
LESSON 13: What else can light tell us about planets in other star systems?
PREVIOUS LESSON We compared two arguments about whether or not other star systems include planets, and decided what additional evidence we needed to support either

argument. We used a model of a star system to establish what the data would look like if a star did have a planet. We looked at light curve data and considered
the limitations of using light curves. We decided that there are many stars with planets, and there must be many more planets out there that we cannot detect.

THIS LESSON

INVESTIGATION

3 days

  

We use our experience with sunsets to think about how the color of light changes as it passes through the
atmosphere of a planet. We play with prisms to determine that sunlight is made up of all the colors. We obtain
information about how astronomers use color, which tells us about the wavelength of light, to learn more about
the properties of exoplanets.

NEXT LESSON We will work in small groups to Obtain, Evaluate, and Communicate Information about exoplanets from multiple sources. We will create podcasts to share with
the class that will describe the exoplanet, where this planet is compared to Earth, how the planet was discovered, and will create an argument about if this
planet could potentially support life.

BUILDING TOWARD NGSS

MS-ESS1-1, MS-ESS1-2, MS-ESS1-
3, MS-PS2-4, MS-PS4-2

WHAT STUDENTS WILL DO

13.A Analyze and interpret data from star spectra to provide evidence for the existence of a planet that is too far for us to observe directly.

13.B Develop an explanatory model for how light changes as it passes through the atmosphere of an exoplanet using a wave model of light to
explain how the structure of the wave determines color.

WHAT STUDENTS WILL FIGURE OUT

Light coming from a star is made up of all the colors.
When light passes through glass, or air, some wavelengths of light interact and get absorbed or reflected, while other wavelengths are
transmitted without interacting.
Which wavelengths of light are transmitted depends on the substance the light is moving through.
Scientists can break up light coming from a star into the different colors and look for what color is missing.
The missing wavelengths of light tell us information about what the exoplanets’ atmosphere is made of.



Lesson 13 • Learning Plan Snapshot
Part Duration Summary Slide Materials

1 10 min NAVIGATION: SUNSET FROM SPACE
Share experiences seeing sunlight change and discuss what caused those changes. Observe a
sunrise video taken from the international space station and discuss what causes changes in
the color of the sunlight.

A-C https://tinyurl.com/sunriseISS, computer, projector

2 25 min PRISM INVESTIGATION LAB
Students investigate how to split light into different colors using a prism. They develop initial
models to explain why light is split into colors in a characteristic way.

D-G

3 10 min CONSIDER EXOPLANETS H
End of day 1

4 25 min READ ABOUT EXOPLANET ATMOSPHERES
Obtain information about how scientists use light data to determine the properties of
exoplanets.

I How do we use spectra to determine what exoplanets are made
of?, chart paper, markers, Questions about Light and Exoplanets
poster (created in this lesson)

5 10 min MAKING SENSE OF THE READING TOGETHER
Facilitate a Building Understandings Discussion about how scientists use light to determine
the composition of exoplanetary atmospheres.

J-K

6 5 min ADD TO OUR PROGRESS TRACKERS
Students record what they figured out in the Progress Tracker.

L

7 5 min NAVIGATION AND EXIT TICKET
Students reflect on how the structure of light waves affect what we see.

M

End of day 2

8 25 min MODEL LIGHT PASSING THROUGH AN EXOPLANET ATMOSPHERE
Identify the types of matter found on an exoplanet and develop an explanatory model to
explain how it is possible to predict which types of matter make up an exoplanet based on
light data.

N Model light passing through an exoplanet atmosphere

9 15 min DEVELOP CLASS CONSENSUS MODEL OF COLORS OF LIGHT
Come to consensus on how to model light moving through the atmosphere of a planet.

O-P colored pencils, chart paper, markers

10 5 min NAVIGATION
Summarize what we have figured out in this lesson and assign optional home learning. We
wonder what scientists know so far about the search for life on other exoplanets.

Q

End of day 3



Lesson 13 • Materials List
per student per group per class

Lesson materials science notebook
How do we use spectra to determine what exoplanets are made of?
Model light passing through an exoplanet atmosphere
colored pencils

https://tinyurl.com/sunriseISS
computer
projector
chart paper
markers
Questions about Light and Exoplanets poster (created in this lesson)

Materials preparation (30 minutes)
Review teacher guide, slides, and teacher references or keys (if applicable).

