A Teacher Resource Guide for

Coelers from Space

For Grades 2 - 6 (primarily designed for Grade 5)

- .
Beazley Planetarium

Children’s Museum of Virginia




€ol6rs from Space

Lesson Overview

The education resource was developed using the 5E model of learning and involves pre-visit activities to
ENGAGE student interest, planetarium presentations using simulation software along with hands on
activities to EXPLORE and EXPLAIN the concepts of how light of various colors provides Earthbound
observers with data. Post visit activities are comprised of an EXTEND/ELABORATE section where they
further develop the concept of their visit as well as the EVALUATE section to allow a check of student
mastery.

The delivery of the Explore and Explain sections can be tailored to your particular needs and may include
one of two possible planetarium shows as well as one of three possible group hands on activities.

Students will learn about visible light, different colors of light, and the electromagnetic spectrum and
how we use them to learn more about our universe. Students learn through observation and
information presented via the planetarium simulation. Through the planetarium feature, students will
learn about the many uses of the telescope, about how light travels through space and about what kinds
of information comes from the light.

Students working in teams will observe images taken by the Hubble Space Telescope through different
colored filters and analyze how the filters affect what can be seen. Students will be given the
opportunity to observe how a star’s color would affect what objects would look like. Also students will
be able to use spectroscopes to view white light, and sample substance’s spectra.

Standards of Learning
Virginia Standards
Science: 5.3
National Standards
National Science Education Standards (NSES)
Science as Inquiry
Abilities necessary to do scientific inquiry
Understanding about scientific inquiry
Physical Science

Light, heat, electricity and magnetism




Essential Questions

e How is it possible for us to see and analyze light?

e  What can we learn about the stars and the planets from their colors?

e How is visible light related to the electromagnetic spectrum?

e How can devices like telescopes, spectroscopes and color filters be used to explore the
universe?

Instructional Objectives
Students will

o explore the visible light spectrum and its place within the electromagnetic spectrum;
e understand that light is a form of electromagnetic energy that travels in waves;

e use a spectroscope to observe and analyze different types of light;

e compare images observed through colored lenses;

e view objects in different color light and analyze their effects; and

e explore the role of various types of telescopes in the gathering of light.

Background

What can we learn about our universe; the stars and planets? To answer this
guestion requires a fundamental understanding of why we see color. We can
only see light if it hits us in the eye. We cannot see light going by. Our eyes
allow us to observe objects that either emit some type of light or reflect light
back to our eyes. They allow us to see the various colors emitted in white light.
We can separate white light into its individual colors by refracting it through a
prism. Millions of colors can be observed with the human eye and can be
produced from just three primary colors; red, green and blue. Individual colors
of light are actually mixtures of red, green and blue. This is the idea behind
televisions, and computer monitors. The millions of colors are actually made
from tiny red, green and blue pixels on the screen.

Figure 1 Crab Nebula  Credit NASA

Stars emit light of various colors. Light from stars can be separated into individual
colors and those patterns of light, or spectra, reveal a great deal of information.
The principle color of light emitted by a star gives clues to its temperature, age
and composition.

The invention of the telescope some 400 years ago allowed us to peer further into
space and further back in time to reveal many secrets of the universe. Over the
years telescopes have become larger and technology has allowed us to obtain
much clearer observations. Telescopes like the Hubble Space Telescope have
been placed in orbit to overcome interference from our atmosphere.

Figure 3 Hubble Space Telescope  Credit NASA




Resources

Color Spinners

https://www.nasa.gov/pdf/350506main _Optics Color Spinners.pdf

Gels/Filters:

Medium Red
https://www.stagelightingstore.com/home/56783-rosco-
roscolux-27-medium-red-12-x-12-cut

Green (Kelley)
https://www.stagelightingstore.com/home/56706-rosco-
roscolux-94-kelly-green-12-x-12-cut

Medium Blue
https://www.stagelightingstore.com/home/56732-rosco-
roscolux-80-primary-blue-12-x-12-cut

Yellow
https://www.stagelightingstore.com/home/56759-rosco-
roscolux-10-medium-yellow-12-x-12-cut

5E lesson Development

ENGAGE (Pre Visit)

1. Asaclass, construct a KHWL chart (Know/How/Want to
Know/Learned) to organize what they know about WHAT they
already know, HOW they know this information and what they
WANT TO KNOW about light and colors.

The following questions may be used to stimulate the
discussion:

What do you know about light?

