2.2 m PAScar Dynamics System



                Experiments 19: Hooke's Law & Conservation of Energy 


Experiment 19:  Hooke's Law and Conservation of Energy
Materials
	Power Macintosh or Windows PC
	1 PAScar with 10 cm gate attachment

	LabPro or Universal Lab Interface
	Dynamics track with feet and end stops

	Logger Pro 
	1 ring stand and 90o clamps

	1 Vernier Photogate
	Cart masses

	1 Metal Plate
	


Purpose 

· To quantitatively explore the linear relationship between force and displacement for a spring.

· To explore conservation of energy in an elastic system. 

Theory 

In 1660 Robert Hooke discovered a linear relationship that existed between the force exerted on a spring and the amount by which it stretched, and is now known by his name. His findings greatly improved the accuracy of small timepieces, such as a watch. His discovery led to the simple relationship: 
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Whenever a spring is compressed or stretched, work is being done on the spring. This energy is stored in the form of elastic potential energy, which follows the relationship:
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If this energy is released, it can do work. Under ideal circumstances, all the elastic potential energy will be converted into another form of energy, such as kinetic energy. If that is the case, then the following relationship must hold true.
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Part I: Finding the Spring Constant of a Dynamics Cart:
1. Place the cart on end on top of a metal plate as seen in figure 1.1 with the plunger fully extended. 
2. Measure the length of the plunger and record this reading in the table below.

3. Carefully place a mass hanger on the end of the plunger. Add mass to the mass hanger until the plunger just begins to move (This should be somewhere between 120g and 180g of total mass including the mass hanger). Remove the smallest amount of mass possible to allow the plunger to extend back to its full length. This mass value will represent 0.000kg associated with the first row in your data table below.
4. Add 100g to the hanger and measure the length of the plunger.

5. Add another 100g to the hanger and repeat the measurement of the plunger length.

6. Repeat this process until you have added 900g to 1,000g on the cart plunger.
Note: If the plunger bottoms out before you have added 1,000g to the hanger, you will have to revert to the previous measurement in your data table.
 Table 1.1: Results (Hooke’s Law)
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1cm  

2 cm  

3 cm  

4 cm  

Initial Length of Plunger:

	Length of Plunger (m)
	Change in Length of Plunger (m)
	Mass (kg)
	Weight (N)

	
	0.000
	0.000
	0.000

	
	
	0.100
	

	
	
	0.200
	

	
	
	0.300
	

	
	
	0.400
	

	
	
	0.500
	

	
	
	0.600
	

	
	
	0.700
	

	
	
	0.800
	

	
	
	0.900
	

	
	
	1.000
	


Part I: Data Analysis/Calculations (Finding the Spring Constant of a Dynamics Cart):
1. Graph your data, Weight vs. Change in Length (Displacement) of Plunger.

2. To find your spring constant, determine the slope of your line.

Part II: Conservation of Energy:
Dynamics Track Setup
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Figure 1.2 

1. Install the feet on the track and level it. 
2. Install end stops at the ends of the track.

3. Install a photogate using a ring stand and place it as shown in the Figure 1.2 above.  Make sure that the photogate is positioned such that the gate on the cart is just about ready to block the photogate when the plunger is fully extended.
4. Complete all connections to the LabPro interface and the computer.  Make sure that the photogate is connected to a DIG/SONIC port on the LabPro. 

