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INTRODUCTION

Have you ever tried to balance a ruler on the tip of your finger? Is it easy
to do2 Have you ever tried balancing a coin on its edge? Does it usually
fall over2 Have you ever wondered why?

Can you guess what a “balance point” is2 If you put your finger exactly in
the middle of a ruler, it will balance there. That is the balance point for the
ruler. Can you balance it on its end? If you can, you have found a second
balance point of the ruler.

In the first five explorations in this Discovery Kit, you will test objects and
learn why it is easy to balance them in certain positions, and difficult in
other positions, and impossible in still other positions. Before you begin
Exploration 1, be sure your kit contains all of these parts:
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Exploration 1: Finding Balance Points

For this exploration you will need the thread, large pin, pointer and Shapes
1 and 2 from the kit, and also four pins or some tape and an 8 1/2 x 11
sheet of paper.

Try to balance each of the two shapes on the tip of your finger. Put a pencil
mark on each shape where it balances best.

Almost every obiject has several places where it can be balanced. Did you
find at least one balance place on each of the shapes? These places are
called “balance points”. You can find the balance point of a flat object in the
following way:

Pin or tape the sheet of paper to a wall, bulletin board or other vertical sur-
face. Using the large pin, attach Shape 1 by one of its holes to the top cen-
ter of the paper. Make sure that the shape will swing freely from the pin. Tie
the piece of thread to the pointer, and hang the thread and pointer from the
large pin. The pointer should hang below the bottom edge of the shape.
Mark the shape where the thread crosses the bottom edge and at the hole
made by the large pin. Remove the shape from the pinboard and use a ruler
in drawing a straight line between the two marks. (This line should follow the
thread line.)

Now pin the shape by another hole. Hang the thread and pointer from the
pin and mark the shape in two places again just as before.

Pin the shape up by its third hole, hang the pointer, and make the marks as
you did before. Connect the marks with a straight line.

Do the three lines cross at the same place on the shape? The point where they
cross is called a “balance point”. Remove the shape from the board and,
holding it level, put the tip of your finger on the cross point. Will the shape
balance there? Is this the same place the shape balanced earlier?

Now repeat the procedure with Shape 2, then find the balance point of other
flat objects, or cut new shapes out of cardboard and find their balance
points.




Exploration 2: Find the Center of Weight

There is a place in every object that seems to be where the main weight of
the object is centered. You can easily find this place on a wooden ruler.
Balance the ruler across your finger as shown. When it is balanced, see what
numeral is on your finger. Your finger will be very close to the center of the
total weight of the ruler. This center is called the “center of weight”.

Now put a small piece of clay or some other weight on one end of the ruler.
Balance it across your finger again. Is the balance point in the same place
as it was before? Is your finger under a different number2 Has the center of
weight moved? Is the center of weight always in the middle of an object?

Exploration 3: The Rolling Wheel

Open a package of clay and cut the block of clay in half. Roll half of the clay
into a balll, anc?shove the short wooden peg through it as shown. Pick up the
wheel in one hand and the clay ball and stick in the other. Which is heavi-
est? Is there very much difference2 Now slip the peg and clay ball into the
wheel. The easiest way to get the peg into the wheel is to squeeze the wheel
slightly and then slip the peg into the two holes in the rim of the wheel.
Squeeze the clay tightly against the rim of the wheel and around the stick.
Now try the next five fests.




Test 1:

Balance the wheel on its side as shown. Where do you think the balance
point is2 The center of weight of the wheel and the clay ball combination is
represented by the ball of clay. Notice that the center of weight is very close
to the balance point and is directly above it.

With one finger, push the wheel gently at the top. Is it difficult or easy to
move2 What happens when you take your finger away? Move the clay so
that the center of) weight is higher inside the wheel. Push the wheel with your
finger again. What happens now? Is it easier or harder to push than before?

Now set the clay in the wheel as shown. Is the wheel easy to balance this
way? Why? Where is the center of weight?2 Where is the balance point2
How can you tell if the following statement is true2 The higher the center of
weight is gom the ground, the easier it is to push over the object.

Test 2:

Place the wheel on a gentle slope and fip the wheel slightly downhill as
shown. Take your finger away. What happens to the wheel2

Place the wheel on the slope again this time as shown. What happens to the
wheel when you take your finger away?

