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INSIDE:

How to steer your  
spacecraft!

THE FARTHEST WORLD 
                                       ON THE BACK
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W
hen you’re riding a bike or sitting in a car, 
and you want to change direction—I mean, 
when you want to turn—you have to 

push the bike or the car sideways. It might seem 
at first that you just decide to turn, point the 
wheels where you want to go, and go, but turning 
involves pushing sideways. We have to create a 
force that acts at a right angle to the direction in 
which we’re going. The same is true whether you’re 
running along the curve on a track, skating around 
a rink, or turning a corner on a bike or in a car. 

As you might suspect when you’re reading The 
Planetary Report, it’s how we steer spacecraft, 
too. We get them started on their journeys with 
rocket engines, and then nudge them onto the 
paths we want them to follow with very small 
rockets and with sideways pulls of gravity. We get 
those pulls from Earth, the Moon, the Sun, or any 
planetary body like a traditional planet or asteroid. 
These bodies all have gravity so they all pull.

Recently, the Indian Space Research Organization 
(ISRO) launched Mangalyaan—otherwise known 
as the Mars Orbiter Mission (MOM)—and made 
great use of Earth’s gravity to get the spacecraft 
headed to Mars. When NASA launched the Juno 
mission in 2011 and the New Horizons mission 
back in 2006, each of those spacecraft took great 
advantage of the tug of Earth’s and even Jupiter’s 

gravity to get them moving to Jupiter and Pluto. 
Once an object is moving in space, there’s almost 

nothing there to slow it down. In space, you can 
hardly ever do the equivalent of stepping on the 
brakes. When it comes to steering most spacecraft, 
we want to change both the direction and the speed 
at which they’re traveling. In science, we say we 
want to change a spacecraft’s “velocity,” because in 
science, velocity is a combination of two things—your 
direction and your speed. If you’re in a car going 100 
kilometers (62 miles) per hour north, and I’m in a car 
going 100 kilometers per hour south, we are going 
the same “speed,” but we have different “velocities” 
because we are moving in different directions. 

So, if you listen to mission engineers, scientists, 
and managers talking about changing velocity, you’ll 
often hear them use the expression “delta-v.” They 
say things like “we need some delta-v,” or “there’s 
too much delta-v,” or “not enough delta-v,” et cetera.

Where does the term delta-v come from? By 
long tradition, we use many Greek letters in our 
math. The first letter in “difference” is d, so we 
often use the uppercase Greek letter Delta, or , 
to mean difference. Then, to represent velocity, 
we just use that word’s first letter, v, hence: v. 

We steer our spacecraft in deep space by using 
the gravitational pull of objects out 
there to pull those spacecraft. 

Continued on page 3…

Steering Our Spacecraft

ABOVE RIGHT The Mangalyaan spacecraft from the Indian Space Research Organization (ISRO).
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YOU CAN STEER your own miniature spacecraft.

Use center-seeking forces to make a marble change course. 

The key is to set up a situation that exerts a sideways 

force on an object (a marble) that starts out moving in a 

straight line. Make your own paper-plate force maker.

Here’s what you need:
• a marble
• a couple of paper plates 

with raised rims
• adhesive tape
• scissors
• table with room to roll

Steering Spacecraft

   in Curves

The marble will follow the curve of the plate 
and then head off in a straight line through 
the open triangle. If you get good at rolling 
the marble, you can make it go between two 
or three curved plates. Try paper plates of 
different sizes. To make it work, they have to 
be lined up correctly and their cut edges taped 
down. This experiment is much like one way 

we steer spacecraft in space. First, we give 
them a big push away from Earth with a rocket 
engine; then, once they are in space, we use 
the pull of planets and the Sun to make them 
follow curved paths to where we want them 
to go. Gravity can only pull from the centers 
of objects in space, and when it does, our 
spacecraft follow curves—just like the marble.

Pick a launch site, 
from where you’ll 
roll your marble.

Pick a target, a 
place you want 
the marble to go.
(In this experiment, 
it’s plate “B.”)

With the scissors, 
cut a couple of 
paper plates so 
that you remove a 
triangular section, 
like a piece of pie.

Tape the cut edges 
of the plates 
to the table.

Roll the marble 
into the inside 
of the raised rim 
of plate “A.”
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The Hubble telescope is observing asteroid P/2013 R3 as it disintegrates…but 
it’s not anywhere near the Sun! Can you think why this is astounding?DID YOU KNOW?

-



The object’s gravity changes 
a spacecraft’s course and 
speed, producing some v. 

