Stellar Structure: Problem Sheet 1

Due by 4.00 pm on Thursday 20 October 2011 – to School Office, Pev 2, 3A20
You should attempt all the questions. All will be marked, but only those with an * will count for assessment.

* 1. (Absolute stellar magnitude and luminosity)

A triple star has an apparent bolometric magnitude of mbol = +1.3, and a parallax of p = 0.02" has been measured. 

(i) What is the distance (in pc) and absolute bolometric magnitude (Mbol) of the system?   
[2]
(ii) The Sun has Mbol = +4.7. What is the total luminosity of the triple star, in solar luminosities? 














[1]
(iii) If its three components have luminosities in the ratios 4:2:1, what is the mbol value of the most luminous component?








[2]
* 2. (Planck radiation)

Compare the Sun (Teff = 5775 K) with a star of spectral type B4 which is three times as hot (Teff = 17325 K): 

(i) What are the wavelengths of the maxima of the spectral intensity distributions B( for each of these stars, assuming that the black-body approximation can be applied in both cases? (Hint: use Wien’s displacement law, with constant = 0.0029 in SI units.)



[1]
(ii) How much brighter is the surface of the B4 star (a) in the far infra-red (in other words: find an expression for the ratio of the B('s, using the approximation h( << kT), and (b) over the whole spectrum (here you should find the ratio of the surface flux densities F)?  State in each case how the result scales with temperature. 







[2]

(iii) Given that the B4-type star has a radius 4 times larger than that of the Sun, how many times more luminous is it? 









[1]
(iv) How brightly would this B4 star shine in our sky (i.e. what would be its apparent bolometric magnitude) if it were 1000 pc away from us? (The Sun has Mbol = +4.7.)


[2]
3. (Eclipsing binaries)

An eclipse light curve yields a duration of totality of 10.0 days, and a duration of partial eclipses (the time between both stars being visible and total eclipse) of 3.0 days, both going into eclipse and emerging from it. Radial velocity measurements suggest a relative orbital velocity of one component against the other of 20 km s-1. Assume that the orbit is circular, that the eclipse is central and that the disks of the stars are uniformly bright. 

(i) How large are the components (in units of the Sun’s radius, R( = 7(105 km)?

[3]
(ii) In real life, the eclipse may well not be central. Describe (qualitatively) the consequences – can the values derived in (i) be used as upper or lower limits for the real radii? 


[2]
* 4. (Black-body radiation, comparison in absolute terms)

(i) Compute the luminosity L (in watts) of a black-body-type radiator with a surface area of 10 m2 and a temperature of 300 K (room temperature!) (take ( = 5.67(10-8 in SI units). 

[2]
(ii) If you were to see both this radiator and a normal light bulb (100 W) as point sources at the same distance, which would appear the more luminous over the whole spectrum?

[1]

(iii) In visual light, would you actually see the black-body radiator next to the light bulb? Justify your answer.


  







[1]
More overleaf…….. 

* 5. (Cluster HRD)

Sketch the Hertzsprung-Russell Diagram for an open cluster with a turn-off point at spectral type A0, which corresponds to stars with a mass of about 3 M(. 

Assuming that a star at the turn-off point has just reached the end of its main-sequence lifetime, how old is the cluster, approximately? (Hint: you may use the approximate relation L ( M4 for main-sequence stars, and the simple age-luminosity relation, age ( M / L. Take the main-sequence lifetime of the Sun to be 1010 years.)






[4]
* 6. (Star Formation: How much interstellar matter is needed?) 

(i) The typical, average density of interstellar matter is just one H-atom per cm3 (106 m-3) (mH = 1.67(10-27 kg). Calculate the edge-length in metres of a cubical volume which contains a mass of 1 kg of interstellar matter (assuming it to be pure hydrogen). 




[3]
(ii) The Orion nebula is a cloud of interstellar matter with a diameter of 4 pc (1 pc = 3.09(1016m) and a much enhanced gas density, i.e., 109 H-atoms m-3 on average. If this nebula were entirely consumed by star formation, roughly how many stars with a mass, on average, of one solar mass of hydrogen, could be formed? (Take 1 M( = 2.0(1030 kg. State any assumption you make about the shape of the cloud.)



 



[3]
   7. (Star Formation: When does collapse occur?)
Find out about the Jeans criterion for gravitational collapse (e.g. in the book by Kippenhahn and Weigert), and outline very briefly its physical meaning. In convenient units, it may be written as 

M > 1000 M( (T/50K)3/2 (10-20 kg m-3/()1/2 .

Find the critical temperature below which the Orion nebula would indeed be collapsing under its own gravity (use the data from question 6). 






[5]
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