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(1.1) 1R = 6.96 x 10*°(cm)
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00000000000000000
(1.2) 1(AU) = 1.50 x 10**(cm)

oo:

00100000000
(1.3) 1(ly) = 9.46 x 10*7(cm)

goode:

00000 1”oooooo

(1.4) I(pc) x tan(1”) = 1(AU)

(1.5) Ipc = 1AU/tan(1”) = 1.50 x 10*%cm/4.848 x 107°
(1.6) = 3.09 x 10'%(cm)

(1.7) = 3.26(ly)

OOo00o00oo00oO:

(1.8) 8.5 ~ 10(kpc) tan(1")
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(1.9) sinf = -

(1.10) 6 = — =205"
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(1.13) 1(eV) = 1.602 x 10~ (ergs)
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(1.14) hv = kpT

(1.15) hv = 1(keV) = kpT — T = 1.16 x 107(K)
Doooo0O0:

(1.16) hv = 1(keV) — X=12.4(A)

(1.17) — v =242 x 10'"(Hz)
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(1.22) Myo = A4.75—25log(L/Lo)
(1.23) m = M +5log(D/(10pc)) + A
(1.24) = M+5log(D(pc)) —b+ A
AO0O0OO:
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(1.26) u = al™*(ergs cm™?)
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1.27 a = B_—757%107"%ergs cm™3 K™%
(1.27) o3 (ers )

000000 (Cosmic Microwave Background) 00 0000000000

(1.28) pro = aT
(1.29) = 757Tx107" x 2.7
(1.30) = 4.0 x 107 3(ergs em™?)
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OO000ooOOos800(K) 00000000 ooooooooooooo
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(1.36) Pg(dyn) = (B(G))*/8n
(1.37) up(ergs cem™3) = (B(G))?*/87

googobogd
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gd:
(1.38) Lo 1.9ergs/sec/g
: —= = 1.9ergs/sec
Mg
L
(1.39) 9 w47 x 10%r = 3 x 10 ergs/g
Mg
gd:
2000kcal
(140) m 2 x 104ergs/sec/g
good:
(1.41) E = me
E

1.42 — =1
(1.42) —

b 2 20
(1.43) = ¢ =9 x 10 ergs/g
good:

E 10eV
144 R — 10—8
( ) me? me?
aooe:

E M
4 B e,
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E 18
(1.46) — = 9x 10 %ergs/g
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1.2.1

HR O:

HEN

luminosity (LLe)

3

3

10?

102 +10

104

20 000 14 000 10 000 2 500

Variation of the radius of a star as a function of its spectral type and its luminosity. In the HR
diagram, the straight lines each correspond to stars of the same radius (expressed in solar radii Rg). The
positions of some well-known stars are indicated.

We note that a star whose radius is 10 Rg is a dwarf star on the main sequence if its spectral type is O,
but is a giant star if its spectral type is G.

0 1.1: HR O

11
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ooooogo:

ooooo:

Models of the internal structure of stars on the main sequence. The internal structure of a
maéin sequence star dopends on whothor ils mass is above of below 1.5 solar masses (Ma). The

an
in 36 per cant, hesum
mww'm fiooed at the initial

O10 Oobooooooo

structure
» Sun, but uuumwu-nm'uhu!wwumlhy
tion in 1he envelope. (For greater clarily he diagrams.

radhus fkm}
253000

0120000000

0J0J6)

0JO

Evolution of a star of 1 solar mass in the rung-Russell
The top diag D the track of a star of 1 solar

@06

fuses into halium

the radius i

energy slowly,
4'-5 Hydrogen is exhausted in the central regions. The contraction

mass in the HR di The issa is its 2 in more marked and causes an increase in the temperature
kelvins and the ordi its luminosi pressed in solar It fficient to ignit in a thin layer around the core.

