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Eros’s Arrows: A Comparison of Two Poetic
Depictions of Love
Samantha Bergeson
Eros
Why hast thou nothing in thy face?
Thou idol of the human race,
Thou tyrant of the human heart,
The flower of lovely youth that art;
Yea, and that standest in thy youth
An image of eternal Truth,
With thy exuberant flesh so fair,
That only Pheidias might compare,
Ere from his chaste marmoreal form
Time had decayed the colours warm;
Like to his gods in thy proud dress,
Thy starry sheen of nakedness.
Surely thy body is thy mind,
For in thy face is nought to find,
Only thy soft unchristen’d smile,
That shadows neither love nor guile,
But shameless will and power immense,
In secret sensuous innocence.
O king of joy, what is thy thought?
I dream thou knowest it is nought,
And wouldst in darkness come, but thou
Makest the light where’er thou go.
Ah yet no victim of thy grace,
None who e’er long’d for thy embrace,
Hath cared to look upon thy face.
— Robert Bridges (1899)

This paper was written for Vicky Greenbaum’s Advanced Placement
American Literature class in the spring of 2012.

2		

Samantha Bergeson

Eros
I call for love
But help me, who arrives?
This thug with broken nose
And squinty eyes.
‘Eros, my bully boy’—
Can this be you,
With boxer lips
And patchy wings askew?
‘Madam,’ cries Eros,
‘Know the brute you see
Is what long overuse
Has made of me.
My face that so offends you
Is the sum
Of blows your lust delivered
One by one.
We slaves who are immortal
Gloss your fate
And are the archetypes
That you create.
Better my battered visage,
Bruised but hot,
Than love dissolved in loss
Or left to rot.’
— Anne Stevenson (1990)

The pains of a modern love affair apparently injure not only the lovers’ concealed hearts, but also the visible face of Eros, the Greek god
of romance. The boundary between tainted lust and desperate yearning is depicted in these two opposing poems by Robert Bridges and
Anne Stevenson, untangling the confusion of love by personifying
such passion as a divine being; the blind risk of loving is deemed both
a heavenly transcendence and an unattainable manipulation of desire.
By emphasizing the contrasting visages of Eros, the two poems explore
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the innocence of fate and the inevitable corruption of lust, as personified by Eros’ external identity.
Bridges’s Eros describes passionate love as an internal unknowingness,
the ignorance of a “flower of lovely youth” that remains untouched,
as shown by the emptiness of Eros’s face. Through a distinct, melodic
a-a, b-b, c-c rhyme scheme, Bridges romanticizes the lyricism of the
symbolic human heart as controlled by Eros, the “tyrant of the human race.” The powerful last stanza frames the resonating final lines of
the poem, ending in an a-a-a rhyme scheme to emphasize the closing
image of a “soft, unchristen’d smile” in Eros’s “face.” Eros’s identity is
flexible to the lover’s perception of emotion, the clean “chaste” body
of a fantasized passion behind “nothing in thy face.” Yet, regardless of
the unknown fate of love, the human race still fervently believes in the
splendor of the mythical emotion of romance; through Eros, the Greek
god of love, Bridges personifies the uncertainty and mystery that love
inflicts upon both the “body and the mind” of humans. The fabled yet
brief “sensuous innocence” that romance promises continues to remain a blissfully-sought quality to lovers; and yet, no lover “cares to
look upon thy face” of Eros, the beauty of an unknown identity masking the real, tainted face of romance, the bruised body of a scarred
fighter, as Stevenson suggests. In contrast, Bridges’s ode to Eros, the
fleeting “grace,” implies that humans choose to overlook the imperfections of relationships and lust to continue to maintain a heavenly
perception of truly passionate love; man still “longs for thy embrace”
yet never “care[s] to look upon thy face” so as not to taint the cherubic
illusion of love. Eros’s appearance is not fooling humans, as he has no
“face”—it is instead the rejections of the painful reality of heartbreak
and emotional despair that blinds humans, choosing to construe truth
in order to maintain a fabled hope. Bridges reveals his controlling image of Eros as a faceless being to create a dichotomy between Romantic
perceptions of love, and the actual, true visage of a hidden myth.
Stevenson’s Eros, however, entirely reinterprets the social gaze upon
love; Stevenson uses Eros’s beaten face to symbolize the pain and resiliency that relationships require. Her opening line—“I call for love”—
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exemplifies the natural tendencies to yearn for companionship and
plead for passion. As the speaker begs for a being to “help,” she is approached by the tenacious “bully boy” Eros, returning from a battle
of heartbreak with the excitement of new potential. Stevenson instead
characterizes this cycle of blind commitments and eagerness to find
a romantic partner as a “brute” force, a naïve ignorance stimulated
by fantasy; the “battered visage” and angelic wings are all part of the
hopeful façade. Stevenson mirrors the tarnishing of Eros in her poetic
perception of the worn excitement that is sewn upon the brow of love.
Although the face of love “offends you,” the destruction of the once
pure, innocent appearance is due to the “blows your lust delivered”;
through the abuse of romance, the attempted normalcy of passion, and
the universal expectation of lust, the rare heavenly beauty of natural
love is ruined. The “long overuse” of Eros constrains the angelic belief
in love; Stevenson represents romance as a “slave” that is bound to the
“archetypes that you create” within society. The innocence of Eros is
snatched by the social perception of romance, as embodied in the external identity of the Greek god. Through the “bruised” visage of Eros,
Stevenson portrays love as a burdened but passionate resilient force,
fighting against typicality and inevitable heartbreak.
Both Stevenson’s Eros and Bridges’s Eros masterfully explore the innocence of fateful love juxtaposed with man’s corruption of chastity. Eros’s
changing face, his perceived identity, remains yet a mystery in both
works, hidden within the magic of the rare paradise of true love.

