
    

Section

 

1 

 

Telescopes

 

Objectives

 

After this lesson, students will be able to 

 

J.4.1.1

 

State the regions of the 
electromagnetic spectrum.

 

J.4.1.2

 

Explain what telescopes are and how 
they work.

 

J.4.1.3

 

Identify where most large telescopes 
are located.

Target Reading Skill

 

Building Vocabulary

 

Explain that 
knowing the definitions of key-concept 
words helps students understand what 
they read.

 

Answers

 

Have students write what they know about 
each key term before they read the 
definitions in the section. Explain that 
connecting what they already know about 
key terms helps them remember the terms. 
As students read each passage that contains 
key terms, remind them to write the 
definitions in their own words.
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Preteach

 

Build Background 
Knowledge

 

Telescopes

 

Ask students whether they have ever looked 
through a telescope or a pair of binoculars. 
Have them describe how these instruments 
affected their view of objects. 

 

(Possible 
answer: Telescopes and binoculars make 
distant objects appear closer and larger than 
they actually are.)

 

 Tell students that in this 
section, they will learn how telescopes work.

L2

 

Skills Focus

 

Observing

 

Materials

 

plastic hand lens

 

Time

 

10 minutes

 

Tips

 

Start with the distances mentioned 
in the instructions, but have the students 
slowly move the lens back and forth until 
the image in the lens is in focus (sharp 
and clear).

 

Expected Outcome

 

1. It looks larger. 
2. The image will invert as the object is 
moved away from the lens.

 

Think It Over

 

The image of the letter in 
the lens will look larger than that observed 
by the unaided eye. In Step 2, as the object 
is moved farther from the lens, it becomes 
blurry and then inverts (appears to be 
upside down).

1 Telescopes

How Does Distance Affect an Image?
1. Hold a plastic hand lens about 

7 cm away from your eye and 
about 5 cm away from a 
printed letter on a page. Move 
the lens slowly back and forth 
until the letter is in clear focus.

2. Keep the letter about 5 cm 
from the lens as you move your 
eye back to about 20 cm from 
the lens. Then, keeping the 
distance between your eye and 
the lens constant, slowly move 
the object away from the lens.

Think It Over
Observing What did the letter look like through the lens in 
Step 1 compared with how it looked without the lens? How 
did the image change in Step 2?

Reading Preview
Key Concepts
• What are the regions of the 

electromagnetic spectrum?

• What are telescopes and how do 
they work?

• Where are most large telescopes 
located?

Key Terms
• telescope
• electromagnetic radiation   
• visible light
• wavelength
• spectrum
• optical telescope
• refracting telescope
• convex lens
• reflecting telescope
• radio telescope
• observatory

Target Reading Skill
Building Vocabulary  Carefully
read the definition of each key 
term. Also read the neighboring 
sentences. Then write a definition 
of each key term in your own 
words.

Ancient peoples often gazed up in wonder at the many points of
light in the night sky. But they could see few details with their
eyes alone. It was not until the invention of the telescope in
1608 that people could observe objects in the sky more closely.
Recall that a telescope is a device that makes distant objects
appear to be closer. The telescope revolutionized astronomy.
Scientists now had a tool that allowed them to see many objects
in space for the first time.

Although Galileo was not the first to use a telescope, he soon
made it famous as he turned his homemade instrument to the
sky. With his telescope, Galileo saw things that no one had even
dreamed of. He was the first to see sunspots, Saturn’s rings, and
the four large moons of Jupiter. Galileo could see fine details,
such as mountains on the moon, which cannot be seen clearly
by the unaided eye. 

Since Galileo’s time, astronomers have built ever larger and
more powerful telescopes. These telescopes have opened up a
whole universe of wonders that would have amazed even Galileo.

Galileo’s 
telescope
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Differentiated Instruction

Instruct

 

Electromagnetic 
Radiation

 

For: 

 

Links on 
telescopes

 

Visit: 

 

www.SciLinks.org

 

Web Code: 

 

scn-0641

Download a worksheet that will guide students’ review 
of Internet resources on telescopes.

 

Teach Key Concepts

 

Regions of the Electromagnetic 
(EM) Spectrum

 

Focus

 

Refer students to Figure 1.

 

Teach

 

Point out that the spectrum of visible 
light is part of the spectrum of EM radiation 
and is shown below it to make it larger to see. 
Ask: 

 

Which part of the EM spectrum can 
you see? 