The sloping lines are the i lines whose i with the 6-7. The contraction of the core of the star continues, during which
evolutionary track gives the radius of the star at the given point. The the . The radius reaches a value fifty
numbers in small type, placed along the curve, indicate the age of the tlmss that on the main } The y ir and the
star in billions of years, that is, the time elapsed since the ignition of the star a red giant. All of

nuclear reactions at the centre of the star. Below the HR diagram are
very schematic illustrations of the internal structure at various stages of
evolution. (The scales are not constant.)
1. The protostellar phase ends when the nuclear reactions that fuse
hydrogen begin at the centre of the star. They continue for about ten
billion years. This long period corresponds to the sajourn of a star on
the main sequence, the greater part of its lifetime.
2-3. The core, which is gradually enriched in helium, begins to

Its and the flow of energy becomes
more rapid, the rate of nuclear reactions being very sensitive o the

. The ity of the star and the internal

structure of the star adjusts itself 1o maintain its equilibrium and its

its energy comes from the fusion of hydrogen around the core.

8. When the central temperature passes 10° kelvins, the reactions
fusing helium start violently: this is the 'helium flash’.

9. Helium combustion stabilises in the core, which expands while the
envelope contracts. The star leaves the domain of the red giants.

10. The central regions are now mainly composed of carbon and
oxygen, products of the fusion of helium, The cutput of energy
diminishes and a new period of contraction begins, followed by an
expansion of the inner layers. The star becomes a red giant again.
Helium and hydrogen then burn in a double layer around the core. The
subsequent evolution is very rapid. The envelope is ejected during the
planetary nebula phase. The star ends its life as a white dwarl.

01300000
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3.1 Radiative Transfer ] ([

3.1.1 The Specific Intensity and Its Moments
Definition of Specific Intensity or Brightness [,

00000 dA0000D0O0O00D0ODOO0ODdQUI D0 000000000000 000U0OoO0oD (oooo
000000000000 000D0)000000 dFE0D0O00Specific Intensity or Brightness 7, 00000000
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3.2 J, = — [ 1dQ(ergs sec” em ™ Zster T Hz !
1 g
T
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Flux
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(3.3) dF, (ergs sec_lcm_zster_le_l) = 1, cos 6dQ2
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(3.4) F,(ergs sec_lcm_sz_l) = /L, cos 8dQ2

oo0oo0oooO00ooo0ooooooDOo0ooooDO0 0000000 DODOODOOOD EF=peOODODOO
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(3.5) pu(dynes cm™*Hz ™) = = / I, cos? 6dS
c

Fop, [, 0000000000 DO0O0 FluxOODO O Intensityd

(3.6) F(ergs sec™tem™?%) = /Fl,dy

(3.7) p(dynes cm™?) = /pl,dy

(3.8) I(ergs sec™tem™%ster™!) = /L,dl/
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3.1.2 Radiative Transfer

Emission
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oooog
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The Radiation Transfer Equation

OO00000O000000000CDOO0D0OODOO00D00O Specific Intensity 0000
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(3.50) —

=—a,l, + jl/

0000000 Transfer Equationd 0 0O 0O

The Radiation Transfer Equation: Emission Only
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The Radiation Transfer Equation: Absorption Only
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Optical Depth and Absorption
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dr, = a,ds

000 O Source Function S, O

Jv
(3:62) -
000000 O Transfer Equation O

dl,
. - = _Il/ v
(3.63) ar, + 5
do0o0oooDoOdZ=Le»0S8S=5,e00000000
dz
.64 “4s

(3.64) ar S
gooboooooooooo
(3.65) I(r) = 1(0) + / S(r)dr!

0
00000 dTransfer Equation O

L(n)el = 1,(0)° —1—/ e Sy (r)dr,,

0

(3.66) L(r,) = L(0)e ™ +/ e~ (TS, (7Y,
0

gooobooooo
oooooOooooooogooos,ocooopooooooo

L(r) = L0 ™4+ (1—e"™)S,
(3.67) = S, +e ™ (L(0)-5))
gooboooood
Optically Thin: 7, < 1000
(3.68) L(n) = L(0)+7S,
(3.69) = nS (if1,(0)=0)

