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	Equipment Needed
	Qty
	Equipment Needed
	Qty

	Computer with DataStudio
	1
	Base and Support Rod
	1

	USB Links
	2
	Support rod
	1

	Force Sensor 
	1
	Clamp, right-angle
	1

	Motion Sensor 
	1
	Mass and Hanger Set
	1

	Spring 
	1
	Plumb Line (Optional)
	1

	
	
	


Background and Overview: 

A spring that is hanging vertically from a support with no mass at the end of the spring has a length L (called its rest length).When a mass is added to the spring, its length increases by L. The equilibrium position of the mass is now a distance L + L from the spring’s support. What happens when the mass is pulled down a small distance from the equilibrium position? The spring exerts a restoring force, F = -kx, where x is the distance the spring is displaced from equilibrium and k is the force constant of the spring (also called the ‘spring constant’). The negative sign indicates that the force points opposite to the direction of the displacement of the mass. 
[image: image4.wmf]In this activity, you will use the Force Sensor to measure a series of weights (hanging mass) used to stretch a spring.  You will also use a motion sensor to determine the relative position of the spring for each increment of weight added. Finally, you will use DataStudio to determine the spring constant k for the spring.
PART I: Equipment Setup
1. Set up a threaded rod and large base.  Using a 90 degree clamp, connect the second rod so that it extends horizontally.

2. Next, mount the Force Sensor vertically from the end of this rod so that its hook end is down. (not pictured)

3. Suspend the spring from the Force Sensor’s hook so that it hangs vertically.

4. Add the Mass Hanger Plus 120 grams of mass to the spring.

5. Position the motion sensor directly beneath the hanging mass and set the sensitivity switch on the motion sensor to the wide angle (stick figure) setting.  Lower the horizontal rod so that the stretched spring with added mass is as close to 30 cm above the sensor as possible.  In some labs rooms, the tables may not allow you to get this close.

6. Now that your stretched spring will not be closer than the minimum distance to the motion sensor, remove all mass from the hanger.  The hanger should remain on the spring.

7. 
8. 
9. Turn on the computer and open the program Datastudio using the shortcut on the desktop. 
10. From within DataStudio, open the activity “Hookes Law.” A table with two columns, Displacement and Force, will appear.  You will also see a Digits window for the motion      sensor displaying the position.  You should also see a tab at the bottom of the screen for a graph that has been minimized until you need it.
11. Connect two USB Links to the computer.
12. Carefully align and connect the Force Sensor and Motion Sensor to the Links.
Overview:
 Read the following paragraph carefully before trying to collect data. 
This file uses ‘Keyboard Sampling’ to manually enter the displacement (equilibrium position minus current position) of the stretched spring in meters for each force sensor reading.  To determine the displacement you must first determine the equilibrium position of the spring and hanger with no mass added. For each increment of mass added to the spring, you need to subtract the new position from the original equilibrium position.  You will type this resulting displacement into the table when prompted.  The motion sensor will click continuously while you complete the process of adding mass to the hanger. Do not let the noise rush you.
Recording Data:  
A. Click Start to begin recording Force and Position for the spring and hanger with no mass added. You will see a value appear in the Force column.  Press the tare button on Force Sensor to zero the Force Sensor.  The value should change to 0.00. 

B. Notice that ‘Start’ button changes to a ‘Keep’ and a ‘Stop’ button ([image: image1.png]


). To manually enter the displacement for 0 weight added to the hanger, click the Keep button.  The force sensor and motion sensor values will freeze.
IMPORTANT: Write down the Equilibrium Position in your data table before proceeding. The equilibrium position is the value of the motion sensor reading with no mass added to the hanger. This position corresponds to the 0.000 displacement of the spring and hanger with No Force. You will use the equilibrium position motion sensor value to manually calculate the displacement for each amount of weight on the stretched spring.

C. A pop up window for Keyboard Sampling will prompt you for the displacement. Enter 0.000 in units of meters (m) as the displacement for NO ADDED weight. Notice that the displacement or stretch with no mass added is 0.000m, which corresponds to the equilibrium position of the motion sensor reading with no mass added.

D. Click OK to set the first pair of points (Displacement, Force). 

E. Carefully add 20 grams of mass to the end of the spring.  Make sure the hanger is steady as you release it.
F. When the hanger is steady, press Keep.  Subtract the new position of the spring from the original equilibrium position you wrote in the data table.  This is the displacement or stretch due to the weight added. (another way to think of this is that the displacement is the motion sensor position reading with no added mass minus the motion sensor reading with mass added).  Enter the displacement and click OK to set the second pair of points. 
G. Add another 20 grams to the spring (for a total of 40 g additional mass). Click ‘Keep.’ Calculate the displacement (Again, use the motion sensor position reading with no added mass minus the motion sensor reading with mass added). Type in this displacement and click OK.
H. Continue to add mass in 20 gram increments until you have added all six (total 120 grams). Each time you add mass, calculate and enter the new displacement value from equilibrium.
I. Press stop to end data recording. The data will appear as Run #1.

Analyzing the Data
1. Maximize the Force vs Displacement graph (recall that the graph is minimized at the bottom of the screen).
2. Click the ‘Scale to fit’ button ([image: image2.png]


) to rescale the Graph axes to fit the data.
3. Next, click the ‘Fit’ menu button ([image: image3.png]


) and select the appropriate curve fit.
4. Record the slope and intercept values in the Data Table in the Lab Report section.
5. If a printer is available, print you graph.

Answer the questions on the Student Response Sheet.
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Data Table

	Item
	Value

	Equilibrium Position (no mass added)
	

	Slope of the Line
	

	Y-intercept
	


 Questions:
1. Compare the equation for Hooke’s Law (F=-kx) to the slope intercept equation of a line (y = mx + b).  You placed F on the y axis and displacement on the x- axis.  What symbol in Hooke’s equation represents the slope of the line found in your graph and the table above? 

2. Again, comparing the two equations as in question one, what is the theoretical value for the y intercept in Hooke’s Law?

3. What is the experimental value found in you graph and in your table? 

4. What does this value indicate about the accuracy or quality of your results?  Can you think a way to improve the lab to reduce the magnitude of the experimental y intercept value?

5.   Using your graph, interpolate the force needed to stretch the spring to 15 cm.
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