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Hamlet’s Resolve—Competing Interpretations
from Hamlet
Sam Redmond
William Shakespeare is a master of words. His work is layered, which
is one reason it is so revered: with every reading, an audience can extract progressively more meaning, since one can draw meaning not
only from the literal text—what each character says—but also from the
techniques and syntax—how each character’s speech is phrased. In this
excerpt from Hamlet, the meanings associated with what Hamlet says
and how Hamlet says it are polar opposites.
Hamlet’s soliloquy in Act 2, Scene 2, lines 487-526, can be read either
as him spurring himself to action, despite (and because of) previously
failing to do so, or as proof that he is incapable of change and doomed
to be a passive prince unable to motivate himself to action without an
external force. The interpretation depends on whether one focuses on
what Hamlet says or how he says it. Shakespeare presents these contrasting interpretations in order to further the reader’s understanding
of Hamlet’s conflicted and intricate mental state in the context of the
entire play; rather than having one clear viewpoint, Hamlet’s mind is a
mess of conflicting perspectives and thoughts. The reader cannot extract a clear meaning out of Hamlet’s speech, further signifying that
life has no definite outcomes and that uncertainty is an essential part
of life.
One interpretation of Hamlet’s soliloquy is that it will spur him to action, as his speech contains self-deprecating hyperbole that indicates
his many attempts to convince himself to take action. His very first
line, “Now I am alone” (2.2.487), signals to the reader that what follows
will be truthful, a real insight into Hamlet’s mind, since we don’t need
to worry about him manipulating his speech to deceive other characters. Had Hamlet given this speech publicly, we’d have to doubt its
trustworthiness because his phrasing could be seen as a verbal ruse;
This paper was written for Patty Welze’s Advanced Placement
British Literature class in the fall of 2012.
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however, he is alone, and Shakespeare has chosen to use verse to reinforce the honest expression of Hamlet’s thoughts. Immediately, Hamlet
chides himself, woefully declaring himself a “rogue and peasant slave”
(2.2.488), signaling that he is upset with his current inability to take
action against Claudius. For Hamlet, who is in the social and intellectual elite, both “rogue” and “peasant” carry connotations of underprivileged, lower-class commoners, the very thought of which Hamlet
regards with disdain because the underclass do not control their own
fate and must submit to the will of more powerful people. Reflecting on
a passing troupe of actors, Hamlet claims that the real shame is that an
actor can “in a fiction, in a dream of passion… force his soul” (2.2.4901) to embody the character and scene he is asked to portray, whereas
Hamlet is incapable of assuming such potent passion even with justification. An actor can do “all for nothing” (2.2.495), a characteristic Hamlet himself fears he lacks in his planned revenge on Claudius.
Hamlet, antithetically, can do ‘none for everything’—despite having
the motivation, he cannot act. He is envious of the fact that the player
can adeptly commit to a part without any real-world experience to justify his passionate emotion. In Hamlet’s envy, we see a repressed desire
to be like the actor—to be able to suit “function” to “form” (2.2.494-5).
Hamlet even goes so far with this hypothetical track that he wonders
“what would he do / Had he the motive and the cue for passion / That
I have?” (2.2.498-500). Clearly, Hamlet recognizes at the very least the
existence of a “motive” and “cue for passion” in his case, namely the
Ghost’s prodding narrative and Claudius’ errant behavior; therefore,
Hamlet dreams about acting out his passion with as much vigor as an
actor does and truly fulfilling his “function” to kill Claudius. “With
horrid speech” on par with Claudius’ horrid deeds, Hamlet the actor
would “drown the stage with tears,” “cleave the general ear,” “make mad
the guilty,” “appall the free,” “confound the ignorant,” and “amaze indeed / The very faculties of eyes and ears” (2.2.501-504). Hamlet’s situation is so intense and so vivid, he believes, that to act it out would have
a profound effect on every category of person—from the “ignorant” to
the “guilty” and the “free.” This laundry list of potential effects further
shows that Hamlet believes his situation is severe and dire enough to
warrant a strong visceral reaction from an audience, with more than
enough motivation for any man with an ounce of boldness and valor
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to take action. This incredible setup contrasts drastically with Hamlet’s
subsequent lines, which focus on his own failures and shortcomings.
The intensity of this self-deprecation is made more potent by the powerfully intensive setup in these first 18 lines.
Hamlet signals a transition in his soliloquy with a two-syllable line—
“Yet I” (2.2.505)—indicating a shift in direction of Hamlet’s thoughts.
Continuing the theme of lower-class weakness that breeds indecision, Hamlet compares himself to a “dull and muddy-mettled rascal”
(2.2.506). It’s important to see that Hamlet thinks he has mettle, but
that it is merely muddied by his procrastination. He continues to degrade himself, calling himself a “John-a-dreams, unpregnant of my
cause” (2.2.507). A John-a-dreams is a lazy person, and again we see
Hamlet reflecting on his prior passivity. He is “unpregnant” because
he has not yet taken his plan to completion. He asks himself seven
rhetorical questions that challenge his resolve for action, such as “Am
I a coward?” (2.2.510) and “Who calls me villain?” (2.2.511). The common thread between all these questions is who motivates Hamlet to
action. The answer, of course, is no one external; for Hamlet to act,
he needs to convince himself not only that he is justified in taking action, but also that he has the inner fortitude to do so and can handle
the consequences. Hamlet continues his self-deprecation by calling
himself “pigeon-livered” (2.2.516), since he has not yet developed the
bravery to kill Claudius. However, there is a transition in his speech,
when he begins to vent wildly about Claudius’ faults. He calls the king a
“bloody, bawdy villain” (2.2.519) and a “remorseless, treacherous, lecherous, kindless villain” (2.2.520). In enumerating Claudius’ problems,
we see Hamlet trying to persuade himself to conviction. Verbal repetition often makes its way into the heart and brain, and Hamlet here is
visibly shouting in order to convince himself that Claudius is terrible
enough to warrant murder. Hamlet calls himself an “ass” (2.2.521) for
not thinking this way sooner and speaks to himself about how “brave”
(2.2.521) it would be for him to act, since he has motivation—“the
son of a dear father murdered” (2.2.522)—and opportunity, since he
is constantly around Claudius. Due to the prodding of “heaven and
hell” (2.2.523), which represents the ghost of his dead father, Hamlet
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can finally “unpack my heart with words” (2.2.524), and now that the
“a-cursing” (2.2.525) is out of the way, Hamlet can get down to action.
Hamlet ends by commanding his brain to “about” (2.2.526) and begins
working toward the final plan with his new resolve that comes from his
verbal purging. In the second part of Hamlet’s soliloquy, he speaks directly to himself confrontationally, accusing his weaker self of inaction
and pointless dawdling. This argument represents Hamlet’s desire to
be able to act. He is trying, in the best way he knows how, to convince
himself that Claudius should die. His last line of the excerpt—“About,
my brain” (2.2.526)—is the result of his thought. Here, we see Hamlet
finally taking action and using an active verb to convey his newfound
sense of purpose and motivation.
By insulting his own dignity with references to lower-class citizens and
prosecuting his purpose with biting rhetorical questions aimed at stimulating his own ambition, Hamlet can push himself to action. In this
way, the latter portion of Hamlet’s speech contrasts beautifully with
the first part, illustrating that Hamlet should be like an actor, willing to
take on any role passionately without cause, but is instead whiling his
time away procrastinating with fruitless thought. It is this realization
that signals to the reader that Hamlet has undergone a major paradigm
shift. By chiding his own inaction, highlighted by the whimsical fervor
of an actor, Hamlet can motivate himself to action. While it’s true that
he doesn’t immediately take action, this soliloquy symbolizes a radical
strengthening of Hamlet’s resolve; he must take action, or else he will
never escape the insults and derisions of inactivity. This soliloquy can
be interpreted in such a way that implies Hamlet will be successful in
spurring himself to action, because he talks himself out of his fear and
self-doubt through self-criticism.
In contrast to the previous interpretation, which is based on the literal
reading of the text, we really discover that Hamlet is doomed to inaction due to his subconscious inability to simply act when we focus on
how Hamlet speaks in this same soliloquy. In the first half of Hamlet’s
speech, he compares his will with that of an actor, yet phrases his lines
in a way that bespeaks his distress and passivity. He admires the actor’s ability to suit function to form, yet these events take place “in a
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fiction, in a dream of passion” (2.2.490) that bear no connection to
reality. He envies the actor, yet the actor’s performance takes place in a
“dream” of passion and has no tangible result, demonstrating Hamlet’s
lack of comprehension of the distinction between the world of an actor, who he aspires to emulate, and the real world. Hamlet also uses the
conditional tense, asking what “would” the player do – he “would” act
(2.2.498, 500), signifying that Hamlet’s association with the player is at
best conditional on the assumption that Hamlet has as much passion
and vigor as an actor; he does not, so Hamlet the actor simply doesn’t
exist, and Hamlet the inept prince is confined again to inaction. The
very fact that Hamlet idolizes an actor, who portrays but a façade of an
emotion, illustrates that Hamlet isn’t ready for action. He still views reality as similar to a play, and thus believes that being as passionate as an
actor could solve his problems. Ironically, Hamlet is a play, so the human playing Hamlet is actually an actor capable of forcing “his soul…
to his own conceit” (2.2.491). However, since we are suspending disbelief for the purpose of the narrative story of Hamlet, we can ignore the
effects of the literal actors on the figurative meaning of Hamlet, since
the actors merely serve as a vehicle through which the real story can
come across.
Hamlet further pins himself down to inaction by berating himself
repeatedly. As previously mentioned, he calls himself a “muddy-mettled rascal” (2.2.506)—a rather apt description—and an unmotivated
“John-a-dreams” (2.2.507). Not only does he recognize that he doesn’t
have the courage or the “mettle” to go through with killing Claudius,
but also he subconsciously compares himself to a “John-a-dreams,” reinforcing that Hamlet’s intentions are merely dreams that inevitably
will fail to be fulfilled because they are predicated on a false reality that
has no real consequences. He continuously questions his own ambition through repeated rhetorical questions and self-deprecating language, underscoring his inner failure to take action. Psychologically,
Hamlet finds the only way to face his fear is to state his weakness over
and over, but simply stating a fact does not help one to conquer it.
Hamlet even calls himself an “ass” (2.2.521) for failing to act, and then
sarcastically remarks on how he has been “most brave” (2.2.521) to sit
idly by while his “dear father” was “murdered” (2.2.522) and whose
“dear life” (2.2.509) was defeated. Towards the end of his speech, Ham-
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let recognizes the futility of his thoughts, arguing that he must “like a
whore unpack my heart with words” (2.2.524). Hamlet, our intelligent
scholar, can only cope with his difficulty by thinking about it. If that
doesn’t work, he thinks some more, unpacking his heart “with words,”
as opposed to actions, which would resolve his situation quickly. The
lower-class diction explored previously is compounded by Hamlet’s
self-identification with a “whore” and a “stallion”—a male prostitute
(2.2.526); however, in this case Hamlet’s self-degradation merely restates how low Hamlet really is.
The most telling phrase in the entire excerpt is the last three words:
“About, my brain” (2.2.526). Despite its diminutive length, this command is Hamlet’s final resolution, after these forty lines of deliberation.
Looking at the subject of Hamlet’s command—“my brain”—yields its
underlying importance. Hamlet does not say “About, my hands,” or
“About, my sword,” because he still has not fundamentally changed.
His solution to this conflict is simply, “Think some more, my mind.”
Most tellingly, he does not resolve to any particular action; rather, he
decides to contemplate action at an unspecified later time. This final
line is proof that Hamlet will not ever be able to take action due to his
own will because he will be stymied by his own indecision and overthinking. Despite all his thoughts and ideas, Hamlet cannot decide to
take action. He cannot bring himself to kill Claudius precisely because
he is a man of the mind, and not of the sword.
There is a great disparity between what Hamlet says in 2.2.487-526
and how he says it. Looking at what Hamlet literally says leads to a
resolution of action. He has motive, method, and enough madness to
act. However, if we look at how Hamlet speaks, we can see that he is
incapable of taking action. His inner drive is so accustomed to passivity that he unconsciously signals his inability to kill Claudius simply
through his natural speech.
This contrast between two interpretations of the same forty lines signifies the vast complexity of Hamlet’s mental state. Either interpretation
works. There is no definite answer in this case, since both opinions are
supportable by the text. We can generalize this concept of ambiguity to
life. Given any arbitrary event, we can spin it many ways given our per-
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spective and viewpoints. Politicians generously interpret facts in a way
that isn’t truly incorrect, but is misleading. The most revealing analogy
to the uncertainty in this passage is found in quantum mechanics, in
which certainty is literally impossible. A fundamental precept of this
branch of physics is that we cannot know everything about a particle.
In contrast to classical mechanics, in which having complete knowledge of a situation allows you to predict every future situation exactly,
in both Hamlet and in quantum mechanics, ‘knowing everything’ (in
Shakespeare’s case, seeing every word of the text), still doesn’t lead to
a definite conclusion. Life is up for interpretation, and the conflicting interpretations of Hamlet’s “Now I am alone” speech highlight this
fundamental fact of life.
Cited Passage
Now I am alone.
Oh, what a rogue and peasant slave am I!
Is it not monstrous that this player here,
But in a fiction, in a dream of passion,			
490
Could force his soul so to his own conceit
That from her working all his visage wanned,
Tears in his eyes, distraction in his aspect,
A broken voice, and his whole function suiting
With forms to his conceit? And all for nothing,		
495
For Hecuba!
What’s Hecuba to him or he to Hecuba
That he should weep for her? What would he do
Had he the motive and the cue for passion
That I have? He would drown the stage with tears		
500
And cleave the general ear with horrid speech,
Make mad the guilty and appall the free,
Confound the ignorant, and amaze indeed
The very faculties of eyes and ears.
Yet I,							505
A dull and muddy-mettled rascal, peak
Like John-a-dreams, unpregnant of my cause,
And can say nothing. No, not for a king,
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Upon whose property and most dear life
A damned defeat was made. Am I a coward?		
Who calls me villain? Breaks my pate across?
Plucks off my beard and blows it in my face?
Tweaks me by the nose? Gives me the lie i’ th’ throat
As deep as to the lungs? Who does me this?
Ha, ’swounds, I should take it, for it cannot be		
But I am pigeon-livered and lack gall
To make oppression bitter, or ere this
I should have fatted all the region kites
With this slave’s offal. Bloody, bawdy villain!
Remorseless, treacherous, lecherous, kindless villain!
Why, what an ass am I! This is most brave,
That I, the son of a dear father murdered,
Prompted to my revenge by heaven and hell,
Must, like a whore unpack my heart with words
And fall a-cursing like a very drab,			
A stallion! Fie upon ’t, foh! About, my brain.

