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I’ll Go to Hell: The Adventures
of Huckleberry Finn
Sophie Sheeline
In America’s mid-to-late 19th century, the word “moral” was essentially
synonymous with “religious,” an association that few dared to question. But in 1885, Mark Twain published the Adventures of Huckleberry
Finn, which proceeded to shake the very foundation of the relationship
referenced above, along with that of many other previously untouchable beliefs. In the selected passage, the main character, Huck, mulls
over his complex decision of whether to return his black-skinned companion, Jim, to slavery, after aiding his escape. While Huck initially
falls into believing the predetermined notion that religion and morality are one and the same, Twain later illustrates this belief ’s falsehood
through the ironic inversion of intuitive morality given the context of
the rest of the novel. Through the evolution of Huck’s thought process,
Twain suggests that morality can be achieved independent of religion,
even going so far as to say that the attempt to retain piety can interfere
with one’s ability to make morally correct decisions.
Twain first illustrates Huck’s confusion in his equation of moral correctness with religious purity. Sparked by his desire to “be better,”
Huck decides to “kneel down,” implying that the way to make oneself
a more moral person is by increasing one’s piety. Moreover, he refers
to his heart as not being “right,” because he was “playing double”—the
“double” referring to his desire to be cleansed of sin without handing
Jim over, again associating his lack of moral clarity with his inability to
overcome sin, and therefore religion. Furthermore, by claiming that his
heart is not “right,” Huck paints morality as a polarized realm, consisting solely of right and wrong, just as his religion is a dichotomy between
heaven and hell. Hence, through their parallel separations into two opposing divisions, religion and morality again take on a mirrored equal-