When a spacecraft—or you—
are moving in a curved line, your 
velocity is always changing. This 
is true even if you’re going at the same 
speed, because when you’re moving in a 
curve, force has to be nudging you the whole way 
around. With every passing moment, your direction 
is changing, so your velocity is changing. 

If you spin a ball on a string around over your head, it 
will keep going around you in a circle, but only as long 
as you keep pulling on the string. The instant you let 
go of the string, the ball will stop circling and fly off in 
a straight line. There’s an important idea in that string—
it’s always pulling. It pulls toward the center of the circle.

In this issue’s experiment, the curve of the paper 
plates will push a marble toward the center. Although 
the plates are pushing while our string is pulling, 
both the string and the plates are exerting force 

toward the center of a circle. We 
call that center-seeking force 

“centripetal” force. As you can 
guess, “centri” has to do with the 

center of something. “Peta” means 
looking for, or seeking. You may have 

heard of a “petition,” which is a document 
people sign to encourage a government official to 

take some action. Citizens “seek” action with a “petition.” 
So, centripetal forces seek the center of a circle. The 
opposite of centripetal force would be something you’ve 
probably felt, called “centrifugal force.” It means “fleeing 
the center.” When your car goes around a curve, you 
may feel like you’re pushing on your seatbelt or on 
the door, but it’s really the belt or door pushing on 
you. To steer, we scientists and engineers work with 
centripetal forces (and only imagine centrifugal ones).

Taking all the centripetal pulls and delta-v’s into 
account is what mission planners and managers do 
to keep our spacecraft headed in the directions we 
want them to go. It really is rocket science. Try it!
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Find the answer key at below right

ACROSS

 2 Roman god of war; Red Planet

 5 recent award-winning movie; 
natural phenomenon by which all 
physical bodies attract each other

 6 _________ to Mars

 7 combination of direction and speed

 8 means of getting from one point to another

 9 the “farthest world”

 10 our home planet

 11 Greek letter used to denote “difference”; 
a landform at the mouth of a river

DOWN

 1 half of the equation for velocity; “you’re 
going the wrong _________”

 2 Mars Orbiter Mission; female parent

 3 systematic enterprise that builds 
and organizes knowledge; “Bill 
Nye the ________ Guy”

 4 force that makes a body 
follow a curved path

CrossWord
Read this issue of Planetary Society Kids 

for clues to solve the puzzle!

LEFT In this example, the ropes 
holding the chairs act as the 

“centripetal force,” just as gravity 
does for satellites (and other bodies) 
in space. Can you think of other 
examples of centripetal force?

To see the math behind centripetal 
force, go to bit.ly/centripetalforce
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Eris

Get your parents signed up to receive The Planetary Report! 
The whole family can learn about space science together.LEARN!
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SATURN

JUPITER

URANUS

NEPTUNE

PLUTO

ERIS

The Farthest World

Eris is about 2,330 kilometers across, almost exactly the 
same size as Pluto. Scientists don't know which one is 
wider (we’ll find out when New Horizons flies past Pluto and 
measures it). But Eris is much heavier than Pluto. That makes 
Eris the largest known object in the Kuiper belt, but there 
probably are bigger ones out there, waiting to be discovered.
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Astronomers figured out how heavy 
Eris is by measuring how fast its 

moon, Dysnomia, travels around it.
 (This is how Eris and Dysnomia 

look from one of the world’s 
biggest telescopes.)

Eris orbits along with Pluto in 
the Kuiper belt, a region of icy 
worlds beyond Neptune.

Earth’s Moon 
diameter:
3,474 km
(2,159 mi)

Earth 
diameter:
12,742 km
(7,918 mi)

Pluto 
diameter:

~2,330 km
(1,448 mi)

Eris 
diameter:
2,330 km
(1,448 mi)

Eris' surface is bright, icy white. When Eris is closer  
to the Sun, it has an atmosphere. When it is far from the Sun 
(as it is now), it gets so cold that the gases in the atmosphere 
freeze onto the surface. If you could stand on Eris, you'd 
probably be surrounded by “fairy castles” made by frost 
and ice crystals that grew as the atmosphere froze.

Pluto, like Eris, has an elliptical orbit, 
but right now Pluto is relatively 
close to the Sun. When Pluto gets 
far from the Sun, its atmosphere 
will probably freeze, and it will 
look the way Eris does now.

DYSNOMIA                 ERIS

Eris is the most distant object ever discovered 
in the solar system. It is nearly 100 times 

farther from the Sun than Earth, and 
three times farther than Pluto.

But it's not always that far away. Eris 
has an elliptical orbit, and sometimes 

it's "only" 40 times farther 
from the Sun than Earth.