Intensity 000000 OCOOOOOOOOCOO

Opticall Thick: 7, > 1000

(3.70) Lin) = S

Intensity 0000 0O0OOOOOOOOCOOOOO

S, =0: Emission0 0000

(3.71) IL(r) = L(0)e™

goooboobo
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3.2 OO0OO0OOO0OOOO

3.2.1 Planck Spectrum

O0 L, xLy,x L, =VO0000000000000000000 ¢gO000000

S L, L L,
(3.72) g(P)dPp = (7) (%) (7) X 2dpydpydp.
Vv

(3.73) = Qﬁpzdpﬁ
p=hy/c0000000000O0O0OOO0O
3.74 glv)dv = 247TV1/2d1/

3

c

cooooovoOO 4000000000000 COOOCODOODOOODOOdVODOODODODOdQODOOOOOODO
U00 p, 000000 V4rDODOOODDO

g(v)
. SAVdrdQ = dVdvdQ2
(3.75) psdVdy Vin Vdv
22

000 Bose-Emnstem 00000 O00000O0O

(377) fBE(hI/) = 1

exp (k’;l’T) -1

00000000000 w(7,Q)0

(3.78) uy (T, )dV dvdQ) hvps foe (hv)dVdvdQ
2hv3/c3
(3.79) ST e LA

00000000000 Specific Intensityl, O B, (T)0O0D000O
2hv3/c?

(3.80) B, (T)dv =1, =uye = oxp U Jlon T) = 1dl/

gbooboobobooooboooooo

2he? /N°
(3.81) BATNA = A

gooo

Rayleigh-Jeans Law
B, 000000000 hrv < kT 0000 Rayleigh-Jeans Law 00 0O O
202

(3.82) B¥(T) = — ksT

gooo

Wien Law

5, 000000000 Av» k70000 Wien LawODOODO

(3.83) BY(T) = Mexp<_h”)

62 k’BT
gooo
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0320000000000

3.2.2 Kirchhoff’s Law for Thermal Emission

oobooooobobooobboooooooooooogoooooobooobbooobo 20000 b0ObObODOoODOobDDODO

0000000000000 O000OO0O0OO0O OoOptical Thick 7, = ool
O 0 O0Optical Thick o, =co 00007, =5 00000000000000000O00000O0O

(3.84)
(3.85)

goon

S, = B,(T)

jl/ = Qy Bl/ (T)
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0000000000000 00000000O07400000000000000000000000000O00O00OA0
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3.2.3 Stefan-Boltzmann Law
2h13/c3

(3.86) uy (T, Q)dvdQ = T

goooobooooo

uw(T) = /ul, (T, Q)dvdQ
2h 3/.3
= / / v /C dv
an, exp(hv/kpT) — 1
870 kB
(3.87) = Tk
(3.88) = aT*(ergs cm™?)
(3.89) a = T7.56x 107 (ergs cm™3deg™*)

gbooobobooobbooboobooboboobooboooobobooboobboao

T = /I cos 8dQdv
= / cosﬁ/
2w
_ / 2h1/3/c dy
exp(hy/kBT) -1
215k
(8.90) = 15e%h3
(3.91) = ol = %T‘%ergs em™ %sec™!)
3.92 o = X o567x107° ergs cm ™ “sec” ' deg™?
4
agood
3.3 U0
3.31 000OOoooood
agoood
gobooooooobooo
2
(3.93) Py = nkpT/V = U

gobooooobooobobbooboooobooboboboooboo

2
(3.94) Py = = / I, cos® 0dQ
c
2
(3.95) = —/Jl,dy/cos2 0dQ
1471'
3.96 = Jd
( ) 3¢ Y
1 a
3.97 = Zyu=-=-7%
(3.97) 3473

gooo
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good

(— 000 subsubsection 00000000000 OOOOOODOOO —)
ds=000000000000P0O nO

(3.98) Pon?
gooboobodyOD0QObOOobOOoOobOOoOobOOobO0D PO «OOODOOOO
(3.99) P=(y-1)u

0000000000000000000000 v=5/3000000 ~v=4/300000000000000 VOO
gooooon

(3.100) no oo 1/V
(3.101) P x nx(1/V)?
(3.102) P = (y—1u
(3.103) u o< n o (1/V)7
(3.104)

