Quick Labs

s Modeling Star Magnitudes

s Using a Sky Map i
Exploration Lab

e Star Colors and Temperatures

¢

v U

1 Predict Check T or F to show whether you think 2 Describe In the images below, the stars
each statement is true or false. Betelgeuse (left) and Rigel (right) are shown.
: Both stars are located in the constellation
Orion. Describe any differences between these
two stars that you see In this pair of images.
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The sun is a star.
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Stars are made mostly of
nitrogen and oxygen.

If two stars have the same -
apparent magnitude, they are
the same distance from Earth.
Red stars have higher surface
temperatures than blue stars.
Some stars are about as small
as Earth. ;
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.4‘.,_‘ The Butterfly Cluster,
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3 Synthesize Many English words have their R :
par‘l’ of which is seen roots in other languages. Use the Latin word ; '_ .-Vo_cabulary Te'rms‘
. * here, is made up of . e B below to make an educated guess about the : .
i ‘, mos'ﬂ hot, blue stars. _ 7 . - . = meaning of the word luminosity. '_-"?" - i
ik s This ﬁar clus“l'erls about - o - - | ADpatellt IR RIS
s ® 1@00 H M’-years aWay Zhand, < Gl Latin word Meaning il e luminosity
: and is estimated to be i, W S . lumen '*light  absolute magnitude

: 100 million years old.
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4 Apply As you read place a questlon i
_mark next to any words that you don’
understand When you flnish readlng the
lesson 20 back and revlew the text. hat

luminosity: *you marked. If the information is still

. confusing, consuita classmate

ora teacher -

Example sentence
The luminosity.of stars is measured relative to
the luminaosity of the sun,
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Reach for ‘f@h@ Star S

What is a star?

A star is a large celestial body that is composed of gas and emits
light. The sun is a star. Stars are made mostly of hydrogen and

s'ldentify As you read the text, helium. But stars also contain other elements in small amounts.
underline any physical properties  Stars emit light and vary in brightness. Although the sun
of stars that are discussed. may appear bright from Earth, the sun is not a bright star in

comparison to many other stars. The temperatures of stars also
vary. These differences in temperature result in differences in
color. Stars may range in' color from red, which indicates a cool
star, to blue, which indicates a very hot star. The sun is a relatively
cool yellow star. Stars have different sizes. Stars may be 1/100 as
large as the sun or as much as 1,000 times as large as the sun. In
addition, two or more stars may be bound together by gravity,
which causes those stars to orbit each other. Three or more stars

_ that are bound by gravity are called multiple stars or multiple star
systems. :

-

A Describe What is the color of
this star?

6 Describe Write in the correct  [REEEERER -;__" T i B Describe What is the color of
§  answer for each question. il N, B i this star? :

; Orionis in the Orion
+, . Nebdlais-a multiplestar.

: Theta-Orionis in

§ C Describe |s this bright area
one star or more than one
star?

® Houghton Mifflin Harcouﬁ Publishing Company = Image Credits: ©SOHO(ESA & NASA)

.contains oxygen, carbon, neon, and iron.

is continuously transferred to the photosphere.

The Sun Is a Star

To see a star, you need look no farther than
the sun. The sun, like other stars, is composed
mostly of hydrogen and helium. The sun also

At the center of the sun lies the core. In the
sun’s core, gases are compressed and heated, and -
temperatures reach 15,000,000 °C. The core is
where matter is converted into energy.

The sun’s surface, the photosphere, is
the layer of the sun’s atmosphere that we see
from Earth. The photosphere has an average
temperature of 5,527 °C. From the core, energy

There, energy escapes into space as visible light,
other forms of radiation, heat, and wind. The
sun’s atmosphere extends millions of kilometers
into space. Temperatures in the sun’s middle
atmosphere, the chromosphere, are 4,225 °C

to 6,000 °C. In the sun’s outer atmosphere, or
corona, temperatures may reach 2,000,000 °C.

This extreme ultraviolet

image of the sun shows

areas of different

temperature that are found
_in the sun’s atmosphere.

