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Characteristics
of Stars

Reading Preview

Objectives
After this lesson, students will be able to
J.4.2.1 Explain how stars are classified.
J.4.2.2 Describe how astronomers measure
distances to the stars.
J.4.2.3 Describe the H-R diagram and
explain how astronomers use it.

Target Reading Skill
Using Prior Knowledge Explain that using
prior knowledge helps students connect
what they already know to what they are
about to read.
Answers
Possible answers:
What You Know
1. Stars are bright and hot.
2. Distances between stars are measured in
light-years.
3. The sun is a yellow star.
What You Learned
1. Stars are classified by color, temperature,
size, composition, and brightness.
2. Light travels 9.5 million million
kilometers in one year.
3. The sun has a surface temperature of
about 5,800°C.
Teaching Resources

• Transparencies J37, J49, J50, J51, J52

Preteach
Build Background
Knowledge

Characteristics of Stars

L1

Star Charts and the Night Sky
Invite students who have visited a
planetarium to describe their experiences.
Display the transparency from J49–J52 that
shows the night sky for the current season.
Ask: How do the star chart and the night
sky compare? (Possible answer: You can’t see
all the stars shown in the chart when you look
at the night sky.) Invite students to discuss
how they could use star charts to locate
objects in the sky.

Key Concepts
• How are stars classiﬁed?
• How do astronomers measure
distances to the stars?

• What is an H-R diagram and how
do astronomers use it?

Key Terms
• constellation
• spectrograph
• apparent brightness
• absolute brightness
• light-year
• parallax
• Hertzsprung-Russell diagram
• main sequence

Target Reading Skill
Using Prior Knowledge Before
you read, write what you know
about the characteristics of stars in
a graphic organizer like the one
below. As you read, write what you
learn.
What You Know
1. Stars are bright and hot.
2.

What You Learned
1.
2.

How Does Your Thumb Move?
1. Stand facing a wall, at least an arm’s length away. Stretch
your arm out with your thumb up and your ﬁngers curled.
2. Close your right eye and look at your thumb with your left
eye. Line your thumb up with something on the wall.
3. Now close your left eye and open your right eye.
How does your thumb appear to move along the
wall?
4. Bring your thumb closer to your eye,
about half 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 3? How are
these observations related to how far away your
thumb is at each step? How could you use this
method to estimate distances?

When ancient observers around the world looked up at the
night sky, they imagined that groups of stars formed pictures of
people or animals. Today, we call these imaginary patterns of
stars constellations.
Different cultures gave different names to the
Illustration of
Orion 
constellations. For example, a large constellation
in the winter sky is named Orion, the Hunter,
after a Greek myth. In this constellation, Orion is
seen with a sword in his belt and an upraised
arm. The ancient Sumerians thought that the
stars in Orion formed the outline of a sheep.
In ancient China, this group of stars was
called “three,” probably because of the three
bright stars in Orion’s belt.
Astronomers use the patterns of the
constellations to locate objects in the night
sky. But although the stars in a constellation
look as if they are close to one another, they
generally are not. They just happen to lie in
the same part of the sky as seen from Earth.

L2
Skills Focus Observing
Materials none
Time 10 minutes
Tip Encourage students to focus on their
thumbs, not on the wall. Guide students
to choose a wall that has features such as
mortar grooves or attached posters.

Expected Outcome The thumb seems to
move more in Step 4, when it is closer to
the student.
Think It Over You could use this method
to estimate distances by comparing how
much an object appears to move against
a background.

Classifying Stars
Like the sun, all stars are huge spheres of glowing gas. They are
made up mostly of hydrogen, and they produce energy through
the process of nuclear fusion. This energy makes stars shine
brightly. Astronomers classify stars according to their physical
characteristics. Characteristics used to classify stars include
color, temperature, size, composition, and brightness.

PHSchool.com

For: More on types of stars
Visit: PHSchool.com
Web Code: cfd-5042

For: More on types of
stars
Visit: PHSchool.com
Web Code: cfd-5042

Students can review types of stars in an online activity.

