ASTRONOMY A2Z

Tutorial Model Answers

 2.7

F-number = focal length / aperture diameter (f/D);     ( f = 30.96 m.

Each pixel subtends and angle of 15 (m/30.96 m ( 0.1 arcsec (= ang. size on the sky)

The field-of-view is simply 1600(0.1 arcsec = 2’ 40”
If  S0 is the flux density of a 0th visual magnitude source then the flux density, S, of a souce of magnitude mv is defined by
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Rearranging, and setting S0 = 3.95(10-23 J s-1 m-2 Hz-1 gives
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The total flux, F,  equals S((  where (( is the observing  bandwidth, i.e.
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The amount of energy intercepted by the telescope (aperture area A) in time ( is U = F.A.( :
i.e., U = F.(.(D/2)2.(   .

If ( = 3600 s (=1 hour), the number of photons received in this period is about 
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i.e.,
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The total number of incident photons contributing to the signal is N(0.22(0.35 = 0.077 N .  Adding variances, the noise2  is 132 (due to readout) + 0.077N ( due to Poisson noise).  The signal-to-noise ratio is therefore

SNR = 0.077N / (132 + 0.077N)1/2.

A SNR of 5 therefore requires  N = 1022 photons incident on the telescope aperture.  This corresponds to a source magnitude satisfying    
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