Make copies of handouts and ensure sufficient copies of student references, readings, and procedures are available.

Be sure to have enough computers with internet access available for students to use on day 2.
Test out https://tinyurl.com/sunriseISS and https://phet.colorado.edu/sims/html/bending-light/latest/bending-light_en.html .

Be sure you have materials ready to add the following word to the Word Wall and/or a personal glossary: prism and spectra. Do not post this on the Word Wall until after your class has
developed a shared understanding of its meaning.

Day 2: Prism Investigation Lab
Group size: Have enough prisms for groups of 2-3 students.
Setup: Gather materials for the lab.
Notes for during the lab: You will need to have colored pencils available for students to use during the lab in the following colors: red, orange, yellow, green, blue, indigo, and violet.
Safety: Students will be working with glass prisms. Ensure that prisms are not cracked or chipped before handing them out to students to avoid breakage or cuts.
Disposal: There are no disposal instructions for this lab.
Storage: Store prisms in a safe place to avoid cracks and chips.

https://tinyurl.com/sunriseISS
https://phet.colorado.edu/sims/html/bending-light/latest/bending-light_en.html


Lesson 13 • Where We Are Going and NOT Going
Where We Are Going

In previous lessons, students developed the idea that light travels through space as a wave. In this lesson, students add to their understanding that white light can be split into different colors,
with each color corresponding to a specific wavelength (or frequency) of light. Students need to connect that different types of matter interact with light differently, absorbing specific colors
resulting in the color we see.

Where We Are NOT Going

Spectral data for matter and the full electromagnetic spectrum are not key ideas that students need to develop to explain the anchoring phenomenon, nor are they included in the target DCIs
for middle school students. We intentionally avoid defining and naming other portions of the electromagnetic spectrum because students do not need to understand the full range of light or
the visible and non-visible portions of light or be able to use light data to identify different types of matter. Students may have investigated properties of visible light in 1st, 4th, and 6th grades
if they have had NGSS-aligned instruction related to performance expectations (1-PS4-3, 4-PS4-2, MS-PS4-2), but we avoid looking at lines of sight in this unit because students should have
explained the concept in earlier science investigations. Students will more readily grasp the larger spectrum of light and its interactions with matter after they have a more robust
understanding of the electromagnetic spectrum and matter developed in high school.



10 min

LEARNING PLAN for LESSON 13
1 · NAVIGATION: SUNSET FROM SPACE
MATERIALS: https://tinyurl.com/sunriseISS, computer, projector

Remind students where we left off last time. Say, We figured out that in some cases we can detect changes in the amount of light that reaches us
over time when there are planets orbiting stars. This led us to start wondering if there are other things about the light that reaches us that might
change over time too, changes that could tell us more about the possibility of life on exoplanets. You spoke with a partner, and then responded to an
exit ticket. I read through your exit tickets, and several people noticed changes in the color of sunlight at different times of day.

Discuss the changing color of sunlight. Display slide A.

Suggested prompt Sample student response

What changes have you noticed about the color of sunlight? Does it
seem to change at different times of the day?

The color is sometimes orange at sunset

Sometimes the sunlight is more red, especially at sunrise/sunset.

Sometimes we see a rainbow.

What seems to cause changes in the color of sunlight when the sun is
setting (or rising)?

Its color seems to change if it is over water or land, particularly at
sunrise or sunset.

Sometimes the sky looks green during a severe storm.

Dust or pollution in the air can make it look brownish.

The Sun is lower down in the sky.

Observe a video of the sunrise taken from space. Say, Since many of these experiences seem to refer to things like what is in the air and the
position of the sun in the sky, I have a short video that I thought would be useful for us to observe together, to determine how these things might be
related.

Display slide B. Explain that we will watch a video showing what sunrise looks like from above Earth’s atmosphere. It was taken from the
International Space Station in 2016.

Play just the first 8 seconds of this video https://tinyurl.com/sunriseISS . Replay it again.