Can you explain why the wheel rolls differently each time2 Does the balance
point or center of weight have anything to do with whether the wheel rolls
uphill or down2 Does the center of weight always seem to be as close to the
ground as possible?
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Test 3:

Move the clay to the center of the wheel. Put the wheel on a level surface and
push the wheel again. How does it feel2 Can you explain why the wheel feels
different now than in other tests2 Where is the balance point2 At what posi-
tion is the center of weight closest to the ground?

Test 4:

Move the ball of clay to one rim of the wheel and balance the wheel on its
side again s you did in the first part of Test 1. Push the wheel gently at the
top with one finger in the same way. What happens? Take the second piece
ofpclq from the first package, roll it into a ball, and set it against the rim of
the wheel and at the opposite end of the stick from the first piece of clay. Push
the wheel gently again. Now what happens2 Where is the center of weight
now? Where is the balance point2 What would happen if you put a third
piece of clay (the same size as the other two) in the center of the stick? Why?2

Try it.

Test 5:

Repeat Test 1 using all the clay from one package rolled into a ball. Compare
the results to what you originally observed in Test 1.

In the tests, the center of weight was moved inside the wheel. In each case,
the center of weight rolled the wheel until the weight was as close as possi-
ble to the ground. The center of weight in an object always tends to move as
low to the ground as it can get. All objects are more stable and are less like-
ly to fall down when their center of weight is very close to the ground. Using
this equipment, how could you demonstrate this idea to a friend?



Exploration 4: The Falling Tower
There are five tests in this exploration:

Test 1:

Remove the tower from the kit. Remove one of the pieces of clay from the
wheel, roll it into a ball, and slip it onto the long peg. Place the long peg into
the tower as shown.

Make sure the clay is near the top of the tower, then tip the tower slowly with
one finger until it falls. Is it easy or hard to push over the tower2 Where is
most of the weight in the tower? If this is so, then where is the center of
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Test 2:
Turn the tower over so the piece of clay is near the bottom of the tower. Tip
the tower again with one gi)nger. Is it easy or hard to push over the tower?2
Where is most of the weight now2 Where is the center of weight?

In which test was it easiest to tip over the tower? In which test was the center
of weight closest to the ground? How are these fests like the ones you did with
the wheel and the clay weight?

Now fasten the pointer to the center of the ball of clay with the large pin. To
n'|1c1ke sure the pointer swings freely, don’t press the pin all the way into the
clay.

Test 3:

Place the tower so the piece of clay is at the
top again. Slowly tip the tower, but watch the
pointer. Where is the pointer when the tower
begins to fall2 Try this several times fo check
your observation.




Test 4:

Move the clay lower on the long stick, and tip the tower over again. Where
is the pointer when the tower begins to fall2 Is there any difference in the posi-
tion of the pointer in Test 3 and this test2

In In both the previous tests, the center of weight was directly in line with the
pointer. As long as the pointer remained pointing at the base, the tower did
not fall. But as soon as the pointer moved so it pointed outside of the base
(qwqy from the bose), the fower tipped over. As the fower fe||, was the cen-
ter of weight as close as possible to the ground2 How could you tell2

Test 5:

Repeat Tests 1 through 4 using twice as much clay (the amount from two
packages) rolled into one ball. Compare the results with he first set of tests.
What would happen if you used the larger amount of clay but used it in the
form of two balls (the same size) placed at opposite ends of the stick? Why?
For this experiments, place the pointer at the midpoint of the peg using the
white pin as before.

Would the tower be harder to tip over if it was resting on its side? Why?
Would the center of weight be closer to the ground when the tower is upright
or when it is on its side2 When the tower is on its side, what must you do to
the center of weight to fip it over?




Exploration 5: Measuring When a Tower Falls

Remove the piece of clay and the pointer from the tower. Fold the blue mea-

suring card as shown. Be sure fo crease the folds of the card sharply.

Set the tower on the card so that one base corner touches the white arrow.

Slowly tip the tower. Note the angle at which the fower begins to fall. Test this

EeTero| times, and record your observations on a table like the one shown
elow.

MEASURING WHEN A TOWER FALLS

PLACEMENT AND AMOUNT ANGLE OF TOWER
OF CLAY IN TOWER AT TIME OF FALL

zero clay in fower

1 package near bottom

1 package at middle

1 package near top

2 packages at bottom

2 packages at middle

2 packages at top

1 package each at bottom and top

1 package each at bottom and middle

1 package each at bottom, at middle and top

Continue your tests, moving the clay into different positions, first with one
package of clay on the long stick, and then with two packages rolled into a
ball on the long stick, and then with two packages in separate balls in dif-
ferent positions.

