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Introduction 
 
The Foucault Pendulum at the California Academy of Sciences is very popular with the 
public. Many docents enjoy engaging with visitors at the pendulum. Nevertheless, 
interpretation can be a challenge. This guide is intended to assist docents who interpret 
at the pendulum. 
 
I wish to thank docents and staff members who made valuable contributions. These 
include Cat Aboudara, Michael Blackford, Susan Crocker, Betsy Darr, Murray Garber, 
Marion Getz, Kathleen Lilienthal, Jean Johnson, Henri Lese, Sandy Linder, Skip Martin, 
Herb Masters, Gerry Pelletier, Juliet Rothman, Velma Schnoll, Jeff Schwartz, Marilyn 
Swartz, and Erica Wildy. Ryan Wyatt and Bing Quock reviewed the document and also 
made contributions. 
 
       Henri Lese, Editor 
       December 8, 2010 
 
Interacting with Visitors 
 
We must always be able to talk to visitors, at their level. We are not giving them a 
college level education! Stay away from the more technical aspects of how the Foucault 
pendulum works. If in doubt, follow the KISS principle – “Keep it Simple Stupid.” 
 
Pendulum issues can be confusing to the best of us. Focus on a few major themes: 
 

• What is it? An actual demonstration that the Earth rotates on its axis. 
• The basics about our pendulum. 
• Talking about myths, if the Coriolis Force is brought up. 
• Demonstrating (hands – on) precession at the North and South Poles. 

 
And, of course, be prepared to answer questions, to the best of your ability. 
 
Avoid discussing how the Coriolis Force comes about – a discussion of frames of 
references will bore most visitors. In simplest terms the Coriolis Force is an effect of 
Earth’s rotation. Stay with the Academy explanation, and if necessary you can talk 
about it using the examples given in this guide.  
 
What is a Pendulum? 
 
A pendulum is a weight suspended from a fixed point which, when pulled back and 
released, swings down by force of gravity. Once past the low point of its arc it continues 
to move up and out because of its inertia. The back-and-forth motion of a pendulum can 
be visualized if you think about the motion of a grandfather clock.   
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Inertia means that bodies in motion will stay in motion; bodies at rest will stay at rest - 
unless acted on by an outside force. 
 
What is a Foucault Pendulum? 
 
The Academy’s pendulum is not a clock, compass or perpetual motion machine. It is a 
Foucault pendulum. It proves that the Earth rotates on its axis. As the force of gravity 
keeps the bob swinging back and forth, our planet’s spin causes a tiny “force” that 
changes the direction of the pendulum’s path a little bit with each swing. If Earth didn’t 
rotate, the pendulum would swing across exactly the same spot all day.1 The change in 
direction of the pendulum’s path is called precession. 
 
The first demonstrated Foucault pendulum was built by Jean-Bernard-Leon Foucault 
(pronounced “fooKOH”), in 1851, in the Meridian Room of the Paris Observatory.  A few  
weeks later he installed a more famous pendulum in the Panthéon in Paris.  This 
pendulum was 67 meters (219 feet) long, and the bob weighed 28 kilograms (61.7 
pounds.)   
 
Before 1851 it was widely accepted that the Earth rotated on its axis.  The following 
observations were consistent with this hypothesis: 
 
• Sunrise and sunset 
• The apparent motion of the stars at night 
• Measured polar flattening and equatorial bulge 
• Cyclonic weather systems and oceanic currents 
 
Foucault’s pendulum, however, was the first satisfactory demonstration of the Earth’s 
rotation on its axis using laboratory apparatus rather than astronomical observations. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Design and Operation of the Academy’s Foucault Pendulum 
 
The original pendulum was installed in the old Academy in 1951, and was very popular. 

                                                            
1 Wording provided by Ryan Wyatt following a talk with docents, November 18, 2010. 
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It was damaged in the fire that destroyed the planets in space hall, and is now in 
storage. 
 