510

515

520

525

Works Cited
William Shakespeare, ed. A.R. Braunmuller. Hamlet (The Pelican
Shakespeare). New York: Pelican, 2001.

The Pursuit of Worthiness
Jasmin Williams
We live in a world dominated by illusions of value. The value of a
dollar is not a concrete idea; we have the ability to give or take value
from a dollar because the idea of value is an illusion. We construct this
illusion in an attempt to simplify the complex nature of human life. By
ambitiously bestowing upon ourselves the power to determine worth,
we create a false construct of it, unknowingly stripping the word of
meaning while trying desperately to infuse it with value. In her novel
Beloved, Toni Morrison uses vastly opposing depictions of the idea of
worth to deconstruct the seemingly binary opposition between worth
and worthlessness.
Morrison probes the animal-human dichotomy to reveal how worth
does not have a single unified meaning; it is instead very complex,
with multiple ambiguous layers. Sethe’s first encounter with this idea,
for example, was at Sweet Home, when the men were ordered to “put
her human characteristics on the left; her animal ones on the right”
(193). In a twisted way, schoolteacher believed that Sethe was worth
more because she was “property that reproduced itself without cost,”
but in assigning her greater value than her male counterparts based on
an animal sense of worth, he simultaneously stripped her of human
worth (228). The constructed hierarchy places humans above animals,
so by implying value in Sethe’s role as “the breeding one,” Morrison
deconstructs the hierarchy in which worth itself is fundamentally
superior (227). Like Sethe, Paul D’s experience at Sweet Home reveals
how blacks have been placed below animals; so much so that he feels
“less than a chicken sitting in the tub” (72). The illusion constructed
by other gazes is that humans are human by nature. However, by
giving a rooster the name Mister, she deconstructs the animal-human
dichotomy by implying that human status can only be determined by
other gazes assigning worth to an individual. Does the fact that society
has deemed Paul D sub-human make him sub-human? Or is there
This paper was written for Vicky Greenbaum’s Honors Modern
Writers in English class in the fall of 2012.

10		

Jasmin Williams

some greater truth that makes humans human? Morrison implies that
humanity is a label of value, not a biological classification.
From a broader perspective, Morrison tells a story that conveys
how slavery itself is a deconstruction of the idea of worth. Whites
dispossessed black people of worth to justify slavery, yet the peripheral
implication of slavery is that blacks were valuable enough as workers
to be bought and sold. This is why schoolteacher thought Garner a
traitor for deeming the Sweet Home slaves “men”; he understood that
the only way for slaves to “claim ownership of [their] freed self ” was
to know their own worth. By removing the blinders that whites placed
on blacks to shield them from their own value, Garner was defying
the very foundation upon which slavery is built (95). Morrison takes
this idea to another level by conveying how Garner damages the Sweet
Home men by making them aware of their own humanity without
fully granting it to them. Although Garner gives the Sweet Home men
worth, the fact that he even has agency to do that further deconstructs
our understanding of worth and its implications.
Furthermore, Morrison utilizes the complex nature of the Bodwins’
relationship with Sethe and her family to illustrate how by deeming
blacks worthy, whites simultaneously obtain ownership over them.
In a society where blacks are automatically considered unworthy of
basic human rights, the implication of abolitionists like the Bodwins
deeming them worthy of such rights is twofold. There is no doubt
that the Bodwins mean well; they seek to empower blacks by giving
them strength “in knowing that schoolteacher was wrong” about
their “animal characteristics”(126, 193). However, the tragic reality of
the situation is that blacks end up just as much enslaved spiritually
by freedom as they were physically by bondage. Even after physically
escaping slavery, they still find themselves imprisoned by the desperate
search for worth, though their efforts are in vain.
As characters in the novel attempt to construct their own worth by
basing their identities on the perception of external gazes, Morrison
explores the question: to what extent do humans use the constructed
theory of worth to construct each other? For years, Sethe has measured
her own value using a measuring system made by whites that had been
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constructed to confirm pre-existing misconceptions about blacks. In
an attempt to “claim ownership of [her] freed self,” she values herself
very little and considers her children, especially Beloved, her “best
thing” (95, 262). By having Sethe essentially lose herself in the pursuit
of worth, Morrison discredits the idea that finding meaning in life is an
indubitably noble pursuit. She conveys instead how Sethe’s false sense
of identity, supported by an illusion of worth constructed by external
gazes, directly resulted in Denver “los[ing] her mother” (266).
At the same time, without the support of constructs, not only Sethe,
but the entire freed slave population would still be “lost forever, if
there wasn’t nobody to show [them] the way” (135). For example, if the
Bodwins didn’t believe that “human life is holy, all of it,” Sethe might
have died on the bank of that river, waiting to cross, with no one to
help (260). Towards the end of the novel, Paul D makes a desperate
attempt to bring Sethe back from her lost path by telling her that she
is “her best thing,” not her children (273). Ironically, while trying
to encourage Sethe not to become imprisoned by other gazes, Paul
D was inflicting his own gaze upon her. In this way, Morrison uses
a conceptual lens of worth to deconstruct the delusion that human
identities can be untainted by other observers.
Paul D endures a personal journey with this idea that occurs in the
search for his manhood. The key misconception that complicates
his journey is that being “believed and trusted, [and]...listened to”
by Garner made him a man (125). Regardless of how “well” Garner
treated them, he was still a slave owner and Paul D was still his slave.
Still, Paul D falls for this illusion of manhood until “for the first time,
he learns his worth,” which is actually a quantification of dollars and
cents, not an evaluation of his human qualities (226). The fact that Paul
D’s “manhood lay...in the naming done by a whiteman” reveals how his
manhood is constructed by external forces, which places him under
a glass ceiling; he can never reach the state of manhood that he sees
above him (powerful white men) because it is an illusion (125). This
is confirmed by Paul D’s realization that “they were only Sweet Home
men at Sweet Home” because Garner was not “naming what he saw”
when he called them men, but “creating what he did not” (125,220).
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Morrison shows how the foundation of Paul D’s manhood is built atop
a construct, which is a recipe for dissatisfaction.
Morrison depicts Beloved as a metaphor for worth to demonstrate its
effect on individuals who lack worth. When pursuing Beloved, a ghost,
Sethe demonstrates the innate human tendency to search for meaning,
worth and value while never being able to attain them. Instead, the
concept of worth “[eats] up her life” (250). In this, Morrison implies that
it is virtually impossible for slaves to free themselves from emotional
slavery because they are their own owner, and they can’t escape from
something that’s not tangible or real in the first place: worth. This is
proven by the “rememories” of Sweet Home that haunt Paul D and
Sethe despite having escaped that situation many years ago. They
simply cannot escape the figurative shackles of slavery because they
will always be real in their minds. Just as Beloved is a ghost that nearly
drives Paul D insane with confusion, and renders Sethe “worn down,
speckled, dying, spinning, changing shapes, and generally bedeviled,”
the concept of worth haunts “freed” slaves (255).
It seems that the only way to truly escape emotional slavery, which
individuals face in our own ways, is to take agency over our own worth.
However, we in turn enslave ourselves by trying to obtain agency over
worth, because we are trying to control something that is little more
than an intricate illusion created by other gazes and sustained by our
own. In Beloved, Morrison thoroughly deconstructs worth, stripping
away the false oppositions enveloping it, until we’re left with a single
nugget of a question that digs right into the heart of humanity: can
worth even be measured? Morrison suggests that it cannot.
Works Cited
Morrison, Toni. Beloved. New York: Penguin Group, 1987. Print.

The Reagan Doctrine: No De Facto Effect on
America’s Intervention in Afghanistan
Julian Viret
On Ronald Reagan’s inauguration day in January of 1980, the annual
American budget for aid to the Afghan mujahideen was nearly $30 million. By the mid 1980s, this same budget had surged to $650 million per
year. This significant increase in anti-communist aid can be attributed
to several causes. One possible explanation for this rise in aid is that the
Reagan Doctrine—Reagan’s policy of offering open military assistance
to anti-communist rebels in the attempt to roll back communism—was
at the center of Reagan’s foreign policy towards Soviet intervention in
Afghanistan. Reagan’s assertion to the American public that the U.S.
was offering open military assistance to the mujahideen suggests that
Reagan formulated a doctrine regarding the Soviet war in Afghanistan
and then implemented it, instead of having an assortment of different policies. Therefore, the Reagan Doctrine was the de jure reason for
American military aid to the Afghan anti-communist rebels.
However, the Reagan Doctrine was not responsible for Reagan’s de
facto actions in Afghanistan, because American aid was too inconsistent to constitute a doctrine and too similar to Jimmy Carter’s anticommunist aid to be considered a change in foreign policy. Firstly, evidence shows that U.S. aid to the mujahideen fluctuated as a function
of America’s relationship with both Iran and Saudi Arabia, suggesting
that the Reagan Doctrine was only one of Reagan’s several motives for
arming the mujahideen. In addition, Reagan’s covert and inconsistent
aid to the Afghan rebels was far more complex than the term “Reagan
Doctrine” implies. Secondly, because American arms shipments to the
mujahideen began under President Carter, the Reagan Doctrine did
not represent a change in foreign policy; therefore, it was not entirely
responsible for Reagan’s decision to arm the mujahideen.

This paper was written for Dr. Charles Hanson’s Advanced Placement
U.S. History class in the spring of 2012.
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De Jure Policy in Afghanistan
When Ronald Reagan became president in 1981, his focus on the
rollback of communism through aid to anti-communist rebel groups
came to be known by foreign policy experts and the American people
alike as the Reagan Doctrine. While in actuality he may have followed
an assortment of inconsistent foreign policies caused by several motives, the Reagan Doctrine was the de jure cause of American aid to
the mujahideen.
On April 1, 1985, Time magazine journalist Charles Krauthammer
published an essay entitled “The Reagan Doctrine,” in which he proclaimed that Reagan had embedded his doctrine regarding U.S. involvement in Afghanistan within his State of the Union address the
previous January.1 In his essay, Krauthammer defined the Reagan
Doctrine as “overt and unashamed” support for the mujahideen on
the grounds of “justice, necessity and democratic tradition.”2 As a result of Krauthammer’s influential essay, the term “Reagan Doctrine”
became popular with both the press and the American public, since
it simplified American involvement in Afghanistan. The fact that the
term was first coined by Krauthammer and then frequently used thereafter suggests that U.S. involvement in Afghanistan was perceived by
the American public as being part of a unified and coherent foreign
policy known as the Reagan Doctrine. Although in fact Reagan’s actions in Afghanistan may have strayed from the just, necessary, and
traditional motives Krauthammer described, his essay establishes the
Reagan Doctrine as the superficial reason for Reagan’s decision to arm
the Afghan mujahideen.
Years before Krauthammer first coined the term “Reagan Doctrine,”
Reagan had already taken legal steps towards making overt aid to the
Afghan rebels the priority of American intervention in Afghanistan.
For example, in 1983, Reagan legally established and identified American aid to the mujahideen as a central element of American attempts
to roll back the spread of communism. A presidential directive signed
by Reagan that year ordered that the U.S. both continue “effective opposition to Moscow’s efforts to consolidate its position in Afghanistan”
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and “convey clearly to Moscow that unacceptable behavior [would]
incur costs that would outweigh any gains.”3 As a result of this decision, Reagan defined American policy towards Soviet influence in Afghanistan on a legal level as arming the mujahideen in order to make
Soviet intervention in Afghanistan no longer cost-effective. Although
this document makes no reference to the term “Reagan Doctrine,”
the practical and overt nature of American aid to the mujahideen described fits Krauthammer’s later definition of the Reagan Doctrine as
“unashamed” support to a country at risk of getting “lost behind an
iron curtain of Soviet domination.”4 This document reveals that Reagan’s de jure policy towards Afghanistan was congruent with later descriptions of the Reagan Doctrine, suggesting that the doctrine was
responsible for Reagan’s legal actions towards the mujahideen.
When addressing the American public, Reagan cited the Reagan Doctrine as his reason for sending arms to anti-communist rebels. For
example, in a 1988 speech Reagan proclaimed that overt aid to “freedom fighters” revolting against communism was “at the core of what
some have called the Reagan Doctrine.”5 Although this evidence may
seem late in the day considering Soviet withdrawal from Afghanistan
ended in 1989, Reagan’s idealistic rhetoric suggests that the term “Reagan Doctrine” was simply used in order to satisfy the American public. With this speech, Reagan led the American people to believe that
American policy regarding Soviet occupation in Afghanistan was focused on giving anti-communist revolutionaries the tools necessary to
fight back against Soviet oppression. The fact that Reagan repeatedly
describes the anti-communist groups as “freedom fighters” throughout his speech suggests that he wanted the public to consider the Reagan Doctrine as a term depicting America’s fight for freedom abroad.
Reagan’s ability to convey an idealistic message to the American public in spite of his complex entanglement with the mujahideen is a result of his deceptively optimistic rhetoric. In his essay on the Reagan
Doctrine, historian Andrew Hartman depicted the effect of Reagan’s
speeches on American belief in his doctrine:
Reagan’s rhetoric translated into a policy that became known as the
Reagan Doctrine, a coherent policy of support for, as he stated, “those
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who are risking their lives on every continent from Afghanistan to
Nicaragua to defy Soviet-supported aggression.” The mujihadin became
the centrepiece of the Reagan Doctrine—to increase the cost of Soviet
support of Third World socialist governments.6
Hartman’s essay suggests that the term “Reagan Doctrine” was frequently used because it reduced all of Reagan’s different motives into a
single, righteous cause for American support of the mujahideen. It also
supports the claim that, de jure, the Reagan Doctrine was the cause of
Reagan’s reason to arming the anti-communist rebels.
De Facto Policy in Afghanistan
Evidence suggests that Reagan’s involvement in Afghanistan was in
fact considerably more complex than the straightforward aid denoted
by the term “Reagan Doctrine.” Because American aid was at times
covert and inconsistent, contrary to the open aid Reagan described to
the American public, the Reagan Doctrine was not in fact responsible
for Reagan’s decision to arm the mujahideen. In addition, the fact that
arms shipments to the Afghan anti-communist group varied along
with changes in American relations with Iran and Saudi Arabia suggests that the Reagan Doctrine was only one of Reagan’s many interests
in arming the Afghan rebels.
A month before the first Soviet troops were withdrawn from Afghanistan, the mujahideen experienced a sudden decrease in American arms
shipments. This inexplicable weakening of American aid suggests that
the Reagan Doctrine alone was not enough to persuade Reagan to aid
the Afghan anti-communists. A columnist from the Trenton Evening
Times wrote an article on this incident, stating that shipments of American stinger missiles had decreased “at a time when the Soviets [appeared] to be rushing military supplies to the Afghan government.”7 As
a result of this unanticipated reduction, which many mujahideen feared
would give the Soviets an advantage in the war, Reagan jeopardized all
previous American efforts to force the Soviet Union out of Afghanistan.8 The fact that Reagan stopped shipping weapons to the mujahideen contradicts his very own doctrine, which was centered around the
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idea of using sophisticated American weapons in order to put pressure
on Soviet withdrawal. Reagan’s willingness to sell out his doctrine in
pursuit of some other goal suggests that the Reagan Doctrine was not
the unique de facto cause of American assistance of the mujahideen.
Because arms shipments to the Afghan anti-communists changed as a
function of American relations with Iran and Saudi Arabia, the Reagan
Doctrine was only one of Reagan’s many interests in arming the mujahideen. For example, journalist Jack Anderson wrote in The Progress that
“profits from the Iran arms sales were commingled with secret funds
earmarked for the Afghan mujaheddin.”9 As a result of trade between
the United States and Iran, Reagan was able to use Iranian money to
fund the mujahideen; this suggests that Reagan was motivated to support the Afghan guerrillas because of the money received from trade
with Iran, and not the Reagan Doctrine. Additionally, American funds
for the mujahideen were raised as a consequence of a deal between
America and Saudi Arabia. An agreement between the two countries
stated that the Saudi government would contribute $1.5 billion to the
Afghan resistance efforts only if “the CIA arms [went] to…hard-shell
fundamentalist factions [wanting] to establish an Iranian-style Islamic
state in Afghanistan.”10 The fact that American aid to the mujahideen
relied on Saudi Arabian and Iranian funds reveals that preserving relationships with other Middle-Eastern countries was another incentive
for Reagan to arm the mujahideen.
The Reagan Doctrine was a foreign policy centered on overt military
assistance. And yet the CIA attempted covert aid to the mujahideen,
revealing that the Reagan Doctrine was not the actual cause of American involvement in Afghanistan. For example, the CIA “purposely
made it difficult to trace its secret arms shipments,” emphasizing its
“obsession for secrecy and deniability.”11 As a result of the CIA’s secret
intervention, American involvement in Afghanistan became focused
on clandestine aid to the mujahideen; this method of assistance contradicts the proud, unashamed aid described in Reagan’s speeches. The
CIA’s desire for plausible deniability is expressed further in a 1983 Pakistani letter to the editor of the New York Times. In his letter, Pakistani
Minister of Information M. Butt claimed that “Pakistan [had] contin-

