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Physics in Action

What Do You Think?
The center of mass of a high jumper using the
“Fosbury Flop” (arched back) technique passes
below the bar as the jumper’s body successfully
passes over the bar.

• What is “center of mass”? What does it mean? 

• Where is your body’s center of mass?

Record your ideas about these questions in your Active
Physics log. Be prepared to discuss your responses with
your small group and the class.

GOALS
In this activity you will:

• Locate the center of mass of
oddly shaped two-dimensional
objects.

• Infer the location of the center
of mass of symmetrical three-
dimensional objects.

• Measure the approximate
location of the center of mass
of body.

• Understand that the entire
mass of an object may be
thought of as being located at
the object’s center of mass.

Activity 3 Center of Mass
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Activity 3 Center of Mass

For You To Do
1. You will be provided four objects made from thin sheets of

material in the shapes shown below.

a) Make a sketch in your log to show each shape in a reduced
scale of size.

2. Use your intuition and trial and error to locate a point on the
flat surfaces of objects A, B, and C where the object will
balance on your fingertip. Mark the “balance point” of each
object using a nonpermanent method.

a) Mark the balance points on the sketches in your log.

A

A

C

B

D
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3. To check on the balance points found by the above method
for objects A, B and C, use one of the small holes in object A
to hang it from a pin as shown, and, also as shown, hang a
“plumb bob” (a weight on a string) from the same pin.

a) Does the string pass over the balance point you marked for
object A when you used your finger to balance the
object? Should this happen? Write why you think it should
or should not happen in your log.

b) Use a different hole in object A to suspend it from the pin
and again hang the plumb bob from the pin. Does the
string pass over the balance point marked before? Should
it? Write your responses in your log.

4. The intersection of the two lines made where the string
passed over the surface of object A could have been used to
predict the balance point without first trying to balance the
object on your finger. Use the suspension and plumb bob
method to check the correspondence of the two methods of
finding the balance point for objects B and C.

a) Record your findings about how well the two methods
agree in your log.

5. Locate an “imaginary” balance point for object D. Tape a
lightweight piece of paper between the “open arms” of 
object D and suspend the object and the plumb bob from the
pin. Trace the path of the string across the piece of paper.
Suspend the object from a different hole and trace the path
of the string across the paper again.

a) Do you agree that the intersection of the two lines on the
paper mark the balance point of object D? What is special
about this balance point? Write your answers in your log.

6. The above “balance points” that you found for two-
dimensional, or “flat,” objects A, B, C, and D were, in each
case, the location of the object’s “center of mass.” Do a
“thought experiment” (an experiment in your mind) to
determine the location of the center of mass of each of the
following objects:

Shot put ball (solid steel) Basketball
Banana Planet Earth
Baseball bat Hockey stick

A
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a) For each object, describe in your log how you decided upon
the location of the center of mass.

7. The technique that was used to find the center of mass (C of
M) relied on the fact that the C of M always lies beneath the
point of support when an object is hanging. Similarly, when
an object is balanced, the C of M is always above the point of
support. To find your C of M, carefully balance on one foot
and then the other. Try to keep your arms and legs in
roughly identical positions as you shift your weight. Your 
C of M is located where a vertical meter stick from one foot
and the other intersect. Locate this point. The actual C of M
is inside your body, since nobody has zero thickness.

a) Record the location of your C of M.

8. Your teacher will balance a hammer on a finger to locate 
the hammer’s C of M and make an obvious mark on the
hammer at the C of M. As your teacher drops the hammer
into a catch box on the floor, and it twists and turns, notice
the movement of the C of M.

a) How does the movement of the C of M compare to the
motion of the entire hammer?

Reflecting on the Activity and the Challenge
The center of mass is an important concept in any sports
activity. The motion of the center of mass of a diver or gymnast
is much easier to observe than the movements of the entire
body. The sure-fire way of having a football player fall is to
move his center of mass away from his support.

Think about the possibilities for using a transparent plastic
cover on a TV monitor and using a pen to trace the motion of
the center of mass of an athlete executing a free fall jump or
dive. This could be used to simulate the light-pen technique
used by TV commentators when they comment on football
replays. This would seem a good way to add an interesting
feature to your TV sports commentary.

Physics Words
center of mass: the point
at which all the mass of
an object is considered to
be concentrated for
calculations concerning
motion of the object.

APS.SE.Ch01  8/31/04  11:51 AM  Page 29



Active Physics

Physics in Action

Physics To Go
1. When applying a force to make an object move, why is it

most effective to have the applied force “aimed” directly at
the object’s center of mass?

2. “Center of gravity” means essentially the same thing as
“center of mass.” Why is it often said to be desirable for
football players to have a low center of gravity?

3. Stand next to a wall facing parallel to the wall. With your
right arm at your side pushing against the wall and with the
right edge of your right foot against the wall at floor level,
try to remain standing as you lift your left foot. Why is this
impossible to do?

4. Think of positions for the human body for which the center 
of mass might be located outside the body. Describe each
position and where you think the center of mass would be
located relative to the body for each position.

5. An object tends to rotate (spin) if it is pushed on by a force
that is not aimed at the center of mass. How do athletes use
this fact to initiate spins before they fly through the air, as in
gymnastics, skating, and diving events?

6. Could the suspension technique for finding the center of mass
used in For You To Do be adapted to locate the center of
mass of a three-dimensional object? If you had a crane that
you could use to suspend an automobile from various points
of attachment, how could you locate the auto’s center of mass?

7. Find the center of mass of a baseball bat using the technique
that you learned in class.

8. Carefully balance a light object (not too massive) over a table
or catch box. Notice that the C of M is directly over the point
of support. Move the support a little bit. Explain how this
technique can be adapted to tackling in football.

9. Cut out a piece of cardboard in the shape of your state or a
country. Find the geographic center of mass of your shape.

30
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