Tutorial 7 Model Answers
Theoretical Astrophysics
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(b)
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Total number  NH  of neutral H atoms > N2 so mass of H > N2 x mp; therefore mass of H in Galaxy MH > 5.9x1040kg = 2.9x1010M(
(c) 
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(d)
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So 
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i.e. 
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(e)

Some material is moving across the line of sight, so zero Doppler shift

Some material is moving along the line of sight, giving Doppler shift (
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, where vrot is the Galactic rotation speed at the sun = 
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, with R=10kpc, 
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which is very much greater than  
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For Friday 18th March


TA

1.11, 1.12


SATS

4.9
(note: part iv should say ‘0.015nm’)

4.16

Q4.16 (modified) Model Answer

Astronomers have recently discovered the presence of dusty disks around nearby stars.  Derive the equation for the radiative force acting on a dust grain of radius a, and prove that for such a dust grain to be in a circular orbit around a star of mass  M, luminosity  L, and at radial distance r the following equation must hold.           
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For the derivation of the 2nd term on the RHS of this equation, see your notes. To establish the relationship, it is necessary to say that for a stable circular orbit the forces acting on the particle must sum to zero, paying attention to the signs of the forces. 

Dust grains in orbit around a 10 solar mass star with bolometric magnitude +2.0 give rise to an infra-red absorption line centred at 1.2m, with a Doppler width of   0.7 x 10-4 m.  Assuming that the dust grains are silicates, which have a density of 2.3 g cm-3 and that the dust-grain radius equals the mean wavelength of the absorption line, calculate the approximate distance at which the dust grains are orbiting.   [ You may assume that the solar bolometric magnitude is +4.75 ]

Quickest way is to rearrange the equation above to give:
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Stellar luminosity is obtained from
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which gives L* = 12.59 Lsun.

Mass of grain from  
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, where = 2.3 gcm-3 = 2.3 ( 106 g m-3 = 2.3 ( 106kg m-3,

giving mg = 1.66(10-14kg.

The velocity is obtained from the Doppler width of the line, assumed to be attributable to the orbital speed of the material. So
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giving v = 17500 m s-1. Then, plugging in all the data, you get r = 3.2 ( 1012m (= 21.3 AU)
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