18		

Julian Viret

ued to resist all efforts that would make it a conduit of arms for the
mujahideen.”12 CIA attempts to use Pakistan as a middleman between
America and the Afghan guerrillas indicate that aid to the mujahideen
did not necessarily stem from the Reagan Doctrine.
The Reagan Doctrine: Not a Change in Foreign Policy
When the Soviet Union first invaded Afghanistan in the winter of
1979, President Jimmy Carter identified the “strategic importance of
Afghanistan to stability and peace,” and as a result began providing the
mujahideen with American weapons.13 While Reagan amplified this
aid over his presidency, the foundations of the Reagan Doctrine lie
in the foreign policy of Reagan’s predecessor. Simply put, the Reagan
Doctrine was not in fact Reagan’s doctrine: the fact that arms shipments to the mujahideen began during Carter’s presidency suggests
there was no particular “Reagan Doctrine” at all.
In his essay on the Reagan Doctrine, historian Chester Pach argues
that Reagan’s involvement in Afghanistan was simply an extension of
the Carter administration’s previous aid to the Afghan guerillas.14 CIA
estimates of the mujahideen’s capability during the Reagan administration were similar to those by the Carter administration: that the mujahideen “could do no more than harass the invaders.”15 As a result of
Carter’s decision to aid the mujahideen, Reagan chose to maintain annual aid between thirty and forty million, only slightly higher than the
level Carter had provided during his final year as president.16 Furthermore, aid to the Afghan rebels under Reagan was handled “as if [the
CIA] were using a condom”; this metaphoric description of plausible
deniability resembles the covert aid provided during Carter’s presidency.17 By maintaining the same type of aid at the same price during his
first year as president, Reagan was in fact adhering to the doctrines of
President Carter, not any new one.
When the Soviet Union eventually withdrew all of its troops from Afghanistan, Reagan and his advisors claimed that the Reagan Doctrine
was the cause of American victory. In reality, as Pach notes, “the policy
of supporting Afghan resistance preceded both the Reagan Doctrine
and the Reagan administration.”18 Since there was no change between
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Reagan and Carter’s methods of dealing with Soviet occupation in Afghanistan, there was no such thing as the Reagan Doctrine in the first
place. Therefore, it could not have been the cause of Reagan’s decision
to arm the mujahideen, because his so-called “doctrine” was simply a
continuation of foreign policy under Carter.
Reagan’s involvement in Afghanistan can be compared to his intervention in Nicaragua, a country where Reagan claimed to implement the
Reagan Doctrine, but in fact merely followed the policy previously set
forth by Carter. American assistance to the Nicaraguan contras provides an interesting point of comparison to American aid to the mujahideen, because both cases misleadingly exemplify the Reagan Doctrine. In July of 1979, Nicaraguan president Anastasio Somoza Debayle
was replaced by a communist government known as the Sandinista
National Liberation Front. As a result, in September of 1980, the Carter administration decided to provide $75 million in aid to the Nicaraguan, anti-communist contras.19 Carter cited his reason for this aid as
not wanting “to abandon the vital Central American region to Cuba
and its radical Marxist allies,” just as Reagan promised aid to the mujahideen in order to prevent the Afghan government from succumbing
to the Soviet Union’s communist influence.20 The fact that covert aid to
both Nicaragua and Afghanistan began well before Reagan was elected
president shows that the Reagan Doctrine was just Reagan’s term for
the continuation of Carter’s foreign policy. Therefore, the Reagan Doctrine was not the cause of Reagan’s decision to arm the mujahideen.
Proximate and Ultimate Effects of U.S. Involvement in Afghanistan
What caused Reagan to provide so much aid to the mujahideen? There
are several possible answers to this question, but the Reagan Doctrine
only played a de jure role in shaping American foreign policy regarding Soviet involvement in Afghanistan. While there is debate over the
cause of American aid to the mujahideen, the effects of this aid have
sparked even further disagreement.
Controversy lies in comparing the proximate and ultimate effects of
American involvement in Afghanistan. In the short term, Reagan’s
decision to supply the mujahideen with massive amounts of sophis-

20		

Julian Viret

ticated weapons was a success: our aid contributed to the withdrawal
of Soviet troops from Afghanistan, and therefore the rollback of communism. However, the long-term effects of American support of the
mujahideen were self-destructive. Reagan’s aid to the mujahideen ultimately led to the creation of the Taliban, the September 11 attacks, and
the spark of the War on Terror. This is due in part to Reagan’s compromises with Saudi Arabia and Iran, who offered financial support under
the condition that America only arm fundamentalist Afghan rebels.
The fact that Reagan was willing to provide radical, anti-American
Muslims with sophisticated American weapons helps illustrate the extent to which many Americans feared the growing influence of communism. Reagan’s assistance of the mujahideen also suggests that, in
future cases of U.S. involvement in Third World countries, the government should weigh the potential proximate and ultimate effects of its
actions before diving in unprepared for the outcome.
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Trans-Atlantic Fears: Mutual Paranoia on the
Eve of the Revolution
Sadie Woolf
Background
On July 2nd, 1776, the delegates of the Continental Congress approved
the Declaration of Independence, and on July 4th, 1776, it was
published. While the declaration officially asserted the reasons why
Americans wanted independence from Britain, the document itself
was the product of years of tension between the colonies and their
mother country. The purpose of this paper is to explore the rising
conflicts between Great Britain and her colonies as explained by
Richard Hofstadter’s “paranoid style” thesis.
Adapted from a lecture given at Oxford in November 1963, Richard
Hofstadter’s essay “The Paranoid Style in American Politics” was first
published in Harper’s Magazine in November 1964. In this essay,
Hofstadter defines a political personality that has characterized political
movements throughout world history. He dubs this personality or “style
of mind” the paranoid style.1 To Hofstadter, the style of a particular
movement refers to the way in which ideas are defined, characterized, and
believed. The paranoid style, in turn, characterizes movements that are
“overheated, over suspicious, overaggressive, grandiose, and apocalyptic
in expression.”2 Most importantly, however, Hofstadter claims that the
majority of these political movements are driven by fear of conspiracy.
Hofstadter contends that unlike clinical paranoia, the paranoid style is
characterized by a belief of conspiratorial persecution against a nation
rather than an individual. Because of this, he depicts the paranoid
movements as having a distinct nationalistic and patriotic spirit.3
Although Hofstadter did not associate the paranoid style with the
American Revolution, following the essay’s publication many historians
began to view the American Revolution in a different light. In fact,
This paper was written for Dr. Charles Hanson’s Advanced Placement
U.S. History class in the spring of 2012.
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multiple historians have viewed the revolution as paranoid, arguing
that the Patriots were solely fueled by a fear of a British conspiracy. The
extent to which the prelude of the revolution was an example of the
paranoid style is still unclear. In his book Pamphlets of the American
Revolution, Bernard Bailyn claims that colonial resistance to British
legislations was fueled by their belief in a conspiracy of British tyranny.4
On the contrary, in his essay, “An Uneasy Connection,” Jack P. Greene
argues that while the colonists may have developed overly suspicious
fears, there were forces in Britain that were attempting to exert greater
control over the colonies, forcing them into a more subordinate level
and indeed abridging their rights.5
While there is additional disagreement regarding the specific time
period of the prelude to the fighting and revolution, this paper will
explore the tensions surrounding the Sugar Act of 1764 and the Stamp
Act of 1765, often referred to as the Stamp Act Crisis. These acts
were among the first legislations imposed on the colonies following
the British victory over the French and Spanish in the Seven Years’
War, and thus were the initial stimulant for colonial resistance. It
should be noted that although the Patriot movement was not officially
established during the protest of such acts, throughout this paper
the term “Patriots” refers to the early colonial opposition. Likewise,
the term “Tory,” often generalized to the British, refers to those who
supported the legislations.
The Patriots may have indeed faced an existential threat. The Sugar
and Stamp Acts did breach the colonial charters and thus abridged the
rights of the colonists. However, both the British and the Americans
developed speculative fears and exaggerations that embodied the
paranoid style. While the Patriots reflected the paranoid style through
their fear of subordination and British tyranny, Parliament and even
factions of the British public equally replicated the style through their
fear of a colonial conspiracy to undermine their supremacy.
An Accurate Argument
The underlying argument of the resistance to the Sugar and Stamp Acts
asserted that Parliament was unable to tax the colonies without their
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consent. In arguing such, the Patriots claimed that Parliament abridged
their rights. The Patriots were justified in believing this because the acts
did override their rights laid out in the colonial charters and the British
constitution. This implies that their resistance was not an overreaction
and so was not in the paranoid style.
Colonial assemblies, such as those of Massachusetts, New York, and
Virginia drew up grievances to be sent to Parliament and the House of
Commons in petition against the Sugar Act and upcoming Stamp Act.
A similar argument ran through all of them, in particular the Virginia
petition. The Virginians claimed that the taxes were unconstitutional
because, as written in their charters, the colonists shared equal rights
as British citizens, and thus could not be taxed without their consent.6
In fact, the First Virginia Charter stated that all the Virginian colonists
“shall HAVE and enjoy all liberties, Franchises, and Immunities, within
any of our other Dominions… as if they had been abiding and born,
within this our Realm of England.”7 The charters of Massachusetts and
Georgia established similar dissertations.8
Because the British Constitution was spread across many documents
and often not even written down, it is unclear that the colonies did have
the right to “no taxation without representation.” The English Bill of
Rights of 1689 asserts that no legislations can be passed without consent
of Parliament as well as the idea that the elections of Parliament should
be free.9 This emphasizes the idea that Parliament is a representative
body of the people. However, it is unclear that this truly establishes
the right not to be taxed without consent. Nonetheless, the Sugar and
Stamp Act did undermine other colonial rights.
In the verdict of Thomas Bonham v. College of Physicians in 1610,
the Chief Justice of the Court of Common Pleas, Sir Edward Coke,
claimed that if an act of Parliament restricted the rights of the people
and overrode common law or was impossible to be carried out, it
should be rendered void.10 While the Sugar Act may or may not have
overridden colonial consent through disrupting foreign trade, it
forced apprehended smugglers to be tried in a Vice-Admiralty court,
where they were sentenced by a judge rather than a jury of their peers,
thus overriding the right to trial by jury. The right to due process of
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law, including right to a trial by one’s peers, is outlined in the Magna
Carta of 1215, suggesting that the Sugar Act overrode the colonial
rights.11 Additionally, while the Sugar Act restricted foreign trade and
thus colonial profits, the Stamp Act posed high taxes. In the Virginia
Petition and in a grievance sent to Parliament in 1765 by the Stamp Act
Congress (an assembly organized by the colonies), colonists claimed
that the high taxes along with the colonial war debts were detrimental
to the colonies and thus the acts were impossible to carry out.12
Under Coke’s assertion, the abridgement of colonial rights as well as
the impossibility of paying the taxes suggest the illegality of the acts,
thus the colonists were reasonable in their argument for resistance.
Although Hofstadter contends that the truth or inaccuracy of a
movement does not determine whether it embodies the paranoid style
or not, the reasonable rationale behind the movement suggests that the
Patriots were not paranoid or overreacting.13 Thus, they diverged from
the paranoid style.
Patriotic Paranoia
However, although the basis of the argument against the Sugar and
Stamp Acts may have been rational, the rhetoric and actions of the
colonial opposition to the acts were exaggerated in expression. As
conveyed in publications and protests, the early Patriot movement was
characterized by a fear of a British conspiracy that sought to force the
colonists into subordinate statuses. The exaggerated fears proposed
by the Patriots’ oratory suggest that the expression of the early Patriot
movement embodied the paranoid style.
In a series of letters addressed to the inhabitants of the Massachusetts
Bay Colony, John Adams (under the penname Novanglus,) alleged
that the cause of the British-American conflict was a Tory design to
enslave the colonies established through taxing the colonies by act of
Parliament. During the late eighteenth century, Adams emerged as a
key leader of the Patriot movement, so his assertions often embodied
the Patriot movement as a whole. These letters were first published
in 1774 and 1775, after the Stamp Act Crisis. However, because they
study the causes of the conflict, they reveal the rhetoric the Patriots
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used to characterize the developing movement. In his letters, Adams
claimed that the Tory “design” will “break down the fences of the free
constitution.” Adams further contended that because a freeman is
defined as one who is not restricted by any law without his consent,
taxation without representation would subject the colonists to slavery.14
Through establishing his belief in a Tory design, Adams demonstrated
the key characteristic of the paranoid style; he promoted a fear that
the colonists were persecuted by Parliament and thus that their very
liberty, as a nation, was at stake. He even went as far as to suggest that
the design of taxation was similar to a cancer that would “swallow
up the whole society,” another intense exaggeration. His predictions
of slavery, the death of the constitution, and cancer were not only
exaggerated anecdotes, but they conveyed the fear that the colonists
were being forced into levels of apocalyptic subordination, and thus
exhibit the paranoid style.15
The fear of a British conspiracy was not unique to John Adams or the
heightened conflict of the 1770s; the first grievances against the Sugar
and Stamp Acts also expressed a fear of inequality and subordination.
In 1764, Samuel Adams, representing Boston, wrote instructions to the
Bostonian representatives in the colonial assembly to protest the Sugar
Act. Samuel explained that the representatives must resist the taxation
because not doing so would threaten their freedom and reduce them
to the level of slaves.16 Samuel Adams’ rhetoric mirrored that of John
Adams, suggesting the common exaggeration of the Patriot movement.
Similarly, during a speech opposing the Stamp Act to the Virginia
Assembly on May 29, 1765, Patrick Henry did not reconsider his claim
when accused of being treasonous.17 During the eighteenth century,
treason was one of the highest crimes. By not refuting the accusation
of treason, Henry revealed his belief that the situation was dire. He
was willing to refute the crown to uphold his belief that the taxations
were wrong, suggesting that to Henry, the threat against his rights was
apocalyptic and in the paranoid style.
The fears held by the Patriots, or early Patriot movement, were not only
portrayed in mere rhetoric. The actions, behaviors, and images of the
resistance were highly dramatic and thus also reveal exaggerations of
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reality. In opposition to the Stamp Act, the colonists of Portsmouth,
New Hampshire held a mock funeral in which they carried a coffin
labeled “liberty” through the streets.18 Through physically burying
their liberty, their dramatic actions further established the ominous
spirit of the resistance; they conveyed a fear that their freedom itself
was at stake, which is reminiscent of John Adams’ rhetoric. The
resistance as a whole was characterized by similar acts of mob protest,
including the burning of stamp distributer residences and effigies. For
example, in August 1765, in Boston, a group of colonists hung an effigy
of Andrew Oliver, a renowned stamp distributer, with images of the
devil.19 In most cultures, specifically the highly Christian culture of
the colonies, the devil is the primary image of evil. By equating Oliver
to the devil, the protestors established the necessity of their cause as a
protection against evil. The reduction of the building conflicts to the
polarized reasoning of good versus evil conveys that the resisters held a
limited perspective and viewed their situation as apocalyptic, therefore
expressing the paranoid style. The mob protests also exhibited the
paranoid style through the mob mentality that they created.
While the rhetoric and actions of the Patriot movement already imply
the correlation to the paranoid style, the reality of the Sugar and Stamp
Act suggests that the Patriots were overreacting. In fact, the Sugar Act
was a modification of the Revenue Act of 1733 and even reduced the
tax on molasses from six to three pence per gallon. Additionally, the
de jure reason for both the Sugar and Stamp Acts was to raise revenue
to pay off the war debts accumulated by both Great Britain and her
colonies following the Seven Years’ War, support the troops protecting
the colonies, and even feed the revenues back into the colonies for their
own development.20 Because the acts, specifically the Sugar Act, did
not pose an overt change, the exaggerated and dramatic publications
and demonstrations in resistance to the acts were not an appropriate
reaction to reality, and thus embody Hofstadter’s style even more so.
An Equal and Opposite Fear
While the early Patriot movement expressed a fear of persecution
and subordination, the British public and Parliament expressed an