000000000000000

(3.105) Upn o VT3 o [T
0000000000000000

(3.106) ug o< V73 o 73

gbooboooooobooobooooboboobbobbbooobobbo

3.3.2 00/0000000000
0o

0000000000000000
(3.107) uph (T) = al*

(3.108) 7.56 x 107 x 6000*
(3.109)

i

10(ergs cm™3)

O0oo0ooo0 ~10Yem=20000
3

(3.110) ug(T) = SnkpT

(3.111) = %1017x 1.38 x 1071° x 6000
(3.112) ~ 10°(ergs cm™?)

0000

gbooboooooobooooooboo

(3.113) uph (T) = al*
(3.114) 7.56 x 1071 x (1.5 x 107)*
(3.115) ~ 4 x 10" (ergs cm™?)
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00000000 100grem™2=6x 1020000

3
(3.116) ug(T) = SnknT

3
(3.117) = 51025 x 1.38 x 1071% x 1.5 x 107
(3.118) ~ 3 x 10"%(ergs cm™?)

goboooboobobooboboobbobooobooboooboobooobooobobobooboobooobo

good

oooooogo27TKO0000oooooogoon

(3.119) uph(T) = al*

(3.120) = 7.56x 107" x 2.7
(3.121) ~ 4x 1073 (ergs em™?)
(3.122) ~ 0.25(eV ecm™?)

gobooooobobobooobooboo

(3.123) U~ 2 x 1077 (ergs em™?)
(3.124) ~ 1x10*eV em™3)

0000000000 0000000000000000 «0000000000000D00000 wme®> 00000
DI]I]I]Dupha4DDDDDDDDDDDDDDDD aod trmo O upno 000 O
gogooobooboboboboooboao

Urm0

(3.125) ~ 10*

Uph0

(3.126) (5;10) - (5_0) h
(3.127) (5;:0) - (5_0) )
(3.128) (ZT:) B (Zp:((j) (i)

gooo
gboobooogboobbboooooooboobooobooobbobbobbooobbobbobOob egODODO
gboooboooood

(3.129) (“”“0) ~ 10, (“m) =1
Upho Uph eq
00O
-1
(3.130) (“—q) = (m) ~ 1074
ap Uph0
000D

(3.131) (i) > (M) ~ 1074 0 > aeg
ag Urmo
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ggoooooogoo

(3.132) (fi) < (3@29) ~ 1074 4 < aeq
ag Urmo

gooooooooood
Einstein-de Sitter 000 (A=000000)0000

(3.133) a o t?/?
00000000000000 teqO

(3.134) leq = (aeq/a0)®*to

(3.135) ~ (107H73/210'° ~ 10%(yr)

oooobooooooboogoooD z~100000000000000D0ODOOOOOOODODODOODOOOOOOODOO
oboobooobooboooogooooboo skoooooooooooooooboooboobooooooooboog
gobooboogoooboboboooboobooobobobbobobobobooooboboboboobobo
goboboooooboobooobooooboobooooo
gbogoobobobboobbooboobooboobobooo

(3.136) (9§1) ~ 107
ap
(3.137) upp, o L7H
ooo
(3.138) (Eﬁihfl) ~ 10
Uph,0
oooo
(3.139) upp, oc T
oooo
Te . 1/4
(3.140) (-—i) = (9£ﬁ;i) ~ 104
Ty Uph,0
00007, =27K)0000
(3.141) Ty, ~ 3x10%K)
(3.142) kpT., ~ 2.6(eV)
oooo

z~1000000000000000 T~4000(K)OODODODOOOOOOOOOOOOOODODODODODOOOUDOOO
000000000000 000o0oo0T~2700(K)0000 000000000000 00O0O0UDOO0OO0O0OO0
goooobooobobooooo
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3.4.1 OU0O0Oogoood
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3.4.2 UU00O0OO0OOOO:-0000O
gooooboo
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gbooooboobooobobodob o 000000000000 bOO0b0oODbOobOO0ObLbOOobOODbOo0obOOoOoDLbOoOn
oo

cooooooooooooooooogooooooo L, 000000 oo0oooOOpoooooooooOooOoo
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(3.143) B, (T)dQ2