Foot in the Door: Roosevelt’s Crucial Initial
Victory over the Unprepared Isolationists
Ryan Bowman
In April 1917, when, in direct contradiction of his word, President
Woodrow Wilson brought America into the Great War, American
foreign policy was drastically and irrevocably changed. The world’s
business had forever become America’s business. Afterwards many
Americans, bitter from fighting a war they had not signed up for, sought
to return to a neutral America. Isolationism was born. It came in many
different shades, and it swiftly became the predominant opinion of
the American people and their representatives, enduring through the
twenties and the thirties. In 1935, 1936, and 1937, isolationists passed
various Neutrality Acts, which most importantly forbade the sale of
arms to belligerents.
In October 1939, after President Franklin Delano Roosevelt called a
special session of Congress, the Neutrality Acts were revised and the
arms embargo lifted in favor of a ‘cash-and-carry’ policy. This marked
the beginning of the end of isolationism. Once he had his foot in
the door Roosevelt did not relent. He followed the revision with the
destroyer deal, the draft, and Lend-Lease. By October 1941 American
and German ships were exchanging fire in an undeclared war. But
all this reversal came suddenly and unexpectedly. What changed
between the mid-thirties and 1939 that allowed for this sudden shift to
intervention? What caused the revision of the Neutrality Acts in 1939?
Historians began debating this question almost immediately. Some,
like Wayne S. Cole and James MacGregor Burns, argue that it was
Roosevelt’s own skills as an orator and a politician that allowed for the
repeal of the embargo. Not only did the President deliver a well-crafted
speech on the issue in an effort to sway congressmen to his side, but
he appealed to senators and the American public by reassuring them
that he had no intention of going to war. Roosevelt also cashed in a
This paper was written for Dr. Charles Hanson’s Advanced
Placement U.S. History class in the spring of 2012.
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number of political favors in order to garner votes and public support
for the bill.1
But the real cause of the change in policy was the shift in public
opinion following the beginning of the war. This shift came as a result
of a combination of sensationalist news coverage of the war and deep
divisions among the isolationists. Sensationalist coverage of the war
caused the American public to sympathize with the Allies, and as a
result senators aiming to please the public were more willing to sign
off on a bill that de facto aided Britain and France. The divisions
among the isolationists meant that early attempts among right-wing
isolationists to organize a resistance and information campaign against
cash-and-carry stalled. The divisions also meant that arguments for
isolation came from a wide variety of sources, each with different goals
and reasoning; the unreliability of certain sources as well as the sheer
volume of different opinions both helped to discredit the isolationist
position and prevented it from reaching as many ears. The isolationists
were disorganized and fragmented compared to the interventionists,
who could organize and rally behind Roosevelt.
Roosevelt the Deft Politician
Roosevelt is well known for his prowess at politics and persuasion.
Some historians suggest that Roosevelt’s tactics and rhetoric were the
primary reason that the revisions to the Neutrality Act were passed in
spite of heavy opposition from isolationists in the Senate. They argue
that the combination of Roosevelt’s hands-off policy on the bill, his
stirring rhetoric that emphasized his commitment to keeping America
at peace, and his continual covert appeals to congressmen garnered
enough votes to tip the close balance in his favor.
Senator Key Pittman of Nevada was Roosevelt’s major ally in Congress.
Pittman advised Roosevelt that revision of the Neutrality Act would
have a greater likelihood of success if the administration kept its
distance and allowed congressional leaders to take responsibility for
it.2 Pittman drafted a bill that repealed the arms embargo but sharply
restricted American shipping.3 He presented this bill to the Senate in
October. Roosevelt and his administration were extremely cautious
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not to associate themselves publicly with the bill.4 They achieved
moderate success. Most news coverage and debate referred to the bill
as the “Pittman bill.”5 De jure this meant that Roosevelt wasn’t linked
with the bill, but de facto senators knew that Roosevelt was the real
architect of the bill.
Continual reassurances that the revision would prevent war were
another key piece of Roosevelt’s strategy. Pittman and the bill’s other
supporters stayed away from mentioning France or England, stressing
instead that the bill would help keep America out of war.6 This
deliberate emphasis on peace aligned with current public opinion: “the
overwhelming majority of voters...are willing to give [the Allies] every
aid short of actual armed intervention,” but they retain an “intense
desire…to avoid shedding American blood.”7 The overemphasis on
peace meant that senators would be pressured to pass the bill or else
appear to be misrepresenting their voters.
Although Roosevelt publicly maintained distance from the bill, privately
he not only heavily influenced its drafting but also mobilized every
contact at his disposal to support its passage. He promised and cashed
in on political favors in order to garner votes. He also asked his friends
in Congress to campaign privately among their peers on his behalf.8
Although all of this politicking probably only gained Roosevelt a few
votes, the debate was close enough that even a few votes could make
a difference. Historians also cite Roosevelt’s ability to give persuasive
and well-constructed speeches as a reason that revision succeeded. In
his September 21 message to Congress Roosevelt artfully made appeals
to U.S. history, insisted that the bill would prevent American entry
into the war, and deliberately avoided mentioning Britain and France.9
The speech received praise across party lines. Senators responded
by calling it “a great speech…,the president’s ablest state paper…,a
magnificent and impressive plea.”10 The speech, with its adeptly crafted
argument, convinced some congressmen unsure of which way to vote
that revision was the better option. For example, Republican Senator
Bridges of New Hampshire said, “we must mind our own business” on
September 8, but after Roosevelt’s speech on September 21 he was “glad
the President [admitted] he made a mistake in signing the Neutrality
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Act and that Congress made a mistake in passing it.”11 Roosevelt’s
eloquent rhetoric convinced undecided senators of both parties to
support him, gaining him crucial votes for the tough battle ahead.
But Roosevelt’s tactics cannot be the primary reason for the change
in policy. Roosevelt’s vigorous politicking alone can’t explain such
a sudden and drastic change in foreign policy. Other factors were
responsible. Roosevelt was merely taking advantage of unrelated
circumstances that had reduced the strength of the isolationists.
Divided Resistance
Although historians will often categorize all those opposed to U.S.
intervention as isolationists, in reality they were an extremely diverse
and disorganized group. The ‘isolationists’ consisted of communists,
fascists, anti-Semites, socialists, pacifists, Christian sects, Democrats,
Republicans, and liberals among others. Many of these groups
were distrusted minorities, and as such their support brought as
much suspicion to isolationists as they did assistance. Due to their
disorganization the isolationists were slow to mobilize in response to
the shifting public opinion and Roosevelt’s pushes towards intervention.
The America First Committee, the largest and best-known isolationist
organization, was not formed until September 1940, a full year after
the outbreak of war and the beginning of Roosevelt’s campaign for
intervention. There was an attempt by Phillip La Follette to create a
national organization in September of 1939 in order to fight cash-andcarry, but Republican isolationists’ suspicions of La Follette stalled the
efforts and the organization never materialized.12 The sluggishness and
general disarray of the isolationists allowed Roosevelt a substantial
advantage in passing the revisions.
Some isolationists didn’t even realize the fight had begun. They bought
into assurances that cash-and-carry would prevent war. Senator
Robert A. Taft, for example, supported revision of the arms embargo,
even though he firmly opposed U.S. intervention and later became
a prominent opponent of Roosevelt’s interventionist policies.13 Taft,
like many other isolationists, didn’t really figure out what was going
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on until it was too late. Taft’s support for cash-and-carry also serves
to demonstrate the extent of the divisions among the isolationists.
Despite their lack of organization, most isolationists were opposed to
cash-and-carry. The fact that a fellow isolationist like Taft could remain
on the wrong side of the bill speaks to the isolationists’ inability to
consolidate and unify.
The only national isolationist organization able to challenge Roosevelt
during 1939 was the Keep America Out of War Congress.14 The
KAOWC included pacifists, labor groups, liberals, and farm groups
but was a predominantly socialist organization. It focused primarily
on the threats of intervention to the economy and organized labor. The
KAOWC warned of artificial war booms followed by depression, of
the ‘million man draft,’ and of strict restrictions on labor in the interest
of national security.15 The organization’s de facto leader and Socialist
Party national chairman Norman Thomas’s rhetoric suggested socialist
‘awakening’ for Europe and America, which discredited him in the
minds of most Americans who were suspicious of communists and
socialists. But the greatest fault of the KAOWC was its lack of influence
and following. On September 12 Thomas gave a speech in New York
about the dangers of intervention, which about 1,400 people attended.
The KAOWC’s following is tiny compared to later America First rallies
that filled the Madison Square Garden. In the end the KAOWC couldn’t
compete with the power and organization of Roosevelt’s plethora of
supporters in a contest of public opinion.16
Internal disputes dogged the isolationists throughout the Neutrality
Act debate. On October 4 Republican Senator Charles Tobey, an
isolationist, motioned to separate the bill into two parts and vote on
them independently. Yet prominent isolationist leaders like Senator
William Borah condemned the idea because it would reveal their
strength too early. The resolution was thoroughly rejected a few days
later due to interventionist opposition and fragmented support among
isolationists.17 Tobey’s unsupported break from the isolationist bloc
demonstrates the disorganization of the isolationists and their lack of
clearly planned strategies.
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A similar example of tensions among the isolationists was Phillip
La Follette’s attempt to form a national organization to rally popular
opposition against revision of the Neutrality Act. In September of
1939 La Follette confirmed the support of several major public figures
and politicians for his new organization. Unlike the KAOWC, La
Follette’s organization had a great deal of power lined up, including
such influential names as Charles A. Lindbergh, Henry Ford, Herbert
Hoover, Borah, and Senator Gerald Nye.18 But, despite promising
beginnings, the organization stalled after conservative Republican
isolationists like Arther H. Vandenberg and Chester Bowles grew wary
of a third party dominated by La Follette.19 Divisions and distrust within
the isolationists doomed their best chance at combating the revisions.
One year later almost the exact same group formed the America
First Committee, but the one-year delay caused by internal bickering
would prove fatal. AFC was too little too late. By the time it organized
Roosevelt had already passed cash-and-carry and public opinion was
firmly in favor of sending material aid to the Allies. The divisions
among the isolationists prevented them from marshalling a swift and
well-organized opposition to Roosevelt and the interventionists. Cashand-carry was the gateway for the rest of Roosevelt’s interventionist
legislation, and the disorder of the isolationists provided him with the
window of opportunity to pass it.
The ‘Yellow Press’
Many Americans remained resentful and suspicious of England and
France following America’s reluctant entry into the Great War, but
Americans shared much more in common with the British and French
than they did with the Germans. Americans were bombarded with
descriptions of the frighteningly efficient German war machine and the
plight of Poland following the outbreak of the war. The dramatization
of such reports combined with the swiftness of Poland’s fall slowly but
surely ate away at the foundations of isolationism and built popular
support for the Allies. Not only did most reports of the war by their
nature promote intervention, but also several interventionists, quicker
to act and more organized than the isolationists, were actively churning
out pro-intervention propaganda. The most prominent of them was
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William Allen White, who organized the Non-partisan Committee
for Peace through the Revision of the Neutrality Law. White used
his considerable influence to sway American opinion in Roosevelt’s
favor.20 The press played a key role in accelerating the American shift
to intervention.
Following the emergence of the ‘Yellow Press’ back at the turn of the
twentieth century, newspapers began publishing dramatized and
exaggerated versions of events to take advantage of the new readership
made possible by mass literacy. Dramatization of Hitler’s invasion of
Poland depicted Hitler’s forces as efficient and lethal, swiftly exceeding
expectations and crushing Poland. Articles with phrases like “German
Hopes Exceeded,” “German Position Better than in ’14,” and “Nine
days of war have brought… surprising victories to German arms,”
demonstrate the portrayal of German armies as stronger and more
capable than expected.21 One particularly telling example of the
frightening way that the news described the Germans is a series of
sketches describing the German Blitzkrieg.22 (See Appendix.) The
illustrations show the German Blitzkreig as a well-oiled, technologically
advanced war machine, and the Poles as helpless in the face of its might
and brilliance. Increased fear and awareness of the threat Germany
posed promoted increased support and sympathy for the allies.
After the fall of Poland, Polish citizens refused to give up the fight and
guerrillas took to sniping at the German occupiers. The news coverage
of these snipers demonstrated and promoted pro-ally views. The snipers
were described as patriots and heroes mounting a “heroic resistance” to
defend their homeland from the ruthless Nazi invaders. Similarly, Nazi
reprisals against the guerillas were portrayed as merciless and excessive.
The papers describe dozens of towns bombarded to smoldering ruins
in retaliation for guerilla attacks.23 The American audience reading
such papers could not help but sympathize with the beleaguered Poles
staunchly fighting on.
Another contributing pro-intervention influence on American opinion
was the Non-partisan Committee for Peace through the Revision of
the Neutrality Law headed by William White, the prominent editor
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of the Emporia Gazette. White’s organization was established in late
September 1939, and almost immediately Clark Eichelberger, an
interventionist who had originally conceived the Committee and
convinced White to be its head, began coordinating efforts in support
of revision of the Neutrality Acts. Eichelberger “distributed leaflets,
sponsored daily news spots, sent telegrams to newspaper and magazine
editors, and organized press conferences and radio broadcasts.”24 The
Committee also targeted specific Senators, urging members to write to
them in favor of revision. Although the Committee was only active for
about a month, Eichelberger and White worked feverishly to support
their cause.25 Their efforts flooded the public with pro-intervention
media influencing public and senatorial opinion.
The Committee’s efforts, combined with the coverage of the German
offensive, caused a sizable shift in public opinion towards intervention.
One Gallup poll showed that public acceptance of Hitler’s demands
dropped from 23 to 14 percent.26 The increase in public sympathy
for the Allies and fear of Hitler impacted Congress’s receptiveness
to cash-and-carry. Senators attempting to satisfy increased desires
to send material aid to the Allies gained the interventionists’ vital
votes in the close battle. It was one thing to stand by total neutrality
in times of peace, but it was another thing to remain entirely passive
while democratic nations were crushed by an aggressor nation. The
coming of the war tested isolationists’ resolve, and many, influenced by
the dramatic news coverage and interventionist propaganda, changed
their minds.
The Politics of Popularity
The neutrality battle, though decided on the Senate floor, was ultimately
a battle fought in the streets and homes of America, both sides vying
for the attention and support of the American people. The slow,
steady shift in American public opinion from isolation to intervention
mirrored Roosevelt’s gradual implementation of interventionist
policies. In those crucial first months of the struggle Roosevelt caught
the isolationists flat-footed. From the moment he passed cash-andcarry onward the isolationists were always on the defensive, trying to

