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FIGURE 17.1

Star Colors. This long time exposure shows the colors of the stars. The circular motion 
of the stars across the image is provided by Earth’s rotation. The various colors of the 
stars are caused by their different temperatures. (credit: modification of work by 
ESO/A.Santerne)



FIGURE 17.2

Apparent Magnitudes of Well-Known Objects. The faintest magnitudes that can be 
detected by the unaided eye, binoculars, and large telescopes are also shown.



FIGURE 17.3

Sagittarius Star Cloud. This image, which was taken by the Hubble Space Telescope, shows stars in 
the direction toward the center of the Milky Way Galaxy. The bright stars glitter like colored jewels on a 
black velvet background. The color of a star indicates its temperature. Blue-white stars are much hotter 
than the Sun, whereas red stars are cooler. On average, the stars in this field are at a distance of about 
25,000 light-years (which means it takes light 25,000 years to traverse the distance from them to us) 
and the width of the field is about 13.3 light-years. (credit: Hubble Heritage Team (AURA/STScI/NASA))



FIGURE 17.4

William Huggins (1824–1910) and Margaret Huggins (1848–1915). William and 
Margaret Huggins were the first to identify the lines in the spectrum of a star other than 
the Sun; they also took the first spectrogram, or photograph of a stellar spectrum.



FIGURE 17.5

Absorption Lines in Stars of Different Temperatures. This graph shows the 
strengths of absorption lines of different chemical species (atoms, ions, molecules) as 
we move from hot (left) to cool (right) stars. The sequence of spectral types is also 
shown.



FIGURE 17.6

Spectra of Stars with Different Spectral Classes. This image compares the spectra of the different 
spectral classes. The spectral class assigned to each of these stellar spectra is listed at the left of the 
picture. The strongest four lines seen at spectral type A1 (one in the red, one in the blue-green, and two in 
the blue) are Balmer lines of hydrogen. Note how these lines weaken at both higher and lower temperatures, 
as Figure 17.5 also indicates. The strong pair of closely spaced lines in the yellow in the cool stars is due to 
neutral sodium (one of the neutral metals in Figure 17.5). (Credit: modification of work by 
NOAO/AURA/NSF)



FIGURE 17.7

Annie Jump Cannon (1863–1941). Cannon is well-known for her classifications of 
stellar spectra. (credit: modification of work by Smithsonian Institution)



FIGURE 17.8

Brown Dwarfs. This illustration shows the sizes and surface temperatures of brown 
dwarfs Teide 1, Gliese 229B, and WISE1828 in relation to the Sun, a red dwarf star 
(Gliese 229A), and Jupiter. (credit: modification of work by MPIA/V. Joergens)



FIGURE 17.9

Spectral Lines. This figure illustrates one difference in the spectral lines from stars of 
the same temperature but different pressures. A giant star with a very-low-pressure 
photosphere shows very narrow spectral lines (bottom), whereas a smaller star with a 
higher-pressure photosphere shows much broader spectral lines (top). (credit: 
modification of work by NASA, ESA, A. Field, and J. Kalirai (STScI))



FIGURE 17.10

Doppler-Shifted Stars. When the spectral lines of a moving star shift toward the red 
end of the spectrum, we know that the star is moving away from us. If they shift toward 
the blue end, the star is moving toward us.



FIGURE 17.11

Large Proper Motion. Three photographs of Barnard’s star, the star with the largest 
known proper motion, show how this faint star has moved over a period of 20 years. 
(modification of work by Steve Quirk)



FIGURE 17.12

Changes in the Big Dipper. This figure shows changes in the appearance of the Big 
Dipper due to proper motion of the stars over 100,000 years.



FIGURE 17.13

Space Velocity and Proper Motion. This figure shows the true space velocity of a star. The radial 
velocity is the component of the space velocity projected along the line of sight from the Sun to a 
star. The transverse velocity is a component of the space velocity projected on the sky. What 
astronomers measure is proper motion (μ), which is the change in the apparent direction on the sky 
measured in fractions of a degree. To convert this change in direction to a speed in, say, kilometers 
per second, it is necessary to also know the distance (d) from the Sun to the star.



FIGURE 17.14

Using a Spectrum to Determine Stellar Rotation. A rotating star will show broader 
spectral lines than a nonrotating star.



FIGURE 17.15

Comparison of Rotating Stars. This illustration compares the more rapidly rotating 
star Altair to the slower rotating Sun.



FIGURE 17.16

Henry Draper (1837–1882) and James Lick (1796–1876).

(a) Draper stands next to a telescope used for photography. After his death, his widow funded further 
astronomy work in his name. 

(b) Lick was a philanthropist who provided funds to build a 36-inch refractor not only as a memorial to 
himself but also to aid in further astronomical research.



EXERCISE 27 (FIGURE 17.16)

(credit: modification of work by Michael 
Sheehan)
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