BALANCE THE FORCES WITHIN A MOBILE

Have you ever seen a mobile? These art structures hang from
the ceiling and are usually made up of many layers of rods to
which of differently shaped objects are attached with strings.
When you look at the mobile sculpture, you might wonder how
it can stay balanced all the time even when it is moving in the
air.

Similarly, at Idaho National Laboratory, the Advanced Test
Reactor relies on the right balance of pressure, temperature,
and core elements to operate properly.

GRADE LEVELS: K-5

VOCABULARY

F O R CE :strength or energy as an attribute of physical action or movement.

B ALANCE: an even distribution of weight enabling someone or something to
remain upright and steady.

LAW OF THE LEVER:the statement about balancing a beam with
different weights distributed along its length.

G RAVITY : the force that attracts a body toward the center of the earth, or
toward any other physical body having mass.

NEWTON'S FIRST LAW OF MOTIO N :an object will remain at
rest or in uniform motion in a straight line unless acted upon by an external force.

M O B | L E : a decorative structure that is suspended so as to turn freely in the air.

MATERIALS

— Heavy construction paper or cardstock, ideally various colors
— Hole punch

— Pen

— Markers

— Scissors

— Tape

— String

— Straws, at least 10

— Ceiling or door frame to hang your mobile



PROCEDURES:

1. Draw 10 different shapes that you want to attach to your mobile on the construction paper. Ideally, the
shapes should vary in shape and size.

2. Cut out the different shapes with your scissors. If you like, you can decorate each of them.
3. Punch a hole into the top center of each of the cut-out shapes.

4. Attach a piece of string to each of the shapes by threading it through the punched hole and tying a knot. Try
to vary the length of string attached to each shape so that they are not all the same.

5. Start with one layer of your mobile. Attach a piece of string to the center of one of your straws. Hold the
straw by the string so it is hanging freely in the air.

Is the straw hanging horizontally? If not, what do you have to do to make it hang horizontally?

6. Once the straw is balanced, tie your first shape to one end of the straw. Again, hold the straw up in the air by
its string.

What do you notice happens to the straw?

7. Tie a second shape to the other end of the straw, then hold the straw up in the air again.

Is the straw balanced? Why or why not?

8. Balance the straw by moving one of the shapes along the straw.

Can you find a position on the straw where both shapes are balanced?

9. Use a second straw and two more shapes to build another balanced structure.

10. Repeat the previous step until you have used up all your cut-out shapes.

11. Now, put all your pieces together to create a multi-layered mobile. Use strings to attach all the straws you
made to one another until the mobile is balanced. You might want to use different lengths of string, so the
shapes and straws are not bumping into each other.

Are you able to balance all the forces within your mobile? How easy or difficult is it to balance all the pieces?

12. Once you have successfully balanced your mobile, use tape or string to hang it from the ceiling or a door
frame.

When it hangs freely, does your mobile move?
13. Carefully blow on one of the shapes hanging from the mobile.
What do you observe?

14. Clean up the remaining construction paper, string, and all your tools. You can hang the mobile up in your
room or use it as a gift for a loved one.



THE SCIENCE BEHIND IT

Were you able to balance all the forces within your mobile? It might have been trickier than you thought. Even
balancing a straw on a string can be challenging. You might have observed that if you did not attach the string to
the very center of the straw, it was pulled down on one side more than on the other. To ensure that the straw
hangs perfectly horizontal, the weight pulling down on each of its sides must be exactly the same (this is only true
if the string is in the center of the straw). When you attached one shape to the straw, the weight of the shape
should have pulled the straw down on the side it was attached to.

Attaching another shape to the other side of the straw most likely did not fully balance out the straw either. This
was because the shape and size of both attached shapes were probably not exactly the same. The shape that was
heavier pulled down on the straw more than the lighter shape. You were probably able to balance the straw out
by moving the heavier shape closer to the pivot point (or center) of the straw. Based on the law of the lever, this
should have reduced the force pulling on this side of the straw.

Putting the full mobile together probably took some patience. If you don't weigh all your objects, the mobile needs
a lot of testing and trying to figure out how to balance the load on each of the straws. You might have noticed
that the length of the string did not affect the balance of the straws very much, as the string itself is not very
heavy. However, varying the string length throughout the mobile helps prevent objects from bumping into each
other when it starts moving. When you hung up the mobile and blew on one of the shapes, it should have been
obvious that the mobile moves pretty well even with the slightest breeze. The air movement pushed on the shape

and, even though it was a small amount of force, the whole mobile started moving because all of its parts are
connected!

DIG DEEPER

Mobiles are free-hanging sculptures that are able to move in the air. These sculptures are not only very artistic, but
they are also a perfect demonstration of balanced forces. If you look at a traditional mobile more closely you will
usually notice that it is made of many different horizontal rods. On each end of these rods, there is an object
attached with a string. When building a mobile, it is important to keep all the objects which are attached to one
rod balanced so that the rod stays horizontal and is not pulled down in one direction. One single rod basically acts
like a seesaw. If you put weight on one end of it, gravity will pull the rod down in that direction. To balance the

rod, you need a counteracting force of the same magnitude on the other side.

However, it is not only the weight of the object that matters but also the location where it is attached to the rod.
You might notice that not all of the objects are attached to the rod symmetrically, meaning that they are not
equally spaced from the pivot point (or the center) of the rod. Even with two objects of the same mass, the rod can
be moved in one direction by attaching one of the objects further away or closer to the rod's pivot point. In this
case, the rotation of the rod is caused by the turning force, also called torque, which takes into account the force
pulling down on the rod and the location of the applied force.

You might wonder why a free-hanging mobile is moving at all if all the forces are balanced within its structure.
This is where Newton's first law of motion comes in. This law states that an object will not change its motion
unless it is acted on by an external force. This means that a balanced mobile will be at rest as long as no additional
forces are acting on its structure. So, what additional forces cause the mobile to move? The answer is that the air
causes it to move. When air moves, it pushes on the objects hanging from the mobile. As a result, they start to
move. This creates a ripple effect throughout the whole mobile structure because all of its pieces are connected.
Thus, to balance out the external forces, the whole mobile structure moves until the forces acting on it are
balanced out again.



EXTENSION ACTIVITIES

* You have used many strings to build your mobile and they were all different lengths. Find out if the length of the
string that you use to attach your shapes to the straw matters. Make them both the same length and then two
different lengths. Does it change how the straw is balanced?

e Instead of having two different shapes attached to one straw, have one shape on one side and another straw on
the other side. Then add more shapes (or straws) to that straw. This is another way to add more layers to your
mobile. How many layers can you build?

e Try to experiment with different lengths of straws. What changes if you cut one or more straws in half or use
straws with different lengths throughout your mobile?

e Can you make a mobile using other materials, such as wooden blocks or other three-dimensional objects?

e [f you want to make a really complex mobile, you can weigh each of your objects and use the law of the lever to
calculate where each of your objects should be positioned on the straws. Draw your mobile structure on a piece of
paper first and then write down the weights of each object that is attached to the straws. This will help you to find
out how to best balance the forces in your mobile.

LEARN MORE ABOUT INL

Click to learn more about the Advanced Test Reactor, which relies on the right balance of pressure, temperature,
and core elements to operate properly.



https://factsheets.inl.gov/FactSheets/INLsAdvancedTestReactor.pdf
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