In addition to stars both within and outside the Milky Way, we can see by
telescope many faint cloudy patches in the sky which were all referred to once
as “nebulae”™ (Latin for “clouds™). A few of these, such as those in the constella-
tions Andromeda and Orion, can actually be discerned with the naked eve on a
clear night, Some are star clusters (Fig, 33-3), groups of stars that are so
numerous they appear to be a cloud. Others are glowing clouds of gas or dust
(Fig. 33-4), and it is for these that we now mainly reserve the word nebula.
Most fascinating are those that belong to a third category: they often have fairly
regular elliptical shapes and seem to be a great distance beyond our Galaxy.
Immanuel Kant (about 1755) seems to have been the first to suggest that these
latter might be circular discs, but appear elliptical because we see them at an
angle, and are faint because they are so distant. At first it was not universally
accepted that these objects were extragalactic—that is, outside our Galaxy.
The very large telescopes constructed in the twentieth century revealed that FlGUR'_E 33-3 'This globular star
individual stars could be resolved within these extragalactic objects and cluster is located in the constellation
that many contain spiral arms. Edwin Hubble (1889-1953) did much of this Hereules
oh:»ur\'fl[iunzll work in the 1920s 1.l:»:ing.|:hc. 2.5-m (lUﬂAinf:h} telescope On geURE 33-4
Mt. Wilson near Los Angeles, California, then the world’s largest. Hubble ¢ 00 e hctellation Carina. is
demonstrated that these objects were indeed extragalactic because of their 4oyt 9000 light-vears from us.
great distances, The distance to our nearest large galaxy,” Andromeda, is over
2 million light-years, a distance 20 times greater than the diameter of our
Galaxy. Tt seemed logical that these nebulae must be galaxies similar to ours.
(Note that it is usual to capitalize the word “galaxy” only when it refers to our
own.) Today it is thought there are roughly 40 % 10 galaxies in the observable
universe—that is, roughly as many palaxies as there are stars in a galaxy.
See Fig. 33-5.

Many galaxies tend to be grouped in galaxy clusters held together by their mutual
gravitational attraction. There may be anvwhere from a few to many thousands

This gaseous nebula,

"2.5m (= 100 inches) refers to the diameter of the curved objective mirror. The bigger the mirror,
action there is (better resolution),

the more light it collects (greater intensity) and the less diff

s0 more and fainter stars can be seen. See Chapter 25. Until recently, photographic films or plates
were used to take long time exposures. Now large solid-state CCD sensors (Section 25-1) are

available containing 100 million pixels (compared to 5 or 6 megapixels in a good-quality digital
camera)

"The Magellanic clonds are much closer than Andromeda, but are small and are usually considered
small satellite galaxies of our own Galaxy.

FIGURE 33-5 Photographs of galaxies. (a) Spiral galaxy in the constellation Hydra. (b) Two galaxies:
the larger and more dramatic one is known as the Whirlpool galaxy. (c) A false-color infrared image
of the same galaxies as in (b). here showing the arms of the spiral as being more regular than in the
visible light photo (b); the different colors correspond to different light intensities. Visible light is
scattered and absorbed by interstellar dust much more than infrared is, so the latter gives us a

clearer image.
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