Design 
 
The pendulum consists of a heavy weight, called a bob, hung with aircraft control wire 
anchored to the ceiling. The cable is mounted in a manner that permits it to rotate 
independently from the ceiling. The bob is a hollow brass ball 16 inches in diameter and 
weighs 238 pounds. In the old Academy the pendulum pit was recessed into the floor, 
but the new pendulum pit is not recessed because a pendulum was not in the original 
plans for the new Academy.  When it was decided to have a pendulum the pit was 
designed to use the already established floor. 
 
The pendulum is not a perpetual motion machine! If left alone, friction from air 
resistance will cause the pendulum to slow down and eventually stop. A decline in the 
swing would be noticeable within two or three hours, although it would take much longer 
for the pendulum to come close to stopping. The bob is heavy compared to the wire; 
this minimizes but does not eliminate the effect of air resistance. An electromagnet at 
the top of the cable keeps the pendulum swinging. 
 
The pendulum is so heavy that the ground waves of an earthquake would have little or 
no impact on the pendulum’s swing. 
 
 Operation 
 
At the top of the wire there is an iron collar. When the pendulum wire is perpendicular to 
the floor, it triggers electricity to flow through an electromagnet, activating the magnet. 
The magnet then pulls the collar in the direction of the swing, giving it a slight “pull” to 
keep the pendulum from slowing down. When the collar hits the magnet the electricity 
turns off, deactivating the magnet. The pendulum then swings in the other direction, free 
from the influence of the magnet. When the wire becomes perpendicular to the floor the 
magnet is again activated, pulling the iron collar in the other direction. 
 
The period of the pendulum is the time that it takes for the bob to make one cycle – in 
other words, the time it takes to leave and return to the same position. Longer cable 
lengths give longer periods. 
 
On Wednesday October 15, 2008, the period was measured at 6.4 seconds.  From this, 
the length of the cable in feet was calculated from the following formula: 
 
L ≈ gT2/4π2 = 33.4 feet (10.2 meters) = 33 feet 5 inches; L ≈ L approximately equals 
 

g = acceleration due to gravity, 32.17 ft / sec2 
T = period, seconds 
π = 3.142 
L = cable length, feet 
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The formula is accurate only if the pendulum swings through a small angle. 
 
To start the pendulum a staff member holds the cable and pulls the bob back to the 
desired position of maximum swing. The cable is held until the cable and bob are 
perfectly steady. Then the staff person lets it go. 
 
There are 60 pegs, and 60 spaces between them. One complete precession (360°) 
takes 39.2 hours (2350 minutes.) Dividing 2350 minutes by 60 gives 39.2 minutes (39 
minutes 10 seconds) between peg knockdowns. This is a theoretical average; actual 
times can vary. 
 
A staff member resets the pegs every morning, at about 9:30. 
 
What the Pendulum Demonstrates 
 
The plane (direction of swing) of the pendulum’s swing appears to turn “precess” 
clockwise above the floor.  The Earth’s rotation causes the precession. We do not feel 
the motion of rotation because the forces resulting from the motion are very small. 
 
At either the North or South Poles (and only at the poles) the plane of the pendulum’s 
swing is fixed with respect to the stars. At the North Pole the plane of the pendulum’s 
swing precesses clockwise with respect to the ground, taking one sidereal day2 to 
complete a rotation. At the South Pole the plane of oscillation precesses 
counterclockwise. 
 
At the equator the pendulum doesn’t precess at all – the plane of oscillation remains 
fixed relative to Earth. At other latitudes the plane of oscillation precesses relative to 
Earth but slower than that at the poles. 
 
In San Francisco one complete clockwise precession takes 39.2 hours. This can be 
calculated:  
 

Time, hours = (sidereal day, hours) / sin(latitude of San Francisco) 
One sidereal day = 23.93 hours 
Time = 23.93 / sin(37.77 degrees) = 39.2 hours in San Francisco 

 
So, at the North Pole (latitude 90 degrees) it takes 23.93 hours; at the equator (latitude 
0) it takes forever – the plane of the pendulum’s swing does not precess at all. 
 