 

(Visible light) 

 

Which parts are not 
visible? 

 

(Radio waves, infrared radiation, 
ultraviolet radiation, X-rays, gamma rays)

 

Apply

 

Ask students whether they have ever 
seen a rainbow. Point out that in doing so, 
they have observed the different colors that 
make up the spectrum of visible light. 

 

learning modality: visual

Teaching Resources

 

•

 

Transparency J35 

 

Independent Practice
Teaching Resources

 

•

 

Guided Reading and Study Worksheet: 

 

Telescopes

 

 

 

Student Edition on Audio CD

L1

L2

 

Gifted and Talented

 

Communicating How Telescopes 
Work

 

Organize students in pairs. Tell one 
student in each pair that he or she will play 
the role of Galileo. The other student will 
pretend to be Isaac Newton. Each “Galileo” 
will sketch a refracting telescope, and each 
“Newton” will sketch a reflecting telescope. 

L3

 

Have each pair write a script explaining 
how the two telescopes work. Then ask 
selected pairs to present their work to the 
class in the form of a skit. Encourage the 
“Galileos” and “Newtons” to debate the 
advantages and disadvantages of each 
design.

 

learning modality: verbal

Monitor Progress L1

 

Writing

 

Have students compile a list of 
sources of various types of radiation.

 

Answers

 

Figure 1

 

Longer

 

Possible answer: Radio
waves carry signals to radios 

and televisions. Infrared rays from the sun 
feel warm on your skin.

Electromagnetic Radiation
To understand how telescopes work, it’s useful to understand
the nature of electromagnetic radiation.  Light is a form of
electromagnetic radiation  (ih lek troh mag NET ik), or energy
that can travel through space in the form of waves. You can see
stars when the light that they produce reaches your eyes.

Forms of Radiation Scientists call the light you can see
visible light. Visible light is just one of many types of electro-
magnetic radiation. Many objects give off radiation that you
can’t see. For example, in addition to their reddish light, the
glowing coils of an electric heater give off infrared radiation,
which you feel as heat. Radio transmitters produce radio waves
that carry signals to radios and televisions. Objects in space
give off all types of electromagnetic radiation.

The Electromagnetic Spectrum  As shown in Figure 1,
the distance between the crest of one wave and the crest of the
next wave is called wavelength. Visible light has very short
wavelengths, less than one millionth of a meter. Some electro-
magnetic waves have even shorter wavelengths. Other waves
have much longer wavelengths, even several meters long.

If you shine white light through a prism, the light spreads
out to make a range of different colors with different wave-
lengths, called a spectrum. The spectrum of visible light is
made of the colors red, orange, yellow, green, blue, and violet.
The electromagnetic spectrum includes the entire range of
radio waves, infrared radiation, visible light, ultraviolet
radiation, X-rays, and gamma rays.

What are two kinds  of electromagnetic waves that 
you might experience every day?

Wavelength

Radio Infrared Ultraviolet X-rays Gamma

Visible light

Red Orange Yellow Green Blue Violet

For: Links on telescopes
Visit: www.SciLinks.org
Web Code: scn-0641

FIGURE 1
The Electromagnetic Spectrum
The electromagnetic spectrum 
ranges from long-wavelength 
radio waves through short-
wavelength gamma rays.
Interpreting Diagrams  Are
infrared waves longer or shorter 
than ultraviolet waves?
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Types of Telescopes

 

Teach Key Concepts

 

How Telescopes Work

 

Focus

 

Tell students that refraction is the 
bending of light rays that occurs when light 
moves from one material into another 
material. Reflection occurs when light waves 
bounce off of a surface.

 

Teach

 

Ask: 

 

What is used in refracting 
telescopes to collect light and magnify 
images? 

 

(Lenses) 

 

Where in these telescopes 
does refraction occur? 

 

(Where the light 
passes through the lenses) 

 

What is used in 
reflecting telescopes to collect and focus 
light? 

 

(a mirror)

 

Extend

 

Ask: 

 

Can telescopes collect EM 
waves other than visible light? 

 

(Yes) 

 

What 
are some examples? 

 

(Radio telescopes, 
infrared telescopes, X-ray telescopes) 

 

 

 

Tell 
students that special telescopes are built to 
collect these types of EM radiation. 