How can you use your table of observation fo show that objects are most sta-
ble when their center of weight is closest to the ground? Is the tower easier to
tip over when it is without clay, or when two packages of clay are used2 Does
the amount of clay used ever seem to make the tower as stable as possible,
where would you put the clay?

Where is the center of weight in a pencil? If you balance the pencil on end,
will the center of weight be as close to the ground as possible2 How would
you place the pencil to get the center of weight as close as possible to the
ground? Can you now explain why it is difficult o balance a ruler or a coin
on end or edge?
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Exploration 6: Finding an Unusual Center of
Weight

Have you ever seen a man walking a tightrope2 Why do you think tightrope
walkers often carry long poles?

In the remaining explorations you have an opportunity to learn some inter-
esting facts about balance and why tightrope walking may be less difficult
than it appears to be. But before you begin, make sure you have the remain-
ing parts from the package.

Remove Shape 3 from the kit. Try to balance it on the fip of one finger as you
did with Shapes 1 and 2. Can you do it2 Does it balance best when it is flat
or on one end2 Why do you think it balances differently than the two other
shapes?

You should remember that every object has a point at which most of its
weight seems fo be centered. This point is called the “center of weight”. To
find the center of weight of Shape 3, pin a sheet of paper (8 1/2 x 11 inch-
es) fo an upright pinboard as you did in Exploration 1. Use the large pin to
pin Shape 3 to the top of the paper by one of the holes in it. Make sure that
the shapes swing freely from the large pin. Tie an 8-inch piece of thread to
the point and attach it to the large pin. Make sure the pointer hangs below
the bottom edge of the shape.

Mark the shape where the thread crosses the bottom edge and at the hole
made by the large pin. Without removing the shape from the pinboard,
draw a continuous straight line with a ruler across the shape between the
two points.

Now hang the shape from another hole, but be careful to place the large
pin in exactly the same spot on the large sheet of paper. Mark the shape in
the two places and draw the continuous straight line Eetween the two marks
as you did before.

Repeat the procedure for the third hole of Shape 3. The place where the
three lines cross is the center of weight for Shape 3. Are you surprised at
its location?
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Exi)lorcltion 7: Moving the Center of Weight by
Balance Arm Manipulation

You have seen that objects have a center of weight and that the center of
weight is not always located on the object. You also know that the lower the
center of weight, the more stable an object. This explains why Shapes 1 and
2 balanced better when they were on end.

Most balanced objects have their center of weight above the balance point.
What do you think would happen if the center of weight were below the bal-
ance point?
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Assemble a balancing object like this: Set the pole into the base. Place the
cap on the pole. Attache two wooden arms to the balancer in equal posi-
tions as shown. Take one package of clay and cut it exactly in half. Roll each
half into a ball. Place the third stick through the center of the green balancer.
Adjust it so it extends no more than a half an inch below the balancer. Set
the assembly on the cap. Does the object balance?

lv LE?
Notice that the j]reen balancer has three sets of holes on each side. These

holes let you adjust the arms so that their position can be changed to be
wider and wider apart.

tos
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Test 1:

Place the arms as shown in the first sketch and push gently on one of the
arms. What happens? Does the object quickly regain its balance? Remove
the object and set the balance arms as in the second sketch. Push gently on
one of the arms. What happens? Does it quickly regain its balance?

ﬁx

What happens to the balance of the object when the arms ar spread fur-
ther apart?2 What happens to the center of weight for the object as you
move the arms apart? Draw a picture of how the object balances affer each
test. Where do you think the center of weight is located for this object? Does
it change when you change the position o?the arms2 Can you explain why?

Test 2:

Balance the object on the cap with the arms spread equally apart, as shown
in the sketch. How does it balance? Now move one arm so the object looks
like the second sketch. What happens fo the balance? Move one arm out-
ward so the object looks like the third sketch. What happens?2 Can you
explain why this happens2 Draw sketches of the object in each of these three

positions.
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Exploration 8: Movintg Center of Weight
by Weight Movemen

You have experienced what happens to the balance of an object when the
position of the balance arms are changed. In Exploration 7, you changed the
angle of the balance arm to the green balancer, but did not changer the posi-
tion of the clay weight on each arm. What do you think happens if you leave
the balance arms in the same position, but change the position of one weight
on the balance arm? The two tests in this exp?oration investigate the way
changing the position of the weights changes the balance.