3.4.3 U0U0O0OO0OOOd:20000
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3.5 U0OO0U0oobOoOoAbDboOoBOO

3.5.1 JUO0Oooooboogooon

Definition of Coeffecients

Einstem 00 A510B1:0B,; 000000C00O0COOCOO

1) 0000oo0ooooooo

00000000000 (D0D)000 200000000 0Level 10Level 2000000000000 AE=hvO
OODOLevel , 2000000000 g10¢.00000000000000 mdn, 0000
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2) 000000 Asi(sec™?):

A =00000000 Level 2000000 0A0000000O0 Level 10000000

3) 0000 Bja(ergs~tem?str Hz):

Bi»J,=00000000 Level 1000000 ODA 0000000 Level 200000003

4)000000 Ba(ergs™tem?str Hz):

BoJ,=00000000 Level 2000000 hro 0000000 O0AODOO0O00000 Level 1OO0DOOOOO

Relations between Einstein Coeffecients

goooooogoo
(3.144) ni1BiaJy = noAsi +noBoiJy

ooooJ, 0000000404

As1/Boy
(n1/n9)(B12/B21) — 1

OO000000000000D00C00000O00OOLevel 10 Level 20000

(3.145) Jy =

ny g1 exp(—FE1/ksT)
3.146 — =
( ) no gaexp(—Ea2/kpT)

g1 exp(—FE1/ksT)
3.147 =
(3.147) g2exp(—(B1 + hv)/kpT)
(3.148) = L exp(hv/ksT)
g2

gboobooboboboooboobn

Ag1/Ba
(91B12/92B21) exp(hv /ksT) — 1

oooooooooooooooog J,00000 PlanckOOO B, O0O00OCOCOOO0OO

(3.149) Jy =

2hv3/c?
1 BT) =1, = uye =
(3:150) (T) e exp(hv/kpT) — 1
gooo
(3.151) g1B12 = g2Bxn
2hv3
(3.152) Ay = By,

2
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3.5.2 02000

kooooooooo n, 000000 |ne>000000000000 aE,alEDDDDDDDDDDDDDDDDDD
gboogooboobooogo

(3.153) | < np —Laglng > 7 = | <ng—1y/nglng — 1> |* = ng — Biady
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(3.183) Jug = SoTf x ey =0(+e4 =0)
(3184) Q14 — J14 - J41 =0

gooboobo4000100b00b0o0obooobooogoog

(3185) Q42 — J42 - J24 =0
agooad
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4.2.3 Low Mass X-ray Binaries
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Fig. 4. Examples of the spectrum in the pairs for Sco X-1, 4U 1608 —522, GX 3492,
and GX 5—1 (cross), and the decomposed soft (crossed circle) and hard components
(rhomb). The best-fit model spectra of the two components are shown by the his-

tograms.
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Remillard et al. ApJ 459, 226 (1996), Orosz et al. ApJ 499, 375 (1998), Charles in “Black Holes in Binaries and