THE MENLO ROUNDTABLE		

29

exaggerated fear of a colonial conspiracy for independence. Although
this fear does not correlate with the element of persecution present in
the paranoid style, the belief in a plot to fracture the empire resonates
with the style as a whole.
In a letter published in the London Chronicle in February 1766, a farmer,
under the penname “John Ploughshare,” expresses the absurdity of the
idea that the colonists refused to pay their taxes without representation
when farmers like him had no more representation in parliament than
“the man on the moon.” In fact, he furthered his argument by stating
that the consequence of allowing the colonists to have such treasonous
thoughts is that they would “seek independence as fast as they can,”
and “Old England [would] become a poor, deserted, kingdom—like a
farm that has been over-cropped.”21 Ploughshare’s letter was one out of
many that echoed similar assertions that the colonists were not only
unjust in their resistance, but that they were tearing apart their own
mother country. In 1776, the London Chronicle additionally published
multiple letters, signed “Anti-Sejanus,” that claimed the colonists were
ungrateful for British support as well as that they were attempting
to rid themselves of dependence.22 As the central newspaper of the
central city of the British Empire, the London Chronicle catered to the
opinions central to the Empire. Although many colonists did resist and
establish grievances against Parliamentary legislations, as portrayed in
the grievances drawn by the Stamp Act Congress in 1765 and Samuel
Adams’ instruction to the Boston Representatives, the majority of
such grievances attempted to re-establish the rights of the colonists
as English citizens, not undermine British power.23 In fact, in the last
chapter, “Independence—The Last Resort,” in their book Empire or
Independence, Ian R. Christie and Benjamin W. Labaree discuss the
idea that even after the first skirmishes between Britain and the colonies
at Lexington and Concord in 1775, many colonists still struggled to
endorse the idea of independence.24 Therefore, the premature British
commentary, seen through Ploughshare and Anti-Sejanus, on possible
American independence suggests that many British citizens were fearful
of more than colonial independence; they were afraid of what would
happen to Britain as a result, thus demonstrating the paranoid style.
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The fear of colonial independence was also portrayed by Parliament
itself during the Examination of Benjamin Franklin Before the House
of Commons, on February 13, 1766. From 1757 to 1775 Franklin was
a lobbyist for Pennsylvania, Massachusetts, Georgia, and New Jersey,
and in 1787 was one of the key framers of the Constitution. Franklin’s
examination was used by Parliament to analyze the effects of the Stamp
Act, ultimately promoting its repeal. Throughout the examination, the
House of Commons constantly posed questions addressing colonial
resistance to the use of military force as well as possible colonial arms.
The latter of the two questions was not answered by Franklin and was
subsequently withdrawn from the examination.25 Although Franklin
attempted to refute the British misconceptions by explaining that the
assemblies of the colonies were solely interested in reaffirming their
rights as English citizens and were separate from the mobs and violent
protestors, Parliament revealed that it was expecting and preparing
for a colonial rebellion through their military-based interrogation.26
Similar to the articles from the London Chronicle, Parliament revealed
paranoia through its unjustifiable fear that the colonies were attempting
to splinter the empire.
Like the colonists, Parliament acted upon their fears. The negative
effects of the Stamp Act upon the British economy, such as loss of trade
caused by colonial resistance, ultimately promoted the Stamp Act’s
repeal in March 1766. However, with the repeal Parliament additionally
passed the Declaratory Act. The act declared that the colonies were
officially subordinate to Parliament and the British Crown, and that
any colonial legislations resisting Parliament were to be immediately
rendered void.27 Although at the time the act was established it was
ignored in celebration of the Stamp Act’s repeal, on paper, the colonies
were forced into the subordinate position that they feared. In fact, the
act foreshadowed the continued onslaught of British taxation through
the Townshend Duties, and additionally the continued imposition of
power seen through the Coercive Acts, which punished Boston for their
resistance in the Boston Tea Party in 1773. Through continued resistance
and continued attempted insurrection, these acts would continue to
fray the tie between Great Britain and her colonies. The Declaratory
Act was a desperate attempt to reestablish control, and the subsequent
acts it paved the way for were more desperate enactments with more
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inflamed opposition. Thus, the conflicts fueling the revolution were
caught in an endless spiral. In fact, later in 1773, Benjamin Franklin
expressed the significance of the Act in his essay, “Rules by Which a
Great Empire May Be Reduced to a Small One.” Franklin wrote that
in order to heighten the tension with the colonies, Parliament should
“pass another solemn declaratory Act… convincing [the colonists],
that they are at present under a Power… which can not only kill their
Bodies, but damn their Souls to all Eternity, by compelling them, if it
pleases, to worship the Devil.”28 To Franklin, the Declaratory Act was
an installment of tyranny that ultimately fueled the Revolution and
fractured the empire. In actuality, it was exactly this.
The act was more than simply an assertion of British power; it was a
reassurance to Parliament that it still held power. In so, the Declaratory
Act was a revelation of the mutual distrust between the colonies and
Britain. While the Patriots may have seemed paranoid in fearing the
nullification of their liberties, the actions and reactions of the British
government and Tories, fueled by their fear of losing the colonies,
suggests that the British were equally paranoid. Thus, as the colonies
struggled to establish equality, the British attempted to establish control.
The alternate ideals from each side of the Atlantic were incompatible;
the more they each tried to establish their own ideals, the more their
fears felt justified and the more the idea of reconciliation splintered.
The Internet and Modern Day
Through simply studying the American and British rhetoric and actions,
one cannot fully understand the psychological and subconscious
motives that fueled the Revolution. However, while the fears expressed
by the Patriots and Tories may not have outwardly mirrored their
inner mentality, both parties’ actions and rhetoric did, in fact, express
the paranoid style. More importantly, the opposing paranoid styles
strengthened the justification of each, thereby fueling mutual distrust
and the British-colonial rift. Though the notion that our country‘s
establishment was a result of paranoia may be incomprehensible to
many modern Americans, the Revolution, as Hofstadter puts it, was
without question an “arena for uncommonly angry minds.”29
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During the 1760s, pamphlets and other publications were used
to convey Patriotic and Tory beliefs at the dawn of the American
Revolution; today, the Internet—the newest form of written and
spoken publications—acts as the central arena for the resistance and
revolution in the Middle East. In fact, radicals in Libya, Egypt, Saudi
Arabia, and other countries are striving to establish their rights as
humans by establishing democracies and republics, paralleling the
actions of Patriots as they sought to reaffirm their rights as Englishmen.
Our country’s ancestors used publications as their bulletin board for
opinions and newspapers as their center for debate; today, the Internet
and social networking establish a central medium to express opinions
and organize revolt.
The Internet goes far beyond the eighteenth century debates; the web
provides users with the perfect arena for paranoia, amplifying the
passions and opinions that are expressed. The net sustains opportunity
for an impulsive atmosphere on which anything can be published,
separating individuals from reality itself. The Internet’s amplification
of paranoia mirrors the eighteenth century expression of the paranoid
style, suggesting that the American Revolution did more than
establish our country. It set a precedent for the fears, exaggeration, and
conspiracy theories that have haunted our past.
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Construction and Analysis of
a Remote Control Hovercraft
Alexander Katsis
1 Abstract
The goal of this project was to construct a remote control hovercraft
and then calculate the force from each fan, the turning radius, the
maximum cargo weight, and the acceleration. The radio communication was done using programmed Arduinos, which turned a servo that
controlled the rudder at the receiver when a potentiometer at the transmitter was turned. The force from each fan was calculated to be .608 N,
the average turning radius was 146.67 cm, the maximum cargo weight
was 50 N, and the average acceleration was .2985 m/s2.
2 Introduction
Because hovercrafts float over a cushion of air, they are capable of travelling over many different types of terrain including water, ice, and
ground. For this reason, they are used to navigate difficult terrain and
can serve a multitude of purposes. They are utilized by the Coast Guard
to perform rescue missions in shallow, muddy waters where boats with
propellers and keels can become easily grounded. Over similar terrain,
they are used for commercial and passenger transport, usually to cross
small channels. In addition, hovercrafts are implemented by the military in order to transport tanks and other vehicles to inaccessible areas.
Besides hovercrafts that can propel themselves, hovercraft barges have
also been constructed. These vehicles are used to tow heavy loads over
swamps and rough terrain as they are pulled by other vehicles. Because
hovercrafts have little friction with the ground, using them as platforms
to carry supplies, which can then be pulled by boats or land vehicles is
advantageous as it takes less energy to transport the goods. [1]

This paper was written for Dr. James Dann’s Applied Science
Research class in the spring of 2012.
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Remote controls also have many practical applications. In the military,
drones are used in the war on terror to combat insurgents in the Middle
East. By conducting surveillance and coordinating attacks from unmanned aircraft, human casualties on our side can be avoided as the
planes are controlled from the safety of bases on the ground. Using radio controls over an autonomous program also has the advantage of
human precision. Pilots are able to maneuver the drones just as they
would if they were flying the plane. In the future, many more aspects of
warfare could become remotely controlled. With robot soldiers, the aspect of human danger could be greatly minimized. This scenario is not
yet ready to be implemented, but many military analysts believe it is the
future of warfare. Radio controls are also used in places that humans
cannot reach. In space, rovers are used to explore distant planets such
as Mars from stations set up on Earth. These rovers are able to perform
tests and take samples of the soil in order to conduct various experiments such as searching for the existence of water and life. Remote controls allow humans to perform the same tasks they would normally be
able to, far away from the dangers of a hostile environment. [2]
3 History
3.1 History of Hovercrafts
The first design for a vehicle with an air cushion was created by
Emanuel Swedenborg in 1716. His design essentially consisted of an
upside-down boat that the driver sat on top of, creating a pocket of air.
The driver then pulled oars in order to push air underneath the vessel and reduce friction. These plans were never realized, however, as
more power was needed to pressurize the air chamber, something not
available in those times without the advent of motors. In 1868, the first
successful cushioned vehicle was created by Monsieur Louis Girard in
France. A train was created that rode on top of skirted pads, pressured
by water. This greatly reduced the friction, and the train was able to
ride for 900 or so miles. Many of the early air cushioned vehicles created in the early 1900s also had wings and so weren’t true hovercrafts.
In the 1950s in England, Christopher Cockerell proposed an idea to
pump air into a smaller channel around the perimeter of the vehicle as
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opposed to pumping air into a large chamber under the vessel as had
previously been done. After experimenting with two cans that were
blown into in order to show that one of the cans could be lifted by
the higher air pressure between the two cans, Cockerell produced a
working vehicle and patented it in 1955, calling it the “hovercraft.” In
1964, the first hovercraft race was conducted in Canberra, Australia
to celebrate the opening of a new man-made lake. Ten different racers
created their own hovercrafts to compete. However, only five of the
vessels were able to complete the race after the rest sank or were unable
to move in the water. Hovercraft racing has since become a sport and
there are various existing racing series. [3] In the late 20th century, hovercrafts were first used commercially in order to transport both people
and supplies. Hovercraft ferries in England were capable of crossing the
English channel loaded with 300 people and 30 cars. [4] An example of
one of these large hovercrafts is shown below.