Have students read the questions on the slide again and then tell students to pay attention to what they notice changing about the sunlight
in the first second of the video. Play the video again, but this time scrub the video back and forth across this first second (scrubbing is an
interaction in which a user drags a cursor back and forth across that segment of the video).

https://tinyurl.com/sunriseISS


25 min

Discuss the following questions as a class.

Suggested prompt Sample student response

What do you notice about how the sunlight changes in the first second
of the video?

The color of the Sun seems to go from orange to white.

There is a ring around Earth that has different layers of color (blue,
yellow, and orange) in it that get brighter.

What do you think causes those changes? The color of the Sun must change when it shines through the
atmosphere vs. when it doesn’t.

The gases in the air around Earth must cause these color changes.

Display slide C. Ask, Where are those different colors coming from? Is the sunlight actually changing color, or could the atmosphere be changing the
color of the light? What do we know about the color of sunlight as it interacts with stuff in the atmosphere? Turn and talk to a partner.

Allow students two minutes to brainstorm ideas with a partner and then ask them to share out with the class. Students may suggest
rainbows through a prism, a raindrop, a glass of water, or a window (stained glass or leaded).

If some students suggest prisms, Say, I heard someone suggest a prism. I have some prisms here that we can play around with, and see if we can
use them to change the color of sunlight.

ADDITIONAL
GUIDANCE

If students don’t suggest prisms say, Glass is a material that scientists often use to investigate these questions. I have
some pieces of glass here, shaped like a triangular prism, that we can play around with and see if we can use them to
change the color of sunlight.

SUPPORTING
STUDENTS IN
MAKING
CONNECTIONS IN
MATH

Prism is a word that students will have encountered in math in prior grades. You may want to ask students to
give examples of other prisms they have encountered in their prior math work. As part of the grade 7 CCSS
math standards, students will have solved real-life and mathematical problems involving angle area, volume,
and surface area of two- and three-dimensional objects composed of triangles, quadrilaterals, polygons, cubes,
and right prisms. And they will have described the two-dimensional figures that result from slicing three-
dimensional figures, as in plane sections of right rectangular prisms and right rectangular pyramids.

2 · PRISM INVESTIGATION LAB
MATERIALS: science notebook

Introduce prism investigation. Display slide D and hand out prisms to student groups. Say, Use the prisms to try to separate light into different
colors and record what you see in your science notebooks. Allow students to explore with the prisms by letting them try to catch sunlight or light
from a lamp. Instruct students to draw the colors as they come out of the prism in their science notebooks.



10 min

SAFETY
PRECAUTIONS

Go over proper handling instructions with students while they are using the glass prisms. Students should take
care while handling to avoid cracking and/or breaking the prisms.

Display slide E and have students compare their images with students in different groups. After students have had time to compare their
images, invite a few to share out patterns they notice. Ask, What patterns did you notice as you compared your images? Look for students to
notice that the light always occurs in the same order: red, yellow, orange, green, blue, purple.

Display slide F and ask, What colors can sunlight be separated into? Look for students to say that sunlight is made of all the colors of the
rainbow. Then ask, Do you think you would see something similar if you used a prism to separate the light from a more distant star? Students may
not know the answer to this, but they should mention that since the Sun is a star, it is very likely.

Display slide G and say, Scientists use tools attached to the end of
telescopes to break up starlight into all the colors it is made of. This
image is an example of the light from several stars. We call an image of
starlight that has been broken up into all the different colors a spectrum.
Take a moment to add the word spectrum (plural spectra) to the
class Word Wall.

Ask, Do you see all the colors in these spectra that you saw in sunlight?
Turn and talk to a partner. Use the sketches you made in your notebooks
to compare. Then ask, What do you notice about these spectra?
Students may notice that some of the colors are missing in some of
these spectra. Say, That is an interesting observation, let’s remember
that for later.

3 · CONSIDER EXOPLANETS
MATERIALS: science notebook

Discuss if similar phenomena could be seen on exoplanets. Display slide H. Say, So, if starlight and sunlight are actually made up of all the
colors, what is going on when we see orange sunsets? What happened to the blue, green, violet, and all the other colors? Give students a couple of
minutes to discuss the question with a partner, then discuss these prompts as a class.