THE MENLO ROUNDTABLE		

13

recover from Roosevelt’s initial gains. In the end Roosevelt won the
war for the minds of the American people, and by 1941 he was waging
an undeclared naval war against Germany.
Yet in many ways the isolationists were doomed from the beginning.
Despite their lingering suspicions, Americans naturally identified
with the English and French. The isolationist battle against public
opinion was an uphill one. Additionally, the isolationists did not fully
understand the nature of the conflict they were involved in. Because
the battleground of the neutrality fight lay within the psyche of the
American public, the cautious logical arguments of the isolationists had
little sway. Roosevelt, on the other hand, understood the psychological
nature of politics, as demonstrated by his remarkable 1933 ‘Bank
Holiday’; his stirring emotional rhetoric was much more effective in
winning the American people.
Isolationism never recovered after the war. But in studying its death
we can learn much about the relationship between public opinion and
foreign policy. In the globalized world we receive news of events in
other countries every day. We are no longer isolated by information,
and the world’s business is our business. Therefore control on the
battleground of the media and public opinion translates directly to
influence on foreign policy.

14		

Ryan Bowman

Appendix

“Blitzkrieg Strategy No New German Idea” in The New York Times,
September 17, 1939.
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The End of a Flawed Doctrine: Examining the
Repeal of the Fairness Doctrine
Rachel Pinsker
Since even before Andrew Jackson dreamed of applying a laissez-faire
philosophy in American government, the American people have debated the usefulness and questioned the legality of government involvement in public affairs. The Fairness Doctrine, a doctrine intended
to provide television airtime for all sides of an important public issue,
is an example of attempted government regulation. The Federal Communications Commission (FCC) introduced the Fairness Doctrine in
1949, but courts, broadcasters, and the FCC itself regularly questioned
its necessity and effectiveness. In fact, the FCC repealed the Fairness
Doctrine in 1987, arguing that the law did not succeed in bringing
about fairness and balance in television programming. A closer look at
this decision yields more insight. Dr. Hugh Carter Donahue, a professor of history at Rowan University, argues that the Fairness Doctrine
was repealed because it became obsolete by 1987. Susan J. Douglas,
however, argues that the FCC repealed the doctrine in 1987 because it
went against the First Amendment.
Proximately, the doctrine was repealed because it was obsolete and
unnecessary in the 1980s, a time of new technologies, greater access
to television, and overall government deregulation. However, these
changes were primarily a catalyst in bringing about the repeal of the
Fairness Doctrine. The doctrine was ultimately repealed because it had
inherent, deep-seated flaws and was too idealistic in what it demanded.
So the doctrine failed both in theory and in practice. First, the doctrine was repealed because of its questionable constitutionality. The
FCC could not enforce a doctrine it could not defend constitutionally.
Second, the doctrine was logistically impossible to enforce. The FCC
failed to successfully enforce the doctrine throughout the time it was
in effect.
This paper was written for Dr. Charles Hanson’s Advanced Placement
U.S. History class in the spring of 2012.