 

learning modality: verbal

Teaching Resources

 

•

 

Transparency J36

 

Observing a Continuous Spectrum

 

Materials

 

white light source, poster board 
with a slit 2 cm 

 

×

 

 2 mm, prism, colored 
pencils, white paper, tape

 

Time

 

30 minutes

 

Focus

 

Explain that a prism bends, or 
refracts, white light.

 

Teach

 

Have students work in small groups 
to position the slit over the white light source 
and tape the poster board to the light source. 
Darken the room, and tell students to shine 
light from the slit through the prism and 
onto a sheet of paper. Students can use 
colored pencils to record their observations.

 

Apply

 

Ask: 

 

What characteristic 
determines each color? 

 

(Wavelength)

 

 Have 
groups compare the order of the colors they 
have seen. 

 

(It is the same for all groups.) 

 

What 
can you infer about how wavelengths bend? 

 

(Wavelengths of each color bend differently.) 

 

learning modality: kinesthetic

L2

L2

Eyepiece
lens

Focal length of
objective lens

Objective
lens

Light
rays

Refracting Telescope Reflecting Telescope

Light
rays

Flat
mirror

Curved
mirror

Eyepiece lens

Types of Telescopes
On a clear night, your eyes can see at most a few thousand
stars. But with a telescope, you can see many millions. Why?
The light from stars spreads out as it moves through space, and
your eyes are too small to gather much light.

Telescopes are instruments that collect and focus light
and other forms of electromagnetic radiation. Telescopes
make distant objects appear larger and brighter. A telescope that
uses lenses or mirrors to collect and focus visible light is called
an optical telescope. The two major types of optical telescope
are refracting telescopes and reflecting telescopes. 

Modern astronomy is based on the detection of many forms
of electromagnetic radiation besides visible light. Non-optical
telescopes collect and focus different types of electromagnetic
radiation, just as optical telescopes collect visible light.

Refracting Telescopes  A refracting telescope uses convex
lenses to gather and focus light. A convex lens is a piece of trans-
parent glass, curved so that the middle is thicker than the edges.

Figure 2 shows a simple refracting telescope. This telescope
has two convex lenses, one at each end of a long tube. Light
enters the telescope through the large objective lens at the top.
The objective lens focuses the light at a certain distance from
the lens. This distance is the focal length of the lens. The larger
the objective lens, the more light the telescope can collect. This
makes it easier for astronomers to see faint objects. 

The smaller lens at the lower end of a refracting telescope is
the eyepiece lens. The eyepiece lens magnifies the image pro-
duced by the objective lens.

FIGURE 2
Refracting and Reflecting 
Telescopes
A refracting telescope uses convex 
lenses to focus light. A reflecting 
telescope has a curved mirror in 
place of an objective lens.
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Use Visuals: Figure 3

 

Images from Different Telescopes

 

Focus

 

Explain that different types of 
telescopes collect different types of radiation.

 

Teach

 

Have students take turns describing 
each image. Ask: 

 

If you were in space near 
this nebula, which image shows what you 
would see with the naked eye? 

 

(The one 
taken by an optical telescope) 

 

What does 
the infrared image show? 

 

(Differences in 
temperature in different areas)

 

Apply

 

Ask: 

 

How have radio, X-ray, and 
infrared telescopes helped astronomers 
expand their exploration of space? 

 

(These 
nonoptical telescopes gather information 
that cannot be obtained visually.)

 

learning 
modality: visual

 

 

 

Address Misconceptions

 

Sunlight’s Effect on Telescopes

 

Focus

 

Some students may think that stars 
are present at nighttime only.

 

Teach

 

Point out that stars are always in the 
sky, even during the day. They are not visible, 
however, because our eyes are not able to 
distinguish them because of the brightness of 
the sun. For this reason, optical telescopes 
cannot be used during daytime. Visible light 
from the sun, on the other hand, does not 
interfere with radio waves. Therefore, radio 
telescopes can be used both night and day.

 

Apply

 

Have students brainstorm other 
examples of how the sun’s brightness 
“overpowers” other forms of visible light. 

 

(Possible answer: In the daytime, it can be 
hard to tell whether a car’s headlights are on. 
A flashlight’s beam cannot be seen in bright 
sunlight.)

 

learning modality: logical/
mathematical

L2
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Skills Focus

 

Inferring

 

Materials

 

umbrella, small radio, 
aluminum foil, masking tape

 

Time

 

30 minutes

 

Tips

 

Have students use masking tape to 
attach the foil to the umbrella and to 
attach the radio to the handle. 

