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Abstract — This experiment determined the local acceleration due to gravity, g, by measuring the period
of a simple pendulum of varying lengths. The pendulum length L was varied from 0.200 m to 1.000 m in
increments of 0.200m. The period T of the oscillations was measured using a photogate timer to minimize
human reaction time. By performing a linear least-squares regression on the relationship T? versus L, the
experimental value of g was calculated to be 9.808(88) m s2. This result is in excellent agreement with the
accepted local value of giocal = 9.803 m s2, representing a relative error of 0.05%. Systematic and random
errors, such as small deviations from the small-angle approximation and friction at the pivot, are analyzed.

1 Objective

The objectives of this laboratory experiment are:

o To measure the period of a simple pendulum for various string lengths.

o To experimentally determine the local acceleration due to gravity, g, from a linear relationship between the
squared period T? and the length L.

e To perform a detailed error propagation and uncertainty analysis to assess the precision and accuracy of the
measurements.

2 Theory

A simple pendulum consists of a small mass m suspended from a fixed point by a light, inextensible string of length
L. When displaced by a small angle (6 < 1rad), the restoring force is F = —mgsin 0 = —mg0, where g is the
acceleration due to gravity. Under this small-angle approximation, the system behaves as a simple harmonic oscillator
described by:
d?0
dt?
The solution to Equation (1) yields the period of oscillation, T:

T=2n\/z = T2=(4—”2)L (2)
g g

Equation (2) describes a linear relationship y = mx with slope m = 47% /g and intercept ¢ = 0. By plotting T? versus
L and fitting a linear model, the experimental acceleration due to gravity is calculated as:

9=
+L6_O (D)

g= i )

3 Apparatus

The following equipment was utilized to conduct this experiment:



e Spherical brass bob (m =50.0(1) g) e Digital photogate timer (+0.001s)
e Lightweight braided nylon string e Precision meter stick (+0.5mm)
e Rigid stand with low-friction clamp e Digital vernier caliper (+0.01 mm)

4 Procedure

1. The diameter of the spherical brass bob was measured in three orthogonal directions using the digital vernier
caliper to calculate its average radius, r.

2. The nylon string was secured to the suspension clamp at the top and attached to the bob at the bottom.

3. The distance from the bottom of the clamp to the top of the bob was measured with the meter stick to find the
string length, Lsyring- The total pendulum length was calculated as L = Lstring + 7-

4. The photogate was aligned at the lowest point of the pendulum swing path (equilibrium position) and con-
figured in pendulum mode, which measures the time elapsed between three consecutive gate blocks (one
complete cycle).

5. The pendulum bob was displaced from equilibrium by a small angle (0 < 10°) and released from rest to ensure
stable, planar oscillations.

6. The period T of a single full oscillation was recorded. This was repeated three times for each pendulum length
to compute a mean period.

7. Steps 3-6 were repeated for five different lengths, varying the total pendulum length from 0.200 m to 1.000 m in
steps of 0.200 m.

5 Data & Measurements

The average radius of the bob was determined to be = 1.25(1) cm. Table 1 summarizes the experimental measure-
ments obtained for each pendulum configuration.

Table 1: Experimental measurements for varying pendulum lengths and measured periods.

Length L Time for 10 Osc. t; (s) MeanTimef Period T Period Squared T2
(m) t ty t3 () (s) (s)

0.200 8.95  9.02 8.98 8.98 0.898 0.806
0.400 12.65 12.72 12.69 12.69 1.269 1.610
0.600 1558 1549 1554 15.54 1.554 2.415
0.800 1798 1792 17.95 17.95 1.795 3.222
1.000 20.09 20.05 20.07 20.07 2.007 4.028

6 Analysis

A linear regression analysis of T? as a function of L was performed using the experimental data points. Figure 1
shows the plot of T? versus L along with the best-fit line.

The slope of the line of best fit obtained from the regression is:
m = 4.025(36) s> m™"
Using Equation (3), the experimental value for the acceleration due to gravity, g, is computed as:
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7 Error Analysis
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Figure 1: Linear relationship between the squared period T2 and the pendulum length L. The dashed line represents
the linear least-squares regression model.

To evaluate the precision and accuracy of the experimental value of g, we analyze both random and systematic
uncertainties. The uncertainty in the total length is AL = +0.002m (comprising meter stick resolution and suspension
alignment), and the uncertainty in the average period is AT = +0.001s (photogate resolution limit). For a single

measurement, the propagated relative uncertainty in g is Ag/g = \/ (AL/L)? + (2AT/T)2.

For the regression analysis, the standard error of the slope is Am = +0.036s>m™!. Since g is related to m by
Equation (3), the absolute uncertainty Ag is calculated as:

Am

Ag=g —== 9.808m s x 2936

_ -2
1025 0.088ms (4)
This yields an experimental result of gexp = 9.81(9) ms™2.

9.803m 2, the percentage error is:

Comparing this to the accepted local value gipcal =

|gexp - glocal|

Percentage Error =
Jlocal

x 100% = 0.05% (5)

The accepted value lies well within the experimental uncertainty interval [9.72 m s72,9.90 m s72], demonstrating high
measurement precision.

Potential sources of systematic error in this experiment include:

e Air Resistance: Damping forces dissipate energy and systematically lengthen the measured period.

e Finite Angle Deviation: The small-angle approximation introduces a +0.04% systematic shift in the period at
0 =10°.

e String Stretch: Elastic tension under load slightly increases the effective pendulum length L during oscillation.

8 Conclusion

The acceleration due to gravity was experimentally determined to be gexp = 9.81(9) m s using a simple pendulum
system and a digital photogate. This value is in excellent agreement with the accepted value of giocal = 9.803 m s2,
with a minimal relative discrepancy of 0.05%. The linear relationship between T? and L was confirmed by the high
coefficient of determination (R? > 0.999) of the regression fit.

Future improvements to the experiment could include using a sturdier metal rod instead of string to prevent string
stretch, and performing the measurements in a vacuum chamber to eliminate air resistance. Overall, the simple
pendulum serves as a precise and robust method for measuring g under controlled laboratory conditions.
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