This paper was written for Cara Plamondon’s American Rebels class
in the spring of 2012.
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ity; for right leads to heaven and wrong to hell. However, Twain goes on
to show that Huck fails to be entirely fooled by this false relationship.
Despite Huck’s initial association between religion and morality, Twain
offers the context of Huck’s relationship with Jim as a means of ironically inverting these divisions, and scrutinizing Huck’s initial thought
process. After Huck allegedly rights himself through prayer, he turns to
memories of himself and Jim “talking, singing, and laughing,” three actions that are exclusive to human behavior, and thereby highlight Jim’s
humanity. By showing Huck’s inability to “harden” himself against Jim,
Twain conveys that one requires a rigid disassociation with humanity
in order to justify sending a moral human back to slavery. Hence, he
engenders a form of situational irony dependent on the reader’s empathy for Jim, which Twain has cultivated throughout the novel. The fact
that Jim is portrayed as a moral character while Jim’s skin color makes
him the subject of unquestioned Christian judgment sets up a situation in which Twain can counter Huck’s initial conviction that religion
is the only path to morality.
Through descriptions of Jim and a detailed illustration of Huck’s ultimately redeeming decision, Twain suggests the revolutionary notion
that morality can be cultivated independent of religion, and that adhering to a religious doctrine can lead one to make immoral decisions
in certain situations. At the end of the passage, Huck employs the adjective “good” in reference to Jim’s moral highness outside the context
of Christian religion, for he makes clear at the beginning of the novel
that Jim has faith in superstition, not Christianity, thereby making Jim
the first character to achieve morality independently. Huck proves his
own religious-moral disconnect in claiming, as he tears up the letter,
“All right, then, I’ll go to hell.” Here, Twain illustrates that in order to
make the truly humane and moral decision of not betraying Jim, Huck
must altogether sacrifice his own religious standing. More importantly,
Huck’s need to oppose religion in order to make a moral decision suggests Twain’s belief that the strictly religious construction of morality
can be wrong on some occasions, and therefore that religion fails to be
the perfect guiding light that many so often make it. As seen by Huck’s
quote, Twain uses this passage to set up a situation, employing inver-
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sion and irony, in which he can confirm his belief that religion is simply one of many ways to achieve true morality, and an ill-considered
one at that.
In questioning the long-standing acceptance of religion as morality,
Twain proposes a revolutionary idea of skepticism towards blindly
accepted beliefs. Only by shattering these conventional beliefs could
Twain dream of writing a novel so influential that it would play a part
in truly freeing the slaves; while his message may have been unpopular and even blasphemous, it was vital in undermining previously untouched beliefs regarding slavery.
Bibliography
Twain, Mark. Adventures of Huckleberry Finn. Ed. Thomas Cooley.
3rd ed. New York: W.W. Norton & Company, 1999. 3-296. Print.
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The French Revolution’s Influence
on Women’s Rights
Kelsey Flower
When looking back on the French Revolution, many think of the
natural human rights men gained with the adoption of the Declaration
of the Rights of Man and Citizen in August of 1798. However, most
people disregard the progress in women’s rights that also occurred
during the revolution. As Shirley Elson Roessler, author of the book Out
of the Shadows, says, “The topic of women’s participation in the French
Revolution has generally received little attention from historians,
who have displayed a tendency to minimize the role of women in the
major events of those years, or else to ignore it all together.”1 While
it is true that women did not gain explicit rights during this time, the
women of the French Revolution and the activities they participated in
did influence feminism and women’s rights from that point forward.
The French women’s March on Versailles, their political clubs and
pamphlets, and their prominent women political figures all contributed
to changing the way women were viewed in society. Although these
views and rights were taken away again during Napoleon’s rule, they set
the precedent for women’s rights in the future.
During the Ancien Régime, the political and social system in France
before the revolution occurred,2 both single and married women had
few rights. Until they were married, women were controlled by their
fathers and after marriage this control shifted to the husband. Women
had no power over their property or even over their own person.
Economically, their situation was also unfavorable. They were not
paid well, and the law “confined women to domestic service, heavy
labor, and ill-paid labor-intensive industries like the lace trade.”3 They
did have a few small political rights; for example, women in religious
orders and noble women were allowed to send representatives to the
Estates General.4 However, these rights were insignificant compared to
This paper was written for Katharine Hanson’s Modern World
History class in the fall of 2011.
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those of men. For the most part, people thought women should stay at
home and raise children, and that sexual equality was a bad idea. These
ideas were age old “truths” of Western Civilization and they were also
more recently influenced by the French Enlightenment philosopher
Jean-Jacques Rousseau, who strongly believed that women should not
engage in politics.
During the late 1780s, women felt as if they were losing the few
traditional rights they originally possessed and that their “roles were
gradually being eroded by state intervention.”5 Brochures started to
appear in 1787 arguing for higher education, access to higher paying
jobs, and equality in marriage for women.6 All of these ideas about
economic and sexual equality that were first brought up during the
French Revolution have continued to recur in society through present
day. But unlike today, only a few men during the 18th century agreed
that gender equality should become reality. One of them, the Marquis
de Condorcet, thought women should be able to vote. Even though
many disagreed with Condorcet and his feminist friends, it was a
big breakthrough that there were both men and women who agreed
women should have equal rights, a view that is commonplace today.
The March on Versailles on October 5, 1789, was the first major event
that helped set the tone for women in politics. Because of a series of bad
harvests, and the country’s debt from their support of the American
Revolution and bankrolling Marie Antoinette’s expensive tastes, bread
prices were skyrocketing in the summer and fall of 1789. Wages were
so low that poor, working class women were having trouble feeding
their families. Some began to participate in riots, such as the Reveillon
Riot in Paris against low wages, and even the Bastille Riot on July 13,
1789. By October, Paris was starving, and despite many riots, there was
still no food. In the March on Versailles, women put bread on pikes
and marched from Paris to Versailles. Men followed the women, and,
together, they captured the king and brought him and his family back
to Paris to see the living conditions. This was a turning point in the
Revolution for women because it showed that they could help the cause,
and thus were not politically irrelevant as previously thought. Also,
even though the men that marched served as escorts or came separately
from the women, the march still showed that men and women were
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able to work side-by-side as equals to accomplish a goal, in this case
humiliating the out-of-touch monarchs.
Starting in the 1790s, women were again seen in a new way politically.
After a representative government started in France, women “changed
their tactic”7 from writing political pamphlets to participating in
political clubs. Political clubs—emerging in the last quarter of the
eighteenth century—had originally been all men, but women began to
come as spectators to clubs such as the Jacobins and Cordeliers in Paris.
Their experience of political awakening led to over thirty women’s clubs
being created in French cities such as Dijon, Lyon, and Bordeaux, in
addition to Paris.8 The multiple locations of these clubs prove how the
idea of women’s rights was already beginning to spread its influence
nationwide. Both men and women representatives from the clubs
began to petition the National Assembly about higher education
for women and marital laws, as well as ideas for the revolution. One
woman, Theroigne de Mericourt, founded Amis de a Loi, a short-lived
co-ed society meant to “enlighten the populace in political matters and
to dispel fear and ignorance.”9 Despite being a woman, she decided
to propose the idea for a new building for the National Assembly.
Although her proposal was denied, “the action [was] noteworthy that
a woman made such an address at that time.”10 This concept of women
taking noteworthy political actions proves that political clubs were
helping women to overcome boundaries and possess more confidence
in addressing men. They were trying to contribute to the revolution
and to their own well-being, a big step up from sitting at home with the
children as they were so relegated in the Ancien Régime and before.
Beyond starting their own clubs, women were able to assert their
sexual equality by founding and participating in dual-gender clubs. A
mixed club was created in Paris in 1790, and in 1791 it became known
as the Societe Fraternelle de Patriotes de Deux Sexes. Women and men
participated equally in discussion and elections. For example, there were
both male and female secretaries and four men and women helped select
new members and introduce them into the society. The club increased
rapidly in popularity and members, and led to many similar clubs in
Paris such as the Societe Fraternelle de Halles, the Societe Fraternelle de
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Minimes, and Nomophiles. In these types of clubs that welcomed women,
“the basis was established for the process of [women’s] politicization.”11
One example of this is the club, Societe de Indigents. Created by LouisMarie Prudhomme, a one-time anti-feminist editor and journalist of
the newspaper Revolutions de Paris, the club not only accepted women,
but was run by Prudhomme’s very own wife. This transformation of a
male revolutionary from an advocate of sexism into a proponent of his
wife’s political equality clearly depicts the evolution of women’s status in
the French Revolution.
Although political clubs now played a large role for women’s politics,
pamphlets and brochures for women’s rights were still being published
in the background. One pamphleteer, Olympe de Gouges, wrote a
declaration of women’s equality that rings true even to this day. De
Gouges, the daughter of a butcher, was born in 1743 and was selfeducated. By the beginning of the revolution she had already written
many pamphlets. Despite the success of her previous work, it wasn’t
until September 1791 that she wrote her most famous document in
response to the discriminatory essence of the new French Constitution.
In August of 1789, the National Assembly had adopted the Declaration of
the Rights of Man and Citizen, a document spelling out human liberties
that was eventually used in France’s Constitution in 1791. Ironically,
although the Declaration supposedly spelled out human rights, they
only applied to free, non-enslaved men. For example, Article First of the
Declaration states, “Men are born and remain free and equal in rights.
Social distinctions may be based only on considerations of the common
good.”12 This article helps to demonstrate that the basic human rights
applied for the first time during the French Revolution were not basic
human rights at all—they were solely for men. The Preamble of the
Declaration also states that the documents purpose is to set forth “the
natural, unalienable and sacred rights of man,”13 further highlighting
the complete ignorance of women and the strong roles they had played
thus far in the Revolution.
De Gouges based her September 1791 pamphlet on the Declaration of
the Rights of Man and Citizen, speaking of the “natural, inalienable, and
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sacred rights of women”14 that mirrored those of men. She bravely went
further, suggesting that “property belongs to both sexes whether united
or separated,”15 suggesting that she strongly believed that women should
be able live life independent of a husband if they chose. De Gouges even
encouraged women to “wake up” and “recognize [their] rights”16 in her
writing, awakening a new view that women truly deserved to be given
equal rights to men. Rights were something that they, as humans, were
entitled to. Although Olympe de Gouges was later executed during the
Reign of Terror for her writing, her work was forever preserved as proof
of the changing view of women’s rights during the French Revolution.
Many inconceivable ideas, such as the freedom of opinion and thought,
were suddenly encouraged to the point where women felt like they were
entitled to these rights. This entitlement to freedom has influenced
women through modern day.
Unfortunately for 19th century women, when Napoleon took over France
in 1799, most of the progress they had made in terms of gaining rights
and being recognized as politically equal would be reversed. Napoleon
has even been quoted as saying “the husband must possess the absolute
power and right to say to his wife: Madame, you shall not go out, you
shall not go to the theater, you shall not visit such and such a person: for
the children you bear, they shall be mine.”17 However, if the short-term
effect on women’s rights had failed, the long-term effect was certainly
the opposite. Many of the rights women in North America, Europe, and
other parts of the world enjoy today match up perfectly with the rights
Olympe de Gouges espoused in her pamphlet—including equality with
men, freedom of speech and opinion, and the right to own property.
Women in America in the 1920s fought for the right to vote, a right first
brought up by the Marquis de Condorcet during the Revolution. And
finally, the sense of entitlement that women today feel about the rights
we have and the fact that they should be equal to men dates back to the
pamphlets spread during the French Revolution. With all the modern
day evidence of women’s rights that were first articulated, if not put to
action, during the French Revolution, it is clear the Revolution played a
major role in influencing women’s rights for centuries to come.
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The Evolution of James Madison and
Alexander Hamilton’s Rivalry and the
Founding of America’s First Party Faction
Megan Yang
Many national heroes arose from the rubble of the Revolutionary
War, but only one was deemed noble enough to lead the new republic:
George Washington. Throughout his presidency, Washington strove
to preserve a sense of unity and agreement amongst the citizens of a
young America, stating in his Farewell Address, “To the efficacy and
permanency of your Union, a government for the whole is indispensable.”1 This sense of concern for the future of the state was palpable
throughout the nation’s new capital in the mid-1790s, following the
first official division within Washington’s own cabinet.
“In every political society, parties are unavoidable,” wrote James Madison in an essay for the National Gazette.2 Even in the earliest days of
our country, extreme political polarization played a significant role
in determining America’s future, whether it was considering King
George’s right to levy taxes on the colonists or the constitutionality of
raising a national bank. However, no political division has proven so
infamous and highly debated as Madison’s 1792 co-founding of America’s first official party faction: the Republican Party. This was the year
that Madison seemingly abandoned long-time ally and co-author of
the Federalist Papers, Alexander Hamilton, by becoming a proponent
of pacifism and state rights. By doing this, many historians and even
his contemporaries, including Hamilton, argue that Madison too easily
deserted his own principles for those of a more liberal Thomas Jefferson. This called into question the strength of Madison’s character and
the consistency of his beliefs. According to historian Colleen Sheehan,
some have even questioned Madison’s mental health, asserting that he
may have been “suffering from schizophrenia,” thus accounting for his
inconsistent personality.3 Others, including historian Gordon S. Wood,
This paper was written for Tim James’ Advanced Placement
United States History class in the spring of 2011.
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have chosen to take a closer look at Madison’s intimate relationship
with Jefferson that may have put Madison in a compromising position.
However, it was Hamilton’s agenda that arose during Washington’s
presidency that caused Madison to question Hamilton’s foundational
republican ideals. By establishing a majority faction within the American government, Madison was effectively able to defend the Constitution’s authority and to preserve the democratic republic it guaranteed.
Fearful of the “Hamiltonian monarchical type of government,” Madison strove to restore faith in public opinion and protect the political
minority from an overbearing and abusive federal majority.4 Although
the argument over Hamilton’s attempt to build a modern fiscal-military state may seem superficial, at its core was a profound claim: Madison felt that Hamilton’s conception of American government violated
the principles upon which the country was founded. His accusations
that Hamilton was laying the framework for a mirror image of the British monarchy increased Madison’s hostility towards Hamilton, even
leading him to maintain that it was Hamilton who abandoned him.
However, it seems as if abandonment was not the cause of the two
men’s separation, for it can be concluded that their split was one of
mere inevitability that stemmed from a difference in principle that was
not realized until well into Washington’s administration.
The Question of Madison’s Inconsistency
Madison and Jefferson’s “intimate and long-lasting” friendship wasn’t
as predictable as many would expect.5 Both proponents of religious
freedom, Madison and Jefferson met just prior to the Virginia convention in 1776. Jefferson was far more mild-tempered. He fully embraced
democratic idealism, which sometimes led him to “grab hold of new
and sometimes outlandish ideas,” while, on the other hand, Madison
came from a more conservative and realistic mindset.6 Although they
shared very few personal qualities, that did not get in the way of their
similar political principles.
Among the few qualities they shared, however, was their inherent fear
of legislative power—both were wary that too much power was concentrated in the federal government. In the early 1780s, Jefferson left
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for France to deal with foreign affair business. Throughout the entirety
of the French Revolution, Jefferson continued his consistent correspondence with Madison, oftentimes sending him books on political
theory and democratic rule. Meanwhile, Madison, under the Articles
of Confederation, was forced to temporarily resign his Congressional
position, opting for a new role within the Virginia legislature. His time
in the Virginia assembly, though frustratingly slow for a notable congressman, proved to be a valuable and significant experience in shaping Madison’s new appreciation for state-level government and constitutional reform.7 While at times Jefferson expressed his concerns about
Madison’s ideas on the division of power within American government, their long-distance friendship continued to flourish and indeed
develop into a mentor-novice relationship. “I shall always receive your
commands with pleasure,” Madison wrote in a 1794 letter to Jefferson,
prior to their private trip to Philadelphia together.8
However, Hamilton, a political opponent of Jefferson, seemed suspicious of Madison’s relationship with Jefferson, voicing his skepticism
while questioning “Mr. Madison’s mind and the soundness of his judgment.”9 Hamilton, who came out of the Continental Congress thinking that he had an ally in Madison, was left bewildered by Madison’s
sudden change in views. In an enraged letter to Virginia representative
Edward Carrington in 1792, Hamilton wrote, “when I accepted the
Office, I now hold, it was under a full persuasion, that from similarity of thinking, conspiring with personal goodwill, I should have the
firm support of Mr. Madison, in the general course of my administration.”10 Within the same letter, he attacks Madison for his weak character, “the opinion I once entertained of the candor and simplicity and
fairness of Mr. Madison’s character has, I acknowledge, given way to
a decided opinion that is one of peculiarly artificial and complicated
kind.”11 Hamilton, who previously thought that Madison also sought to
centralize the federal government, was surprised to learn of Madison’s
new position on state rights and federal decentralization. He presumed
that a sudden and complete change in political philosophy of this severity could only be attributed to a mental illness of some sort.
In expressing his genuine surprise at Madison’s change in principle,
Hamilton accused Madison of the same inconsistencies highlighted by
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many of Madison’s critics. These inconsistencies can be attributed to
many aspects of his personality, including a mental illness that may
have rendered him too weak to resist Jefferson’s possible plan to derail
the federalist agenda. Signs of a possible degenerative illness became
apparent even prior to the creation of the Republican Party. Madison
began to notice a difficulty in speech, leaving him “much indisposed
and continue so in a degree which barely allows me to co-operate in
the business,” he stated in a 1788 letter to Rufus King.12 Historian Irving
Brant, however, asserts that this illness may have not been as debilitating as Madison thought, for he was still able to make one of his “longest speeches” to Congress only days after writing the letter to King.13
Hamilton’s Plan for a Perpetuated National Debt
Soon after assuming his position as Secretary of the Treasury, Hamilton began to force his fiscal agenda upon the country, foolishly assuming that he had Madison’s unwavering support. In his 1789 Report
on Public Credit, Hamilton reported a national debt of over $54 million, proposing that both the international and domestic war debts be
repaid at full value and that the federal government assume all state
debts.14 During the Revolutionary War, the Confederate government
had issued a series of war bonds to patriots and Revolutionary soldiers, promising to eventually make good on the bonds. These original
bondholders, skeptical of the Confederation’s financial credibility, sold
most of the war bonds to speculators at a discounted price, hoping to
make a little cash off of a seemingly unwise investment. By 1789, the
newly established government was financially stable enough to begin
considering repayment. Hamilton felt that it was imperative that the
international debts be promptly repaid in order to assure other nations of America’s credibility and trustworthiness. With that same
logic, he also proposed that the current and only the current bondholders be reimbursed at “face value.”15 Hamilton believed that such
policy would establish public confidence and encourage Americans to
continue investing in the nation’s financial well-being, essentially fortifying America against financial crisis. And there was also the profit
made by speculators who were paid by the government for the bond’s
original value, rather than the decreased price at which they bought
the bond. Hamilton hoped that with their freshly turned profit, specu-
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lators would choose to invest in the federal government, rather than
stashing the money away.
This strict national debt policy earned Hamilton much criticism from
many of his contemporaries, most notably Madison. Madison, on the
contrary, proposed a completely different debt system, in which the
federal government would partially pay both the original and current
bondholders at a discounted price. He believed that the current bondholders, who were mostly speculators, did not need to be repaid the full
value of the bond, for they had not previously purchased the bond at
full price anyway. However, Madison was unable to gain enough support for his debt assumption plan as, “the political weakness of Madison’s program lay in the fact that it would hurt the rich (though leaving
them with a profit), help the poor, and save nothing to the taxpayer.”16
In doing so, many believed that the rich would reap no benefits from
Madison’s plan, for it only helped the previously “poor” speculators,
who never expected to make much of a profit anyway.
Contrastingly, in its essence, Hamilton’s plan left the government in
the hands of the wealthy. Madison feared that Hamilton’s program encouraged and even established a tyrannical and wealthy faction within
the United States citizenship, prompting a visceral reaction to protect
the abused majority. This was arguably the greatest turning point in
Madison’s relationship with Hamilton. Madison began to fear that
Hamilton’s plan served to only recreate the tyrannical rule the young
country had just escaped.
However, their debate over the national debt was only the first battle
of their persistent war. In December 1790, Hamilton proposed that
Congress establish a national bank. The Bank Bill gained increasing
popularity in both the House and the Senate, before coming to face
Madison’s opposition. He challenged the bill’s constitutionality, stating that nowhere in the Constitution was Congress given the power to
establish a national bank. Madison believed that if Congress passed the
bill, the Constitution’s authority would be tarnished and the government’s power would be compromised. Essentially, the benefits of a national bank would not outweigh costs of the consequences. However,
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Madison’s efforts proved to no avail. Madison’s opponents, most notably congressman Fisher Ames, argued that “the power to establish a
bank […] was a necessary incident to the powers to regulate trade and
provide for the public credit and national defense,” insinuating that it
would fall within the necessary and proper clause.17
Days later, Madison took the floor of the House to express his concerns
about the Bank Bill. He conveyed it was not a matter of policy or allegiance, but rather a matter of constitutionality and the protection of
the permanency of the Union. He argued that the Bank Bill symbolized
an effort to concentrate all of the country’s wealth and influence in the
nation’s capital; it was a “misguided imitation of England’s monarchical
practice.”18 Despite his efforts to prevent its passage, Madison lost the
battle against the Bank Bill in a House vote that won 39 to 20, and he
proceeded reluctantly to sign the bill himself. Although the incident did
not produce any sort of concrete victory for Madison, he managed to
send a clear message to Hamilton that the two had officially parted ways.
The new rivalrous relationship that had blossomed between the two
men was one of great contempt and personal attack. In an essay written for the National Gazette in 1792 entitled “The Union: Who Are Its
Real Friends?,” Madison detailed that, “those who promote unnecessary accumulations of the debt of the Union, instead of the best means
of discharging it as fast as possible; thereby increasing the causes of
corruption in the government, and the pretexts for new taxes under its
authority, the former undermining the confidence, the latter alienating
the affection of the people,” were certainly not friends of the Union.19
Unfortunately for Hamilton, labeling him as an enemy of America was
one of the milder attacks Madison made on Hamilton’s loyalty. Following the passage of the Bank Bill, Madison was not the only one who
was concerned by Hamilton’s creation of a European state. In a letter
written to Thomas Jefferson in 1791, Madison referred to those who
supported founding father Alexander Hamilton’s Bank Bill as “tories,”
referring to the British political party—a term which during the Revolutionary War was used as a derogatory name for those who remained
loyal to Great Britain.20 In effect, Madison took the political rivalry to
a whole new level, launching very personal attacks on a man who was
formerly a close ally. His willingness to so easily destroy all hopes of
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reconciliation demonstrated Madison’s firm backing of the republican
opposition, proving that at no cost was he willing to risk the new republic’s longevity.
The Creation of a European Military State
In the late 18th century, it was undeniable that the British Empire was
by far the most successful and powerful of its time. However, it later
became evident that Madison and Hamilton attributed Great Britain’s
success to vastly different qualities. Madison noted the role of public
opinion within the British government, in that it adequately checked,
to some degree, the monarchial power. Hamilton, on the other hand,
admired Great Britain for its successful attempt at the European state
building process and the creation of a strong, military nation. In
modeling America after superpowers like France and Great Britain,
Hamilton believed America could assert a more respectable position
on the international stage—a kind of back-handed slap in the face to
the defeated British. While Hamilton had “no wish,” he repeatedly
claimed, to establish monarchy or aristocracy in America, he did seek
to strengthen the decision-making powers of the executive branch,
proposing that executives modeling “good behavior” should have the
choice to serve for life.21
From the start, Madison rejected the idea of tyrannical rule precisely
because it silenced the public voice, or in America’s case, the legislative
branch. In a 1791 essay to the National Gazette entitled “Government,”
Madison used an analogy to explain the danger of a monarchy, writing,
“the eyes of a good prince cannot see all that he ought to know.”22 He
felt that even the best of single rulers fails to understand the issues that
face entire nations and that without the legislative branch, the public
voice could not be heard. After all the “sole foundation on which the
Union rests,” according to Madison, is the “authority of the people.”23
Additionally, while Madison did emphasize the importance of becoming a respected Western power, he also sought to create more of
a “judicial-like umpire,” having “no intention of creating the kind of
modern war-making state that Hamilton had in mind.”24 Madison rejected the creation of a European military state for both political and
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humanitarian reasons. His philosophy was that a world more densely
populated by negotiable democratic republics would lead to a world
engaged in less war. He even proposed the wide use of economic sanctions instead of military action to settle disputes over the growing
international commercial economy. It was unclear whether Madison
could be categorized as an utopian idealist or as a politician who rejected war solely for the nation’s financial prosperity—but no matter
his motives, Madison’s distaste for Hamilton’s plan was highly publicized and intensely critical. In the early 1790s, Madison embarked on
somewhat of a media crusade as he “gradually became aware […] of
the kind of government Washington, Hamilton, and other Federalists
were actually creating,” writing what later became known as the “Party
Press Essays.”25 In this collection of essays, sent and then printed in the
National Gazette (the only national publication at the time), Madison
attacked Hamilton’s plan for creating a powerful European state. In
“Spirit of Governments,” written in February of 1792, Madison outlined the hazardous results of a “government operating by a permanent military force,” seeing it as “the cause of burdens on the people,
and of submission in the people to their burdens.” “Such have been the
governments under which human nature has groaned through every
age,” he continued. “Such are the governments which still oppress it in
almost every country of Europe, the quarter of the globe which calls
itself the pater of civilization, and the pride of humanity.”26
As Wood outlines in his work Revolutionary Characters, Madison saw
many flaws with this type government. A nation constantly engaged in
war would lead to “a Hamiltonian monarchical type of government,”
an increase in taxes to pay for the war, a standing army paid for by
taxpaying citizens, heavy national debts that would be perpetuated by
the debt system paid for by wealthy taxpaying citizens, and as a result,
an even stronger executive power.27 With a system like this, Madison
argues, “no nation could preserve its freedom in the midst of continual
warfare.”28 This was an idea Madison stood firmly by; a country that
was founded upon the central principle of freedom ought to do everything in its power to preserve that freedom. Instead, Madison proposed a “Universal Peace”—albeit naïve—in which wars of “much folly” and “wickedness” could be entirely avoided.29 This solution, though

