
The Coma Cluster is a collection of galaxies located 
more than 300 million light-years from Earth. It is one 
of the densest groupings of galaxies in the universe. The 
fuzzy gold-brown galaxies in this image contain old stars.
Courtesy of NASA/ESA/Hubble Heritage Team/STScI/AURA
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“

H. W. Longfellow (American poet), The Galaxy
”

Torrent of light and river of air, 
Along whose bed the glimmering stars 
 are seen, 
Like gold and silver sands in some ravine 
Where mountain streams have left 
 their channels bare!
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A stronomy has come a long way since the 
days when people believed the Earth was the 
center of the universe. Since the mid-1990s 

scientists have discovered hundreds of planets revolving 
around stars other than the Sun. The Solar System is not 
unique. In fact,  exoplanets—planets that orbit stars outside 
the Solar System—are fairly common.

But the ones that have been discovered so far are giants, 
with a mass similar to that of Jupiter and Saturn. They are 
unlikely to support life. Some of these giant exoplanets, 
though, may have smaller neighbors more like Mars 
and Earth.

NASA is embarking on a series of missions to fi nd these 
new worlds. To this end, the agency will send out some 
of the most sensitive instruments ever built, able to reach 
beyond the Solar System’s limits.

These will include the Terrestrial Planet Finder. It will 
provide scientists with images, for the fi rst time, of nearby 
planetary systems. Scientists will analyze the atmospheres 
of distant worlds to look for three things: carbon dioxide, 
water, and ozone. The substantial presence of all three 
would suggest that life is present. It would be convincing 
evidence that planet Earth is not the only home to life 
in the universe.

What are your thoughts 
about the possibility of 
discovering another Earth-
like planet?

• the Milky Way Galaxy 
and the Sun’s place in it 

• the four components 
of the galaxy

• other planetary systems
• black holes
• the center of the Milky Way 

Galaxy
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•  exoplanet
•  light-year
•  parsec
•  galaxy disk
•  nuclear bulge
•  halo
•  globular cluster
•  galactic corona
•  neutrino
•  brown dwarf
•  pulsar
•  binary star system
•  astrometry
•  microlensing
•  accretion disk
•  black hole
•  Schwarzschild radius
•  nova

The Milky Way Galaxy and the Sun’s Place in It 
Human beings have come fairly recently to understand that they 
live in a galaxy made up of hundreds of billions of stars. Like so 
many basic discoveries in astronomy, this one started with Galileo. 
Four hundred years ago he turned his telescope to the Milky Way 
and found it made up not of haze, but of stars too numerous 
to count. The Milky Way appears from Earth as heavenly mist 
because its stars blur together. The naked eye cannot make 
them out as individual stars.

The Makeup of the Milky Way 

The Milky Way appears as a faint band of light that stretches 
around the sky. It encircles Earth at an angle of about 63 degrees 
with respect to the celestial equator. The ancient Greeks called 
it galaxies kuklos, the milky circle. The Romans called it via lactae, 
the milky way. 

The Sun is one of about 200 billion stars that make up the Milky 
Way Galaxy. From the perspective of Earth, the center of the 
galaxy is in the direction of Sagittarius. Estimates of the galaxy’s 
diameter range from about 100,000 to about 160,000 light-years 
across—a light-year  being the distance 
that light travels in a vacuum in one year 
(about 5.9 trillion miles or 9.5 trillion km). 

The Shape of the Galaxy 

Most of the galaxy’s stars are arranged 
in a wheel-shaped disk that circles around 
a bulging center. The accompanying fi gures 
give an idea of what this looks like. 

s. Estimates of tthe galaxy’s
o about 1660,000 ligght-year

r
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The ancients had an easier time 
seeing the Milky Way than you will 
today. But you can still get a good 
look at the galaxy at night in places 
away from the bright lights of cities. 
It’s defi nitely something to keep an 
eye out for the next time you visit 
such a place. And it might be worth 
making a special trip!
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The Sun’s Location in the Milky Way 

The Sun is about one-third to one-half of the 
way out from the galaxy’s center, depending 
on the fi gure you use for the galaxy’s size 
(Figure 1.1). This is approximately 26,000 
light-years, or 8,000 parsecs—an astronomical 
unit equal to 3.26 light-years. Astronomers use 
terms such as parsecs and light-years to deal 
with distances too great to measure in AU. 
The galaxy’s diameter in parsecs is 31,000 
to 50,000 (as opposed to 100,000 to 160,000 
light-years).When you look at the Milky Way, 

you are looking edge-on into the wheel-shaped galaxy. Otherwise, you are looking 
out of the wheel (Figure 1.2). 

