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Mission to Mars 
Day 2: Mission #1—Travel to Mars 

Grade Level Middle School 

Lesson Length One 50-minute session 

Lesson Overview 

In this lesson, students study interplanetary distances and understand why getting to Mars takes a 
long time. They also learn about some basic properties of the Sun and explore how these 
properties might provide propulsion for spacecraft. Students manipulate a basic model of relative 
distances for the inner planets and make a simple model of a spacecraft with a solar sail. 

Connecting to the Next Generation Science Standards 

Day 2 can be used to enhance progress toward developing understanding across the following 
three dimensions: 

• Science and Engineering Practices: Analyzing and Interpreting Data
• Disciplinary Core Ideas: ESS1.B: Earth and the Solar System
• Crosscutting Concepts: Scale, Proportion, and Quantity

Day 2 is best taught in tandem with other lessons relating to ESS1.B. 

In the following table, the specific components addressed in this lesson are underlined and 
italicized. The specific connections to classroom activity are stated. 

Performance Expectations 

This lesson can be used to enhance the development of the following earth and space science 
performance expectations: 

MS-ESS1-3. Analyze and interpret data to determine scale properties of objects in the solar system. 

Specific Connections to Classroom Activity 
In this lesson, students build a scale model of the solar system. Students use the scale model to figure out what 
the sun might look like from Mars. Students use this understanding in their construction of solar sails, a 
technology designed to help the crew travel from Earth to Mars. 

Dimension NGSS Element Connections to Classroom Activity 

Science and 
Engineering 

Practices 

Analyzing and Interpreting Data 
• Analyze and interpret data to provide 

evidence for phenomena. 

Students use a solar system model 
calculator to determine scaled distances 
from the Sun to Earth and Mars. Students 
interpret the output from the calculator to 
provide evidence for the relative distances 
between the planets. 

Disciplinary 
Core Ideas 

ESS1.B: Earth and the Solar System 
• The solar system consists of the Sun and a 

collection of objects, including planets, their 

Students construct a scale model of the 
solar system that includes the Sun and 

http://www.nextgenscience.org/dci-arrangement/ms-ess1-earths-place-universe
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moons, and asteroids that are held in orbit 
around the Sun by its gravitational pull on 
them. 

some of the planets. Students consider 
planetary orbits around the Sun. 

Crosscutting 
Concepts 

Scale, Proportion, and Quantity 
• Time, space, and energy phenomena can be 

observed at various scales using models to 
study systems that are too large or too
small. 

As students build a scale model of the 
solar system, they work with the idea of 
using various scales to observe space. 

Basic Teacher Preparation 

This is a good time to think about student groupings for design teams. Assign teams of 3 or 4 
students per team. Plan to build a solar distance model ahead of time in order to assist students 
with their own. Additionally, precut the cardstock and Mylar, and glue the coffee stirrers for the 
solar sails model activity. Build one solar sails model as a class example. 

Required Preparation Links/Additional Information 

 Gather or purchase the required materials
for the lesson

Refer to the Materials List below 

 Ensure that technology is available to
project or allow students to access the
recommended websites

Refer to the Suggested Teacher Resources at 
the end of this lesson 

 Build a solar sails spacecraft model in
advance

Refer to the Solar Sails Spacecraft Model 
section in this lesson 

 Review suggested teacher preparation
resources in advance

Refer to the Suggested Teacher Resources at 
the end of this lesson 

Materials List 

Item 
Description/Additional 

Information Quantity Where to Locate/Buy 

Computer (or 
computers) with 
Internet access 
and a projector 

1 per class for 
projecting to entire 
class, or access to 
a computer lab 

Available in most schools 

Model of solar 
system distances 

Each set includes: 

• Small Styrofoam ball
• Tape measures
• Thin string (not yarn)
• 5 soda can tabs
• 5 pony beads
• Scissors
• Bamboo skewer
• Masking tape