7 Compare Fill in the Venn diagram to tompare and
contrast the physical properties of the sun with the
physical properties of other stars.

Other Stars
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b % Active Reading

8 Define As you read the text,
underline the definition of
apparent magnitude.

L Visualize H 2D

9 Analyze How does the light
from a flashlight that is shone
from two different distances
model the apparent magnitude
of two stars with the.same
absolute magnitude?

This girl is approaching her
tent in the dark. The tent
is dimly lit by the flashlight
beam when she is 20 m
away. The tent is well lit

by the flashlight beam
when she is 5 m away. The
beam appears dimmer at
20 m than at5 m, but the
flashlight is equally bright in
both cases.
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Yourea Shining Star

How is star brightness measured?

When you look at stars in the night sky, you see that stars vary
in brightness. Some stars are bright, and other stars are dim. In
reality, one star can appear brighter than another star simply
because it is located closer to Earth.

By Apparent Magnitude
Apparent magnitude is the measure of a star’s brightness as seen from
Earth. Some stars are actually more luminous, or brighter, than
the sun is. If these stars are located far from Earth, they may not
appear bright tous. ; :
Using only their eyes, ancient astronomers described star
brightness by magnitude. They called the brightest stars they
could see first magnitude and the faintest stars they could see sixth
magnitude. Astronomers using telescopes see many stars that
are too dim to see with the naked eye. Rather than replacing the
magnitude system, astronomers added to it. Today, the brightest
stars have a magnitude of about 2. Thie faintest stars that we can

~ see with a telescope have a magnitude of +30.

The magnitude scale may seem backward. Faint stars have
positive (larger) numbers; bright stars have negative (smaller)
numbers. Sirius (SIReeesuhz), the brightest star in the night sky,
has an apparent magnitude of -1.46. To the naked eye, the sun has
an apparent magnitude of -26.8, even though it is not as lurhinous

i is simply located closer to Earth

L3
How is star luminosity measured?
When astronomers use the word luminesity, they mean the actual
brightness of a star. To measure a star’s luminosity, astronomers
use an absolute brightness scale called absolute magnitude. '

By Absolute Magnitude
Absolute magnitude is a measure of-how bright a star would be if the
star were located at a standard distance. In other words, absolute
magnitude is a measure of the brightness of a star whose distance
from Earth is known: Just like apparent magnitude, absolute
magnitude uses the magnitude scale.

To understand the difference between apparent magnitude

and absolute magnitude, let’s use the sun as an example. The

apparent magnitude of the sun is -26.8. However, the absolute
magnitude of the sun is +4.8, which is typical of many stars. Now
compare the sun, which is located 8.3 light—minutés from Earth,
to Sirius, which is located 8.6 light-years from Earth. Sirius has an
apparent magnitude of ~1.46 and an absolute magnitude of +1.4.
Therefore, Sirius is much more luminous than the sun is.

. Magnitudes of Selected Stars

Star Distance Apparent Absolute
from Earth | Magnitude | Magnitude
sun 83 ]ighf—minufes -26.8 +4.8
Sirius 84 light-years —~146 +14
Betelgeuse 610 light-years: + 045 ! —5.6

10 Explain Why does a star such
as Betelgeuse, which is located
far from Earth, have a much
greater absolute magnitude
than apparent magnitude?




Too to Handle

How are the surface temperatures of
stars measured?

If you look into the night sky, you may be able to see that stars have
different colors. Why do the colors of stars vary? The answer is
that differences in the colors of stars are due to differences in their
surface temperatures. The same is true of all objects that glow.,

By Color ,

You.can see how temperature affects color in heated metal. As
shown in the illustrations below, a steel bar glows different colors
as it is heated to higher and higher temperatures. If an object’s

Clor and Surface

color depends only on temperature, the object is called a blackbody. | blve

Tempetratures of Stars
Color Surface
Temperature
(°C)
Above 25,000

As the temperature of @ blackbody rises, it glows brighter and blue-white 10,000~25,000
brighter red. As it gets hotter, its color changes to orange, yellow, it 7500~10,000
white, and blue-white. It also glows more brightly. yellow-white 4,000-7500 *
The table shows the way in which the surface temperatures yellans 5,000—G,000
of stars are related to color. Stars that have the lowest surfac? - 3 500—5,000
temperatures (below 3,500 °C) are red. Stars that have the highest = B olow 3,500

surface temperatures (above 25,000 °C) are blue.

