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Understanding the Magic of the Bicycle 
Basic Scientific Explanations of the Two-Wheeler’s Fascinating Behavior

Joseph W. Connolly

The bicycle is a common, yet unique mechanical contraption in our world.  In 
spite of this, the bike’s physical and mechanical principles are understood by a 
select few. You do not have to be a genius to join this small group of people who 
understand the physics of cycling. This is your guide to fundamental principles 
(such as Newton’s laws) and the book provides intuitive, basic explanations for 
the bicycle’s behaviour. Each concept is introduced and illustrated with simple, 
everyday examples.

Although cycling is viewed by most as a fun activity and almost everyone 
acquires the basic skills at a young age, few understand the laws of nature that 
give magic to the ride. This is a closer look at some of these fun, exhilarating, 
and magical aspects of cycling. In the reading, you will also understand other 
physical principles such as motion, force, energy, power, heat, and temperature 
as well.
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Preface

A short story about bikes and books
The kid was ten years old and craved a bike that, for reasons of family resources and
parental worry, was unattainable. It would have been easier to get a Red Rider B-B
gun. After winning at bingo four weeks in a row resulted in a pot of twenty dollars,
Mom finally saw that a bicycle was in the stars; the worries became the matter of
prayers. Even many decades ago, a nice new shiny Schwinn or three-speed English
was beyond the twenty dollars. Pursuing newspaper want ads, the kid managed to find
a two-wheeler for twelve dollars. It was an orange and white beauty—the rust gave it
personality. After a few weeks of gleeful cruising areas of town never known to exist, it
was time to spruce up the two-wheeler with a new coat of orange paint—two cans
from the remaining eight dollars. Moderation is not a virtue to a ten-year-old kid with
a can of spray paint—besides, the frame, wheels, pedals and spokes all looked
beautiful in bright orange! The addition of a basket, horn, and light made the bike
even more stunning. The other neighborhood kids agreed with envy.

With the outside dirt and rust gone, this bike must be just as dirty and rusty on the
inside.

A visit to the gas station down the block and fifty cents yielded a couple of milk
bottles filled with kerosene. With an old screwdriver and large pliers, it was not too
hard to remove every moving part inside the bike. The kerosene overflowed as
everything—various size bearings, cones, axels, washers—was simultaneously
crammed into the milk bottles. It was amazing how many disks with tabs came
out of that coaster brake. After a good soaking and wiping dry, it was time to spend
another fifty cents for some grease and put a very large puzzle back together. While
the brake had a lot of similar looking parts, most pieces found a home.

These leftover parts must be extras.

The best way to test everything was on a nice hill. The Orange Beauty climbed that
hill with a quiet ease and grace; the ride down should have been even better. If the
purpose of the brake was to stop the bike, it worked very, very well.

Talk about stopping on a dime!

The journey over the handlebars led to no serious bodily damage—kids grow up
bouncing off the ground. The real damage was to the kid’s heart—it was devastated.
He now had an Orange Monster and years of bike thirst were crushed. The adults
just shook their heads; no one had ever heard of a place that fixed bikes and besides,
there was little left from those bingo winnings. Finally, Mom, as mothers always do,
had a suggestion: ‘Maybe there is a book in the little library, up the street, that will
show you how to fix your bike’.

Sure, fat chance that a one-room library with 200 books would have one on how to fix
bicycles!

xii



Out of other options, what did the kid have to lose? As the saying goes ‘it is better to
be lucky than good’. Sure enough there it was—a book with clear instructions on
how to put those 100 brake pieces back together. With help from the screwdriver and
pliers, the Orange Beauty found its place once again in kid heaven.

And the kid learned something about books that made all the difference in his world.

After two more weeks of riding, the kid managed to crash the Beauty into a curb and
crack off the top bar. It got fixed, but that is another story and lesson learned by the
kid.

Man, that guy was crabby and I even paid him the 25 cents in cash! Next time, maybe I
will look for a book on welding.

Understanding the Magic of the Bicycle
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Understanding the Magic of the Bicycle
Basic scientific explanations to the two-wheeler’s mysterious and fascinating behavior

Joseph W Connolly

Chapter 1

Introduction–the magic of the wheel

Wherever the spirit wished to go, there the wheels went, and they were raised
together with the living creatures; for the spirit of the living creatures was in the
wheels.

