Centripetal Critter Coaster

Students get to see centripetal force in action as it
keeps stuffed critters from falling while being swung overhead.

Grade Level
e 4th - 8th

Science Focus
* centripetal force
» centrifugal force
* gravity

Time Required
15 minutes

Supplies
There are enough materials in the kit to run up to ten cooperative groups.
Per Cooperative Group
1 flying disk with three ropes attached
1 stuffed critter

A Special Word About Safety

This activity has students swinging disks over their heads at a pretty good speed. Clearly, this
activity needs to be done in an open area, where the students swinging the disks can be well away
from each other and from anything the disk might run in to. The disks and the critters are soft, but
you should still take care that no one gets hit with a swinging disk! Try the activity yourself first
and think about how this will work with your class. If you are uncomfortable with having your
students do this - or if you don't have a place that this activity can be done safely - do this as a
demonstration activity.

Doing the Activity
* Have the students remember and discuss the “Curve Ball” experiment. They should
remember that the ball goes in a straight line unless there is force that keeps it going in a
circle. Remind them that the force on the ball pushes it toward the center of the circle; this
is the centripetal force.
* Have one student in each cooperative group stand well clear of the other students, hold the
knotted end of the ropes, and swing the disk in a vertical circle over his or her head:
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The motion will be like an inverted loop in a roller coaster. After one student has done this,
each student in the group should try this motion. Have them practice this motion; they will
need to do this later.

Have the students discuss the motion. The motion is a circle, so there is acceleration;
the velocity changes. Have them discuss what other experiments involved a change in
velocity.

* Now, the students are going to add the stuffed critter to the situation. Have one student in
each group hold the knotted end of the ropes so that the disk hangs down. Now, another
student should place the critter in the center of the disk. The student holding the ropes
should stand well away from the other students, and then swing the disk in a vertical circle.
The challenge is this: can they swing the critter in a vertical circle without having the critter
fall off the disk? This is just like the loop on a roller coaster, as we mentioned before, but
this time with a passenger! If the students are careful, it is pretty easy to keep the critter
safely seated on the disk.

* Have every student in each group try this activity; this is an activity that students must feel
to be able to understand.

* Discuss what force keeps the critter in place - some suggestions for questions are below.

Active Questioning, Explanation, and Discussion

1. Which force keeps the critter moving in a circle?

2. What force keeps the critter in place? (In this case, we are going to think about the force
that the critter feels. We know that since the motion is in a circle, there is a centripetal
force. This force is provided by the ropes, which keeps things going in a circle. But the
critter feels something else: it feels an outward push, and so will feel pushed into the disk.
This apparent force is called the centrifugal force. The critter will feel pushed hard into
the disk, and so will not fall off - even when it is upside down! Note that the centrifugal
force isn’t a real force. What the critter really feels is its inertia: it would like to move in
a straight line, but it is not. It is this that leads to the feeling of a centrifugal force.)

. Think about what the critter feels. If you were riding the disk, what would you feel? Why
doesn’t the critter fall off the disk when the disk is over your head? (As noted, the critter
feels a force pushing it into the disk. This is the force that holds it in place.)

4. Why doesn’t the critter fall off even when the disk is upside down? Gravity is pulling

down... what is pushing it up? Would the critter stay on the disk even if you were swinging
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the disk really slowly? (Again, it’s the centrifugal force that holds the critter in place. It
is the circular motion that causes this force - so if the motion is too slow, the force is too
small, and the critter won’t stay on the disk! You can try this, if you would like.)

4. Have the students think about relationships to other experiments - such as the cup race.
When you turned a corner, what happened to the water? Why? What force made the water
want to slosh out? (This experiment is nicely understood as an example of centrifugal
force. When you go around a corner, the water wants to keep moving in a straight line.
So it will feel a centrifugal force that will make it want to slosh out of the cup. The only
way to keep it from sloshing is to tip the tray to compensate, or else to go really slowly!)

5. When have you felt this kind of force? Think about going around a circle in a car. How
about a merry-go-round? Roller coasters?

Other Experiment Extensions To Try

1. This one should be done outside. The students can try the same activity using a cup of
water on the tray instead of the critter. Once they master swinging the cup of water around
in a circle like a roller coaster (in the vertical plane), have them try swinging it over head
like a lasso (in the horizontal plane).

2. The students can also try swinging their arms around in a circle really fast. This will force
a lot of blood down into the hand. Make sure the students have plenty of room all around
them so they don’t swing their arm into a desk or another student. The veins in their hands
will swell from the excess blood - it feels a little strange, but looks really cool!

3. Instead of using the tray with a cup of water, they can swing a bucket of water around in
a circle.

4. What keeps you in place when you’re swinging on the swings in the playground? What
would happen if you put a tennis ball loosely in your lap and went on the swings? Do you
think the ball will stay in place?

5. Think of other places that centripetal and centrifugal forces can be observed: in a clothes
washer or dryer, the water and mud that spins of a bicycle tire, going around a corner in
a car.
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Activity 3: Waiter Water Challenge
Supplies

There are enough materials in the kit to run up
to ten cooperative groups.
Per Cooperative Group
1 cup
1 tray
1 stopwatch
water
sidewalk chalk (optional)

Doing the Activity
Special Note: This activity is best outside as there is a high probability of water spills.

* Prior to this activity, you’ll want to delineate a course for the Waiter Water Challenge. You can use
sidewalk chalk to draw a path, or use some other method, such as tape, to mark a a course with both
start and finish lines. We recommend that you use two straight parallel paths at first, while students
are trying this out. They can race to the end of their path, turn around, and return to the next relay
member of their team.

* Explain to students that their teams will use what they have learned about acceleration in the last two
activities to compete with other teams in a relay race. Each member of the team will have a chance
to act as waiter, carrying a tray with a full water glass on it. The goal is to not spill a drop, but also
get to the finish line as quickly as possible.

» Remind students that in the last activity they varied their walking pace to study acceleration. They
also tried to move at a constant velocity so the colored liquid in the accelerometer stayed level.
Review what happened to the liquid in the accelerometers when they moved forward or stopped
quickly.

* Have two teams line up at the starting line.

¢ Give the first student in each relay team a tray with a cup placed in the center. Fill the cup up to the
top with water.

* Use the stopwatch to time the race and challenge each group of students to walk or run the course
with the cup on the tray in the least amount of time, spilling the least amount of water.

Active Questioning, Explanation, and Discussion
1. What did you have to while running the course to not spill any water (think about the hand
held accelerometers)? (The best is to move at a constant velocity, because once you undergo an
acceleration then it causes the water to spill.)
2. Are there other ways you can keep the water from spilling other than adding a lid to the cup? (You
can tip the tray in the opposite direction of your movement to keep the water from spilling.)
3. How are velocity and acceleration related? (Acceleration is a change in velocity.)

Other Experiment Extensions To Try
1. Build your own accelerometer using an empty pop bottle. Fill the bottle half way with water and
add a couple of drops of your favorite food coloring. Then add baby oil all the way to the top of
the bottle. Screw the lid on tightly and seal the cap with tape or hot glue. Tip the bottle sideways
and your accelerometer is ready to use. You can use your accelerometer to test acceleration in a car,
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airplane, or when you’re walking around town.

. Create or have student groups help you create one or several outdoor courses for students
to walk through carrying a tray and a cup of water. The course should have lots of turns
and can even involve going around objects and walking backwards. A path could be
created in an area with lots of sand, or a path could be drawn on asphalt or sidewalks with
the sidewalk chalk.
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