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Physics I - ZCHS

Phet Gravity Lab 
Name:_______________________________
Period: _____
Go to http://phet.colorado.edu/en/simulation/gravity-force-lab
 And select RUN

Qualitative Observations
1. Move the masses closer.  When the masses move closer together the force between them becomes (Greater/Less/the same)
2. Move the masses further apart.  When the masses move away the force between them becomes (Greater/Less/the same)
3. Double Mass 1.  When mass 1 is doubled the force between them becomes (Greater/Less/the same)
4. Cut Mass 2 in half.  When the mass is reduced the force between them becomes (Greater/Less/the same)
5. In any of the situations did the forces ever differ from one another in magnitude?
6. In any of the situations did the forces ever not point in opposing directions?

7. What physics LAW explains questions 5 and 6 (either give name or definition)

Quantitative Analysis:  It is now time to build a model.  First, let us examine the relationship between mass and force.
8. Separate Mass 1 and Mass 2 so that their centers of mass (black dots) are 6 meters apart.

9. Set Mass 2 to 30.0 kg.

10. Start Mass 1 at 1.0 kg.  Collect  8 data points with the gravitational force being your dependent variable and your Mass 1 being independent.    Record your data in Table 1.1 on the next page.  Hint:  Write all force values to the same scientific notation power (i.e. –x 10-10)

11. Make a hand-drawn graph of  your data.  Draw a best-fit line.  Attach your graph and title it “Graph 1: Force vs. Mass”
12. Redo the experiment but set Mass 1 to 30.0 kg and collect data on Mass 2’s relationship to force.   Record your data in a table labeled  Table 1.2 on the next page. 
Table 1.1  
Table 1.2

	Mass 1 (kg)
	Mass 2 (kg)
	Force (N)
	Mass 1 (kg)
	Mass 2 (kg)
	Force (N)

	1
	30
	
	30
	1
	

	5
	30
	
	30
	5
	

	8
	30
	
	30
	8
	

	10
	30
	
	30
	10
	

	18
	30
	
	30
	18
	

	20
	30
	
	30
	20
	

	25
	30
	
	30
	25
	

	30
	30
	
	30
	30
	


13. Does it matter which mass increases?

14. Based upon Graph 1, what type of relationship is there between Mass and force?

Now, let us examine the relationship between distance and force.
15. Set both masses to 5 kg.

16. Collect 8 data points with the gravitational force being your dependent variable and the distance between the masses being your independent variable.   Note:  Take note you can move the ruler and the masses to maximize your range.  .    Record your data in a table 2.1 below.
Table2.1 (Masses held constant :  Mass1 = 5kg,  Mass2 = 5 kg)

	Distance (meters)
	Force (N)

	10.0
	

	8.0
	

	6.6
	

	5.8
	

	4.6
	

	3.4
	

	2.0
	

	1.5
	


17. Use MS excel to make graph of Force vs. Distance (F vs. d).  Print your graph and then hand-draw a best-fit line (it will not be linear).  Attach your graph and label it “Graph 2: Force vs. Distance”
18. Based upon Graph 2, what type of relationship do you think exists between distance and the force of gravity?

19. To see if your answer to question #18 is correct you need to linearize your data.  In other words, make additional graphs of your manipulated data until you get a linear relationship.  Hint:  The shape of Graph 2 should give you an idea of what type of manipulated data might make the most sense to graph, but, if you don’t have any idea try graphing these…
F vs. d2,  F vs. 
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, F vs. 1/d,  F vs. 1/d2 

To assist you in making these graphs complete the data table below.

Table 2.2 (Manipulated Data) (Mass 1 = 5kg, Mass2 – 5kg)


	d2
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1
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1

d


	Force (N)
(From table 2.1)

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


Attach the graph that produces a linear relationship between the data.  Call this “Graph 3”

20. What is the actual relationship between distance and the force of gravity?

UNIVERSAL LAW OF GRAVITATION:  
21. See if you can write out the proportions between Mass 1 (m1), Mass 2 (m2) distance (r) to the Force of gravity (Fg).

Fg [image: image5.png]



22. Check with your instructor to make sure your proportionality is correct. 
23. Now, choose some values (m1, m2, and d) and enter these into your proportion to see if it gives you the Force value as indicated when these values are entered into the simulator.   Write the force value you get and the force value the simulator give you.

Mass 1 = _____________

Mass 2 = _______________
Distance = _________________

Force (from above proportion) = ______________
Force (from simulation) = _____________

24. Also, what units do you get when you solve your proportion?  Does it come out as Newtons?

You should notice that you don’t get the same force value from your proportion as is indicated by the simulator.   You also should notice that the units you get are not in Newtons.   This means that either your proportion is wrong or there are other constants that you forgot to include.    Because your graphs show very distinct relationships let us assume that your proportions are correct.  Thus, all you need to do is to find the constant that goes in front of your proportion to come up with the actual equation relating the force of gravity to the masses and the distance between the masses.    
25. Complete the table below using any values that you want for Mass 1, Mass 2, and Distance.  Use your proportion from question #21 to calculate the value in the “Proportion” column and the simulator to determine the values in the “Force” column.

	Mass 1 (kg)
	Mass 2 (kg)
	Distance (m)
	Proportion
	Force (N)

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


26. Now, make a graph of Force (y-axis) vs. Proportion (x-axis) using MS Excel.  Use Excel to make a best-fit line of your data that shows the equation of the line on the graph.  Label this graph “Force vs. Proportion” and attach.   
27. The slope of your Force vs. Proportion graph gives you the value of the constant for your proportion.   The constant for this relationship is called The Universal Gravitational Constant and is symbolized by a capital G.   What is the value of G?
28. Write your full formula and check with your instructor.  
29. Congratulations!  You just experimentally derived the Universal Law of Gravity.  Sir Isaac Newton came up with this equation in the 17th century but he had no way to determine the gravitational constant (he didn’t have a simulator like you did).  It wasn’t until 1797 that Henry Cavendish invented an apparatus to measure the force of gravity between two masses that an accurate value of G was calculated and the equation finalized.    Go to the internet and search for “Cavendish Experiment”.   Attach a separate paper on which you draw a labeled diagram of the apparatus that Henry Cavendish used to find the Universal Gravitational Constant.
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