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Stars and Their Spectra                                                         Tutorial Question for 02/05/03
A star is observed to have the following properties:

i) A P Cygni line profile with v( = 1000km/s

ii) A bolometric magnitude of –7.16 and an effective temperature of 20,000K

iii) A density at 2 R( (2 stellar radii) above its surface of 1.7(1015 protons per cubic metre

iv) A spectral line at 571nm showing Zeeman splitting of 0.15nm

Assuming that the wind velocity at 2 R( above the star’s surface is equal to half of the terminal speed, and that the star and its wind is composed completely of ionised hydrogen, calculate the mass-loss rate in units of solar masses per year. Calculate also its average magnetic field strength.

Solar data: Mbol = +4.72,

                  Radius = 6.96 ( 108m


      Teff = 5800K

Model Answer:

The mass loss rate 
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is given by
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where 
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are the density and speed of the stellar wind at position r. The question states that the density is known at 2 R( above the stellar surface, i.e. at r = 3 R(. We are also told that the wind speed at this point is 0.5 v( = 500km/s. So v (r = 3 R() = 5 ( 105 ms-1
The density is given in units of protons/m3, requiring multiplication by mp+me ( mp to change into mass density (assuming the wind is of fully ionised Hydrogen). This gives 

( = 2.84 ( 10-12 kg m-3 at r = 3 R(.
It is now necessary to find the radius of the star, which is done using Pogson’s equation.
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where subscript ‘2’ denotes the star, and subscript ‘1’ denotes the Sun, for which the radius, temperature and bolometric absolute magnitude are given. Putting in the values given we find that  log10(R2/R1) = 1.3  ;  R2 = R( = 20 R( = 1.392 ( 1010 m
So 
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   = 4.18 ( 10-7 M( yr-1
The equation for Zeeman splitting was given in the notes. Unfortunately, the equation I gave was not in S.I. units, but was in ‘centimetre-gram-second’ (c.g.s) units, which is another system frequently used in astronomy and especially solar physics. So it could not be applied directly to the data given, until the wavelength and splitting had been converted into centimetres. The result would then be in gauss, where 1 tesla = 104 gauss. The tesla is the SI unit of magnetic flux density (usually called magnetic field strength).

If we make the conversions, then 
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The c.g.s. equation for Zeeman splitting is
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where the ‘(’ indicates that the line is split with components to the red and the blue of the zero-field wavelength. Rearranging gives B =  97900 gauss (9.8 tesla).  This is a very strong field compared to maximum solar fields of about 2000 gauss.
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