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FREE K-12 standards-aligned STEM

curriculum for educators everywhere!

Find more at TeachEngineering.org.

HANDS-ON ACTIVITY

Slingshot to the Outer Planets

Students examine spacecraft launches and

their "slingshot" effect

Summary

Students are introduced to the engineering challenges involved with interplanetary space travel. In

particular, they learn about the gravity assist or "slingshot" maneuver often used by engineers to

send spacecraft to the outer planets. Using magnets and ball bearings to simulate a planetary

�yby, students investigate what factors in�uence the de�ection angle of a gravity assist maneuver.

This engineering curriculum aligns to Next Generation Science Standards (NGSS).

NGSS Performance Expectations:

3-PS2-2, 4-PS3-1

Quick Look

Grade Level: 4 (3-5)

Time Required: 45 minutes

Expendable Cost/Group: US $15.00

Group Size: 5

Activity Dependency: None

Subject Areas: Earth and Space

https://www.teachengineering.org/standards/ngss
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Engineering Connection

Since the discoveries of Jupiter, Saturn, Uranus and Neptune, humans have become increasingly

intrigued with these planets located so far from Earth. Until recently, scientists and engineers relied

on telescopes to observe and understand the outer planets. Today, engineers use large rockets to

send satellites deep into space to probe the unknown. However, since rocket fuel is costly and

heavy, engineers invent creative ways, such as the gravity assist or "slingshot" maneuver, to propel

their spacecraft to greater distances.

Learning Objectives

After this activity, students should be able to:

Describe why spacecraft need so much energy to travel to and explore the outer planets.

Explain what the gravity assist or "slingshot" effect is and how engineers use this technique

to launch spacecraft greater distances.

Materials List

Each group needs:

10-inch (25-cm) square, 1-inch (2.54-cm) thick piece of transparent Plexiglas to serve as a

baseboard (available at hardware stores)

4 small wooden pieces or books to serve as corner supports for the Plexiglas baseboard

1 strong magnet (available at hardware stores)

2-3 steel ball bearings (various sizes, 1/18-inch and larger; available at hardware stores, auto

parts stores, bicycle shops)

2 pieces of angle aluminum, a right-angle V cross-section 6-10-inches (15-25-cm) long

(available at hardware stores)

1 large magnetic ball (this may be dif�cult to �nd at some hardware stores; magnetic tennis

balls are available online at http://www.stevespanglerscience.com/product/1312)

Trajectory De�ection Worksheet

Educational Standards

  NGSS: Next Generation Science Standards - Science

  International Technology and Engineering Educators Association - Technology

  State Standards

http://www.stevespanglerscience.com/product/1312
https://www.teachengineering.org/content/cub_/activities/cub_solar/cub_solar_lesson07_activity1_worksheet_v2_jrl.pdf
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Worksheets and Attachments

Trajectory De�ection Worksheet (docx)

Trajectory De�ection Worksheet (pdf)

Visit [www.teachengineering.org/activities/view/cub_solar_lesson07_activity1] to print or download.

Pre-Req Knowledge

A familiarity with the concepts of kinetic and potential energy, and work.

Introduction/Motivation

Have you ever wondered how engineers send satellites and probes out to faraway planets like

Jupiter and Saturn so they can discover more about them? Actually, sending satellites to the outer

planets is a complicated process. To help understand this process, think of what it's like on our

planet Earth: If you want to send an object very high into the sky, you must give it a lot of energy.

You can throw it really hard or use something to help launch it. But either way, lots of energy is

required because the object must overcome the Earth's gravity in order to go higher and higher. The

same idea applies to interplanetary travel, but instead of overcoming Earth's gravitational �eld, a

satellite must overcome the pull of the Sun's gravity in order to rise higher and higher. Typically, a

satellite gets this great amount of energy by being attached to a large rocket that pushes it at very

high speeds out to its intended destination. However, rocket fuel is expensive and engineers

always want to save on fuel requirements whenever possible, so they are always looking for

alternative ways to propel spacecraft.

One source of energy is actually the planets themselves. Since the planets orbit the Sun at

incredible speeds, they have a tremendous amount of kinetic energy (not to mention potential

energy due to their distance from the Sun). Engineers recently discovered how to take some of this

energy from the planets and transfer it to the spacecraft as a way to speed its journey to its

planned destination. This technique is called the gravity assist maneuver, also known as the

"slingshot" effect. This maneuver is commonly used for spacecraft heading for the outer planets,

like Jupiter, Saturn, Uranus and Neptune, because so much energy is required to overcome the

Sun's gravitational pull to get that far away. Without this maneuver, spacecraft visiting the outer

planets would take far too long to get there and use way too much fuel.

The key to the gravity-assist (or slingshot) maneuver is to pass the

spacecraft pretty close to a moving planet so that it enters that

planet's gravitational �eld. As the spacecraft approaches the

planet, the planet's gravitational pull begins to bend or change

the spacecraft's path. Even though the spacecraft's speed (relative

to the planet) remains unchanged, its speed relative to the Sun

becomes faster. The amount of energy gained depends on several

https://www.teachengineering.org/content/cub_/activities/cub_solar/cub_solar_lesson07_activity1_worksheet_v2_jrl.docx
https://www.teachengineering.org/content/cub_/activities/cub_solar/cub_solar_lesson07_activity1_worksheet_v2_jrl.pdf
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Figure 1. Trajectories of different �yby maneuvers.