Not too long ago—even into the early twentieth century—scientists thought that 
the Sun was at least fairly near the galaxy’s center. Astronomers tried to scientifi cally 
locate the Sun within the galaxy, but their reasoning was incorrect.

Sun

Sun

Looking
out of 
the disk

Looking along
the disk
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Back in the 1780s William Herschel, 
discoverer of Uranus, and his sister Caroline 
made systematic studies of 700 regions of 
the sky. They assumed that if they found 
more stars in one direction than another, that 
direction would be closer to the center. They 
observed that the stars’ density seemed about 
the same throughout the sky. That led them 
to conclude that the Sun was probably at the 
center of the galaxy (Figure 1.3). 

In the early twentieth century, Dutch 
astronomer Jacobus Kapteyn applied a 
different study technique to the same problem 
and came up with the same conclusion: The Sun was near the galaxy’s center.

But in this same century, scientists were conscious enough of Ptolemy’s miscalculation 
of the Solar System that they were naturally skeptical of a claim that the Sun was at 
the center. Further studies have led scientists to locate the Sun farther out.

Here’s the problem that tripped up both the Herschels and Kapteyn: They couldn’t 
see the edge of the galaxy, and they didn’t realize they couldn’t. They saw lots of 
stars, but they didn’t know that interstellar dust was keeping them from seeing more 
distant ones. Here’s a way to picture it: Imagine a fog descended on a long street. 
You may be able to see several blocks, each one less distinctly than the one closer to 
you. But at some point the street simply seems to end. You don’t see certain buildings 
at all. If you know the street, you know what’s lost in the fog. You know what’s 
there, even if you can’t see it. But earlier 
astronomers didn’t have that knowledge. 

Andromeda, a Galaxy 
Similar to the Milky Way 

Almost everything you can see in the sky 
without a telescope is in the Milky Way 
Galaxy. The Magellanic Clouds visible from 
the Southern Hemisphere are one exception. 
And in the Northern Hemisphere, the 
Andromeda Galaxy is another. It’s visible 
in the autumn sky as a fuzzy patch in the 
constellation Andromeda. It’s a spiral galaxy 
(that is, a galaxy with a swirled and coiled 
shape) about 2.9 million light-years from 
the Milky Way. The two galaxies are probably 
similar in appearance. 
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The Four Components of the Galaxy 
Scientists describe four main parts of the Milky Way Galaxy. These consist of 
the disk, the nuclear bulge, the halo, and the galactic corona. The disk is where 
the Sun orbits. The nuclear bulge is the crowded neighborhood at the galaxy’s 
center. The halo is home to the clusters of stars that helped scientists fi gure out 
where to place the Sun within the galaxy. And the corona may explain why there 
seems to be more mass in the galaxy than scientists can see.

The Galaxy Disk 

A galaxy disk is the large, fl at part of a spiral galaxy, rotating around its center. 
The disk contains individual stars, clusters of stars, and almost all the gas and dust 
found in the galaxy. Most of the stars in the disk are young, that is, in their early 
stages. The disk as a whole has a bluish cast. This seems to have something to do 
with the formation of new stars. The disk is densest right at its plane, where it is 
about 1,000 parsecs thick. Above and below it, stars are fewer and farther between. 
You can visualize the disk’s shape by imagining two compact discs stacked one 
atop the other, or two Frisbees stacked bottom to bottom.

The Central Region of the Galaxy 

The nuclear bulge is a spiral galaxy’s central region. The Milky Way Galaxy’s nuclear 
bulge is about 2,000 parsecs, or 6,500 light-years, in diameter. To get a sense of its 
thickness, imagine a peanut stuck in the middle of a pair of CDs. The nuclear bulge is 
packed more densely with stars, dust, and gas than any other part of the galaxy. The 
bulge has a reddish cast because it contains so many red giant and supergiant stars.

The Halo 

A galaxy’s halo is the outermost part of a spiral galaxy, nearly spherical and lying beyond 
the spiral. An important feature of the halo is globular clusters. A globular cluster
is a spherical group of up to hundreds of thousands of stars, found primarily in a galaxy’s 
halo. Globular clusters orbit a galaxy’s nucleus, but they don’t remain within the 
plane of the disk. They pass through the disk twice during each orbit.

