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1 Photometry

1.1 Signal to Noise Ratio

You plan to do accurate photometry of a 15-th magnitude star in the V-band with the 4.2-meter diameter
William Herschel Telescope. Assuming an overall efficiency of the atmosphere, the telescope, including the
secondary obscuration, and the imaging system of 10%, what SNR could you reach if you integrated for 1000
seconds and assumed that the photon noise dominated all other noise sources? Hint: A 0-th magnitude star
produces a flux of 9 × 109 photons/m2/s in the V-band.

1.2 Aperture Photometry

To obtain accurate photometry of the 15-th magnitude star during the bright time that was allocated to you,
you need to subtract the sky background, which is expected to be 17.5 magnitudes per arcsec squared in the
V-band. Assuming that your central circular area containing the star has a radius of 1.8 arcsec and that you
measure the sky background in a ring that has the same area as your central area, what is the maximum SNR
that you can achieve after removing the sky background?

1.3 Extrapolation to Zero Airmass

In the actual observations, you observe the star twice with 1000-second long exposures; once in the zenith where
you measure 1.2×107 photons (after background subtraction) and once at a zenith distance of 60 deg where you
measure 0.98 × 107 photons (after background subtraction). How many photons would you expect to measure
if the same telescope would be in space?

2 GAIA Astrometry

GAIA can measure the positions of G2V stars with a magnitude of V=15 with an accuracy of about 2 × 10−5

arcsec in the sky. What would be the furthest such star for which a parallax can still be measured assuming
that it is close to Polaris? Would a G2V star at that distance have a V-band magnitude of 15? Hints: The
parallax angle refers to the apparent change in position in the sky for a motion of the Earth by 1 Astronomical
Unit. The Sun is a G2V star with an absolute magnitude of about 5.
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