THE MENLO ROUNDTABLE		

21

not entirely realistic, exposes Madison’s idealistic side that so viciously
clashed with Hamilton’s harsh conception of reality.
Conclusion
Madison’s advice is still needed today. In the same country centuries
after he lived, critics continue to accuse the government of over-publicized political polarization. Madison assures us that even with the
existence of rival parties, there are many problems “which may be contemplated now; but which only time alone can solve.”30 His passionate
crusade for preserving the exact republic, which he felt was birthed by
the Constitution, is one not only of great consistency, but one deserving great admiration. Even able to acknowledge his own faults along
the way, Madison remained true to his word, writing in an 1831 letter
to Charles E. Haynes, “my abstract opinion of the text of the Constitution has not changed, and the assent was given in pursuance of my
early and unchanged opinion.”31
The separation between Madison and Hamilton was justified, in that
at the root of their apparently similar agendas, lay a vast difference
in principle and constitutional interpretation. It appears that although
both founding fathers sought to create a democratic republic separate
from Great Britain, their true conceptions of republican federalism
did not align and this fact was not fully discovered until Washington’s
administration. With Hamilton in the cabinet and at the President’s
right hand, Madison knew that without taking extreme political measures, he was hopeless in protecting his own vision for America from
his position in the House. While many still continue to question the
authenticity of Madison’s motives during this time, it is certain that the
separation that arose between the two men was not a result of Madison’s conceived “weak character,” but rather a preexisting difference,
dating back possibly to even before the two men met, that took far too
long to be realized.32 This story—of the creation of America’s first party
faction—is often marred by associations with betrayal and deception;
however, at its core, it is merely a tale of two men fighting to protect
their own personal vision for America.
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Deliberate Deception: The Truth Behind
the Tonkin Gulf Resolution
Maddie Taylor
The Tonkin Gulf Resolution was passed in Congress following the
August 1964 attacks on U.S. ships off the coast of North Vietnam.
Allegedly, two separate unprovoked torpedo attacks by North
Vietnamese aggressors led the Johnson administration to desire a
resolution expressing the full support of Congress for a firm stance on
Vietnam in responding to the attacks. The controversy surrounding
the issue is this: the majority of Congressmen approved the resolution
under the impression that it would not be used to authorize a wider
war, whereas Johnson believed that their consent revealed a strong
congressional commitment to his foreign strategy and subsequently
used it as such. Because of this difference in interpretation, many
Congressmen later felt intentionally misled. Robert McNamara,
Secretary of Defense under Kennedy and Johnson, believes that
Johnson did not deliberately deceive Congress, and because Congress
kept the language of the resolution vague, they were at fault. Mitchell
Learner, in “Vietnam and the 1964 Election,” agrees that Johnson did
not deceive Congress because Johnson’s actions and statements leading
up to the resolution foreshadowed his intentions in Vietnam.
However, Joseph C. Goulden, in Truth is the First Casualty, strongly
supports the idea that Johnson deceived Congress and manipulated
the situation to his advantage. He believes that the reports of the
August incidents in the Gulf of Tonkin were poorly investigated in an
attempt to force Congress into signing the resolution. McNamara, in
Goulden’s estimation, is not a reliable witness regarding the passage
of the Tonkin Gulf Resolution because he denies that he and Johnson
consciously misled Congress in their encouragement of the resolution
by shielding their desires to expand the war well before the resolution.

This paper was written for Dr. Charles Hanson’s Advanced Placement
American History class in the spring of 2011.

