
Journal of Science & Engineering 1, 27–29 (2024)

Experimental investigation of Newton’s second law using a two-mass pulley system
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This study investigates Newton’s second law of motion, F = ma, through a two-mass pulley sys-
tem. The experiment aimed to measure the relationship between the applied force and the resulting
acceleration while considering the system’s total mass. A wheeled cart (m1) was connected to a
hanging mass (m2) by a nearly massless string over a low-friction pulley. The cart’s acceleration
was measured as it traveled along a horizontal track, and both theoretical and experimental accel-
erations were calculated for comparison. Initially, our results did not match predictions of Newton’s
second law. Significant discrepancies between acceleration values were observed, which we attribute
to friction between the cart and the track. When we accounted for friction by including an explicit
µ = 0.03 term, we saw good agreement. This work demonstrates the validity of Newton’s second
law within experimental uncertainty.

I. INTRODUCTION

Newton’s second law of motion states that the net force
F acting on an object is equal to the product of its mass
m and its acceleration a:

F = ma (1)

(1) predicts that, for a given mass, the acceleration of an
object is directly proportional to the applied net force.
The experiment involved a two-mass pulley system

consisting of a wheeled cart (m1) on a horizontal track
connected via a string to a hanging mass (m2) that
provides gravitational force to accelerate the cart. By
recording the time it takes the cart to travel a known
distance, the acceleration of the system was determined
and compared to the theoretical acceleration predicted
by Newton’s second law. This approach allowed us to as-
sess whether the observed motion adhered to theoretical
expectations.
We hypothesized that the experimentally measured ac-

celeration and force would match theoretical values. Dis-
crepancies could arise from friction, timing inaccuracies,
or assumptions such as the pulley and string being ide-
alized as frictionless and massless, respectively.

II. METHODS AND MATERIALS

The experimental apparatus consisted of a wheeled
cart (m1 = 0.5042 kg, PASCO Scientific; Roseville, CA)
placed on a horizontal, low-friction track (PASCO Sci-
entific; Roseville, CA). A string, which we model as
massless, connected the cart to a hanging mass (m2 =
0.020 kg), which provided the force to accelerate the sys-
tem. The string was passed over a pulley with minimal
rotational friction. The length of the track was measured
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FIG. 1. Experimental setup: (1) wheeled cart (m1 =
0.5042 kg), (2) hanging mass (m2 = 0.020 kg), (3) low-friction
pulley, (4) horizontal track (0.40m test length).

to be 0.40m, and a stopwatch with 0.01 s precision was
used to record the time it took for the cart to traverse
this distance. The experiment was repeated five times to
ensure consistency. The setup is shown in Fig. 1, with
all components labeled.

For each trial, the system was released from rest, and
the cart’s motion along the 0.40m track was manually
timed with a stopwatch. For each trial, the time was
recorded, and the process was repeated for five trials.
Care was taken to ensure that the track and pulley sys-
tem were as low friction as possible.

To calculate the measured acceleration, ameas, we used
the kinematics equation for constant, uniform accelera-
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FIG. 2. Free body diagram of the experimental setup
pictured in Fig. 1.

tion from rest [1] and solved for a:

ameas =
2d

t2
, (2)

where d = 0.40m is the distance traveled and t is the
measured time in s.
Fig. 2 shows a free body diagram of the experimental

setup. For this configuration, [1] gives the system ac-
celeration atheory obtained by applying Newton’s second
law (F = ma) to both m1 and m2 and simplifying, rec-
ognizing the tension T in the string and the accelerations
of each mass must be the same:

atheory =
m2

m1 +m2
g, (3)

where g = 9.81m s−2 is the acceleration of gravity. (3)
shows the external net force acting on the system is m2g,
while the total system mass that is accelerating is m1 +
m2 [1]. If comparison of measured accelerations (2) and
the acceleration predicted by Newton’s second law (3)
reveals a mismatch, we either reject Newton’s second law
or examine if additional forces are acting on the system.

III. RESULTS

Table I summarizes time t (s) for the cart to travel from
rest 0.40m, and measured accelerations ameas obtained
using (2). Measurements are given as mean ± one stan-
dard deviation. n = 6 measurements for m1 = 0.5042 kg
and m2 = 0.020 kg.
Theoretical acceleration (blue line, Fig. 3) was cal-

culated using (3) to be 0.374m s−2, which is about
three times the measured acceleration of (0.0988 ±

TABLE I. Time t (s) for the cart to travel from rest 0.40m,
and measured accelerations ameas obtained using (2). Mea-
surements are given as mean ± one standard deviation. n = 6
measurements for m1 = 0.5042 kg and m2 = 0.020 kg.

m1 (kg) t (s) a (m s−2)
0.5042 2.85± 0.01 0.0988± 0.0008
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FIG. 3. Measured accelerations from Table I shown as black
dots; theoretical prediction from (3) shown as a blue line. For
these data, m1 = 0.5042 kg and m2 = 0.020 kg. The factor of
three discrepancy between measurement and theory may be
due to friction between the cart and the track.

0.0008)m s−2. We attribute the differences between the-
oretical and experimental results were attributed to tim-
ing inaccuracies, rotational resistance in the pulley, and
friction between the cart and track.

IV. DISCUSSION

A. Newton’s second law not supported

The experimental data did not support Newton’s sec-
ond law, as the observed accelerations (ameas = (0.0988±
0.0008)m s−2 were not consistent with Newton’s second
law theoretical predictions (atheory = 0.374m s−2) within
the precision of our measurement. Discrepancies between
(2) and (3), seen also in Fig. 3, arose due to unavoidable
factors such as human error in timing, rotational resis-
tance in the pulley, and friction between the cart and
track.

B. Estimating the effect of friction in our system

In particular, the friction between the cart and track
would be significant if the cart had failed bearings that
increased the coefficient of friction µ substantially. In
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this case, (3) becomes

afriction =
m2 − µm1

m1 +m2
g. (4)

For µ = 0.03, afriction calculated with (4) becomes
0.09m s−2, which is nicely within our experimentally
measured values ameas = (0.9880± 0.0008)m s−2.
Further experiments could enhance accuracy by using

a cart with functioning bearings and employing photo-
gates or motion sensors to measure time and acceleration
with greater precision. Testing with multiple values of
m2 would provide additional data points to evaluate the
proportionality of force and acceleration more rigorously

than a check at a single operating point.
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