5. Start Logger Pro 3.5.0 or higher, and open up the file, “Hooke's Law & Conservation of Energy” in the Student Assignments directory under Mr. Ropes/Physics.
6. When prompted, click on “Connect” to establish communications between the photogate and the computer.
Part II: Conversion of Elastic Potential Energy to Kinetic Energy (Different Mass)
1. Measure the mass of the cart and record in Table 1.2.
2. For each of the cases in Table 1.2, place the cart up against the end stop with the plunger latched in the third position. Record this displacement value in Table 1.2. The plunger should not be completely recessed into the cart(about 5 mm out), but at the same time, be up against the end stop. See Figure 1.2. 
3. After clicking on the [image: image4.png]I» Collect




 button, tap the plunger release button gently (you may want to use a pen or pencil to do this) to allow the cart to explode off the end stop and down towards the other end of the track.
4. Record the velocity value for each trial in Table 1.2.  Repeat this process for the mass combinations listed in the table until you have completed all of the trials.
Table 1.2: Results (Conservation of Energy)
	Initial Mass of Cart:                 (kg)
	Displacement of Plunger:            (m)
	Elastic Potential Energy:                             (J)

	Additional 

Mass on 

Cart

(kg)
	Total Mass

(kg)
	Velocity (m/s)
	Kinetic

Energy

(J)
	PEs – KE

(J)
	% 

Difference

	
	
	Trial 1
	Trial 2
	Trial 3
	Average
	
	
	

	0 
	
	
	
	
	
	
	
	

	0.250
	
	
	
	~ . 
	
	
	
	

	0.500
	
	
	
	
	
	
	
	

	0.750
	
	
	
	
	
	
	
	

	1.000
	
	
	
	
	
	
	
	

	Average:    
	
	
	


Part II: Data Analysis/Calculations (Conservation of Energy):
1. Summarize your data for each trial in Table 1.2. 
a. Determine the elastic potential energy.*
b. Determine the average kinetic energy. *

c. Find the difference between the elastic potential energy and the kinetic energy of the cart. *

d. Determine the percent difference between the two. *
* Note: For a - d,  you must show a sample calculation, showing all work, including the formula and substitution with units for each step.  Show your work in your lab book.  Do not do in the margins.  You only need to do this for one data point.

Error Analysis:
(Make sure that you discuss the most significant sources of experimental error that may have affected your results.) 
Conclusions:
(Make sure that you discuss the energy changes that occurred and whether or not your data supports the law of Conservation of Energy.) 

Extensions:

Part III: Conversion of Elastic Potential Energy (Different Displacement)
1. Remove all the mass from the cart and record the initial value for mass in the space provided in Table 1.3.
2. For each of the cases in Table 1.3, place the cart up against the end stop with the plunger latched in the first position. Record this displacement value in Table 1.3. 
3. After clicking on the [image: image5.png]I» Collect




 button, tap the plunger release button gently (you may want to use a pen or pencil to do this) to allow the cart to explode off the end stop and down towards the other end of the track.
4. Record the velocity value for each trial in Table 1.3.  Repeat this process for each subsequent latched position on the plunger, including it being recessed completely into the cart itself.
Table 1.3: Results (Conservation of Energy – Changing Displacement)

	Mass of cart:                         

    (kg)
	

	Plunger
	Velocity
(m/s)
	Kinetic

Energy

(J)
	Elastic

Potential

Energy

(J)
	% Difference

	Displacement 
	
	
	
	

	(m) 
	
	
	
	

	
	Trial 1
	Trial 2
	Trial 3
	Average
	
	
	

	0 
	0
	0
	0
	0
	0
	0
	

	
	
	
	~ . 
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	


Part III: Data Analysis (Conservation of Energy):
1. Summarize your data for each trial in Table 1.2. 
a. Determine the average kinetic energy. *

b. Find the difference between the elastic potential energy and the kinetic energy of the cart. *

c. Determine the percent difference between the two. *

d. In your lab book, plot KE vs. Average Velocity. Do not forget to plot (0,0).
e. On a separate graph, plot PEs vs. Plunger Displacement. Do not forget to plot (0,0).
* Note: For a - c,  you must show a sample calculation, showing all work, including the formula and substitution with units for each step.  Show your work in your lab book.  Do not do in the margins.  You only need to do this for one data point.

Part III Questions:

1. Describe the graphical relationship observed for each graph.

2. Based upon the graphs, does your data support the theoretical relationships for KE and PE?
Figure 1.1
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