30		

Maddie Taylor

First of all, plans for a more expansive war in Vietnam, including a
large bombing program, were formed in early 1964. Furthermore, a
contingency draft of the resolution was written and proposed months
before the August incidents. And lastly, Johnson and McNamara,
among others, explained the resolution ambiguously, which disguised
their true intentions and encouraged differing interpretations among
Congressmen.
A Clear Risk
Mitchell Lerner asserts that any historian blaming Johnson for
intentionally deceiving Congress by pushing the resolution through
Congress is wrong. He refers to many of the same Senate debates
as Johnson does in his memoir, specifically this exchange between
Senator Fulbright and Senator Cooper:
Senator Cooper: ... In other words, are we now giving the President
advance authority to take whatever action he may deem necessary
respecting South Vietnam and its defense, or with respect to the
defense of any other country included in the treaty?
Senator Fulbright: I think that is correct.
Senator Cooper: Then, looking ahead, if the President decided that it
was necessary to use such force as could lead into war, we will give
that authority by this resolution?
Senator Fulbright: That is the way I would interpret it...
This conversation, Lerner argues, proves that the scope of the resolution
was clear to Congress. Fulbright openly admitted that the resolution
could authorize a wider war. Therefore, Congress was aware of this
possibility when they passed it with overwhelming support. He goes
on to state that Johnson made an honest attempt to make his intentions
in Vietnam clear with the Tonkin Gulf Resolution before the November
election but the electorate ignored him. Johnson’s actions predating the
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resolution displayed his early commitment to Vietnam and made his
future intentions obvious. In addition to this, the strong disagreement
of Senators Morse and Gruening, who believed the resolution was a
“predated declaration of war,” was voiced loud and clear in the Senate.
If these Senators made their argument clear, Congress must have
known the stakes of the resolution when they voted. Johnson also
testifies to this in his memoir, insisting that he established the capacity
of it in his message to Congress. With evidence to reinforce the claim
that Congressmen knew what they were getting into, it is difficult to
believe that Johnson deliberately deceived Congress into signing the
resolution. Given this, McNamara’s depiction of the situation has
validity: Congress made an incorrect judgment of Johnson’s character,
not the resolution.
Prior Plans for War
Evidence for bombing schemes as early as February 1964 prove
that Johnson’s intentions in proposing the Tonkin Gulf Resolution
seven months later were not as limited as he claimed, therefore he
intentionally misled Congress in order to pass the resolution. At the
Senate Foreign Relations Committee hearings in 1968, Fulbright
thoroughly questioned McNamara on this topic. He referenced reports
that the Joint Chiefs of Staff were pushing for a larger American
presence in North Vietnam in early 1964. Following this, he explicitly
asked if such plans had existed at all between early 1963 and July 1964,
before the Tonkin Gulf Resolution was proposed. McNamara’s answer
was: “I can’t recall. I will be very happy to check the record and put the
proper answer in the record.” Later Fulbright received:
We have identified no such recommendation. A check of the records of
the Joint Chiefs of Staff is continuing.
The Defense Department as well as General Earle Wheeler both
answered ambiguously when asked if recommendations had been
made to extend the war in the North predating the resolution. Wheeler
answered questioning with: “to the best of my knowledge and belief...
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there was no thought of extending the war into the north.” All of these
ambiguous responses were attempts to hide any intentions to extend
the war prior to the resolution, which would prove that the resolution
was intended to serve a larger purpose than McNamara and Johnson
insisted at the time. That being so, their messages to Congress and the
public regarding the resolution were blatant distortions of the truth.
Aside from these suspect comments, there is further information
revealing that the administration had an expanded war in mind before
the resolution. An article published in the New York Times by Hanson
W. Baldwin in the summer of 1964 revealed that the Pentagon was
already taking measures to strengthen the U.S. presence in Vietnam
well before the attacks, including increased air support and Special
Forces teams. More importantly, he states that Pentagon officials
had been encouraging the installation of permanent guerrilla units
in North Vietnam for quite some time. Neither McNamara nor
Johnson mentioned this in their explanations and justifications of the
resolution. Instead Johnson assured Congress that the U.S. approach
to Vietnam would remain more or less the same, stressing that “our
policy in Southeast Asia has been consistent and unchanged since
1954.” In addition, in a memorandum to Johnson in March of 1964,
McNamara advised him about the future course of action in Vietnam.
He outlined the need to prepare a quick response attack in case the
conflict deteriorated in the near future. While he advocated for other
solutions before the use of force, he admitted the situation was quickly
souring, and added that putting “demonstrable retaliatory pressure on
the North” may be soon necessary.
Given this evidence, it is almost certain that plans to expand the war in
North Vietnam, or at the very least well-known indications of looming
escalation, existed in early 1964. Thus, top officials in the Johnson
administration were aware of the imminent escalation and McNamara
and Johnson continued to advocate a limited interpretation of the
resolution. In doing so, they consciously led Congress astray.
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Early Draft of the Resolution
Proof that a preliminary draft of the resolution existed in early 1964
also verifies that Johnson’s goal with the Tonkin Gulf Resolution was
beyond a response to the August attacks: he intended to back the
extended campaign he foresaw. E.W. Kenworthy, writing for the New
York Times in 1967, reported that a contingency draft had indeed
existed well before the Tonkin incidents. Not only that: Johnson had
been in the possession of this draft weeks before the attacks themselves.
The contingency draft was a legislative resolution designed to broaden
Johnson’s freedom in dealing with Vietnam and gather bipartisan
support before Walt Rostow suggested the election in February. This
suggestion had the widespread support of Johnson’s senior officials; a
larger presence in Vietnam seemed necessary due to the continually
deteriorating situation there. Johnson’s National Security Advisor
McGeorge Bundy drafted a resolution in May ceding to Johnson the
authority to use force to protect any country in Southeast Asia from
the threat of communism at his discretion. The resolution was to be
proposed in late June, and Bundy pushed an extensive promotional
effort to gain substantial support for the bill. He even offered his
suggested answers to the tough questions he anticipated from Congress.
The resolution was fully prepared by early June, meaning the bombing
targets were decided, the aircraft carriers were stationed, and the
international explanations were drafted. But on June 15 all operations
were called off and postponed; Johnson had suddenly decided against
the plan on account of the intensity of the proposed attacks and his
wariness of the November election. He didn’t want to appear too eager
for war at the risk of alienating the public (which was overwhelmingly
against expanding the war). Bundy later denied that anyone other
than himself had ever seen the contingency resolution, although the
evidence to suggest otherwise is enough to prove beyond a reasonable
doubt that a draft predating the resolution did indeed exist and was
well-known throughout the higher levels of the administration.
In response to inquiries during the 1968 Senate Foreign Relations
Committee hearing about the preliminary draft, McNamara replied, “I
don’t believe I ever saw it.... But I can’t testify absolutely that I didn’t.”
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This circuitous denial shows how eager McNamara was to conceal his
suspicious role in passing the Tonkin Gulf Resolution.
Knowing this, it’s implied that McNamara and Johnson’s intentions
with the Tonkin Gulf Resolution were well beyond the authorization
of a reprisal attack. Both must have been anticipating the impending
escalation when proposing the resolution, otherwise there would have
been no need for a backing from Congress supporting the growing
conflict. Johnson himself touched upon this point in his examination
of the motivation for the Tonkin Gulf Resolution. He believed that
President Truman made a mistake by acting in South Korea without
a resolution illustrating the support of Congress, and he intended to
make sure that “Congress [went] in with [him]” in case they were
forced to take further action. Johnson implies in this explanation
that he had no indication that the war was headed toward escalation,
yet top officials in the Johnson administration were well aware that
further action had been looming on the horizon for months. To
pretend as though he was completely blind to the possibilities of future
escalation at the time of the resolution is entirely false, and constitutes
deliberate deception. Because Johnson and McNamara were aware of
the oncoming escalation at the time of the resolution, their alleged
ignorance of the deteriorating situation is false. Therefore, McNamara’s
testimony of the passage regarding the resolution is simply incorrect.
Purposeful Ambiguity
The proceedings of the Senate debates regarding the resolution prove
that the explanation of the resolution was purposely ambiguous
and never explicitly tied down in an attempt to allow the future
escalation high-ranking Johnson officials foresaw. Despite their
broader intentions, the administration attempted to assure Congress
that the resolution would not be used to expand the war. Senator
Fulbright, floor leader for the resolution, was assured as such, and
continually defended the limited nature of the resolution throughout
the Senate debates. Fulbright used circuitous language in explaining
the resolution, which left it open to future disagreements. When
Senator Brewster asked whether or not this would allow Johnson to
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deploy American soldiers to Vietnam, Fulbright responded, “[s]peaking
for [the Senate Foreign Relations Committee], everyone I have heard
has said that the last thing we want to do is to become involved in a
land war in Asia.” This rhetoric is evasive; if this was the case, why
wasn’t the language of the resolution changed to explicitly reflect the
largely shared opinion in Congress that the war should be avoided at
any cost? Senator Nelson proposed an amendment that did exactly
that. The language of the amendment is as follows: “Our continuing
policy is to limit our role to the provision of aid, training assistance,
and military advice, and it is the sense of Congress that, except when
provoked to a greater response, we should continue to attempt to
avoid a direct military involvement in the Southeast Asian conflict.”
Johnson had made it clear that he didn’t want any changes made to
the resolution, so Fulbright threw out the amendment on the basis of
efficiency and other muddled excuses, claiming that it would “delay
matters” and “cause confusion.” The fact of the matter is that the
Johnson administration couldn’t accept the amendment because it
limited them to solely respond to the attacks in the Tonkin Gulf and
they sought approval from Congress for future escalation. In response
to Nelson’s request, Fulbright also added that “most members” of the
Senate Foreign Relations Committee interpreted the resolution in that
same limited sense. But the language was never tied down, so Johnson
was left with the unilateral power to expand the war. Looking back,
McNamara claimed that Congress was at fault for not clarifying the
nature of the resolution. However, he fails to recognize the fact that
Johnson rejected any active attempts Congressmen made to amend the
resolution. Therefore, his interpretation of the situation is incorrect;
Johnson, not Congress, was directly responsible for the ambiguity
of the resolution. Johnson dismissed Congress’s efforts because he
wanted the resolution to remain ambiguous in order to pursue his
rapidly expanding agenda.
In his letter to the editor, Senator Nelson reassured the public that the
resolution in no way authorized a wider war; this demonstrates that
Congressmen felt very reassured by the statements of the Johnson
administration that the resolution would not become a blank check for
war. And they had every reason to be reassured; in Johnson’s message
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to Congress accompanying the resolution, he states very clearly that
the intention of the resolution is to make it clear to the international
community that the U.S. will meet such attacks and “continue in its
basic policy of assisting the free nations of the area to defend their
freedom.” This strongly suggests that the resolution doesn’t mark a
large change in the American approach to Vietnam. He goes on to
say, “[As] I have repeatedly made clear, the United States intends no
rashness, and seeks no wider war.” Here he is strongly implying that the
resolution will not authorize any expansion. Secretary of State Dean
Rusk also spoke strongly against any insinuations that the resolution
would allow Johnson to expand the war at will by reiterating Johnson’s
statement and reaffirming the U.S.’s limited and selfless ambitions. In
addition, Fulbright’s comments during the Senate debates reaffirm
that Congress was repeatedly assured that the resolution did not mark
a drastic change in America’s policy in Vietnam. At one point he
explicitly verified that “...the joint resolution is quite consistent with
our existing mission...” in response to an inquiry from Senator Nelson.
Clearly, the Johnson administration consciously kept their rhetoric
limited in order to sway Congressmen who were wary of a larger
commitment in Vietnam. However, Johnson and McNamara had prior
knowledge of the likelihood of escalation and failed to make that clear
to Congress for fear of losing votes in Congress. Consequently, they
both knowingly manipulated Congress.
Lastly, Secretary Rusk and Johnson made arguments reaffirming the
constitutionality of the resolution, hoping to persuade Congress by
implying that the resolution did not exceed presidential powers. Rusk,
in his statement to Congress, argues that it is widely accepted that the
President has the authority to take “limited armed action in defense
of American national interests” as Commander in Chief. Similarly,
Johnson explicitly states upon signing the resolution that “[it] stands
squarely within the four corners of the Constitution of the United
States.” First of all, the fact that they defended its constitutionality in the
first place calls into question the nature of their intentions. Moreover,
by coupling the resolution with such a prestigious document they left
Congress with the impression that it would be used in a very limited
and just manner. This is a subtle attempt to sway Congress by shielding
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the Pentagon’s true intentions and disguising the extent of the power
granted to the President in the Tonkin Gulf Resolution.
McNamara also distracted Congress from the meaning of the resolution
in his description of the August incidents in the Tonkin Gulf. He made
sure that the focus remained primarily on the injustice of the attacks,
revealing that he wished to disguise the open language of the resolution
and inspire a patriotic response. He reassured them that the boats
were simply carrying out “routine patrols” when they were viciously
attacked by North Vietnamese torpedoes. However, information was
released proving that American boats were fulfilling an undercover
mission and were instructed to enter within the 12-mile boundary that
North Vietnam had established. This is hardly routine. McNamara’s
description of the incidents to Congress was deliberately vague and
oversimplified so that Congress would blindly approve an expansion
of the war. While his actions during the passage of the resolution
may not constitute a widespread conspiracy, the fact exists that
McNamara participated, along with many other high-ranking officials
in the Johnson administration, in a deliberate deception of Congress.
McNamara’s claims that Congress was at fault are groundless, and his
testimony to the congressional events in August should be dismissed.
The passage of the Tonkin Gulf Resolution is similar to the Iraq
Resolution passed under President Bush in 2002 in many ways. Senator
Robert C. Byrd famously drew this parallel in his speech urging
Congress to remember the consequences of the Tonkin Gulf Resolution
in considering the Iraq Resolution. He referred to the horrors of the
Vietnam War and the deep regret felt by many Congressmen looking
back on their rash actions. He went on to warn that Johnson had also
inspired a patriotic response to attacks on the U.S. in order to pass his
resolution. Above all, he implored Congress to wait for solid evidence
of a threat to national security. However, the resolution passed based
on the assumptions that Iraq fostered an active link to Al Qaeda and
that Saddam Hussein had weapons of mass destruction. Both of these
claims subsequently proved to be incorrect; again, Congress acted
without concrete evidence. Because of this resolution, American
troops remain in Iraq to this day.
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Determining the Speed of Sound in Propane
with a Rubens’ Tube
Kyle Bowman
1 The Big Idea
The idea of this project is to create a visual representation of how sound
waves act in a closed tube. I am going to accomplish this through the
creation of a Rubens’ Tube, essentially a standing wave of fire. I got
the idea for this project by perusing the Internet last year and it really stuck with me. I just never got over the fact that we could create
such a perfect representation of what is actually going on inside of the
tube with something as eye-catching as fire. Through creating this machine I hope to gain a deeper knowledge of how sound in a closed tube
works, as well as how the density and temperature of a material effect
the speed of sound in that material.
2 Introduction
This project is interesting and relative to me because it provides such
a good visual of closed tube harmonics, something I struggled with in
freshman physics. Being a visual learner I had trouble with why it was
¼ of a wavelength that was the fundamental frequency and why each of
the next fundamental frequencies was ½ of a wavelength higher. With a
Rubens’ Tube, however, it is easily visible why these phenomena occur;
we can see what is going on inside the tube with the sound waves in the
form of a standing wave of fire above the pipe.
Another interesting aspect of this project is the ability to measure the
speed of sound in a tube varying with the temperature. Although it is
already known that the speed of sound increases with the temperature,
it will be very interesting to make my own measurements in a medium
other than air. Will the difference due to temperature make itself more
This paper was written for Dr. James Dann’s Applied Science
Research class in the spring of 2011.
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or less apparent in the denser propane? In air the speed of sound can be
calculated from this equation: cair = (331.3 + (0.606°C-1 * T)) m * s-1[1],
so the question is whether or not the coefficient for propane, and other
denser gases, is larger or smaller than the one for air.
3 Theory
Sound is the compression and decompression of air, or whatever medium it is traveling through. When the sound is played through a tube
with holes at the top the resulting compressions and decompressions
cause the gas to flow through the different holes in the top of the pipe
at different pressures, and thus different heights. This height difference
is then made visible by the burning of gas. In order to fully understand what is going on, however, the equation of v = f λ is required,
along with its use in relation to the harmonic frequencies of closed
pipes (λ = 4L, fundamental frequency =v/4L) and the speed of sound
in whatever flammable medium the sound will be traveling through.
The Rubens’ Tube that I am creating is closed on one end and open
on the other, although it looks closed on both. One end is obviously
closed, being sealed off by metal, but the other is closed by a rubber
membrane, which can oscillate back and forth, thus essentially keeping
that end open.
The 1st harmonic, or fundamental frequency, is the note that has a
wavelength four times as long as the pipe. This is because ¼ of its wavelength is exactly as long as the pipe, meaning that this particular frequency resonates with the pipe. This means that it will produce a much
louder sound than the other frequencies. For closed pipes, this effect
occurs whenever there is an anti-node at the open end of the pipe and
a node at the closed end. We need an anti-node at the open end of the
pipe because the air is free to vibrate up and down, and there must
be a node at the bottom of the pipe because the air cannot vibrate up
and down—thus a ¼ wavelength is the first possibility for the escaping
sound to be the loudest.
These frequencies, with a node at the closed end and an anti-node at
the open end, are called harmonics and have the possibility to occur
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every time another ½ of a wavelength is fit inside the pipe before the
wave escapes the tube (because the distance between adjacent antinodes on a standing wave pattern is equivalent to ½ of a wavelength
[2]). In closed pipes we only get the odd harmonics because only one
side of the pipe is changing—the other is consistently the same node,
as you can see in Figure 1.