A steel bar glows red when " Atabout1,200 °C, the
heated to agoui' 600 °C. metal glows ye"ow.

11 Explain Explain how the colors of stars that have different surface
temperatures are similar to the colors of a s'geel bar that is heated to

different temperatures.

* hottest.

When heated ta about.
1,500 °C, a steel bar gives.
off a brilliant white light:

iink Outsi

12 Formulate Come up witha
creative way to remember the
colors of stars, from coolest to

g/Dorling Kindersle [Getty Images
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Rigel = 78 solar radii (blue) £

Antares = 776 solar radii (red)

The size of the sun is compared
to the blue supergiant star Rigel
and the red supergiant star
Antares. '

n'. - 1 sb]qr'radju's (ye"ow)
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13 Apply From Earth, the sun appears
to be a very large star. In reality, the
. sun is quite small when compared to
stars such as Rigel and Antares. At the
scale shown on this page, why would
it be impossible to illustrate stars that
are smaller than the sun?

Y

How are the sizes of stars measured?

Like the colors of stars, the sizes of stars differ greatly. Stars may
be about the same size as Earth or larger than the size of Earth’s
orbit around the sun. So what do astronomers use to measure star
size? Tt is always easiest to start with an object that is familiar. That
is why astronomers use the size of the sun to describe the size of
other stars.

Using Solar Radii ,
Astronomers have indirectly measured the dimensions of the sun.
The sun’s radius is approximately 695,000 km, or about 109 times
the radius of Earth. Astronomers use this measure, the radius of
the sun, to measure the size of other stars. Very small stars, which
are called white dwarfs, are about the same size as Earth. The size
of a white dwarf can be expressed as approximately 0.01 solar
radius. Very large stars, which are called giant stars, typically have
sizes of between 10 and 100 times the radius of the sun. There are
also rare, extremely large stars that have.sizes of up to 1,000 solar
radii. These stars are called supergiants. Supergiants are often red
or blue stars. i ‘




Vocabulary
In your own words, define the following terms.

1 star

i 2 lum'iﬁosity
17 What is the color and surface temperature of
: the star in the illustration below?

is the measure of_a
star’s brightness as seen from Earth.

.is the measure of how
bright a star would be if it were located at
standard distance from Earth.

3 apparent magnitude

Properties Key Concepts
of Stars 4 List What are some of the physical properties
of stars?

16 Wha‘t is the standard unit that astronomers use
to measure the size of stars?

i i A R

18 What is the color and surface temperature of
the star in the illustration below? :
— - : : & 5 Analyze Why is the absolute magnitude
: ; of some stars greater than their apparent
magnitude?

7 Apply Mizar is a star system that is composed
of two pairs of stars, Mizar A and Mizar B, or
four stars in total. What do astronomers call
a system that is composed of more than two
stars?

Critical Thinking

Use the table to answet the following questions.

Color and Surface
Temperature of Stars

Surface
Temperature (°C)

*hlie Above 25,000
blue-white 10,000-25,000 -
e white 7,500-10,000

'6 Compare How does the size of the sun
© compare to the sizes of other stars?

19 Contrast How does the sun compare to other stars in terms of surface temperature,

“"apparent magnitude, absolute magnitude, and size?

© Houghton Mifflin Harcourt Publishing Company

24 Unit 1The Universe _ k | ‘

yellow-white 6,000-7,500

yellow 5,000-6,000
orange 3,500-5,000
red Below 3,500

8 Apply Which stars have the highest surface
temperatures, red stars or blue stars?

9 Apply The sun has a surface temperature of
5,527 °C. What is the color of the sun?

- 10 Calculate A star has a size of 0.1 solar radius.

How many times larger is the sun than this
star? ‘
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