Color and Temperature If you look at the night sky, you
can see slight differences in the colors of the stars. For example,
Betelgeuse (BAY tul jooz), the bright star in Orion’s shoulder,
looks reddish. Rigel, the star in Orion’s heel, is blue-white.
Like hot objects on Earth, a star’s color reveals its temperature. If you watch a toaster heat up, you can see the wires glow
red-hot. The wires inside a light bulb are even hotter and glow
white. Similarly, the coolest stars—with a surface temperature
of about 3,200 degrees Celsius—appear reddish in the sky.
With a surface temperature of about 5,800 degrees Celsius, the
sun appears yellow. The hottest stars in the sky, which are over
20,000 degrees Celsius, appear bluish.
Size When you look at stars in the sky, they all appear to be
points of light of the same size. Many stars are actually about
the size 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 were located where our sun is, it would be large
enough to fill the solar system as far out as Jupiter.
Most stars are much smaller than the sun. White dwarf
stars are about the size of Earth. Neutron stars are even smaller,
only about 20 kilometers in diameter.

PHSchool.com

Classifying Stars
Teach Key Concepts

FIGURE 5
Star Size
Stars vary greatly in size. Giant stars
are typically 10 to 100 times larger
than the sun and more than
1,000 times the size of a white
dwarf. Calculating Betelgeuse has
a diameter of 420 million
kilometers. How many times larger
is this than the sun, which has a
diameter of 1.4 million kilometers?

L2

Physical Characteristics of Stars
Focus Tell students that just as physical
characteristics are used to classify plants or
rocks, astronomers use characteristics to
classify stars.
Teach Explain to students that the most
important characteristics for classifying stars
are color, temperature, size, composition,
and brightness and that these characteristics
are often related. Ask: Which star is
hotter—a red star or a blue star? (A blue
star) Which star is brighter—a supergiant
or the sun? (A supergiant)
Apply Tell students that they will learn in
this section how to classify stars according to
these properties.
Teaching Resources

• Transparencies J38, J39

Independent Practice

L2

Teaching Resources

• Guided Reading and Study Worksheet:
Characteristics of Stars

Medium-sized
star (Sun)

Student Edition on Audio CD
Large star

White dwarf
Giant star

Differentiated Instruction
L3
Gifted and Talented
Making Scale Models Have students
work in pairs to design models for one type
of star. Assign a star type to each pair. Provide
these approximate diameters: Supergiant—
500 million km; giant—50 million km;
medium-sized—1.4 million km;

white dwarf—13,000 km; and neutron
star—20 km. After students choose scales
for their models, each pair can use available
materials to build actual models. Students
may give presentations to explain their
models. learning modality: kinesthetic

Monitor Progress

L1

Oral Presentation Invite students to name
and describe the characteristics astronomers
use to classify stars.
Answer
Figure 5 300 times

L2

Modeling Color Separation

FIGURE 6
Spectrums of Four Stars
Astronomers can use line spectrums to
identify the chemical elements in a star.
Each element produces a characteristic
pattern of spectral lines.

Hydrogen

Helium

Materials projector; prism; red, green, and
blue cellophane
Time 15 minutes
Focus Review how a spectrograph classifies
stars.
Teach Darken the room, and shine the light
from the projector through the prism so that
the spectrum is visible on a white surface.
Use a double thickness of red cellophane to
reduce the occurence of light leaks. Ask
students to predict what will happen when
red cellophane is held between the prism and
the spectrum. Students will observe that only
the red part of the spectrum remains visible.
Ask: Why did the other colors disappear?
(The cellophane allowed only the red light to
pass through.) Repeat this process with a
double thickness of green cellophane and
then a double thickness of blue cellophane.
Ask students to predict what will happen
when both red and blue cellophane are held
between the prism and the spectrum. (No
light will pass through.) Allow students to
observe whether their predictions were
correct. Then ask: Why did no light pass
through the cellophane? (If the blue
cellophane is held closer to the prism, the blue
light passes through and is then blocked by the
red cellophane. If the red cellophane is held
closer to the prism, the red light passes through
and is then blocked by the blue cellophane.)
Apply Ask: How does this demonstration
relate to a spectrograph? (Like a
spectrograph, the prism breaks light into a
spectrum and certain wavelengths are
absorbed by the cellophane.) learning

Sodium

Calcium

Inferring
The lines on the spectrums
below are from three
different stars. Each of these
star spectrums is made up of
an overlap of spectrums from
the individual elements
shown in Figure 6. In star A,
which elements have the
strongest lines? Which are
the strongest in star B? In
star C?
A