(Student responses will vary. Students may suggest ideas
that are incorrect. Do not correct them at this time. Revisit
the KHWL chart throughout the lesson to check for
understanding and to correct misconceptions. Their
responses may include responses that state light is energy,

cr.s from Space

Materials List

EngagdPrevisit)

Per Student

Student guide

Per Class

Approximately 500 ml of
water

Shallow transparent plastic
or glass dish

Overhead Projector

Extend (Postisit)

Per Each Pair of Student

4 clear plastic cups
One plastic bowl

Set of crayons or color
pencils

Two stiff cardboard squares
(4” x 47)
Two scissors

Two short pencils
(Sharpened)

Glue and or tape

One Thumbtack

Per Class

Red, blue and yellow food
coloring

Three 500 ml beakers of
water

Three floodlights (equal to
75 watts)with shades
Red, green and blue gels
red, green and blue CFL
bulbs



https://www.nasa.gov/pdf/350506main_Optics_Color_Spinners.pdf
https://www.stagelightingstore.com/home/56783-rosco-roscolux-27-medium-red-12-x-12-cut
https://www.stagelightingstore.com/home/56783-rosco-roscolux-27-medium-red-12-x-12-cut
https://www.stagelightingstore.com/home/56706-rosco-roscolux-94-kelly-green-12-x-12-cut
https://www.stagelightingstore.com/home/56706-rosco-roscolux-94-kelly-green-12-x-12-cut
https://www.stagelightingstore.com/home/56732-rosco-roscolux-80-primary-blue-12-x-12-cut
https://www.stagelightingstore.com/home/56732-rosco-roscolux-80-primary-blue-12-x-12-cut
https://www.stagelightingstore.com/home/56759-rosco-roscolux-10-medium-yellow-12-x-12-cut
https://www.stagelightingstore.com/home/56759-rosco-roscolux-10-medium-yellow-12-x-12-cut

travels in waves, can be reflected or refracted, is made up of a rainbow, etc.)
e How is that we are able to see light?

(Student responses will vary. Students may suggest ideas that are incorrect. Once again do not
correct them at this time. Revisit the KHWL chart throughout the lesson to check for understanding
and to correct misconceptions. Reponses may include that eyes are sensitive to light. When light
enters our eyes they pick up the energy and the impulse is processed by the brain.)

e Can you explain how they have learned the information stated about the nature of light?
(Answers will vary. Help students consider the validity of their sources of information.)

e  What do you want to know about light and why light is the best way to learn about the
mysteries of the distant planets and stars?

(Answers will vary. Encourage students to seek answers to their questions beyond these activities.
Replies may include wanting to know about how stars produce light, how that light gets to us here
on Earth and how telescopes can be used to gather the light for study.)

2. Set up a demonstration to project a spectrum from a white light source. They will be able to
observe that white light is made up of various colors or wavelengths of light.

a. Gather these materials: water, shallow and transparent plastic or glass container and an
overhead projector (you can modify this demonstration by using another projector that
emits white light).

b. Set the transparent container on the overhead projector.

Fill the container half full of water.

d. Turn on the overhead projector. With a bit of manipulation of the container around the
projector, you should see a “rainbow” projected to some location in your darkened
room.

e. Direct the students to look for images around the room especially near the ceiling.
Allow time for students to discover the images. Students should see the rainbow images
created through refraction of the visible light. Do not specifically ask students to look
for rainbows. (Modification — use a bright light source and prism to produce spectral
image.)

3. Ask students to draw and answer questions about the images they see in their student guide.

EXPLORE

The Explore section takes place in our facility. Students will be able to observe a beautiful night sky in
the Beazley Planetarium. While doing so they will be able to observe stars of various colors (Red,
yellow, blue, white). They will learn about the relationship between a star’s color and its temperature.
They will take an imaginary trip to a large red supergiant star (Betelgeuse) and predict how the light
from a red star would affect our perception of light.

*If time permits, students will view Two Small Pieces of Glass — The Amazing Telescope. The full dome
feature follows two youngsters at a star party where a mentor takes them on a learning adventure on
the workings of telescopes as well as the accomplishments of astronomers like Galileo, Newton, and
Einstein.




A short lesson and discussion about the electromagnetic spectrum follows.

EXPLAIN

The Explain section will take place within our facility. In this Explain section small groups of students will
work together to make observations, predictions and record data on the topic of light.

1.