New American Bible—Book of Ezekiel, chapter 1, verse 20

Where do we begin our search for an understanding of the unique and powerful
attraction of the wheel? Why does this round form, a shape that can be rolled and
moved with ease, appeal to an almost primordial instinct deep within the soul? Does
the allure of a round figure originate with the Greek metaphysical concept of
perfection of the circle? Does it go back hundreds of centuries earlier to the invention
of the wheel? Early specimens of wheeled vehicles, dating back to the fourth
millennium B.C., have been found in archeological digs in Mesopotamia and
Europe

We offer for speculation that our innate human appreciation and fascination for
round objects, capable of rolling with ease, may be found in human evolution of
hundreds of thousands of years ago. Envision an early ancestor attempting to move
rocks, building a shelter to protect against the wilds. Anyone who has tried to push a
large rock across a yard quickly realizes that, rather than sliding the rock, it is easier
to pry the boulder from one side and flip it over. The next realization is that a rock
with a rounded shape will flip and roll with minimum effort. In a later chapter, we
will see that the difference in effort is due to physical principles of sliding friction
compared to rolling friction (resistance). Although our early hominid ancestors did
not study such a chapter in their physics books, they surely would understand the
ease with which they could move rounded objects.

doi:10.1088/978-1-6817-4441-4ch1 1-1 ª Morgan & Claypool Publishers 2016
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On their own axis as the planets run
Essay on man, iii, Alexander Pope

Yes—the origins of the bicycle may date back to our ancient ancestor’s efforts in
rolling stones!

A tantalizing clue to the human fascination with rolling objects is found in the
etiology of the word walk. It derives from the Anglo-Saxon word ‘wealcam’, which
means to move, revolve, or roll!

Another aspect of our primordial, instinctive appreciation of motion is that once
we find an easier way to move objects—including our own body—we do not revert
to the more difficult. The infant offers a fascinating example. As she struggles to
move about, first by flipping, then by rolling, followed by crawling, she ultimately
takes her first steps! There is no going back; at each ‘step’ there is little retrenchment.
Once the baby takes her first few unsupported steps, crawling is no longer the way to
go. The first steps bring boundless excitement to all—we can only wonder who has
the greater joy—the little one or the parents (figure 1.1)!

We like to move, and we like to move as easily as possible. No doubt, much of the
appeal of a bicycle is due to its ease of motion. It speaks to one of our deep,
instinctive human desires.

The bicycle is a common, yet unique, mechanical contraption in our world. It is
the most efficient mode of human powered transportation. Using the lower body
muscles, a bicycle affords a several-fold gain in efficiency when compared to
walking. Notwithstanding their utilitarian nature, bicycles are fun—they bring joy
and exhilaration to the rider; there is a sense of amazement by observers.

In our world of electronic games and battery-powered gadgets, the bicycle is a
classic toy still capable of delighting young children. Learning to balance and ride a
two-wheeler is one of childhood’s most satisfying memories. There is an experience
of magic in the balancing.

Understanding the Magic of the Bicycle
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Bicycles excite both youngsters and adults who are ‘young at heart’. Once
mastered as a child, the joy of riding a bicycle is never forgotten. The old adage
‘once you learn to ride a bicycle, you never forget’ is indeed true. Grownups are not
immune to the exhilaration and sheer fun of a bicycle. Adults, who have not
ventured onto a bike for decades, can leap upon a bike, pedal away, and feel ten
years old again! Even the most unathletic and awkward feel a sense of grace and
power on a moving two-wheeler.

A traveling bike is visual poetry; merely watching a passing cyclist evokes a sense
of the transcendental.

In the late 1860s as bicycles appeared in major cities of the United States and
Europe, the excitement and attraction of the self-propelled machines were captured
in drawings and paintings by the most famous artists.

Early in his career, the American artist, Winslow Homer, worked as an illustrator
for the legendary Harper’s Weekly magazine. To Homer, the bicycle was a symbol
of change. In his dramatization for the cover of the January 1, 1869 issue, it was ‘out
with the old in a wheelbarrow and in with the new on a bicycle’ (figure 1.2).