B

C

Chemical Composition Stars vary in their chemical composition. The chemical composition of most stars is about 73
percent hydrogen, 25 percent helium, and 2 percent other elements by mass. This is similar to the composition of the sun.
Astronomers use spectrographs to determine the elements
found in stars. A spectrograph (SPEK truh graf) is a device that
breaks light into colors and produces an image of the resulting
spectrum. Most large telescopes have spectrographs.
The gases in a star’s atmosphere absorb some wavelengths
of light produced within the star. When the star’s light is seen
through a spectrograph, each absorbed wavelength is shown as
a dark line on a spectrum. Each chemical element absorbs light
at particular wavelengths. Just as each person has a unique set
of fingerprints, each element has a unique set of lines for a
given temperature. Figure 6 shows the spectral lines of four elements. By comparing a star’s spectrum with the spectrums of
known elements, astronomers can infer how much of each element is found in the star.
What is a spectrograph?

Brightness of Stars
Stars also differ in brightness, the amount of light they give off.
The brightness of a star depends upon both its size and
temperature. Recall that the photosphere is the layer of a star
that gives off light. Betelgeuse is fairly cool, so a square meter of
its photosphere doesn’t give off much light. But Betelgeuse is
very large, so it shines brightly.
Rigel, on the other hand, is very hot, so each square meter
of Rigel’s photosphere gives off a lot of light. Even though it is
smaller than Betelgeuse, Rigel shines more brightly.

modality: visual

Help Students Read

L1

Monitor Your Understanding Have
students read Brightness of Stars and write
down the main ideas. Tell students to ask
themselves, “Did I have any trouble reading
this passage? If so, why?” Then, have them
devise their own strategies to improve their
understanding. Encourage them to use these
strategies as they continue reading.

L3
Skills Focus Inferring
Materials Figure 6
Time 10 minutes
Tips Encourage students to compare the
element spectrums to the star spectrums
individually, rather than all at once.

Expected Outcome Star A: hydrogen
and helium; star B: helium and calcium;
star C: hydrogen and sodium
Extend Challenge students to draw the
spectrum for a star that has strong lines
for hydrogen and calcium. learning
modality: visual

How bright a star looks from Earth depends on both its distance from Earth and how bright the star truly is. Because of
these two factors, the brightness of a star can be described in
two ways: apparent brightness and absolute brightness.
Apparent Brightness A star’s apparent brightness is its

brightness as seen from Earth. Astronomers can measure
apparent brightness fairly easily using electronic devices. However, astronomers can’t tell how much light a star gives off just
from the star’s apparent brightness. Just as a flashlight looks
brighter the closer it is to you, a star looks brighter the closer it
is to Earth. For example, the sun looks very bright. This does
not mean that the sun gives off more light than all other stars.
The sun looks so bright simply because it is so close. In reality,
the sun is a star of only average brightness.
Absolute Brightness A star’s absolute brightness is the

brightness the star would have if it were at a standard distance
from Earth. Finding a star’s absolute brightness is more complex than finding its apparent brightness. An astronomer must
first find out both the star’s apparent brightness and its distance from Earth. The astronomer can then calculate the star’s
absolute brightness.
Astronomers have found that the absolute brightness of
stars can vary tremendously. The brightest stars are more than
a billion times brighter than the dimmest stars!
What is a star’s absolute brightness?

Brightness of Stars
Star Bright
You can compare absolute
and apparent brightness.
1. Dim the lights. Put two
equally bright ﬂashlights
next to each other on a
table. Turn them on.
2. Look at the ﬂashlights
from the other side of the
room. Think of the
ﬂashlights as two stars.
Then compare them in
terms of absolute and
apparent brightness.
3. Move one of the ﬂashlights closer to you and
repeat Step 2.
4. Replace one of the
ﬂashlights with a brighter
one. Repeat Steps 1 and 2
with the unequally bright
ﬂashlights.
Making Models How could
you place the ﬂashlights in
Step 4 so that they have the
same apparent brightness?
Try it.

