Pendulum Activity
	Today we are going to investigate how a pendulum’s string length affects its frequency (number of oscillations per second). 






Data Acquisition
We will look at how varying the pendulum string length will affect the pendulum frequency. Above your group table is a pendulum with a labeled string length. Raise the pendulum at an angle and drop it. Calculate the time it takes to make 20 oscillations. One oscillation is the time it takes the pendulum to swing one direction and all the way back. Then find the average time it took for the pendulum to make one oscillation, and take the inverse of that to find the pendulum frequency.
Collect the data from the other groups.

	Pendulum Length (cm)
	Time for 20 oscillations
	Period for one oscillation
	Pendulum Frequency

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	












Testing for a Linear relationship
Now we will use our calculator’s regression capability to find how the frequency depends on the length. 
We will first check to see if the equation can be written as f=a*s+b. If this is true, then there will be a LINEAR relationship between string length and frequency.

Go to STAT – Edit… and enter the length values into L1 and the frequency values into L2.
Next, go to STAT – over to CALC – LinReg(ax+b) and press enter
On your calculator’s screen, you should see Linreg(ax+b). Do not press enter here! 
Next go to VARS- over to Y-VARS – Function…. – Y1 and press enter. You should see:
LinReg(ax + b) Y1 
in your calculator’s input screen. Now press enter. This will show you the regression equation and store it into the y= section on your calculator.
Next you need to turn on Stat plot to plot points. Press 2nd – STAT PLOT, turn it On and select the graph option in the upper left. In Xlist type L1 and Ylist type L2.
1. What is the regression equation you arrive at?


Press ZOOM – 9 to get a good look at the data and your regression line.
Plot the 8 points and the linear regression equation on the following axis (just draw the general picture, don’t worry about getting it perfect)
[image: ]
2. Does your equation seem to be a good fit for the data? If not, this means the frequency does not depend linearly on string length.




Testing for an exponential relationship
Now we will check for an exponential relationship, f=abs. To do this, we will use logs. 
1. Take the log of both sides, and expand the right hand side of the equation


You should get log(f)=log(a)+slog(b). If not, go back and check your work. So if our data follows an exponential relationship, the log of our frequency data should depend linearly on the string length, with the slope being log(b)
Go back to the lists on your calculator. Go to the column header for L4 and type in = log(L2). This column will contain the log of the frequency values. Then go to the LinReg function and input:

LinReg(ax+b),L1,L4,Y1 

Into your calculator. This will store the new regression equation into Y1.  Go back to the STAT PLOT screen and choose L4 for the Ylist. Again press zoom-9 to get a good look at your plot
2. What is the regression equation you arrive at?

3. How does the plot look? Once again, sketch the points and the line in the graph below
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[bookmark: _GoBack]Testing for a power relationship
If there is a power relationship, then f=a*sb. 
1. Take the log of both sides and expand the terms out



You should arrive at log(f)=log(a)+b*log(s).  The slope of the regression line b now corresponds to the exponent of s.
Go back to the list section on your calculation and set L3 = log(L1). Now enter
LinReg(ax+b),L3,L4,Y1 

2. What is your regression equation?

In the STAT PLOT section, set XList =L3. Press zoom – 9 to plot the function.
3. How does the plot look? Once again, sketch the points and the line in the graph below
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4. HOPEFULLY, the line will look like a good fit to the data for you. If this is the case, then this means your linear regression is accurate. Write the function f=a*sb in terms of the a and b constants you found.

5. Based on your parameters, what do you think is the actual relationship between f and s?.


This is an incredibly useful tool that is used often in physics. Almost any equation can be made linear by taking the log of one or both sides.
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