Figure 1: A large hovercraft ferry in England called the SN.R4. It is easy for these
ferries to unload cars as they can park on land and the cars can simply drive off.
However recently, the popularity of hovercrafts as ferries has decreased. [5]
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3.2 History of Remote Controls
The history of remote control technology begins with knowledge of
radio. The idea of radio of was first theorized by James Clerk Maxwell in the 1860s, but it wasn’t until 1866 that radio waves were first
demonstrated in a lab. Heinrich Rudolph Hertz showed that changes
in electric current could be sent through space with electromagnetic
radiation. In 1895, Guglielmo Marconi sent and received the first radio
signal, and by 1902 he had sent and received the first radio message
across the Atlantic. Despite this, Nikola Tesla received the first patent
for a wireless radio transmitter that he constructed as Marconi’s original patent was overturned in the Supreme Court in 1943. In the early
1900s, a series of radio communication lines were created for pointto-point communication (not public broadcasting, which is present in
today’s world). For example, radio communication outposts were set
up on each of the five Hawaiian islands, allowing them to send messages to one another. In 1915, the first speech was broadcast over radio,
and in 1922 the first two-way radio conversation took place between a
land station and a ship. Frequency modulation was invented in 1933 by
Edwin Howard Armstrong in order to reduce static and atmospheric
noise during transmissions. In 1965, the first Master FM Antennae system was constructed on top of the Empire State Building allowing for
different radio frequencies to be transmitted simultaneously. [6]
4 Theory
4.1 Hovercrafts
A hovercraft works by forcing air into a skirt under the vehicle. As
the air pressure inside the skirt increases, the body of the hovercraft is
pushed off of the ground, which greatly reduces friction between the
vehicle and the ground as the only friction is between the skirt and the
ground. Once a hovercraft has lifted off the ground, fans located at the
back of the craft provide thrust to move it forward. Maneuverability
is difficult, however, as with little friction the vehicles tend to move in
whatever direction they are pushed. This results in a very large turn-
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ing radius. The power needed to lift a hovercraft by a certain clearance
height given by the equation
P = hc Icu Dc (W / Ac)3/2 (2 / d)1/2
where hc is the clearance height over the ground, Icu is the perimeter
of the air cushion, Ac is the area of the air cushion, W is the weight of
the vehicle, d is the density of air, and Dc is the discharge coefficient.
[7] The discharge coefficient is the ratio of the mass flow rate at the
end of the nozzle to what the mass flow rate would be if the nozzle
were ideal. This applies to hovercrafts as air leaves the skirt through
holes that can be considered nozzles. An ideal nozzle follows the ideal
gas laws in which PV = nRT where P is pressure, V is volume, n is the
number of moles of gas, R is the gas constant, and T is the temperature.
In addition, the ideal gas laws also state that gas molecules do not feel
forces from each other and that the rate at which gas molecules diffuse
is proportional to the square root of their density. [8]
Fluid flow direction
Velocity and pressure constant at all points
along dotted line (vertical cross section)
where fluid travels
Figure 2: A sketch of a nozzle. In an ideal nozzle, at all points in a particular vertical
cross section (indicated by the dashed lines), the pressure and velocity of the fluid
travelling through it is constant. This is the case even though the pressure and velocity
of the flowing fluid changes depending on the cross sectional area at a given point in
the nozzle (although the pressure times the velocity remains constant). In other words,
the pressure and velocity of the fluid is not different whether it is travelling through
the center of a given cross section or the edge of this cross section, near the sides of the
nozzle. However, in real nozzles, there are other effects at play including viscosity of the
fluid, so this pressure and velocity are not uniform along cross section.

In order for a skirt design to be effective, most of the air pressure
should go to lifting the vehicle as opposed to forcing air out of holes in
the skirt. The following equation gives a way to quantify the effectiveness of a skirt: K = Ac / (2hc Icu Dc). The higher K is, the more effective
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the skirt design is. The variables used in this equation are the same as
the variables used in the previous equation. [9]
The horizontal thrust of the hovercraft is supplied by ducted fans (essentially propellers). Propellers are twisted airfoils that rotate. When
this happens, lift is generated as one path over the top of the propeller
is longer than the other path over the bottom of the propeller. However,
air travels across the top and bottom of a propeller blade in the same
amount of time, resulting in a faster air velocity over the top of the propeller. This higher velocity results in a lower pressure on the top of the
blade compared to the bottom of it. This is because a fluid exerts pressure on a surface when its molecules collide with the surface. When
the fluid is moving, however, the average velocity of its particles is in a
direction perpendicular to the surface. Thus, the fluid particles collide
less with the surface resulting in a lower pressure. This effect is greater
for higher fluid velocities. This pressure difference causes a force resulting in a thrust. It is very difficult to model pressure for a propeller as
the angle of attack of the blade varies along the length of the blade. This
is because there is a smaller angle towards the end of the blade where
the linear velocity of the blade is greater as compared to the blade near
the point of rotation, where the angle of attack is larger. Blades are designed this way so that the force generated by the propeller is approximately the same at different points along the blade. Therefore, in the
equations below the propeller is treated as a disk that creates a pressure
difference on either side.
F = (pressure difference)(area of propeller disk)
because P = F/A
Then using Bernoulli’s principle, first for ahead of the propeller:
pt0 = p0 + (.5 * r *V02)
where pt0 is the pressure directly in front of the propeller, p0 is the air
pressure, r is the radius of the propeller disk, and V0 is the speed at
which the hovercraft is moving.
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Using Bernoulli’s principle now for behind the propeller:
pte = p0 + (.5 * r * Ve2)
where pte is the downstream pressure behind the propeller, Ve is the exit
velocity of air from the propeller, and the other variables are the same
as the above equation.
Therefore change in pressure in front of and behind the propeller is
given by:
p = .5 * r * [Ve2 – V02]
and finally using the first equation of F = P/A, the thrust force of the
propeller is given by:
F = [.5 * r * [Ve2 – V02] ] / A
[10]

Figure 3: Airflow over a wing. As air hits the top of the wing, it is compressed and
redirected upwards. As the top of the wing slopes downward, away from the direction
of the redirected air, this forms a low pressure above the wing. As air hits the bottom of
the wing, it is redirected downward. The bottom of the wing slopes in the same direction
as the redirected air, which results in a higher pressure as air molecules collide with the
wing surface. This difference in pressure results in an upward force known as lift. There
is also a horizontal component of the force generated by the wing as air passes over it.
This force is known as drag. [11]
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A rudder is a vertical foil. When the rudder is moved so that the air hits
it at an angle, lift can be generated in either horizontal direction (left
or right). Since the rudders are at the back of the hovercraft, farther
from the axis of rotation, the torque generated is larger as τ = rF where
τ is the torque, F is the force, and r is the distance of the applied force
from the center of rotation. This torque causes the hovercraft to rotate,
allowing for steering.

Figure 4: By varying the angle of attack of the rudder, a different amount of torque can
be generated in either direction causing the hovercraft to turn. [12]
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4.2 Remote Control of the Hovercraft
Radio controls consist of a transmitter and a receiver. In the transmitter when a circuit is completed, by pushing a button for example, a
series of electrical pulses are generated by a power source at a certain
frequency (known as the carrier frequency), usually between 27 MHz
and 49 MHz. These electric pulses are first modulated by adding a
modulating wave to the signal. This changes the frequency, phase, or
amplitude of the pulses.

Figure 5: A modulating wave being added to a carrier wave (the signal). The resulting
wave is shown on the bottom. The first has the same frequency as the modulating wave
but its amplitude varies. This is known as amplitude modulation or AM. The second
modulation shown is frequency modulation where the amplitude stays the same while
the frequency varies. This is known as FM and is the type of modulation used for the
radio control. [13]

This modulation is done in order to reduce energy lost when the signal
is sent by radio waves. In addition, the antenna of the receiver is tuned
to receive radio waves of a certain frequency. Frequency modulation
allows for the signal’s frequency to be adjusted so that it can be picked
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up by the receiver, while still maintaining its original message. When
the signal reaches the antenna in the receiver, the antenna creates a
corresponding oscillating electromagnetic field, which causes radio
waves to propagate from the antenna in all directions. These signals are
picked up by the antenna on the receiver. A lot of the original energy
is lost, however, as signals are absorbed by structures such as buildings
and the air. In addition, the strength of the signal varies with an inverse
square law of the distance over which the signal is transmitted. For
this reason, after the signal is picked up by the receiver, the signal is
amplified. Next, it is demodulated by removing the modulating wave.
The original signal in the form of electric pulses that were initially produced by the transmitter is attained. [14]
In radio communication, it is important for the receiver to only process
signals that were sent by the transmitter, as opposed to signals sent by
other devices. This is accomplished by the fact that the receiver reads
radio signals at a certain frequency (the frequency at which the transmitter outputs). At first, the transmitter outputs a synchronization segment, which is a series of pulses of a certain pulse length. The receiver
reads this synchronization segment and if it matches (the incoming
signal has the same synchronization segment that the receiver is tuned
to receive), the receiver prepares to receive the information. Next, the
transmitter sends out a certain number of radio signals called the pulse
segment (shorter lengths than the synchronization segment). The receiver reads this signal and does the assigned task. For example, a series
of 10 pulses could signal the receiver to trigger a servo, which turns
the rudder and causes the hovercraft to turn to the right. After a pulse
segment, another synchronization segment is transmitted before the
next pulse segment is sent. This process repeats itself allowing for the
transmitter to send messages to the receiver. [15]
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A servo is a motor whose position can be controlled. Servos receive
electric pulses once every certain time interval (usually around 20 ms.)
Depending on the length of the pulse they receive, known as the pulse
width, they turn to a certain position. By varying the width of the pulse,
known as pulse-width modulation, servos can be triggered to move to
a certain position.

Figure 6: By varying the width of the pulse, the servo is signaled to move to a
certain position. [16]

Potentiometers will be used to vary the angle of the rudder. Potentiometers work by varying their resistance depending on how far their knob
is turned. They consist of a loop of resistive material, usually graphite,
and two leads that touch the resistive loop. When the knob is turned,
the leads are brought either closer together or farther apart. The farther
current has to travel across the resistor from one lead to another, the
larger the resistance and subsequent voltage drop. By varying the voltage drop across the potentiometer, different signals can be sent to the
receiver causing certain actions on the hovercraft to be performed. [17]
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5 Design
5.1 3D Sketches

Figure 7: View from back at .32x scale

Figure 8: View from front at .32x scale
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Figure 9: View from top at .32x scale
Note: The holes in the CAD drawing are where the ducted fans are placed. Two are used
to provide lift and three are used to provide horizontal thrust, allowing the vehicle to
move forward.
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Figure 10: View from back
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Figure 11: View from front
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Figure 12: View from top

5.3 Other Design Elements
The skirt, which cannot be seen in the pictures, was constructed using plastic sheeting. Next, using scissors, many small punctures were
made in the skirt where the hovercraft would rest. Finally, the skirt
was adhered to the body using silicone sealant. In addition, because
the lifting fans are positioned towards the front of the craft, the batteries, not shown above, are also placed at the front of the vehicle. This is
done so that the back does not drag on the ground and the base of the
hovercraft is fully supported by the pocket of air underneath. The fans
were connected in parallel to the batteries and toggled on or off using switches (one switch for the lifting fans and one for the horizontal
thrust fans).
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Figure 13: Diagram of the transmitter. The potentiometer is hooked up to 5 V and
grounded. In addition, the middle terminal is attached to the analog 0 pin, which reads
the voltage across the potentiometer as it changes based on the position of the knob.
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Figure 14: Diagram of the receiver. The servo, which holds the rudder, is connected
to 5 V and ground. In addition, the servo is connected to digital pin 9, a pulse width
modulation pin. This allows the servo to receive information on what position to move
to (previously explained in theory).

6 Results
First, the force produced by one of the fans was calculated using
the equation
F = [.5 * r * [Ve2 – V02] ] / A
which is derived in the theory section. The radius of the fan was .0246
m, the area was .0019 m2, the air velocity behind the fan was 18 m/s,
and the air velocity in front of the fan was 8 m/s. Plugging these values
into the above equation, a force of .608 N per fan was found.
Next, the turning radius of the hovercraft was calculated. The vehicle
was driven at full speed on the gym floor, and when it passed a designated line, it was turned sharply in one direction and then directed
back across the original line. The distance from where it first crossed
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the line to its second crossing was the turning diameter, and then this
distance was divided by two to get the turning radius. The data for
these measurements is shown below.

Radius (cm)

Trial 1

Trial 2

Trial 3

Average

163

120

157

146.67

Figure 15: Turning radius. As seen in the table above, the average turning radius was
calculated to be 146.67 cm.

There was a high standard deviation of 23.28 cm for the turning radius
data. This is due to the fact that when the hovercraft turned, it did not
track along the floor and maintain a constant turning radius, as there
was little friction between the skirt and the gym floor. The back of the
craft swung out when it turned, making it difficult for a precise measurement to be taken. In order to improve this experiment next time,
a dry erase pen could be taped to the front of the vehicle so that it
touched the ground. When the hovercraft turned, the pen would leave
a mark and the turning radius could be calculated more accurately
than if simply judged by observation of where the hovercraft started
and ended its turn. However, a large standard deviation would still be
expected, since the back of the hovercraft would still swing out rather
unpredictably during the turns.
It was then determined how much weight the hovercraft could hold,
while still maintaining functionality (being able to move forward and
turn). Weights were put onto the body of the vehicle, keeping the
weight distribution uniform, until the craft could no longer move. The
hovercraft was able to hold up to 50 N of cargo.
Finally, the acceleration of the vehicle was measured. It was lined up
with a motion sensor and then turned on and allowed to move forward
in front of the sensor. However, it is hard to steer the hovercraft in a
perfectly straight line and it is increasingly hard to do so at farther distances from the motion sensor. To solve this, an assistant helped to tap
the hovercraft from side to side in order to keep it going straight while
the author steered the hovercraft remotely and started the data recording. The data for the three trials are shown below.
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Trial 2

Trial 3

Figure 16: Data for the three acceleration trials. In each trial, only a portion of the 30
second-long data collection was used, starting with the time when the hovercraft began
to move (the test was started while the hovercraft was still being held), to the time when
the hovercraft strayed out of the line of the motion sensor. At this point, the data became irregular as the motion sensor was also measuring the back wall of the gym when
it broke its line of measurement with the hovercraft. In the first trial, the hovercraft was
able to stay in front of the motion sensor for the longest period of time.
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Next, the velocity v. time graphs were plotted for each trial and a linear
regression was run. The slope of the best fit line was found, giving a
value for the acceleration as acceleration is the derivative of the velocity. The graphs of the trials are shown below.

