd area represents the negative values. (a) The component p™ with pil, = 0.0014. (b) The component p™*
\]‘ with plfax = 0.0003. (c) The component p™ with pm“ = 0 0003 (d) The component p*¥ with pfi%, = 0.0019. (e) The
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Fig. 6. Examples of trajectories of particle winds from
the disk in the meridional section. (a) The escaping
case in the luminous disk with Ta = 0.9. (b) The
trapped case in the less-luminous disk with Tgq =

0.5.
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Fig. 8 Comparison between the dragged case (solid

50 curve) and the non-dragged case without
drag force terms (dotted curve). (a) The escaping
case with Ty = 0.9 and ro =6, 12, and 20. (b) The
trapped case with [y = 0.5 and rog = 8.

2 0. PN «c{i )
1.2 '("C
4l
0 0 g 4
- = wiidl Va4 2 L
T/ lg S \
0.4 -y Ar 1
? | ok Thoadg
0 1 0 -

0 2
% 7'0/"1:

!

Fig. 10. Escaping condition of the winds in the param-
eter space of Ty and ro. The solid curve is for the

2008/7/26 Summer School 08 @ Tsukuba (Smss) com Mhere ok of (o bt rax Lol

dragged case, where the radiation-drag terms and

Astrophysical Jets 2008/07/28 e

~




R 76 A B
BHE, HRE

. }é bR

Eh

I

Bt AR S D I ARE

Hiral, Fukue 2001 20
e /NI LRED—

o IXIRE~0.8cIEE _ % _
20 @fr 20 L 00 I 10 | /20 00 10 //’;:O
w10 N lolé T T

0 10 20 0 0 20 1.0 r T . T 1.0 . T T T
7 7 - -

20 . ,

7 7 0.8 4 osk -
0.6 -
0.4+ -

%?
v/C
|
\
13
|

0.2

= 0 10 20 0 10 20
‘“{ ’ ” immer School 08 @ Tsukuba 43
strophysical Jets 2008/07/28



%aaﬂmdémvw*;uyzuh

SeUpEL,—5RAMNDT7  Sikora and Wilson 1981
RILNTHINERT 5

OA R EERHNZ R 7 121K -
DD THE

x ERET I D E =8

b

7]

% T HATAE IS &

1) EHBORAL
Bt ()
e

‘“{ 2008/7/26 Summer School 0

Astrophysical Jets Bl NI T



%aamuzmvw*;w:uh

StYRESN—TFRDT7  Fukue 1982

*ILNTILET S Calvani and Nobili 1983
OFREEGTZ—REL LY
THK-OD THEH

o J7URILIZERIEIN
f= X[z R 2 4B %t 5w BY
AR JE

[ 2

‘“{ 200:




A=l 0| b J’L\77/;?~)l//1u|~

= dot M: mass loss rate
o FEXEHAINILX—A T g:internal energy
p:mass density
p:pressure

v:Lorentz factor
Joo: Metric

2 = e V.. dot E : total energy
1.0 - '
T- 1 c’ '

0.8

:'#\ Rﬁ; ; 0.6
0.4

2 I
CT 1 0.2 _
C2 4I’/I’g —3 T 4 6 3 10

‘“‘f' 2008/7/26 Summer School 08 @ Ts
Astrophysical Jets 2008/

I\;Iczg-l—p

oo =




— & B75 %Eﬁﬂ‘]ﬁaﬁuuﬁiﬁl
o JLFHICENREMNSENVRIEET

o0+

> I T

\1

. )
L -
EEERmE —
&
,. mAEN (SESER) O
RERE EHERY TS X TR E
MEEE (EEHE) I L
EAEEEE L TR . LS
— (%] — L ?, ‘\_z
REH ELT e =

ENTEM%E ELWEREHERLS,

OHAREEEHZE2RAEL XEHFRANLIA
THEEZRD X ZRIFTTMNLAA
YOFEAERID 7787

‘“‘ 2008/7/26 Summer School 08 @ Tsukuba 47
Astrophysical Jets 2008/07/28

b 4




— A% BT AB %t

o HLAENIIEL

Lindquist 1966

Castor 1972

Ruggles & Bath 1979
Mihalas 1980

Quinn & Paczynski 1985
Paczynski & Proszynski 1986
Turolla et al. 1986
Paczynski 1990

Nobili et al. 1993

Nobili et al. 1994

King & Pound 2003

2008/7/26

4 5 0
i Sl

=0 185

Summer School 0
Astrophysical Jet

& mﬁiﬂ

e REITTAURVE
Fukue 2005, 2006
Fukue, Akizuki 2006, 2007
Akizuki, Fukue 2008
e vIal—o3r
Eggum+ 1985, 1988
Kley 1989

Okuda+ 1997

Kley, Lin 1999
Okuda 2002

Okuda+ 2005
Ohsuga+ 2005

Cgiga 2005

b 4




— A% A7 4B o B R ﬁ%‘fumﬁiﬂ

Fukue, Akizuki 2006b
o FFIRAR XI5 - (v/C)?

o TEH BRI |
e 1RIT (2) FATEAR , 061
o REXRFEHERF 0.4

0.2

1.0 - . - T

‘“{ 2008/7/26 Summer School 08 @ Tsukuba 49
Astrophysical Jets 2008/07/28



@%’ .

— R S ER R EE

Az

RHDHEUES SaL— 3> Eggumetal. 1988

e FEVRFE XY ER - (v/c)?
¢ Flux-Limited Diffusion
WLl —dDFEY K<

14 EGGUM, CORONITI, AND KATZ Vol 337

W
s
Y e 4

Fig. |—Eplution 1 M = 48 denmiiy contoun aod umit valooily voctors sl lme £ = 990 Thelr, ri-plans of the disk in cylisdriosl oordinaes i shown, wih

Dals planc and r = € the axis of pnmuthad symmeery. The losstices of tha b strectural snes of 18 aolilion 50 mlicted Tene d Scamred @ Ul of

) enidplene and r
ST, aned 2 ane in wmits of G, il desally Bin g o= for M = 5 M ;. Density conbiars a5t Raitieinly spaded, fivc per decade.
-

Radius




Az

L0

X

754
=
(vic)?

L
f%
RHDE{ES Sl —

e FE%4HE
e EER
e 2T

e Ohsuga et al. 2005

D,
i

st

...... S ix,.w.i.t...ﬂrﬂ.p..y..ﬂfﬂn
e . Asbar . l./'ﬁﬂ....l/f“/ I/J./!i/..

