
Exam in 

RRY125/ASM510 Modern astrophysics 
 
 
 
 
Tid: 8 januari 2018, kl. 08.30–12.30 
Plats: Maskinsalar, Chalmers 
Ansvarig lärare: Magnus Thomasson ankn. 8587 (mobil: 070 − 237 6701) 
       (lärare besöker tentamen ca. kl.09.00 och 11.00) 
 
Tillåtna hjälpmedel:   
- Typgodkänd räknedosa, eller annan räknedosa med nollställt minne 
- Physics Handbook, Mathematics Handbook 
- bifogat formelblad 
- ordlista (ej elektronisk) 
 
You may use:  
- Chalmers-approved calculator, or other calculator with cleared memory 
- Physics Handbook, Mathematics Handbook 
- enclosed sheet with formulae  
- dictionary (not electronic) 
 
Grades:   
The maximum number of points is 30. 
Chalmers: Grade 3 requires 12 p, grade 4 requires 18 p, grade 5 requires 24 p. 
GU: Grade G requires 12 p, grade VG requires 21 p. 
 
 
 
 
 
 

 
 
 

 
 
  

Note: Motivate and explain each answer/solution carefully. 
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1. 
Choose the most reasonable of the given alternatives for the following (do not give a 
motivation): 
(a) Common element in Venus’ core  A) H    B) C    C) Si   D) Fe 
(b) Typical orbit radius of asteroids:  A) 0.3 AU  B) 3 AU   C) 10 AU D) 104 AU 
(c) Typical average number density of a molecular cloud: 
              A) 300 cm−3 B) 10−3 cm−3  C) 106 cm−3 D) 1 AU−3 

(d) Radius of a white dwarf:     A) 106 km  B) 104 km  C) 10 km D) 1 AU  
(e) Radius of a red giant:      A) 106 km  B) 104 km  C) 10 km D) 1 AU  
(f) Object with Seyfert activity:    A) supergiant B) Sa galaxy  C) E galaxy  D) pulsar 
(g) Cosmological parameter 𝛺𝛺Λ,0:   A) 0.04   B) 0.3   C) 0.7  D) 1.0 
(h) Distribution function 𝑓𝑓(𝑝𝑝) for electrons in a white dwarf: A) 2/ℎ3  
                     B) Maxwellian  
                     C) 𝐾𝐾1𝜌𝜌5/3 
                     D) pp-chain 

(4 p) 
 
 
2. 
Two important results from radiative transfer theory are: 
 

𝐼𝐼𝜈𝜈(𝜏𝜏𝜈𝜈) = 𝐼𝐼𝜈𝜈(0)𝑒𝑒−𝜏𝜏𝜈𝜈 + 𝑆𝑆𝜈𝜈(1 − 𝑒𝑒−𝜏𝜏𝜈𝜈), and  
 

𝐼𝐼𝜈𝜈(𝜏𝜏𝜈𝜈 = 0, 𝜇𝜇 = 1  ) ≈ 𝐵𝐵𝜈𝜈(𝜏𝜏𝜈𝜈 = 1). 
 
Explain the following using the result(s) above: 
a.) Why most stellar spectra show absorption lines.             (2 p) 
b.) The type of spectrum of a cold and optically thin nearby gas cloud observed towards the 
continuum emission from a bright and hot quasar.              (1 p) 
 
 
3. 
Two open star clusters are found near each other in the Galactic plane by an optical telescope. 
They have angular diameters y and 3.5y, and distance moduli 15.3 and 11.5, respectively. 
Assuming their actual diameters are equal, calculate their distances and the interstellar 
extinction coefficient a.                      (2 p) 
 
 
4. 
One possible form of the Hertzsprung-Russell diagram has the absolute magnitude on one 
axis, and the logarithm of the surface temperature on the other axis. 
a.) Draw such an HR diagram and indicate the position of the Sun and the main sequence. 
                              (1 p) 
b.) Derive a relation between the absolute magnitude and the logarithm of the surface 
temperature for stars with the same radius. Sketch the relation in the HR diagram.   (2 p) 
 
Hints: Assume for simplicity that the magnitudes are bolometric, i.e., all wavelengths are 
included. It might be best to use the logarithm with base 10. 
 
