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FIGURE 26.1

Spiral Galaxy. NGC 6946 is a spiral galaxy also known as the “Fireworks galaxy.” It is at a distance of about 18 million 
light-years, in the direction of the constellations Cepheus and Cygnus. It was discovered by William Herschel in 1798. 
This galaxy is about one-third the size of the Milky Way. Note on the left how the colors of the galaxy change from the 
yellowish light of old stars in the center to the blue color of hot, young stars and the reddish glow of hydrogen clouds in 
the spiral arms. As the image shows, this galaxy is rich in dust and gas, and new stars are still being born here. (credit 
left: modification of work by NASA, ESA, STScI, R. Gendler, and the Subaru Telescope (NAOJ); credit right: modification 
of work by X-ray: NASA/CXC/MSSL/R.Soria et al, Optical: AURA/Gemini OBs)



FIGURE 26.2

Andromeda Galaxy. Also known by its catalog number M31, the Andromeda galaxy is a 
large spiral galaxy very similar in appearance to, and slightly larger than, our own Galaxy. 
At a distance of about 2.5 million light-years, Andromeda is the spiral galaxy that is 
nearest to our own in space. Here, it is seen with two of its satellite galaxies, M32 (top) 
and M110 (bottom). (credit: Adam Evans)



FIGURE 26.3

Edwin Hubble (1889–1953). Edwin 
Hubble established some of the most 
important ideas in the study of galaxies.



FIGURE 26.4

Spiral Galaxies.

(a) The spiral arms of M100, shown here, are bluer than the rest of the galaxy, indicating young, high-mass stars and star-
forming regions.

(b) We view this spiral galaxy, NGC 4565, almost exactly edge on, and from this angle, we can see the dust in the plane of 
the galaxy; it appears dark because it absorbs the light from the stars in the galaxy. (credit a: modification of work by 
Hubble Legacy Archive, NASA, ESA, and Judy Schmidt; credit b: modification of work by “Jschulman555”/ Wikimedia)



FIGURE 26.5

Barred Spiral Galaxy. NGC 1300, shown here, is a barred spiral galaxy. Note that the 
spiral arms begin at the ends of the bar. (credit: NASA, ESA, and the Hubble Heritage 
Team(STScI/AURA))



FIGURE 26.6

Hubble Classification of Galaxies. This figure shows Edwin Hubble’s original 
classification of galaxies. Elliptical galaxies are on the left. On the right, you can see the 
basic spiral shapes illustrated, alongside images of actual barred and unbarred spirals. 
(credit: modification of work by NASA, ESA)



FIGURE 26.7

Elliptical Galaxies.

(a) ESO 325-G004 is a giant elliptical galaxy. Other elliptical galaxies can be seen around the edges of this image.

(b) This elliptical galaxy probably originated from the collision of two spiral galaxies. (credit a: modification of work 
by NASA, ESA, and The Hubble Heritage Team (STScI/AURA); credit b: modification of work by ESA/Hubble, 
NASA)



FIGURE 26.8

Dwarf Elliptical Galaxy. M32, a dwarf elliptical galaxy and one of the companions to 
the giant Andromeda galaxy M31. M32 is a dwarf by galactic standards, as it is only 
2400 light-years across. (credit: NOAO/AURA/NSF)



FIGURE 26.9

4-Meter Telescope at Cerro Tololo Inter-American Observatory Silhouetted 
against the Southern Sky. The Milky Way is seen to the right of the dome, and the 
Large and Small Magellanic Clouds are seen to the left. (credit: Roger 
Smith/NOAO/AURA/NSF)



FIGURE 26.10

M101, the Pinwheel Galaxy. This galaxy is a face-on spiral at a distance of 21 million 
light-years. M101 is almost twice the diameter of the Milky Way, and it contains at least 
1 trillion stars. (credit: NASA, ESA, K. Kuntz (Johns Hopkins University), F. Bresolin 
(University of Hawaii), J. Trauger (Jet Propulsion Lab), J. M1ould (NOAO), Y.-H. Chu 
(University of Illinois, Urbana), and STScI)



FIGURE 26.11

Cepheid Variable Star. In 1994, using the Hubble Space Telescope, astronomers were able 
to make out an individual cepheid variable star in the galaxy M100 and measure its distance 
to be 56 million light-years. The insets show the star on three different nights; you can see 
that its brightness is indeed variable. (credit: modification of work by Wendy L. Freedman, 
Observatories of the Carnegie Institution of Washington, and NASA/ESA)



FIGURE 26.12

Type Ia Supernova. The bright object at the bottom left of center is a type Ia 
supernova near its peak intensity. The supernova easily outshines its host galaxy. This 
extreme increase and luminosity help astronomers use Ia supernova as standard bulbs. 
(credit: NASA, ESA, A. Riess (STScI))



FIGURE 26.13

Vesto M. Slipher (1875–1969). Slipher 
spent his entire career at the Lowell 
Observatory, where he discovered the 
large radial velocities of galaxies. (credit: 
Lowell Observatory)



FIGURE 26.14

Milton Humason (1891–1972).
Humason was Hubble’s collaborator on 
the great task of observing, measuring, 
and classifying the characteristics of 
many galaxies. (credit: Caltech Archives)



FIGURE 26.15

Hubble’s Law.

(a) These data show Hubble’s original velocity-distance relation, adapted from his 1929 paper in the Proceedings of the 
National Academy of Sciences.

(b) These data show Hubble and Humason’s velocity-distance relation, adapted from their 1931 paper in The Astrophysical 
Journal. The red dots at the lower left are the points in the diagram in the 1929 paper. Comparison of the two graphs 
shows how rapidly the determination of galactic distances and redshifts progressed in the 2 years between these 
publications.



FIGURE 26.16

Stretching a Ruler. Ants on a stretching ruler see other ants move away from them. 
The speed with which another ant moves away is proportional to its distance.



FIGURE 26.17

Expanding Raisin Bread. As the raisin bread rises, the raisins “see” other raisins 
moving away. More distant raisins move away faster in a uniformly expanding bread.
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