Teach Key Concepts

Differences in Brightness
Focus Tell students to imagine that they are
riding in a car at night, and two cars are
approaching from the opposite direction.
Ask: Which car appears to have brighter
headlights? (The one closer to you) Does
this mean that its headlights are actually
brighter? (Not necessarily; the headlights on
the other car may be the same brightness but
appear dimmer because of distance.)
Teach Explain that a star may appear to be
brighter than another star because it is closer
to Earth, when in fact the brightness of the
two stars is the same. Ask: What do we call
a star’s brightness as seen from Earth?
(Apparent brightness) At a standard distance
from Earth? (Absolute brightness; astronomers
generally use the term luminosity) What must
astronomers know to calculate a star’s
absolute brightness? (The star’s apparent
brightness and its distance from Earth)
Apply Ask: Why does the sun appear to be
the brightest star we see? (It is the closest star
to Earth.) learning modality: verbal

Monitor Progress
FIGURE 7
Absolute Brightness
The streetlights in this
photo all give off about the
same amount of light, and
so have about the same
absolute brightness.
Applying Concepts Why do
the closer streetlights
appear brighter than the
more distant lights?

L2
Skills Focus making models
Materials 3 flashlights (2 with equal
brightness and 1 brighter than the others)
Time 20 minutes
Tips Tell students to avoid looking directly
into the lights from a close distance.
Expected Outcome Step 2: The absolute
and the apparent brightness are the same

for both; Step 3: The absolute brightness
is the same for both. The closer flashlight
has a greater apparent brightness; Step 4:
Both absolute and apparent brightness are
greater for the brighter flashlight. Making
Models: Students could place the brighter
flashlight farther away.

L1

L2

Oral Presentation Have students explain
how to find the composition of a star.
Answers
Figure 7 Lights that are close appear
brighter than lights with the same absolute
brightness that are farther away.
A device that breaks light
into colors and produces an
image of the resulting spectrum
The brightness a star would
have if it were at a standard
distance from Earth

Extend Challenge students to infer how
astronomers determine the absolute
brightness of stars when they can observe
only their apparent brightness. learning
modality: kinesthetic

Measuring Distances to Stars

Measuring Distances
to Stars
Teach Key Concepts

L2

Light-Years and Parallax
Focus Remind students that a light-year is
not a measure of time.
Teach Ask: Why do astronomers use lightyears? (Kilometers or miles are not practical
units for measuring the large distances in
space.) What is parallax? (The apparent
change in position of an object when you
look at it from different places) How do
astronomers use parallax to calculate
distance? (They measure how much a nearby
star appears to move against a background of
stars that are farther away.)
Apply Have students calculate the distance
in kilometers of a star two light-years from
Earth. (About 19 million million
kilometers) learning modality: logical/
mathematical

Teaching Resources

• Transparency J40

L3

Measuring Distances
Materials two protractors, two cardboard
shoe boxes, measuring tape
Time 30 minutes
Focus Review how astronomers use parallax
to calculate distances.
Teach Provide the following instructions:
Tape the straight side of a protractor to the
top of the short side of each box. Position the
boxes at least 2 m apart. Face the boxes
toward a vertical object in the distance, such
as a tree. Sight over the protractor, with one
eye lined up at the center of the base of the
protractor. Move a sharp pencil down along
the curved edge of the protractor until the
pencil point appears to be lined up with the
distant object. Hold the pencil at this spot
and read the number of degrees on the
protractor. Measure the distance between the
two protractors. Make a scale drawing of the
triangle formed by the two protractors and
the object. From that drawing, measure the
scaled distance to the tree and calculate the
actual distance.
Apply Ask students to explain how this
procedure uses parallax. learning modality:
kinesthetic

Imagine that you could travel to the stars at the speed of light.
To travel from Earth to the sun would take about 8 minutes,
not very much time for such a long trip. The next nearest star,
Proxima Centauri, is much farther away. A trip to Proxima
Centauri at the speed of light would take 4.2 years!

FIGURE 8
Parallax at the Movies
You and your friend are sitting
behind a woman with a large
hat. Applying Concepts Why is
your view of the screen different
from your friend’s view?

