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@ Characteristics of Stars

DisCOVER ATV
How Does Your Thumb Move?

1. Stand facing a wall, atleast an arm'slength away. Sretch your
arm out with your thumb up and your fingers cured.

2. Close yourright eye and ook at your thumb with your eft eye.
Line your thumb up with something on the wall

3. Now close your lft eye and open your ight eye. How does.
your thumb appear to move along the wall?

4. Bring your thumb closer to your eye, about hlf the distance as
before. Repeat Steps 2 and 3

Think It Over

Observing How does your thumb appear to move in Step 4
compared to Step 37 How are these observatons related to how
far away your thumb i at each step? How could you use this
method to estimate distances?

travel from Earth to the sun would take about 8 minutes,

not very long for such a long trip! Yet the next nearest star,
Proxima Centauri, is much farther away—a trip to Proxima
Centauri would take 4.2 years!

Most stars are much farther away than Proxima Centauri, Our

‘magine you could travel tothe starsat the speed of ight. To [N ZAZI I
 How do ssronomers mess.
r dstances v ey sars?

@ How ar sars classfed?

Reading Tip As you read, make.
3t of the haracterstcs of

sun and Proxima Centauriare only two of the stars that make up  stars. Wrte a sentence
describing each characterstic.

the Milky Way. The Milky Way isa giant lat structure, called
a galaxy, that contains hundreds of billons ofstars. At the
speed of light, it would take you 25,000 years o travelthe
250 millon billion kilometers to the center of our
galaxy: If you left our galaxy and traveled at the
speed of light for about 2 million years, you
would eventually reach another galaxy, the
Andromeda Galaxy.

There are billions of galaxies in the
universe, which astronomers define as all of
spaceand everythingin it Since galaxiesare so
far apart, most of the universe is empty space
If our galaxy were the size of a dime, the
Andromeda Galaxy would be about half a
‘meter away. The rest of the universe, as far as
astronomers can see, would extend for about
2kilometers in al directions
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Distances to Stars
Distances on Earth are often measured in kilometers, However,
as you have seen, distances to stars are so large that the kilo-
meter is not a very practical unit. Instead of kilometers,
astronomers use a unit called the light-year. In space, light trav.
elsata speed of 300,000 kilometers per sccond. A light-yearis the
distance thatlight travel in one year,or about 9.5 million million
Kilometers. Notethat the ight-year is a unit of distance, ot time.

To help you understand what a light-year is, consider an
everyday example. If you bicycle at 10 kilometers per hou, it
‘would take you 1 hour 0 g0 10 2 mall 10 kilometers away. You
could say that the mal is*I bicycle-hour” away.

Tt takes light about 4.2 years to reach Earth from Proxima
‘Centauri, o Proxima Centauri i 42 light-years,or 40 million mil-
lion kilometers, away.

of Gheckoint. How many kilometersare in

three light-years?

Measuring Distances to Stars
Standing on Earth looking up at the sky, it
scems asif there is no way o tell how far way
the stars are. However, astronomers have
found a way to measure those distances.
Astronomers often use parallax to measure
distances to nearby stars.

Parallaxis the apparent change n position
of an object when you look at it from different
places. For exampl, imagine that you and a
friend have gone to & movie. After you sit
down, 2 woman with a large hat sits down in
front of you. Because you and your frend are
siting in different positions, the womanis hat
blocks differnt parts o the screen.If you are
siting on her lef the woman's hat appears to
bein front of the dinosaur. But o your friend,
whois siting on her right, she appears to e in
front of the bird.

Have the woman and her hat moved: No.
But because of your relaive positions, she
appears to have moved. This apparent move-
ments paralax.

Astronomers use parallax to measure the
distances to nearby stars. They look at a star
when Earthis o oneside of the sun. Then they
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look at the same star again six months lter, when Earth is on the
other side of the sun. Astronomers measure how much the star
appears to move against a background of stars that are much
nt,called the paral-
lax shift, to calculate how far away the star is. The less the star
appears to move, the farther away it is.

Parallax cannot be used to measure distances any greater than
1,000 light-years. The distance that a star that far away would
appear to move when seen from opposite ides of E2
t00 smal to measure accurately

Classifying Stars
Like the sun, allstars are huge spheres of glowing
made up mostly of hydrogen, and they make energ
fusion. This energy makes stars shine brightly. The sun is only an
average-brightness star. However, the sun is much closer to Earth
than any other star. Because it is so close the sun appears much
brighter and much larger then any other star. But the sun is
neither the brightest nor the largest star in the galaxy.
Astronomers classiy stars according to their physical char
acteristics. The main characteristics used to classify stars are
size, temperature, and brightness.

ther away. They can then use this measurer

J

Figure 6 The spparent
movementof a star when
e from a diferent pos.
tion s caled paraax.
Astronomers can use
paralax o cacate the
Gitance to nearby sar
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Sizes of Stars
‘When you look at stars in the sky, they all appear to be the same
size. Many stars e actually about the ize of the sun, which is a
medium-sized star. However, some stars are much larger than
the sun. Very large stars are called giant stars or supergiant stars.
If the supergiant star Betelgeuse (5aY tul jooz) were locat
where our sun s, it would be large enough tofill the solar syste
asfar out as Jupiter.