In a follow up to the tour of the night sky where the question was posed, what color would your
shirt look like if it were lit by a red star? Several differently colored objects will be illuminated
by red, green and blue light (representing star colors). Students will predict how the object
would appear in different colors of light. The big idea here, we can only see light if it hits us in
the eyes.

Using the three different colored lights through demonstration, students will observe new colors
formed from the combination of different wavelengths of light. The big idea here is that colors
of light can mix to form new colors and that white light is a mixture of the seven colors of the
rainbow.

Using diffraction grating glasses, students will observe that white light is a mixture of the colors
of the rainbow. Tubes of various gases like hydrogen, oxygen, helium and the like will produce a
spectrum that can be used to identify themselves. The big idea here is that the light from distant
stars and planets can tell us what each object is made from.

Technology highlight — Cameras on probes, satellites and space telescopes use multiple filters
that allow selected colors to pass to the sensors. Students will observe galaxies, stars and
nebula from the Hubble Space Telescope through different colored filters. They will compare the
image quality from each filter to determine its properties and efficiency.

EXTEND/ELABORATE (Post Visit)

White light is the combination of all colors of light. A rainbow is white light broken up into it component
colors. It can be broken into the color of the rainbow through refraction like that of light passing
through little drops of rain, or a prism. It can also be broken into the spectrum through diffraction like
they experienced in the planetarium with the diffraction rainbow glasses.

There is a distinct and somewhat difficult concept that students have problems understanding. That is
the mixing of pigments to produce new colors and that of the mixing of different colors of light to
produce new colors. Students will address the first issue in the first part of this Extend lesson.

Before class:

Prepare three large beakers of colored water by adding several drops of food coloring to the
water in the beakers. Make one beaker of yellow, one of red, and one of blue. The beakers
represent pigments.

Secure the three colored gels to three light sources by taping them to the shade.

Draw a 4” circle on each of the white cardboard squares.

Print up a color wheels from the downloaded master. Color in a few sample color wheels and
make a few sample spinners.




MIXING PIGMENTS

Suppose we only had red, blue and yellow paint, but we want to paint our room green. Ask “Is there any
way we can make green paint from what we have?”

1. Have students work in small groups or pairs. Hand out four clear plastic cups and one plastic
bowl to each pair of students.

2. Have students predict what color they will make with each combination of two colors. Use the
Color Mixing record sheet in the Student Guide and crayons for recording predictions.

3. For each pair of students, pour one of each primary color of water into the plastic cups.

4. Students will test their predictions and record their observations on the Color Mixing sheet.
Have student discard their test results in the plastic “discard” bow! before attempting a new
test.

5. Discuss the class findings and summarize the class results
through use of Venn diagrams of the color mixing.

MIXING LIGHT

What would happen if we now mix different colors of light? (This is more or less what they experience
when they view their television, smartphone screen or computer monitor. Different values of red, green
and blue light is mixed on a pixel level to produce the desired color.)

This will be done more as a teacher led, class demonstration.

Ask students “What do you think we will get when we mix the red light and the green light together?
The red light and the blue light? The blue light and the green light? Please indicate your guesses by filling
in another Color Mixing worksheet. Allow time for students to record answers.

1.

Darken room. You will shine the different color spotlights on a screen or the wall. Be sure that
the beams of colored light do not overlap until you are ready to reveal the resulting color.

Mix the red light and green light by overlapping the stream of light. Ask students what color
was produced.

Mix the red light and the blue light in a similar way. Ask students what color was produced.
Again mix the blue light and the green light as before. Ask students what color was produced.
Ask students if they were surprised by any of the resulting colors. If so what was surprising? Did
you get the same colors when mixing pigments? Why do you suppose that is?

Now ask students what they predict will happen when the red light, green light and blue light are
combined. Have them predict the resulting color.

1.

Mix all three colored lights together. Did it make a color close to white light? Ask students
where individual red, green and blue lights combine to make colors. You can demonstrate this
by carefully placing a drop of water on the glass screen of a device like a smart phone. The drop
acts like a magnifying lens and allows you to see the individual RGB components.




Hand out cardboard with the 4” circle. Have the students cut out the Pendl
Disc with Differen

circles. Next have them divide the circles into “slices” sort of like a Colare Bections
pizza or a pie. They do not have to be equal in area.

Have students color the slices using crayons or color pencils. Ask

students to color each slice with various colors to produce the whitest color when spun on a
pencil.