The Light-Year Distances on Earth’s surface are often measured in kilometers. However, distances to the stars are so large
that kilometers are not very practical units. Astronomers use a
unit called the light-year to measure distances between the
stars. In space, light travels at a speed of about 300,000 kilometers per second. A light-year is the distance that light travels in
one year, about 9.5 million million kilometers.
Note that the light-year is a unit of distance,
not time. To help you understand this, consider
an everyday example. If you bicycle at 10 kilometers per hour, it would take you 1 hour to go
to a mall 10 kilometers away. You could say that
the mall is “1 bicycle-hour” away.
Parallax Standing on Earth looking up at the
sky, it may seem as if there is no way to tell how
far away the stars are. However, astronomers
have found ways to measure those distances.
Astronomers often use parallax to measure
distances to nearby stars.
Parallax is the apparent change in position
of an object when you look at it from different
places. For example, imagine that you and a
friend have gone to a movie. A woman with a
large hat sits down in front of you, as shown in
Figure 8. Because you and your friend are sitting in different places, the woman’s hat blocks
different parts of the screen. If you are sitting on
her left, the woman’s hat appears to be in front
of the large dinosaur. But to your friend on the
right, she appears to be in front of the bird.
Have the woman and her hat moved? No.
But because you changed your position, she
appears to have moved. This apparent movement when you look from two different directions is parallax.

Use Visuals: Figure 9
B

C

D

Star A
C
B

C
D

A

B

Sky as seen from Earth in January

A

D

Sky as seen from Earth in July

Earth
in January

Earth
in July
Sun

L2

Parallax
Focus Review the definition of parallax.
Teach Have students carefully study the
images of the sky as seen in January and in
July and describe differences between the
two images. (Star A appears in the right
portion of the image taken in January and in
the left portion of the image taken in July.)
Have students trace the lines in the diagram
with their fingers. Ask: Why does star A
seem to change positions relative to the
more distant stars? (In July, the star is seen
along the straight line that falls between stars B
and C. But in January, the star is seen along the
straight line that falls to the right of star D.)
Apply Ask: What is one limitation of using
parallax to measure distances to stars?
(Parallax cannot be used to measure distances
to stars that are more than a few hundred
light-years from Earth.) learning modality:
visual

Parallax in Astronomy Astronomers are able to measure

the parallax of nearby stars to determine their distances. As
shown in Figure 9, astronomers look at a nearby star when
Earth is on one side of the sun. Then they look at the same star
again six months later, when Earth is on the opposite side of
the sun. Astronomers measure how much the nearby star
appears to move against a background of stars that are much
farther away. They can then use this measurement to calculate
the distance to the nearby star. The less the nearby star appears
to move, the farther away it is.
Astronomers can use parallax to measure distances up to a
few hundred light-years from Earth. The parallax of any star
that is farther away is too small to measure accurately.

FIGURE 9
Parallax of Stars
The apparent movement of a star
when seen from a different position
is called parallax. Astronomers use
parallax to calculate the distance to
nearby stars. Note that the diagram
is not to scale.
Interpreting Diagrams Why do
nearby stars appear to change
position between January and July?

How is parallax useful in astronomy?

Monitor Progress
Drawing Ask each student to think of
an example of parallax that he or she can
observe in the classroom and draw
a diagram to illustrate it. Students
can save their drawings in their
portfolios.

Answers
Figure 8 Each person is looking at the
screen from a different position.
Figure 9 Earth moves, so the nearby stars
appear against a different part of the distant
background.
Astronomers can use
parallax to calculate the
distances to nearby stars.

Differentiated Instruction
L1
English Learners/Beginning
Comprehension: Modified Cloze
Distribute a simplified paragraph about
light-years, but leave some strategic
words blank. For example, “We measure
_____(distance) on Earth in miles and
kilometers. But the large distances between
stars are measured in units called
_____(light-years). This unit is the distance

that _____(light) travels in a _____(year).
Provide students with a list of the correct
answers, and have them fill in each blank
with one of those terms. learning
modality: verbal
L2
English Learners/Intermediate
Comprehension: Modified Cloze Have
student pairs write simple cloze sentences
about measuring distances in space.

L2

Students then can trade and complete the
sentences. learning modality: logical/
mathematical

The Hertzsprung-Russell Diagram

The HertzsprungRussell Diagram
L2

Using H-R Diagrams to Classify Stars
Focus Ask students to recall the colors of
stars from coolest to hottest.
Teach Refer students to Figure 10. Point out
that the H-R diagram is a graph, not a chart.
It does not show positions of stars in the sky.
Ask: What is the relationship between
surface temperature and brightness for
main sequence stars? (Surface temperature
increases as absolute brightness increases.)
How do astronomers use the H-R diagram?
(To classify stars and to understand how stars
change over time)
Apply Ask: Are the brightest stars always
the hottest stars? Explain. (No; giants and
red supergiants are very bright, but not very
hot.) learning modality: visual
Teaching Resources