1 set per student Soda can tabs, string, 
masking tape, tape 
measures, scissors, and 
permanent markers 
available in most schools, 
or bring from home. 
Other materials available 
at craft stores or online: 
• Pony beads [Web Link]

http://www.amazon.com/Darice-Value-Pack-Multicolor-1000-Pack/dp/B004D9DR1S/ref=sr_1_3?ie=UTF8&qid=1435087849&sr=8-3&keywords=pony+beads
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• Permanent marker • Styrofoam balls [Web
Link]

• Bamboo skewers [Web
Link]

Model of solar 
sails on 
spacecraft 

Materials include: 

• Scissors
• Water-based glue
• Tape
• Light cardstock, each

sheet cut into 4 pieces
• Gold or silver Mylar film

cut into 15 sq. cm. 
• 2 coffee stirrers, hot-

glued into an X shape

Enough per 
student or per 
team 

Scissors, glue, tape, and 
cardstock available in 
most schools, or bring 
from home. 
Gold or silver Mylar, and 
coffee stirrers, are 
available at craft stores or 
online: 
• Mylar [Web Link]
• Coffee stirrers [Web

Link]

http://www.amazon.com/Floracraft-Styrofoam-Balls-1-5-Inch-Package/dp/B001687RM4/ref=sr_1_5?ie=UTF8&qid=1435087633&sr=8-5&keywords=styrofoam+balls
http://www.amazon.com/Floracraft-Styrofoam-Balls-1-5-Inch-Package/dp/B001687RM4/ref=sr_1_5?ie=UTF8&qid=1435087633&sr=8-5&keywords=styrofoam+balls
http://www.amazon.com/Unique-4919-Bamboo-Skewers-100ct/dp/B00KKN8G1M/ref=sr_1_1?ie=UTF8&qid=1435087744&sr=8-1&keywords=bamboo+skewers
http://www.amazon.com/Unique-4919-Bamboo-Skewers-100ct/dp/B00KKN8G1M/ref=sr_1_1?ie=UTF8&qid=1435087744&sr=8-1&keywords=bamboo+skewers
http://www.amazon.com/Hygloss-61205-8-3-Mylar-Rolls/dp/B00T89DYTS/ref=sr_1_14?s=arts-crafts&ie=UTF8&qid=1435087989&sr=1-14&keywords=mylar+paper
http://www.amazon.com/Perfect-Stix-Wooden-Coffee-Stirrer/dp/B009EE2QC8/ref=sr_1_3?ie=UTF8&qid=1435091840&sr=8-3&keywords=coffee+stirrers
http://www.amazon.com/Perfect-Stix-Wooden-Coffee-Stirrer/dp/B009EE2QC8/ref=sr_1_3?ie=UTF8&qid=1435091840&sr=8-3&keywords=coffee+stirrers
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Day 2: Mission #1—Traveling to Mars 

Introduction (5 minutes) 

Engage students by asking them to think about the farthest distance that they have ever traveled 
from home. If desired, show several examples on a map, and have students explain how long it 
took to get to each place. 

Have students contrast those distances with 
the actual distances from the Sun to the Earth 
(92,960,000 miles) and from the Sun to Mars 
(141,600,000 miles). Have students look up 
the actual distances on a site such as the 
Exploratorium’s Build a Solar System page. 
Compare the scales of the different systems 
(on Earth and in the solar system). 

Investigation: How Far Away Is Mars? (20 minutes) 

Ask students to think about the distance between Earth and Mars. Compare and contrast this 
distance with the distance between Earth and the Sun. Ask students, Do you think the distance 
between Earth and Mars is always the same? 

Tell students that the goal of the next 
investigation is to figure out how far the four-
person crew must travel to get from Earth to 
Mars. 

To do so, students use the materials listed in 
Day 2’s Materials List to make a model 
showing the relative distances in our solar 
system. The directions are as follows: 

Relative Distance Model 

1. Access the Build a Solar System page. In the Solar System Model table, enter 1 in the red
or green cell, and locate the scaled orbit radius to find the scaled distance for each planet
from the Sun to use in the model.