= Bl TR Earia e s o b
| dn o ER s l:vl.f.ff,tf.-.z’(lf..«. < ’M.(ffll.-i-vff-. .y

Fooor sowamowis s o W

R T | f:.f.w '
4} meesuvisircie e sir R TR e a . > AR

R, S L

....... 4?‘@»1 4}/.4/.7/!..’.,.1,&.4/‘.
R & - * PR
R R R e P o

.Jf«f./}.d.faf’lfn}.pq R - W 5 x:

G LR S T SR e A N S S
Corme s e n Mk e e T e ah x

BRI 5 5 i o .

B e S Rt S 5 X ...azf )
I AL S W s e e, e L e, e o e ;u.f
" f.fffr.ﬂrf.arfff‘ff.dntrwh!:.flhuf‘..fﬁ..‘arf
o e N e f!{lli»ll.J!f.ilf«&l;deﬂ/ﬂ)l\

<
o
o2
o
0
—
<
O
—
o
Te!

?ﬁlr‘l.ﬁvc.'mruklr\lu/.f(.,
e A A e e AW ]

100 150 200

50

)| O
Jets

ffusion

2102 10" 10° 10" 10 10°

ited D

Imi

T Pl—dFEY KLY
f

e Flux-L

0
10

o
©
N

R/r




‘-;.-r.v-

l”

CERFR1999in [FENT AFH

ROTTFEHEY >y FE5 10 [ERDFE]

MR T L MHD &5/ *
=3
oL — OO OO
I A 29 OO0
Wy P 7 <y AY— K ST
R E e - oty OO ?20
ADAF & o3tfE ?? 20
FSEE7Y
JFEE S = | ? X OO
s R SN X O
FRER X IR SN X O
X HE2 SN, 20
SS 433 O ? ?2 0
1E 1740—2942 O 2 20
3 TEEIER O = R O OO
SUY 200817126 O x I, &£ (&:I) A (4%M)




= fN5R2008

ROTTFEHEY >y FE5 10 [ERDFE]

BRI 5 L * MHD E5 /L *

FH

TR L — o0 =0
IR A 29 o0
b VS REE BT
EEEENR L oE OO0 e
ADATF &k o HAE 2 2 ()
HERXIE

JFAEE Y = |k 2 X 50
HEE )9 % O
X HE () ? 20
SS 433 O 9 50
1E 1740—2942 or. o0

3 TEENER] o = b SN OO
V2 2008/7126 O x . £ ($8iI) A (4M) g




M
Uy

g ! /
} (e
Wl

..\

1

o —
¥ o T

S




:I7ATHR—IL

o [FE M (HERMAA) o Paczynski 1986
o ITHEHEE (EELEC)

e [FEHEM—TX

e BZa—koARTUIvIL

e J7AT7R—ILETIL
e EHLUXIRZE

‘“{ 2008/7/26 Summer School

Astrophysical Ji



m YAy A - &

e ELRILX—DHY o HAHL

TIRIEF O DL D 7815,
FIZEZELIzEE. St dD
BFlaEFRDE

iﬁéh%}?ﬂﬁl*)lx T,

hv

m.c’

e

hy

] (m C
y-ray

e

2
(1-cos6)

2

] .
target

2008/7/26 Summer School 08 @ Tsukuba

Astrophysical Jets 2008/07/28

56

%

ELEH A XR
TOHU TR
HEFHEH:
]

" 60

or L

mc’ R

b 4




%

DT AT I —

o FIRRHRILX—A DR (1 +R)), =0

_|_
ngcp \/goo+47ZR Yoo Iab_E

Fao = 7 [(L+ B7)F,, + B(CE,, +CP,,)]

* L, E+P+HE,+P, .
M c* P > 7 Yoo +72900(1+182)47ZR2Fco =E

\rf J’.
‘“‘ 2008/7/26 Summer S(_:hool 08 @ Tsukuba 57

Astrophysical Jets 2008/07/28

M c




M c

o HE%15

28+p
IOC

: 77’(7/ N
FBRNILX—L DR

%

7/\/gi(30+47ZR Joo? [+ p° )F., + B(CE, +CPCO)]:|.E

,+p+E.+P

270 +7 oo L+ f°)ARF,,

oC

Ly = 47R%Qo0r” L+ B°)F,,

I—adv

— 4R’

Joo7° B(CE,, +CP,,)

2008/7/26 Summer School 08 @ Tsukuba 58
Astrophysical Jets 2008/07/28

- E

b 4



%

D 7AT TR —

o *E"”Tnﬂﬂﬂ’]’\)lxﬂ — 1D
5 HER . NUF VB, LR

|, =4R°y’B(CE,, +CP,) = E (const)

IImII

e BTEVD K

T,y =const
o EH)HEN
dPCO — _(Eco T I:)co) din

dR

b 4

\rf
‘“{- 2008/7/26 Summer School 08 @ Tsukuba 59
Astrophysical Jets 2008/07/28



%

J7ATHR—IL
cE_=3cP,_ =aT; =(4c/c)T}
e FEHXRPANILX—A DR
4R BCE,, +CP,) = 4Ry T4

e BTEVD K

T,y =const
o EEISIER
dinT} __44Iny
dR dR
e
“f. 2008/7/26 Summer School 08 @ Tsukuba 60 ¥

Astrophysical Jets 2008/07/28



o B LR (R>>R )

=R,

Rin
in R
, 16

Tco o

o
4
E=47R. —oT.
v'e
Z
s“‘f- 2008/7/26 Summer School 08 @ Tsukuba

Astrophysical Jets 2008/07/28

IT7AT7 —

61

%




M
Uy

g ! /
} (e
Wl

..\

1

o —
¥ o T

S




A5 B I8 R DR AL
Relativistic, Ragiation Hydrodynamics
Moment Formalism

BIL MO KIREE KRF

b 4



H R

1 #{m
1. FHEHAITIE
2. JIE%E’] ;0—'%

2 BRHIRARNDFEDE—AVIEIE
1. RILYTUARRRLESFENEAIER
2. HIARNFEAEXREEBHE—ACATEX
3 /70— v—EERA
1. ITa b alEHREEE
2. EHI T4V ELERRFIBILFHEEIFLD
4 AR E—AFAFEI
1. HARZRDAER
2. EEFROAREN
3. 0—ov—FEERA

