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Figure 2.2. Hubble's tuning-fork diagram, filled in with galaxies. This collection of galaxies 
spans the classical Hubble types, illustrating the changes in bulge-to-disk prominence and spiral 
pattern along the sequences. Beyond this original set of types, and not shown here, are even less 
organized SdjSBd spirals plus their corresponding irregular galaxies. These are optical images, 
close or identical to the photographic bands used to define Hubble's classifications. (Data by the 
author, fro~ Kitt Peak and Lowell; from Greg Bothun; and taken from the Digitized Sky 
Survey, taken by the Oschin Schmidt Telescope on Palomar Mountain, with compression and 
distribution by STScI.) 
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Figure 2.3. The changing appearance of galaxies in different parts of the electromagnetic 
spectrum is illustrated by this series of images, showing the nearby spiral galaxy M81. In 
X-rays, only the active nucleus and accreting compact objects in binary systems (white dwarfs, 
neutron stars, and black holes) appear, with no hint of the rich stellar structure. In the 
ultraviolet, only the hottest (unobscured) stars are bright, so that the spiral pattern can be 
traced via star-forming regions, but the central bulge of old stars has almost vanished. This 
appearance resembles some spiral galaxies seen at large distances, where the redder bulge light 
has shifted out of the optical bands. The familiar visible-light image shows both the spiral 
pattern and the old bulge population, while in the near-infrared, the spiral pattern and star
forming regions are much more subdued. This change in apparent structure with wavelength 
has been dubbed the "morphological K-correction". X-ray data are from ROSAT, extracted 
from the HEASARC archive at NASA's Goddard Space Flight center. The UV image is a 
combination of observations obtained by the GALEX satellite at wavelengths 1,500 and 
2,300 A., used courtesy of NASA. The optical images are reproduced courtesy of Greg Bothun. 
(The infrared data are from the 2-Micron All Sky Survey (2MASS), a joint project of the 
University of Massachusetts and the Infrared Processing and Analysis Center/California 
Institute of Technology, funded by NASA and the NSF.) 
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In 1990 I published a study of the Kitt Peak night sky using absolute spectrophotometry (Massey. Gronwall, & Pilachowski 1990 PASP. 102. 
1046) . About 10 years later, Craig Foltz and I revisted the issue (Massey & Foltz 2000 PASP. 112,566) . Typical night-sky spectra can be found 
at here for the blue and here for the red. 

E-mail: massey (at) lowell.edu 

Last updaJed April 24, 2004 

http:lowell.edu
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Malin 1 


HST 

Figure 2.4. The prototype giant low-surface-brightness (LSB) galaxy Malin I. A typical 
exposure depth (left) shows only the nucleus and bulge of the galaxy. Smoothing the image 
and stretching the intensity by a factor of ten (right) reveals the extensive and patchy spiral 
structure which extends over a much wider area, visible over a diameter of 200 kiloparsecs and 
well into the massive disk of neutral hydrogen. (The inset is from a Hubble image in red light, 
showing the distinct bar and spiral structure marking a "normal" disk at the center of the huge 
LSB structure. The wide-field blue-light image was obtained by Greg Bothun at the 1.3-meter 
telescope of MDM Observatory. HST image from the archive, from a program with Chris 
Impey as PI.) 
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Figure 2.7. The color of galaxies along the Hubblc sequence. The star-forming history of 
galaxies is traced by their broad-band colors. This is illustrated in these mean colors from a 
sample of 456 bright galaxies in the Sloan Digital Sky Survey, with the bands approximately at 
3,500 A(u), 4,800 A(g), 6,250 A(r), 7,700 A0), and 9,100 A(z). Smaller differences among these 
magnitudes (color indices) denote a blucr spectral shape. The difference is most conspicuous at 
shorter wavelengths (as in u 9 color), since stellar evolution is most rapid for the more massive 
bluer stars. (Data from Shimasaku et al., Astronomical Journal, 122, 1238, 2001.) 

has seen use in asking how local galaxy samples populate the CAS space, and in 
comparing this with samples at high redshift. 

Such a pattern of grouping and quantifying galaxies through some small set of 
observable quantities, such as color, image concentration, and an index of image 
symmetry, takes us into the more abstract field of quantitative classification. For 
many years, a need has been expressed for fully quantitative and numeric ways to 
classify galaxies, not necessarily to supplant but more completely to supplement the 
classical morphological schemes such as the Hubble and de Vaucouleurs systems. 
Such parameters could, if we are fortunate, be linked directly to the dynamical 
components of galaxies, and be defined in ways that make them more robust to data 
quality and resolution than the usual visual classifications. As candidate systems have 
been proposed and evaluated, it is one measure of the lasting influence of the Hubble 
system that most of the quantities they derive have been shown plotted as functions 
of ... Hubble class. We may consider such interesting additional quantities as color 
of the stellar popUlation, gas content per unit optical luminosity, normalized star
formation rate from Ha or far-infrared indicators, or mean rotational velocity, and in 
each case we see a clear correlation with galaxy type (as seen in sample quantities in 
Figure 2.7). The color dependence can be so strong that color is often used as the 
independent variable in studies of galaxy populations, as a proxy for the star-forming 
history of a system (Chapter 4). 
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