Figure 17: Velocity vs. Time Trial 1. The slope of the best fit line for the first trial
was .2805, giving an average acceleration of .2805 m/s2. The small irregularities
throughout the trial are from when the hovercraft moved outside the direct path of
the motion sensor.

58		

Alexander Katsis

Figure 18: Velocity vs. Time Trial 2. The slope of the best fit line for the second trial
was .3609, giving an average acceleration of .3609 m/s2.
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Figure 19: Velocity vs. Time Trial 3. The slope of the best fit line for the third trial
was .2541, giving an average acceleration of .2541 m/s2. The small irregularities
throughout the trial are from when the hovercraft moved outside the direct path
of the motion sensor.
Note*: On all of the above graphs, there are error bars of .001 m/s2 as the motion
sensor had an error of plus or minus 1 mm. Since that error is small it is not
noticeable on the graphs above, but it has nevertheless been included.

Acceleration
(m/s2)

Trial 1

Trial 2

Trial 3

Average

.2805

.3609

.2541

.2985

Figure 20: Acceleration Summary. The average acceleration of the hovercraft was
calculated to be .2989 m/s2
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The standard deviation of these measurements was calculated to be
.0556 m/s2. This standard deviation is high; however, it was expected
because the motion sensor can only measure objects directly in front of
it, and the hovercraft drifted from side to side. To improve this experiment, the hovercraft could have been attached with string to two light
frictionless cars on tracks on either side of the hovercraft. That way,
the lateral movement of the hovercraft would be limited, while allowing the hovercraft to still move forward. If the carts that the hovercraft
were attached to were significantly lighter than the hovercraft itself, the
additional mass added would be negligible and would not need to be
accounted for.
A summary of the measured hovercraft specs is shown below.
Force per Fan (N)

Turning Radius (cm)

Max Cargo Mass (N)

Acceleration (m/s2)

.608

146.67

50

.2985

Figure 21: Summary of hovercraft measurements.

7 Conclusion
Over the course of the project, I designed, built, and tested a remote
control hovercraft. Originally, after seeing the hovering disks created by
previous AP Physics C students using leaf blowers, I wished to improve
on this design and create a hovercraft capable of moving forward and
steering and that a person could ride. However, due to limited space
and the inability to use gas motors, the project was modified to the
construction of a remote control version of this hovercraft. Throughout the project, I learned about remote controls and how to construct
and program them. Also, I learned the skills of planning, which are
vital to ensure that a project is completed with time left to improve on
the design or to troubleshoot as is normally needed. A summary of
the hovercraft specs can be seen in the figure above. Throughout the
project, I struggled to get the radio communication to work properly.
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At first, the rudder would turn randomly back in forth. A battery with
a higher voltage was connected to the receiver and this problem was
solved. Originally, I had intended for the speed of the hovercraft to be
able to be controlled with an additional potentiometer at the transmitter, and a transistor at the receiver. However, when two sets of values
were passed with radio signals, the rudder began to turn chaotically
once more. I attempted to fix this problem but ran out of time.
Given more time, I would work more with the radio communication
so that the speed of the fans and therefore the speed of the hovercraft
could be adjusted using the remote control. In addition, a new hovercraft would be constructed with one of the lifting fans positioned in the
front and the other positioned in the back. This way, all of the cargo
wouldn’t have to be placed on the front of the hovercraft and the weight
could be distributed more evenly. Finally, other accessories could be
added to the vehicle including lights and a nerf-gun mount.
In the future, I plan to attach a video camera to the front of the hovercraft so that footage could be taken from the perspective of the hovercraft. In addition, I would like to try the hovercraft in the pool, as
hovercrafts are meant to travel on almost all terrain including water.
In order to do this, the batteries would have to be covered in case the
hovercraft sank.
Hovercrafts have numerous uses in the world today, from commercial to military and even to recreational purposes such as racing. As an
all-terrain vehicle, a hovercraft is able to reach places that are hard to
get to with other more conventional vehicles. In addition, radio communication is also obviously very prevalent in the world today for use
by governments, the entertainment industry, advertisers, and also the
military. It can be used to control unmanned vehicles so that a human
pilot does not have to risk his or her life. Remote control technology
has a big future.
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8 Appendices
8.1 Appendix A: Transmitter code
int initialPot = 1024;
duino reads in 0-1023)
boolean transmit = true;
transmitted

//sets the potentiometer to a null value (ar//dictates whether or not message is to be

struct
{
int potentiometer;
} data;
int potPin = 0;

//set potentiometer pin to analog 0

void sendData()
{
unsigned int i;
//organizes data format so that it can
be sent more easily
for(i = 0; i < sizeof data; i++)
Serial.write(((byte*)&data)[i]);
}
void setup() {
Serial.begin(9600);
}

//open serial port

void loop() {
data.potentiometer = analogRead(potPin);
potentiometer
if (data.potentiometer!= initialPot)
value changed
{
transmit = true;
}
else

//read the value of the
//transmit only if the
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{

transmit = false;
}
if(transmit = true)
//transmit data if pot value has
changed
{
sendData();
}
initialPot = data.potentiometer;
//set the initialPot value to the current pot value so that it can
//be determined in the next iteration if
the value has changed
delay(100);
}
8.2 Appendix B: Receiver code
struct
{
int potentiometer;
} data;
void recvData()
{
unsigned int i;
for(i = 0; i < sizeof data; i++)
come in
{
while(!Serial.available());
((byte*)&data)[i] = Serial.read();
}
}
#include <Servo.h>
Servo myservo;
void setup() {
Serial.begin(9600);

//reads bytes of data when they

//open serial port
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myservo.attach(9);
//servo connected to digital pin 9
}
void loop()
{
if(Serial.available() > 0)
{
recvData();
//receive
data if possible
data.potentiometer = map(data.potentiometer, 0, 1023, 0, 179);
//map potentiometer
value to servo value
myservo.write(data.potentiometer);
//move servo to
new position
}
}
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2 Abstract
Our team set out with the objective of exploring the high atmosphere
by collecting data on pressure, temperature, wind speed, and location
derived from GPS, all while recording video. Our payload was borne
up into the atmosphere by the buoyant force of a helium-filled weather
balloon. All systems were successfully tested in a tethered launch to
296 m before the space launch. During the space launch, the payload
reached an altitude of 36.47 km before the balloon burst and the
payload tumbled back to Earth, losing its parachute in the process. It
was successfully recovered, and this paper details the data collected.
3 Introduction
The central aim of this project was to collect data and video from as
high in the atmosphere as possible, using a helium weather balloon
to lift a payload of sensors. Our team chose to focus on pressure and
temperature, two essential variables for understanding the atmosphere,
This paper was written for Dr. James Dann’s Applied Science
Research class in the fall of 2012.
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as well as wind speed. Understanding how wind moves through the
atmosphere has important implications for weather prediction. A GPS
was used to help map our readings to locations in the atmosphere. These
readings were then compared to existing models for the atmosphere.
3.1 Atmospheric Layers and Composition
In order to understand how our readings compare to existing models,
it is necessary to first understand what is known about the atmosphere.
The atmosphere of the Earth is a layer of gases surrounding the body
of the planet that are held in place by gravity. These layers are defined
by differences in temperature and gas composition. The atmosphere
can be divided into five main layers, each with distinct properties.
The lowest layer is the troposphere, which extends from the surface of
the earth to 9 km at the poles and 17 km at the equator. The altitude
difference is due to temperature discrepancies. Because the troposphere
is mostly heated by energy transfer from the surface of the Earth, its
lowest part to the ground is warmest; as altitude increases within the
troposphere, temperature decreases. The second layer, the stratosphere,
extends from around 12 km to 50 km; here, the temperature remains
at a constant -60 degrees Celsius. This is where the weather balloons
reached the peak of their trajectory. Beyond the stratosphere is the
mesosphere, the coldest section of the atmosphere. It extends to 85 km
in altitude with an average temperature of -85 degrees Celsius. From
there, temperature increases with height increase in the thermosphere;
ultraviolet radiation is converted to heat in this layer, making it
extremely hot, with temperatures exceeding 2000 degrees Celsius.
The air is very thin here, and in the top part of the thermosphere the
exosphere (which extends upwards indefinitely) is mostly composed of
hydrogen and helium. [1]
Because the atmosphere is held to the Earth by the force of gravity,
pressure will vary with altitude. The force from pressure on any
given location is essentially the weight of the column of air above
it. Determining altitude from pressure is more complex than it may
initially seem. The simplest solution is to use an exponential model,
derived and explained below:
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Let “a” be the altitude in kilometers.
Let’s consider the slice of air above a meter of ground. For it to remain
stationary, the pressure has to equal its weight. Therefore:

	
  

Manipulating the ideal gas law:
	
  
	
  
	
  

To relate only pressure change and altitude we need to eliminate T
as a variable. To do this we are necessarily assuming a constant scale
height, i.e., that the pressure decreases e fold over a constant change
in altitude. The scale height on Earth is RT/molar mass*g = -7.64 on
average. [4] This value is K in the below equation:
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Using sea level to determine C:
	
  
	
  
	
  

The limitations of this model arise from the assumption we made
when we adopted the constant scale height. That assumes that molar
mass of air and temperature are constant, which is not the case. A
more accurate model would rely on fitting curves to real data taken
from the atmosphere. Several such empirical models exist for different
conditions and climates. The general NASA empirical model for the
relationship between altitude, temperature, and pressure, averaged
across a variety of locations, is shown below in metric units [3]:
When

	
  

(Upper Stratosphere):
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(Lower Stratosphere):

(Troposphere):
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Where h is the altitude in meters and p is the pressure in kPa.
Both the exponential and empirical models are compared to our data
in the space pressure section.
3.2 Wind in the Atmosphere
Weather is determined by circulations of air in the atmosphere that
distribute thermal energy via their movements. Air moving from an
area of high pressure to an area of low pressure is called wind. It follows
a spiralling trajectory outwards from high pressure and inwards to
low pressure. Thus, air moves clockwise around high-pressure areas
(called anticyclones) and counterclockwise around low-pressure areas
(called depressions).
There are three major belts of wind (cells) that travel around the planet
called the Polar cell, the Ferrell cell, and the Hadley cell. These are
respectively furthest to closest to the intertropical convergence zone,
which is an area near the equator where northeast and southeast winds
meet. These cells are largely dependent on one another to transport
heat around the globe.
On a smaller scale, jet streams are narrow air currents, mostly found
near the tropopause, that generally flow from west to east due to the
Earth’s rotation. There are two main jet streams—the polar jet stream
at 60 degrees latitude and the subtropical jet stream at 30 degrees
latitude. They are results of large temperature differences between
various latitudes on Earth. Thus, the strongest ones occur during the
winter months, when the discrepancies between low and high latitudes
are largest.
The movement of air, whether it is via jet stream or cell, affects the
force and speed of wind, which in turn directly contributes to weather
changes. By studying the trajectory of these air currents, it is possible
to predict weather patterns. [14][15]
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4 Design

Figure 1: CAD drawing of payload with dimensions labeled in inches.
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Figure 2: Picture of payload before launch into space.

4.1 Physical Design
The design process for the payload began with choosing a box in
which to mount the equipment needed for the experiment. Styrofoam
was chosen because of its ability to insulate and minimize heat loss,
important for allowing continued performance at high and cold
altitudes. Styrofoam also provided a solid structure for attaching
sensors. The Styrofoam actually ended up saving our equipment, as it
absorbed the impact from landing without a parachute. After ordering
a box with the appropriate dimensions to hold two complete Arduinos
and accompanying sensors, a plan was developed to use a wind tail
to orient the payload towards wind. This plan included mounting an
anemometer on the face opposite the wind tail to improve accuracy
of wind readings while afloat. The anemometer needs to always face
directly into the wind so that the air is not blocked from moving
through the sensor by the rest of the payload. To accomplish this, we
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cut a plexiglass tail with the bandsaw and embedded it into the back
of the payload. The tail would be forced into alignment with the wind,
much like a weathervane. All air leaks were then secured shut with
duct tape.
The rest of the sensors, transmitters, circuits, and Arduinos were kept
inside of the payload to protect them from the cold. They were packed
as neatly and tightly as possible. The thermistor was poked out of the
payload through a hole in the bottom, so as to protect it from intense
electromagnetic radiation that could otherwise alter the readings at
high altitudes. The pressure sensor was also inside the payload, but
its nozzle was pointed out through a hole in the styrofoam, so it was
constantly exposed to the outside pressure. The batteries powering
the boards were located together, near the handwarmer, since they
were the most temperature critical. The antenna was mounted on the
outside because of its size.
One element of the design that was not effective was the placement
of the Contour HD camera on the outside of the payload box. As the
payload rose, the temperature dropped, getting to the point where the
camera could no longer operate. In the future, it would be better to
insulate the camera and have the lens poking out through a hole in the
insulation.
The parachute was attached via twine running through holes that went
all the way through the foam box. The string itself was shredded when
the parachute was lost, so perhaps stronger twine should have been
used and the holes in the box should have been backed to prevent the
twine from slicing through inches of styrofoam.
Weight is always a consideration since there is a limited amount of
buoyancy force available to lift the payload. Buoyancy force is the
amount of force that the balloon generates as a consequence of the
amount of air that it displaces as it travels upwards. In order to calculate
the buoyancy force, one must first calculate each force involved, so
that they may be summed to produce one force. The weight of the
string and the weight of the helium are measured then added. For the
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payload, only 60% of the buoyancy is used so that the balloon’s vertical
force component is comparatively much larger than the horizontal
force vector created by wind. That figure is divided by gravity to get
mass, which is then converted to pounds.
Here are accepted values needed to calculate the buoyancy force of
the balloon.
Acceleration due to gravity: 9.8 m/s2
Weight of empty balloon: 0.2 kg
Radius of inflated balloon: 0.915m
Volume of sphere:
Air density: 1.2 kg/m3
H2 density: 0.09 kg/m3

	
  

The following equation is the force of buoyancy based on the amount
of air displaced. 	
  is density, for which the accepted value of air density
was used.
	
  
	
  

	
  

This equation is a sum of all of the forces involved, with the weight of
the equipment (balloon, string) and the gas being subtracted from the
buoyancy force.
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The weight of roughly 1000 meters of string was calculated using a
measurement of a very accurate BioTech Lab electric scale, then
converted to kg.
1000 ft of string: 0.5394 g / 1.205 m = .448 g / m
1000 ft = 304.8m
.448 g / m (304.8 m) = 136.6 g = 0.14 k g
Then the downward force of the helium is calculated by multiplying
the volume, density and acceleration due to gravity
	
  

	
  

Lastly, the forces are combined, with the downward forces being
subtracted from the upward force of buoyancy.

