
Exam in 

RRY125/ASM510 Modern astrophysics 
 
 
 
 
Tid: 16 december 2013, kl. 08.30–12.30 
Plats: V-salar, Chalmers 
Ansvarig lärare: Magnus Thomasson ankn. 8587 
       (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 values for the following (do not give a motivation): 
(a) Surface pressure at Mars (Earth = 1):  A) 100,    B) 2,   C) 0.5,  D) 0.01 
(b) Size of the nucleus of a comet:    A) 10 km,  B) 1 AU, C) 10 m,  D) 1 ly 
(c) Age of planet Venus       A) 500 Myr, B) 13 Myr, C) 4 Gyr,  D) 13 Gyr 
(d) Diameter of a red giant (ly=light year): A) 1 lyU,  B) 1 AU, C) 105 km, D) 1 pc 
(e) Central temperature of a main sequence star of spectral class M: 
               A) 109 K,  B) 6·107 K, C) 9·106 K, D) 3000 K  
(f) Distance to a quasar   (ly=light year):  A) 1010 ly,  B) 107 AU, C) 20 kpc, D) 13 Gpc 
(g) Density parameter ΩM,0 (matter) for the present cosmological model: 
               A) 0.04,   B) 0.3,  C) 0.7,   D) 1.0  
(h) Redshift of the Last Scattering Surface A) 0    B) 2.735  C) 6   D) 1100 

(4 p) 
 
2. 
A result from radiative transfer theory for stellar atmospheres is the following: 
ఔሺ0,1ሻܫ  ൎ ఔሺ߬ఔܤ ൌ 1ሻ, where ܫఔ is a function of ߬ఔ and of ߤ ൌ arccos ሺߠሻ, and B is Planck's 
law. Use this result to explain the formation of absorption lines in stellar spectra.    (2 p) 
 
3. 
a.) Draw a Hertzsprung-Russel (HR) diagram. Label each axis in two different ways and mark 
the positions of different types of stars.                 (2 p)  
b.) Describe how you can use an HR diagram to determine age and distance to a globular 
cluster in the Milky Way.                      (2 p) 
 
4. 
A spiral galaxy is observed to have a redshift corresponding to a velocity of 720 km/s and an 
apparent magnitude of 9. What is its absolute magnitude? Assume that the galaxy consists of 
only Sun-like stars. How many stars does it contain?              (2 p) 
 
5. 
The relativistic equation of state for a degenerate electron gas is ܲ ൌ ଶܭ ସ/ଷ, whereߩଶܭ ൌ ଵ.ଶସ·ଵ଴భబఓ೐ర/య  (and ߤ௘ ൌ ଶଵା௑ , where X is the hydrogen mass fraction).  

a.) Make a very crude ("order of magnitude") estimate of the mass of a star composed of such 
matter.                             (2 p) 
b.) What type of star is it? What happens if such a star attracts more mass from a companion, 
and why is that process important for cosmology?              (2 p) 
 
6. 
Assume that you have discovered a planetary system where the most massive planet is a 
Saturn-sized planet in circular orbit (radius 8 AU) around a Sun-like star. 
a.) What is the maximum Doppler shift of the Calcium H line (396.847 nm)?    (1 p) 
b.) How far from the centre of the star is the centre of mass of the system?     (1 p) 
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7. 
Explain the meaning of the "Horizon problem" in modern cosmology and how it is resolved. 
                              (1 p) 
 
8. 
Give an example of supportive evidence for the "unification theory" for active galactic nuclei 
(AGNs). Give also one example of why the unification theory can not explain all of the 
observed variety in AGN-types.                     (2 p) 
 
9. 
Derive Friedmann's equation using Newtonian physics plus the result from general relativity 
that the energy per unit mass is ܧ ൌ െ݇ܿଶ/2. Explain very briefly what k is. (Neglect Λ.) 
  Then solve Friedmann's equation (i.e., find ܽሺݐሻ) for the time before matter-radiation 
equality. (Make a reasonable simplification of Friedmann's equation first, and explain why 
you do it, and make a reasonable assumption of how the density depends on the scale factor.)
                              (5 p) 
 
10. 
A star (5 solar masses) has started to evolve away from the main sequence (MS). When the 
star arrives at its nect destination in the HR diagram it has a surface temperature of 5000 K 
and is shining at 5% of its Eddington luminosity. Estimate the Kelvin-Helmholtz timescale for 
star. It would typically take the star 350 000 years to make the transition away from the MS - 
can you give a brief explanation to why your result differs from this?       (4 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଻· ଷܶ   [m-3] 

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

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

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

ௗூೡௗ௭ൌ ௩݆െ ௩   ௩ܵൌܫ௩ߙ ௝ೡఈೡ    ݀௩߬ൌ ௩ൌܫ  ݖ݀ ௩ߙ ·௩, bgܫ   ݁ି ఛ ൅ ௩ܵ· ሺ1 െ ݁ି ఛ  ሻ   bܶൌ  bܶg· ݁ି ఛ ൅   eܶx· ሺ1 െ ݁ି ఛ  ሻ 
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Stellar structure 
ൌݎ௥݀ܯ݀   ߩଶݎߨ4
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Cosmology 
ݒ  ൌ ଴ܪ  ݈       Hubble's law 
 1 ൅ ݖ ൌ 1 ൅௩௖ൌ  ఒobsఒemൌ ఔemఔobsൌ ௔బ௔ redshift 
ଶݏ݀  ൌ െܿଶ݀ݐଶ ൅ ܽሺݐሻଶ ቆௗ௥మଵି௞௥మ൅ ଶߠଶሺ݀ݎ ൅ sinଶ݀ߠ ଶ߮ሻቇ  Robertson-Walker metric 

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

 
  



Miscellaneous 
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 ሺܰݐሻ ൌ ଴ܰ݁ି ఒ௧; ߣ  ൌlnଶ௧భ/మ   radioactive decay 
 ௗ௡eௗ௧ൌ sܰtar௤௏െ ߙ e݊݊ p    recombination and ionization equation 
I4ܮ  · 10ଵ଴ܮI, ൎ ൬ ୫ܸୟ୶200 km/s൰ସ                ሺthe Tully‐Fisher relationሻ 

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

Eൌܮ  Tߪ୮݉ܿܯܩߨ4 ൎ 1.3 · 10ଷଵ Mܯ
ሺwattሻ ൎ Mܯ30000

L      ሺthe Eddington luminosityሻ  



Some mathematics 
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݂ ൌ ݑ ൅ ᇱൌ݂          ݒ ᇱ൅ݑ  ᇱݒ
 ݂ ൌ ᇱൌ݂                ݒݑ ݒᇱݑ ൅  ᇱݒݑ
 ݂ ൌݒݑ                  ᇱ݂ൌ ݒᇱݑ െ ଶݒᇱݒݑ  
ൌݔ݀ݕ݀  ݑ݀݀ݕ݀ ݕ where       ݔ݀ݑ ൌ ,ሻݑሺܨ ݑ ൌ ݂ሺݔሻ 

 ௗௗ௫ሺݔ௡ሻ ൌ ௡ିଵ, ௗௗ௫ሺlnݔ݊ ሻݔ ൌଵ௫      ሺfor ݔ ൐ 0ሻ , 
ௗௗ௫ሺ ௫݁ሻ ൌ ௫݁ 

 
 
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. 

 
 