Demonstrate how to punch a hole in the exact center of the circle with a thumbtack. Slide the
disk fairly close to the pencil tip. Secure the disk with tape.

Spin the pencil and disk. Have students observe the disk as it is spinning fast.

What color is produced? What color do you see?

Ask students to alter the disk to get better results or to obtain a secondary color like orange.
How would you color your disk to produce orange?

Ask students if the color produced by the spinning disk was more like adding pigments or more
like adding light? (It would be more like the lights as they are seeing all the combined colors
reflecting from all the colored areas of the disk.)

EVALUATION (Post Visit)

1.

Use question, discussions and responses in the Student Guide to assess the students’
understanding of the essential questions.

Return to the KHWL chart to add more information that students have learned throughout this
lesson. Review the information under the KNOW column with the help of the students, correct
any misinformation placed there during the ENGAGE experience.

Evaluate students’ understanding of light and the spectrum through this activity:

On The Fence

This activity will need to be performed in an open area such as gym floor, stage, playground or
classroom with all the desks moved to the side. Students will form a line shoulder to shoulder
about in the middle of the selected area. Students will be presented with statements which
they will have to either be true, or false. If a student believes the statement to be a true
statement, they should take one giant step forward. If the student believes the statement to be
a false statement, they should take a giant step backward. In either case they must either step
forward or backward for each question, they may NOT REMAIN ON THE FENCE and not move.

Read the following statements. Give time for a response and if they are not moving tell them to
make their choice. This is an informal evaluation but you can tell if they are moving more or less
in unison that they may be on the same track.

Statements

U Astar’s color is related to its temperature.
U Red stars are hotter than blue stars.
U Light coming from stars gives clues to what it is made of.




cooco oo oo

White light is the mixture of the colors of the rainbow.
Red light has a longer wavelength than violet light.

Red light has a shorter wavelength than violet light.
Red light + blue light makes violet or purple light.
Mixing all the paint pigments produced the color white.
Refraction is the bouncing back of light.

You can make a rainbow with a prism.

You can see light as it passes by you in space.




STUDENT GUIDE

. . lors from Space
Essential Questions
e How is it possible for us to see and analyze light?
e What can we learn about the stars and the planets from their colors?
e How is visible light related to the electromagnetic spectrum?
e How can devices like telescopes, spectroscopes and color filters be used to explore the
universe?

Background

Wavelength

Light is a form of energy. Light is made up of vibrating electric
and magnetic energy. This energy travels in the form of a wave
at a very great speed. The energy is called electromagnetic
radiation. The human eye is capable of seeing only a small part
of the electromagnetic spectrum. This section is called visible
light.

Trough

Figure 1 of wave credit NASA
e The human eye is designed to detect visible light that is directed
“™  towards it. The retina converts the light to electrical impulses that are
transmitted to and processed by the brain.

Vitreous

Optic Disc

Optic Nerve

Maruda' ) C; ‘:‘““”““»‘ Visible light looks with or yellow. Visible light can be divided into
e different wavelengths. Wavelengths are measured as the distance
Figure 2 of human eye - credit NASA from one crest of a light wave to the next crest.

Different wavelengths of light refract or bend at different angles. A rainbow is formed when sunlight is
bent by raindrops in the sky. The light is separated by wavelengths. Visible light with longer wavelengths
look red while visible light with shorter wavelengths look violet.

Figure 3 of visible light creating a spectrum — credit NASA




We cannot see most waves in the electromagnetic spectrum. Ultraviolet, X rays and gamma rays have
wavelengths shorter than visible light.

Infrared, microwaves and radio waves are longer than visible light.

Figure 5 of stars. Note the various
colors. credit NASA
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Figure 4 of electromagnetic spectrum credit NASA

Stars produce their own visible light (among other forms of electromagnetic
radiation). The color of visible light produced by a star is related to its
temperature. Red stars are cooler than blue stars and produce light with a

longer wavelength.

We use the amazing telescope to gather the light from distant galaxies, stars,
and planets. The light from these objects can be separated into its spectrum,
like a rainbow through a prism by a refraction or through a special filter that

splits the light by diffraction.

Special cameras use filters that allow some color to pass
through while blocking out other colors. Longer
wavelength colors like red, do not have a lot of energy
and it is difficult to capture.

