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Some exercises to practise (c8601-01)
If not stated differently, references are to the text „Základy fyziky hvězdných at-
mosfér” (version 19. května 2024) stored in the IS. HM refers to the book The-
ory of Stellar Atmospheres (Hubeny and Mihalas, 2014). M78 refers to the book
Stellar Atmospheres (Mihalas, 1978). LC refers to the book Introduction to Stellar
Winds (Lamers and Cassinelli, 1999).

1. Using the expression for the total stellar luminosity

L∗ =

∫
F(r) · dS (13.1)

(F is the total radiative flux) express stellar effective temperature Teff and
surface gravity g using stellar luminosity L∗, stellar mass M∗, and stellar
radius R∗.

(section 13; HM section 18.1, also 3.3)

2. Combining the continuity equation

∂ρ

∂t
+∇ · (ρv) = 0 (13.14a)

and the equation of motion

ρ
Dv

Dt
= f ext −∇p+∇ · σ (13.15)

derive the momentum equation

∂ (ρv)

∂t
+∇ · [ρvv + p1− σ] = f ext (13.19)

Consider that the external force consists of radiation and gravity,

f ext = ρg + f rad, (13.20)

and using the first moment radiative transfer equation

1

c2
∂F

∂t
+∇ · PR =

1

c

∫ ∞

0

dν

∮
n [ην(n)− χν(n)Iν(n)] dϖ = −f rad.

(3.36b)

rewrite the momentum equation.
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(section 13.2.2, HM section 16.1)

3. Start with the 3-D continuity equation (HM 16.13)

∂ρ

∂t
+∇ · (ρv) = 0, (13.14a)

and the radiating fluid momentum equation (HM 16.23)

∂

∂t

(
ρv +

F

c2

)
+∇ · [ρvv + p1− σ+ PR] = ρg (13.22)

and from the energy equation for matter with radiation (HM 16.27)

∂

∂t

[
ρ

(
e+

1

2
v2
)
+ ER

]

+∇ ·
[
ρ

(
e+

1

2
v2
)
v + (p1− σ) · v + q + F

]
= v · f ext + ϵN

(13.26)

and write their simplified forms for

(a) one-dimensional time-variable flow,

(b) one-dimensional stationary flow, and

(c) one-dimensional static atmosphere

for the plane-parallel and spherically symmetric approximations. Assume
that the bulk viscosity is zero (ideal fluid).

(section 13.3; HM end of sections 16.1, 16.2, 16.3, and 16.4)
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