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FIGURE 20.1

NGC 3603 and Its Parent Cloud. This image, taken by the Hubble Space Telescope, shows the young star cluster NGC 3603 
interacting with the cloud of gas from which it recently formed. The bright blue stars of the cluster have blown a bubble in the gas 
cloud. The remains of this cloud can be seen in the lower right part of the frame, glowing in response to the starlight illuminating it. 
In its darker parts, shielded from the harsh light of NGC 3603, new stars continue to form. Although the stars of NGC 3603 formed 
only recently, the most massive of them are already dying and ejecting their mass, producing the blue ring and streak features 
visible in the upper left part of the image. Thus, this image shows the full life cycle of stars, from formation out of interstellar gas, 
through life on the main sequence, to death and the return of stellar matter to interstellar space. (credit: modification of work by 
NASA, Wolfgang Brandner (JPL/IPAC), Eva K. Grebel (University of Washington), You-Hua Chu (University of Illinois Urbana-
Champaign))



FIGURE 20.2

Various Types of Interstellar Matter.
The reddish nebulae in this spectacular 
photograph glow with light emitted by 
hydrogen atoms. The darkest areas are 
clouds of dust that block the light from 
stars behind them. The upper part of the 
picture is filled with the bluish glow of 
light reflected from hot stars embedded in 
the outskirts of a huge, cool cloud of dust 
and gas. The cool supergiant star 
Antares can be seen as a big, reddish 
patch in the lower-left part of the picture. 
The star is shedding some of its outer 
atmosphere and is surrounded by a cloud 
of its own making that reflects the red 
light of the star. The red nebula in the 
middle right partially surrounds the star 
Sigma Scorpii. (To the right of Antares, 
you can see M4, a much more distant 
cluster of extremely old stars.) (credit: 
modification of work by ESO/Digitized 
Sky Survey 2)



FIGURE 20.3

Orion Nebula. The red glow that 
pervades the great Orion Nebula is 
produced by the first line in the Balmer 
series of hydrogen. Hydrogen emission 
indicates that there are hot young stars 
nearby that ionize these clouds of gas. 
When electrons then recombine with 
protons and move back down into lower 
energy orbits, emission lines are 
produced. The blue color seen at the 
edges of some of the clouds is produced 
by small particles of dust that scatter the 
light from the hot stars. Dust can also be 
seen silhouetted against the glowing gas. 
(credit: NASA,ESA, M. Robberto (Space 
Telescope Science Institute/ESA) and the 
Hubble Space Telescope Orion Treasury 
Project Team)



FIGURE 20.4

Absorption Lines though an Interstellar Dust Cloud. When there is a significant 
amount of cool interstellar matter between us and a star, we can see the absorption 
lines of the gas in the star’s spectrum. We can distinguish the two kinds of lines 
because, whereas the star’s lines are broad, the lines from the gas are narrower.



FIGURE 20.5

Formation of the 21-Centimeter Line. When the electron in a hydrogen atom is in the 
orbit closest to the nucleus, the proton and the electron may be spinning either (a) in 
the same direction or (b) in opposite directions. When the electron flips over, the atom 
gains or loses a tiny bit of energy by either absorbing or emitting electromagnetic 
energy with a wavelength of 21 centimeters.



FIGURE 20.6

Harold Ewen (1922–2015) and Edward Purcell (1912–1997). We see Harold Ewen in 
1952 working with the horn antenna (atop the physics laboratory at Harvard) that made 
the first detection of interstellar 21-cm radiation. The inset shows Edward Purcell, the 
winner of the 1952 Nobel Prize in physics, a few years later. (credit: modification of 
work by NRAO)



FIGURE 20.7

Vela Supernova Remnant. About 11,000 years ago, a dying star in the constellation of Vela 
exploded, becoming as bright as the full moon in Earth’s skies. You can see the faint rounded 
filaments from that explosion in the center of this colorful image. The edges of the remnant are 
colliding with the interstellar medium, heating the gas they plow through to temperatures of millions 
of K. Telescopes in space also reveal a glowing sphere of X-ray radiation from the remnant. (credit: 
Digitized Sky Survey, ESA/ESO/NASA FITS Liberator, Davide De Martin)



FIGURE 20.8

Fullerene C60. This three-dimensional perspective shows the characteristic cage-like 
arrangement of the 60 carbon atoms in a molecule of fullerene C60. Fullerene C60 is 
also known as a “buckyball,” or as its full name, buckminsterfullerene, because of its 
similarity to the multisided architectural domes designed by American inventor R. 
Buckminster Fuller.



FIGURE 20.9

Barnard 68. This object, first catalogued by E. E. Barnard, is a dark interstellar cloud. 
Its striking appearance is due to the fact that, since it is relatively close to Earth, there 
are no bright stars between us and it, and its dust obscures the light from the stars 
behind it. (It looks a little bit like a sideways heart; one astronomers sent a photo of this 
object to his sweetheart as a valentine.) (credit: modification of work by ESO)



FIGURE 20.10

Edward Emerson Barnard (1857–
1923). Barnard’s observations provided 
information that furthered many 
astronomical explorations. (credit: The 
Lick Observatory)



