Uni versal Gravitation
St udent Gui de

Activity 1 - Earth Gravity Exploration

Usi ng Pasco’s ball drop apparatus and various size steel ball bearings,
determ ne the acceleration due to the Earth’s gravity: g. Find the mass and
di ameter of each sphere. Place each sphere so the bottom of the sphere is the
sanme di stance above the pedal and drop each sphere at |east 5 tines.

Using the average tine of the drops for a given sphere, cal culate the average
val ue of g.

Ql.1: Does the mass or the dianmeter of the sphere nake any difference
in the value of g? If so, what is the trend?

Now vary the height for a given size sphere. Mike a table for your data. Use
at least 4 different heights and run at least 5 trials at each height. Again,
calcul ate the average tinme for each height and cal cul ate the average val ue of
g.

QL. 2: Does the height nake any difference in the acceleration? |If
so, what is the trend?

Q1. 3: VWhat part of the equation F =G mm equals g if
r2

m = n’larth and r = rearth?

Ql. 4: What is the value and the units for G?



Activity 2 - Building a Model for Universal Gravitation
(from scratch)

Based on your know edge of force nodels, it should be fairly sinple to
build a nodel which shows how two objects will nove toward each ot her due to
gravitational forces. This nodel is different fromearlier nodels in that you
have two objects, so each object will need its own set of distance, velocity
and acceleration icons. Also, since we are interested in the position of each
obj ect, the distance stocks should be re-naned as position stocks. Also, the
net force icon will reflect the fact that the two nasses are interacting.

1. Open STELLA

2. Create a series of stocks, flows and converters to represent position, rate
of change of position, velocity, rate of change of velocity, acceleration and
nmass.  You will create two sets of these, one for mass 1 and one for mass 2.
Al'l flows should go i nto stocks. Each mass should connect to its
acceleration (mass 1 to acceleration 1, mass 2 to acceleration 2). Just to
be safe, make sure your velocities can be negative and that your flows are

bi fl ows.

3. Create one net force converter. This converter should have connectors
going to each of the acceleration converters. Connectors from each of the
masses should lead to net force and connectors from each of the distance
stocks should | ead to net force.

(Note: Answer all questions on a separate sheet of paper.)

Q.1: WII this net force be constant or will it change? Explain

4. Al equations should be as before except for the net force equation. This
nmeans that you know what to enter for rate of change of position, rate of
change of velocity and acceleration. The initial velocities of both particles
will be zero. The initial values for position and the values for nass are

di scussed bel ow.

5. If all the right connections are made, you should be able to enter the
equation for universal gravitation into the net force converter. It should
| ook sonething like this

6. 67E-11*mass1*nass2/ (Di stancel - Distance2)”2

Q2.2: The equation in the book just says d2. Wy are we subtracting
t he di stances before squaring?



6. Now comes the experinmental part. The initial position for mass 1 should
probably be 0. That gives us a reference point. The initial position for
mass 2 shoul d be sonewhere farther away. Try 0.2 (that would be 20 cm.
Renenmber that the gravitational force is very snall. Now nake the nasses

| arge enough (sonmething E5 or in the 100,000's). Create a graph showing the
position of each mass. You should set the axes to have the sane scale (0 to
your position for mass2). Run the nodel and sketch the graph.

Q2.3: Is the graph what you expected? Explain.

7. Sketch the nodel on your paper as well. W will build a simlar nodel
when we | ook at el ectromagnetic forces. Be sure to put your initial positions
and nasses on the sketch for conparison.

8. Create a second graph. This will be a scatter graph. Put
di stance_between on the x axis and force on the y axis. Run the nodel again.

Q2.4: Wat is the relationship shown by this graph?

9. Return to the first graph (looking at the two positions). Experinment with
different initial positions and masses.

Q2.5: What happens if the masses are too | arge?

Q2. 6: Wat happens if the distances are too |arge?

10. Save your nodel as Universal Gravitation.



Activity 2 (Alternate) - Building a Model for Universal
Gravitation fromthe Action-Reaction Model

Buil ding a Universal Gavitation nodel is sinple if you start with the
Action-Reaction nodel. There are afew significant changes such as renaning the
di stance stocks as position, creating a distance converter and changing the
applied force icon so that it will reflect the fact that the two nasses are
i nteracting.

1. Open the Force 2 Objects nodel.
2. Change the nanme of the distance stocks to position and position 2.

3. Create a distance converter. This converter should cal cul ate the

di fference between the two positions. Later on you will be told to start
position2 at a |arger nunber than positionl, so set the formula in the

di stance converter so that the distance will be positive.

3. The applied force converter will hold the equation for Universal
Gravitation.

Q2A. 1: Before you enter the equation into this converter, what other
converters will need to be connected to it?

*Q2A. 2: WII this applied force be constant or will it change?
Expl ai n.

4. Make the connections you suggested in 2.1 above and then enter the
Universal Gravitation fornula (using STELLA nanes) into the applied force
converter.

Q2A. 3: Record here the equation as it appears in your converter.

5. Now comes the experinmental part. The initial position for mass 1 should
probably be 0. That gives us a reference point. The initial position for
mass 2 shoul d be sonewhere farther away. Try 0.2 (that would be 20 cm.
Renenmber that the gravitational force is very snall. Now nake the nmasses

| arge enough (sonmething E5 or in the 100,000's). Create a graph showing the
position of each mass. You should set the axes to have the sane scale (0 to
your position for mass2). Run the nodel and sketch the graph.

Q2A. 4: |s the graph what you expected? Explain.



6. Create a second graph. This will be a scatter graph. Put distance on the
X axis and applied force on the y axis. Run the nodel again.

*Q2A. 4: What is the relationship shown by this graph?

7. Return to the first graph (Il ooking at the two positions). Experinment wth
different initial positions and nmasses.

Q2.5: Wat happens if the masses are too | arge?

Q2. 6: Wat happens if the distances are too |arge?

8. Save your nodel as Universal Gravitation.



Activity 3: Universal Gravitation Model
and the gravitational acceleration of Earth

Once you have a working Universal Gravitation nodel that has been
checked by your instructor, nodify the nodel to so that it represents the
attraction between Earth and an object 1500 m above Earth.

I nformati on needed:
Mass of Earth: 5.98 x 1024 kg

Radi us of Earth: 6.38 x 106 m

Mass of object: 1 kg
Remi nder: The distance in the Universal Gravitation equation is fromcenter
to center of the two objects. This was not explicitly part of the earlier

nodel s but becones a crucial point in this one.

Q3.1: If the initial position of Earth is at 0, what is the initial position
of an object 1500 m above Earth?

After you have a worki ng nodel :

Q3.2: What is the average acceleration of the object? O Earth?

Q3. 3: Look at the position graph and coment on the notion of the Earth.

Q3.4: Vary the nmass of the object from1l kg to 1000 kg and observe the
accel eration of the object. How does nass of a falling object affect the
val ue of the gravitational acceleration?