20		

Rachel Pinsker

Changing Times
Proximately, the Fairness Doctrine was repealed because by 1987, balancing airtime to bring about fairness was no longer important or necessary. In the 1940s, few television stations were available to the public.
With no regulation of television news, each station had the power to
broadcast the news it deemed important and the news it agreed with.
The American public heard only what the broadcasters of those few
available channels wanted them to hear. The Fairness Doctrine was
introduced to reduce the power of those broadcasters and to allow
multiple sides of a controversial issue to be heard. Christopher Sterling’s Electronic Media discusses the number of television stations between 1941 and 1983. There were 16 stations in 1948, one year before
the doctrine was introduced, 51 stations in 1949, and 1,106 stations in
1983.1 The increase of 1,055 stations over these 34 years indicates that
by the 1980s, because of the increasing number of channels, the American public did not need government regulation of television in order
to hear multiple viewpoints. People could watch what they wanted to
watch and could find opposing viewpoints on various controversial
topics on the more than 1,000 channels available. In The Battle To Control Broadcast News, Dr. Hugh Carter Donahue argues that the changing technologies and abundance of cable channels made the Fairness
Doctrine obsolete.2 By 1987, there were more television channels available, making the doctrine unnecessary because people could hear all
sides of an opposing viewpoint just by changing the channel. The doctrine was necessary in 1949 to bring about fairness in broadcasting, but
by 1987 it had become obsolete.
The FCC acknowledged that the doctrine was obsolete in its 1985
report on the Fairness Doctrine. Even two years before the doctrine
was repealed, the FCC claimed that it “no longer serve[d] the public interest.”3 The way that Chairman Mark Fowler and Commissioner
James Quello of the FCC said it “no longer” did what it was intended
to do demonstrates that at one point the doctrine was effective. They
repealed it two years after the release of this report because the changing times meant that the doctrine was “no longer” effective and had
become obsolete.
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With Ronald Reagan as President and Mark Fowler as the head of the
FCC, the 1980s were a time of government deregulation. In an interview with Reason magazine in November 1981, Fowler was asked if
he would continue deregulation. He responded that he would attempt
deregulation “[t]o the maximum extent possible.”4 The 1980s were not
only a time with more television stations than in the 1940s, but also
a time during which Fowler made it his mission to repeal as much of
the FCC’s regulation as he could. The Fairness Doctrine, a doctrine
regulating television news, was repealed as part of a general wave of
deregulation in the 1980s.
Questionable Constitutionality
Ultimately, the Fairness Doctrine’s questionable constitutionality was a
strong reason for the FCC to repeal it in 1987, because an agency that
promises to uphold and defend the Constitution cannot enforce a doctrine that is unconstitutional. In Listening In: Radio and the American
Imagination, Susan J. Douglas argues that the FCC stopped enforcing
the doctrine because it wanted to respect broadcasters’ First Amendment rights.5 She does not claim that the doctrine was unconstitutional, but asserts that the FCC repealed the Fairness Doctrine because it
had the potential to take away a broadcaster’s rights.
The doctrine was repealed because the Supreme Court, the D.C. Court
of Appeals, President Reagan, and the FCC itself questioned whether
the doctrine went against the First Amendment. This questioning did
not begin in the 1980s, which would have suggested that the repeal of
the doctrine was due to changing times, but instead started as early as
1969, just 20 years after the doctrine was introduced and almost 20
years before the doctrine was repealed.
In the Red Lion Broadcasting Co., Inc. v. Federal Communications Commission Supreme Court case in 1969, the court upheld the constitutionality of the doctrine when Red Lion Broadcasting Co. questioned
the FCC’s enforcement of the doctrine. In Justice Byron White’s delivery of the majority opinion of the Supreme Court, he qualified that
“[w]e need not and do not now ratify every past and future decision by
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the FCC with regard to programming.”6 Although in 1969 the Supreme
Court believed that the doctrine itself was constitutional, the fact that
Justice White included this claim about not being responsible for FCC
decisions regarding the doctrine implies that the doctrine inherently
had the potential to bring about unconstitutional enforcement. The
fact that the constitutionality of the doctrine was questioned in 1969,
18 years before it was repealed, suggests that the FCC finally repealed
the doctrine in 1987 because the controversy of its constitutionality
was not a new idea. In 1969, the questioning had already begun, pushing the FCC to later reconsider the doctrine and repeal it to end the
constant questioning of its constitutionality.
In the Miami Herald Publishing Co. v. Tornillo Supreme Court case of
1974, the court examined the constitutionality of a Florida law requiring equal space for political candidates in newspapers. Five years after
Red Lion, the Supreme Court again questioned the constitutionality of
the goals of the Fairness Doctrine. The Florida law, almost equivalent
to the Fairness Doctrine in the world of printed news, was declared
unconstitutional. Chief Justice Burger presented the majority opinion
of the court, arguing that a “responsible press is an undoubtedly desirable goal, but press responsibility is not mandated by the Constitution
and like many virtues it cannot be legislated.”7 Although the Fairness
Doctrine was not being considered specifically in this case, the idea of
the doctrine was examined indirectly. The Florida law and the Fairness
Doctrine both attempted to form a responsible press by requiring other viewpoints to be heard, but Justice Burger declared that regulating
the press to be responsible and to make good decisions is unconstitutional. In 1969, the constitutionality of the Fairness Doctrine itself was
upheld, but in 1974, the requirements of the Fairness Doctrine were
indirectly questioned. The Supreme Court did not declare the doctrine
unconstitutional in either of these cases, but the fact that the constitutionality of both the doctrine itself and its goals were questionable
made the FCC reconsider the doctrine’s existence.
In 1986, the doctrine’s constitutionality was again questioned. In Meredith Corporation v. Federal Communications Commission, Meredith
Corporation claimed that the Fairness Doctrine was unconstitutional.
Judge Laurence Silberman presented the majority opinion of the D.C.
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Court of Appeals, which ordered the Commission to consider Meredith Corporation’s argument and look into the doctrine’s constitutionality.8 Although the court did not declare the doctrine unconstitutional, the fact that they made the FCC reconsider the Fairness Doctrine
implies that they believed it may have been unconstitutional. In this
decision, the D.C. Court of Appeals questioned the constitutionality
of the doctrine when it asked the FCC to examine Meredith Corporation’s argument.
When the FCC did look into the constitutionality of the Fairness Doctrine, they could not defend it. The D.C. Court of Appeals decided the
Meredith Corporation case in January 1987, and just seven months
later, in August 1987, the FCC released an official record repealing the
Fairness Doctrine. This record, a response to the Meredith Corporation
decision, claimed that the doctrine was unconstitutional.9 When the
court and Meredith Corporation questioned the constitutionality of
the doctrine and the FCC could not defend its constitutionality, the
FCC stopped enforcing it.
The doctrine’s constitutionality was questioned not only by the Supreme Court, the D.C. Court of Appeals, and various corporations
such as Red Lion and Meredith Corporation, but also by Ronald Reagan. President Reagan, in his address to the U.S. Senate vetoing the
codification of the Fairness Doctrine two months before the FCC
would repeal the doctrine, claimed that “[w]ell-intentioned as [the
doctrine] may be, it [is] inconsistent with the First Amendment and
with the American tradition of independent journalism.”10 Reagan understood that the doctrine was attempting to achieve something good.
Good intentions, however, do not override the Constitution. The FCC
repealed the Fairness Doctrine because although it attempted to bring
about fairness, even the President believed it to be unconstitutional.
As a government agency the FCC is under the indirect control of the
President, so although Reagan did not order the repeal of the doctrine, his belief that it was unconstitutional pressed the FCC to repeal
it. Reagan’s statement, along with the court cases questioning the doctrine’s constitutionality from 1969 to 1987, pushed the FCC to repeal
the Fairness Doctrine.
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Impossible to Enforce
Ultimately, what the doctrine required was impossible for the FCC
to enforce. The doctrine was idealistic in attempting to enforce good
broadcasting, but enforcement that was both effective and respectful of broadcasters’ freedoms in choosing what to air was impossible.
Enforcement was based on the FCC’s opinions, which meant that the
government decided what the public heard and that the enforcement
process was very slow. Steven J. Simmons argues that the FCC was criticized when it enforced the doctrine loosely in order to protect broadcasters’ freedoms. And yet, a strict enforcement, claims Simmons, took
away a broadcaster’s rights.11 He made this claim in 1978, nine years
before the FCC repealed the Fairness Doctrine. Simmons realized that
the doctrine could not be effectively enforced, and the timing of his
statement suggests that the turn to deregulation and the new technologies of the 1980s were not the ultimate reasons for the doctrine’s repeal.
The doctrine was impossible to enforce successfully ten years before
the FCC repealed it.
Communications Studies Professor Patricia Aufderheide argues that
the doctrine had a “chilling effect” when it was enforced strictly. Instead of balancing news coverage for the public, the doctrine made
many stations avoid controversial issues altogether. She also claims
that the doctrine’s requirements were just “what good journalists do
anyway.”12 The doctrine was impossible to enforce because enforcement risked doing the opposite of what the doctrine and the FCC
sought to do. The Fairness Doctrine was too extreme and too idealistic
in trying to make “good journalism” a law. As a solution to the problem of unbalanced news coverage, the doctrine failed because its strict
requirements were impossible for the FCC to enforce effectively. Adding to Aufderheide’s arguments about the negative effects of strict enforcement, Neal Devins, a professor of law, presents the problems with
loose enforcement of the doctrine. He claims that the FCC investigated
only 28 of about 20,000 fairness complaints in 1980.13 Under this loose
enforcement, thousands of complaints were ignored and therefore the
doctrine failed to serve its purpose in bringing “fairness” and making
sure opposing viewpoints were heard. Devins’s argument about how
loosely the doctrine was enforced and Aufderheide’s argument about
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the risks of strict enforcement both support Simmons’s claim that strict
and loose enforcement alike failed.14
Enforcement of the Fairness Doctrine depended too much on the
opinion and judgment of the FCC. In the Federal Communications
Commission v. League of Women Voters of California Supreme Court
case from 1984, the court looked into the constitutionality of the Public Broadcasting Act. Justice Paul Stevens, in his dissent from the majority opinion, discussed the Fairness Doctrine. He claimed that the
government enforced the doctrine and therefore decided whether or
not “the station’s editorial ‘fairly’ presented the substance of ‘the’ opposing view.” This, argued Stevens, risks that “pro-Government views
that are not actually shared by that institution will be parroted to curry
favor with its benefactor.”15 Justice Stevens’s stress on “fairly” and “‘the’
opposing view” show the problems with the doctrine’s requirements.
The doctrine’s goal was “fairness,” and deciding what is “fair” requires
an opinion. That is, an opinion is required for deciding which opposing side gets time to argue. The doctrine requires an opposing side
to be allowed to present its argument, but controversial issues often
have more than two opposing sides. Stevens’s argument raises the
idea that the doctrine could never be effectively enforced because it
depended on opinions, and the fact that the government was enforcing it made the doctrine even more problematic. Such strong government regulation results in the opposite of what the Fairness Doctrine
was supposed to do. Instead of balancing news, any enforcement of
the Fairness Doctrine risked preventing the public from hearing antigovernment views. Adding to Justice Stevens’s argument, Ford Rowan,
in his book Broadcast Fairness, claims that the FCC only “assure[d]
that the broadcaster made a reasonable, good-faith judgment.” Again,
enforcement of the Fairness Doctrine required the FCC to judge what
was “reasonable” and what was “good-faith.”16 Having the government
use their opinions to decide what is fair goes against what the doctrine
intended to do in the first place, which was to prevent one group from
having too much power in what is aired.
Because the doctrine was based on opinions, the process of enforcement was very slow and ineffective. When the FCC ruled in June 1971
that the National Broadcasting Company (NBC) had fairness obliga-
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tions based on commercials they had aired from June 1970 to June
1971, NBC petitioned for the FCC to reconsider its ruling. The FCC
denied the petition in September 1971, but also ruled that there was
no further action required for NBC. Wilderness Society, the complainant in the case, petitioned against the FCC’s September decision. In its
response on December 27, 1971, the FCC denied the Wilderness Society’s petition.17 The FCC originally told NBC in September 1971 that
a commercial they had aired in June 1970 had created fairness obligations for them. The final verdict regarding the complaint was released
a year and a half after the original commercial aired and six months
after the FCC’s original decision on the case was released. Because the
doctrine required judgment calls and allowed for petitions to released
decisions, final fairness decisions could never be made easily or quickly. The FCC’s enforcement failed to be effective when a broadcasting
station had to give airtime to an opposing viewpoint more than a few
months after the airing of the original program in question.
In the case of strict enforcement, the doctrine risked both stopping
controversial issues from being broadcast and, returning to Justice Stevens’s arguments, causing broadcasters to favor pro-government views
in order to avoid trouble with the government.18 In the case of loose
enforcement, the doctrine became worthless and ineffective. The doctrine’s strict requirements were too extreme and when enforced were
not effective in balancing news coverage.
The Fairness Doctrine Today
Ultimately, the Fairness Doctrine itself was inherently flawed. The argument over the idea of fairness regulation, however, is still in question
today. A close look at the fate of the Fairness Doctrine leads one to
wonder how much government involvement in promoting fairness in
the media is needed, is legal, and is practical. A functioning Fairness
Doctrine is an ideal for those who believe strongly in high government
regulation. It could help minorities who otherwise may not get their
voices heard.
Under the Supreme Court’s ruling in Citizens United v. Federal Election
Commission in 2010, corporations are allowed to fund programming
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for candidates in federal elections.19 With a strong corporation backing
them, a candidate has almost unlimited access to television programming to either advertise himself or insult an opponent. This is the time
when “fairness” is required, as those who are in power are the ones
who are backed by wealthy corporations. The idea of the Fairness Doctrine is not inherently flawed. In fact, the spirit of the Fairness Doctrine could help to inform Americans on all sides of an issue. That way,
a candidate is supported not because they have the largest corporation
backing them and therefore are better known to the American people,
but because their views would actually help our country.
Alternatives to the Fairness Doctrine that are wholly constitutional
and are possible to enforce are often discussed. For one, Max Frankel,
in a New York Review of Books article from January 2012, suggests that
the price of political commercials be doubled so that when a candidate purchases time for his or her own programming they also pay for
programming for their opponent.20 This would allow more than one
position on issues to be heard and would help to avoid the problems
arising from the Supreme Court’s decision in Citizens United v. Federal
Election Commission.
The Fairness Doctrine was an attempt to make good journalism a
law and to have the government make the people hear all sides of an
argument, but it failed to do either. The fact that this attempt failed,
however, does not mean that we do not need fairness. Suggestions like
Frankel’s that implement the ideals of the Fairness Doctrine have the
potential to be effective in bringing fairness to our media.
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Energy: Make it Cheap
Alec Drobac
1 Background
The current U.S. energy system—where we get our energy, and how
we use it—is based solely on economic preferences. The three biggest
energy sources (petroleum, natural gas, and coal), which together
accounted for 83% of the U.S. energy supply in 2010 (see Figure 1),
all have minimal short-term costs, consisting of the planning and
construction of the plants and the extraction of the fuel.

