Astronomy 2 Tutorials session 2002-03

Tutorial 4 Model Answers
2.10


As the light from a star shines down, refractive effects in the atmosphere cast light and dark shadows on the ground.  These shadows have a characteristic scale size of about 10 cm (or larger) and move across the ground at speeds of about 10 m s-1.  As our eye has an aperture significantly less than the size of a shadow, we see the apparent flux density of the star fluctuate in a time scale equal to the time it takes a shadow to pass over our eye, i.e., about 0.01 s.  A large telescope (say 2 m diameter) will collect light from many (about 400) patches simultaneously, some light and some dark.  The total light collected will therefore show a smaller fractional fluctuation (by a factor of 4001/2 =20 if the patches are uncorrelated).

If the signal from the star varies on a time scale of (, we will be able to make T/( independent measurements of the flux in a time T.  We expect the error in our final measurement to decrease as the square root of the number of measurements.  If the uncertainty in each measurement is (S = 0.1S  (given) then the uncertainly after averaging T/( of them will be 
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We know that, after collecting N photons the signal-to-noise ratio due to photon noise in a measurement of a flux density is simply S/(S = N1/2 (because S ( N) .  Equating this to the SNR due to scintillation noise gives
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Rearranging we get
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The number of photons arriving per sec must therefore be at least 104 for photon noise to be unimportant in comparison to scintillation noise.

Relativity and Gravitation

A:




Proper length of stick: 
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. In S’, with respect to which S moves at speed 
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 along x-axis, y-length of stick 
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 is unchanged. However, the x-length is contracted, so that the projected length along the x-axis in S’ is 
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. Hence the angle in S’ is 
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The length of the stick in S’ is simply 
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B:

(a) length as measured in earth frame is contracted: 
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 and so each ship is 
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(b) Velocity transformation formula yields the spaceship velocity when viewed from the other’s rest frame as 
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(c) An observer on one ship deduces the length of the other to be 
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(d) Suppose the fronts of the space-ships are aligned as shown:


Then the time taken for the backs to align is simply the time for the rear of either contracted ship to reach the point P, which is 
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