
DANM 250C-01 Winter Quarter 2014

Exercise 3: Colors and color-mapping in astronomical images
Due Tuesday, February 5, 2014

As discussed in class, human color perception is based on three filters, which provide
sensitivity in the red, green, and blue parts of the optical spectrum. Astronomical observa-
tions are also made through filters, and through each filter we record the intensity of light.
To turn this data into a color image that humans can interpret, the intensities recorded in
astronomical observations must be mapped into the red, green, and blue colors that humans
can see. This process is as much art as science, as there are numerous ways to perform this
mapping. Since we may well want to perform such manipulations of astronomical images
ourselves, in this exercise we will explore some of the intricacies of how color mapping works.

1. In some cases the mapping between astronomical filters and human-perceptible colors is
fairly straightforward, as the astronomical filters roughly approximate the passbands of
the eye. Compare the graphs of human eye responsiveness at http://en.wikipedia.
org/wiki/Cone_cell to the graphs of astronomical filter curve response at http:

//spiff.rit.edu/classes/phys440/lectures/filters/filters.html. Which as-
tronomical filters most closely approximate the human eye? Hint 1: 1 Ångstrom
(abbreviated Å) = 10 nm. Hint 2: focus on the broadband filters, not the intermediate
or narrowband ones.

2. When images are taken through narrowband filters, the wavelength range is much
narrower than what the human eye sees, but, depending on the narrowband filters used,
it may still possible to perform an approximate mapping between filter color and human
color perception. Have a look at the famous Eagle Nebula / Pillars of Creation image at
http://hubblesite.org/gallery/album/pr1995044a/. This image was made using
three narrowband filters that were then mapped to red, green, and blue. The red
channel is a close pair (called a doublet) of ionized sulfur lines at 6717 and 6731 Å,
the green channel is a hydrogen line at 6562 Å, and the blue channel is an ionized
oxygen line doublet at 3726 and 3279 Å. Compare these wavelengths to human eye
sensitivities. How closely to the colors selected to produce the Eagle Nebula image
match what a human would actually see when looking at the image? What liberties,
if any, have the image producers taken?

3. For images outside the optical, mapping into human-perceptible colors of course re-
quires rather more drastic transformations. Have a look at figure one of the paper at
http://arxiv.org/pdf/1401.2473v1.pdf; this image of the newborn star cluster 30
Doradus and the Tarantula Nebula around it was produced by Laura Lopez (a former
UCSC grad student). The red color shows emission at 8 µm, the green color shows
the same 6562 Å as in the previous question, and the blue color shows X-rays with
a mean wavelength of about 5 Å. Comparing these wavelengths to the approximate
wavelengths of the human eye response, by approximately what factors have the wave-
lengths been shifted in the process of translating them from the actual wavelength to
one of the colors that humans can see?
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4. Color is also a vital tool for understanding astronomical images. Have a look at the
image of the galaxy NGC 1512 at http://hubblesite.org/gallery/behind_the_

pictures/meaning_of_color/hubble.php. That web page has a helpful tool that
lets you change the filter through which the galaxy is seen. Recalling what you know
about blackbodies, where in this image are the hottest stars located? The coolest
stars?
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