• Transparency J41

L2

Hertzsprung-Russell Diagram
Blue or blue-white

White

Yellow

Red-orange

Red

Supergiants

Rigel

Betelgeuse
Polaris

Main Sequence
Aldebaran

Algol
Absolute Brightness

Teach Key Concepts

About 100 years ago, two scientists working independently
made the same discovery. Both Ejnar Hertzsprung (EYE nahr
HURT sprung) in Denmark and Henry Norris Russell in the
United States made graphs to find out if the temperature and
the absolute brightness of stars are related. They plotted the
surface temperatures of stars on the x-axis and their absolute
brightness on the y-axis. The points formed a pattern. The
graph they made is still used by astronomers today. It is called
the Hertzsprung-Russell diagram, or H-R diagram.

Sirius A

Giants
Alpha Centauri A
Sun

Alpha Centauri B

visual

Sirius B

White Dwarfs

Increasing

Interpreting the H-R Diagram
Focus Remind students that the surface
temperature on the H-R diagram increases
from right to left.
Teach Make enlarged copies of the H-R
diagram, and distribute them to students.
Write the following information on the
board, indicating the surface temperature
and relative absolute brightness of stars:
Star A: 18,000°C, low; Star B: 3,500°C, high;
Star C: 5,800°C, middle range. Have students
use their copies of the H-R diagram to
identify each of these stars. (Star A: Sirius B;
Star B: Betelgeuse; Star C: the sun or Alpha
Centauri A)
Apply Ask students to infer whether a star’s
placement on the H-R diagram ever changes.
(Yes; it may change as the star’s brightness and
temperature change.) learning modality:

50,000

20,000

10,000

6,000

5,000

Surface Temperature (˚ C )

FIGURE 10
The Hertzsprung-Russell diagram shows the relationship between
the surface temperature and absolute brightness of stars.
Interpreting Diagrams Which star has a hotter surface: Rigel or
Aldebaran?

3,000

Astronomers use H-R diagrams to classify stars
and to understand how stars change over time. As
you can see in Figure 10, most of the stars in the H-R
diagram form a diagonal area called the main
sequence. More than 90 percent of all stars, including
the sun, are main-sequence stars. Within the main
sequence, surface temperature increases as absolute
brightness increases. Thus, hot bluish stars are
located at the left of an H-R diagram and cooler reddish stars are located at the right of the diagram.
The brightest stars are located near the top of an
H-R diagram, while the dimmest stars are located at
the bottom. Giant and supergiant stars are very
bright. They can be found near the top center and
right of the diagram. White dwarfs are hot, but not
very bright, so they appear at the bottom left or bottom center of the diagram.
What is the main sequence?

Betelgeuse

Monitor Progress
Answers
Figure 10 Rigel
A diagonal area in an H-R
diagram where most stars
can be found

Assess
Reviewing Key Concepts
Rigel

FIGURE 11
Orion
Orion includes the red supergiant
Betelgeuse, the blue supergiant Rigel, and
many other main sequence and giant stars.
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Section 2 Assessment

Target Reading Skill Using Prior Knowledge
Review your graphic organizer and revise it based
on what you just learned in the section.
Reviewing Key Concepts
1. a. Listing Name three characteristics used to
classify stars.
b. Comparing and Contrasting What is the
difference between apparent brightness and
absolute brightness?
c. Applying Concepts Stars A and B have
about the same apparent brightness, but Star
A is about twice as far from Earth as Star B.
Which star has the greater absolute
brightness? Explain your answer.
2. a. Measuring What is a light-year?
b. Deﬁning What is parallax?
c. Predicting Vega is 25.3 light-years from
Earth and Arcturus is 36.7 light-years away.
Which star would have a greater parallax?
Explain.

L2

3. a. Summarizing What two characteristics of

stars are shown in an H-R diagram?
b. Identifying Identify two ways in which

astronomers can use an H-R diagram.
c. Classifying The star Procyon B has a surface

temperature of 6,600º Celsius and an
absolute brightness that is much less than
the sun’s. What type of star is Procyon B?
(Hint: Refer to the H-R diagram.)

Observing Orion With adult family members,
go outside on a clear, dark night. Determine
which way is south. Using the star charts in
Appendix B, look for the constellation Orion,
which is visible in the evening during winter
and spring. Find the stars Betelgeuse and
Rigel in Orion and explain to your family why
they are different colors.

