
Chapter 15

Errata

September 4, 2006

15.1 Chapter 1

1. p14: Table 1.2: Energy balance for diffuse clouds

15.2 Chapter 2

1. p46: Ignoring for the moment radiation trapping (β = 1 and P = 0 in
Eq. (2.20)),

2. p51: The factor Aul on the right-hand-side of eqn. (2.53) is in error; eg.,
the equation should read:

n2 Λ = γlu Ajn
2 hνul . (15.1)

3. p59 last line: The interstellar 13C/12C ratio is 1/65; eg., the sentence
should read: Despite the low isotope ratio of 13C/12C (=1/65 in the ISM)

15.3 Chapter 3

1. p69: The units of the heating in Figure 3.3 are 10−27 erg s−1 (H-atom)−1

(C-atom/PAH)−1.

15.4 Chapter 4

1. p96: First line underneath Eq. (4.20): j = 5 should be n = 5.
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15.5 Chapter 5

1. p119: Eqn. (5.9): This equation should read:

1

Csca

dσ

dΩ
=

3

16π

(

1 + cos2 θ
)

(15.2)

2. p124: Equation (5.30) should read:

Cj
ext =

2π

λ
V

9

ε2
. (15.3)

3. p134: The unit of Tcr in equation (5.68 is K:

Tcr ' 1.4 × 105 a

100 Å
K (15.4)

4. p135: Eq. (5.70): The denominator in the right-hand-side of this equation
should read: J̃ (τ, ν = −Zd − 1).

5. p136: Eq. (5.76): This expression should read:

σZ ' 0.9

(

akT

e2

)1/2

' 1.2

(

a

1000 Å

)1/2 (

T

100 K

)1/2

(15.5)

15.6 Chapter 6

1. p182: First line: with s the number of degrees of freedom (s = 3Nc − 6,
.

2. p185: First line: where the right-hand expression is derived using Eq. (6.18).

3. p185: Eq. (6.23) should read:

I (E, i) =
N (E) hνiA1,i

4π

∞
∑

v=1

v exp [−vhνi/kT ]

(1 − exp [−hνi/kT ])
(15.6)

.

4. p189: Section 6.2.4 line 4: delete ‘temperature’; eg., this sentence reads:
can estimate the grain size for which fluctuations become important.

5. p191: Section 6.3.2 line 4: The photo-electric ionization rate is then
(cf. Eq. (5.63).

6. p192: Line 1: where the yield enhancement factor, fy (a), is given by
Eq. (5.62).

7. p192: Section 6.3.3 line 2: The electron recombination rates are then
calculated following the classical formalism (Eq. (5.51)).
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8. p192: Unit of Eq. (6.44) is s−1; eg.,

Je (Z = 1) = 4.1× 10−5 φPAH

(

Nc

50

)1/2 (

100 K

T

)1/2

ne s−1,

(15.7)

9. p197: Add to the end of the caption of Figure 6.7: γ is defined as
G0T

1/2/ne.

10. p202-205: RKM theory should be RRK theory.

15.7 Chapter 7

1. p232: A factor mH is missing in the right-hand-side of Eq. (7.18) top line.
The numerical factor in the bottom line should read 155 instead of 80;
e.g.,

MHII =
4

3
π nR3

s mH =
NLycmH

n βB

' 155

(

NLyc

5 × 1049 photons s−1

) (

103 cm−3

n

)

M�,

(15.8)

2. p244: Eq. (7.48) should read:

(1 − x) Rs nαH
NLyc

4πz2
exp [−τ ] 4πz2dz = 3z2

NLycdz (15.9)

3. p244: Eq. (7.49) should read:

((1 − x) nαHRs + τd)
NLyc

4πz2
exp [−τ ] 4πz2dz = NLyc exp [−τ ] dτ

(15.10)

4. p245: Figure 7.6 shows the fraction of EUV photons not absorbed by dust;
eg, 1 − fd which is equal to z3

0 (Eq. (7.51); e.g., caption should read: The
fraction of EUV photons not absorbed by the dust (1 − fd = z3

0) as a
function of the dust optical depth in the HII region, τo (=τd zo).