By adding different colors of light you can produce new
colors or even white light. Red, green and blue light can
be combined to make white light.
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Vocabulary

absorb — Absorb means to take in. Light energy that is absorbed is not given off, it is taken in by the
object that absorbs the light. As a result, the object may become warmer.

diffract — Diffracted light is light that has passed through a special grated filter and has separated that
light into its spectrum.

electromagnetic spectrum — The electromagnetic spectrum is the entire range of visible and invisible
energy waves organized by wavelengths. Visible light is but a small part of this spectrum.

infrared — Infrared wavelengths are longer than visible light and give off heat.
reflect — Reflected light is light that hits a surface and bounces off.

refract — Refracted light refers to light that has been bent as it has passed through items like a prism,
raindrop or lens often forming a rainbow.

spectrum — Spectrum refers to the band of colors as seen in a rainbow produced by separation of light
into is various colors.

ultraviolet — Ultraviolet wavelengths are shorter than visible light. Shorter waves have more energy.
Ultraviolet radiation can cause sun burn and skin cancer.

visible light — Visible light is the part of the electromagnetic wave that can be seen by the human eye.

wavelength — Wavelength is the distance between two crests or two troughs on a wave. Light is
classified by its wavelength.




ENGAGE

1.

2.

3.

Draw what you see when light travels through the container of water. Be sure to include the
colors you see in your drawing.

Describe what you see. List the colors in order.

Compare what you see to the information you have learned about light.




EXPLORE/EXPLAIN

View the stars in the planetarium.

1.

What are some of the colors of stars you observed? What does the color tell you about the
star?

If you were flying past that giant red star in a spaceship?
What color would your blue spacesuit look? How do you
explain that?

Look through the different colored filters and observe the images taken by the Hubble Space
Telescope. Rank the images from clearest to fuzziest.

Color of Lens \ Rank of Image Clearest (1) to Fuzziest (5) ‘
Red
Yellow
Green
Blue
Violet
Which color lens/filter gave the clearest image? Which color lens gave the fuzziest image? Is
there a pattern between the image and the lens color?

Using the special rainbow Drawing Spectra
glasses to observe the light
produced by each element
construct a fingerprint

Yellow

spectra with markers, Element 1:
Crayons or penC”S. Red | Orange | Yellow | Green | Blue | Wiolet
| | I | |
| | I | |
| | I | |
| | I | |
Element 2:
Red Orange Yellow Green Blue Violet

Element 3:




EXTEND/ELABORATE

Your teacher will be supplying you with clear plastic cups, a large plastic bowl, crayons or color pencils,as
well as colored water. Listen for the directions to solve this problem.

Suppose you only have red, blue and yellow paint, but want to paint a room green. Is there any way
we can make green paint from what we have?

Pair with a partner. Brainstorm a solution. Be prepared to share your thoughts.

Color Mixing
@ Prediction
]
_—
@ Test Result
@ Prediction
_—
||
@ Test Result
@ Prediction
_—
]
@ Test Result
@ Prediction
_—
]
@ Test Result
Your Name




Paints are made with different colored pigments. The pigments absorb certain colors and reflect others.
Do you think the same effects would hold true for mixing different colored lights? Your teacher will give
you directions for this part of the lesson.

What color do you think we will get when we mix the red light and the green light together? The red
light and the blue light? The blue light and the green light? Make your predictions and test the results.

Color Mixing
@ Prediction
_——
_—
@ Test Result
@ Prediction
—_—
_—
@ Test Result
@ Prediction
_—
_——
@ Test Result
@ Prediction
_——
_—
@ Test Result
Your Name

What color was made from the mixing of the red, green and blue light? How can that be?

What colors of light do you think you need to add to make the color black?




Your teacher will pass out to you and a partner, two 4” x 4” pieces of cardboard, scissors, a thumb tack,
some tape and a pencil. You will also get some crayons or color pencils. Follow the directions to make
your own spinning color wheel.

Trial 1 ﬁ

After coloring in your pieces of pand
the disk, what was the color /

produced when the spinner A1 Du wm mm

was spinning at a high rate of

speed? m Mbm

Trial 2

Try to color your spinning color disk so that the disk will appear white. First pair with your partner and
brainstorm how do accomplish your task based on what you know about the mixing of colors from
earlier in this lesson. Share your thoughts with the rest of the class.

Test your hypothesis. Spin your disk. Were you successful in making the disk look white?

If you were not successful, how would you alter your experiment’s colors to achieve a disk that appears
to be white?

Is the color we see on the spinning disk more like mixing pigments or more like mixing colored lights?
Why?