Figure 1: Total energy consumption by U.S. in 2010, in quadrillion BTUs. Petroleum,
natural gas, and coal account for more that three-quarters of U.S. energy (EIA 2010,
Figure 2.0)

This paper was written for Mark Abruzzese’s Environmental Science
class in the spring of 2012.
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For example, in 2007, for a typical $69 barrel of crude oil, $7.50 was
spent on finding it, $6.50 on actually getting it out of the ground, and
less than $5.00 refining it (Chris Nelder, 2007). That means that less
than a third of the market cost of that barrel of oil came from actually
getting the fuel ready for use. This makes oil, and similarly coal and
natural gas, extremely profitable in the short term, since very little
investment is required, as compared to more renewable sources such
as solar and wind, which require extensive investment to set up the
turbines and panels necessary to get an amount of energy that’s even
worth the trouble and costs to collect.
But there are two dimensions to low costs: the short term, and the long
term. These three energy sources are by no means cheap in the long
term, because the cost of energy (the dollars paid per BTU of energy
gained) is heavily dependent, not surprisingly, on the cost of accessing
that fuel, a cost which is only predictable in its steady rise; as shown in
Figure 2, in the past decade alone, the real price of oil has risen from
$30 in 2002 to $105 in 2012. And how sharply will that price rise in
the future? With oil under a chokehold from OPEC and the price very
dependent on known reserves, which are added to/subtracted from
constantly, it’s anyone’s guess.

Figure 2: Fluctuations of imported crude oil nominal and real prices since 1968. The
prices have been extremely volatile over the past four decades, making oil an unstable
energy source (in terms of price). (EIA Short-Term Energy Outlook, February 7, 2012)
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These three energy sources will only become more and more scarce,
and the cost in the long term of finding and extracting the fuel will
only continue to rise, because as we continue to exhaust all the easily
accessible stores of the fuel, we will have to move on to more remote,
more expensive ventures.
Petroleum, coal, and natural gas energy have a large portion of their costs
riding on the availability of those fuels, in terms of quantity and ease of
access, at times accounting for close to 80% of the manufacturing costs
(NEI, 2012). So if 80% of the price paid for the energy is dependent
on the price of the fuel, and the price of the fuel is steadily rising, it’s
no leap of logic to predict that the price of the energy itself, at some
magnitude, will rise. And it’s hard to have a stable economy when the
price of the energy it depends on is always rising, during good times or
bad. Nominal crude oil prices are predicted to reach $200 a barrel by
2030 (and again, that could easily be $250); the economy will have to
find some way to deal with that if we don’t switch (IEA, 2011). But the
allures of low upfront costs and pre-existing systems that allow access
to energy sources are hard to resist; you can’t stick a drill in the ground
to find wind energy—it takes more investment.
With the current recession, a growing national debt and a massive
annual deficit, it’s especially hard now to convince the government and
firms to invest in new energy. But if we invest now, our returns later
will help pay off that debt, because these energy sources can be very
cheap. All it takes is time.
2 The Idea
The only change to the energy system that will ever be accepted is an
economically viable one, and there are only two sides to that coin:
cheap in the short term, or cheap in the long term. Currently we are
on the short-term side; we need to flip the coin and take a good look
at the long-term costs.
Long-term cost is determined by fuel costs and the cost to operate
and maintain (O&M) the plants. When the long-term costs are low,
therefore, fuel costs must also be low. A low fuel cost creates less volatility
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in energy prices, and a more stable economical backing for the energy
grid. For example, as shown in Figure 3, coal and gas-fired power plants
have relatively low investment costs but high fuel costs. Nuclear on the
other hand, is the exact opposite; it requires a lot of investment and
significantly higher O&M costs, but has very low fuel costs.