Globular clusters provided astronomer Harlow Shapley with 
the data he needed to place the Sun correctly some distance 
from the center of the Milky Way Galaxy (Figure 1.4). 
Whereas earlier researchers had counted individual stars 
and found them consistently throughout the galaxy, Shapley 
counted clusters. He found that they concentrated and 
centered on a point in the constellation Sagittarius, some 
50,000 light-years from the Sun. From this he concluded 
that the Sun was at a greater distance from the galaxy’s 
center than astronomers had originally thought. 
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Harlow Shapley (1885–1972) 
quit school after the fi fth grade, 
returned at age 16, and earned 
a PhD in astronomy at Princeton 
at age 27.
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LESSON 1 ■ The Milky Way Galaxy 153

The Galactic Corona 

Beyond the galaxy’s halo lies the galactic corona, or outer halo. This subject presents 
one of the unresolved problems in galactic astronomy. As astronomers watch the 
movements of galaxies, they see more evidence of gravitational force at work than 
seems proportional to the amount of mass they see—by a factor of six.

To explain this, scientists posit the existence of an outer halo perhaps two or three 
times the radius of the disk and halo. They don’t know what the corona consists 
of, but think it may include small black holes (defi ned and explained later in the 
lesson), cool dwarf stars, large numbers of neutrinos, and other exotic particles. 
(A neutrino is an uncharged, or electrically neutral, particle believed to have very little 
or no mass.) Scientists think the corona may extend to perhaps two or three times 
the radius of the disk and halo.

Other Planetary Systems 
The presence of so many visible stars in the sky, the understanding that the Sun 
is a star just like them, and the knowledge that many other galaxies are out there 
naturally causes people to wonder: Just how unusual is the Solar System? Leaving 
aside the question of life on other planets, is it common for other stars even to have 
planets? These have been diffi cult questions to answer until recently. In this section 
you will read about scientists’ new techniques for spotting exoplanets, also known 
as extrasolar planets. 

Galactic plane

Elliptical orbits
of globular clusters

Nuclear
bulge
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The Obstacles to Discovering Exoplanets 

It’s hard to see planets around other stars by direct observation. Their companion 
stars overwhelm them not only with their size but also with the brightness of their 
light. Planets in the Solar System are as visible as they are only because they are, 
in astronomical terms, such near neighbors.

Infrared technology, measuring electromagnetic waves below the range of visible 
light, has been a boon to astronomers. It modifi es the imbalance between a bright 
star and a dim planet. In the infrared, the brightness of a planet peaks, while that 
of a star declines. This makes planets easier to spot.

The Major Methods for Discovering Exoplanets

Scientists today have developed a number of 
different methods for fi nding exoplanets:

Direct observation/infrared companion: The 
European Southern Observatory’s Very Large 
Telescope obtained the fi rst direct image of an 
exoplanet in April 2004. The planet is fi ve times 
as massive as Jupiter and orbits a  brown dwarf—
a star-like object that gives off light but lacks 
suffi cient mass for nuclear reactions in its core. 
This particular system, about 230 light-years 
from the Sun in the direction of the constellation 
Hydra, is only about 8 million years old. 
Infrared technology made it possible to fi nd. 

Dust disks: Astronomers have found disks 
of dust and gas the size of the Solar System 
around several stars. Infrared studies of � Pictoris, 
the No. 2 star in the constellation Pictor, in 
the Southern Hemisphere, suggest that this 
star contains fi ne dust with an icy consistency. 
Such dust generally either gets blown out of 
a star system or fuses to the star. That this dust 
is there all the time suggests that collisions 
among planetesimals orbiting the star probably 
keep replacing it. Gaps in the dust imply 
the presence of a planet orbiting the star. 

N

E

778 mas
55 AU at 70 pc
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� is the Greek letter beta. Stars are 
assigned names by several methods. 
The brightest stars in each constellation 
are given a Greek letter according to 
their brightness. Thus � Pictoris is the 
second-brightest star in the constellation 
Pictor. The constellation is visible only 
from the Southern Hemisphere.
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Pulsar companions: A pulsar  is a rotating neutron star that emits beams of radio 
waves that, like a lighthouse beacon, are observed as pulses of radio waves with a regular 
period. In 1992 astronomers reported fi nding variations in the rate of signals from 
the pulsar PSR 1257 � 12. Such variations can signal the presence of one or more 
companion objects, such as a planet.