15.8 Chapter 8

1. p270: Eq. (8.10) misses units:

exp [−92 K/T ] ' 10
1 − x

x

(

Go

n

)

' 6.4×10−5

(

100 K

T

)0.6

, (15.11)
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2. p270: Eq. (8.11) misses units:

exp [−92 K/T ] = 2×10−2

(

50 cm−3

n

) (

1.4× 10−4

AC

) (

ζCR

2 × 10−16 s−1

)

K,

(15.12)

3. p270: Eq. (8.12) misses units:

exp [−92 K/T ] = 0.3

(

50 cm−3

n

) (

1.4 × 10−4

AC

)

K. (15.13)

4. p271: Eq. (8.13) misses units:

exp [−118, 400 K/T ] ' 4.5 × 10−7

(

0.1

x

) (

0.3 cm−3

n

)

( ε

10−2

)

K,

(15.14)

5. p271: Section 8.3.1 line 1: The presence of more than one phase in the
ISM reflects directly the cooling curve of the interstellar gas (Fig. 2.10)

6. p280: Equation (8.27) should read:

T ' 3 × 105
( vs

100 km s−1

)2

K. (15.15)

7. p289: Equation (8.43) should read:

4kuv(0)N
3/4
o

kdn
(N(NH2

))
1/4

+ 2N(HH2
) = N (15.16)

8. p291: Equation (8.47) should read:

NDF ' 3.7 × 1022

(

G0

n

)4/3

cm2 (15.17)

Note that this equation adopts kd(H2) = 3 × 10−17 cm3 s−1.

9. p294: Add = 0 to the right-hand-side of Eq. (8.60); e.g.,

µ kpc θp (H) θc (H) − kev (H2) θp (H2) = 0 , (15.18)

10. p302: paragraph 3 line 3: Other loss channels for OH (e.g., reaction with
C+). eg., this sentence should read: The values for the cosmic ray ion-
ization rate are somewhat uncertain because of dust attenuation – which
would decrease the CR ionization rate – and because there are other loss
channels for H+ (eg., recombination) and for OH (eg., reaction with C+),
both of which tend to increase the estimate for the cosmic ray ionization
rate.

11. p313: line 11: Replace “However, generally these are at much higher
temperatures and are thus very sensitive to the actual temperature” by
“However, generally, the levels involved are at much higher energies and
hence are much more sensitive to the actual gas temperature.”
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15.9 Chapter 9

Figure 15.1: The ratio of the cooling in the [OI] 63µm line to the cooling in the
[CII] 158µm line as a function of the density for various temperatures: T = 100
K red line, T = 250 K green line, T = 500 K blue line. These ratios have been
calculated in the two-level approximation using the parameters in Table 2.7 and
a O/C gas phase abundance ratio of 2.3.

1. p320: Equation (9.7) should read:

Av =
1

b
ln

[

aG0Ai

ζCR

]

(15.19)

2. The expression for the ionization rate in eh next sentence should read:
kion = a G0 exp [−bAv]; e.g.,

3. p321: Replace Figure 9.2 by Figure 15.1.

4. p322: The The first sentence following equation (9.10) should read: and
γ the ionization parameter (defined here as G0T

1/2/n with ne = 1.4 ×

10−4n), which measures the ionization rate over the recombination rate
and, hence, the efficiency of the photo electric effect (cf., Chapter 3.3).

5. p335: second paragraph line 4: (cf. Eq. 2.49); eg., this sentence should
read: Because these are quadrupole lines with small Einstein A’s, optical
depth effects are unimportant and the observed intensities can be directly
converted into column densities of the upper state (cf., eqn. 2.49).

6. p336: Eq. (9.34) should read:

MH = 3.4

(

FCII

10−10 erg cm−2 s−1

) (

d

kpc

)2

M� (15.20)
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7. p343: Table 9.3: Headings should read: NGC 2023 reflection nebula &
NGC 7027 planetary nebula

8. p343: Table 9.3: footnote: Observed line intensities are in units of erg
cm−2 s−1 sr−1.

15.10 Chapter 10

1. p352: Second paragraph line 3 should read: 4×10−30 T 2.4 erg s−1 (H2)
−1.