1. a. Any three: Color, temperature, size,
mass, composition, and absolute brightness
b. Apparent brightness is the brightness of a
star as seen from Earth. Absolute brightness
is the brightness a star would have if it were
at a standard distance from Earth. c. Star A
has the greater absolute brightness because it
is farther away, yet still appears as bright as
Star B.
2. a. The distance that light travels through
space in one year b. The apparent change in
position of an object when viewed from
different places c. Vega would have a greater
parallax because the closer a star is to Earth,
the more it appears to move.
3. a. Surface temperature and absolute
brightness b. Astronomers can use the H-R
diagram to classify stars and to understand
how stars change over time. c. White dwarf

Reteach

L1

As a class, list the characteristics used to
classify stars. Have students provide
examples of how stars are classified
according to each factor.

Performance Assessment

L2

Oral Presentation Tell students to imagine
that they are astronomers studying a recently
discovered star. Have them prepare a
presentation in which they define the
characteristics of the star, compare the star to
our sun, and show the placement of the star
on the H-R diagram.
Teaching Resources

Observing Orion L1 Ask students to
make sketches of and take notes on their
observations. Allow class time for
students to share their observations.
Encourage students to name and
describe any other constellations they
have seen. Make sure that students can
explain that red stars such as Betelgeuse
are cooler than blue stars such as Rigel.

• Section Summary: Characteristics of Stars
• Review and Reinforce: Characteristics of
Stars
• Enrich: Characteristics of Stars

How Far Is That Star?

L3

Prepare for Inquiry
Key Concept
Parallax is used to determine the distance to
nearby stars. Parallax is an apparent motion
resulting from a change in viewing position.
The accuracy of the parallax method of
measuring star distances decreases as the
distance to the star increases.
Skills Objectives
After this lab, students will be able to
• infer the apparent change in position of
the dots of light for each star
• calculate the distance to an object by using
ratios of measured values
• predict the parallax of an object at
different distances
Prep Time 10 minutes
Class Time 40 minutes

How Far Is That Star?
Problem
How can parallax be used to determine
distances?

Skills Focus
inferring, calculating, predicting

Materials
• masking tape • paper clips • pen
• black and red pencils • metric ruler • paper
• meter stick • calculator
• lamp without a shade, with 100-watt light bulb
• copier paper box (without the lid)
• ﬂat rectangular table, about 1 m wide

Procedure
PART 1

Telescope Model

1. Place the lamp on a table in the middle of
the classroom.
2. Carefully use the tip of the pen to make a
small hole in the middle of one end of the
box. The box represents a telescope.

Advance Planning
Review ratio calculation before performing
the lab. Set up two or three stations.
Safety
Caution students to be careful when
walking around the room so that they
do not knock over the lamp or trip on a
power cord. Caution them not to look
directly into the lamp. Review the safety
guidelines in Appendix A.

4. Put a small piece of tape on the table below
the hole. Use the pen to make a mark on the
tape directly below the hole. The mark represents the position of the telescope when
Earth is on one side of its orbit.

PART 2

Star 1

5. Label a sheet of paper Star 1 and place it
inside the box as shown in the drawing. Hold
the paper in place with two paper clips. The
paper represents the ﬁlm in a telescope.
6. Darken the room. Turn on the light to represent the star.
7. With the red pencil, mark the paper where
you see a dot of light. Label this dot A. Dot A
represents the image of the star on the ﬁlm.
8. Move the box so the right edge of the box
lines up with the right edge of the table.
Repeat Step 4. The mark on the tape represents the position of the telescope six
months later, when Earth is on the other side
of its orbit.

Second position of box

Earth six
months later

First position of box
Sun

Teaching Resources

• Lab Worksheet: How Far Is That Star?

3. At the front of the classroom, place the box
on a ﬂat table so the hole points toward the
lamp. Line the left side of the box up with
the left edge of the table.

Pinhole
Paper

Focal length

Tape

Distance
between
pinholes

Diameter
of orbit

Earth on one
side of orbit

Guide Inquiry
Invitation
Ask students to compare the apparent
movement of close and distant objects when
these are viewed from the window of a
moving car. Ask: Which appears to move
faster? (Objects close to the car appear to move
very fast; objects farther away do not seem to
move much at all.)