 
 
 



 
5. 
The figure to the right is related to the 
fusion process. Referring to the figure, 
discuss (without equations) two basic 
physical mechanisms involved in 
calculations of nuclear reaction rates in 
stars.           (2 p) 
 
 
 
 
 
 
 
 
6. 
If the Earth were moved to the orbit of Venus (radius 0.72 AU), what would its average 
surface temperature become? Assume that the Earth has an albedo of 0.35. Why is the surface 
temperature of Venus much higher than this, although its albedo is about 0.7?    (2 p) 
 
 
7. 
Two important methods of exoplanet detection are the Doppler and Transit methods. Describe 
the main principles of each method (helpful figures are welcome) and describe the main 
advantages and disadvantages of the methods.               (4 p) 
 
 
8. 
In certain active galaxies, changes in the position of substructures may be detected over 
intervals as short as a year. For the quasar 3C 273 at a redshift of z = 0.158, one component is 
seen to move away from the nucleus with an apparent angular velocity of 2.2 milliarcseconds 
per year. 
a.) What is the corresponding apparent, projected linear velocity of this component?  (1 p) 
b.) What is the minimum matter ejection velocity required in order to produce the apparent 
superluminal speed observed in a)?                   (2 p) 
c.) A band of rouge researchers are studying the supermassive black hole (SMBH) of another 
AGN with a luminosity of 1039 W. They claim to have detected a star orbiting the SMBH at a 
distance of 0.5 light minutes. Is this likely to be true given the mass of the SMBH?   (2 p) 
 
 
9. 
The neutrino background has been suggested as a candidate for dark matter (DM) - describe 
briefly how the neutrino could fit with the hot dark matter (HDM) scenario and give at least 
one argument against why HDM is a good model for DM.           (2 p) 
 
 
10. 
Calculate how the scale factor a depends on time t after the big bang for a matter-dominated 
flat universe without a cosmological constant. Express your solution in a0 and H0.    (3 p) 



Astrophysics equations, constants and units 
 
Binary stars, planet+star, etc. 
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Radiation, magnitudes, luminosities, etc. 
 ݊ ൌ ଼గమ௖య · ଵሺ௘೓/ೖ೅ିଵሻ   [m-3 Hz-1]    ݊ ൎ 2,03 · 10଻ · ܶଷ   [m-3] 

ܷ ൌ ଼గ௛య௖య · ଵሺ௘೓/ೖ೅ିଵሻ   [J m-3 Hz-1]   ܷ ൎ 7,56 · 10ିଵ଺ · ܶସ   [J m-3] 

ܫ ൌ ଶగ௛య௖మ · ଵሺ௘೓/ೖ೅ିଵሻ   [W m-2 Hz-1]   ܫ ൎ 5,67 · 10ି଼ · ܶସ   [W m-2] 

ܫ ൌ ଶ௛య௖మ · ଵሺ௘೓/ೖ೅ିଵሻ   [W m-2 Hz-1 sr-1]  max ൎ 5,88 · 10ଵ଴ · ܶ 

ௗூೡௗ௭ ൌ ݆௩ െ ௩   ܵ௩ܫ௩ߙ ൌ ௝ೡఈೡ    ݀߬௩ ൌ ௩ܫ  ݖ݀ ௩ߙ ൌ ௩, bgܫ   · ݁ିఛ ൅ ܵ௩ · ሺ1 െ ݁ିఛ  ሻ   bܶ ൌ  bܶg · ݁ିఛ ൅   eܶx · ሺ1 െ ݁ିఛ  ሻ 
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Stellar structure 
ݎ௥݀ܯ݀  ൌ  ߩଶݎߨ4

ݎ݀ܲ݀  ൌ െ ଶݎ௥ܯܩ  ߩ
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ݎ݀ܶ݀  ൌ െ 34ܽBܿ ଷܶߩ߯  ଶݎߨ௥4ܮ

