
PHYSICS 315
Numerical Data

Speed of light c = 3 x 1010 cm s−1

Mass of the Hydrogen atom mH = 1.67 x 10−24 g
Mass of the Helium atom mHe = 3.97 mH

Size of a nucleon ≈ 10−13 cm
Mass of the electron me = 9.11 x 10−28 g
Charge of electron e = 4.80 x 10−10 e.s.u.
Gravitational constant G = 6.67 x 10−8 dyne cm2 g−2

Stefan-Boltzmann constant σ = 5.67 x 10−5 erg cm−2 deg−4 s−1

Radiation constant a = 7.566 x 10−15 erg cm−3 deg−4

Planck constant h = 6.63 x 10−27 erg s
Boltzmann constant k = 1.38 x 10−16 erg deg−1

Energy of 1 eV = 1.60 x 10−12 erg
Deceleration parameter q0 = -0.55
Angstrom 1Å = 10−8 cm
Bohr radius a0 = 5.3 × 10−9 cm

Parsec 1 pc = 3.086 x 1018 cm
Mean earth-sun distance 1 AU = 1.496 x 1013 cm
Solar radius R⊙ = 6.96 x 1010 cm
Solar mass M⊙ = 1.99 x 1033 g
Solar luminosity L⊙= 3.85 x 1033 erg s−1

Effective temperature of Sun T⊙ = 5781 K
Absolute magnitude of the Sun MV = +4.8
Solar abundance X = 0.707, Y = 0.274, Z = 0.0189
Thomson scattering cross-section σT = 6.65 × 10−25 cm2

1 Jansky 1 Jy = 10−23erg s−1 cm−2 Hz−1

# ergs/Joule = 107

# arcseconds/radian = 206,265
# of seconds/year = 3.156 x 107

Typical seeing 1′′

Recombination coefficient, αr = 3.1 × 10−13 cm3 s−1

Photon energy required to ionize hydrogen = 13.6 eV
Hα, Hβ wavelengths (respectively) = 656 nm, 488 nm
HI λ 21 cm wavelength = 21.106 cm
Aj,i(21 cm line) = 2.876× 10−15 s−1

γ(21 cm line) = 9.5× 10−11 cm3 s−1

Lyα wavelength = 121.567 nm
Ionization frequency of hydrogen = 3.29 × 1015 Hz
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PHYSICS 315

Equations (cgs units assumed unless otherwise indicated)

F = ma = m
d2x

dt2
F =

Gm1m2

r2
a =

v2

r

Frad =
2f

c
A cos2θ Frad =

f

c
A cosθ θres ∼ λ/D

E = mc2 λ = h/p E = h ν λ ν = c ∆λ
λ0

= v
c

c z = HoD

dE = Iν cos θ dΩ dν dAdt fν =
∫

IνcosθdΩ L =
∫

F dA dΩ = sinθdθdφ

f = F (R
r
)
2

F = π I (stellar surface) Ω = πθ2

4

u = 4π
c
J Prad = 1

3
u Pparticles = n k T = ρ

µmH
k T µ ≡ <m>

mH

µ = 1
2X +3Y/4+Z/2

ionized

Black Body : Bλ(T ) =
2hc2

λ5

1

ehc/λkT − 1
Bν(T ) =

2hν3

c2
1

(ehν/kT − 1)

Bλ(T ) =
2 c k T

λ4
Bν(T ) =

2 k T ν2

c2
Bλ(T ) =

2h c2

λ5
e−( h c

λ k T
) Bν(T ) =

2h ν3

c2
e−( h ν

k T
)

λmaxT = 0.29 F = σT 4 u = a T 4 Ni [photons/s] = Li/(hν)

ℓ =
1

κ ρ
=

1

σ n
=

1

α
τν =

∫

−κν ρ dr =
∫

−αν dr

γ = v σ t =
1

n v σ
collision rate per unit volume: ν = n1 n2 γ

dIν
dr

= −αν Iν + jν
dIν
dτν

= Iν − Sν Sν = jν
αν

Iν = Iν0e
−τν + Sν(1 − e−τν ) Iν = Iν0e

−τν + Bν(T )(1 − e−τν ) (LTE)

TBν = TBν0
e−τν + T (1 − e−τν ) (LTE, h ν << kT)

Teq =
[

(1−A)L⊙

16πσr2

]1/4
Kepler’s 3rd law:

[

P
yr

]2
=

[

a
AU

]3

U = Rs n
2/3
e = ( 3N∗

4παr
)
1/3

< v >=
√

8 kT
m

vmp =
√

2 kT
m

d < c∆ t
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Thermal Bremsstrahlung :

jν = 5.44 × 10−39 ( Z2

T
1/2
e

)ni ne g(ν, Te) e
−( h ν

k Te
)

g(ν, Te) = 11.962T 0.15
e ν−0.1 (radio)

[

ne

cm−3

]

= (1.55 × 10−19 fX)
[

LX

erg s−1

]0.5 [

V
kpc3

]−0.5 [

Te

K

]−0.25

where fX =
[

gX

(

e−
E1
kTe − e−

E2
kTe

)]−0.5

(X− ray)

Synchrotron :

jν = c5(Γ)N0B
(Γ+1)

2
⊥ ( ν

2 c1
)
(1−Γ)

2 αν = c6(Γ)N0 B
(Γ+2)

2
⊥ ( ν

2 c1
)
−(Γ+4)

2

Iν = f(Γ)B
−1/2
⊥ ν5/2 (1 − e−τν ) [where f(Γ) ≡ c5(Γ)/c6(Γ)]

r = 1706.5 E
me c2

1
B

α = −(Γ− 1)/2 n(E) = N0 E
−Γ => nCRe =

∫

N0 E
−ΓdE

τ = c6(Γ)N0 B
Γ+2
2

⊥

(

ν
2c1

)− (Γ+4)
2 l

Lines :

∆E = Ei − Ej = ( 1
j2
− 1

i2
)(mee4

2h̄2 ) = hν ∆v = 2.15 × 104 ( TA)
1/2

NII

NI

=
1

ne

[
2πmekT

h2
]
3/2

e−χi/kT Ni

Nj
= gi

gj
e−(Ei−Ej)/kT gi = 2 i2

ΦD(v) = 1√
π b

exp
(

−v2

b2

)

b =

√

(

2 k T
m

)

NHI = 1.823 × 1018
∫

TB(HI21cm) dv cm−2 (v in kms−1)

NH2 = 2.3 × 1020
∫

TB [CO(J = 1− 0)] dv cm−2 (v in kms−1)

MHI = 2.35 × 105 D2
∫

fν dv (fν in Jy, v in kms−1, D in Mpc, MHI in M⊙)

Cosmology

H0 DL = c z
[

1 + 1
2
(1 − q0) z

]

z < 1
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The Electromagnetic Spectrum

Gamma Ray: λ < 0.01 nm

X-ray: 0.01 nm < λ < 10 nm

UV: 10 nm < λ < 400 nm

Visible: 400 nm < λ < 700 nm

IR: 700 nm < λ < 1 mm

Microwave: 1 mm < λ < 10 cm

Radio1: λ > 10 cm

1The radio regime is sometimes taken to include the microwave.
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