	
  

	
  

	
  

maximum capacity

As previously stated, only 60% of the buoyancy can be used for
maximum capacity, so that the balloon generates more upward force
than the wind generates horizontal force.
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4.2 Electrical and Software Design
By definition, an Arduino is a single-board, programmable
microcontroller. These Arduinos are typically used as a way to easily
read sensors. Once the sensors are read in as inputs, the programmer
can create a program on the Arduino that uses the values however
they please.
For the tethered launches to the inner atmosphere above Menlo School
and to space, sensors were used to measure pressure, temperature,
and wind speed. Both the gas pressure and the wind speed sensor
were Vernier sensors and just plugged into their Vernier ports, but to
measure the temperature we used a thermistor circuit. A thermistor is
a resistor that has a variable resistance. A variable resistance resistor
is one that has its resistance change as the temperature changes. As a
result, the thermistor circuit determines the temperature by measuring
and tracking the change in resistance. By calibrating the sensor, the
Arduino is able to convert the change in resistance into a temperature.
Furthermore, the gas pressure sensor operates with the help of a
transducer. As pressure changes, the membrane in the transducer
flexes. As this transducer flexes, it produces an output voltage, which
varies linearly with absolute pressure. The sensor is pre-calibrated to
have these various voltage values represent different pressure values.
[6] Lastly, the windmill anemometer operates by calibrating wind
speed based upon the RPM of the windmill. As wind blows through the
anemometer, it measures and records the RPM at which the propellor
inside spins. As a result, wind speed can be measured by calibrating the
anemometer’s RPM values to correspond to various wind speeds. [7]
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Figure 3: This is the type of Arduino we used.

The outputs from both the gas pressure sensor, anemometer (wind
speed sensor), and the thermistor circuit are read into the Arduino
through analog ports (A0, A1, and A2 shown in the lower right corner
of Figure 3). On the Arduino Uno, the analog input ports have 10 bits of
resolution, so the input voltages are converted into one of 1024 unique
values. To be able to use the sensors correctly, we had to calibrate them.
This means we had to use a reference and compare the values between
0 and 1023. The calibration yielded an equation for the Arduino. For
example, the pressure calibration gave the equation:
pressureVal = ((2.504*pressureSensorVal)-249.0)
So for each unitless value emitted by the Arduino microcontroller, for
that value to become pressure in kPa we had to multiply it by 2.504
and then subtract 249 from the product. The sensors were connected
to the Arduino in the manner described in the schematic diagram in
Figure 4.
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Figure 4: Circuit schematic. Shows how the Arduino was connected to each sensor,
Micro SD card, and GPS chip.

The circuit schematic above shows how our group connected the
sensors to the Arduino Uno Microcontroller. Ideally, the wiring
diagram would show the grounds of the sensors, Micro SD card, and
GPS chip as connected to the GND pin of the Arduino; however, in the
interest of simplifying the diagram, they are shown as being connected
to ground.
At first for the tethered launch, the circuitry was connected onto a
single breadboard. The breadboard was easy to put together and did
not require any soldering. But for the space launch the breadboard
would not suffice. The breadboard would be a relatively large, heavy
item to keep in the payload compared to a protoboard. Moreover,
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the payload was going to get shaken all over the place when sent up
into space, so the leads would possibly come out of the breadboard. If
this occurred, the SD card would cease to collect data. Therefore, the
circuit was soldered onto a protoboard. This design not only ensured
that the leads would not fall out, but it was more compact and let us
have a cleaner payload space.
In summary, the code that controls the Arduino reads in values from
the sensors over and over again, converts those Arduino values to real
meaningful values, and prints the values to the SD card where they
are saved. Therefore when the payload was recovered after the long
trip to space, the data could be easily retrieved by putting the SD card
into a computer.
4.3 Radio and Tracking Design
The GPS chip that was used to track the latitude, longitude, and
altitude of the payload was a Venus638FLPx GPS Receiver. Meanwhile,
the radio transmission was accomplished with a Radiometrix NTX2434.650-10 Transmitter attached to the payload, and a HAM Radio
to receive the signals from the NTX. These transmitters and receivers
operate on a 434.65 kHz signal.
As a bit of background, the concept behind GPS chips and radio
transmission will be explained. GPS chips are not transmitters;
rather, they are passive receivers. They receive signals from Global
Positioning System satellites orbiting Earth. Each GPS chip recognizes
the location of the satellites it is receiving information from, and by
creating imaginary spheres centered at each satellite location, the GPS
can determine its location by finding the junction of the many spheres.
[8] Meanwhile, radio transmission is a means of wireless transmission
through free space by electromagnetic radiation. The frequency of
radio waves is much lower than visible light, ranging from 30 kHz to
300 GHz. These waves travel by means of oscillating electromagnetic
fields that can pass through vacuums, which is especially important
at the top of the atmosphere. Information can be sent via these radio
waves when modifications are made to the amplitude, frequency, phase,
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or pulse of the waves. And when these waves in turn hit an electrical
conductor, the oscillating fields induce an alternating current. The
data in these radio waves can then be extracted and put back into its
original form. [9]
With the help of a document guide compiled by Ari Holtzman [10],
a working radio transmission was quickly up and running between
the Radiometrix NTX and a receiving Radiometrix NRX. Within a
few more days, the Venus GPS chip was set up with the help of an
online guide and could accurately track the chip’s location, even when
moving. At this point, the largest challenge became integrating the
GPS code into the radio code. After a few days, this goal was fulfilled
and the GPS/radio system was ready for the practice tethered launch.
On the day of the tethered launch, the system worked beautifully, as
the receiver was still able to pick up accurate data coordinates from the
payload that was approximately 1,000 feet in the air.
However, after the tethered launch, Micah Rosales suggested that the
radio system be altered such that the data could be received by a HAM
radio. As it turns out, projects from years prior had had trouble receiving
radio signal from their payload after just a few minutes. Therefore,
Micah advised that with a HAM radio, the radio signals could travel a
further distance, and thus data could be received for a longer period of
time. The issue with this was that the data from the GPS had originally
been sent by the transmitter one character per “void loop,” rather than
having the code read in the entire string of “latitude, longitude, and
altitude” per loop. This became problematic as the HAM radio only
recognized and accepted entire strings of characters at a time. As this
would have been nearly impossible to alter with the original code, the
GPS tracking method was instead changed altogether. Instead of using
the online guide for the GPS, it was decided to use the “Tiny GPS”
library. In addition to reading in the entire string per loop, this library
also eased the process of changing the code. Rather than having to
manually get the fields (the fields were the measurements that the GPS
could detect, such as the latitude, longitude, and altitude), the Tiny
GPS library made it easy to just call upon the variables in one line.
With this library discovered and utilized, it was relatively quick and
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simple to integrate a working Tiny GPS code into the new transmitter
code that could be received by the HAM radio.
However, with this change, a new Arduino needed to be added to the
system to control just the transmitter. As the GPS chip was connected
to the Arduino that was collecting all the data for the sensors, another
Arduino was attached separately to the original data-collecting
Arduino. By using an online Arduino library called “SoftEasyTransfer,”
communications were developed between the two Arduinos. In short,
this library created an easy way to send a data structure from the
original data-collecting Arduino code to the transmitting Arduino.
This new Arduino, connected to just the original Arduino and the
NTX transmitter, then sends the data structure to the HAM radio
on the ground. This data structure included a time stamp, latitude,
longitude and altitude.
The day before the launch, the GPS chip and transmitter were tested
in the Quad of the Menlo School campus. Looking individually at the
different codes, it was determined that the SD card was recording the
sensor data, the transmitter was sending the GPS coordinates, and
the HAM radio was detecting the radio signals. After taking a closer
look, it was discovered that the HAM radio was reading accurate GPS
coordinates given the chip’s location. However, an issue encountered at
the beginning of this test was that the transmitter stopped transmitting
data after a couple of minutes (all of the data was still recording on the
SD card). In order to start the transmitter again, the reset button on the
transmitter Arduino had to be pressed. This issue appeared to be trivial
at the time, as after pushing the reset button once, the system restarted
and continued to transmit for the next 30 minutes, until the Arduino
was turned off.
On the day of the launch, the radio and GPS systems were tested prior
to launch. The system worked just as well as the day before; however,
the issue of the “restart” became more problematic. Rather than
having to reset the Arduino once and having it work continuously,
the transmitter continued to require a restart every few minutes. As
such, the Arduino was constantly reset in the hopes of achieving a
similar result to the end of the testing day. In the end, the payload
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was launched just after having reset the Arduino to maximize the time
that the transmitter sent data. The HAM radio received accurate GPS
coordinates for about 2.5 minutes before the transmitted messages
ended. However, it is not certain whether this was due to the payload
getting out of range or whether the Arduino required a restart. It is
more likely that the cause was the latter. In the future, this problem
could be addressed by putting a restart into the transmitter code itself.
This will ensure that the Arduino resets itself every few loops and
continues to transmit until it gets out of range.
Throughout this process, it was determined that an iPhone 3G would
serve as the backup tracking device. With the application, “Find My
iPhone,” it appeared as though this would serve as a reliable tracking
device. On the day of the space launch, the phone was placed inside the
payload and turned on. This phone was tracked for approximately 15
minutes before the signal went blank, as the phone went out of range
from cellular towers. After about three hours, a signal came back on
the phone, which showed that the payload had landed in Stockton (see
Figure 16). This was found to be extremely accurate, as the payload
turned out to be on the roof of the building shown in Figure 16. Thanks
to this accuracy, the payload was recovered.
4.4 Cut-Down Mechanism
The purpose of the cut-down mechanism was to sever the cord
connecting the payload to the balloon by melting it with Nichrome
wire when a certain, undesirable threshold is met. When cut-down
conditions were detected, the Arduino would output a signal to an
NPN transistor, which would allow current to flow from the nine-volt
battery through a Nichrome wire, which would then burn through the
string that attached the payload to the balloon.
Nichrome is an alloy containing nickel, chromium, and usually iron,
that has both a high resistance to heat, with a melting temperature of
1400 °C, and relatively high electrical resistance. [11] At the same time,
it is resistant to oxidation and therefore is typically used in heating
electrical elements. [12] When supplied more than 2.1 volts, the
Nichrome wire becomes extremely hot and glows red. In our tests with
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a 9-volt source, the wire was able to cut the string in less than 1 second.
The group tested the mechanism by having the Arduino switch on the
cut-down mechanism after a 10-second delay. It performed flawlessly
under this test and quickly sliced through a sample length of cord. A
video of this test is available. For real use, the signal to cut down the
payload would have to be given after pressure readings had repeatedly
exceeded a given threshold to prevent cut downs due to anomalous
readings. The cut-down mechanism was not used in the final payload.
One objective of this experiment was to reach the maximum possible
altitude at which lack of pressure would have caused the balloon to swell
and pop. Using a cut-down mechanism meant the balloon would be
cut down early and would have not have reached its maximum height.
If the cut-down mechanism triggered early, the objective of reaching
the maximum height would not have been completed. As having the
cut-down system imposed a risk to this goal, the system was ultimately
left out from the final design. Also, the cut-down system added weight
to an already heavy payload (the payload weighed 3 pounds and 5
ounces without the cut down, and would have weighed over 3 pounds
and 13 ounces with the cut-down). Therefore, in order to gather the
maximum amount of data and to lower payload weight, the cut-down
mechanism was eliminated from the space launch payload.
5 Sensor Calibration
As described in the electrical design section, the outputs from both the
Vernier sensors and the thermistor circuit are read into the Arduino
through analog ports. On the Arduino Uno, the analog ports have
10 bits of resolution, i.e., the input voltages are converted into one
of 1024 unique values. [2] Converting these values from merely bins
numbered from 0-1023 into actual pressure, temperature, and wind
speed values required calibrating against a reference. For each of the
sensors below, we recorded the voltage bin value from the Arduino
under known pressure, temperature, and wind speed conditions. We
then fit a regression line to the data to create a function that would turn
voltage bin numbers into the desired sensor value.
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5.1 Pressure
To calibrate the gas pressure sensor, we placed the sensor, Arduino, and
a second sensor to provide reference pressure values into a vacuum
chamber in which pressure can be controlled manually with a vacuum
pump. For the purposes of calibration, a test Arduino programmed by
Micah was used, not the Arduino later used in the payload. Although
this may seem to be an issue, there should be very little discrepancy from
one Arduino to another. Once sealed, the vacuum chamber was turned
on, causing the pressure inside to drop. Rather than letting the vacuum
run and thus lower pressure constantly, the decrease in pressure was
periodically stopped by closing off the tube connecting the chamber to
the vacuum motor and halting the flow of air from the chamber. Doing
such causes a plateau in the data (i.e. a period of constant pressure
and/or voltage readings). The original plan was to plateau the data at
regular intervals and only use the data taken during these plateaus to
graph the relationship between gas pressure voltage and the reference
pressure values. Because the reference pressure sensor and gas pressure
sensor take data at different rates, if the pressure was decreasing fast
enough, the two sensors could have been recording different pressures
for a given time. Thus, graphing data from only plateau regions
would ensure that the relationship is indeed accurate. However, after
multiple trials it was decided that it was not as precise to just use the
plateaued data because there was a limited number of data points. In
the end, the plateaus in the data were solely used as markers to line up
corresponding data points. Additionally, while Micah’s Arduino was
programmed to take data every tenth of a second, the sensor used for
reference pressure values takes data every five seconds. Because of this,
it was necessary to bin the Arduino data. However, averaging the data
every five seconds would yield discrepancies because of the drastic
decreases in pressure over every five second period, thus the average
of five data points was taken every fifth second. These values were then
compared to the reference pressure sensor’s data. The final graph for
the calibration of pressure can be seen in Figure 5.
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Figure 5: Calibration graph for pressure.

5.2 Temperature
The calibration for temperature was similar to that of pressure. After
taking the data at room temperature, the thermistor circuit, Arduino,
and reference temperature sensor were placed in a freezer and allowed
to cool. Unfortunately, after multiple test runs, it was determined
that the temperature control settings on the freezer were not reliable
enough to accurately manually control the temperature. Because of
this, unlike the pressure calibrations, there was no way to plateau the
data. However, unlike the pressure calibration trials, the Arduino and
temperature sensor were turned on at approximately the exact same
time. Also, when looking at the data, sudden decreases and increases in
values were apparent at similar times in both the Arduino values and
the temperature readings, thus the data could be “mapped together”
that way. The data was binned similar to the pressure readings. The
final calibration graph for temperature can be seen in Figure 6. One
major fault in the temperature readings was that it was assumed that
the temperature during the space and tethered launches would never
exceed room temperature. Because of this, no tests were done at higher
than room temperature. Additionally, the freezer could only go down to
approximately -4 degrees Celsius, forcing us to extrapolate to calculate
the extremely cold temperatures experienced in the space launch.
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Figure 6: Calibration for temperature. Note: the plateau region was ignored due to
possible discrepancies in cooling rates.