In the latter half of the nineteenth century, bicycle crazes swept across Europe and
the United States. These new-fangled contraptions, magically balanced on only two
wheels, stunned observers. A cyclist, gliding by pedestrians, invoked responses
ranging from awe to hostility. A century and a half later, some things have not
changed. There is still awe in the magic of balancing. These machines continue to be
a joy to ride but, unfortunately, continue to invoke a certain amount of hostility.

The self-propelled machines captivated Mark Twain, arguably the finest nine-
teenth century American writer. He wrote of his adventures learning to ride the
bicycle in an essay Taming the Bicycle. Subsequently, Twain in his 1889 novel
A Connecticut Yankee in King Arthur’s Court saw the bicycle as a metaphor for the
horse of the charging knights (figure 1.3).

Figure 1.1. First Steps, after Millet (1890), Vincent Van Gogh. Courtesy of Metropolitan Museum of Art,
www.metmuseum.org.

Understanding the Magic of the Bicycle
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Figure 1.3. A Connecticut Yankee in King Arthur’s Court, Mark Twain [1].

Figure 1.2. Harpers Weekly Winslow Homer January 1, 1869.

Understanding the Magic of the Bicycle
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It was on the 10th day of May 1884 that I confessed to age by mounting
spectacles for the first time, and in the same hour I renewed my youth, to outward
appearance, by mounting a bicycle for the first time … The spectacles stayed on.

speech by Mark Twain

The bicycle represents many things to many people. To Claude Monet the self-
propelled wheeled vehicle was a toy for Jean, his young son (figure 1.4).

Learning to balance and ride a bicycle is one of childhood’s most lasting
memories. The child experiences a sense of freedom and exhilaration that compares
to the excitement when a baby takes his first steps. We are too young to recall the
thrill of our first steps, whereas mastering the two-wheeler is a milestone never
forgotten.

The Impressionist, Camille Pissarro saw the bicycle as an integral part of
nineteenth century urban Paris (figure 1.5). The enlargement of the painting’s lower
region shows many enjoying a bicycle ride on this beautiful spring morning. Pissarro
incorporated bicycle imagery in a number of his other paintings.

Another artist, Toulouse-Lautrec, captured the power and energy associated with
the moving bicycle in a painting of a velodrome, an arena for fast bicycle racing
(figure 1.6). The artist represents the racing cyclist as a blur in the background. There
is no doubt that the ability to ‘go fast’ is one of the bicycle’s attractions. For better or
worse, it is very easy to attain high speed on a bicycle, unmatched in any other form
of human powered locomotion. Even the most unathletic possesses a sense of power
and grace while coasting effortlessly on a bicycle.

Figure 1.4. Jean Monet (1867–1913) on His Hobby Horse (1872), Claude Monet. Courtesy of Metropolitan
Museum of Art, www.metmuseum.org.
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For some, the bicycle is associated with images of beauty and social engagement
by the upper class. The cycle was the heart of large social engagements. Well to do
members of high society embraced the machines. Figure 1.7 captures the refined and
genteel nature of the cycling meets.

Figure 1.5. The Garden of the Tuileries on a Spring Morning (1899), Camille Pissarro. Courtesy of
Metropolitan Museum of Art, www.metmuseum.org.

Figure 1.6. Tristan Bernard at the Velodrome Buffalo (1895), Toulouse-Lautrec. Private Collection.
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Women, enjoying the freedom of independent travel, were especially drawn
toward the bicycle. The appearance of bloomers in the female riders’ dress was a
matter of some outrage. Keen observers saw the bicycle playing a major role in the
early stages of the suffrage movement. Stephan Crane, best known for his classic
novel The Red Badge of Courage, perceived the bicycle foreshadowing profound
changes in society.

Still, a second look at the Boulevard convinces one that the world is slowly,
solemnly, inevitably coming to bloomers. We are about to enter an age of
bloomers, and the bicycle, that machine which has gained economic position of
the most tremendous importance, is going to be responsible for more than the
bruises on the departed fat policeman of the Boulevard.

