Answers & Rubric    

Relationship Between Displacement of a Mass on a Spring and Other Variables   15 pts
Masses and Springs Simulation
Using FIREFOX only, go to http://www.colorado.edu/physics/phet  (or Google “phet”)

Click on Simulations, then Masses and Springs picture in the center of the screen.

Learning Goals
· Students will be able to explain how the displacement of a spring at rest is related to the mass of the object on the spring (which is called Hooke’s Law).

· Students will be able to use the displacement of a spring at rest to determine the mass of unknown objects.

· Students will be able to explain how the displacement of a spring at rest is related to the acceleration of gravity of the planet the spring is on.
· Students will be able to use the displacement of a spring at rest to determine the acceleration of gravity of an unknown planet.
**NOTE**

Move the friction slider to lots and leave the planet as Earth until stated otherwise. You are investigating the displacement of the spring when the mass is at rest.  Using lots of friction, the mass will quickly come to rest.  
1. Take and organize data that will help you analyze the relationship between the displacement of Spring 1 (or 2) at rest and the mass of the object hanging on the spring.
	Mass, grams
	Displacement, cm

	50
	5

	100
	10

	250
	25


**Note**

  It is not clear what the units are on the ruler.  The small marks were generally interpreted as cm, but could be interpreted as mm.
2. Clearly describe the relationship that you notice.  Write an equation modeling this relationship and define your variables, include their units.  Make sure your equation works for all of your data!

The displacement is a tenth of the mass.   (These answers could be different depending on units.)
Equation:  
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Variables:  

d = displacement in cm

m = mass in grams.  
3. Determine the masses of the green, gold, and red cylinders, showing the data you take and the calculations you do.
	Mass
	Displacement, cm
	Unknown Mass, g

	Green
	7
	70

	Gold
	15.5
	155

	Red
	30
	300


For each, you multiply the displacement by 10.

4. Investigate the relationship between the displacement of a spring at rest and the mass of the object hanging on the spring the same when you use Spring 3 with the stiffness on hard.  If not, what is the relationship now?  Organize the data you take and express this relationship in an equation, defining your variables including units and identifying which is dependent and which is independent.  Make sure your equation works for all of your data!  How is this equation different than #2? 
	Mass, grams
	Displacement, cm

	50
	1

	100
	2

	250
	5


The displacement is a fiftieth of the mass.   (These answers could be different depending on units.)

Equation:  
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Variables:  d = displacement in cm    
m = mass in grams.  
5. Take and organize data that will help you analyze the relationship between the displacement of Spring 1 or 2 at rest and the acceleration of gravity of the planet the spring is on.  (Reference: gmoon = 1.62 m/s2 and gJupiter = 22.88 m/s2)  **Note:  You should make your units don’t conflict.
With 50 grams & Spring 1:

	Planet
	Gravity, m/s2
	Displacement, m

	Moon
	1.62
	0.01

	Earth
	9.8
	0.05

	Jupiter
	22.88
	0.13


With 100 grams & Spring 1:

	Planet
	Gravity, m/s2
	Displacement, m

	Moon
	1.62
	0.015

	Earth
	9.8
	0.1

	Jupiter
	22.88
	0.255


With 250 grams & Spring 1:

	Planet
	Gravity, m/s2
	Displacement, m

	Moon
	1.62
	0.04

	Earth
	9.8
	0.25

	Jupiter
	22.88
	Too much!


6. Clearly describe the relationship that you notice.  Write an equation modeling this relationship and define your variables, including units, also identifying which is dependent and which is independent.  Make sure your equation works for all of your data!  **Note:  You should make your units don’t conflict.
With 100 grams & Spring 1:

	Planet
	Displacement, m 
	Gravity, m/s2

	X
	0.04
	4


7. Determine the acceleration of gravity on planet X, showing the data you take and the calculations you do.
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