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Det matematisk-naturvitenskapelige fakultet

Midtveiseksamen i A2120 – Stjernene

Date of exam / Eksamensdag: Mandag 7 december 2009
Time of exam / Tid for eksamen: 14:30 - 18:00

Allowed materials (tillatte hjelpemidler):

• pocket calculator (lommekalkulator)

• 2 A4 pages of self-written notes, i.e., 1 double-sided sheet or 2 single- sided sheets
(2 A4 sider med egne notater: 1 ark med skrift p̊a begge sider eller 2 ark med en s
ides skrift)

Please answer in English if possible. Answers in Norwegian are permitted if not possi ble
otherwise.

This exam consists of 3 pages (questions 1-6).
Oppgavesettet er p̊a 3 sider (spørsm̊al 1-6).
Attachments: none / Vedlegg: Ingen

Check if the set of exercises is complete before you begin to answer!
Kontroller at oppgavesettet er komplett før du begynner å besvare spørsm̊alene!

constant symbol value

speed of light in vacuum c 2.998 108 m s−1

elementary charge e 1.602 10−19 C
gravitation constant G 6.673 10−11 m3 kg−1 s−2

Planck constant h 6.626 10−34 J s

Boltzmann constant k 1.381 10−23 J K−1

Stefan-Boltzmann constant σ 5.670 10−8 W m−2 K−4

universal gas constant R 8.315 103 J kg−1 K−1

atomic mass unit u 1.661 10−27 kg
electron mass me 9.109 10−31 kg
proton mass mp 1.673 10−27 kg

1.0073 u
hydrogen mass mH 1.674 10−27 kg

1.0078 u
alpha particle mass mα 4.0015 u

solar mass M⊙ 1.989 1030 kg
solar luminosity L⊙ 3.844 1026 W
effective temperature of the Sun Teff,⊙ 5780 K
grav. acceleration at solar surface g⊙ 273.6 m s−2

astronomical unit AU 1.496 1011 m
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1 The bottom of the solar photosphere is located at z = 0km, its top at z = 440 km. The
thermal gas pressure is P0 at the bottom and follows a hydrostatic stratification with a
constant pressure scale height of HP = 100 km. At a height of three pressure scale heights,
the pressure decreased to 500Pa. Close to the bottom of the photosphere, the temperature
is equal to the effective temperature Teff,⊙.
The mean molecular weight is constant µ = 1.25. Assume an ideal gas.

a) What is the gas pressure P0 at a height of 0 km? And what is the
pressure at the top of the photosphere?

Make the additional assumption that the atmosphere is isothermal.

b) Find a formula for the density stratification.

c) What is the gas density at a height of 0 km and 440 km?

d) What is the relative change of the gas density from 0km to 440 km?

e) What would be the scale height of this density stratification?

2 The mean molecular weight of the sun is at times calculated on the basis on of only
Hydrogen and helium. Assume that in the solar photosphere, the composition is X = 0.66,
Y = 0.3 and Z = 0.04. Assume further that 90% of the hydrogen is ionised, half the helium
is ionised once and 25% of the helium is ionised twice, while the last 25% of the helium is
neutral. The metals are only 7Li and 8Be, all of which has been ionised twice.

a) Calculate the molecular weight µ0 based only on hydrogen and helium,
ignoring the metals

b) Calculate the molecular weight, this time including the metals
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3 Below is a sequence of graphs, with the extinction coefficient on the upper left panel, the
optical depth on the upper right and the source function, all as a function of height.

a) Make a copy of these four graphs, and by using all the information, plot
the resulting intensity in the lower left panel. Explain how you did, and
what assumption you made, if any

4 A magnetic flux tube is standing vertically out of the solar photosphere. The photo-
spheric gas pressure outside the tube at the bottom of the photosphere (z = 0km) is
Pe(z = 0km) = 104 Pa. Inside the flux tube the gas pressure is only 10% of the gas pres-
sure outside the tube. Assume the the solar atmosphere is isothermal with a temperature
of T = 6000K.

a) Calculate the magnetic field strength at the bottom of the photosphere,
assuming the tube to be in hydrostatic equilibrium

The magnetic field strength depends on height as B(z) = B0 exp (−z/HB), and the mag-
netic scale height is HB=10000 km. Assume that the magnetic flux tube is circular with
a cross section of d=100 km at z=0 km.

b) In order for the flux tube to remain in pressure equilibrium, it must
expand with height. Calculate the diameter of the tube at the top of
the chromosphere (z=1500 km), assuming that the tube remains circular
and that the gas pressure has the same pressure scale height inside as it
has outside the flux tube.
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