New York’s Bicycle Speedway 1896 by Stephan Crane

Children quickly appreciate the freedom of independent transportation. At times,
the wheeled toy encourages a child’s spirit to escape the bounds of well-intended
parental restrictions. The face of the young lady in Maurice Prendergast’s water-
color shows a determination to use the adult distraction for a brief moment of
freedom (figure 1.8).

Even the adults find the need to escape every now and then. There are days when
a bicycle ride offers all a rare opportunity for solitude and peaceful reflection away
from stress and pressure. Many of life’s daily tribulations can, at least for a few
hours, be left behind with a peaceful glide on two wheels. Some worries cannot keep
pace at twenty miles per hour (figure 1.9).

Figure 1.7. Fashion of the Hour. Courtesy of Copake New York Antique Bicycle Auction. All rights reserved.
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Figure 1.8. Large Boston Public Garden Sketchbook: A Girl Riding a Tricycle in the Park (1895–97), Maurice
Brazil Prendergast. Courtesy of Metropolitan Museum of Art, www.metmuseum.org.

Figure 1.9. Autumn Solitude. Courtesy of M. Mullen, The Times-Tribune. All rights reserved.
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Turn, turn my wheel! Turn round and round.
Without a pause, without a sound
So spins the flying world away.

Keramos by Henry Wadsworth Longfellow

The verse from Longfellow, composed in reference to the potter’s wheel, conveys
similar feelings to the cyclist enjoying an isolated ride.

Sadly, for many youngsters the bicycle was the unattainable – a first experience of
intensely desiring something that, for one reason or another, could not be realized
(figure 1.10).

This longing for a two-wheeler may have been the first time a child was motivated
by the realization that a dream can be attained through persistence and hard work
(figure 1.11).

While the preceding images represent aspects of the bicycle that appeal to our
human yearnings, no one has better captured the aspect of the bicycle that is the
essence of this book than Norman Rockwell. To the perceptive illustrator of our
life’s most affecting moments, BICYCLES ARE FUN! (figure 1.12).

Yes, to Norman Rockwell, bicycles are REALLY FUN! (figure 1.13).

Sing, riding’s a joy! For me I ride
Robert Browning

No matter what your age (figure 1.14). On a bicycle: you are 10 years old again!
There is no doubt that a few turns of a pedal are the surest way to relive the joys of
childhood. The bike is ‘Rosebud’ on two wheels!

Figure 1.10. Is your child left behind? David Robinson. Cycle Trades of America.

Understanding the Magic of the Bicycle
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Figure 1.12. School this year means more than ever before. Norman Rockwell.

Figure 1.11. New Departure Manufacturing Company advertisement.
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The Child is the Father of the Man
The Rainbow by William Wordsworth

Figure 1.13. Hey fellers! $100 in gold first prize. Norman Rockwell.

Figure 1.14. Hambidge Truth Magazine. Courtesy of Copake New York Antique Bicycle Auction. All rights
reserved.
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What makes this bicycle so much fun? Why do we get this childlike exhilaration
while pedaling the two-wheeler? The bicycle, once mastered, bonds with our
primordial desire to move, to move fast, and to move with ease. The bicycle
extracts from our muscular efforts the maximum, most efficient form of human
propulsion. Even when working hard, straining to push the machine against nature’s
forces of resistance, there is reward; the motion through the air affords a pleasant,
cooling breeze. Another blessing is that, although we struggle mightily against the
dominant resistive force of air resistance, the opponent is invisible, hidden from our
senses. Somehow, this air resistance is a quiet adversary, almost imperceptible; it
never seems to be oppressive.

Although cycling is viewed by most as a fun activity and almost everyone acquires
the basic skills at a young age, few understand the laws of nature that give magic to
the ride. Suppose we take a closer look at some of these fun, exhilarating, and
magical aspects of cycling.

As the reader travels through this book, she will encounter fundamental
explanations for a myriad of the bicycle’s fascinating behavior. For example:

• A bicycle possesses an amazing ability to balance on two wheels. The
balancing is seen as the result of a combination of motion toward the center
of a turn and an inward lean (chapter 12).