2008/7/26 Summer School 08 @ Tsukuba 64
Astrophysical Jets 2008/07/28

%

b 4




%

8 k% 3R BY 38 1 LR 77 F D E AL
1 #
Relativistic Radiation Hydrodynamics
1 Preparation

b 4



~ (A

FHBERITET

o KM FEATZ EBIMN h
[TV THS, ani-H

e BEN-AIZIZHKkMEETTRASINSE
MNENEEIZIEIMESCSWETLMAR
ZIEWCEEH S, EMZER TR A
HELRADENRZHH . KIEAE
TIX0.5cmECHLLVETLMR Z LY,

e T B AT TEE (mean free path) : Y&
[ZHBEINT (T D SHEEHE, I
HOMEDNDECIRRETEN D

e AIF(ME)EXLFHOLELEHEHDHPTIE

. “WARF T EBTRETEET D" snon IS
o'e

s“f 2008/7/26 Summer School 08 @ Tsukuba 66
Astrophysical Jets 2008/07/28

R H




T EBITIEZ L

o EDFEHEBHITEME. HRBEp MDD EMDERZS
) P ERAFEDIRICK BT S:

P
KD

e THERITEMIEBEAA[CMDELNELD,

e T2LZIE. KEAETIE., BEITFEHHIZ1g/ImFEE T, &
EEAE [X1cm2/gfEELZ D T, FHBEHTEX IcmDA —
F—IT1%,

e HANMFDEAMZENEEZEMEETERES:

P
A nNo

‘“{ 2008/7/26 Summer School 08 @ Tsukuba
Astrophysical Jets 2008/07/28




EFRFES T @

e ILTDHEHEELSERNL, SINRCH IR ELT, EiR
BHORKDHYIZ,

[SE2HIRES . FFEREH (optical depth) |
ZE5,

o JLALEIBLI-ERIRRkdsEMER é&TL AETASE,
HFREIdE. lixTODJ:')LEa’c"?f’L%)

d=rpds T = jlgods

e FHESDEALHITERTTHS,
e EHBERTEEOBEETEAIL.
:':anl’J 375\1( HAHIREEN ) B HITIE

. J
sﬁf 2008/7/26 Summer Sghool 08 @ Tsukuba 68

Astrophysical Jets 2008/07/28




JCF RIS

o NEEET0FKMIZKREAERDFE

ra2

¥ B RITFE0.5cmMDF101Z D
T. KEREHHOHIDETOLE

HIRSHI0MFEE T D,
e NBIDSUH LOA—DVTED

P

&, EHBERITEOINERRELZD

T. KZFZFELIZIE.N=(1

011)2

=102&%Y  BOYIZL T, 10%2cm

CHWIHRBD T, HETLOAED
AN
sﬁ{ 2008/7/26 Summer School 08 @ Tsukuba 69

Astrophysical Jets 2008/07/28

%

b 4




%

IR R &AL

FHEBITIEES S WERFIZK>THIL (aborption) 4°

BREL (scattering) =15,
o UNIFAFZEHIRL. BH T 5->BAEAEEHIZIEDITS
o AEL(FLYVIUEED [T FDARDAHAEZDH>FHIE

O

1 D&HSZ 1]-& L-j I+dl

> —_—

’*&ﬁL@ ’*&ﬁL

2008/7@E=(j/AT)p ds - (K+0) 0 Ids+0 p (cE/AT)ds

b 4



YLENPEIE — B B a1 @

o TRANFRIE : + 7 (THFHICE F 7 ErRE

LNRIERSEIE Tld, H R EEEST & Y,

XIFZEEICHFAEAEEIZLS
THY. ESF I E2EARRE T,
YREOE AR Y IZ > TLNVS,

N

o BFTHIICITHNERIZF AR bRz
BN, KEMICERXFEE g o
ODQOD’UEEJ'J'H’\; _D, AX PR-

e BMLSEE: ZTOREDTIE. AR | 1 |
CERST LI LIHISBTFH T, F'=— — VP*
IR D LB S, KD

\||/
LK
"

‘“‘f' 2008/7/26

Summer School 08 @ Tsukuba 71 K

Astrophysical Jets 2008/07/28




e FHEHEE: SLFRI)

HR R PRI — B BT R 2 2

HEBRTEEEOXRMIERE
T HLBGE BTN | $B5115

[FEREBH TI>HEL<TED, 7=7=L.

BELGE L TERGIG XA E
ICFELMIZLELHDT, COER
BTHI T4 b mLElERY
iIH>TLVvd,

J’- 2008/7/26 Summer School 08 @ Tsukuba
Astrophysical Jets 2008/07/28

BHMLCE

72

Z AL 5E]
/

N

#2158
/N G
5ik
=—F
3




T BN pEE — B T RS 2

e BHEMEE: LFMIELGLE, =&
Z ¥ . NIZRE i H o 2% 2 fe] 25 ]
D LG FHERITENTH2ITREL
PRI TIX., X FITRINERELLIFEA
EZ(TT 12, LRI KT AR AF
+T. “BHRERELTEET S,

F=ck =cP

‘“‘f' 2008/7/26 ¢ School 08 @ Tsukuba 73
Jphysical Jets 2008/07/28




SRSV i5 D Y E

HFDiRN EEE) [E. TRILF—EEFHEXEV. BLDAH
AIZEAGEN) ERIFTT,

SE5TIARE| (r, t, w) [erglom®/sr] : BE 4 B P BA (s TN A 8 1= U (B
MIAAARANESTNESIRILT—

RET T RILE—ZFEEE(r, t ) [erglcmd] : BL{AFEH =Y D RSt
DIRILF—

ERETREEF (1, t ) [erg/lcm2/s]=c X [erg/cm?3] : BA{:I BT BA (I E
BEH-YICEHINESIRILT—

EEETH_;T;P (r, t ) [dyn/cm?]= [erg/cm?] : B miE&H 1=\ DERET
D)

1

il

L {140, E
[ 1,1d9, F
Linivde, Py

By

F
X i1

‘“‘f' 2008/7126

f E,dv,

f F, dv,
f Pﬁ,j dv,




%

18 SR BY 8 5t AR ) D E S\t
2 BRI FD

T—AVNE AL

Relativistic Radiation Hydrodynamics

2 Moment Formalism
of Radiation Hydrodyanmicas

W)

-2

b 4



A7 RHD  Radiation Hydrodynami

9

&

9

~N

Hydrodynamics N

for
matter

&
-
Radiation Hydrodynamics
for
matter+radiation
J
\_/
2008/7/26 Summer School 08 @ Tsukuba 76