Suggested prompt Sample student response

What is going on when we see orange sunsets? What happened to all
the other colors?

Maybe it doesn’t have the same colors in that light?
Maybe some of the other colors didn’t make it through?

(accept all responses)

How could comparing the spectrum of starlight that has passed
through the atmosphere of an exoplanet help scientists figure out
more about that exoplanet’s atmosphere?

If it is like Earth’s, it should look the same and have the same blue and
orange color bands in it. Or, it should cause the color of the star to
change in the same way.

Maybe the thicker the atmosphere is, the more the color change we
would see.

If it has an atmosphere different than ours, then maybe we would see
other kinds of color changes.

What new questions do we have about these ideas? What happens when it passes through the atmosphere?

How do scientists use spectra to find things out about exoplanets?

Record student questions at the front of the room on a piece of chart paper. Title the poster “Questions about Light and Exoplanets.”

Say, It sounds like we have some ideas about what is happening, and how this might be able to help scientists figure out more about the atmosphere
of exoplanets. But we clearly have some questions about how all of this might work. I have a reading that describes more about how scientists have
tried to use spectra to figure out what exoplanet atmospheres are made of. Let’s read it next time and see if it answers our questions.

End of day 1



25 min4 · READ ABOUT EXOPLANET ATMOSPHERES
MATERIALS: science notebook, How do we use spectra to determine what exoplanets are made of?, chart paper, markers, Questions about Light and Exoplanets poster (created in this lesson)

Read to gather more information about exoplanets. Make sure the Questions about Light and Exoplanets poster is hung where students can
see it. Say, Let’s use the reading to answer our questions about how scientists could use light to figure out more about the atmospheres of
exoplanets.✱

ADDITIONAL
GUIDANCE

In OpenSciEd Unit 6.1: Why do we sometimes see different things when looking at the same object? (One-way Mirror
Unit), students will have had experiences investigating how light interacts with objects. Students discovered that
the type of material an object is determines how light will interact with it. In some cases, like mirrors, the
material will reflect all of the light. In others, like one-way mirrors, more than half the light is reflected to our
eyes and less than half is transmitted to the other side. In the optional extension to One-way Mirror Unit,
students will learn about scattering as well.

Handout How do we use spectra to determine what exoplanets are made of?. Display slide I and go over the close reading protocol. This
protocol is designed specifically to focus students on obtaining information from scientific texts.

Obtaining Information from Scientific Texts

Before 1. With your group: Identify the question(s) you are trying to answer. Record them in your notebook.

Durin
g

2. Read once individually for understanding to see what the reading is about.
Read for the gist - skim the title, headings, and images.

What is the central idea or claim?
Select methods for marking up the text. For example…

Keep track of questions you have in the margins.
Circle key words.
Put question marks by words you want to learn more about.
Underline main ideas.

Examine any images, graphs, or tables. Write one sentence about the central point of each
image, graph, or table.

3. Read a second time out loud with your group to identify the key ideas.

After 4. Summarize the key ideas in your notebook.

✱ SUPPORTING STUDENTS IN
ENGAGING IN OBTAINING,
EVALUATING, AND COMMUNICATING
INFORMATION

Use of the close reading protocol within this
lesson helps students to critically read the
text to obtain relevant scientific information
related to how remote data, like light data,
are used by scientists to determine
characteristics about far away objects, like
exoplanets.



10 min5 · MAKING SENSE OF THE READING TOGETHER
MATERIALS: science notebook

Make sense of the reading in small groups, and then as a class. Display slide J.
Discussion questions:

How do different colors of light interact with different substances in different ways?
How do scientists use light to determine what kind of matter is in exoplanet atmospheres?

Establish a convention for representing different colors. Display slide K. Say, This is a very new way to think about light. Up until now, we have
been thinking about light as a ray. In Lesson 11, we learned that light is a wave. And now we know that the wavelength determines what color the light
is. Think back to how we represented light in One-way Mirror Unit. How could we modify this convention to include what we now know about different
colors of light?

Possible student responses:
We could draw it as a wavy line instead of a straight or dotted line.
We could show different wavelengths by using different colored lines.

