Measurement of g with Atwood’s Machine

Revised fall 2005
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The acceleration of an object due to the earth’s gravitation is
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where G is Newton’s universal gravitational constant, Me is the mass of the earth and r is the distance to the center of the earth.  Since r is normally large compared to laboratory distances, we have that the acceleration due to gravity is nearly constant close to the surface of the earth.  The value for g is about 9.8 m/s2 for many purposes.  In today’s lab, we will measure g using the classical method of Atwood’s machine.
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In the free body diagram, we see that
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and
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where we have assumed a is in the positive direction.  We can solve these two equations by adding:
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Since we’re going to want to obtain g from today’s lab, you will want to invert this:
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Now in order to determine a, we need to measure the fall time of the system.  The fall distance is given by
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so we can relate t to a by
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Then, using this in our equation for g, we find that 
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The point is this: by measuring t, D, m1 and m2, we are able to obtain a value for g.  Note, however, that the result is inversely proportional to t2 which means that small errors in t will be amplified in the final result.

Experiment 1.

Procedure

Choose one of the clamps with a pulley attached and locate the following masses: 4-100 g, 5-20 g 1-10 g, and two weight hangers. You will need a stopwatch also.
Place your clamp on the railing of the stairs and let the system operate there.  Be sure to watch out for falling weights.  Cut a length of fishing line which is long enough so that one weight hanger is sitting on the ground while the other is fairly close to but not touching the pulley.  About 7 m should be enough.  Now, tie the fishing line onto your holders and place 200 g on each weight hanger.  Mark out about 2 m or so (=D) distance between one of the weight holders and the ground.  Next, with your stopwatch, time how long it takes for the system to travel through D with each of the following weights (in grams):

20,30,40,50,60,70,80,90,100.

You will probably want to use a data table similar to that shown below to record your results.

Table 1 (spreadsheet reference 1)
	M1 (g)

205+
	M2 (g)
	t (s)
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	%error

	20
	205
	
	
	
	

	30
	205
	
	
	
	

	40
	205
	
	
	
	

	50
	205
	
	
	
	

	60
	205
	
	
	
	

	70
	205
	
	
	
	

	80
	205
	
	
	
	

	90
	205
	
	
	
	

	100
	205
	
	
	
	


Your uncertainty in this experiment primarily comes from two sources: friction and reaction time.  You should measure your reaction time with a meter stick and by using the second equation above.  The friction from the pulley will primarily become important when m1 and m2 are close to each other.  Note that you will not need to convert the masses from g to kg here.  Why?

Do not be distressed if you have rather large experimental errors at the extremes.  This is supposed to happen.  Look at your % error and locate the region where the % error is the smallest.  In your analysis, you should discuss reasons that the error was smaller for some regions than others.  This is a theme that occurs over and over in physics: a measurement in made at one point is necessarily going to have a different error than at another point.  Now, we are going to use this nice region to make refined measurements of g with Atwood’s machine.  Note that although not obvious, in Experiment 1, we are actually changing two parameters at a time: the applied force and also the mass being accelerated.  Experiment 2 fixes this problem.

Experiment 2.

Choose the central region from Experiment 1 which produced the least amount of % error.  We will call this mass M for simplicity here. Note: this M is the mass M1 that produced the smallest % error in experiment 1. What we are going to do is this: we are going to change the mass in increments of 4g (4 grams) from slightly below to slightly above this point.  However, we are going to do it in a special way so that the accelerated mass of the system is kept constant.   

Procedure
Place M -12g on hanger 1 and 205+12g on hanger 2.  Time the fall through D.  Then place M-8 g on hanger 1 and 205+8g on hanger 2.  Do this until you have timed up to M+12 g on hanger 1 and  193 g on hanger 2.

Table 2 (spreadsheet reference 2)
	M1 (g)
	M2 (g)
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	%error

	M-12=
	217
	
	
	

	M-8=
	213
	
	
	

	M-4=
	209
	
	
	

	M=
	205
	
	
	

	M+4=
	201
	
	
	

	M+8=
	197
	
	
	

	M+12=
	193
	
	
	


Analysis:
(see spreadsheet reference 3)
You have obtained enough data from Experiment 2 to perform some limited statistical analysis.  You will do this now. Your report should show these calculations.

Calculate the Mean value for your measured g.  The mean is the average and is defined by 
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where N is the number of measurements and gi is the result of an individual measurement.

Calculate the Mean Deviation which is defined by 
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Calculate the Standard Deviation which is defined by 
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Calculate the Root Mean Square which is defined by 
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Note: these forms may vary depending upon the number of independent variables your measurement contains.

Your lab write-up should also include discussions of the sources of error in this experiment and how large these errors are.
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