Astrophysical Jets 2008/07/28




1. RHD  Radiation Hydrodynami@
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1. RHD Fundamental Equation@

o %
‘| Boltzmann equation | ||
for matter
10l 1 .
LIV L. “Ce L (V) = pi, - px, 1,
ot or ov & c o 4r

f(r,v,t):distribution function
r : position
Vv :\velocity
t:time

- po, [4,1,4Q' + po, [ 4,1,dQ
| (r,l,t,v):radiation intensity

I : position

| : directioncosine

t:time

v . frequency
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» nental Equationu

X" y= (v, W, Vo) ¥ o
" Boltzmann equcmon i
for matter J
10l 1 .
ﬂ+vﬂ+aﬂ o —— , =——p) —pKxl,
o or ov & c ot 4

f(r,v,t):distribution function

- po, [4,1,4Q' + po, [ 4,1,dQ
| (r,l,t,v):radiation intensity

s I : position
BNRFTAIFEZE M . :
ISEHIMF DR Idirecty”
BA% 7(r, v, 1) DIRD o DI AEL
SLZERRTOIRE ' DR 2 [ B 8
HER v : frequency- ‘
I
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1. RAD - Moment Formalism @

0 o
" Moment quantities i
for matter J )
frequency - integrated
density radiationenergydensity
p = f(r,v,t)dv,dv,dv, CE = j 1dQ
bulk velocity radiative flux
ou' ='[v‘f(r,v,t)dvxdvydvZ F :J'H‘dg
pressure stress tensor radiationstresstensor
p" :'[(v‘—u‘)(vj —u’) f(r,v,t)dv,dv,dv, cp :J'||i|kdg
MADE—AVNE(HRABE., FIEREAIML EARLRATUYIL) E
BRHOTAVE@EHIFLT—HE. BRI BHISATYIL)

T T
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1. RHD  Moment Formalism u
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Moment equations
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1. RAD  Closure Relation 1 @

@

o)

Eddington approximation
radiation fields = isotropic

Pik_5_ik
3

Diffusionapproximation
radiation fields = isotropic

+ optically thick
c oP* ¢ OE

F'=- K~ i
Kp P OX K50 OX

IFq4bhaléE
PR EGA L
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1. RAD Closure Relation 2 @

S

in optically thick to thin regimes

Variable Eddington factor

Pik — fikE;

Tamazawa
etal. 1975

f ¥ =(f(r),%—% f (2'),%—% f(r)j

1+7 f-Z8T T4 HF
1+ 37 | (variable Eddington factor)

f(r) =

Flux—limiteddiffusion
c oE
Ko OX'

_ 2+R .
 6+3R+R?’
f =1+ A°R?

F'=-2

Levermore and
Pomraning
1981

_ Vg
- K PE

A i 2R il R (flux
limitter)

0.6

EENTToob Rl
Pk L [VEE Y ik

0.4

[ solid curve: our case replaced

02k by 5 ~1/(1+7) -

i dashed curve: Tamazawa-VEF ]
dashed curve: TLD case

O — 1 5 | 1 | 0 1 1 1 5 .
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2. RRAD Moment Formalism u

@
Moment equations () = =t (V) =0, (E53)
for matter
’ c? (u“jué +[‘" Jut ”)
- - rH
& COntanIty 2. N P
= m(q uu)c}x—“_l_f-l—pc(hu + &)
& momentum R
X [Fﬂ +v (v - Fn)]
& energy
2 _ _ 9 2
In the comoving frame - E:_ ; (¢ — u'u”) 5 ; + E’G_i p% (k5™ + &%)
cE, :IlonO’ Foi =J-|0|(i)dQO, y [F.i C 2By — g Py ('E“I!C:?F B U;fk ij)] ‘
cP* = [ 1lglde (E.57)
In the inertialframe e 8 =1 ) ] ="
_ _ ——5 s —pct)ut| + e ; u#
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Moment equations RELRDE—AVERK, LROE—AVKD3ITE
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Usual

\_/

In the comoving frame

Eddington approximation
ik
I:)ciok = 5— Eco
3
Diffusionapproximation

ik
Fcio:_ c oP, C

oE,,

Flux-limiteddiffusion
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2. RRHD — Closure Relation 1

G
Usual
g J
: | e ITAVIUETF )
In the comoving frame (5
Eddington approximation Isotropic assumption may break down
sk In the relativistic regime
Pk = Y E_ even in the comoving frame.
- - - - J
Diffusion apprOX|_mat|on 9 NS 0
ci__ G Py € (P
? K OX 3xr4 | Diffusion assumption may break down
Flux-limiteddiffusion In the optically thin and/or relativistic regimes
even in the comoving frame.
Fi__g C oE,, Z
L co Ko 0 aXi S ———
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2. RRHD — Closure Relation 2 u@

i What is
in subrelativistic to relativistic regimes

-/

* \Velocity- dependent
variable Eddington factor

I:)co = f(IB)Eco Fukue 2006,
eplane -parallel Fukue, Akizuki
1+2 v 2006, 2007
(o)=L p=t
_ ¢ Akizuki, Fukue
espherical 2007

t(r, ) = 28+ P Abramowicz+
7 L+3ly(+B)] 1991

* Numerical simulation Koizumi
f(z,) Umemura 2007
*\elocity- gradient- dependent
variable Eddingtonfactor Fykue 2007

f(r,8,d3/d7)
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(Milne-Eddington solution)
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2 WEPITPRAL
Bl AZRBIT REE—F T X F
Radiative Transfer

2 Plane-Parallel Atmosphere
Limb-Darkening and Peaking
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2 FFRIFITEIRKRS
Wi FEE T m

I(t, u) u =cos 0
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Mz, u)



%

R TEITERAR
ZEEAER (2)

o F5 B 8 cos ‘9% =p Lf—w — (Kabs + Ksca) 1 + ﬁ:scaiE]
e ORE—AE fg—j — p(j — ckaE) =0 (R.E.)
e IRE—AUK AP p(Kabs + Fisca) f-
o Eddingtoniffel 1
3
o [KE ULl
gE ST & (R.E.) :j — cxy [E=0 K
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dl C
o EE5THAIL g =gt
o O RE—AL dr 0
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2 BMEFERAS Lo
E& % % : Hopf function q(t)

e Hopf function q (1)

q(z) = 0.71048—0.25973%, (7) + 0.323258E, (r) — 0.10258 2, (7)

q(0) =1/~/3 =0.577350
q(0) = 0.710446

cE =3F 7 +q(7)]
F*=F,
P = F,[r +q(e)]

P = cPY = FS[ng(r)—%q(oo)]

