Physics 2011       Lab 7 
Atwood’s Machine
Object: To study the relationship between force, mass, and acceleration using an Atwood’s Machine apparatus.
Apparatus:

1. iMac and USB Scienceworkshop interface;

2. Smart Pulley system shown in the left diagram.

Theory: The acceleration of an object depends on the net applied force, and the mass. In an Atwood’s machine, the difference in weight between the two hanging masses determines the net force acting on the system of both masses. The net force accelerates both of the hanging masses; the heavier mass is accelerated downward while the lighter mass is accelerated upward at the same magnitude as the heavier one. 
In the free body diagram of the Atwood’s machine, T is the tension in the string, M1 is the lighter mass, M2 is the heavier mass, and g is the acceleration due to gravity, Assuming that the pulley has no mass, the string has no mass and doesn’t stretch, and that there is no friction, the net force on M1 is the difference between the tension and M1g (T>M1g). The net force on M2 is the difference between the tension and M2g (T<M2g).

T - M1g  = Fnet =M1a

            M2g – T = Fnet = M2a

Solve for “a”, the acceleration of the system of both masses. The theoretical acceleration is “g” times the difference in mass divided by the total mass.

            a = g (M2-M1) / (M1+M2)

Procedure:

1. Turn on iMac computer

2. Turn on Scienceworkshop interface

3. Open DataStudio™ and choose the smart pulley experiment. 

4. Click on the graph icon to open the monitoring windows

5. Set up the Smart Pulley system as shown in Fig. 1. Add masses to both hangers. Hold on the pulley system to rest.
6. Release the smart pulley system. At the same time, click the start button to record the acceleration of the Atwood’s machine. 
7. Click on the table icon to check the data. Click 

8. Repeat step 5-7 according to the following scheme:

a. Constant total mass: M1+M2 = constant. Repeat for 3 times for different mass combinations: for example, (M1=100g, M2=120g), (M1=90g, M2=130g), (M1=80g, M2=140g).

b. Constant net force:  M1-M2 = constant. Repeat for 3 times for different mass combinations: for example, (M1=100g, M2=120g), (M1=110g, M2=130g), (M1=120g, M2=140g).
Results
Table I: Constant Total Mass

Trial      M1(kg)      M2(kg)          aexp(m/s2)       Fnet (N)      M1+M2      atheo        Diff(%)

1            

2
3
Table II: Constant Net Force

Trial      M1(kg)      M2(kg)          aexp(m/s2)       Fnet (N)      M1+M2      atheo        Diff(%)

1

2

3

* Use the net force and total mass to calculate the theoretical acceleration.
Question

1. Compare the experimental acceleration with the theoretical acceleration by determining the percentage difference. What are the reasons that would account for the percentage differences?
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