Figure 1: Standing waves in a half-closed pipe

This combined with the knowledge that the fundamental wavelength
is simply four times the pipe’s length allows us to calculate all of the
harmonics of a closed pipe. For example, in a pipe with a length of four
feet the fundamental frequency in propane at 70 degrees Fahrenheit (if
only one end is closed) can be calculated by the equation v=f λ. 771.47
ft/s = v and 4 * 4 ft = λ (four times the length of the tube), thus giving us
48.22 Hz as our fundamental frequency. Then using our knowledge of
harmonics we can calculate the 3rd and 5th harmonics. The 3rd harmonic
will occur when the pipe is ¾ the length of the wave, so our equation is
now 771.47 ft/s / (4/3 * 4 ft) = f, giving us 144.65 Hz. The 5th harmonic
occurs when the pipe is 5/4 the length of the wave, so our equation
then becomes 771.47 ft/s / (4/5 * 4 ft) = f, giving us 241.08 Hz.
4 Results
The goal of this experiment was to calculate the change in the speed of
sound in propane with respect to temperature. The first thing I did in
the experiment was to find the change of temperature within the Rubens’ Tube with respect to time (see Figure 2).
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Figure 2: Temperature vs. time graph

Then, to make sense of this data, I calibrated the thermocouple I used
to get the temperature in figure 2 against a thermometer known to be
accurate. To calibrate it I took temperature readings from both instruments in ice water (0° C), room temperature water (≈20° C) and boiling water (100° C) (see Figure 3).

Figure 3: Temperature with thermocouple vs. temperature with thermometer in ice
water, in room-temperature water and in boiling water
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I then took these three points to make a line that would calibrate the
thermocouple’s output reading to the real temperature as output by the
thermometer (see Figure 4).

Figure 4: Thermocouple vs. thermometer calibration line

Then with this calibration line I was able to recalculate the temperatures that I got in figure 2 to be the real temperature inside the Rubens’
Tube (see Figure 5). I also added the corresponding error bars from the
thermocouple instruction manual, which says that the thermocouple is
accurate within ± 2.2° C of its reading.
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Figure 5: Calibrated thermocouple temperature with error bars

I then did an experiment where I discovered at which frequency the
tube would display its 7th harmonic, experimentally and theoretically,
and changed the pitch of the speaker so that as the temperature rose,
the 7th harmonic remained visible. Combining this with my temperature readings during the test, I got a 7th harmonic vs. temperature graph
(see Figure 6). I also included the ± 2.2° C error for the thermocouple
and the statistical error for the frequency.
To calculate the theoretical frequency for the 7th harmonic I used v = fλ,
where v = the speed of sound in the material, f = the frequency and λ =
the wavelength. I used wolfram alpha, which could calculate the speed
of sound in propane for certain temperatures, to get a line that gave me
the theoretical speed of sound in propane (in ft/s). Then, using wave
harmonics, I calculated that the wavelength of the 7th harmonic for my
4-foot long pipe should be 2.286 ft.
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Figure 6: Temperature vs. frequency of the 7th harmonic

Then, knowing the 7th harmonic, we can deduce the speed of sound by
dividing by the wavelength (length of the tube / (7/4)) (see Figures 7
& 8). I thought this data would be linear, as it is for air, but it ended up
looking more like a quadratic relationship (see Figure 8).

Figure 7: Temperature vs. the speed of sound in propane with a linear fit
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Figure 8: Temperature vs. the speed of sound in propane with a quadratic fit

We can then compare this experimental data to what I got for the theoretical data (see Figure 9) and it is clearly linear.

Figure 9: Temperature vs. speed of sound theoretical data
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This means one of two things: either my experimental data is a bit off
and thus was not quite as linear as it should have been, or in reality
the speed of sound in propane is not exactly linear. Instead it might
be more quadratic, increasing when the temperature is higher and decreasing when the temperature is lower, down to a minimum speed. I
think this could be quite plausible because the idea that the speed of
sound changes exactly proportional to the temperature as the temperature drastically increases, which then changes the interaction between
the molecules, sounds like an oversimplification of the world. It is rather like something that would work for most experiments that deal with
moderate temperature change.
I also know that the sound I was using for this experiment was pure because I took a sample to check for any excess frequencies being output
(see Figure 10). We know the sound is pure because the largest spike is
at 1000 Hz.

