
Lab

“All Wound Up”

Purpose

To investigate the force exerted by a mousetrap.

Equipment Needed

· spring scale

· mousetrap

· protractor

Discussion

Your mousetrap car’s performance will depend directly on the strength of the spring in your mousetrap.  In order to measure the winding force the spring exerts when you set up your mousetrap car, you will use a spring scale attached to your lever arm. The lever arm is lifted and the force is measured every 5 or 10 degrees.  The scale has to be held such that the string attached to the lever arm is perpendicular.  One problem with this method is that as the spring scale is held in different positions it becomes inaccurate.  
For a spring that is stretched or compressed along its length, Hooke’s Law applies which says that the force required to stretch or compress the spring increases linearly with displacement: F = -k x, where the “-“ sign indicates the force is opposite to the displacement (stretch the spring right and it pulls left, compress it left it pushes right).  But a mousetrap spring does not stretch along its length – rather it is twisted around its length. A mousetrap spring is a torsion spring and winds up.  For this type of spring a different formula is needed: ( = F r = - ( (.  ( (Greek letter tau for t) is a torque that must be applied to the spring to twist it and the displacement is the angle ( measured in radians.  Torque is the product of the force you apply to twist the spring and the length of the lever arm.  You will measure the force F in Newtons with a spring scale and the length of your lever arm (where the force is applied) will be measured in meters. The units associated with the spring constant ( (Greek letter kappa for k) become Newtons ( Meters/ Radians. 

[image: image1.emf][image: image2.emf]Procedure
Step 1:  In this lab you will use a spring scale to measure the tension in the mousetrap’s spring at different points.  Remove the mousetrap from your car if possible.  Start by attaching a string to the end of your mousetrap’s extended lever arm. The point where you attach the string on the mousetrap’s lever arm must extend past the edge of the mousetrap’s base so that all measurements can be taken from 0 to 180( without the mousetrap’s base blocking the measuring process. The string should be about 20 centimeters in length or less. Attach the spring scale to the other end of the string. Hold or attach a protractor to the mousetrap so that the center point of the protractor is in the middle of the spring and the zero degree point on the protractor is lined up with the starting point of the relaxed lever arm. 

Step 2: Start at “0” degrees and pull up on the lever arm with the spring scale until the lever arm just lifts up from the base of the mousetrap and record this measurement as the starting force. Continue to pull up on the spring scale, stopping at every 5 or 10 degrees. Record the force on the spring balance at each point in the data table. You must keep the scale perpendicular to the lever arm at each point you measure. Record the force and angle in the data table.  Note – you may need to switch to a stronger spring scale as you twist the mousetrap spring more and more.
Step 3: Measure the length of the lever arm from the spring to the point where the scale was attached to the arm and record this as the radius.

Step 4: Repeat the above procedure (2-3) for the second point on your lever arm.
Step 5: Calculate the torque from the force that is applied to a lever arm times the length of the lever arm.  Include the torques in the data table.
Step 6: Convert your degrees to Radians.  (2pi radians = 360 degrees).  The reason for this conversion is because the spring constant of a rotational spring uses the unit of radians rather than degrees.  
Data Tables

	Angle (deg)
	Angle (rad)
	Force (N)
	Lever Arm (m)
	Torque (N m)

	
	
	
	
	

	
	
	
	
	


Graphing the results

In the following graphs attempt to draw the best fit lines.  Do not attempt to connect each dot but instead draw the best curve that passes through or near your data points.  There should be approximately the same force above and below your curve.  Ideally the curve should be a straight line.  If you have access to a computer, you can use a graphing program like Logger Pro to plot your data.  Graph Torque on the vertical axis and Angle in Radians on the horizontal axis.  Repeat for the second lever arm.  Put both on the same set of axes but use different symbols (crosses, circles, etc) or colors for each set of data.
Analysis

1. Find the spring constant for each trial from the best-fit line.
2. It is possible that a line is not the absolute best fit for your graphs.  Does the slope of your actual data change or remain constant throughout the graph? Do you have an “ideal spring” that follows Hooke’s Law (is the relationship between torque and angular displacement ( a line or not)?

3. What does the slope tell you about a spring, generally (what is the meaning of slope)?  Is the force applied by the spring constant or does it vary as the arm rotates?
4. What should you theoretically expect for the slopes of the two lines?  Did your results match this?  Discuss sources and extent of errors.
5. Why is it important that your force is perpendicular to the arm of the mousetrap?
6. Since you can’t do much to change the torque that the spring provides to the arm, how can you apply what you’ve learned in this lab to your mousetrap car?
To Hand In: 

●Presentation quality (5) 
● Data (5) 
● Graphs (5)
●Analysis (15)
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