2. p370: Eqn. (10.26) should read:

kar = ncπa2v = 102

(

a

1000 Å

)2 (

Xc

10−4

)

( n

104 cm−3

)

year−1

(15.21)

3. p375: Second paragraph line 6: units should read cm−3; eg., It is ob-
vious that without the release of stored chemical energy, the gas phase
will rapidly accrete out onto grains until the density of condensibles has
decreased to ∼ 10−1 cm−3.

4. p380: The sentence just below Eq, (10.44) should read: At first sight, such
a correlation for an optically thick line is curious.

5. p386: just below Eq. (10.51). The abundance of water ice in Taurus does
not depend on the H column; eg., Thus, there is a constant abundance of
H2O ice in the Taurus molecular cloud (X(H2O) = 1× 10−4 with respect
to H-nuclei and assuming standard gas-to-dust values; Chapter 5.3.5).

6. p387: first line: The abundance of carbon monoxide ice in Taurus does
not depend on the H column; eg., corresponding to a solid CO abundance
deep in the cloud of X(CO) = 2.1 × 10−6 with respect to H-nuclei.

7. p391: line 11: The depletion time scale is: 3 × 105 (104/n
[

cm−3
]

) years;

e.g., The depletion timescale for CO on grains is 3 × 105 (104/n
[

cm−3
]

)
yr, with n the density of hydrogen nuclei.

15.11 Chapter 11

1. p399: Eq. (11.8) should read:

C2
s =

dP

dρ
= γ

P

ρ
(15.22)

2. p400: The pressure in Eq. (11.10) should have been designated using P
rather than p; eg.,

Fx = Frad +
∑

i

ni v Ii + Pv

(

γ

γ − 1
−

5

2

)

(15.23)
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3. p400: Eq. (11.14) should read:

ρ1

ρ0

=
(γ + 1) P1 + (γ − 1)P0

(γ − 1) P1 + (γ + 1)P0

(15.24)

4. p402: line 4 below Eq. (11.25) should read: In that case, the cooling rate,
n2Λ, scales with n2, τcool with 1/n and the cooling column is independent
of n.

15.12 Chapter 12

1. p420: equation (12.9) should read:

v0 = µmH
N

ρ0

(15.25)

.

2. p427: In Eq. (12.29), C2
i should read C2

pdr.

vpdr =
C2

pdr

2CII
. (15.26)

3. p431: Two lines below Eq. (12.46), ‘smaller critical dust radius’ should
read ‘smaller critical disk radius’.

4. p438: The comma in the right-hand-side of equation 12.66) isa superfluous;
eg.

Ṁ = 2πR
2
s N mH =

√

π

βB
CmHR

1/2
s N

1/2

Lyc . (15.27)

5. p445: line 1: P ∼ V −γ .

6. p446: There is a factor vs missing on the right-hand-side of equation
(12.91); eg., this equation should read:

dE

dt
= = 4πR2

s

(

1

2
ρ0v

3
s

)

(15.28)

7. p453: Equation (12.118) should read:

M (v > vs) ' 2.5×103

(

Esn

1051 erg

)0.95 (

cm−3

n0

)0.1 (

100km s−1

vs

)9/7

M�

(15.29)
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15.13 index

1. p485: Heading should read: Alphabetic list of molecular species.

2. p485 & 486: Remove page numbers following antanthrene, anthracene,
benzo(ghi)perylene, chrysene, circumcoronene, coronene, naphthalene, ova-
lene, pentacene, pentaphene, perylene, phenanthrene, pyrene, and tetraphene.
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3. p489: Add at the end:

Table 15.1: Polyclic Aromatic Hydrocarbons

antanthrene (C22H12) 174
anthracene (C14H10) 194
benzo(ghi)perylene (C22H12) 174
chrysene (C18H12) 174
circumcoronene (C54H18) 191, 192, 197
coronene (C24H12) 191, 192, 203
naphthalene (C10H8) 174, 182, 192
ovalene (C32H14) 174, 191, 192, 208
pentacene (C22H14) 174
pentaphene (C22H14) 174
perylene (C20H12) 174
phenanthrene (C14H10) 174, 192, 196
pyrene (C16H10) 174, 182, 191, 192
tetraphene (C22H14) 174