FIGURE 20.11

Visible and Infrared Images of the Horsehead Nebula in Orion. This dark cloud is one of the best-known images in astronomy, 
probably because it really does resemble a horse’s head. The horse-head shape is an extension of a large cloud of dust that fills the 
lower part of the picture. (a) Seen in visible light, the dust clouds are especially easy to see against the bright background. (b) This 
infrared radiation image from the region of the horse head was recorded by NASA’s Wide-Field Infrared Survey Explorer. Note how 
the regions that appear dark in visible light appear bright in the infrared. The dust is heated by nearby stars and re-radiates this heat 
in the infrared. Only the top of the horse’s head is visible in the infrared image. Bright dots seen in the nebula below and to the left 
and at the top of the horse head are young, newly formed stars. The insets show the horse head and the bright nebula in more detail. 
(credit a: modification of work by ESO and Digitized Sky Survey; credit b: modification of work by NASA/JPL-Caltech)



FIGURE 20.12

Infrared Emission from the Plane of the Milky Way. This infrared image taken by the Spitzer Space Telescope shows a field in the 
plane of the Milky Way Galaxy. (Our Galaxy is in the shape of a frisbee; the plane of the Milky Way is the flat disk of that frisbee. 
Since the Sun, Earth, and solar system are located in the plane of the Milky Way and at a large distance from its center, we view the 
Galaxy edge on, much as we might look at a glass plate from its edge.) This emission is produced by tiny dust grains, which emit at 
3.6 microns (blue in this image), 8.0 microns (green), and 24 microns (red). The densest regions of dust are so cold and opaque that 
they appear as dark clouds even at these infrared wavelengths. The red bubbles visible throughout indicate regions where the dust 
has been warmed up by young stars. This heating increases the emission at 24 microns, leading to the redder color in this image. 
(credit: modification of work by NASA/JPL-Caltech/University of Wisconsin)



FIGURE 20.13

Pleiades Star Cluster. The bluish light surrounding the stars in this image is an example of a 
reflection nebula. Like fog around a street lamp, a reflection nebula shines only because the 
dust within it scatters light from a nearby bright source. The Pleiades cluster is currently passing 
through an interstellar cloud that contains dust grains, which scatter the light from the hot blue 
stars in the cluster. The Pleiades cluster is about 400 light-years from the Sun. (credit: NASA, 
ESA and AURA/Caltech)



FIGURE 20.14

Barnard 68 in Infrared. In this image, we see Barnard 68, the same object shown in Figure 
20.9. The difference is that, in the previous image, the blue, green, and red channels showed 
light in the visible (or very nearly visible) part of the spectrum. In this image, the red color shows 
radiation emitted in the infrared at a wavelength of 2.2 microns. Interstellar extinction is much 
smaller at infrared than at visible wavelengths, so the stars behind the cloud become visible in 
the infrared channel. (credit: ESO)



FIGURE 20.15

Scattering of Light by Dust. Interstellar dust scatters blue light more efficiently than 
red light, thereby making distant stars appear redder and giving clouds of dust near 
stars a bluish hue. Here, a red ray of light from a star comes straight through to the 
observer, whereas a blue ray is shown scattering. A similar scattering process makes 
Earth’s sky look blue.



FIGURE 20.16

Model of an Interstellar Dust Grain. A typical interstellar grain is thought to consist of 
a core of rocky material (silicates) or graphite, surrounded by a mantle of ices. Typical 
grain sizes are 10–8 to 10–7 meters. (This is from 1/100 to 1/10 of a micron; by contrast, 
human hair is about 10–200 microns wide.)



FIGURE 20.17

Victor Hess (1883–1964). Cosmic-ray 
pioneer Victor Hess returns from a 1912 
balloon flight that reached an altitude of 
5.3 kilometers. It was on such balloon 
flights that Hess discovered cosmic rays.



FIGURE 20.18

Large-Scale Distribution of Interstellar 
Matter. This image is from a computer 
simulation of the Milky Way Galaxy’s 
interstellar medium as a whole. The 
majority of gas, visible in greenish colors, 
is neutral hydrogen. In the densest 
regions in the spiral arms, shown in 
yellow, the gas is collected into giant 
molecular clouds. Low-density holes in 
the spiral arms, shown in blue, are the 
result of supernova explosions. (credit: 
modification of work by Mark Krumholz)



FIGURE 20.19

Sky in X-Rays. This image, made by the ROSAT satellite, shows the whole sky in X-rays as seen 
from Earth. Different colors indicate different X-ray energies: red is 0.25 kiloelectron volts, green is 
0.75 kiloelectron volts, and blue is 1.5 kiloelectron volts. The image is oriented so the plane of the 
Galaxy runs across the middle of the image. The ubiquitous red color, which does not disappear 
completely even in the galactic plane, is evidence for a source of X-rays all around the Sun. (credit: 
modification of work by NASA)



FIGURE 20.20

Local Fluff. The Sun and planets are currently moving through the Local Interstellar Cloud, which is also called the Local Fluff. Fluff is an 
appropriate description because the density of this cloud is only about 0.3 atom per cm3. In comparison, Earth’s atmosphere at the edge of 
space has around 1.2 × 1013 molecules per cm3. This image shows the patches of interstellar matter (mostly hydrogen gas) within about 20 
light-years of the Sun. The temperature of the Local Interstellar Cloud is about 7,000 K. The arrows point toward the directions that different 
parts of the cloud are moving. The names associated with each arrow indicate the constellations located on the sky toward which the parts of 
the cloud are headed. The solar system is thought to have entered the Local Interstellar Cloud, which is a small cloud located within a much 
larger superbubble that is expanding outward from the Scorpius-Centaurus region of the sky, at some point between 44,000 and 150,000 
years ago and is expected to remain within it for another 10,000 to 20,000 years. (credit: modification of work by NASA/Goddard/Adler/ 
University Chicago/Wesleyan)
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