ADDITIONAL
GUIDANCE

While students may want to show light moving as a wavy line, we figured out in One-way Mirror Unit that light
moves in a straight line. It is problematic to our understanding of how light travels to change the straight line to
a wavy line. Work with students to redefine how we identify the lines from One-way Mirror Unit as different
length dots to represent intensity of light to represent different colors of light.

Say, I am worried about representing light as squiggle, because light moves in straight lines. That was something we figured out in One-way Mirror
Unit.

Suggested prompt Sample student response

What do we want our representation of light to show if we want to
include our new understandings?

Color and wavelength

How could we include color? We can use different colored pencils to show the color (or label the
light for students who are colorblind).

How can we include wavelength without making the line wavy? (Accept all responses.)



5 min

If students do not come up with a dashed line, suggest to students that we use dashes to indicate wavelength.
Say, This is a different use of the dash symbols than what we did in sixth grade. That is typical of modeling. That is
why we always have to include a key to show what our symbols mean when we are creating models. Sketch several
colors at the front of the room, as in the image below, so students can refer back to this convention later.

6 · ADD TO OUR PROGRESS TRACKERS
MATERIALS: science notebook

Students record ideas in their Progress Trackers. Say, We’ve developed some really important ideas about light and what it can tell us about the
exoplanet atmospheres. Let’s start to keep track of some of these ideas in a Progress Tracker in our notebooks. Display slide L.

Direct students to record the lesson question in the left column of the table (What else can light tell us about planets in other star systems?),
along with the lesson number. Then have students add their ideas in the right column. Remind them that they can use any combination of
words and pictures to record their ideas. An example of what students might record is shown below.

Question /
Lesson #

What I figured out

What else can light
tell us about planets
in other star
systems? (Lesson 13)

Light coming from a star is made up of all the colors.
When light passes through glass, or air, some wavelengths of light interact and get
absorbed or reflected, while other wavelengths are transmitted without interacting.
Which wavelengths of light are transmitted depends on the substance the light is
moving through.
Scientists can break up light coming from a star into the different colors and look for
what color is missing.
The missing wavelengths of light tell us information about what the exoplanets’
atmosphere is made of.

Take stock of what we have figured out so far. Ask students, What did you add to your Progress Trackers about what we have figured out so far
about colors of light? Look for students to talk about the ideas listed above.

Say, We’ve figured out a lot about how scientists use light to learn more about exoplanets. Let’s see if this works. Can we use what we have learned to
determine what a real exoplanet is made of, based on spectra? I’ve got some data we can use to try this out next time.



5 min

25 min

7 · NAVIGATION AND EXIT TICKET
MATERIALS: None

Consider how the structure of a light wave relates to the behavior of light. Say, We have encountered several examples in science class of how
the structure of something determines how it functions, or how it behaves. What are some of those examples?

Let’s use that same thinking to consider what we figured out about light waves today.

Present slide M. Have students consider the prompts on the slide as an exit ticket.
What properties does a light wave have?
How does the structure of the wave affect these properties?

ASSESSMENT
OPPORTUNITY

Building Towards: 13.B Develop an explanatory model for how light changes as it passes through the
atmosphere of an exoplanet using a wave model of light to explain how the structure of the wave determines
color.

What to look/listen for: Look for students to say that the wavelength (structure) determines the color (function
or property).

What to do: If students are struggling to make the connection between structure and properties of light, spend
some time the next time you meet exploring the following interactive: https://phet.colorado.edu/sims/html/ben
ding-light/latest/bending-light_en.html . The third option in the interactive, More Tools, allows students to see
how the light coming out of a prism is actually a wave. The time tool will allow students to measure the
wavelength of the wave and visualize what it would look like on an oscilloscope.