2. Engage students in a class discussion about scale and proportion related to the solar
system model calculator. Have students explain how the calculator works to help the class
build a solar system.

3. Assign a planet (only Mercury through Mars or Jupiter) to each team. Ask students if they
know why they will not be cutting string for the other planets. Explain that the classroom is
probably not large enough for the string lengths. Relate the discussion to the ideas of scale
and proportion.

4. Give each team a spool of string and have them tie an end to their pony bead. Then, attach
a piece of tape to the string, labeled with the planet’s name.

Web Resource

 Exploratorium’s Build a Solar
System page [Web Link]

Important Note

Ideally, students should create their own 
models, but a demonstration model can 
be made ahead of time instead, if desired. 

http://www.exploratorium.edu/ronh/solar_system/
http://www.exploratorium.edu/ronh/solar_system/
http://www.exploratorium.edu/ronh/solar_system/
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5. Have each team use the website’s
table to determine the length of the
piece of string to cut for their planet’s
distance from the Sun (scaled orbit
radius). Add 1 extra centimeter to
allow for tying off. Tie this end through
the opening in the soda can tab.

6. Pierce the Styrofoam Sun model with
a bamboo skewer, and then put the
soda can tabs over the tip of the
skewer where it exits through the top
or bottom of the “Sun.” Each planet
should have one student handler.

7. Ask students to line up their planets,
while you or a student holds the Sun.
Explain that the planets really revolve
around the equator of the Sun.

8. Demonstrate that if the planets were
lined up, Earth and Mars are relatively
close. Ask students to manipulate the 
model to show how far apart Earth
and Mars could be at their farthest 
distance. Access The Planets Today
website to demonstrate how far apart
Earth and Mars are by showing students their relative positions in real time. This exercise
helps students internalize relative distances in the solar system between and among
planets.

To conclude the lesson, lead a discussion 
about when (with respect to planet orbits, as 
students may not know exact timing) they 
think the mission to Mars should take place. 
Students should provide evidence from the 
modeling demonstration to back up their 
claim. 

Next, pose the question, What do you think 
the Sun looks like from Mars? 

Instruct students to write an argument that 
includes a claim, evidence, and reasoning. 
Students should use evidence from the class 
investigation to back up their claim. 

In addition, students should incorporate the 
ideas of scale and proportion. Understanding 
what the Sun might look like from Mars sets 
students up to understand the solar sails and 
habitat design challenges. 

Extension

As an optional extension, have students 
figure out the scaled size of each planet. 
Use clay rather than pony beads. 

Extension

Consider discussing revolution and 
rotation, which can be difficult concepts 
for middle school students to understand. 

Web Resources

 The Planets Today [Web Link]

NGSS Key Moment 

To make a claim about how the Sun looks 
from Mars, students must think about the 
planets using different scales (the 
classroom model and the actual size). In 
addition, students must incorporate ideas 
from the planet model. This activity sets 
students up for the next science 
investigation in which they consider the 
use of solar sails. Students begin to 
realize that even though it is possible to 
use solar sails, the spacecraft will move 
significantly further from the Sun than 
what students might expect. 

http://www.theplanetstoday.com/
http://www.theplanetstoday.com/
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When students are finished, you might show 
them images of the Sun from Mars. If you do, 
have students compare their claims to the 
pictures. 

Investigation: Space Fuels (10 minutes) 

Rocket Fuels 

Ask students to think about how a spacecraft moves itself though space. Explain how rocket fuel 
choices have changed over time. Fuel choices evolved from: 

gunpowder  water steam  liquid oxygen + gasoline  liquid oxygen + alcohol  liquid 
oxygen + liquid hydrogen 

Aerospace engineers are still developing new ways to fuel travel in space. 

Space Fuels of the Future 

Show the short video Astronomy Properties of 
the Sun. This video, which is part of a larger 
course, summarizes some of the Sun’s most 
important characteristics. Ask students to 
take notes on one or two of the most 
interesting facts from the video, and ask for 
examples at the end during a popcorn share. 