Figure 10: Sound quality at 1000 Hz
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In total, I know that my experiment was not tainted by impure sound
nor did any other heating materials come into contact with the pipe
during the test, but I still didn’t get a linear result. Thus I believe that
the speed of sound in propane changes with temperature almost linearly, instead following a very shallow quadratic of the formula (.1488
± .01561 x^2 – 10.55 ± 1.564 + 1065 ± 38.16)
5 History
The Rubens’ Tube was first invented in 1904 by Heinrich Rubens [4].
He created a tube that was four meters long and drilled 200 tiny holes
in it, two centimeters apart, and then lit the holes on fire by pumping
a flammable gas through the tube. Then, using the knowledge found
earlier that century that acoustic standing waves would form in tubes
(August Kundt) [3], Rubens played music through the tube and discovered the standing sine wave that is created on resonant frequencies. It
has been repeated almost exactly the same way ever since.
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Triple Threat Motorized Hybrid Bicycle
Martin Keyt
1 Abstract
The main objectives of this project were to gain an understanding
of both electric motors and gasoline-powered internal combustion
engines, basic microcontroller programming, and circuitry in order
to ultimately design, construct, and optimize a three-way hybrid
motorized bicycle. The front wheel of this bicycle is powered by an
electric hub motor that operates independently of a four-stroke gasoline
powered engine that powers the rear wheel. Furthermore, the rider can
operate the bicycle through conventional pedaling. The speedometer
incorporates an Arduino microcontroller that uses a Hall chip to sense
the magnetic field of a magnet that rotates once per revolution of the
wheel. Depending on which motor is being used for transportation,
this bicycle travels at speeds of 11 to 27 MPH with a fuel efficiency of
94.64 MPG. At RPM of 350 to 750, the Arduino speedometer operates
with 0.5% to 1.5% accuracy.
2 Introduction
This hybrid motorbike will offer an innovative approach to conventional bicycle transportation. With the ability to be powered by an
electric front-hub motor, a rear-gas motor, and wide-crank pedals, this
hybrid bike has the ability to vary transportation modes while riding
to offer a faster, greener, and more fun way of moving from point A to
point B. With the ability to change between these modalities, the rider
will experience the advantages of each. For example, the electric motor
will excel in flat terrain at modest speeds of approximately 12 MPH
where as the gas motor will enable the rider to easily climb hills in half

This paper was written for Dr. James Dann’s Applied Science
Research class in the spring of 2012.
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the time. Lastly, this motorbike will have an LCD screen displaying the
bike’s current RPM, speed, and distance. This device will be powered
by an Arduino Uno microcontroller.
The origin of this project came from the increasing demand for hybrid
vehicles. Granted motorcycles are one of the most dangerous forms of
transportation [1]. But hybrid motorbikes serve as an elegant solution
to the problems of commuting without being heavily dependent on
fossil fuels. The specific origin of this project came from Prasanth
Veerina’s regenerating braking system for electric bicycles, a former
Menlo ASR Second Semester Project [2]. Upon seeing Prasanth riding
this bike during the product faire, I noticed how nicely electric bicycles
work as a means of transportation, not to mention the effectiveness of
his regenerative braking system. Veerina’s project redefined the way I
viewed bicycle transportation, which is why this project will take the
idea of motorized bicycles even further. Not only will a conventional
cruiser bike be converted into an electric bicycle, but a gas-powered
motor will be added to offer a new range of versatility. The result will
be a hybrid-powered motorbike.
More broadly, the idea for this project spawned from worldwide overdependency on fossil fuels. With the demand for gasoline continually
increasing, innovations in alternative modes of transportation
powered by more readily-available energy sources are becoming
crucial. For example, President Barack Obama funded “$2.4 billion
in stimulus grants to jump-start an electric vehicle industry centered
in the Midwest” [3], thus symbolizing how world powers such as the
United States are funding alternative energy industries in response to
the dwindling fossil fuel supplies. In the realm of motorized vehicles,
electricity is emerging as a possible surrogate for alternative energy
transportation. Tesla Motors demonstrated this fact by manufacturing
the Tesla Roadster, the world’s first high-performance electric car.
Its maximum torque is 270 Newton meters, obtained at 0 RPM and
almost constant up to 6,000 RPM, thus symbolizing how electric
vehicles are capable of matching, even surpassing, internal combustion
vehicles [5]. However, with starting prices at approximately $110,000,
the Roadster is hardly a consumer-level product, which is why there is
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still a demand for a price point product that utilizes alternative energy
sources, yet still performs well enough to be a daily commuting vehicle.
This is why hybrid vehicles are a logical option. By combining both an
electric motor and a gasoline-powered motor, the vehicle can perform
well without being entirely dependant on fossil fuels. The Toyota
Prius, the most popular, consumer-level hybrid vehicle, is sold in more
than 70 countries and regions, and in March 2011, the Prius reached
worldwide cumulative sales of 3 million units [6]. These figures reveal
how world markets are ready to convert to hybrid-powered vehicles;
therefore, in order to perpetuate the hybrid market, future vehicles
need to be faster, stronger, and more efficient. Granted hybrids are only
a temporary evasion of the impending fuel shortage. Electric vehicles
are the cars of the future; however, hybrid cars are the stepping-stones
to that goal, with the hybrid market up 39 percent from a year ago
[7]. This project will serve as an in-depth look at the relevant world
of hybrid vehicles, producing a solid overview of the advantages and
disadvantages of each motor type.

Figure 1: General design/layout of Tesla Roadster [4]

On a less global agenda, this project was designed to involve a sizable
electronic component, and to provide comprehensive exposure to the
realm of circuitry and programming. This will be achieved by building
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the accessories to the bike. Specifically, this will include an Arduino
microcontroller-powered speedometer, odometer, and RPM device
with a live-read LCD monitor, blinking turn signal lights, brake lights,
and a sound system.
3 Theory
3.1 Heat Engines [8]
A heat engine typically uses energy provided in the form of heat to do
work and then exhausts the heat that cannot be used to do work. The
gasoline engine used in this project is a heat engine, because it operates
in a cyclic manner, adding energy in the form of heat in one part of
the cycle and using that energy to do useful work in another part of
the cycle.
Pressure-volume diagrams are a primary visualization tool for the study
of heat engines. Since the engines usually involve a gas as a working
substance, the ideal gas law (PV = nRT) relates the PV diagram to
the temperature so that the state variables for the gas can be tracked
through the engine cycle. The PV diagram provides the framework for
the analysis of any heat engine that uses a gas as a working substance.
For a cyclic heat engine process, the PV diagram will be a closed loop.
The area inside the loop is a representation of the amount of work done
during a cycle. An idea of the relative efficiency of an engine cycle can
be obtained by comparing its PV diagram with that of a Carnot cycle.
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Figure 2: PV diagram of a heat engine [9]

The most efficient heat engine cycle allowed by physical law is the
Carnot cycle, consisting of two isothermal processes (changes in
a system where temperature remains constant) and two adiabatic
processes (processes where no heat is gained or lost in the system)
[10]. In order to approach the Carnot efficiency, the processes involved
in the heat engine cycle must be reversible and involve no change in
entropy. This means that the Carnot cycle is an idealization, since no
real engine processes are reversible and all real physical processes
involve some increase in entropy.

Figure 3: PV diagram of the Carnot cycle [11]
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The engine used in this project is a four-stroke, also known as fourcycle, internal combustion engine where the piston accomplishes four
separate motions or “strokes.” The four strokes that make up the cycle
of a four-stroke engine are: intake, compression, power, and exhaust.
3.2 Stages of the Carnot Cycle in Relation to a Four-Stroke Motor [12]
In the first stage of the Carnot cycle, the piston moves downward while
the engine absorbs heat from a source and gas begins to expand. The
portion of the diagram from point A to point B depicts this behavior.
Since the temperature of the gas does not change, this kind of expansion
is called isothermic.

Figure 4: Stage 1 of the Carnot cycle from point A to point B [13]

In terms of this project, this stage refers to the intake stroke of the
four-stroke engine; however, it is crucial to understand that the Carnot
cycle is an optimal system where heat is transformed into physical
work in the most efficient manner possible. The first stroke of the cycle
is described as the intake cycle, where the piston that starts at the top
of the cylinder chamber begins to move downward. At the same time
the piston begins its path downward, the intake valve opens and allows
air to be drawn into the cylinder chamber. Also during this time a
small quantity of gasoline is squirted into the chamber through a fuel
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injector and mixes with the air. The perfect air to gas ratio is 14 parts
air to one part fuel, thus allowing the fuel to burn.
In the second stage of the Carnot cycle, the heat source is removed;
the piston continues to move downward and the gas is still expanding
while cooling, thus lowering the temperature. Points B and C represent
this stage. This stage is called an adiabatic expansion, meaning there is
an increase in volume without heat flow in or out.

Figure 5: Stage 2 of the Carnot cycle from point B to point C [14]

For the engine used in this project, the second stage of the Carnot
cycle relates to the second stroke of the four-stroke cycle. The second
stroke, also known as the compression stroke, begins with the closing
of the intake valve. As the intake valve closes a sealed chamber is
created between the piston and the top of the cylinder where the valves
are located. The piston then begins its upward path; the gasoline and
air mixture is compressed at a ratio of about 10:1. This ratio comes
from the differences in volume between the cylinder chamber at the
top of the piston’s stroke versus the cylinder chamber when the piston
is at the bottom of its stroke. The greater the ratio, the more power
an engine can ultimately produce; in terms of engines, specifically
motorbikes, this refers to the engine’s cc value, or cubic centimeters of
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displacement. The engine used for this project is 49 cc. For example
[15], a 454 in3 engine with 8 cylinders can hold 56.75 in3 per cylinder;
therefore, with a compression ratio of 10:1, the engine can compress
this to 5.67 in3 The resulting compression creates a lot of potential
energy that can then be converted into kinetic energy in the next
stroke.
In the third stage, the piston begins to move upward and the cooled gas
is recompressed, and the heat goes to sink. Points C and D represent the
decrease in volume and the increase in pressure. The engine gives off
energy to the environment. This stage is called isothermal compression,
meaning that the temperature remains constant.

Figure 6: Stage 3 of the Carnot cycle from point C to point D [16]

The third stroke of the cycle, or the power stroke, refers to the power
resulting from combustion. Now that the cylinder chamber is full of
highly compressed air and gasoline, a spark from a spark plug initiates
an explosion in the chamber that causes a rapid expansion of the
compressed mixture, resulting in the piston being forced downward.
The expansion of gas caused by the combustion is the most important
stage of the cycle; therefore, ensuring airtight seals is crucial, otherwise
power and efficiency are lost.
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In the fourth and final stage of the Carnot cycle, the piston moves
upward and the cooled gas is secluded and compressed. Its temperature
rises to its original state. The line from point D to point A illustrates
this behavior; a continuing increase in pressure and decrease in
volume compared to their initial position is noted. Energy is constant,
meaning no heat flows in or out (adiabatic compression).