Figure 2. The cruise phase of Cassini–Huygens'

route to Saturn is shown, with major planetary �yby

maneuver milestones during more than six years

indicated by their dates.

things, including the distance by which the spacecraft misses the

planet, the approach speed of the spacecraft, and the masses of the spacecraft and planet (see

Figure 1).

The slingshot technique has been used by many spacecraft such as Voyager 1 and the Cassini

Probe. Voyager 1 performed slingshot maneuvers around both Jupiter and Saturn in 1979 to

escape our solar system and explore interstellar space. The Cassini probe used multiple gravity

assist maneuvers when it passed by Venus twice, then Earth, and �nally Jupiter on its way to

Saturn (see Figure 2). This path greatly reduced the amount of rocket fuel needed to send Cassini

to explore Saturn. Also, the Ulysses probe used this technique not to gain energy but to change its

path so that the poles of the Sun could be studied.

To understand how the slingshot effect works, we are going to

work in engineering teams to determine how we want to launch

our spacecraft to get to the outer planets. We will use a ball

bearing to represent our spacecraft and a magnet to represent the

gravitational �eld of the planet. We will set up a model to help us

predict the path of our spacecraft during different launches. First,

we will roll the ball bearing close to the magnet and observe how

its path is changed by the magnetic �eld. This shows us the

change in the path of the ball — the same as when a spacecraft

approaches a planet. Several factors affect the angle of the

spacecraft's path after it passes near a planet — called the

de�ection angle. You will test to �nd out what factors change the path and de�ection angle. For

example, perhaps the size of the ball (spacecraft), the speed of the ball as it approaches the planet

or the size of the magnet (planet).

Procedure

Before the Activity

Gather materials and make copies of the Trajectory De�ection Worksheet.

Free up enough classroom desktop, tabletop or �oor space to lay down a baseboard for each

group, propped up under each corner (see Figure 3). Or, conduct the activity outside or in the

gym.

With the Students

1. Divide the class into teams of �ve or six students each. Each student in the group will get a

chance to test different spacecraft travel paths.

2. Pass out a worksheet to each group and review it with the class.

3. Distribute materials (except the large magnetic ball and second piece of angle aluminum) to

each group.
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Figure 3. Activity set-up for demonstrating the

slingshot maneuver via magnetism-governed �ybys

of steel balls. An inclined launch ramp guides a

steel ball towards a magnet.

4. Guided by the worksheet, have students start testing which factors affect the path of their

spacecraft magnet. Direct students to place the magnet under the middle of the baseboard

and use the angle aluminum to guide the steel balls toward the magnet, as shown in Figure

3.

5. After trying several tests, give each team a large magnetic

ball and another piece of angle aluminum so that they can

simulate an actual planet �yby. Place the large magnetic ball

on a second launch ramp and set it in motion. Have students

experiment with timing. When should the spacecraft be

launched so that it increases it maximum velocity without

actually "hitting" the moving planet?

6. As a class, discuss the test results. Observation points:

Students should have observed that the mass of the ball

(spacecraft), initial speed of the ball (spacecraft), mass of the

magnet (planet), and the miss distance were all contributing factors that affect the

spacecraft's path as it performs a gravity assist maneuver around a planet. In addition,

students should have discovered that if the ball is passed in front of a moving planet, the

overall velocity is reduced, whereas if the ball is passed behind a moving planet, the overall

velocity is increased.

7. Conclude by asking the post-activity questions provided in the Assessment section.

Vocabulary/De�nitions

energy:  A measure of the ability to do work. For example, to lift an object against gravity or drag it

against friction.

engineer:  A person who applies her/his understanding of science and mathematics to creating

things for the bene�t of humanity and our world.

gravity assist maneuver:  A space�ight technique in which the gravitational �eld of a planet is used

to increase the speed and alter the path of a spacecraft without using fuel.

kinetic energy:  The energy of motion.

launch window:  The time period during which a spacecraft must be launched to achieve its given

mission course.

potential energy:  The energy of position, or stored energy.

work:  The energy it takes to move an object some distance.

Assessment

Pre-Activity Assessment
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Prediction: Have students predict activity outcomes by asking:

Do you think it is possible for a planet to give some of its energy to a spacecraft? If so, how is

this possible?

Activity Embedded Assessment

Group Questions: During the activity, have teams predict the performance of their spacecraft

during different testing scenarios:

What factors affect the path of the spacecraft? Why? (Answers: The mass of the spacecraft,

the mass of the planet, the approach velocity of the spacecraft, and the approach distance all

affect the �nal spacecraft path.)

Post-Activity Assessment

Discussion Question: Solicit, integrate and summarize student responses.

Why is it necessary for engineers to use the �yby technique to reach the outer planets?

(Answer: Since the outer planets are so far from the Sun, it takes a lot of energy to overcome

the pulling force of the Sun to reach them. A creative solution is to use the �yby technique as

an energy source, instead of rocket fuel.)

If the spacecraft takes energy from the planet, does that mean the planet slows down?

(Answer: Technically yes. However, because the planet is much larger than the passing

spacecraft, the energy lost to the planet is very small compared to its total energy. A good

example is when a bug hits a school bus, head on. Technically speaking, the school bus loses

energy due to the collision, but it cannot even feel it.)

Safety Issues

If Neodymium magnets are used, practice caution because they are extremely powerful. For

this activity, these magnets should not be used without a protective covering.

Troubleshooting Tips

Since they are easy to lose, get a few extra ball bearings and magnetic balls.
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