 

Expected Outcome

 

Reception is best 
with the handle held parallel to the floor. 

The best position of the radio is at the 
focal point of the umbrella. The handle 
points to the transmitter. The waves are 
reflected by the foil and directed to a focal 
point on the handle.

 

Extend

 

Challenge students to select 
another radio station and predict where 
the reception will be best.

 

learning 
modality: kinesthetic

Monitor Progress L2

 

Skills Check

 

Ask students to compare 
and contrast refracting, reflecting, and 
nonoptical telescopes.

Answer
Isaac Newton

X-raysRadio

OpticalInfrared

Locating Radio Waves
You can use an umbrella to 
focus radio waves.

1. Line the inside of an open 
umbrella with aluminum 
foil.

2. Turn on a small radio and 
tune it to a station.

3. Move the radio up and 
down along the umbrella 
handle. Find the position 
where the station is 
clearest. Radio waves 
reflecting off the foil focus 
at this point. Tape the 
radio to the handle.

4. Hold the umbrella at 
different angles. At which 
angle is the station the 
clearest?

Inferring In which direction 
do you think the radio 
station’s transmitter is 
located? Explain.

Reflecting Telescopes  In 1668, Isaac Newton built the first
reflecting telescope. A reflecting telescope uses a curved
mirror to collect and focus light. Like the objective lens in a
refracting telescope, the curved mirror in a reflecting telescope
focuses a large amount of light onto a small area. The larger the
mirror, the more light the telescope can collect. The largest
optical telescopes today are all reflecting telescopes.

Radio Telescopes  Devices used to detect radio waves from
objects in space are called radio telescopes. Most radio tele-
scopes have curved, reflecting surfaces—up to 305 meters in
diameter. These surfaces focus radio waves the way the mirror
in a reflecting telescope focuses light waves. The surfaces con-
centrate the faint radio waves from space onto small antennas
like those on radios. As with optical telescopes, the larger a
radio telescope is, the more radio waves it can collect. 

Other Telescopes  Some telescopes detect infrared radia-
tion, which has longer wavelengths than visible light but
shorter wavelengths than radio waves. There are also
telescopes that detect the shortest wavelengths—ultraviolet
radiation, X-rays, and gamma rays. 

Who built the first reflecting telescope?

FIGURE 3
Four Views of the Crab Nebula
Different types of telescopes collect 
electromagnetic radiation at different 
wavelengths. Astronomers are able to 
learn a great deal about the Crab Nebula 
by examining these different images. The 
images are shown at different scales.  

L2



Observatories

Teach Key Concepts
Location of Telescopes
Focus Review the definition of an 
observatory.

Teach Ask: Why are many large optical 
telescopes located on mountaintops? 
(Earth’s atmosphere makes objects in space 
look blurry. The sky is clearer at higher 
elevations and there is less interference from 
city lights.) What type of telescope does 
not have to be located on a mountaintop? 
(Radio) What is an advantage of placing 
telescopes in space instead of on Earth? 
(Space telescopes can detect wavelengths that 
are blocked or interfered with by Earth’s 
atmosphere.)

Apply Tell students that the reflecting 
mirrors on the telescopes on Mauna Kea are 
much larger than the mirrors on Hubble. 
Ask: Why are the images taken by Hubble 
clearer? (Earth’s atmosphere does not interfere 
with Hubble images.) learning modality: 
verbal

Modeling Light Pollution

Materials large poster board, adhesive, 
glow-in-the-dark decals of stars and planets, 
several small penlights

Time 20 minutes

Focus Tell students that light from 
streetlights, businesses, and signs makes it 
difficult to view objects in the night sky. This 
is known as light pollution.

Teach Place decals of different sizes on a 
large poster board. Then place the poster 
board under a light to “charge” the decals. 
Place the poster board in a prominent 
position, close the shades, and turn off the 
room lights. Give students a few moments to 
observe the brightness of the decals. Ask a 
volunteer to help you shine penlights on 
the poster board. Tell students to note the 
difference in the brightness of the decals. 
Ask: What does this model represent? 
(Light pollution, or the effect of lights on the 
brightness of stars and planets)

Apply Tell students that some communities 
have placed specially made shields over 
streetlights to reduce light pollution. 
learning modality: visual

L2
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1897 Yerkes Telescope
The 1-meter-diameter telescope at 
Yerkes Observatory in Wisconsin 
is the largest refracting telescope 
ever built. Because its main lens is 
so large, the Yerkes telescope can 
collect more light than any other 
refracting telescope.