5.3 Wind Speed
The calibration of wind speed was most likely the least precise of
the three. With no theoretical or reference temperature sensor, the
same sensor was plugged into a logger pro to provide the reference
value and into the Arduino to provide the Arduino values during a
single trial. Because of this, it was not possible to place two sensors
into some sort of wind chamber and constantly slowly increase and/
or decrease the wind speed. Instead, single value data points were
taken individually and then plotted together. This was done by using
different settings on a leaf blower and two fans. Once the wind speed
sensor provided a constant speed as seen through the logger pro, the
value was recorded, and the sensor was immediately switched into the
Arduino. The Arduino values were then analyzed and averaged and
plotted against the recorded values. Not only was this not the most
accurate procedure, but values over 18 m/s were not tested, thus the
calibration may not hold accurate for increased wind speeds. However,
as depicted in Figure 7 the close correlation of the linear best fit does
suggest that the calibration is reliable.
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Figure 7: Calibration graph for wind speed.

5.4 Error Analysis
Although there is a slight amount of error due to imprecision in each
sensor, these errors are small in comparison to the error caused by
mapping varying values onto the 10 bit Arduino. Because the sensor
errors are minor, this paper’s error analysis only focuses on the error
from the Arduino. For example, during the calibration of pressure, the
pressure varied from around 100 kPa to 0 kPa. The resolution of the
Arduino is the range of the pressure divided by the number of values
the Arduino could assign to it (i.e. 1024 because the Arduino is ten
bit). In the case of pressure, the resolution is therefore approximately
0.1 kPa, meaning the pressure recalculated from the raw Arduino
values is only accurate to 0.1 kPa. Because of this, it is important to
calculate error bars.
As mentioned earlier, when calibrating pressure, temperature, and
wind speed, the reference or theoretical values were graphed versus
the Arduino values, and a relationship between the data were then
established with a least-squares regression line. Thus, the equation on
the graph is the best relationship between these two values. Because the
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slope itself is not a perfect fit, an uncertainty is displayed (i.e. the slope
plus or minus a certain value). The percent error in the relationship
between Arduino and theoretical values is thus determined by dividing
the standard error in the slope by the slope. To calculate error bars, the
percent error is divided by the square root of the number of readings
in the bin, since each reading varies independently, multiplied by 1.96
to get a 95% confidence interval, and then multiplied by each value
(i.e. all the pressure values in the pressure versus altitude graph) using
a calculate column in graphical analysis.
An example calculation for percent error is as follows:
For Pressure:
Slope of calibration graph: 2.504 +/- 0.008236
Error divided by slope: 0.003289
Therefore the percent error is: 0.3289%
This would be divided by the square root of the bin size and multiplied
by 1.96 to get the size of the error bars.
Note: Although pressure was calibrated in hPa, the same error can be
derived from a calibration in kPa, since any scaling effect would be
divided out when the error is divided by slope.
Overall, there appears to be relatively little statistical error. The error
values are small, and the calibration graphs all display extremely high
correlation rates, suggesting that the possible variation and error are
rightfully extremely small.
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5.5 Error Table
All of the errors calculated above are summarized in Table 1.
% Error
Pressure

0.3289

Temperature

0.4767

Wind Speed

2.139

Table 1: Summary of error for each of the three sensors.

6 Tethered Launch Results
Before launching an experiment directly into space, it is necessary to
do some test runs (i.e. a tethered launch). The procedure and detail
of the tethered launch is as follows. On Tuesday, November 27th, our
balloon was released to a height of 296 m as measured with a laser
rangefinder, tethered above the Menlo School Quad.
After the supplies were brought outside, including the reel-in system,
payload, radio, and computer, a few last tests were done. We checked
to see if the Arduino was writing data to the SD card, that the video
was working, and that the radio was broadcasting. Then, the payload
was hooked to the balloon and the balloon to the reel-in mechanism,
everything was checked once again, and the balloon was let loose. Our
group opted for the bigger balloon, thus relieving us of some of the
wind trouble that we could have faced. The tethered launch went as
smoothly as could have been hoped. The balloon was let out slowly,
stopping briefly here and there to check radio connection and height.
After reaching approximately 300 meters above the ground the balloon
was pulled back in.
Data was binned into five reading bins to help smooth out jumping due
to issues with the aforementioned low resolution of the Arduino’s analog
ports. A brief summary of the results of the tethered launch is below.
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6.1 Pressure and Altitude
For the following graphs, the altitude was calculated using the empirical
model for atmospheric pressure and our own experimental pressure
data. The reasoning behind this is explained in the space launch
section. The calculated change in height of the payload was 331 m,
which is reasonably close to the rangefinder value given fluctuations in
pressure conditions.

Figure 8: Graph of the tethered launch pressure vs. altitude. Pressures were recorded up
to around 300 meters. The altitude values in the graphs are absolute. The relationship
is very nearly linear due to the small variation in pressure in altitude and pressure.
Here, the altitude is calculated from pressure.

As depicted later (see space launch section) with the empirical and
exponential atmospheric pressure models, the change in pressure over
height is somewhat constant for low altitudes. Seeing as the payload
only reached a height of 296 m during the tethered launch, it makes
sense that the relationship between pressure and altitude as depicted
above is constant.
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6.2 Temperature

Figure 9: Temperature for tethered launch. Note: Temperatures are in Fahrenheit for
the tethered launch. The lower curve depicts the temperatures on the way down. The
decrease in temperature was likely due to temperature changes over the course of the
day as it cooled.

The temperature data from the tethered launch also acted as predicted—
steadily decreasing as altitude increased. The temperature values are
reasonable for the grey, foggy day. The lower part of the curve is for
the descent of the balloon. These temperature values are lower likely
because as time passed the day became stormier.
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6.3 Wind Speed

Figure 10: Wind speed during the tethered launch.

The graph of wind speed is somewhat chaotic. There are clearly strong
gusts, increasing in intensity with altitude. There is, however, somewhat
of a relationship. As the altitude got larger, the speed of the wind also
got a little greater on average. The chaotic appearance of the graph was
likely the result of the gusty, variable weather that day.

94		

Christopher Sauer et al.

6.4 Images of the Tethered Launch

Figure 11: This photo captures the first few feet traveled by the balloon as it makes its
way into the sky.

Figure 12: This photo marks the ascent of the balloon out of Menlo School
in Atherton, California.
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Figure 13: This photo marks the maximum height (1,000 feet) traveled by the balloon
during the tethered launch.

Figure 14: This picture captures the descent of the tethered balloon into the Menlo
School quad.
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Figure 15: This picture captures the excitement of Linh Nguyen, a member of
Team Sauer.

7 Space Launch Results
The space launch procedure was extremely similar to that of the
tethered launch. The night and morning before, the group did some
last-minute tests on radio broadcasting and data recording. The one
main problem that we faced was that although the radio seemed to
be broadcasting, no signal was received. Therefore, as half of the team
blew up the balloon (again, because there was a heavier payload, a
bigger balloon was used), the other half worked on radio. In the end,
although the radio and GPS were working, data would stop being
received after approximately five minutes or so. Eventually, the team
decided to launch and hope the radio connection remained constant.
With everything appearing to be in working order, the payload was
taped shut with reflective tape and attached to the parachute and
balloon, the pre-launch checklist was read through once more, and the
balloon was launched.
Unfortunately, after about three minutes post-launch, the radio signal
cut out again. Fortunately, the backup recovery system (the iPhone
3G) worked perfectly. Two hours post-launch we received a fix on the
iPhone. The payload was finally tracked to and recovered on a Cost
Plus warehouse roof in Stockton, California. Although we were not
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able to recover the payload ourselves, the security guard who did
found only the payload; there was no parachute to be found. Judging
by the tremendous dent in the payload, which can be seen in Figure
17, the payload fell from a significant height without the parachute,
perhaps all the way from its maximum altitude. Many of the innards
of the payload had split open from impact, but the iPhone, thankfully,
remained intact.

Figure 16: The interface from the “Find my iPhone” app displaying a satellite image of
the landing location.

98		

Christopher Sauer et al.

Figure 17: The payload displaying a sizable dent in the corner from impact. The side
wall of the styrofoam box was crunched down from 1.25” to .25” thick.

Since we collected data every half second for the duration of the
flight, we decided to bin the data into 20 reading bins, similar to what
was done for the tethered launch. The results of the space launch are
detailed as follows.
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7.1 Flight Path

Figure 18: The upper line represents the true path that the balloon took, while
the lower line represents the predicted path based upon the weather patterns. The
prediction was relatively accurate, as the balloon followed a similar curve to the
predicted path. However, it appears as though the balloon did not travel nearly as
far along the first straightaway as predicted, which led to a landing spot much closer
to the launch spot than expected.
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7.2 Pressure and Altitude

Figure 19: Space launch pressure versus GPS altitude, compared with the empirical
and exponential models. Note, while the empirical model fits almost perfectly, the
exponential model varies a little as altitude increases. Best fit lines for these two
models are depicted below to enable an unobstructed view of the data.

Figure 19 depicts the pressure versus GPS altitude compared with the
exponential and NASA empirical models for atmospheric pressure.
Unlike temperature and wind speed, the data for this graph was
found by extracting all the unique GPS values and finding their
corresponding pressures, using a Python program. This is because
the GPS chip updates its fix at a much slower rate than the Arduino
and sensors. As suspected, the experimental pressure does indeed
decrease exponentially with altitude. While the exponential model fits
the pressure GPS curve, as depicted in Figure 19, the NASA empirical
model fits the experimental data almost perfectly. Because of this strong
fit, it was decided to use the empirical model for atmospheric pressure
to calculate altitude from our experimental pressure. By calculating
altitude rather than using the altitude provided by GPS, more raw data
could be used (i.e. because the wind speed and temperature sensors
take data at the same rate as the pressure sensor).
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We can solve for the NASA empirical equations through to get altitude
as a function of pressure instead of pressure as a function of pressure:
When

	
  

(Upper Stratosphere):

	
  
	
  

When
	
  

When

	
  

(Lower Stratosphere):

	
  

	
   (Troposphere):
	
  
	
  

To figure out which equation should be used for each pressure, we can
just solve through for both altitude boundaries of the middle equation
When h = 11000 m, p = 22.7181 kPa and when h = 25000 m,
p = 2.52227 kPa.
Therefore, the first equation should be used when p < 2.52227 kPa, the
last equation should be used when pressure > 22.7187 kPa, and the
middle equation should be used in all other cases. A Python program
was used to recalculate all the pressure values from altitude.
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7.3 Temperature

Figure 20: Space launch temperature versus altitude compared with the empirical
model for temperature.

Unfortunately, unlike the tethered launch, the space launch
temperature data seems skewed. The measured ground temperature at
time of launch was approximately 12.9 degrees Celsius, judging from
Nico’s ground data. However, as depicted in Figure 20, the calculated
ground temperature from the experimental data was around 45
degrees Celsius, which is far higher. In fact, as depicted by the graph,
while the temperature data seems to follow the same general curve
of the empirical model, it seems to be shifted up, suggesting that
something was making the thermistor consistently warmer. At first
glance it was assumed that something was wrong with the temperature
calibration, but after reviewing the tethered launch data and running
a few extra tests post space launch, it was decided that this was not
the case. The other alternative was that the thermistor was heated due
to the hand warmer inside the payload. However, the thermistor was
placed outside of the well insulated payload, so it seems unlikely unless
heat was conducted through wires running against the handwarmers.
Another possible explanation is that something, possibly loose or
mismatched wires in the circuitry, increased the resistance in the
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circuit and thermistor, thus causing a greater voltage drop and a
greater voltage reading by the Arduino. Even so, when compared to the
empirical model, the data does not seem all that accurate. However, it
does follow a similar curve. In fact, in the low stratosphere (from 11 to
25 km), temperature is constant or varies only slightly. In the middle
and lower stratosphere temperature actually begins increasing due to
increased absorbance of ultraviolet light. These are both trends that the
experimental data seems to follow.
7.4 Wind Speed

Figure 21: Space Launch wind speed versus altitude.

It is worth mentioning that this graph records absolute wind speed;
the data recorded was added to GPS speed to determine the speed of
the wind relative to the ground. Otherwise, the speed would merely
be the speed of the wind relative to the balloon, since the balloon will
gradually accelerate to the speed of the wind. It was assumed that
wind speed and GPS speed will always be in the same direction, but in
general, that should be a good assumption. Though there is variation
due to gusts, the peaks and troughs in wind speed can be seen clearly
over time.
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There is a peak in wind around 11 km, which is the boundary between
the troposphere (where the temperature decreases with altitude) and
the stratosphere (where the temperature increases with altitude—as
seen through the graph). This indicates an occurrence of a jet stream.
After that peak, the wind speed decreases, because as altitude increases
molecules move further apart, and their decreased interaction causes
less convection and consequently less wind. It is unclear as to why there
is a peak at the end of the graph; perhaps when the balloon popped due
to its expansion in the low pressure of the stratosphere, the payload
became unstable and its downward fall resulted in a high amount of
measured wind speed.
7.5 Images
The following images were recorded by the Contour camera on the
side of the payload.

Figure 22: Picture of the beginning of the launch showing the farms of
Modesto, California.
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Figure 23: Picture that shows clouds over Central California.

Figure 24: Picture outlining the Sacramento Delta.
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8 Conclusion
Overall, our experiment was a resounding success. Our tracking
devices succeeded in allowing the recovery of the payload, and with
it the video and our data. The video footage was nothing short of
spectacular, and with the exception of temperature, every sensor
recorded accurate and precise data in both the tethered and space
launches. Although the temperature readings were too warm for the
space launch, their relative trends over altitude were in line with what
has been observed in the past and still provided the opportunity to
observe how temperature varied in different layers of the atmosphere.
As a learning experience, the experiment was also highly successful.
Working in a scientific team is a challenging and unique experience, in
which one truly has to rely on one’s teammates, since each individual’s
contribution is useless if someone else’s responsibility fails. At the
same time, breaking up tasks into both manageable and self-contained
chunks for each group member to focus on can often prove a challenge.
There will always be luck involved in terms of which components are
stressed and fail (our parachute, for example), but through repeated
testing and careful pre-launch planning, our team was able to minimize
the risk of failure.
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