Some stars are much smaller than the:
are about the size of Earth. Neutron stars
about 20 kilometers in diamete

in. White duwarf stars
e even smallr, only

o Name fve sces of strs, i oder rom largest o
malles,

Color and Temperature of Stars
1fyou look around the ky at night, you can se lght ifferences
in thecolors ofthe sars. Figure 8 shows the constelation known
as Orion the Hunter. The s
The blue-white sta in Orion'sheel s called Rigel
rature. Hot objects on Earth
display the same range of colors as stars. If you watch a toaster
heat up, you can see the wires glow red-hot. The wires inside a
Tight bulb are even hotter and glow white. Similarly, the coolest
tars—about 3,200 degrees Celsius—appear reddish n the sk
Reddish Betelgeuse is acool sta. With a surface temperature of
about 500 degrees Celius, the sun glows white. The hottest
tars in the sky—over 10,000 degrees
bluer than the sun. Blue-white Rigei a very hot sar, more than
15,000 degrees Celsus.

¢ red star in Orion's shoulde

A stars color ey

s it te

elsius—appear slightly
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shines brightly .

head.” Other Arabic star
How bright a star looks from Earth depends on both how far  names include Aldebaran

the tar isfrom Earth and how bright the star actuallyis. Because  (“the folower ofthe
of these two factors, the brightness of a star can be described in  Pleades"), Vega (“swooping

two different ways:apparent magnitude and absolute magnitude, €291, and Rigel ‘th eft
o 5 o leg of the giant”),

photosphere gives

App. a A star's apparent magnitude is its

brightness as seen from Earth. Astronomers can measure appar 2

ent magnitude fairly casily using electronic devices. Many other words used in
Astronomers cannot tell how much light a star gives offjust astronomy and mathematics

from the star's apparent magnitude. Just as a flashlight looks  come from Arabic. Find zenth
brighte the lser it 0 you, a sarlooks brighter the loscr it 045 0gortm, and ogeain
isto Earth. For example, the sun looks very bright. This does not 3 dicionany. Wite their

‘mean that the sun gives off more light than all other stars, The ~_J€fiiens in your own words.

sun looks so bright simply because it is so close to Earth.

Betelgeuse

Figure 8 The constllaion Oron
inclces th red supergiant sar
Betegeuse and the bive supergiant
st Rige.

Chopter 3 39107



[image: image6.png]Figure 9 The sursina
giabuiar cluster are ll
Sboutthe ome.
Gistance from Eath

TRY

Star Bright AGHiny

Here's how

you can compare sbsolte

‘nd spparent magnitudes.

1. Dim the ights. Put o
equaly brigh lashghts
nextto exch otheron a
table Turn them on.

2. Look at the flashights from
the other side of th room
Thinkof th flashiighs 5
two stars. Then compare
them i terms of absoute
and spparent magntudes.

3. Move oneofth flshights
coser 0 you and repeat
Siep2.

4. Replace one of the
fshlghts wit a brighter
one. Repeat Sep 1 with the
nequal bright fashights.
Then repeat Step 2.

Models How coud
you place the flashights in

S 4 o tht they have the

same apparent magnitude?

Ty
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Absolute Magnitude A star's absolute magnitude is the
brightness the star would hav if it were at a standard distance

from Earth. Finding a star’s absolute magnitude is more com:
plicated than finding its apparent magnitude. An astronomer
must first find out the star’s apparent magnitude and its distance
from Earth. The astronomer can then calulate the star' bright-
ness f it were at a standard distance from Earth.

Figure 9 shows a globular cluster, a group of 10,000 to
1,000,000 stars that are close together. The stars in a globular
cluster are all at about the same distance from Earth. So
astronomers study globular clustersto compare thebrightnesses
of sars. If one star in a globular cluster appears brighter than
another star it reallyis brighter than that other sta.

The Hertzsprung-Russell Diagram
Two of the mostimportant charactersticsofstars re emperature
and absolute magitude. About 100 yearsago, jnar Hertzsprung
(v nahr U sprung) in Denmark and Henry Norris Russellin
the United States each made graphs to find out if temperature and.
brightness are rlted. They ploted the temperatures of tas on
the x-axis and their brightness on they-axi. The points formed
apattern

The graph they madeis tll used by astronomers. It s called
the Hertzsprung:Russelldiagram, or H-R diagram. As you can
seein Figure 10, most of the sars in the H-R diagram form a
diagonalline called the main sequence. I the main squence,
Surfacetemperatureincreass s brightness increases. More than
90% of all tars are main-scquence stars. The sun is among the
tars o the main sequence. Giant and supergiant stars are higher
and farther 1o the right on the H-R diageam. White dvwarfs are
hot, but not very bright, so they appear at the bottom center of
the diagram.
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Figure 10 The Hertsprung Russel diagram shows the
Fenionship between suace temperature and brghtnes:.
nterpeting Diograms Wrich stor s hoter: Rigl o Adeboran?

() Section 2 Review

1. Whatis parallax? Howis t useful in astronomy?
2. List three characterstics used to dlassi strs.

3. Which is hotter—a red sta or ablue star? Why?

4. Thinking Critically Applying Concepts Stars Aand B

Science at Home
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