ݎ݀ܶ݀  ൌ ൬1 െ ൰ߛ1 ܶܲ ݎ݀ܲ݀  

 
 
Cosmology 
ݒ  ൌ  ଴݈       Hubble's lawܪ
 1 ൅ ݖ ൌ 1 ൅ ௩௖ ൌ  ఒobsఒem ൌ ఔemఔobs ൌ ௔బ௔  redshift 
ଶݏ݀  ൌ െܿଶ݀ݐଶ ൅ ܽሺݐሻଶ ቆ ௗ௥మଵି௞௥మ ൅ ଶߠଶሺ݀ݎ ൅ sinଶ߮݀ߠଶሻቇ  Robertson-Walker metric 

 ௔ሶ మ௔మ ൅ ௞௖మ௔మ ൌ ଼గீଷ ߩ ൅ ௸ଷ    Friedmann equation with cosmological constant 
 

 
  



Miscellaneous 
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 ܰሺݐሻ ൌ ଴ܰ݁ିఒ௧; ߣ  ൌ lnଶ௧భ/మ   radioactive decay 
 ௗ௡eௗ௧ ൌ sܰtar ௤௏ െ  e݊p    recombination and ionization equation݊ߙ
I4ܮ  · 10ଵ଴ܮI, ൎ ൬ ୫ܸୟ୶200 km/s൰ସ                ሺthe Tully‐Fisher relationሻ 

V2ܮ  · 10ଵ଴ܮV, ൎ ൬ km/s൰ସ 200ߪ               ሺthe Faber‐Jackson relationሻ 

Eܮ  ൌ Tߪ୮ܿ݉ܯܩߨ4 ൎ 1.3 · 10ଷଵ Mܯ
ሺwattሻ ൎ 30000 Mܯ

L      ሺthe Eddington luminosityሻ  



Some mathematics 
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݂ ൌ ݑ ൅ ᇱ݂          ݒ ൌ ᇱݑ ൅  ᇱݒ
 ݂ ൌ ᇱ݂                ݒݑ ൌ ݒᇱݑ ൅  ᇱݒݑ
 ݂ ൌ ݒݑ                   ݂ᇱ ൌ ݒᇱݑ െ ଶݒᇱݒݑ  
ݔ݀ݕ݀  ൌ ݑ݀ݕ݀ ݔ݀ݑ݀        where ݕ ൌ ,ሻݑሺܨ ݑ ൌ ݂ሺݔሻ 

 ௗௗ௫ ሺݔ௡ሻ ൌ  ,௡ିଵݔ݊
ௗௗ௫ ሺln ሻݔ ൌ ଵ௫       ሺfor ݔ ൐ 0ሻ , 

ௗௗ௫ ሺ݁௫ሻ ൌ ݁௫ 

 
 
Constants and units 
 
G = 6.67·10-11 N m2 kg-2 
 

c=2.9979·108 m/s 
 

σ = 5.67·10-8 W m-2 K-4 
 ݄ ൌ 6,62606896 · 10ିଷସ  J s 
 ݇ ൌ 1,3806504 · 10ିଶଷ  J K-1 

 
 

1 parsec (1 pc) = 3.26 light years = 3.0857·1016 m 
 

1 AU = 1.496·1011 m 
 

1 year = 3.156·107 s 
 

1 arcmin (1') = 1°/60. 1 arcsec (1") = 1°/3600. 
 

 
HI rest frequency ("21 cm line" of atomic hydrogen):  1420.4 MHz 
 
Absolute magnitude of the Sun: +4.8 
 

The solar constant (1 AU from the Sun): 1371 W/m2 
 

H0 = 100h km s–1 Mpc–1. Use h = 0.72 
 
 

Masses:  Earth: 5.97·1024 kg,   Jupiter: 1.90·1027 kg,  Sun: 1.99·1030 kg 

Radii:  Earth: 6378 km,   Jupiter: 71398 km,  Sun: 6.96·105 km. 

 
 