Binary systems and visual wobble: Two bodies held together by gravity revolve 
around their common center of mass. As you have read, this is the case with Pluto 
and its moon, Charon. A binary star system is a pair of stars that revolve around each 
other. Sometimes only one of a pair is visible to astronomers. But they can deduce 
the existence of the other by looking for a bit of wiggle or wobble in the body 
they can see. By the same method, astronomers can detect the presence of a very 
large planet in orbit around a star. This method works best for nearby stars whose 
motion is easier to observe. 

It’s not easy to detect the wobble of a star by carefully measuring its position 
in the sky relative to other stars.  Astrometry is the branch of astronomy dealing 
with measurement of the positions and motions of celestial objects. Scientists must be 
extremely accurate with their measurements, and they must make them over long 
periods of time to capture the orbital period of a star’s motion. The advantage of 
this technique is that it also lets astronomers fi nd a planet’s mass.

Binary systems and Doppler wobble: Another way to detect an exoplanet is 
to measure the Doppler shift of a star’s spectrum (Figure 1.5). That is, scientists 
measure changes in the light a star gives off as the star alternately wobbles toward 
and away from Earth. The star wobbles because of an orbiting planet’s gravitational 
pull on it. Astronomers have found that this is a very successful method for 
identifying planets. This system also tends to provide a lot of information about 
the planets it helps detect. As of early 2009 scientists had discovered about 335 
planet-like objects orbiting about 285 stars. 

The Doppler Effect

You may not know the term Doppler effect (also called the Doppler shift), but you’ve 
experienced it many times. When a fi re truck passes you, the pitch of its siren rises 
as the truck approaches and then falls after it passes. The Doppler effect is the change 
in the apparent frequency of a wave as observer and source move toward or away 
from each other. The waves get compressed, as the source and observer come closer 
together—leading to a higher pitch. The waves are pulled apart as the source and 
observer move away from each other—leading to a lower pitch. 

The Doppler effect occurs in other kinds of waves, too. Light from a star moving 
away from an observer shifts to red. A star moving towards the observer shifts to blue. 
How much the waves shift can tell astronomers how fast the star is moving.

ThThThe Do

Y

89619_CH04_LS01_p146-161.indd   155 6/4/10   4:08 PM



156 CHAPTER 4 Deep Space

Toward
observer

Observer sees
a to-and-from
motion

Center of mass
of star/planet system

Star

Planet (unseen)
x

(a)

Blueshifted light from star

Redshifted light from star

Toward 
observer

Star

Planet (unseen)

(b)

Planet

Planet’s 
orbit

Star

1 2

21

3 4

3 4

5

5

B
rig

ht
ne

ss

Time(c)

Star’s path

Bent light rays

Background star

Planet

Toward observer
100

Time (days)
�10�20 20

Lensing by
star’s planet

Lensing
by star

In
te

ns
ity

 o
f b

ac
kg

ro
un

d 
st

ar

(d)

89619_CH04_LS01_p146-161.indd   156 6/4/10   4:08 PM



LESSON 1 ■ The Milky Way Galaxy 157

Stellar occultation: When a star seems to dim, that can be a sign of occultation—
of a planet passing in front of the star and blocking its light.

Gravitational microlensing: According to the general theory of relativity, when 
a massive object passes between an observer and a star, the object’s gravity will 
bend the light. The massive object serves as a magnifying lens that multiplies the 
intensity of the light from the star for a period of time.  Microlensing is the term 
for this temporary brightening of the light from a distant star orbited by an object 
such as a planet. The planet’s gravity acts like a lens. 

How Planetary Systems Form 

As if detecting exoplanets weren’t challenging enough, scientists are also at work 
fi guring out how planets form in the fi rst place. Scientists today have two models 
for the formation of planets: the core-accretion model and the disk-instability 
model. The core-accretion model assumes that planets start out as small chunks 
of rock, dust, and debris. After a series of collisions among planetesimals and 
the accretion of dust and gas, they eventually turn into a planet. 

This model explains Earth-like planets better than Jupiter-like ones. A planet like 
Jupiter needs to collect a lot of rocks for its core, and that process can take tens of 
millions of years. But an accretion disk—a rotating disk of gas orbiting a star, formed 
by material falling toward the star—tends not to last long enough for that. It typically 
evaporates in the stellar wind or as a result of infl uences from nearby stars in just 
a few million years.