The Coriolis Effect (aka Coriolis Force) 
 
The Coriolis effect can arise in any situation involving rotation. Imagine that you’re in an 
                                                            
2 A solar day is based on the Sun ‐ the time from noon to noon the next day. It is exactly 24 hours, but the Earth 
must rotate slightly more than 360 degrees in one solar day because the Earth revolves around the Sun. in a 
sidereal day the Earth rotates exactly 360 degrees, so it is shorter than a solar day. 
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airplane at the North Pole. You take off heading due south.  If Earth was not rotating 
you would maintain a path along a fixed longitude.  But the Earth is turning under you, 
from west to east.  Your path in the airplane will veer toward the right (toward the west) 
as seen from the ground.   
 
Another way to think about this is to be in an airplane at the equator.  You take off 
heading due north.  Again, if Earth was not rotating you would maintain a path along a 
fixed longitude. But the Earth is turning under you. At the equator the ground velocity 
from west to east is about 1,040 miles per hour, and this is also your velocity from west 
to east. As you head north your west to east velocity is still 1,040 miles per hour but the 
west to east velocity of the ground under you is continually decreasing. You veer to the 
right (toward the east) as seen from the ground. 
 
This effect causes hurricanes (north of the equator) to spin counterclockwise.  As winds 
veer to the right the low pressure at the center tends to pull them inward, resulting in the 
counterclockwise rotation.  Major ocean currents are also affected. 
 
South of the equator the effect is reversed. The airplane heading north from the South 
Pole would be seen veering to the west; heading south from the equator would be seen 
veering to the east. Cyclonic rotation is clockwise. 
 
Tornadoes, like hurricanes, are cyclonic systems, but the distance across their funnel 
clouds is too small to have their rotation determined by the Coriolis effect. They can spin 
clockwise or counterclockwise in either hemisphere. However, the rotation of a tornado 
is determined by the rotation of the thunderstorm that spawns it. Some thunderstorms 
are big enough to have their rotation determined by the Coriolis effect. Thus most – but 
not all – tornadoes in the northern hemisphere rotate counterclockwise. One clockwise 
– spinning tornado struck near Sunnyvale in 1998. 
 
 “Tropical cyclone” is a general term referring to hurricanes and typhoons. Hurricanes 
are cyclones in the Atlantic Ocean; typhoons are cyclones in the Pacific. These systems 
normally develop in the tropics, but rarely within 5o latitude of the equator. The Coriolis 
effect is too weak near the equator to give rise to cyclones. 
 
Other examples of cyclonic systems are dust devils and waterspouts. Waterspouts are 
tornadoes over water.   
 
Cyclonic systems are also seen on other planets. A famous example is the Great Red 
Spot on Jupiter, an enormous system that has lasted for hundreds of years. Cyclonic 
systems have also been detected at Saturn’s poles. 
 
Some myths or mistaken ideas 
 
It is incorrect to say that “The Earth is rotating under the pendulum.”  This is correct only 
at the North and South Poles. 
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It is incorrect to say that the plane of oscillation of a pendulum remains fixed with 
respect to the stars. This is correct only at the Poles.  (For example, think about a 
pendulum at the equator.  As the Earth rotates, stars rise or fall in the direction of the 
pendulum’s swing.) 
 
The direction of water rotation in draining sinks is not determined by the rotation of the 
Earth. The Coriolis effect is tiny at this small scale and is overridden by other effects. 
 
Additional resources 
 
http://www.physclips.unsw.edu.au/jw/foucault_pendulum.html 
http://www.physclips.unsw.edu.au/jw/coriolis.html 
http://www.calacademy.org/products/pendulum/ 
http://geosci.uchicago.edu/~nnn/LAB/DEMOS/coriolis.html 
http://www.dvandom.com/coriolis/ 
http://www.spc.noaa.gov/faq/tornado/#The%20Basics 

http://www.physclips.unsw.edu.au/jw/foucault_pendulum.html
http://www.physclips.unsw.edu.au/jw/coriolis.html
http://www.calacademy.org/products/pendulum/
http://geosci.uchicago.edu/%7Ennn/LAB/DEMOS/coriolis.html
http://www.dvandom.com/coriolis/
http://www.spc.noaa.gov/faq/tornado/#The%20Basics