* The percentage next to the fuel type is the discount rate, a measure of perceived
risk that investors use to determine how high they want returns to be on their 		
investments. Therefore, as the discount rate rises, the investors will want higher
returns, and will only invest in the safest projects, decreasing investments for 		
relatively risky energy start-ups.
** Carbon costs were calculated assuming a $30/metric ton payment.
Figure 3: Measuring impact on total costs of investment, fuel, O&M, and carbon
[IEA, 2010 (Executive Summary)]. Coal and gas generation costs are heavily
dependent on continuous, long-term costs such as carbon and fuel prices, respectively,
whereas nuclear relies on the one-time, short-term costs of investment.

This, in the long run, means that the energy sources that originally
required the most spending in investment require the least spending on
the ongoing energy production; as seen in Figure 4, nuclear, biomass,
and coal generally have had the lowest expenditures to get energy for
the past 40 years. (The dollars/BTU scale is essentially asking: now
that I can extract the petroleum or coal or uranium, how much does
it cost to use it?) Nuclear and biomass follow the pay now, save later
spending track as discussed above. Finally, coal, although technically
a fossil fuel, can become like nuclear and biomass with the addition
of carbon capture and storage (CCS). A good CCS system extracts
the carbon during the energy production process, usually before or
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after the combustion of the actual coal, and turns it into a solid waste
that can be disposed of safely. This, while increasing investment costs,
decreases long-term carbon costs (which, assuming the $30/carbon
ton emitted tax in Figure 3, can be quite high). So nuclear, biomass,
and coal energy sources can all be cheap for the U.S. in the long term,
which is why the U.S. should seriously consider all three for its future
energy needs.

Figure 4: Data for graph taken from EIA (October 19, 2011). Coal, nuclear, and
biomass have had consistently low dollar/BTU costs, whereas petroleum and natural
gas have had steadily increasing, and much higher, costs of energy.

An interesting thing to note is that with energy sources there is a
strong correlation between being cheap in the long term and being
green, because an energy source that’s cheap in the long term must not
rely heavily on fuel costs, and renewable energy sources, by definition,
don’t carry that fuel cost penalty. I’m not suggesting nuclear, biomass,
and coal with CCS simply because they’re green; I’m suggesting them
because they will be cheap in the long run, and they just happen to be
green. So not only do these energy sources have the potential to be
cheap in the long term and reduce our dependencies, but they are good
for the planet as well.
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2.1 Learn From Example
This long-term outlook is feasible; in fact, it’s already been done by
other countries. An excellent example that the U.S. can follow is Brazil.
Following the oil crisis of 1973 (you can see the massive spike in prices
of crude oil back in Figure 2, caused by an OPEC oil embargo), Brazil
decided to undertake a long-term solution to their painfully heavy
dependence on foreign oil (Potter, Nancy, 2008). When the crisis hit,
Brazil was importing 80% of their oil; they had had enough. They came
up with a long-term, two-part strategy. The first part was to increase
the supply of their domestic oil through their state-owned oil company
Petrobas, while concurrently decreasing demand for that very oil. This
basically gave Brazil breathing room, a buffer against the swings in
imported oil prices, while they began the second half of their strategy:
to make ethanol a viable alternative to oil.
Under military leader Ernesto Geisel, Brazil gave out subsidized loans
to build ethanol production facilities, funded ethanol-based automobile
research, and ordered firms to at least try utilizing ethanol in their
fleets. They also guaranteed a base price for the ethanol, assuring the
producers that they would at least earn something for their work and
making the investment seem plausible.
By 1980, nearly 20% of Brazils’ energy was based on ethanol. By 1985,
90% of Brazil’s cars were running solely on ethanol.
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Figure 5: Brazilian production of ethanol since 1975, showing the stages of its longterm growth: initial expansion, deceleration due to instability in the government and
economy, and continued expansion. It shows how Brazil, using quite literally sheer
force of will and determination to make ethanol a long-term solution, was able to build
a major energy source from the ground up.

Of course, there were setbacks: dramatic oil price spikes made it hard
for the government to keep up with adequate subsidies mid-transition,
and there was unease about ethanol in general as manufacturers
continued to turn little profit, if any. But by the 2000s, Brazil’s ethanol
had gained a sizeable competitive advantage, which remains ever
stronger today (see Figure 5).
To sum up why this is important, we turn to Potter’s paper:
Brazil invested in making ethanol production more efficient and has
subsequently reaped the rewards of that investment. The efficient
production of sugar-based ethanol cannot occur overnight but instead
results from decades of hard work and gradual improvements. “Over
the past 20 years, [the government-funded research lab] has developed
some 140 varieties of sugar, which has helped lower growing costs by
more than one percent a year.”
There are differences between Brazil and the U.S. that cannot be
denied. Brazil is the best place to produce ethanol, with vast amounts
of rain-soaked, fertile land. And a military-leader-led government, for
all its faults, can certainly make faster, more efficient decisions and
implementations than our democratic one. But the bottom line is that
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Brazil played to its inherent strength in ethanol productions; why can’t
the U.S.? We already have experience with nuclear energy, are a huge
producer of ethanol, and have plenty of coal (all to be discussed in the
following sections). Why not utilize that?
We have the capability to recreate the energy system with these three
energy sources: coal, biomass, and nuclear. Since all of these energy
sources are used to make electricity, sooner or later the U.S. will need
to follow it up with large-scale electrification projects, especially in the
transportation industry. But getting the right energy sources is the first
step we need to take, and these three sources could be the key to the
future of U.S. energy.

Figure 6: Total U.S. expenditures on energy, by source, in 2009. This paper will focus
on coal (with CCS), biomass, and nuclear, all of which, as illustrated, require very little
annual spending while still providing 32% of U.S. energy (see Figure 1). (EIA Annual
Energy Review, October 19, 2011)
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3 Sources
3.1 Nuclear
Nuclear has all the qualities needed to be a dependable long-term
energy source. As shown in Figure 7, the two biggest factors affecting
the levelized cost of energy (the cost of energy that would perfectly
balance the investments made) were the actual construction of the
plant and the lead time (the time between the planning and actual
execution of the construction). These short-term costs are quite high
and are affected greatly by the discount rate. The discount rate is a rate
assumed by investors, based on perceived risk, to determine what they
want their returns to be; a higher discount rate will cause an investor to
settle only for very high returns and to only invest in the safest projects.

Figure 7: Tornado graph for nuclear, demonstrating impact of different cost variables
on the levelized cost of energy (LCOE) (IEA, 2010). As shown, the short-term discount
and construction costs are the biggest factors, while the long-term costs of fuel and
carbon are very small.

42		

Alec Drobac

But once these short-term costs are paid, the lifetime, fuel, and carbon
costs of the plant have an incredibly small impact. This is further
supported by the fact that even though nuclear provided 9% of U.S.
energy in 2010, a fourth of the 37% that petroleum provided (see
Figure 1), 50% of U.S. energy expenditures were on petroleum, and
only 4% were on nuclear (see Figure 6).
One of the biggest benefits of nuclear energy, as mentioned above, is
the fuel cost. The price of uranium for the past three decades has been
consistently low (Figure 8). There can be large spikes in the price, like
the one in 2007 caused by a decrease in inventoried uranium and a
projected increase in demand for nuclear power (Uranium Resources,
INC., 2010). But since nuclear plants refuel at predetermined points
over a long period of time (for example, replacing the uraniumbearing rods every two years), the spike has little impact on the longterm spending of the plant. This means that even if increased demand
for nuclear energy causes uranium prices to fluctuate more in the
future, the long-term fuel plans will enable nuclear energy to ride out
the worst of the price swings.

Figure 8: Price, per pound, of uranium since 1982. The spike in 2007 was caused by
projected increase in demand, but overall prices are very stable, suggesting long-term
economic stability of nuclear energy (indexmundi.com).
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On top of this, the U.S. has a significant amount of uranium (the fifth
largest supply in the world) as shown in Figure 9, and if imports are
needed, the countries with the largest supplies (Australia and Canada)
are friendly with the U.S.

