Astrophysics ASTR3415
Homework Assignment No.1

(Due 9/26/05, 5pm)

1. We saw in Part 1 that inverse of the Hubble constant is known as the Hubble time,
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, and measures a timescale for the expansion of the Universe.  Show that if the Hubble constant is measured in units of kilometres per second per megaparsec, and 
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 is measured in years, then
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Hence explain why Hubble’s original estimate of 
[image: image4.wmf]0

H

was controversial.

[6]
2. (Adapted from Liddle, problem 2.1)
Suppose that the Milky Way galaxy is of typical size, containing say 
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 stars, and that galaxies are typically separated by a distance of 1 megaparsec.  Use these facts to estimate the density, in
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, of the Universe – indicating what assumptions and approximations you make.

Compare your answer with the density of the Earth.
(1 solar mass 
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[image: image8.wmf]kg

10

6

24

´

=

;  1 Earth radius 
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3. (Adapted from Liddle, problem 2.2) 
In the real Universe the expansion is not completely uniform. Rather, galaxies exhibit some additional motion relative to the overall Hubble expansion, known as their peculiar velocity, and caused by the gravitational pull of their near neighbors.  Supposing that a typical galaxy peculiar velocity is
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, how far away would a galaxy have to be before it could be used to determine the Hubble constant to an accuracy of 10%, supposing
a) The true value of the Hubble constant is
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b) The true value of the Hubble constant is
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(Hint: assume in your calculation that the galaxy distance and recession velocity could be measured exactly.  Unfortunately this is not true of real observations).
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4. Calculate the angular deflection (in radians) of a horizontal light ray at the surface of the Earth, bent by the Earth’s gravitational field.  Consider a horizontal path length of 1 km.
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5. Evaluate the ‘radius of curvature’ factor
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at the Earth’s surface, at the surface of the Sun (of radius 
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), and at the surface of a solar-mass neutron star (of radius 
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).  Comment on your answers in relation to the relative importance of GR for describing gravity at the surface of the Earth, the Sun and the neutron star.
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6. Let 
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 be the vector with components 
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 with respect to the Cartesian basis, i.e. 
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.   Show that 
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   respectively, with respect to this Cartesian basis.
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7. Now consider expressing the components of these vectors with respect to polar coordinates. Given the transformation
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and given also the expressions
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use the general transformation law for the components of a contravariant vector
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to show that, with respect to the polar coordinate basis vectors  
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(Hint:  you will need to substitute expressions for 
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 etc in terms of 
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