The competing disk-instability model suggests that dense regions forming in the 
disk accrete (or collect) more and more material and suddenly collapse to form one 
or more planets. Under this model, it can take only a few hundred years to form 
a gas giant planet. But the disks in such cases must be quite massive—10 percent 
of the star’s mass. Scientists have not commonly observed this.

Many Jupiter-sized exoplanets are observed close to their parent stars. But it seems 
unlikely that they formed there, amid the high temperatures, and with few raw 
materials. A likelier scenario is that they formed some distance away from their 
star and have moved inward.

Black Holes 
A scientifi c puzzle easily as demanding as planet formation is the black hole. 
A black hole is an object whose escape velocity exceeds the speed of light. (Escape 
velocity is the speed at which an object must travel to “escape” a star’s gravity.)

Shortly after Einstein introduced his theory of general relativity, the German physicist 
Karl Schwarzschild recognized that a star could collapse so completely, with such 
a powerful gravitational pull, that nothing could escape from it, not even light. 
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He calculated that when a star collapses to a dimension equal to or less than 
a certain radius, light is unable to escape. That radius is now named after him. 
The Schwarzschild radius is the radius of a sphere around a black hole from within 
which no light can escape. 

What a Black Hole Is 

The theory behind black holes is complex. 
But black holes themselves are relatively 
simple. Science can describe any black hole 
using only three numbers: one for its mass, 
one for its electric charge, and one for its 
angular momentum. Size, texture, color—
all those properties of ordinary objects 
have no meaning for a black hole. Whatever 
the properties of the material that formed 
the black hole, that information is forever 
removed from the universe. 

The Three Measurements of a Black Hole 

In principle, it would be easy to measure a black hole’s mass. You could do this 
just as you measure the mass of any other object. You would observe an object 
in orbit around the black hole and apply Kepler’s third law to calculate the total 
mass of the black hole and the orbiting object.

In theory a black hole might have an electric charge, either positive or negative. 
But whichever it had, it would draw charges of the other type until it became 
neutral. Thus, scientists do not expect that black holes have electric charges. 
And they generally don’t consider electric charges when discussing black holes. 

The third property that a black hole may have is angular momentum. As an object 
shrinks, its rotation rate speeds up. Therefore a rapidly spinning black hole would 
drag nearby space-time around with it. Light passing near a rotating black hole 
on one side would behave differently from light passing by on the other side. 
On one side the light would be moving along with space-time, and on the other 
side, light would be moving against the motion of space-time.

Since black holes have just these three properties, astronomers say, “A black hole 
has no hair.” Any properties of objects that fall into it are forever gone from the 
universe. All that’s left is mass, electric charge, and angular momentum.
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The American physicist John Archibald 
Wheeler usually gets credit for coining 
the term “black hole.” But he later 
explained that an audience member at 
one of his talks suggested the phrase. 
The term in use at the time was 
“gravitationally completely collapsed 
object.” It was tedious. “How about black 
hole?” someone in the audience asked. 
“Suddenly the name seemed exactly 
right,” Wheeler said later.
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LESSON 1 ■ The Milky Way Galaxy 159

How Scientists Detect Black Holes 

Scientists fi rst predicted the existence of black holes in the 1930s. But a prediction 
of something as dramatic as a black hole cries out for verifi cation by observation. 
On the other hand, there’s no hope of directly seeing something from which 
no light escapes. That has turned astronomers’ thoughts to indirect observation. 

If matter were falling into a black hole, some of that matter would orbit the black 
hole the same way matter falling onto a white dwarf orbits it before falling in, 
creating a nova in the process. A nova is a star that grows brighter than usual for a 
time and then returns to its original state. Because the gravitational fi eld near a black 
hole would be so strong, any matter nearby would orbit very fast. Particles would 
collide randomly, as regular orbital motion gave way to random thermal motion. 
Temperatures would reach hundreds of millions of degrees. This hot material 
would radiate energy. It would appear as an X-ray source (Figure 1.6). 

Cygnus X-1, the fi rst X-ray source in the constellation Cygnus, was the fi rst 
candidate for a black hole. Scientists discovered it in the 1960s. In 1989 the star 
V404 Cygni, a star in the Milky Way Galaxy, drew attention to itself by erupting 
with a powerful X-ray fl are. Astronomers have observed black-hole candidates with 
masses ranging from as small as three times the mass of the Sun to billions of solar 
masses at the cores of galaxies. Since the early 1990s orbiting X-ray observatories 
have been providing important data to help astronomers tell the difference between 
black holes and other space phenomena. 
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160 CHAPTER 4 Deep Space

The Center of the Milky Way Galaxy
It took astronomers until the early twentieth century to get a good understanding 
of the Milky Way Galaxy’s nucleus. Dust and gas in the galactic plane dim the 
visible light from the nucleus. But the development of nonoptical telescopes 
opened new windows on the galaxy’s center.

