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The period of a
pendulum
Two pendulums of the same length, released from 10° and from 80°. Time both on video and
find out whether the period depends on the size of the swing.

NAME GROUP DATE

AIM

To measure the period of a pendulum 1.00 m long
from two video clips, and to find out how far the
small-angle formula can be trusted.
You need the two clips, a phone or a screen to
play them, and a calculator.

The two clips

Video 1 and Video 2 were rendered from a numeri-
cal solution of the pendulum’s equation of motion,
θ″ = −(g/L) sin θ, worked out in steps of one millisec-
ond for a pendulum 1.00 m long. Each clip lasts 8.00 s
at 25 frames per second, so one frame is 0.04 s. There
is no air resistance in the model, so the swings never
die away.

The still printed for each clip is its first frame, and
the code in its corner opens the clip itself. Scan it with
a phone, or play the clips in the screen edition of this
workbook. Both clips loop, start with the sound off
and have a speed menu: slow them to half speed when
you count.

Background

A simple pendulum is a small heavy bob on a light
string that does not stretch. Pulled aside and let go,
it swings to and fro through its lowest point. The pe-
riod, T, is the time it takes to go out and come back to
where it started.

Galileo noticed that a pendulum keeps the same
period as its swings die away, and clockmakers relied
on that for three hundred years. For small swings the
period depends only on the length L and on the grav-
itational field strength g:

T0 = 2π (L/g)1/2

With L = 1.00 m and g = 9.81 m s−2, the formula gives
T0 = 2.006 s. Its derivation replaces sin θ by θ in radi-
ans, which is within 1 % of the truth only up to about
14°. Past that, the pull back towards the middle grows
more slowly than the angle, the bob lingers near the
turning points and every swing takes a little longer.
With the amplitude θ0, the angle the bob is released
from, and K, the complete elliptic integral of the first
kind, the exact period is

T = 4 (L/g)1/2 K(sin ½θ0)

Video 1. Released from rest at 10°.
8.00 s, 25 frames per second · Postext Cookbook, CC BY 4.0

Video 2. Released from rest at 80°.
8.00 s, 25 frames per second · Postext Cookbook, CC BY 4.0
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https://cdn.jsdelivr.net/gh/drnachio/postext@main/cookbook/pendulum-lab-video-players/assets/pendulum-small.mp4
https://cdn.jsdelivr.net/gh/drnachio/postext@main/cookbook/pendulum-lab-video-players/assets/pendulum-large.mp4


Method

1. Play the first clip from the start. The bob is let
go from rest in the first frame.

2. Count the complete swings, out and back to
the release point, until the clip ends at 8.00 s.
Estimate the last one to a quarter of a swing.

3. Divide 8.00 s by the number of swings to find
the period.

4. Repeat for the second clip and fill in the
table below.

Results

Clip Swings in 8 s T (s)

Video 1 · 10°
 
 

 
 

Video 2 · 80°
 
 

 
 

Table 1. Your measurements.

The values in Table 2 come from the exact formula,
worked out to three decimals. Compare your periods
with the rows for 10° and 80°.

Amplitude T (s) T/T0 Longer by

5° 2.007 1.000 0.05 %

10° 2.010 1.002 0.19 %

20° 2.021 1.008 0.77 %

30° 2.041 1.017 1.74 %

45° 2.086 1.040 4.00 %

60° 2.153 1.073 7.32 %

80° 2.282 1.137 13.75 %

90° 2.368 1.180 18.03 %

Table 2. Exact periods of a pendulum 1.00 m long.

Questions

1. Which clip has the longer period, and by
what percentage?

Answer

2. The bob in the second clip travels a much
longer arc. Why does its period not grow in
the same proportion?

Answer

3. The first correction to the small-angle
formula gives T = T0 (1 + θ0

2/16), with θ0 in
radians. Work it out at 80° and compare it
with the table. Is one term enough?

Answer

4. A long-case clock swings 4° either side of
the vertical. Would its maker need the exact
formula?

Answer
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