• The self-stability of a bicycle, the way in which a falling bicycle picks itself
back up, is a consequence of the tendency of objects to travel in a straight line
(chapters 5 and 12).
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• The need to lean during a turn, an instinctive action learned by the youngest
of riders, is viewed as a necessary component of balancing and turning the
two-wheeler (chapter 12).

• The cause of air resistance and the force’s important significance in suppress-
ing the forward motion of the bicycle is evaluated (chapter 5).

• The role of static friction, which normally opposes motion, is examined for its
role in starting and stopping the cycle (chapter 5).

• The importance of gearing is considered for both the impact on the rider’s
effort and the machine’s speed (chapter 11).

• The ultimate joy of freewheeling, being able to coast along with no effort, is
examined as a consequence of the basic laws of motion (chapters 4 and 5).

• The geared transmission system is analyzed for its efficient conversion of the
rotational motion of the pedals to the forward travel of the two-wheeler. We
will learn how a magnification occurs—the wheels of the bike spinning as
much as ten times faster than the feet (chapters 4, 10 and 11).

• The advantages of a modern bicycle’s multigear system are explored. The
rider has the benefit of selecting a high gear, suited for riding for speed, or a
low gear that eases the challenge of climbing hills (chapters 8 and 11).

• Strenuous physical activity such as cycling requires large expenditures of
energy at high power levels. We will examine the energetics of bicycling as a
consequence of the need to overcome nature’s resistive forces such as gravity,
air resistance, rolling resistance, etc (chapters 5 and 8).

• A byproduct of the strenuous muscular efforts involved in the pedaling is the
large amount of body heat generated. The various mechanisms of heat
transfer are evaluated for their role in cooling the body (chapter 8 and 9).

• The cause of the wheel’s rolling resistance and the mechanism by which a
vertical deformation of the tire opposes the horizontal motion of the bicycle is
considered (chapter 5).

• We examine the reasons for the bicycle offering the most efficient form of human
powered locomotion—hint—it is not the gearing system (chapters 5 and 11).

• A two-wheeler steers with ease; the rider is able to control the machine’s
direction with small forces on the handlebars, sometimes just nudges or small
leans (chapter 12).

• The moving cycle has a natural stability. It is astonishing how the bicycle,
once in motion, is able to leave behind the intrinsic instability of a large mass
perched high above two tiny points of support. Even without a rider, the
moving bike wants to stay upright (chapter 12).

• The reader is asked to consider the ease with which a traveling bike can be
stopped using the small appendages of our hands, especially when compared
to the large lower body muscles needed to get the bicycle into motion
(chapter 11).

• The delight experienced as the struggle of the climb is traded for the
exhilaration of the downhill journey (chapter 6 and 8).

• The relationship between momentum and impulse is viewed as the mecha-
nism through which helmets reduce collision forces on the head (chapter 7).
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In spite of the bicycle’s ubiquitous and fascinating presence in our everyday
world, the bike’s basic physical and mechanical principles are appreciated and
understood by a select few. We invite the reader to join this privileged group. The
mysterious behavior of these two-wheeled ‘toys’ can be understood as a consequence
of simple physical principles.

A word of caution—it is common to find, in books and on the internet,
explanations of the bicycle that are either erroneous or explained at very high
mathematical levels. In this book, the reader will find simple, physically accurate
explanations to a range of complex bicycle behavior. The approach is to start with
fundamental principles, such as Newton’s laws, and develop intuitive, basic
explanations for the bicycle’s behavior. Sprinkled throughout this book are a series
of questions that inquire as to particular aspects of cycling. Each chapter will
develop the answers to these questions.

But… do you have to be a genius to understand both bicycles and physics? No, you
do not have to be a genius to understand the physics of cycling. However, once you do
understand the bike science—everyone will think you are a genius! (figure 1.15).

Thousands of geniuses live and die undiscovered—either by themselves or by
others

Autobiography of Mark Twain

In the following pages, each concept is introduced and an elementary explanation
offered based upon the simplest everyday example. Once the concept is established,
we proceed to illustrate its application to the bicycle. For example, we first explore

Figure 1.15. Dr Albert Einstein on a bicycle. Courtesy of the Archives, California Institute of Technology.
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