Test 1:

Start with the balance arms placed at the same distance from the vertical
stick. Remember how it looks. Now move both clay weights about halfwa
up both arms, as shown in the second sketch. How does this affect the bCIK
ance of the object? Move the clay weights further up the balance arms as
shown in the third sketch. What happens when the object is balanced? Draw
a sketch of the results.

Test 2:

Start with the arms equally
spread, and with the clay
weights at the ends of the arms
as in the first sketch below.
Observe how the object bal-
ances. Move one clay weight
about halfway up the arms as in
the second sketch below. How
does the object balance? Is one
clay weight above the other?
Move one clay weight further up
the arms as in the third sketch.
What happens? Draw skefches
of the results in each case.

What happens when both weights are moved the same distance on the
arms2 What happens when only one weight is moved?
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Exploration 9: Arm and Weight Manipulation

on Balanced Object

In Exploration 7 you saw what happened to the balance of an object when
you changed the angle of the balance arms. In Exploration 8 you saw what
happened when you changed the position of the weights on the balance
arms. What do you think happens when you change both the angle and the
position of the weights2 Three tests in this exploration give you an opportu-
nity to observe what happens when both the angle and position of the bal-
ance weights are changed.

Test 1:
Start with the arms equally apart and with the clay weights at the ends of the
arms as in the first sketch below. Spread both arms further apart and move
both clay weights halfway up the arms as in the second sketch below. How
does the object balance? Push gently on one of the balance arms to see what
happens.

Move the arms further a{)arf and move the weights nearer to the green bal-
ancer. Draw a picture of what you see.

Test 2:

Start again as you did in Test 1. Predict how the balance would be if you
moved one arm out, and moved the weight on the other arm; see the sketch-
es below. Check your predictions by experimenting with moving the arms
and weights.
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Test 3:

Start again as you did in Tests T and 2. Predict the appearance of the bal-
ance if you spread one arm and moved the weight on the same arm as in
the sketches. Check your predictions by changing the balancing object.

Can you think of other tests with arms and weights that you haven't tried?
Can you make predictions before doing the tests2 Can you write down some
rules about moving the arms and the weights that explain the different bal-
ancing positions? What are some different moves of the weights and arms
that you haven't tried?

xploration 'IO Making Predictions About
alancing Obijects
You have experienced the changes in balance made by moving both the
positions of the balancing arms in the green balancer and the positions of the
clay weights on the balancing arms. In other words, you have made changes,
GEd seen the results of the changes in terms of the position of the balancing
object.
Nolw can you do something harder2 Can you look at a picture of the green
balancer, and predict where the arms and weights would have to be to put
the green balancer in that position?
In the pictures below, neither the weights nor the arms are shown on the bal-
ancing object. How would you place the arms and the weights to make the
object balance as shown in the sketches2 Check your predictions by trying to
put the balancing object in the different positions shown in the sketches.
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Can you now explain why a tightrope walker sometimes uses a long pole?
Where do you think his balance point and center of weight are when the pole
is used? Is it anything like the things you have done with your balancing
object and the balance arms? Is it easier for you to walk along a narrow curb
or fence with your arms out at your sides or spread out?

You have experienced the changes made in the center of weight when
changes have been made in balance arms and weight. Now you can answer
some questions about center of weight, using the knowledge you now have?
1. Why do tall stools tip over easily?

2. Is a chair with widespread legs easy to tip? Why?

3. How does a teeter-totter work?

4. Why do big cranes have big weights on the sides opposite the hook?

5. Is it easier to balance a yardstick than an umbrella2 (Try it and see!)

6. Is it easier for a friend to push you over if you are standing with your feet
together or wide apart?

7. How easy is it when you are lying down?

8. How would you design a drinking glass or cup so it is difficult to tip over2
How about a tricycle, an automobile, or a chair?

15



Dr. Lawrence F. Lowery is a professor of science education at the
University of California, Berkeley. He has had extensive elementary
and junior high school teaching experience, has written numerous
films and books on science and has written many articles for teachers
on science instruction.
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