4. ATWOOD’S MACHINE
1. Object:


The purpose of this experiment is to study the relationship between force, mass and acceleration using an Atwood’s machine apparatus. 

2. Equipment: 

Science workshop interface, PC, Smart pulley, mass set and hanger, Air-track, glider, photogate.

3. Theory:

a) Atwood machine:

The acceleration of an object depends on the net applied force and the mass. In an Atwood’s machine, the difference in weight between two hanging masses determines the net force acting on the system of both masses. The heavier mass is accelerated downward, and the lighter mass is accelerated upward. 

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 
        T


          T

pulley has no mass, the string does not stretch, 

and that there is no friction, we have:







       M1g

          M2g












T - M1g = Fnet = M1a

M2g - T = Fnet = M2a

Solve for “a”, the acceleration of the system of both masses can be expressed as:
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4. Procedure and Analysis:

For this activity, the smart pulley measures the motion of both masses as one moves up and the other moves down. The science Workshop program calculates the changing speed of the masses as they move. A graph of speed versus time reveals the acceleration of the system.

1. Connect the Science Workshop interface to the computer, turn on the interface, and turn on the computer.

2. Connect the stereo phone plug of the smart pulley to Digital Channel 1 on the interface.

3. Open the file titled P13_ATWD.SWS, found in the hard disk c:/. The document opens with a graph display of Velocity (m/s) versus time.

4. Enter the sampling options menu and setup the time (about 1.5 seconds) as a stop condition. i.e. the program will stop collecting data after 1.5 seconds of each trial. Click twice on the time axis and set the minimum value of time to zero and the maximum value to 2 seconds. Do the same for y-axis and set the minimum value of V to zero and the maximum value to 2 m/s.

5. Place two masses of M1 = 45 grams and M2 = 55 grams on both sides of the mass hanger as shown in Fig. 1. Move the heavier of the two masses upward to the highest position before it touches the pulley. Hold the system at this position.  

6. When you are ready to begin the experiment, click the REC button to begin recording data, at the same time release the system from rest.

7. Run # 1 will appear in the data list in the experiment setup window. Using the plot V (m/s) versus time determine the acceleration of the system. 

8. Change M1 and M2 in such a way that the net force is changed but the total mass remains the same. For example (M1 = 40 grams, M2 = 60 grams) then (M1 = 35 g, M2 = 65g) etc…..

9. Record your values in a table and compare your experimental acceleration with the theoretical acceleration deduced from Eq. 1.


b) Motion down an inclined plane:



When an object slides from rest down a frictionless 

inclined plane its acceleration is given by :




a = g(sin    
(2)


The distance traveled (x) during a time interval 

(t) is given by:




x = 
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An inclined air-track will be used to determine the acceleration for different inclines (). 

1. Using a piece of wood incline the air track by an angle . Measure sin= Y/L.

2. Place two photogates connected together at about 50 cm apart. Turn on the photogate and set it on pulse.

3. Release the glider from rest down the incline and record the distance between the two photogates and the time that takes the glider to move this distance. Using Eq. 3 determine the value of a. (You can repeat and take the average value).

4. Repeat the same procedure for three different inclines. Plot the acceleration a (in m/s2) versus sin and deduce the value of g.

5. Compare your value with the theoretical value g = 9.8 m/s2. Comment.
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