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PS 271 – Techniques of Observational Astronomy
Spring 2017 – Dr. Rachford

Chapter 9 Homework
Due Monday, April 15th

Please use this as your cover page.  Show your work for full credit and clearly indicate 
your final answer(s).  Each question is worth 6.25 points.

Q1) The table as left below gives the coordinates and pixel values near a faint star on an 
array image.  The small array at right is a sample of the nearby background.  Find the 
(x,y) coordinates of the centroid of the star.

y/x 1 2 3 4 5 6 7
8 23 20 17 19 18 17 23
7 18 25 20 18 26 18 19 16 19
6 20 27 33 30 27 23 18 14 16
5 19 31 40 34 28 22 25 13 11
4 26 29 53 51 28 28 21 21 18
3 22 26 40 32 33 18 24 16 17
2 23 30 26 24 26 23 14 20 18
1 16 19 20 18 18 17 16

Q2) On a 20-second exposure, a star with magnitude B = 15.0 produces an SNR = 100 
signal with a small telescope/CCD combination.  Assuming this is s photon-noise 
limieted case, how long an exposure should be required to produce the same SNR for star 
with B = 13.6?

Q3) A star with V = 21.0 is known to produce a count rate of 10 electrons per second for 
a certain telescope/detector combination.  The detector read noise is 4 electrons per pixel,
and the dark count rate is zero.  Compute the exposure time needed to reach a SNR = 10 
under the following conditions:
a) dark sky and good seeing: aperture radius = 3.5 pixels, sky brightness 1.4 electrons per
pixel per second;
b) moonlit sky and poor seeing: aperture radius = 5.0 pixels, sky brightness = 4 electrons 
per pixel per second.

Q4) A certain CCD has a gain of 2.4 electrons per ADU, a read noise of 7 electrons per 
pixel, and a dark current of 2.5 ADU per pixel per second.  In the V filter, the sky 
brightness averages 8 ADU per pixel per second.  An astronomer wishes to observe a 
nebula whose average brightness is expected to be 7 ADU per pixel per second over a 
digital aperture area of 100 pixels.  Compute the expected SNR for measurements of the 
nebula’s brightness on exposures of
(a) 1 second
(b) 10 seconds
(c) 100 seconds


