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The Atwood Machine

	


Introduction

To understand motion, one must introduce the concept of force.  A detailed quantitative understanding also requires Newton's 2nd law and an organized analysis generally involving a "free-body diagram".  In this second laboratory exercise, you will apply such an approach to an Atwood Machine in the form of a Smart Pulley.  This interesting and useful instrument interfaces with a computer to provide automatic measurement and data collection as well as data analysis.

Objectives


Experimental:

To verify Newton's 2nd law.


Learning:

1) To become more familiar with Newton's 2nd law and free-body analysis.

2) To learn how to use the Smart Pulley.

3) To understand the Atwood Machine.

NOTE: You will need to start with approximately 70 grams on each hanger; otherwise you will lose 4 points on this lab (see below).
Theory
Newton's 2nd law states that the net force (vector sum of all forces acting on a particular object) is equal to the mass of the object times the resulting acceleration.  In the case of two masses suspended from an Atwood Machine, the application of this statement can lead to and expression relating the acceleration to measurable and known quantities.  By calculating the acceleration from this expression and comparing it to the experimentally measured acceleration (using kinematic expressions), Newton's important law can be verified.  In the space below, show a detailed free-body analysis of this motion and derive the following expression for the magnitude of the acceleration (4 points).

a = [(m1-m2) / (m1+m2)] g , where m1 ( m2
Apparatus
1. PASCO Interface 750.

2. Smart Pulley.

3. Ring stand, table clamp and right-angle utility clamp.

4. 1.5 m of string and two mass hangers.

5. A set of numbered masses including 10-2 g, 2-50 g, 2-10 g and 1-20 g

6. PASCO DataStudio Software.
Procedure
1. Turn on the PASCO Interface 750 and computer.

2. Locate the Atwood Machine file on the desktop and open it.

3. Using the top-loading electronic balance, measure and record the total mass of M1 (a 50g mass, a 20g mass and a hanger) and M2 (1-50g mass, 10-2g masses, and a hanger). 
4. Move a numbered 2g mass from M2 to M1. Record the mass of M1 and M2 in the table below. Repeat step 4 until all numbered 2g masses have been moved from M2 to M1. Keep the numbered masses in order when you move it. 

5. Put M1 on one side of the pulley and M2 on other side connected with a string. Move a numbered 2g mass from M2 to M1. Raise M1 up, dampen any movement, click REC, release and monitor the velocity, and then click STOP. You should see a linear graph with a positive slope.  Record this slope in Table under ameas (record your results in 3 decimal figures.). Repeat step 5 until all numbered 2g masses have been moved from M2 to M1. Keep the numbered masses in the same order as in step 4.
Data

Mtotal = ________
Table:  Acceleration

	Trial
	M1(g)
	M2(g)
	(m (g)
	Fnet
(N)
	ameas
(m/s2)
	atheory
(m/s2)
	% err
	MTotal (kg)

Fnet/ameas
	% diff

	1
	
	
	
	
	
	
	
	
	

	2
	
	
	
	
	
	
	
	
	

	3
	
	
	
	
	
	
	
	
	

	4
	
	
	
	
	
	
	
	
	

	5
	
	
	
	
	
	
	
	
	

	6
	
	
	
	
	
	
	
	
	

	7
	
	
	
	
	
	
	
	
	

	8
	
	
	
	
	
	
	
	
	

	9
	
	
	
	
	
	
	
	
	

	10
	
	
	
	
	
	
	
	
	


Use g=9.80m/s2 (3 significant figures)

Analysis

1. Complete Data Table.  

2. Compare the values of ameas and atheory. Does the percent error between the two values decrease as m increases? Explain.
3. Graph Fnet vs. ameas and perform a curve fit to your data (You should only keep one significant figure for the uncertainty of the slope.). 
Do your graph and curve fit results agree with Newton’s 2nd law?  Paste your graph below along with a percent difference with MT above the Table.
MT=___________

=___________

%diff=___________
4. What does the Y-intercept on the graph mean?
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5. Calculate the average of, MT, its standard deviation, and its uncertainty               from the data in the Table. Compare these values to the values of MT and , obtained from the graph. Should the values be the same?

Conclusion

Your conclusion must include a description of the experiment and its purpose, a discussion and statement of results, a discussion of random errors and systematic errors. In addition, discuss the dominant source of error and discuss whether or not the results agree with existing theory or a stated hypothesis (don’t forget to include any evidence in your discussion). Also discuss the meaning of the y-intercept in the graph in the “Analysis” section, and any systematic trends in the percent error and percent difference values in the table. The conclusion must be in paragraph form; otherwise, two points will be deducted. 

Experiment 
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