How Scientists Observe the Galaxy’s Nucleus 

To observe the galactic nucleus, scientists use wavelengths in the infrared/radio 
part of the spectrum or in X-rays and gamma rays. These observations have 
helped them construct a picture of the Milky Way Galaxy’s nucleus. In the process, 
they discovered that the nucleus has a massive black hole. Findings from these 
nonoptical scopes have also helped scientists piece together some of the galaxy’s 
violent history.

Some other spiral galaxies also have tremendously powerful energy sources at 
their center. The massive-black-hole hypothesis seems to be the best explanation 
for the energy source in the Milky Way Galaxy and other similar galaxies. 

But scientists are a long way from understanding the center of the galaxy. 
They need many more observations and much more data to get a clearer picture. 
In the meantime, they have learned much in recent years about other galaxies 
and objects in the universe. The next lesson will introduce you to some of them.
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Lesson 1 Review 
Using complete sentences, answer the following questions on a sheet of paper.

 1. The Sun is one of how many stars that make up the Milky Way Galaxy?

 2. How are the stars of the galaxy arranged?

 3. Why were twentieth-century scientists skeptical of claims that the Sun was 
near the center of the galaxy?

 4. What do the Magellanic Clouds and the Andromeda Galaxy have in common?

 5. What are most of the stars in the disk of the galaxy like? Why does the disk 
have a bluish cast?

 6. Why does the nuclear bulge of the galaxy have a reddish cast?

 7. What did Harlow Shapley fi nd when he counted globular clusters?

 8. What do scientists think the galactic corona includes?

 9. Why has infrared technology, measuring electromagnetic waves below the 
range of visible light, been such a boon to astronomers?

 10. What is gravitational microlensing?

 11. What is the core-accretion model of planetary formation?

 12. Scientists can describe any black hole using which three numbers?

 13. Why would a black hole be expected to spin rapidly? What effect would 
it have on nearby space-time?

 14. Why would astronomers use indirect observation for their work on black 
holes rather than direct observation?

 15. How do scientists observe the galactic nucleus?

 16. What is currently the best explanation of the energy source of the Milky Way 
and other spiral galaxies?

✔ CHECK POINTSCCCCCCCCCCCCCCCHHHHHHHHHHHHHEEEEEEEEEEEEEEECCCCCCCCCCCCCCCKKKKKKKKKKKKKKK PPPPPPPPPPPPPPPOOOOOOOOOOOOOOOIIIIIIIIIIINNNNNNNNNNNNNTTTTTTTTTTTTTTTSSSSSSSSSSSSSSSCCCCCCCCCCCCCCCHHHHHHHHHHHHHHHEEEEEEEEEEEEEEECCCCCCCCCCCCCCCKKKKKKKKKKKKKKK PPPPPPPPPPPPPPPOOOOOOOOOOOOOOOIIIIIIIIIIIIIIINNNNNNNNNNNNNNNTTTTTTTTTTTTTTTSSSSSSSSSSSSSSSCCCCCCCCCCCCCCCHHHHHHHHHHHHHEEEEEEEEEEEEECCCCCCCCCCCCCCCKKKKKKKKKKKKKKK PPPPPPPPPPPPPPPOOOOOOOOOOOOOOOIIIIINNNNNNNNNNNNNTTTTTTTTTTTSSSSSSSCCCCCCCCCCCCCCHHHHHHHHHHHEEEEEEEEEEEEECCCCCCCCCCCCCKKKKKKKKKK PPPPPPPPPPPPPPOOOOOOOOOOOIIIIINNNNNNNNNNNNTTTTTTTTTTTSSSSSSSSSSCCCCCCCCCCCCCHHHHHHHHHHHHHHHEEEEEEEEEEEEEEECCCCCCCCCCCCCKKKKKKKKKKKK PPPPPPPPPPPPPPPOOOOOOOOOOOOOOOIIIIINNNNNNNNNNNNNTTTTTTTTTTTTSSSSSSSSSSSS

 17. Astronomers discovered interstellar dust in 1930. How did failure to 
understand this phenomenon earlier lead to incorrect estimates of the Sun’s 
position on the disk of the Milky Way Galaxy?
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