1963 Arecibo 
Radio Telescope
This radio telescope in 
Puerto Rico was built in a 
natural bowl in the ground. 
It is 305 meters in diameter, 
the largest radio telescope 
in existence.

Development of Modern Telescopes
During the last century, astronomers have built larger telescopes, 
which can collect more visible light and other types of radiation. 
Today’s astronomers use tools that could not have been 
imagined 100 years ago.

1931 Beginning of 
Radio Astronomy
Karl Jansky, an American 
engineer, was trying to 
find the source of static 
that was interfering with 
radio communications. 
Using a large antenna, he 
discovered that the static 
was radio waves given 
off by objects in space. 
Jansky’s accidental 
discovery led to the 
beginning of radio 
astronomy.

Observatories
In general, an observatory is a building that contains one or
more telescopes. However, some observatories are located in
space. Many large observatories are located on mountaintops
or in space. Why? Earth’s atmosphere makes objects in space
look blurry. The sky on some mountaintops is clearer than at
sea level and is not brightened much by city lights. Unlike opti-
cal telescopes, radio telescopes do not need to be located on
mountaintops.

One of the best observatory sites on Earth is on the top of
Mauna Kea, a dormant volcano on the island of Hawaii.
Mauna Kea is so tall—4,200 meters above sea level—that it is
above 40 percent of Earth’s atmosphere.

L1



Differentiated Instruction

Focus Tell students that the first telescopes 
were used in the 1600s.

Teach Have students take turns reading 
aloud the annotations to the timeline. Have a 
world map available that students can 
use to locate the various telescopes. Help 
students visualize how large the telescopes 
are by comparing them to objects students 
know. Ask students to estimate the sizes of 
the telescopes in terms of the sizes of familiar 
objects, such as the length of a school bus or 
football field. (Possible answer: The diameter 
of the Arecibo Radio Telescope is about the 
length of three football fields.)

Writing Mode Research

Scoring Rubric 
4 Exceeds criteria, includes a full 
description of the telescope’s features, 
history, and uses; written in the lively 
style of a brochure
3 Meets all criteria, but description is 
uninteresting
2 Meets only two criteria
1 Is incomplete and inaccurate

Help Students Read
Active Comprehension Read aloud 
the introductory paragraph under 
Observatories. Ask: What more would you 
like to know about the locations of large 
telescopes? What about telescopes interests 
you? Make connections for students between 
telescopes and their lives. For example, 
students are likely to have observed the 
moon and stars and wished for a closer view. 
Write down several responses. Tell students 
to read the text and to consider the questions 
raised earlier as they read. Then, discuss the 
content, making sure that each question is 
answered or that students know where to 
look for the answer.

Less Proficient Readers
Interpreting Data Help students better 
interpret the timeline by asking questions 
that encourage critical thinking. For 
example, ask: What time span does the 
timeline cover? (1897 to 2003) How does 
this time span compare to that of other 
timelines you have seen, such as a 

L1 geologic timeline? (This timeline covers a 
relatively short amount of time.) Are there 
any large gaps in the timeline? (No.) What 
does that tell you about the development 
of modern telescopes? (The development 
of this technology has occurred at a steady 
pace over the last century or so.)  learning 
modality: verbal

Monitor Progress L2

Skills Check Have students classify several 
different types of telescopes by their optimal 
locations and explain why those locations are 
suitable.

1980 2000 2020

1980 Very Large Array
The Very Large Array is a 
set of 27 radio telescopes 
in New Mexico. The 
telescopes can be moved 
close together or far apart. 
The telescopes are linked, 
so they can be used as if 
they were one giant radio 
telescope 25 kilometers 
in diameter.

2003 Spitzer 
Space Telescope
The Spitzer Space 
Telescope is a powerful 
0.85-meter diameter 
telescope that surveys 
the sky in the infrared 
range of the spectrum.

1990 Hubble 
Space Telescope
The Hubble Space 
Telescope views objects 
in space from high 
above the atmosphere. 
As a result, it can 
produce extremely 
sharp images. 