Figure 9: Global uranium resources, in two price categories. Australia has by far the
largest supply, while U.S. is fifth. Also, the fact that the two largest suppliers are on
good terms with the U.S. increases the possibility of stable exports. (World Nuclear
Association, 2009)

We can also count on uranium reserves supporting global nuclear
energy for hundreds of years. Although at current rates of uranium
extraction, predictions would only give the U.S. an 80-year supply,
these predictions are subject to significant change. Historically, other
metal minerals have followed a trend where a “doubling of price from
present levels could be expected to create about a tenfold increase
in measured economic resources, over time, due both to increased
exploration and the reclassification of resources regarding what is
economically recoverable” (World Nuclear Association, 2009) (see
Figure 10). This, when applied to uranium, could quickly push the
timeline past 200 years. And on top of this, if extraction of uranium
from seawater can be achieved (which is plausible), the timeline
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becomes thousands of years long (World Nuclear Association, 2009).
All in all, nuclear energy, an energy source we’re already acquainted
with, and one with extremely low costs after set up, would be a very
attractive option for long-term energy.

Figure 10: This figure illustrates how increased prices of uranium can lead to increases
in the supply of uranium itself. Potential effects are increased exploration for uranium
reserves, lower cut-off grades for what is “economically viable,” higher efficiency, and
overall improved technology, all of which can, like what has been happening to oil for
many decades, continually extend the time for which uranium can support us. (World
Nuclear Association, 2009)

3.2 Biomass
Biomass, the only true renewable energy source on this list, has
minimal carbon and waste costs. However, biomass is still much in
the short-term cost phase, unlike nuclear energy, which has become
a well-established source of energy in the U.S. As shown in Figure 6,
biofuels (the liquid fuel energy source derived from biomass), like
nuclear, were the recipient of $5 billion in expenditures in 2009, but
the difference is that biofuels were only responsible for 1.8% of total
energy consumption (see Figure 11). It is a significant portion of the
renewable energy, but much more investment and research needs to
be undertaken in order to make it a viable energy source. The biggest
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problem facing biomass/biofuels right now is scale. If biofuels simply
cannot produce a reasonable amount of energy relative to the amount
of resources available, then it will be nearly impossible to use them. For
example, a recent study on a strain of brown macroalgae (Wargacki et
al., 2012) shows potential for producing 19,000 liters/ha/year, which
is twice as much as current sugarcane-based ethanol (see Figure 12).
While this is a big improvement, a hectare (ha) is still a large amount
of space (100 m x 100 m). And while the ocean has many hectares
of space, there’s a diseconomies of scale problem; how, theoretically,
would a firm manage so much space?

Figure 11: Renewables as share of total energy production in 2010. Of the 8% of total
energy that renewable sources provided, biofuels provided nearly a quarter. (EIA 2010)
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However, with continued research, it is still possible that even more
efficient biofuel production methods can be created. And even if
biomass is found to be too resource-intensive to be a direct energy
source, it could still be greatly beneficial as an additive for current
petroleum fuels. This would not only reduce the strain on biofuel
manufacturing, but would allow the biofuel to sell at a price higher than
current oil prices because it improves the base oil, which previously
would have competed it out of production (Radich, 2004).

Figure 12: A view of a macroalgae production facility. In order for biofuel energy
production to be viable, many logistical problems will need to be solved, most notably
where to find the necessary space and how to manage it. (Nature Magazine, June 2011)

Even with all of the potential pitfalls, biofuels continue to be an energy
source worth pursuing. The biggest benefit of biofuels is that the U.S.
can produce it on its own, and therefore would not have dependency
on other countries to obtain it. As shown in Figure 13, the U.S. is the
second largest producer of bioethanol and biodiesel, behind Brazil. So
the U.S. clearly has the ability to produce an economically worthwhile
amount of biofuel, and even if imports are needed, importing biofuel
from Brazil, with whom the U.S. is on relatively good terms, carries far
less political angst than importing oil from Venezuela or OPEC.
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Figure 13: World production of bioethanol and biodiesel. Brazil and the US have been
consistently the biggest producers. This means that the US could be an independent
leader of the biofuel production industry, without much international trading/aid
(IEA, 2007)

And there’s one other benefit that is often overlooked: it’s a liquid fuel.
Transportation systems are completely dependent on liquid fuels (i.e.,
gasoline), so biofuels, unlike nuclear or coal energy, could be rapidly
assimilated into the transportation sector without having to electrify
the grid with battery-powered cars, which may take many more decades
to develop. Not having to reinvent the transportation sector to use this
new source of energy is a huge benefit; after all, the transportation
sector uses 28% of the U.S.’s consumed energy (see Figure 1), but the
electricity produced by nuclear and coal plants can’t even be used there
because the U.S. doesn’t have a fleet of battery-powered cars. This key
difference sets biofuels apart from nuclear and coal. Whereas nuclear
and coal energy are already in production but aren’t yet useful for the
transportation sector, biofuels, which are in very limited production,
are much more prepared to transport the economy in the future.
Biofuels will require a little more work in order to become a viable
source of energy, but the potential benefits of an amazingly clean,
flexible, and U.S.-advantageous energy source are simply too great to
pass up.
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3.3 Coal with CCS

Figure 14: Comparing cost factors on LCOE for coal with and without carbon capture
and storage (on left and right, respectively). The “with CCS” graph illustrates a massive
drop in the impact of carbon costs on overall costs (IEA, 2010)
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The third and final energy source on the long-term stability list is coal,
provided we develop carbon capture and storage. As you can see in
Figure 14, coal without carbon capture and storage (CCS) is expensive
in both the short term and the long term; the construction costs, while
not quite as much a factor as for nuclear, are sizeable, and the fuel
and carbon costs are extremely significant. However, when augmented
with CCS, although construction costs go up, carbon costs are slashed
and fuel costs are also augmented. As seen in Figure 15, the price of
coal has been decreasing steadily since the 1980s because “firms have
gotten very good at blasting the stuff out of the ground” (economist.
com 2010), but it’s still higher than the price of uranium or biomass.
However, not only are coal plants already in widespread use in the U.S.,
but also the U.S. has a lot of coal, in fact more than a quarter of global
reserves (Figure 16). By augmenting existing coal plants with CCS
systems, the U.S. can create a much cleaner, much more sustainable
energy source, without starting from the ground up, that plays to its
inherent resources.

Figure 15: Semiannual coal prices, 1972 -2002, which have been steadily decreasing as
firms get better at extraction. (economist.com, 2010)
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Figure 16: Coal reserves of top 10 coal producing countries. The U.S. and Russia have
more than a third of global coal, which means the U.S. doesn’t have international
dependence for coal supplies.(Heinberg and Fridley, 2011)

Creating a widespread, cheap, and effective CCS system is already
under way, but needs more time to fully be realized. CCS is not a
single technology; there are different technologies required for the
actual carbon capture, transporting it, storing it, and making sure
it doesn’t leak out. Currently there are four options for the actual
carbon capture (illustrated in Figure 17); the two main ones are preand post-combustion capture of CO2. Post-combustion is the most
common type, but has a high energy “penalty”; it uses an amine
solution to absorb the carbon, then a spike in temperature to remove
it once collected, and that temperature spike requires a large amount
of extra energy. Pre-combustion, however, uses pressure to separate
out the carbon beforehand, and so requires less energy, reducing costs
(Fernando, Hiranya, et al., 2008). To make CCS a long-term solution
for the coal industry, pre-combustion carbon capture, currently with
little experience and testing, needs to be pursued further. Then, of
course, the carbon needs to be stored somewhere, such as the deep
ocean where it will be under too much pressure to escape. Overall,
while this seems like a lot of work, augmenting a preexisting energy

THE MENLO ROUNDTABLE		

51

source is far simpler than creating an entirely new one, and coal is the
only one of those three largest energy sources that can actually be fixed
in a fundamental and sustainable way.