Galactic Nuclei” p.28 (2000)
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Figure 12 Profiles of typical X-ray bursts from five different sources in five X-ray energy channels (from Lewin & Joss 1977). Note that the gradual
decay (known as the burst “tail”) persists longer at low X-ray energies than at high energies, indicating cooling of the burst emission region.
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Fig. 1. The raw counting-rate data of the X-ray burst with the precursor from XB 1715 —
321 in four energy ranges; 1-9 keV, 3-6 keV, 6-10 keV, 9-22 keV, respectively. Time
bin size is 0.75 s.
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Fig. 3. Blackbody temperatures (color temperature k7T,, effective temperature kT,;c),
bolometric luminosities L, and the blackbody radii (color radius R,, effective radius
R,;;) of the present event. Color temperature and bolometric luminosity are derived
from a fit to the four energy-band intensities assuming the blackbody spectrum for
each 3-s bin of >12s, where t=0 corresponds to the onset of the precursor. Here,
we assume the absorption measure Ny of 2x 10?2 H-atoms cm~2 and the spherical
emission from the source, whose distance is assumed to be 6 kpc. For the data of
t<12s, we assume the linearly increasing bolometric luminosity from the value of
the precursor to the flat peak of the main burst as shown by the dashed line, and the color
temperatures are fitted by the intensity data for the assumed bolometric luminosities
for respective 1.5-s bins. Color radii are derived from the relation of L=4zR 2T,
The effective temperature T,¢; and the effective radius R.;; as shown by the dashed
lines in respective figures are derived from the smoothed profiles of color temperature
and color radius, using the method described in the text.
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Fig. 3. The best-fit blackbody models [equation (1)] including an absorption line for Spec-
trum I and Spectrum II, respectively.
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Figure 9.3 Gravitational mass versus radius for the same equations of state depicted in Figure 9.2.
[After Baym and Pethick (1979). Reproduced with permission, from the Annual Review of Astronomy
and Astrophysics, Vol. 17. © 1979 by Annual Reviews Inc.]
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Fig. 10. Chemical abundances of the most abundant nuclides and of helium and proton are
plotted against the assumed values of the pressures. Dots represent the calculated points.
Here plotted are those at the stages where the energy generation rate has just dropped
down to 10~° of its maximum value (s,”=10"%¢} ...). Therefore, the abundances in
this figure do not necessarily represent those of the final products.
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Fig. 9.9 Cartoon of the representative scale sizes of an AGN. How we eventually see the object
depends on a number of parameters, the main one being the orientation of the obscuring torus
with respect to the observer. (Adapted from Blandford, Active Galactic Nuclei, Saas-Fee

Advanced Course 20, Springer-Verlag, 1990.)
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UV and optical wavelengths. The high
ionization clouds of the BLR are excited by the
central continuum radiation field.
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Figure 5.2 Approximate analytic formulae for the gaunt factor gy(v, T) for
thermal bremsstrahlung. Here g, is denoted by G and the energy unit Ry= 13.6
eV. (Taken from Novikov, I. D. and Thorne, K. S. 1973 in Black Holes, Les
Houches, Eds. C. DeWitt and B. DeWitt, Gordon and Breach, New York.)
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studied clusters plotted as a function of distance from the
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(scaling in distance). The solid line is the projected Emden
isothermal gas sphere model, with a cutoflf C=0.1. A
typical error bar (corresponding to the square root of the
number of counts) is shown at the right.
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FIG. 2 Integrated mass profiles of total gravitating matter (M., solid lines),
dark matter (M, dashed lines) and X-ray emitting plasma (M,,,, dot-
dashed lines). Three curves for each component, specified by numbers (1—
3), correspond to the three models for the plasma temperature and
abundance distribution (see text for detail); model 1 is isothermal; model
2 has a central temperature decrease; model 3 has a central abundance
increase, The profile of light-emitting matter (M, dotted line) was derived
from ref. 12 assuming a mass-to-light ratio of 8. The integration radius is
measured from NGC1399, assuming a source distance of 20 Mpc.
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Energy-level diagrams of the 2p% ground configuration of [0 11] and 3p° ground are very nearly correct if tl\r I\Drlzonl.a.l sca.ld: is taken to be N.(10%/T)!/2,

configuration of [S 11].
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10.3 Superluminal Motion
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Superluminal Motion in the M87 Jet
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FiG. 2.—Model fit for Mrk 21 (SSC). Best-fit parameter values are shown within the figure. Nonsimultaneous data are compiled in Zdiarski & Krolik

(1993) and Lin et al. (1994).
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F16. 1.—Model fit for 3C 279 (EC+SSC). Dotted lines are results without pair absorption. Best-fit parameter values are shown within the figure.
Quasi-simultaneous multifrequency data (1991 June high state) are from Makino et al. (1993) and F. Makino & T. Ohashi, private communication; EGRET
data (1991 October low state) from Kniffen et al. (1993).
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