End of day 2

8 · MODEL LIGHT PASSING THROUGH AN EXOPLANET ATMOSPHERE
MATERIALS: science notebook, Model light passing through an exoplanet atmosphere

Examine light data to develop an explanation and create an explanatory model. Display slide N and say, We’ve figured out a lot about
how scientists use light to learn more about exoplanets. Let’s see if this works. Can we use what we have learned to determine what a real

exoplanet is made of, based on spectra? We are going to work in small groups to see if we can figure out how to model what is happening with the
light coming from exoplanets before we come to consensus as a class. Hand out Model light passing through an exoplanet atmosphere to each
student. Students may work in pairs to bounce ideas off each other. Scoring guidance can be found on Key: Model light passing through an
exoplanet atmosphere.

https://phet.colorado.edu/sims/html/bending-light/latest/bending-light_en.html


An image of a sample student model can be found below.

ASSESSMENT
OPPORTUNITY

Building towards:
13.A Analyze and interpret data from star spectra to provide evidence for the existence of a planet that is too
far for us to observe directly.

13.B Develop an explanatory model for how light changes as it passes through the atmosphere of an exoplanet
using a wave model of light to explain how the structure of the wave determines color.

What to look/listen for:
Look for students to notice black lines in the spectra, identify the wavelength of these lines using the
x-axis, and coordinate these wavelengths with the table of absorption wavelengths in order to pick
out hydrogen and water vapor as the likely culprits.
The wavelength of a light wave (at a scale we cannot observe) determines the color of light we see
with our eyes.
As starlight passes through the exoplanet’s atmosphere, some wavelengths are missing because the
matter present in the atmosphere absorbs it.

What to do: Ask students to point to evidence in Model light passing through an exoplanet atmosphere, How do
we use spectra to determine what exoplanets are made of?, and the class consensus model to clarify their ideas.



15 min9 · DEVELOP CLASS CONSENSUS MODEL OF COLORS OF LIGHT
MATERIALS: science notebook, colored pencils, chart paper, markers

Create a class consensus model on a piece of chart paper. Display slide O. Ask three students to explain their models to the class. You can
use a document camera to display each model, or you can ask a volunteer to hold the model up and pass it around so students can all see.
Ask seated students to consider how their model is different from each example, and how it is similar.

Say, Let’s focus on areas of agreement so that we can develop a model that reflects all our ideas. What ideas did you notice in the examples that you
also represented in your model? Begin sketching student ideas at the front of the room on chart paper. This model is not being used to
problematize, so use disagreement to dig deeper and encourage student sense-making, not to identify areas for further investigation.

Add to our 3-box Progress Trackers. Display slide P. Say, By building our classroom consensus model for light we now have a deeper
understanding about each idea or component we included. We added ideas/components to our model because we have evidence to support their
role in the light observed from exoplanets. Let’s take a moment to individually create a 3-box Progress Tracker in our science notebooks to record the
following three things for each major idea/component.

Question: What question have we been trying to figure out?
Evidence: List the evidence that supported the inclusion of an idea/component in the model and draw an arrow between that source of
evidence and the major idea it supports in our model. You can draw more than one arrow from a source of evidence to a component you
listed under the first box.
Figured out: Draw a rough version of our consensus model and use words to explain each idea/component that we figured out.



5 min

The final model students develop may look something like the image below.
Question / Lesson # Source(s) of evidence

What else can light
tell us about planets
in other star
systems? (Lesson 13)

Light wave reading (Lesson 11)
Prism investigation
Exoplanet spectra reading

What I figured out in words/pictures

10 · NAVIGATION
MATERIALS: None

Summarize what we have figured out in this lesson. Say, Today we figured out that we can look at the colors of light coming to us from stars with
planets to find out more about what these planets are like. This is because the colors are actually different kinds of waves, and that different types of
matter absorb different wavelengths of light.

Decide where to go next. Display slide Q. Say, So we have an idea of how scientists can determine what exoplanets are made of. What can this
help us figure out about extraterrestrial life? Look for students to suggest that if we have some data about what the planet is made of we will
know if there is water, or other chemicals associated with life.

Say, We know that scientists can collect data about what exoplanets are made of. Next time, let’s do some research on real exoplanets and find out
more about what’s out there!



ALTERNATE
ACTIVITY

Extension opportunity
Ask students who want to know more to do additional research about how scientists find exoplanets using http
s://exoplanets.nasa.gov/alien-worlds/ways-to-find-a-planet/ as home learning.

https://exoplanets.nasa.gov/alien-worlds/ways-to-find-a-planet/