Introduce the Procedure
• Demonstrate the measurements students
will make, and show them how to mark
the star on their “film.”
• Set up several stations around the sides of
the room. Arrange the tables so that the
positions of the box can be as far apart
as possible.

Troubleshooting the Experiment
Make sure that students understand that the
length of the box represents the telescope’s
focal length, the paper represents
photographic film, and the marks on the
table represent different positions of Earth in
its orbit. The light bulb represents the distant
star. The distances from the box to the lamp
represent distances to the stars. The change
in position of the dot images represents the
parallax shift.

Data Table
Star

Parallax
Shift
(mm)

Focal
Length
(mm)

Diameter
of Orbit
(mm)

9. Repeat Step 7, using a black pencil to mark
the second dot B. Dot B represents the image
of the star as seen 6 months later from the
other side of Earth’s orbit.
10. Remove the paper. Before you continue,
copy the data table into your notebook.
11. Measure and record the distance in millimeters between dots A and B. This distance
represents the parallax shift for Star 1.
12. Measure and record the distance from the
hole in the box to the lamp. This distance
represents the actual distance to the star.

Calculated
Distance to
Star (mm)

Calculated
Distance to
Star (m)

Actual
Distance
to Star (m)

Analyze and Conclude
1. Inferring What caused the apparent change
in position of the dots of light for each star?
Explain.
2. Calculating Use the following formula to
calculate the distance from the telescope to
Star 1.
Diameter  Focal length
Distance  --------------------------------------------------------------------Parallax shift
3. Calculating Divide your result from
Question 2 by 1,000 to get the distance to
the light bulb in meters.

13. Measure and record the distance from the
hole (lens) to the back of the box in millimeters. This distance represents the focal
length of your telescope.

4. Calculating Repeat Questions 2 and 3 for
Stars 2 and 3.

14. Measure and record the distance in millimeters between the marks on the two pieces
of masking tape. This distance represents the
diameter of Earth’s orbit.

6. Interpreting Data How did your calculation
for Star 3 compare with the actual distance?
What could you do to improve your results?

PART 3

5. Predicting Was your prediction in Step 15
correct? Why or why not?

Stars 2 and 3

15. Move the lamp away from the table—about
half the distance to the back of the room.
The bulb now represents Star 2. Predict what
you think will happen to the light images on
your paper.
16. Repeat Steps 6–12 with a new sheet of paper
to ﬁnd the parallax shift for Star 2.

7. Communicating Write a paragraph that
explains how parallax shift varies with distance. Relate each star’s parallax shift to its
distance from Earth.

Design an Experiment
What would happen if you kept moving the
lamp away from the box? Is there a distance at
which you can no longer ﬁnd the distance to the
star? Design an experiment to ﬁnd out.

17. Move the lamp to the back of the classroom.
The bulb now represents Star 3. Repeat
Steps 6–12 with a new sheet of paper to ﬁnd
the parallax shift for Star 3.

Analyze and Conclude
1. The viewing position changed.
2. The distance to Star 1 is 2,530 mm,
according to sample data.
3. 2.53 m
4. Sample data: Star 2—5,060 mm, 5.06 m;
Star 3—10,120 mm, 10.12 m
5. Students who predicted that the dot
would move less are correct.
6. See the sample Data Table. The difference
was large for Star 3 (10 cm). Possible ways to
improve results include repeating the
measurements and calculations, making sure
that the box does not shift in position, and
making sure that the exact images are
marked.
7. The parallax shift is smaller for stars that
are farther away. The closest star, Star 1, had
the greatest shift; and the farthest star, Star 3,
had the smallest shift.

Extend Inquiry
Design an Experiment The greater the
distance to a star, the smaller the shift in
parallax. An experimental design might
duplicate the Skills Lab in a gym or hallway,
taking measurements at increasing distances
until parallax is no longer observable.

Sample Data Table
Star

Expected Outcome
Students will see the dot of light move from
one side of the film to the other when they
move the box. The dot of light will move a
shorter distance when the lamp is farther
from the box.

Parallax
Focal
Diam.
Calc. Dist.
Shift (mm) Length (mm) Orbit (mm) Star (mm)

Calc. Dist.
Star (m)

Actual Dist.
Star (m)

1

80

440

460

2, 530

2.53

2.52

2

40

440

460

5, 060

5.06

5.09

3

20

440

460

10, 120

10.12

10.22

