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OBIECT: To study Newton's Second Law, F = ma, by applying a "reasonably"

constant force to an air track glider. The motion of the glider will be
analyzed graphically to find the acceleration. Find that if the applied
force is constant then the product (ma) is also constant.

APPARATUS: Air track and accessories, photocell gate and timer, scale, weights and

balance.

1. BACKGROUND AND THEORY

We know from our everyday experience that the same force will produce different accelerations
on bodies of different mass. Newton quantified this experience into a mathematical expression
known as Newton's second law. The acceleration a of a body is directly proportional to the
resultant force F acting upon it and is inversely proportional to the mass m of the body i.e.,

F =ma (1)

The more familiar application of this law assumes that the mass m is constant and it relates the
force F to the acceleration a. If, on the other hand, the force is constant, one should be able to
show that the product (ma) is also constant. To do so one can plotaas a function of (1/m) and
look for the slope of this graph which has a value F. The advantage of this graphical procedure is
that it ought to yield a straight line. If the force is not constant, the curve will not be a straight
line, suggesting that certain assumptions about the variables are no longer valid.

In this experiment we will determine the acceleration a using the following equation of motion

V2=V 2+2a(Xz- X1) @
where V and V are the average velocities of the object at positions X and X3, respectively.

2. PROCEDURE

(1 Carefully level the air track and set up the constant force pulley configuration (see Fig. 1)

(2) Measure the length L of the glider.

3) Set up two photogates Py and P at convenient locations X; and X7 as shown in Fig. 1.
Adjust the height of the gates so that they are activated when interrupted by the glider.
Note the positions X and X.

4) Set the Photogate Timer/Counter Timer to GATE and push Reset.

(5) Move the glider to the end of the track and allow it to move (from rest) on the airtrack
under the action of the force produced by hanging mass m. Make sure the glider passes
through the second photogate before the weight hits the floor.

(6) Record the times of transit t; and t; when the glider passes through photogates Py and P,
following the procedure outlined in one of the previous labs. Use the appropriate
procedure depending on the Timer model available to you in the lab.

L
@) Calculate the average velocities V| = —and V, = —and determine the acceleration

1 2
using Eq. 2.
(8) Keeping photogate Py at position X; and moving P; at different values of X, repeat steps

4 through 7 at least 5 times for different values of (X2-Xj). Do not change the glider or
the hanging mass m. Record all the data in the table.

9) For a number of different values of glider mass M, measure and record ty, t2, X; and X
to be used in the calculation of the acceleration of the glider. To vary the glider mass M
add weights to the glider . Make sure that the photogates still read times t and tp
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corresponding to the whole glider length. For each different glider mass M(say M; =
M+20g, My = M+30g, M3 = M+50g, and M4 = M+60g), repeat steps 4 through 7 at least
3-5 times and tabulate your data.

Measure the mass m of the ring(s) attached to the string in the constant force pulley
configuration.

3. QUESTIONS

@)) In data set #1 (where photogate P; was held at X; and P, was moved) should the transit
time t; and corresponding velocity V| change? What does your data suggest? Should t;
and/or V; change, and, if yes, why?

2) Is the acceleration constant in data set #1 for different values of X5? If not, explain why?

3) Plot the average acceleration a as a function of 1/m+M on linear graph paper. Use an
appropriate scale and label the graph axes. What does the slope of this line represent and
what is its magnitude (write appropriate units)?

4 Using the average acceleration for each set of data in the table, calculate the acceleration
due to gravity g using the relation (see analysis of Fig. 1)

m+ M (3)
€= " m a
What is the experimental average value of g and how does it compare with the local value
of g =9.793 m/s2? What is the % difference?

(5) If the track is elevated at an angle as shown in Fig. 2, draw a "free body" diagram and
derive an expression for g in terms of a, m, M and 6.

(6) Give your critique for the experiment.
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FIGURE 1

Analysis of Figure (1)

Using Newton's second law

mg-T=ma (1) for the hanging mass m
T=Ma (2)for the glider mass M

From (1) and (2)

m+M
m

mg-Ma=ma or g=a
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