Let students know that some scientists are discussing (and planning to test) solar wind as a new 
kind of space fuel. The Sun’s outer atmosphere, the super-hot corona, is the source of solar wind, 
which is a steady outpouring of charged particles from the Sun. Have students watch the short 
Solar Sails video to see a model of solar sails that can be launched in space via a satellite. Using 
solar sails could provide a new type of ongoing fuel to help us travel long distances in our solar 
system. 

Design Work: Solar Sails (10 minutes) 

Tell students that NASA would like to use solar sails for the mission to Mars. Lead a discussion 
about how the previous investigation (What does the Sun look like from Mars?) might inform the 
construction of the solar sails. 

Show students the simple solar sails spacecraft model, which was assembled ahead of time. To 
build the model, a square of Mylar film, simulating the solar sail, should be glued to two coffee 
stirrers that were hot-glued together in the shape of an X. Then, a small cardstock paper tube 
should be glued to the middle of the X, simulating a spacecraft attached to the sail. Consider 
making small notches where the paper tube crosses the coffee stirrers. 

Web Resources

 Images of the Sun from Mars [Web
Link]

Video Links

 Astronomy Properties of the Sun
[YouTube Link]

 Solar Sails [Web Link]

https://www.google.com/search?q=sun+from+mars&source=lnms&tbm=isch&sa=X&ved=0ahUKEwi5qLKhy4fMAhVGPiYKHRLhBPkQ_AUIBygB&biw=1920&bih=947
https://www.youtube.com/watch?v=uunZqVa_TaQ
https://www.youtube.com/watch?v=uunZqVa_TaQ
http://www.newscientist.com/article/mg20627603.800-maiden-voyage-for-first-true-space-sail.html%20-%20.VSSj-dq9KSP
https://www.google.com/search?q=sun+from+mars&source=lnms&tbm=isch&sa=X&ved=0ahUKEwi5qLKhy4fMAhVGPiYKHRLhBPkQ_AUIBygB&biw=1920&bih=947
https://www.google.com/search?q=sun+from+mars&source=lnms&tbm=isch&sa=X&ved=0ahUKEwi5qLKhy4fMAhVGPiYKHRLhBPkQ_AUIBygB&biw=1920&bih=947
https://www.youtube.com/watch?v=uunZqVa_TaQ
http://www.newscientist.com/article/mg20627603.800-maiden-voyage-for-first-true-space-sail.html%20-%20.VSSj-dq9KSP
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Display the prepared materials for student 
teams to build their own solar sails. Show the 
entire class various images of solar sails. Allow 
each student (or student team) to review the 
images and decide how they want to create 
their model. Explain that they only have access 
to the materials in the classroom. 

Have students determine which tools they need 
for model construction. Instruct students to 
submit a materials requisition (in their 
notebooks) before you distribute the materials. 
Discuss how this requisition relates to what 
engineers have to do when they build devices. 

Help students construct their models, and 
facilitate communication among team members as they seek assistance from each other. For 
more information about solar sails, review the Web resources provided.

Web Resource

 Images of Solar Sails [Web Link]

 The Planets Today [Web Link]

 New Scientist: Maiden Voyage for First True Space Sail [Web Link]

 Discovery Channel: Solar Winds [Web Link]

 Exploratorium: Build a Solar System Model [Web Link]

 Planetary Society: Assembly Instructions for Your Cosmos-1 Solar Sail Spacecraft
Scale Model [Web Link]