Figure 7: Stage 4 of the Carnot cycle from point D to point A [17]

In the four-stroke motor, the fourth stage is known as the exhaust
stroke. Once the piston reaches the bottom of its downward path due to
the expansion, all that remains in the cylinder chamber is waste. Once
the piston begins its upward movement in the cylinder the exhaust
valve opens and the piston forces the exhaust out of the chamber and
away from the engine. Following the exhaust removal, the intake valve
opens allowing air to enter the chamber and continue the cycle.
				
3.3 Horsepower vs. Torque [18]
Engine output is measured in two ways. The first is a direct measurement
of the engine output, or torque. Torque is defined as the amount of
mass that can be lifted a certain distance from the center of rotation.
In other words, it is the force at any one point on the edge of a circle
in the exact direction of the rotation multiplied by the radius. The
second way engine output is measured is horsepower. Unlike torque,
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horsepower is a calculated unit, meaning it is not directly measured. It
can be thought of as the amount of torque an engine produces at a given
RPM. For example, 1 hp is equal to 550 lb-ft/s, meaning horsepower is
not actually being measured. Instead, the force exerted over a period of
time results in horsepower. The force being measured is torque.
3.4 Torque to Horsepower Conversion [19]
Suppose a 1 ft wrench is attached to the end of a crankshaft and the
engine rotates one revolution against one pound of resistance. The end
of the wrench will move 6.2832 ft against a 1 lb weight. The end result
is 6.2832 ft-lbs of work done at 1 ft-lb of torque:
1 hp = 550 ft-lbs/s = 33,000 ft-lbs/min
33,000 ft-lbs / 6.2832 ft-lbs = 5252
So, if the engine rotates against the 1 lb resistance at 5252 RPM:
6.2832 * 5252 = 33,000 ft-lbs/min = 1 hp
Because the 1 lb of resistance was moved 33,000 ft in 1 min:
(1 ft-lb * 5252) / 5252 = 1
Therefore, to convert torque to horsepower:
[(Torque )(RPM)] / 5252 = hp
For this project, the gasoline engine used has 5 hp. Since 5 hp = 165,000
ft-lbs/min, 1 lb of resistance can be moved 165,000 ft in 1 min.

THE MENLO ROUNDTABLE

65

3.5 Fuel and Octane Rating [20]
During the compression cycle of a compressed charge internal
combustion engine the temperature of the fuel-air mixture rises solely
due to the compression of the gases. The temperature rise is several
hundred degrees.
The fuel used in four-cycle engines is gasoline derived from fractions
of crude oil, coal tar, oil shale or sands, which are produced in a process
called petroleum cracking. The ignition temperature of the fuel that is
refracted is related to its weight. It is separated by being heated and is
extracted at different heights in the refractory tower. The higher the
fuel vapor rises in the tower the lower its weight and the less energy it
contains. In refracting petroleum, there is a standard weight of fuels
and products that is withdrawn and which is associated with a specific
extracted material. Gasoline is a light refractory product and is called
a light fraction. As a light fraction it has a relatively low flash point
(that is the temperature at which it starts to burn when mixed with
an oxidizer)[22]. The problem with compressed-charge engines is that
the temperature rise of the compressed charge can cause pre-ignition.
If this occurs at the wrong time and is too energetic, it can destroy the
engine. Fractions of petroleum have widely varying flash points (the
temperatures at which the fuel may self-ignite). This must be taken
into account in engine and fuel design.
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Figure 8: Crude oil distillation [21]

4 Prototype Set-up
This section of the paper involves the prototype setup of the Arduino
speedometer, odometer, and RPM (SOR) device. The basis of this
device is a Hall chip that senses a magnetic field produced by a magnet
located on one of the bicycle wheel’s spokes. When no magnetic field is
sensed, 5 V supplied by the Arduino holds steady as the Hall chip acts
as an open circuit; however, when the magnet passes by, the Hall chip
closes and the voltage drops to zero. Since the Arduino analog pins
read in voltages and assign them a reading ranging from 0 to 1023,
the Arduino recognizes the drop in voltage and assigns it 1 rotation
(or one count). Using the internal millisecond timer of the Arduino,
the duration of each rotation is calculated, and the respective RPM is
determined. Next, with the circumference of the tire measuring 78.5
in, the MPH can be determined from the RPM with a conversion.
Likewise, the total distance can be determined from the RPM as well
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(see Code, section 4.1 for specifics). Therefore, an oscilloscope was
connected to the input and output of the Hall chip to verify that the
voltage dropped from 5 V to 0 V when a magnetic field was sensed.
Next, a magnet was attached to a motorized wooden dowel to mimic a
rotating wheel. Lastly, a photogate laser was set to be interrupted once
per rotation in order to determine the RPM via Vernier LabQuest. This
enabled the actual RPM of the spinning dowel to be compared with the
Arduino calculated RPM.

Figure 9: Sketchup rendering depicting the experimental set-up used to test the
Arduino speedometer, odometer, and RPM device (SOR)
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Figure 10: The actual experimental set-up used to test the Arduino SOR device

Figure 11: The 5 volt oscilloscope reading, demonstrating that the Hall chip does not
sense a magnetic field
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Figure 12: The 0 V oscilloscope reading, demonstrating that the Hall chip is sensing a
magnetic field

Figure 13: The Hall chip circuitry connected with the oscilloscope in order to measure
the voltage drop
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Figure 14: The circuit diagram of the experimental set-up
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4.1 Code
The following is the Arduino code used to determine the RPM of the
experimental set-up. Note: Pin 0 is connected to the output of Hall chip.
int CUT_OFF= 100;
int interval = 1000;
each reading
double rpm = 2;

//amount of time measurements are taken for

void setup()
{
Serial.begin(9600);
}
void loop ()
{
int count = 0;
int startTime = millis();
//loops for a certain amount of time (interval), each time reading to
see if the count should be incremented
while (millis() < (startTime + interval))
{
// Serial.println(analogRead(0)); //debugging
delay(2);
if (analogRead(0) < CUT_OFF) // if voltage reading is less than
cut_off, the count should be incremented
{
count++;
}

}

}
rpm = (count)*(1000.0)*(60)/(interval); //calculating rpm
Serial.print(“count”);
Serial.print(count);
Serial.print(“ rpm: “);
Serial.println(rpm);
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5 Results
5.1 Verifying RPM of the Experimental Set-up
After measuring the RPM of the experimental set-up using two different
motors that produced differing RPM values, the serial monitor displayed
the following readings:
Motor 1:
RPM: 366.00
RPM: 367.00
RPM: 367.00
RPM: 365.00
The average reading was then taken: 366.25
Motor 2:
RPM: 740.00
RPM: 743.00
RPM: 746.00
RPM: 756.00
The average reading was then taken: 746.25
5.2 Measuring RPM
To measure RPM, LabQuests and photogates were used to determine
the revolutions per minute. A piece of tape was placed on the axel
while the photogate was positioned so that the beam was obstructed
only once per rotation. The data was then analyzed by comparing gate
state (when the photogate beam was obstructed) vs. time. This test was
conducted using two different motors that produced differing RPM
values. Finally, the RPM of the axel was determined using this formula:
1/(s/revolution)(1 min/60 seconds) = RPM
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Figure 15: Gate state vs. time of the experimental set-up using motor 1

1/(0.16627 (s/revolution)) (1 min/60 seconds) = 360.85 RPM
As a result, the Arduino RPM device was verified to be producing RPM
values with about 1.49% accuracy when compared with the average
readings. The accuracy will be calculated again once the prototype is
transferred to the actual bicycle wheel.

Figure 16: Gate state vs. time of the experimental set-up using motor 2

1/(0.08 (s/revolution)) (1 min/60 seconds) = 750 RPM
Using motor 2, the Arduino RPM device produced values very close to
the verified 750 RPM; however, of the four values used to calculate the
average 746.25 value, there was a wide range in the data. The accuracy
of the device in this trial was 0.5% when compared with the average
readings. Even though the average value was close to the original, it is
possible that the device loses accuracy at high RPMs.
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The following experiments were conducted once the project was
completed. These experiments were aimed towards comparing aspects
of the electric motor and the gas motor as well as the effect of varying
sprocket sizes. The goal is to examine the advantages and disadvantages
of using one motor type or the other. Hopefully further examination
of these disadvantages will shine light on what obstacles the hybrid
vehicle world must overcome in the near future.
5.2.1 Measuring RPM, Electric Wheel
To measure RPM, LabQuests and photogates were used in order to
determine the revolutions per minute. The bike was placed on a stand
so neither wheel was touching the ground, and a piece of tape was
placed on each wheel so the photogate beam was obstructed only once
per rotation. The data was then analyzed by comparing gate state (when
the photogate beam was obstructed) vs. time. Finally, once both wheels
(front being electric and back being gas-powered) were measured, the
RPM of each wheel was determined using this formula:
1/(s/revolution)(1 min/60 seconds) = RPM

Figure 17: Gate state vs. time for electric wheel

1/ (19.33 - 18.99) (1 min/60 seconds) = 176.47 RPM
Since the circumference of the wheel is 78.5 in, the theoretical MPH
can be determined. This is theoretical, because this experiment was
conducted when the bike was suspended, meaning it was not carrying
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the load of a person. The following conversion equation converts RPM
to MPH using a circumference of 78.5 in.
(178.47 revolutions/min)(60 min/1 hour)
(78.5 in/1 revolution)(1 mile/63360 in) = 13.11 MPH
5.2.2 Measuring RPM, Gas Wheel with 44-Tooth Sprocket
The same experiment and techniques were used to test the maximum RPM
of the gas wheel with a 44-tooth sprocket. The following graph and table
depict the gate state vs. time for the gas wheel with a 44-tooth sprocket:

Figure 18: Gate state vs. time for gas wheel with 44-tooth sprocket

1/ (15.19 - 15.05) (1 min / 60 s) = 428.57 RPM
Using the following conversion equation, this RPM can be converted
into MPH using a circumference of 78.5 in. However, it is important to
note that these MPH and RPM values are higher than the bike actually
performs when there is a person riding it.
(428.57 revolutions/min)(60 min/1 hour)
(78.5 in/1 revolution)(1 mile/63360 in) = 31.86 MPH
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5.2.3 Measuring RPM, Gas Wheel with 36-Tooth Sprocket
Once again, the same experiment and techniques were used to test the
maximum RPM of the gas wheel with a 36-tooth sprocket. Considering
the gear ratio of 44:36 or 11:9, the 36-tooth sprocket should allow the
gas wheel to reach 38.94 MPH. The following graph and table depict
the gate state vs. time for the gas wheel with a 36-tooth sprocket:

