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Gravity is a powerful force and has an incredible influence over our lives.  Perhaps you find the title of this presentation intriguing.  Gravity is stated as a Scientific Law (which is also a Scientific Principle) and explains how it works.  What goes up must come down.  An object raised upward in a gravitational field will come down to its original position, when the support mechanism ceases.  

There is no argument that gravity is the cause of much motion in the world.  Just hold a wine glass in your hand, and then release it.  The wine glass falls downward to a disastrous end, unless it falls onto something soft and cushiony.  But what about the senses?  How do they play a part in determining the effects of gravity?  Below are the senses listed, with the addition of kinesthetic.  

1.  Can you give an example of how you might detect the effect of gravity, via motion, using one of the senses?  Explain how you could do this.   

Answers will vary with the age and experience of the class.

hearing

You can hear the impact of things falling with the ground. 

kinesthetic (balance)

You can feel yourself becoming unbalanced before you fall.

seeing

The examples are endless of what you can see falling.

smell

Not able to smell motion or gravity. 

taste

Not able to taste gravity, as a rule.  Catch a raindrop on our tongue????

touch (pressure)

The pressure of things in your hand; dropping something on your foot.

SOME QUALITATIVE EXAMPLES OF THE SENSES, MOTION AND GRAVITY

1.  HEARING.  You will be given two pieces of string with weights tied to each.  String A has the weights evenly spaced along it.  String B has the weights spaced at increasing (exponential) distances along it.  You will stretch each string vertically and hold the over the bottom of an overturned container.  You will release each in turn and allow each to fall onto the bottom of the overturned container.

How do you predict that each will sound as the successive weights strike the bottom of the container, as gravity interacts with each system?  Explain.

Answers will vary.

Do it.  Record your results.

a.  How did the sound of String A compare with that of String B?

With String A the time between beats increased.  With String B the time between beats were pretty equal.

b.  Why were the results as you noted above?  

It happened because of the position of the weights along the string.  String A had evenly spaced weights.  String B had increasing intervals between the strings.

c.  What did this show about gravity and motion of the respective strings?

2.  KINESTHETIC (BALANCE).  You will be given a plumb line to use to check your balance.  A plumb line is a piece of string with a weight attached to one end.  Masons and carpenters use them to determine if a structure they are building was perfectly vertical to the horizontal horizon.  You, the plumb line and gravity are the parts of this system.

Suppose you stand with your feet apart shoulder width, hold the free end of the plum line string in your navel, and lean forward.  What do you predict will happen as you lean forward?  

You could fall onto your face.

At what point do you think you would feel out of balance?

Answers will vary.  Some students may understand the significance of the navel as a point on the center of gravity of the human body.

Do it and record your observations.

a.  Describe your position when you felt like you were out of balance.

When your navel was beyond the edge of your toes, as seen by the plumb line.

b.  What did the plumb line show about being out of balance?

It gives a good indication of when you will begin to feel out of balance.

3.  SIGHT.  There are many examples of systems that show the effect of gravity on motion.  However, this next question concerns the use of a super “glue” to retard motion.  See if you can observe and explain this situation.

An egg carton with 18 eggs in it will be temporarily glued to a person or an object using a new, revolutionary tasteless, odorless “glue”.  A succession of clues will be given as the demonstration proceeds.

What clues did you observe that showed gravity in action, or gravity being retarded?

Answers will vary.

a.  What do you think the super glue is made of and how is it able to do such a good job of holding the egg carton stable?

Answers will vary.  Perhaps some students will realize that the egg carton and eggs have been adjusted.

b.  What parameters of this system have been adjusted to enable the egg carton to be stable? 

The center of gravity was caused to move to a new position.

4.  TOUCH (PRESSURE).  Pressure is defined as the force exerted on a unit if area.  The pressure exerted by the motion of an object caused by gravity can be shown by a number of systems.  Suppose you were to drop two different sized objects from the same height, and they struck the floor.  How might you show that the larger object exerted more force, thus had more pressure?

Suppose you were to drop the objects onto targets of modeling clay (Plastoline) or Pla-Do.  What do you predict would be the results?

By the dents in the Pladoh where the weights have struck it.

Do this with the materials supplied.  Record your results. 

a.  How did you prepare the targets for this experiment?

Answers will vary based on the ingenuity of the students.

b.  How did you measure the results of the impact of the objects with the targets?

Answers will again vary.  The volume of the dents could be measured using water.  The individual depth of each could be measured.

c.  What did the results show?

The heavier “weights” made deeper depths.

OTHER PHENOMENA OF GRAVITY AND MOTION

5.  FREE FALL.  Free fall is when an object is within the pull of a gravitational field and moves in accordance with the force provided by gravity.  The experiment you just did with the objects and the flexible targets is an example of free fall.  Lets experiment with a few more systems.

Suppose you had made the following gadget.  Get a plastic or Styrofoam cup.  Attach two rubber bands from the inside center of the cup.  There are a variety of ways to attach the rubber bands depending on the cup.  After the rubber bands are secure, attach a fishing weight to the other end of each rubber band.  The weight should be heavy enough to for you top be able to pull it, stretch the rubber band, and drape the weight over the edge of the cup (Figure 1).  

WHAT DO YOU PREDICT WOULD HAPPEN IF THE CUP WERE ALLOWED TO GO INTO FREE FALL  (BESIDES EVENTUALLY IMPACTING WITH THE FLOOR)??