A == .577
— [ et 0 -
0.577 1
. :
i/ )
\rf
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HIEITERKS
Hopf function q(t)

%

e Hopf function q(t)
q(z) =0.71048—0.25973%, () +0.323258E,,(r) — 0.102582E, ()

q(0) =1/~/3 =0.577350

q(0) =0.710446

) 8 10

‘W‘ 2008/7/26

ca _17+q()
3 7+0(7)

L7+ a0~ qlo)

R fW =

3 T+ 0(7)
f“(0)=0.410176
f*(0)=f*(0)=0.294912
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— &1t 4 7=Milne-Eddington &
(GRE—F)

Radiative Transfer in Relativistic Flows

3 Milne-Eddington Solutions for
Relativistic Plane-Parallel Flows

by
Fukue J. 2008. PASJ 60, 627

b 4



RIESIMEAER _gons 2z

Inertial/fixed frame

Lol vy r=py3 (1= 22 - Jo_ (abs 4 pepen) o (1= 21 ¥
e Ot P c 4 "0 o )7 c
.5CA 7. —2 . 2 2 y . 2
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Inertial/fixed frame

B8 1L R CTOERSTERE 1(2) lz
N 1E FEAE 7 TT
A [RIR 5% p=cos 0 ot
R E B=vic; 47TEEU
HE p e
FEFHIEH 1=-kpdz E
EaT X AR
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ﬁ’ 2. FHxIEmBYER ST EE T FE T @@_}Ejj—ﬁu
T mpmER O

pew = pyfFe=J (= const.),

du \ dj3 d) ¢ dp  pc® KAPS 4 kSR .
20 g B [ P48~ (eB 4 eP)3 ).
Fudz ¢ dz dz u+pa'z:—|_5—|—p e V| FUL+B) = (cE+cP)B |

_I_
0=21__ ( jo — kB e By? — kBP% e Pu? 4 2K3°8 Fyu )
p

T E—AULEERX O
dF 5 9 9y D .
T = [ Jo — habst+ kg MeE +ceP)y 3% + HﬁbsFﬁ — KPF(1 4+ 8%)423 ] :

dp ’ '
dz ~ 'O: [JDH — Ky F 4 k5 cPB — k5P Fy* (14 8%) + 657 (cE + CP}TEJH} ’

cP(1—fB*) =cE(f—pB%)+2FB(1— f),

cE:jldQ, F :jll‘dQ, P =j||‘|de
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2. ENARMBHBESEL AT A )

A ! (K35 4+ k52) 4% (1= ) I+ T + ol 2(¢cE—2F3+ %cP)
—_— = p— [ — — —_— — { :
e f,},g(l — Bu)? 0 / Tp  Arn 7 o
sCa — 2 . A2 2
+Zo—ﬂf'—11r2{ [1 + —[(1‘" g 1.))9.8- ((: 2 ) 5 ] ¢E
=] 9 =] o B
EaTEX AER B ) P P e S i e D )
(1—/3u ) (1—,5,&] [1—.3;1') 2 J )
Introducing the optical depth defined by
dr = — (k3™ + k5°) pdz, (10)
the transfer equation (9) finally becomes
dr 1 1 w3

4 . 4 ¥
p—= [ (1= Bp)t T — — v2(eE —2F3 + 8%cP)
dr 431 —Bu)? B

1 Koo 3, (u=p)7 o (=52 1—p’
_4:'”{:8'33—1—&%‘35‘47 {[1+(1—ﬁ;52ﬁ +(1—f3,u)’-’ 2 cE
(1 —pB)* (u—p5) (1-5°)1—p°
[H =gz 1P+ R E =gz 2 |

_(cE —2FB + 3°cP)

1-A 1

dm (1 - Bp)
A3 1 (p—5)7% . (1—=5%H%21—p?
41r41r-[1—,3;.-.)3{[1+( p*+ (1—pBu)2 2 ck

ET—AVRAER [1+4]2F9+[3 ) e Ut 1_‘”2](:}3}‘ (11)

=~5(1—pu)l—

1—Ap (1— 3;.’)2 (1—=pu)?* 2
where
A= ﬁ)““—;‘ﬁ (12)
(:;‘F_'Yaﬁ[F 1+ 8%) — (cE+cP)8] =78 fﬂjzf_;f 1+f)ﬁ= (13)
2008 o~ 3pp(117) - (cE+cP)a]_;F(f”zf_;f?“” (14
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3. fENTHE E—A R

tl

— L 4473
Lo ﬁxﬁ#
3.1. General Solutions

If equation (13) 1s divided by equation {14}, we have

dF
ﬁ — IJISF-,

which is integrated to give
F=fcP+ F1(8),

where Fy(3) is an arbitrary function of 3.
Inserting this relation (16) into equations (13) and (14), we can easily integrate equations (
following forms:

| B
f; ) (g - Co(pre 1T =P

where Cr(3) and Cp(3) are arbitrary functions of 3.

cP = T?(




3.
— DL 473
@ 1% fi
2
F
CE:P)/ 1
B
F=~"F
2
F
cP:PY 1
B

2008/7/26

(F+8%) = (f = )L (B)e V(=57

B

p

1+ F)—(f — 52)01(5)6_7@— 3%) '

p

Summer School 08 @ Tsukuba 114
Astrophysical Jets 2008/07/28

T

(14 f8%) — (1 =28+ fB*)C, (5)6_7(1“ — 37) '

¥



3. FEMTAE 2 — > N2

8
R Ry el

= l(1+f)(1+25) —(f— e W —W)T]

8,
=1, ;[(”52)(“%) (f = B%)e ’V(f—W]

B
o RGEH e T

&,
2 - 7
oF, = 22 230 1O feo _, 4(f =57
3 i
23+ 883+ 30 3
F, = 2l b _ .
. o C;O =£|:(1—|-25)6 y(f =57 ]
71-S
cF@,:QTrIS’}fS2 + 30 + 35

3



ﬁ’ 3. fENTHE E—AVRE

o $EEEAR  tx v mEE msthRr.