Figure 19: Gate state vs. time for gas wheel with 36-tooth sprocket

1/ (13.99 - 14.10) (1 min/60 s) = 545.45 RPM
Using the following conversion equation, this RPM can be converted
into MPH using a circumference of 78.5 in. However, it is important to
note that these MPH and RPM values are higher than the bike actually
performs when there is a person riding it; furthermore, since the bike
has been “geared-down,” the torque has decreased as well. Therefore, if
a person were to ride it, it would go significantly slower.
(545.45 revolutions/min)(60 mins/1 hr)
(78.5 in/1 revolution)(1 mile/63360 in) = 40.55 MPH
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The following table summarizes the results of the RPM experiments:
Revolutions / Minute

Miles / Hour

Electric Wheel

176.47

13.11

Gas Wheel 44 tooth

428.57

31.86

Gas Wheel 36 tooth

545.45

40.55

Figure 20: Results of the RPM experiments

As can be seen by these values, the gas-powered engine achieves far
higher RPM values, which is to be expected. However, it would be
necessary to test these values in the field with the weight of the rider,
which is the purpose of the next experiments.
5.3 In-Field Experiment of MPH
The following experiments were conducted at Crocker Middle School
in Hillsborough California, specifically on a one-half scale track (one
lap = 1/8 of a mile). On the left side of the track is a 100-yd long lane.
Cones were placed at the 0 yd, 50 yd, and 100 yd positions. The goal
of this experiment was to test the maximum MPH of the bike with the
weight of a rider. The bike and rider would start at the 0 yd mark and
use the first 50 yds to gain maximum speed. Once the rider crossed
the 50-yd mark, lab assistant Lucas Keyt would start the hand timer
and then stop it once the rider crossed the 100-yd mark. This would be
repeated three times per motor and gear combination, so there were
nine timed trials total.
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The following Google Earth picture depicts the lab set-up:

Figure 21: MPH experimental set-up
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The following table shows the times Lucas Keyt recorded from the nine
timed trials:
Trial

Time (s)

Feet / second (fps)

1 EM

9.12

18.47

2 EM

9.15

18.41

3 EM

9.21

18.27

4 GM 44

4.54

33.04

5 GM 44

4.57

32.82

6 GM 44

4.61

32.54

7 GM 36

3.74

40.12

8 GM 36

3.84

39.06

9 GM 36

3.85

38.96

Figure 22: Timed trial data of in-field MPH experiment

Average time for EM = 9.16 s
Average time for GM 44 = 4.57 s
Average time for GM 36 = 3.81 s
Using the following conversion, these average times were converted
into MPH:
(150 ft/time)(60 s/1 min)(60 min/1 hr)
(1 mile/5280 ft) = MPH
Calculated MPH for EM = 11.17 MPH
Calculated MPH for GM 44 = 22.38 MPH
Calculated MPH for GM 36 = 26.84 MPH
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The following table compares the MPH values from the RPM
experiment with the In-Field MPH experiment, and shows the
respective decrease in MPH as a result of increased weight:
Motor Type

MPH from
RPM experiment

MPH from
in-field MPH
experiment

MPH decrease
due to weight
increase

EM

13.11

11.17

-1.94

GM 44

31.86

22.38

-9.48

GM 36

40.55

26.84

-13.71

Figure 23: MPH comparison between RPM experiment and in-field MPH experiment

5.4 Miles per Gallon (MPG) Experiment
The gas motor purchased claims to have 150 MPG [23]; however, this
seems excessively high. To test this fuel efficiency, the rear compartment
of the bicycle that houses the battery and electric controller was
removed. Aside from the front hub electric motor, most of the bicycle’s
weight was due to the gas motor. This was done to give the bicycle
the best chance of achieving 150 MPG. To test the MPG, the Crocker
Middle School track was used once again. Prior to starting the test, the
gas tank was filled nearly to the brim with gasoline. Once the gasoline
had settled, a fuel rod was placed vertically into the gas tank and then
removed and placed on a paper towel. This showed the original depth
of the gasoline in the tank prior to starting the test. This depth was
recorded. Next, the rider rode around the track for a total of four miles
(32 laps) going as fast as possible around the turns while maintaining
as constant a speed as possible. After four miles, the gas motor was
turned off and the gasoline in the tank was allowed to settle. Using
the same fuel rod, the depth of the gasoline in the tank was measured
and recorded. Next, a 5 mL squeeze pipette was used to slowly add
more gasoline to the tank until the original depth was achieved. The
volume needed to achieve the original fuel tank depth was the amount
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of gasoline consumed during the four miles. This ratio would then be
expanded to determine the experimental MPG. The 44-tooth sprocket
was used to perform this test.
Original depth of gasoline prior to riding four miles: 6.2 cm
Depth of gasoline after riding four miles: 5.8 cm
Amount of gasoline added to achieve a depth of 6.2 cm: 160 mL
Using the following conversion, 1 gallon = 3785.41178 mL,
the experimental MPG can be determined using a proportion:
160 mL = 0.042268 gallon
4 miles / 0.042268 gallon = x miles / 1 gallon
x = 94.64 miles
The experimental miles per gallon = 94.64 MPG
This is only about 60% as fuel efficient as advertised; however, 95 MPG
is still quite fuel-efficient. Considering how long this experiment took
(several hours to complete including set-up/clean-up), an additional
trial using the 36-tooth sprocket could not be conducted. It is likely
that the MPG would increase using the smaller sprocket; however, it is
not likely to achieve 150 MPG. Furthermore, an interesting experiment
would be to mimic the techniques used, but instead use the 36-tooth
sprocket and the electric motor at the same time. In other words, both
motors would be operating at the same time during this trial.
5.5 Static Torque Experiment
The static torque demonstrates the initial force that the motor exerts
over the distance between the center of the object and the object being
rotated (in this case the radius of the wheel’s axel). Since the radius of
each axel was measured with a caliper, the only other measurement
needed was the force that the motor initially exerts. This was obtained
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my using a LabQuest and a force probe. A piece of string was attached
to the axel of the motor and to the force probe with just enough slack
to allow the wheel to complete one full rotation. As a result, when the
motor was turned on, it would exert a force, which the force probe
would then collect. When analyzed, the initial peak would be taken. The
force probe used was not properly calibrated—as a result it registered a
force of -0.1 N when no forces were exerted on it, so 0.1 N was added
to the force value of the initial peak to obtain the initial force. This
value was then multiplied by the length of the lever arm (the radius of
axel) to calculate the static torque. Unfortunately, due to broken bolts,
the 36-tooth sprocket was not used in this test; only the electric motor
and the gas motor with the 44-tooth sprocket were measured.
Torque = (Force (N))(Radius of axel (m))

Figure 24: Force gas-powered motor exerts vs. time after one rotation of rear wheel

This experiment was repeated three times, rendering the following values:
Trial #

Force (N)

1

28.01

2

20.24

3

21.16

Figure 25: Three trials of initial force for rear axel
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These values were then averaged to render the result: 23.14 N
Torque = (Force (N))(Radius of axel (m))
(23.14 N)(0.0325 m) = 0.75205 Nm for gas motor
The following graph depicts the force the electric front hub motor
exerted after one rotation vs. time. The initial spike indicates the force.

Figure 26: Force electric motor exerts vs. time after one rotation of front wheel

Trial #

Force (N)

1

8.01

2

8.24

3

9.16

Figure 27: Three trials of initial force for front axel
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These values were then averaged to render the result: 8.47 N
Torque = (Force (N))(Radius of axel (m))
(8.47 N)(0.0325 m) = 0.27528 Nm for electric motor
6 History
Nikolaus Otto, an 18th century German engineer, built the first liquid
gasoline-powered engine in 1861 [24]. Fascinated by the capabilities
of liquid gasoline as a fuel source, Otto continued designing and
manufacturing prototype motors which utilized a novel cyclic
mechanism to achieve propulsion. By 1876, Otto’s prototypes evolved
into the first practical four-stroke internal combustion engine called
the “Otto Cycle Engine” [25]. Through Otto’s invention, the engineers
began incorporating Otto Cycle Engines into primitive vehicles, thus
giving rise to the era of gasoline-powered transportation.

Figure 28: Nikolaus Otto, the inventor of the first four-stroke engine [26]

Gottlieb Daimler, a German engineer who pioneered the use of
internal combustion engines as a means of transportation, built the first
motorcycle in 1885 by installing an engine with workable controls on
a two-wheeled vehicle which he called the reitwagen or two-wheeled
riding carriage [27]. In 1886, he installed a Daimler-Maybach engine—a
product he and his business partner Wilhelm Maybach designed and
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manufactured—on what had been a stagecoach, converting it into
the first four-wheel automobile [28]. In 1889, Daimler built the first
V-slanted two-cylinder, four-stroke engine with mushroom-shaped
valves. This product’s design strayed away from the Otto Cycle Engine
design slightly, and formed the foundation of four-stroke engines for
the coming century. In 1895, the French firm of DeDion-Buton built a
similar engine that was quickly mass-produced, thus allowing for the
common use of motorcycles [30].

Figure 29: The Reitwagen [29]

Thanks to the motorcycle boom provided by the DeDion-Buton engine,
large-scale motorcycle manufacturing companies such as HarleyDavidson, Triumph, and Honda, began producing motorcycles that
evolved into the consumer-level, high performance bikes in use today.
However, most all consumer-level motorbikes run only on fossil fuels.
With the availability of fossil fuels in the mid 19th century, there was
no demand for electrically powered vehicles; however, times have
drastically changed as the demand for alternative energy sources has
increased drastically. Consumer-level electric scooters and motorbike
swere not developed until Harley-Davidson released the MK2 in 1978;
however, due to low battery life and unreliability, the MK2 ceased
production in 1981 [31]. Only recently have fully electric vehicles
such as the Chevy Volt and the Tesla Roadster been released to the
public with vehicle capabilities that equal (or even surpass, in the case
of the Roadster) most gasoline-powered cars. However, a widespread
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movement towards electric vehicles will require further engineering,
which is where hybrid motorbikes play a pertinent role. When it
comes to fuel efficiency, very few vehicles achieve as high an MPG
rate as motorcycles. Furthermore, the relatively lightweight frame of
a motorcycle enables electric motors to operate without excessively
draining batteries. In tandem, these two motor options will allow for
an economical, effective, and fun way to travel. The future of motor
vehicles is in fact electrically powered motors; however, the near future
is hybrids.
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