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

Chapter 8 Homework
Due Monday, March 18th

Please use this as your cover page.  Show your work for full credit and clearly indicate 
your final answer(s).  Each question is worth 5 points except Q3 which is worth 10 
points.

Q1) Why do the imagers on board the Hubble Space Telescope have a relatively small 
field of view compared to most ground-based telescopes?  Assume you are observing at 
500 nm, and recall that the diameter of the primary mirror is 2.4 meters.  A calculation 
will be helpful.

Q2) Explain why it is usually more acceptable to “oversample” an astronomical image 
(i.e., to have the image of a particular object cover more pixels than necessary), than to 
“undersample”.  Make note of Nyquist spacing, and also consider the likelihood that each
pixel is not exactly identical.

Q3) Assume you are observing an astronomical source which produces photons that 
follow Poisson statistics and want to compare the potential quality of an observation with 
old and new technology.  Ignore any background light from around the source (this is the 
“source-limited” condition).  Assume that the detectors have about the same QE at the 
wavelength where you are observing.  Also assume that the detectors are completely 
linear, assume that they all have a bias level of 200 ADU that will be subtracted off, and 
assume the detectors are cooled enough to suppress dark current.  Compare the maximum
S/N possible with a single exposure with the following CCDs (two old and one new) 
given their characteristics:

CCD Full well (e-) Gain (e-/ADU) Read noise (e-) Bit depth

RCA 320 x 512 350,000 13.5 90 12-bit

TI 800 x 800 50,000 5 15 14-bit

Kodak 4008 x 2672 60,000 0.87 11 16-bit

Q4) A CCD has pixels whose read noise is 3 electrons and whose dark current is 1 
electron per second.  The QE of the detector is 0.9.  Compute the DQE of a single pixel is
1000 photons are incident in a 1-second exposure.  Compute the DQE for the same pixel 
if the same number of photons is incident in a 400-second exposure.
 