ERATIEP

T I T
0577

B=v/c
EHR TR
BEHR : B R




3. BTR BRETIR A

o FFUAAE s

m ‘_LTT
#%Z’T(l—ﬂ#)f—ﬁm% l(1+23)—"’~ W =5 ]

7 1 1 1 L
T :_s—_ —_ £ f_ﬂ
T f) =4 yH 1= Bp)* B (1+25) 1+ —— DU 3 " | ]
7 (L= Bu)(f = B87)
__B . _
.S N S PP ! CAr- " | )
dr (1= fp)* B 14— Ay ,
v (1= Bu)(f—-57)

(1—Pu)
+I(Tﬂsf-‘)67 = (r-m)
"TIS;:[ (1+2ﬂ)_ ! e_‘f(f_ﬁ) for large 7
_8

A=t L+ e

L, 1 1 1 -
T :_S —_ £ f_ﬂ
Ttropn. ) dm 4 (1 —Bp)t 8 (1+26) 1+ — L 3 B |
Y (1= Bp)(f = 57)
7l 1 1 1 (=B,
S e S
dm y4(1—Bp)t B Bu
M BT




o Tk AR
KR wmarmm

@

3. fENTHE s B o

u=1 7

=

%




3. BTRE ERGTIARE
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In the limit of small 3, this solution reduces to the usual Milne-Eddington one; e.g., for p > 0
T— 7 T — T
Tr:r: [[2+3T+3,U]_(2+:3Tﬂ+:3;1-)€ ] +I(Tﬂ|#}€ﬁ’l'_u- (41}

Finally, the emergent intensity I{0,p,3) (g > 0) at the flow surface of 7 =0 becomes
: 1+ 28
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Observational Appearance of Black-Hole
Winds
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Observational Appearance of Black-
Hole Winds

1 Doppler Effect and Aberration
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Observational Appearance of Black-Hole
Winds

2 Optical Depth in Relativistic Regime

.~ Sumitomo, N. et al. 2008, PASJ, 59, 1043¥
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Abramowicz, Novikov, Paczynski 1991
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Relativistic Radiation Hydrodynamical
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Spherical Symmetry without Gravity

Akizuki and Fukue 2008, PASJ 60, 337
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- Continuity:
- Eq. of motion:
= Energyeq.:

= 0" moment:

= 1 moment:

\|/
losure relation:
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2. RRAD Pathological Behavior

Violation of Eddington Approximation in the Relativistic
Moment Formalism

Turolla and Nobili 1988

Turolla et al. 1995 E.2.3 Closure Relation

DUllemOnd 1999 As a closure relation, we usualla sk the Eddington approximation in
the comoving frame:

Fukue 2005

(E.46)

It should be noted that we héM Ponsider the radiative viscosity.
Substituting the transformation rules (E.26)—(E.28) into this relation
(E.46), we have the closure relation in the inertial frame:
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2. RRHD — Closure Relation 2 u@

i What is
in subrelativistic to relativistic regimes

-/

* \Velocity- dependent
variable Eddington factor

I:)co = f(IB)Eco Fukue 2006,
eplane -parallel Fukue, Akizuki
1+2 v 2006, 2007
(o)=L p=t
_ ¢ Akizuki, Fukue
espherical 2007

t(r, ) = 28+ P Abramowicz+
7 1+3/[y(1+ B)] 1991

* Numerical simulation Koizumi,
f(z, ) Umemura 2007
*\elocity- gradient- dependent
variable Eddingtonfactor Fykue 2007:
f(r,8,d3/d7) this study
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2. RRHD — Closure Relation 2 u@

i What is
in subrelativistic to relativistic regimes
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* \Velocity- dependent
variable Eddington factor

Pco = f(IB)Eco

Tamazawa+

e plane - parallel 1975 o

f(ﬂ)_“zﬁ g=Y Fukue2006 (B l

C

espherical - ’ f:(l +T)/(1 +3T)

P U i2CY.) I T—1/[y(1+p)]

’ 1+ 37 /[y (1+ B)] y
* Numerical simulation Koizumi ~— Abramowicz+
t(z.5) Umemura 2007 Ll

*\elocity- gradient- dependent
.‘“’.‘ variable Eddingtonfactor Fykue 2007:

f(r,8,d3/d7) this study
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2. RRHD
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*\elocity- gradient- dependent 0.3 0 Yy e
variable Eddington factor o ‘ L
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2. RRAD — Closure Relation 2 u@
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Relativistic Variable Eddington
Factor in the Vertical Flow
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*SS433

Margon, B. et al. 1979, ApJL 230, L41

Margon B. 1984, AnnRevA&Ap 22, 507

Fabrika S. 2004, The Jets and Supercritical Accretion Disk in SS433 (Cambridge Scientific Publishers)
The Jets and Supercritical Accretion Disk in SS433

by S. Fabrika

Blundell K.M., Bowler M.G., Schmidtobreich L. 2008, astro-ph 0803.0642v1

*microquasar

Mirabel I.F. et al. 1992, Nature 358, 215

Mirabel I.F., Rodriguez L.F. 1994, Nature 371, 46

Mirabel I.F., Rodriguez L.F. 1999, ARA¥&A, 37, 409

Fender, R.P., Belloni, T.M., & Gallo, E. 2004, MNRAS, 355, 1105
Miller J.M. et al. 2008, astro-ph 0802.2026v1

Paczynski, B. 1986, ApJ 308, L43

Meszaros, P. 2002, ARA¥&A, 40, 137

Daigne, F. 2002, 'Gamma-Ray Bursts'

in Accretion Discs, Jets and High Energy Phenomena in Astrophysics
(NATO Advanced Study Institute, Euro Summer School)

Piran, T. 2008, ASP Conference Series, Astro-ph 0804.2074v1
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*HD explosion

® Sakashita, S. 1971, Astrophys. Space Sci., 14, 431.

® Mollenhoff, C. 1976, Astron. Astrophys., 50, 105.
*beam model

® Blandford, R.D. and Rees, M.J. 1974, Mon. Not., 169, 395
® Benford, G. 1978, Mon. Not., 183, 29.

® Konigl, A. 1982, Astrophys. J., 261, 115

*line locking

o Milgrom, M. 1979, Astron. Astrophys., 78, L9
*B5E A AR S AL

® Meier, D.L. 1979, Astrophys. J., 233, 664

° Fukue, J. 1989, PASJ, 41, 123

o Takahara, F. et al. 1989, Astrophys. J., 346, 122

° Fukue, J. and Okada, R. 1990, PASJ, 42, 249

SRR T2 B 55 P AR AL

° Lovelace, R.V.E. 1976, Nature, 262, 395
° Blandford, R.D. and Payne, D.G. 1982, Mon. Not., 199, 883
° Pudritz, R.E. and Norman, C.A. 1983, Astrophys. J., 274, 677
° Shibata, K. and Uchida, Y. 1985, PASJ, 37, 31
Shibata, K. and Uchida, Y. 1986, PASJ, 38, 631

Sakurai, T. 1987, PASJ, 39, 821
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° Lynden-Bell, D. 1978, Phys. Scr., 17, 185.

