AP Physics Unit 4: Newton’s Laws

Lab 4-1: Atwood’s Machine



An Atwood's Machine is shown schematically at the right. It is an apparatus commonly used in college physics labs for measuring the acceleration of gravity.  It consists of a pulley supporting a string with two equal masses (M and M) attached at each end.  A small object of mass m is added to one of the masses thereby causing the system to accelerate.  In this experiment you will measure several quantities, and apply Newton's laws to determine various unknown quantities.  Assume the pulley to be massless and frictionless.

Part I - The Acceleration of an Atwood's Machine

You will predict the theoretical acceleration of an Atwood's Machine using Newton's laws and the known masses M and m.  Measurements will then be taken and an experimental value of its acceleration calculated using the kinematics equations for constant acceleration.  The theoretical and experimental accelerations will then be compared.

A.
Predicting The Acceleration Using Newton's Laws


1.
Draw the free body diagram of the forces on the masses M and (M + m) while they are in motion.  Clearly indicate the coordinate system that will be used next to each diagram.
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2.
Write Newton's 2nd law for the forces on M and (M + m).



   For M:

______________________________________________



   For (M + m):
______________________________________________


3.
Noting that the acceleration of both masses have the same magnitude, solve the equations in #2 for the acceleration (symbolically – no numbers) as a function of M , m, and g.  Put this into simplest form.  


   atheoretical  =  at  =  ____________________
B.  Measuring the Acceleration 


1.
Set up an Atwood's Machine.  The value of M  should be of 0.2 kg, m should be 10 grams, and h should be as large as possible. Allow (M  + m) to fall at least 6 times, 3 times with m added to one M and 3 times with m added to the other. Use the smart pulley to get a graph of velocity vs. time and find the acceleration.  Record the masses and the six accelerations below, then calculate the average acceleration.


   M  =  ____________
        m  =  ____________
        



   aexperimental  =  ae  =  ____________________
C.
Comparing Theoretical and Experimental Accelerations


1.
Substitute the values for M and m into the equation for at  derived in Part A-3 and calculate the theoretical value of the acceleration.



   at   =  ____________________

2.
Determine the % difference between at  and ae.











 % difference  =  _______
Part II - Determining the Mass of a Penny

In Part II the mass of a penny will be measured using the Atwood's Machine and then compared with the mass measured with a balance.  It should be noted that prior to 1983 the US penny was more massive than those minted in 1983 and later. Since four pennies will be used for the mass m, be sure they are all four either pre-1983 or post-1983.

A.  Massing a Penny with an Atwood's Machine


Replace the mass m used in Part I  with four US pennies and measure  the time  for 
(M  + m) to fall at least 6 times as in Part I and determine aave.  Record the masses and accelerations below as before:



   M  =  ____________




   a =  ____________________

2.
Symbolically solve the equation derived for the acceleration of the Atwood's Machine in Part I, A-3 for the mass m in terms of M, g, and the acceleration, a.  (No numbers).  


   m  =  ____________________

3.
Now substitute the values for M, m, g, and a to calculate the mass of the four pennies, m, and then the mass of one penny, m/4. Show your work.  


   m  =  _______________


   Experimental mass of one penny, me  =  m/4  =  ____________________

4.  Using a balance measure the mass of all four pennies (i.e., measure m) and find the % difference between me and the mass of a penny measured with a balance.



   Mass of one penny using a balance  =  ____________________










   % difference =  ______
Comment on your results/Sources of error: 

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________
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