 Planetary Society: LightSail [Web Link]

https://www.google.com/search?q=solar+sails+for+kids&espv=2&biw=1422&bih=714&tbm=isch&tbo=u&source=univ&sa=X&ei=8cKJVfLJHdbaoATQ_ZVI&ved=0CEsQsAQ&dpr=0.9
https://www.google.com/search?q=solar+sails+for+kids&espv=2&biw=1422&bih=714&tbm=isch&tbo=u&source=univ&sa=X&ei=8cKJVfLJHdbaoATQ_ZVI&ved=0CEsQsAQ&dpr=0.9
http://www.theplanetstoday.com/
http://www.newscientist.com/article/mg20627603.800-maiden-voyage-for-first-true-space-sail.html%20-%20.VSSlBPnF-Sr
http://www.discovery.com/tv-shows/other-shows/videos/how-the-universe-works-solar-winds/
http://www.exploratorium.edu/ronh/solar_system/
http://spacecraftkits.com/cosmos1/asmbly.html
http://sail.planetary.org/
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Lesson Close (5 minutes) 

Wrap up today’s lesson by telling students 
that they just completed the first task of their 
mission. Tell students they have a device that 
will facilitate travel to Mars. 

Instruct students to revisit the letter they 
wrote to NASA. Have students add a 
paragraph explaining how they solved the 
problem of “traveling to Mars.” Instruct 
students to incorporate multiple ideas from 
the lesson. Have students discuss what was 
challenging, why they chose their design, and 
what they learned from the construction 
process. Students should conclude their 
paragraph by commenting on ways that they 
would further revise or improve their solar sail 
design.  

Assessment Opportunities 

Two assessment opportunities are embedded in this lesson: 

• Students’ written argument about how the Sun might appear from Mars can help you
understand students’ developing ideas about scale and the solar system.

• The revised letter to NASA can help you understand students’ developing ideas about
using science ideas to inform design solutions.

Provide additional supports or extension opportunities depending on student performance on 
these tasks. 

Reference Appendix B for suggestions for meeting the needs of all learners. 

Community Connections 

Have students ask their parents or an adult at home if they have to create models in their work. If 
so, have them share this information with the class. Encourage the class to think about the ways 
models show scale or help us understand very large or very small systems. 

NGSS Key Moment 

By revisiting the design problem, students 
consider the ways that their design 
solution meets the criteria and constraints 
of the design problem. Students should 
incorporate science ideas related to the 
solar system and scale and proportion. 
Students should use these ideas to justify 
their design decisions.  
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Suggested Teacher Resources 

Meeting the Needs of All Learners 
Mission to Mars Teacher 
Handbook, Appendix B 

Images of the Sun from Mars [Web Link] 

Astronomy: Properties of the Sun [YouTube Link] 

Solar Sails [Web Link] 

Images of Solar Sails [Web Link] 

The Planets Today [Web Link] 

New Scientist: Maiden Voyage for First True Space Sail [Web Link] 

Discovery Channel: Solar Winds [Web Link] 

Exploratorium: Build a Solar System Model [Web Link] 

Planetary Society: Assembly Instructions for Your Cosmos-
1 Solar Sail Spacecraft Scale Model [Web Link] 

Planetary Society: LightSail [Web Link] 

https://www.google.com/search?q=sun+from+mars&source=lnms&tbm=isch&sa=X&ved=0ahUKEwi5qLKhy4fMAhVGPiYKHRLhBPkQ_AUIBygB&biw=1920&bih=947
https://www.youtube.com/watch?v=uunZqVa_TaQ
http://www.newscientist.com/article/mg20627603.800-maiden-voyage-for-first-true-space-sail.html%20-%20.VSSj-dq9KSP
https://www.google.com/search?q=solar+sails+for+kids&espv=2&biw=1422&bih=714&tbm=isch&tbo=u&source=univ&sa=X&ei=8cKJVfLJHdbaoATQ_ZVI&ved=0CEsQsAQ&dpr=0.9
http://www.theplanetstoday.com/
http://www.newscientist.com/article/mg20627603.800-maiden-voyage-for-first-true-space-sail.html%20-%20.VSSlBPnF-Sr
http://www.discovery.com/tv-shows/other-shows/videos/how-the-universe-works-solar-winds/
http://www.exploratorium.edu/ronh/solar_system/
http://spacecraftkits.com/cosmos1/asmbly.html
http://sail.planetary.org/