° Abramowicz, M.A. and Piran, T. 1980, Astrophys. J. Lett., 241, L7.

° Sikora, M. and Wilson, D.B. 1981, Mon. Not., 197, 529.

° Fukue, J. 1982, PASJ, 34, 163. (toruswind) (SS433)

° Calvani, M.C. and Nobili, L. 1983, in "Astrophysical Jets", p. 189.

° Fukue, J. 1983, PAS], 35, 539. (torus MHD wind)

° Ferrari, A. et al. 1984, Astrophys. J. Lett., 277, L35.

° Eggum, G.E., Coroniti, F.V., and Katz 1985, Astrophys. J. Lett., 298, L41. (numerical)
° Fukue, J. 1987, PASJ, 39, 679. (SS433)

° Fukue, J., Shibata, K. and Okada, R. 1991, PAS]J, 43, 131. (torus MHD wind)

*T oy yR—ILiE

° Blandford, R.D. and Znajek, R.L. 1976, Mon. Not., 179, 433
° Rees, M.J. et al. 1982, Nature, 295, 17
EESTEMES Ty

° Bisnovatyi-Kogan G.S., Blinnikov S.I. 1977, A&A 59, 111

° Lynden-Bell D., 1978, Phys.Scr. 17, 185

° Icke V. 1980, AJ 85, 329

@ Katz J.I. 1980, ApJ 236, L127

° Sikora M., Wilson D.B. 1981, MNRAS 197, 529

° Piran T. 1982, ApJL 257, L23

@ Fukue J. 1982, PAS] 34 163

° Calvani M.C., Nobili L. 1983, in Astrophysical Jets,

° ed. A. Ferrari and A.G. Pacholczyk (Reidel, Dordrecht) p189
Eggum G.E. et al. 1985, ApJ 298, L41

Icke V. 1989, A&A 216, 294

ajima Y., Fukue J. 1996, PAS] Z%}/ 529
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Castor, J.1. 2004, 2007, Radiation Hydrodynamics (Cambridge University Press)

Chandrasekhar, S. 1960, Radiative Transfer (Dover Publishing, Inc.)

Gray, D. F. 1992, The Observation and analysis of stellar photospheres (Cambridge University Presss)

Kato, S., Fukue, J., & Mineshige, S. 2008, Black-Hole Accretion Disks - Towards a New Paradigm (Kyoto University Press)
Mihalas, D. 1970, Stellar Atmospheres (W.H. Freeman and Co.)

Mihalas, D., & Mihalas, B.W. 1984, Foundations of Radiation Hydrodynamics (Oxford University Press)

Peraiah, A. 2002, An Introduction to Radiative Transfer: Methods and applications in astrophysics (Cambridge University Press)
Pomraning, G.C. 1973, The Equations of Radiation Hydrodynamics (Dover)

Rybicki, G.B., & Lightman, A.P. 1979, Radiative Processes in Astrophysics (John Wiley & Sons)

Shu, F.H. 1991, The Physics of Astrophysics Vol. 1: Radiation (University Science Books)
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Tamazawa, S., Toyama, K., Kaneko, N., Ono, Y. 1975, ApSpSci 32, 403 (VEF)
Levermore, C.D., Pomraning, G.C. 1981, ApJ 248, 321 (FLD)
Thomas, L.H. 1930, Quart. J. Math 1, 239

Hazlehurst, J., Sargent, W.L.W. 1959, ApJ 130, 276
Lindquist, R.W. 1966, Annals Phys. 37, 487

Castor, J.I. 1972, ApJ 178, 779

Anderson, J.L., Spiegel, E.A. 1972, ApJ 171, 127

Hsieh, S.-H., Spiegel, E.A. 1976, ApJ 207, 244

Thorne, K.S. 1981, MNRAS 194, 439

Udey, N., Israel, W. 1982, MNRAS 199, 1137

Mihalas, D., Klein, R.I. 1982, J.Comp.Phys. 46, 97

Park, M.-G. 1993, A&A 274, 642

Mihalas, D., Auer, L.H. 2001, JQSRT 71, 61

Park, M.-G. 2006, MNRAS 367, 1739

Takahashi, R. 2007, MNRAS 382, 1041

° Yin, W.-W., Miller, G.S. 1995, ApJ 449, 826

thological Behavior
Turolla, R., Nobili, L. 1988, MNRAS, 235, 1273
urolla, R., Zampieri, L., Nobili, L. 1995, MNRAS, 272, 625
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Milne, E.A. 1921, MNRAS 81, 382

Eddington, A.S. 1926, The Internal Consititution of Stars (Cambridge University Press)
Kosirev, N.A. 1934, MNRAS, 94, 430
Chandrasekhar, S. 1934, MNRAS, 94, 444
Chandrasekhar, S. 1945, ApJ, 101, 95

Chapman, R.D. 1966, ApJ, 143, 61

Hummer, D.G., Rybicki, G.B. 1971, MNRAS, 152, 1
Unno, W., Kondo, M. 1976, PASJ, 28, 347

Masaki, I., Unno, W. 1978, PASJ, 30, 547

Unno, W. 1989, PAS], 41, 211

Sen, K.K., Wilson, S.J. 1993, ApSpSci, 203, 227

*accretion disk

Meyer, F., Meyer-Hofmeister, E. 1982, A&A 106, 34

Cannizzo, J.K., Wheeler, J.C. 1984, ApJS 55, 367

Cannizzo, J.K., Cameron, A.G.W. 1988, ApJ 330, 327

Shaviv, G., Wehrse, R. 1986, A&A 159, L5

Adam, J., Storzer, H., Shaviv, G., Wehrse, R. 1988, A&A 193, L1
Hubeny, 1. 1990, ApJ 351, 632

Hubeny, 1., Hubeny, V. 1997, ApJ 484, L37

Hubeny, 1., Hubeny, V. 1998, ApJ 505, 558

Hubeny, I., Agol, E., Blaes, O., Krolik, J.H. 2000, ApJ 533, 710
Hubeny, ., Blaes, O., Krolik, J.H., Agol, E. 2001, ApJ 559, 680
Davis, S.W., Blaes, O.M., Hubeny, I., Turner, N.J. 2005, ApJ 621, 372
Hui, Y., Krolik, J.H., Hubeny, I. 2005, ApJ 625, 913