Research and Write
Research one of these 
telescopes or another large 
telescope. Create a publicity 
brochure in which you 
describe the telescope’s 
features, when and where it 
was built, and what types of 
research it is used for.

Advanced Telescopes  Today, many large optical telescopes
are equipped with systems that significantly improve the qual-
ity of their images. Optical telescopes on Earth equipped with
such systems are able to produce images of small regions of the
sky that rival those of optical telescopes based in space.

Some new telescopes are equipped with computer systems
that correct images for problems such as telescope movement
and changes in air temperature or mirror shape. Other
advanced telescopes use lasers to monitor conditions in the
atmosphere. The shape of the telescope’s mirror is automati-
cally adjusted thousands of times each second in response to
changes in the atmosphere.

L1



Monitor Progress L2

Answer
A building that contains one 
or more telescopes

Assess

Reviewing Key Concepts
1.  a. Radio, infrared, visible light, 
ultraviolet, X-rays, and gamma rays  b. The 
Hubble is above Earth’s atmosphere; the 
atmosphere blurs the transmission of visible 
light.
2.  a. Refracting and reflecting  b. A 
refracting telescope uses two convex lenses. 
The objective lens gathers and focuses the 
light. The eyepiece lens magnifies the image 
produced by the objective lens.  c. A 
reflecting telescope uses a curved mirror to 
collect and focus light; a refracting telescope 
uses convex lenses to do the same.
3.  a. The atmosphere makes objects in 
space look blurry because it interferes 
with the transmission of visible light. The 
atmosphere also blocks X-rays, gamma rays, 
and most ultraviolet radiation.  b. There 
is less atmosphere above mountaintops 
to interfere with the transmission of 
electromagnetic waves. Also the sky is not 
brightened much by city lights.  c. No. 
X-rays and gamma rays are blocked by 
Earth’s atmosphere, so telescopes to detect 
these waves must be placed in space.

Reteach
Use Figure 1 to review the types of telescopes 
that detect different forms of 
electromagnetic radiation and their 
locations.

Performance Assessment
Skills Check Have students diagram the 
path of light as it moves through a refracting 
telescope.

Teaching Resources

• Section Summary: Telescopes
• Review and Reinforce: Telescopes
• Enrich: Telescopes

L1

L2

Keep Students on Track Confirm that 
students have located and sketched their 
constellations. Encourage students to 
compare their sketches. Research on the 
myths should be underway. Advise each 
student to find as many stories as possible 
about the chosen constellation and to take 
notes on these stories.

Writing Mode Exposition How-to

Scoring Rubric 
4 Exceeds criteria, includes accurate, 
detailed instructions and a labeled drawing
3 Includes instructions only
2 Includes unclear instructions
1 Includes only some of the steps

3. a. Summarizing How does the atmosphere 
affect electromagnetic radiation?

b. Explaining Why are many large optical 
telescopes located on mountaintops?

c. Applying Concepts Would it make sense to 
place an X-ray or gamma ray telescope on a 
mountaintop? Explain why or why not.

FIGURE 4
Repairing Hubble
Astronauts have repaired and 
upgraded the Hubble Space 
Telescope on several occasions.  

Writing Instructions Write a short 
explanation of how to build a reflecting 
telescope for a booklet to be included in a 
model telescope kit. Be sure to describe the 
shape and position of each of the lenses or 
mirrors. You may include drawings.

Section 1 Assessment

Target Reading Skill Building Vocabulary  
Use your definitions to help answer the 
questions below.

Reviewing Key Concepts
1. a. Sequencing List the main types of 

electromagnetic waves, from longest 
wavelength to shortest.

b. Applying Concepts Why are images from 
the Hubble Space Telescope clearer than 
images from telescopes on Earth?

2. a. Identifying What are the two major types of 
optical telescope?

b. Explaining How does a refracting telescope 
work?

c. Comparing and Contrasting Use Figure 2 
to explain the major differences between 
reflecting and refracting telescopes.

1

Telescopes in Space  X-rays, gamma rays, and
most ultraviolet radiation are blocked by Earth’s
atmosphere. To detect these wavelengths, astronomers
have placed telescopes in space. Some space telescopes
are designed to detect visible light or infrared radia-
tion, since Earth’s atmosphere interferes with the
transmission of these forms of  radiation.