Do it and record your observations.
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a.  What happened to the system?

b.  Explain why the phenomena you observed, happened

Now suppose you had a transparent plastic cylinder, capped at both ends, containing water, and a floating object, like a ping-pong ball (Figure 2).  
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Figure 2   The tube is shown horizontally, but used vertically.

Further, suppose you held the tube vertically, and the ping-pong ball were at the bottom of the tube.  WHAT DO YOU PREDICT WOULD HAPPEN?  Do it and record your observations.

Answers will vary.

a.  What happened in the system?

The masses got pulled into the container.

b.  Explain why the phenomenon you observed happened.

In free-fall, the weight of the masses is temporarily nullified because gravity is pulling on the entire system as it falls, hence the rubber bands which have been deformed by pulling them and the mass, restore themselves and in the process pull the masses back into the cup.

Suppose you repeat the above experiment but allow the tube top go into free fall.  WHAT DO YOU PREDICT TILL HAPPEN?  IN OTHER WORDS, WILL BUOYANCY CONTINUE TO HAPPEN IN FREE FALL?  Do it and record your observations.

Answers will vary.

a.  What happened in the system?

The ball stopped floating to the surface.

b.  Explain why the phenomenon you observed happened.

Again, the buoyancy “force’ of the water has nothing to push against since the “basin” the tube is falling, as is the water.  Hence buoyancy is suspended temporarily in free fall.

6.  CENTER of GRAVITY.  All solids in the world have a center of gravity.  The center of gravity is the place on a solid where all of the weight (or mass) seems to be concentrated.  The experiment you did for kinesthetic senses with the plumb line used your center of gravity, your navel.  Your navel is where all of your weight is concentrated.  When you were standing erect, you were stable, and equilibrium with the floor.  As you leaned forward, you became unstable and upset your equilibrium.
All sorts of things that rotate on an axle are placed on the axle at their center of gravity.  The center of gravity is the point at which a spindle is placed to make a balanced spinning top.  If you put a pencil through the center hole on a common ruler, and give it a push, it will spin around its center of gravity.

A very graphic way to further demonstrate this is by using three one-liter soda bottles.  Fill one totally with water, one the water level halfway, and one with the water level one-third the way from the bottom.  Using a permanent marker put a dot on the center of the bottle totally filled with water.  Put a dot about ¼ the way from the bottom on the bottle that is halfway filled, and a dot about 1/6 the way from the bottom on the bottle filled one-third the way.

Then the bottles are sitting on their bottoms, they are stable.  If you were to lean them over, at what point do you think each bottle would become unstable???  Make a prediction for each bottle, below.

When the center of gravity (the spot on each bottle) goes out beyond the base of support, the bottle in question becomes unstable and will fall.  This is similar to the kinesthetic activity with the person leaning from the ankles until the navel is beyond the tips of the toes and again instability occurs.

Do the experiment and record your observations.

a.  At what point did each bottle become unstable?

Then the marker spot (the center of gravity) was beyond the base of support.

b.  Why did each bottle become unstable at a different tilt?

The center of gravity was at a different position in each bottle. The higher the center of gravity, the unstable is the bottle.

7.  ACCELERATION.  In keeping with Newton’s laws of motion, when a force is exerted on an object, if the inertia of the object is overcome, the object will accelerate.  How can you tell if acceleration is happening as a result of a force?  Lets make a simple accelerometer—a meter to show that acceleration is happening

This is made by mounting a Zip-Loc Bag, half-filled with colored water, within a cardboard frame (Figure 3).  
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Figure 3

If it were accelerated horizontally, what do you predict the colored water would do?

It will move and “pile up” in the side of the plastic bag that is opposite of the direction of the force.  This is because inertia of the water tends to want to cause it to remain unmoved.  But it does move.

Do what you predicted, and observe and record our results below.

1.  What happened in the system?

The water moved and “piled up” in the side that was opposite of the direction of motion.

2.  Explain why the phenomenon happened.

The inertia of the water wants to cause it to be unmoved.  However, since this is not possible, the water piles up on the side opposite to the direction of the motion of the system.

In addition, the accelerometer idea can be further examined using plastic bottles with lids, such as those that contain mixed nuts or mayonnaise.  You can make three permutations of the simple Ziploc bag accelerometer.  A “pendulum” is attached within the bottle from the inside center of the lid.  This is done using a hot melt glue gun.  The three variations are shown below (Figure 4).
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Notice in Bottle A the pendulum is suspended in air.  Bottle B is identical to Bottle A with the exception that it is filled with water; hence the pendulum is suspended in water.  Bottle C has a floating object on the end of the string, like a cork, or piece of Styrofoam.  It too, is filled with water. 

What do you predict will happen to the pendulum if you accelerate Bottle A?

Answers will vary.  The pendulum will move like the water did above.

What do you predict will happen to the pendulum if you accelerate Bottle B?

Answers will vary.  The pendulum will move in the direction that the force is applied, which is the direction that the bottle moves.
What do you predict will happen to the pendulum if you accelerate Bottle C?

Answers will vary.  The pendulum, which floats will move in the direction that the force is, applied which is the direction that the bottle moves.
Accelerate each and record your observations below.

Bottle A

Bottle B

Bottle C

Explain why each Bottle Accelerometer responded as it did.

The pendulum in Bottle A moves like the water in the Ziploc accelerometer, for the same reason.

The pendulum in Bottle B and C moves the direction that the force if applied.  The water in B and C moves like the water in the Ziploc accelerometer.  This causes an action, which is translated to a reaction by the pendulums in B and C, hence they move the direction of the force of the direction of the respective bottles.
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