Mineshige, S., Wood, J.H. 1990, MNRAS 247, 43

Ross, R.R., Fabian, A.C., Mineshige, S. 1992, MNRAS 258, 189
Shimura, T., Takahara, F. 1993, ApJ 440, 610

Artemova, |.V., Bisnovatyi-Kogan, G.S., Bjornsson, G., Novikov, I.D. 1996, ApJ 456, 119

° Fukue, J., Akizuki, C. 2006, PASJ, 58, 1039 (limb-darkening)
¢ Fukue, J. 2007, PASJ, 59, 687 (accretion disk wind)

Fukue, J. 2008, PASJ, 60, 137 (accretion disk wind; full SR)
kue, J. 2008, PASJ, 60, (generalized ME solution)
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Il H B 3 Observational Appearance

° Abramowicz M.A., Novikov I.D., Paczynski B., 1991, ApJ 369, 175
° Sumitomo N., Nishiyama S., Akizuki C., Watarai K., Fukue J. 2007, PASJ 59, 1043

Il H W 4 RRHD Flows

*BR O FRRR &

Tamazawa, S., Toyama, K., Kaneko, N., Ono, Y. 1975 ApSpSci, 32, 403
Vitello, P.A.J. 1978, ApJ 225, 694

Burger, H.L., Katz, J.I. 1980, ApJ 236, 921

Thorne, K.S., Flammang, R.A., Zytkow, A.N. 1981, MNRAS 194, 475
Flammang, R.A. 1982, MNRAS 199, 833

Flammang, R.A. 1984, MNRAS 206, 589

Blondin, J.M. 1986, ApJ 308, 755

Miller, G.S. 1990, ApJ 356, 572

Park, M.-G., Miller, G.S. 1991, ApJ 371, 708

Nobili, L., Turolla, R., Zampieri, L. 1991, ApJ 383, 250
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N W 4 RRHD Flows

*BR A FRE

Lindquist, R.W. 1966, Annals Phys. 37, 487

Castor, J.I. 1972, ApJ 178, 779

Cassinelli, J.P., Hartmann, L. 1975, ApJ 202, 718
Ruggles, C.L.N., Bath, G.T. 1979, A&A 80, 97
Mihalas, D. 1980, ApJ 237, 574

Quinn, T., Paczynski, B. 1985, ApJ 289, 634
Paczynski, B. 1986, ApJ 308, L43

Paczynski, B., Proszynski, M., 1986 ApJ 302, 519
Turolla, R., Nobili, L., Calvani, M. 1986, ApJ 303, 573
Paczynski, B. 1990, ApJ 363, 218

Nobili, L., Turolla, R., Lapidus, I. 1994, ApJ 433, 276

Fukue, J. 2006, PASJ 58, 461
Akizuki, C., Fukue, J. 2008, PASJ 60, 337

*numerical simulations (FLD)

Eggum, G.E., Coroniti, F.V., Katz, J.I. 1985, ApJ 298, L41

Eggum, G.E., Coroniti, F.V., Katz, J.I. 1987, ApJ 323, 634

Eggum, G.E., Coroniti, F.V., Katz, J.I. 1988, ApJ 323, 634

Okuda, T., Fujita, M. 2000, PASJ 52, L5

Okuda, T. 2002, PASJ 54, 253

Okuda, T., Teresi, V., Toscano, E., Molteni, D. 2005, MNRAS 357, 295
Ohsuga, K., Mori, M., Nakamoto, T., Mineshige, S. 2005, ApJ 628, 368
Ohsuga, K. 2006, ApJ 640, 923
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*Variable Eddington Factor

° Hummer, D.G., Rybicki, G.B., 1971, MNRAS 152, 1
° Tamazawa, S., Toyama, K., Kaneko, N., Ono, Y. 1975, ApSpSci 32, 403

*Velocity-Dependent VEF

Fukue, J. 2006, PASJ, 58, 461

Fukue, J., Akizuki, C. 2006, PASJ, 58, 1073
Fukue, J., Akizuki, C. 2007, PASJ, 59, 1027
Akizuki, C., Fukue, J. 2008, PASJ, 60, 337

*Velocity-Gradient-Dependent VEF

Fukue, J. 2008, PASJ 60, 377
Koizumi T., Umemura M. 2008, submitted to MNRAS
° Fukue, J. 2008, PASJ 60, in press
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° EEE FHJoyEE B EE(2008/07/19 by Jun Fukue)

° EEE i mEn

*General Reviews

TSURIA—RRD., E—4 LYY M.C,, J—R M.J. 1984, ¥« T2 R AIfR69[ X#g TH1=F &, p107
Begelman, M.C., Blandford, and Rees 1984, Rev. Mod. Phys., 56, 255.

2T #l 1990, /81T 1 5,14

il #1993, [FEP v (FEHEAL)

SEH — Rfthifm 1999, [FEE T 5FHI(EER)

MUBEZ EE 18R 2007, [T Tvoh—ILEBIRILY—EHR]

*AGN

Curtis, H.D. 1918, Pub. Lick Obs., 13, 31. (optical jets)

Seyfert, Carl K. 1943, Astrophys. J., 97, 28. (Syfert galaxies)

Reber, Grote 1944, Astrophys. J., 100, 279.

Bolton, J.G. et al. 1949, Nature, 164, 101.

Alfven, H. and Herlofson, N. 1950, Phys. Rev., 78, 616. (synchrotron)
Shklovski, I.S. 1953, Dokl. Akad. Nauk SSSR, 90, 983. (synchrotron)
Baade, W. and Minkowski, R. 1954, Astrophys. J., 119, 206.

Baade, W. and Minkowski, R. 1954, Astrophys. J., 119, 215.

Allen, L.R. etal. 1962, Mon. Not., 124, 477.

Matthews, Thomas A. and Sandage, A.R. 1963, Astrophys. J., 138, 30.
Hazard, C. et al. 1963, Nature, 197, 1037.

Schmidt, M. 1963, Nature, 197, 1040.

Greenstein, J.L. and Matthews, T.A. 1963, Nature, 197, 1041.

Chiu, H.Y. 1965, in "Quasi-Stellar Sources and Grav. Collapse", p.3. (haming)
Hoyle, F., Burbidge, and Sargent 1966, Nature, 209, 751. (inverse Compton catastrophe)
Schmidt, M. 1968, Nature, 218, 663. (BL Lac)

acLeod, J.M. and Andrew, B.H. 1969, Astrophys. Lett., 1, 243. (BL Lac)
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Wolfe, A. 1978, in "Pittsburgh Conference on BL Lac Obj%:ss“tfblaz
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