The Hubble Space Telescope is a reflecting tele-
scope with a mirror 2.4 meters in diameter. Because
the Hubble telescope orbits Earth above the atmo-
sphere, it can produce very detailed images in visible
light. It also collects ultraviolet and infrared radia-
tion. The spectacular Hubble telescope images have
changed how astronomers view the universe.

The hottest objects in space give off X-rays. The
Chandra X-ray Observatory produces images in the X-ray por-
tion of the spectrum. Chandra’s X-ray images are much more
detailed than those of earlier X-ray telescopes.

The most recent addition to NASA’s lineup of telescopes in
space is the Spitzer Space Telescope. Launched in 2003, the
Spitzer telescope produces images in the infrared portion of
the spectrum. 

What is an observatory?
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Design and Build 
a Telescope

Prepare for Inquiry
Key Concept
Students will construct and use a simple 
refracting telescope.

Skills Objectives
After this lab, students will be able to
• evaluate the design of their telescopes
• redesign their telescopes to improve 

performance

Class Time 80 minutes

Advance Planning
Use kits or collect paper towel tubes for the 
telescopes. Tubes from different brands can 
be used for the inner and outer tubes. 
Various combinations of lenses are possible. 
For example, a 43-mm diameter 400-mm 
focal length objective lens paired with a 
25-mm focal length eyepiece would produce 
a magnification of 16×.

Teaching Resources

• Lab Worksheet: Design and Build a 
Telescope

Guide Inquiry
Introduce the Procedure
Have students examine the text drawing to 
give them an idea of what they are building.

Troubleshooting the Experiment
• Suggest that students rest their telescopes 

on a stable surface.
• Make sure that lenses are perpendicular to 

tube walls and parallel to each other.

Expected Outcome
Objects will be magnified and inverted when 
viewed through the telescopes.

Analyze and Conclude
1. To focus on objects at different distances
2. You must move the tubes together.
3. Answers will vary. A wider tube and wider 
lenses would collect more light.
4. The size and magnification of the 
objective and the eyepiece lenses are likely to 
be the most important factors.

Extend Inquiry
Communicate The brochure should 
include all of the features of the new 
telescope and a comparison of the 
magnification capabilities of the original 
and redesigned telescopes.

Foam holder

Paper towel 
tubes

Objective lens
(tape to the 
end of tube)

Eyepiece

Design and Build 
a Telescope

Problem
Can you design and build a telescope?

Skills Focus
evaluating the design, redesigning

Materials
• 2 paper towel tubes of slightly different 

diameters   • several plastic objective lenses
• several plastic eyepiece lenses   • meter stick
• foam holder for eyepiece   • transparent tape

Procedure
1. Fit one of the paper towel tubes inside the 

other. Make sure you can move the tubes but 
that they will not slide on their own.

2. Place the large objective lens flat against the 
end of the outer tube. Tape the lens in place.

3. Insert the small eyepiece lens into the open-
ing in the foam holder.

4. Place the foam eyepiece lens holder into the 
inner tube at the end of the telescope oppo-
site to the objective lens.

5. Tape a meter stick to the wall. Look through 
the eyepiece at the meter stick from 5 m 
away. Slide the tubes in and out to focus 
your telescope so that you can 
clearly read the numbers on the 
meter stick. Draw your telescope. 
On the drawing, mark the tube 
position that allows you to read the 
numbers most clearly.

6. Use your telescope to look at other objects at 
different distances, both in your classroom 
and through the window. For each object 
you view, draw your telescope, marking the 
tube position at which you see the object 
most clearly. CAUTION: Do not look at the 
sun. You will damage your eyes.

7. Design and build a better telescope. Your 
new telescope should make objects appear 
larger than your first model from the same 
observing distance. It should have markings 
on the inner tube to enable you to pre-focus 
the telescope for a given observing distance. 

8. Draw a design for your new telescope. List the 
materials you’ll need. Obtain your teacher’s 
approval. Then build your new model.

Analyze and Conclude
1. Inferring Why do you need two tubes?

2. Observing If you focus on a nearby object 
and then focus on something farther away, 
do you have to move the tubes together or 
apart?

3. Evaluating the Design How could you 
improve on the design of your new tele-
scope? What effects would different lenses 
or tubes have on its performance?

4. Redesigning Describe the most important 
factors in redesigning your telescope. 

Communicate
Write a product brochure for your new tele-
scope. Be sure to describe in detail why your new 
telescope is better than the first telescope.
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