Figure 17: A brief summary of the four potential carbon capture methods for coal
plants, showing where in the energy production process the CO2 is extracted.
Pre-combustion utilizes high pressure to gasify the fuel and remove the carbon; this uses
less energy than the other options, which require large amounts of heat. (KBR, 2011)

4 What the U.S. can do to get started
As Horace once said, dimidium facti qui coepit habet—he who has
begun has half the deed done. And this is exactly the case if the U.S.
wants to begin the process of setting up long-term energy; the hardest
part of making it long-term is making that initial investment. But the
U.S. could work hard to make the process as smooth as possible.
4.1 Step 1: Convincing people that, yes, we have a problem
The very first thing that needs to be done is convincing people to fix
the energy system in the first place. Many would argue that steady and
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incremental fixes to the energy system will be more than enough to
sustain our way of life; that a little more drilling or a few more miles
per gallon in our cars will keep the energy system together. But this is
assuming that the energy system only needs these small fixes, these
band-aids, when in reality there is a very real potential for catastrophic
failure. The idea here is to fix what will break, because an energy system
that hinges for the most part on a fast-depleting, ever-pricier, dirty fuel
source that exists mainly in a fractured Middle East will break. And we
won’t be able to fix it with a band-aid. It could break 50 years from now,
when the oil wells run dry, or in 50 days, if the Middle East erupts into
another bout of cultural upheaval and cuts off supplies (less likely, of
course, but not entirely improbable). As a model we have Brazil, which
reacted to an international oil crisis by reconfiguring their domestic
industry in a way that would prevent future crises. How many more oil
shocks, or energy crises in general for that matter, does the U.S. need
to start being proactive as well?
This is arguably the hardest part, a massive psychological and political
shift in motivations. It’s not something I am, or will ever pretend to be,
an expert on. But it can be done; people just need to be moved to care.
4.2 Step 2: Make money flow more easily into creating the
new energy system
The next step is to make lending to and investing in these new energy
sources more appealing, because the new energy sources will only ever
begin to develop if new firms start proliferating the industry. Since
creating the power plants and infrastructure for a new energy grid is a
capital-intensive project, costs will need to be covered with loans and
investments.
For loans, the banks will need a guarantee that the money they loan
out will be paid back. If the U.S. government created an agency that
could promise the banks that loans taken for spending in these new
energy capital projects would be repaid (like an FDIC specifically for
energy loans), then the banks would be more willing to lend money
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to new energy companies at low rates because they would know they
would always get their money back.
With the lower interest rates on the loans, the economics of these
capital projects, and therefore their likelihood to succeed, would
increase. The capital projects would become less risky. This brings us
to the investors.
The investors—the people who will buy stock in these new energy
companies taking out the loans—will want an investment that will give
them good returns. To determine how good their returns will be, they
assume a discount rate. As discussed earlier, the discount rate is what
the investor believes is an appropriate rate of return on his investment,
given how risky he/she believes the investment is. As written in the
IEA Projected Costs of Electricity (2010):
Increased uncertainty drives up costs through higher required returns on
investment/discount rates, and this applies to all electricity generating
technologies. However, higher discount rates penalise more heavily
capital-intensive, low-carbon technologies such as nuclear, renewables
or coal with CC(S) due to their high upfront investment costs…
So especially for these new energy sources, the discount rates the
investors assume will determine how many investments the energy
companies actually get. If the discount rates are high, then the energy
companies will get fewer investments because the investors will deem
only a very good rate of return is appropriate, and so only a few investors
will think it worth their while to invest in the energy start ups.
But as we just discussed, the loan guarantees for the loans taken out by
the energy companies would make the capital projects less risky, and
the investors would see that. They would assume lower discount rates,
deem a lower rate of returns appropriate, and would be more willing
to invest. One government agency could support two sources of funds
for the new energy firms (see Figure 18).
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Figure 18: One government agency can create increased loans and investments in new
energy firms.

4.3 Step 3: Acclimate the new energy sources
Assuming that everything above works out (admittedly a very large
assumption), the final incentive the U.S. government would need to
provide is some sort of safety net for the fledgling energy system. Even
if the plants were built successfully, the preliminary energy grid started
running smoothly, and the new technologies started producing energy,
the new energy sources would still have to compete with our preexisting energy sources, like petroleum and natural gas, just as ethanol
in Brazil took many years to outcompete petroleum there. There would
be no guarantee that they would be able to sell at a reasonable price at
first, if at all. But the U.S. government could provide such a guarantee,
with a feed-in tariff. A feed-in tariff is basically a base price that the
government promises it will pay for the energy. This would allow the
new energy technologies to safely enter the energy market without
immediately being out-competed by petroleum and natural gas, and
would ensure that investors would get a reasonable return on their
investments.
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And from there, if all of this came off smoothly, all the U.S. would
have to do is wait and watch as these new energy sources gained more
momentum and leverage. Brazil waited three decades for ethanol to
come to life; the U.S. could certainly wait that long as well.
5 Conclusion
There are a lot of problems with energy: costs, availability, practicality,
distribution, environmental friendliness. That’s why there are so many
different sides in the energy argument. Politicians get a bad rap for
continuously deliberating these issues without coming to a consensus,
but with energy there truly is no win-win situation. Compromise is the
only solution.
That said, I believe that this is as good as a compromise is going to
get. Here is an energy system that will last not for a decade or two but
for centuries; once we set it up (which we have a head start on), it’s
more efficient, greener, politically safer and, most importantly, cheaper
than our business-as-usual state of affairs. It’s hard to stomach, and the
investments and research may take several decades to collect before
we can even start implementing this strategy at all. But the reality is
that nothing motivates change like money. That’s why we need to take
energy and make it cheap.
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ATLAS I
Micah Rosales
1 Abstract
ATLAS I is an advanced robot capable of interacting with a remote operation terminal. The robot responds to remote commands transmitted
wirelessly. In addition, it engages in two-way communication with the
terminal. The robot transmits a list of features that the robot has detected and the distance that it has translated as well as the angle it has
rotated. This allows the remote terminal to track the robot’s progress in
addition to controlling it remotely.
2 Introduction
2.1 Applications
Imagine a world in which human navigation is obsolete. All cars,
boats, planes and other vehicles would be able to navigate based on
their surroundings without the help of a human operator. Upon further advancement of robot navigation, it is possible to make vehicles
self- and environment-aware, removing the need for human operators.
This type of autonomous operation would eliminate the erratic human
behavior of driving and reduce the number of deaths resulting from
motor accidents.
Furthermore, all exploration would be done autonomously. There
would be no need for humans to operate rovers or manually drive a
vehicle to explore a new environment. All exploration could be automated, greatly expanding the efficiency of exploration.

This paper was written for Dr. James Dann’s Applied Science
Research class in the spring of 2012.
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Realistically, this vision has already begun to arrive. For example,
Google is in the late development and testing phase of their autonomous vehicles that are capable of driving on roads unassisted (See Figure 1). [1]

Figure 1: Google’s autonomous car project. The sensor-equipped car has already
demonstrated great success. The car safely completed the drive from Palo Alto to
Santa Monica and has driven a blind man around for an entire day, completing
all of his personal errands. [1]

2.2 Motivation
The motivation for this project originated last year during a robotics
elective course while I read Maja Matarić’s book The Robotics Primer.
[2] The book exposed me to the concept of simultaneous localization
and mapping (SLAM). SLAM is a process in which a robot simultaneously maps all of the terrain features around it and determines its location on the map that it is creating. Using this information, the robot
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then finds a path to safely navigate through the environment. Matarić’s
book did not go into much more depth, but it sparked further thought
and curiosity about SLAM. The more I thought about the problem, the
more complex it became, and then I made it a goal to make my own
SLAM robot.
Initially, the target objective was to produce a robot fully capable of
SLAM. As I learned more about the challenge and thought about possible methods of meeting it, the full complexity of the issue began to
emerge. When I began to read more in-depth descriptions of various
SLAM techniques, I realized that I was in a bit over my head. In order
to accomplish my initial goal of a complete SLAM solution, I would
need extremely expensive and accurate systems to detect obstacles
and to move the robot precisely. Moreover, I did not have a sufficient
background in mathematics to completely understand the processes
required for SLAM. At this point there were two possible paths: I could
make a robot and convert a previously existing SLAM program to function with my robot, or I could simplify my objective. I chose the latter
because I found it much more fruitful to make my own product from
start to finish rather than rely on a large foundation of pre-existing
frameworks. As a result, Atlas does not perform SLAM, but only minor
mapping. The robot will detect objects around it with the objective of
avoiding them, but does not possess sufficient accuracy to maintain
a detailed map of the surrounding environment. In order to replace
the deficit created by the lack of a complete SLAM solution, Atlas now
possesses the ability to be controlled remotely rather than function
solely in an autonomous mode. This feature is much more interesting
than pursuing SLAM further at this moment because I understand the
frameworks behind it and I can create my own programs to accomplish
the remote control.
The robot does not actually perform SLAM for several reasons. Firstly,
it does not actually perform any kind of localization. If left to its own
resources, the robot would have no idea where it actually is. Furthermore, the robot’s primitive style of navigation does not fully constitute
a mapping solution. The robot does scan the environment around it
and graphically represent the features around it, but the rapid accumulation of error and the lack of detailed resolution make Atlas’s style
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of navigation much less sophisticated than SLAM. Despite the large
differences between the two, Atlas was still inspired by simultaneous
localization and mapping, so this paper will place an emphasis on the
study of SLAM rather than that of any other field.
2.3 History of Robot SLAM
SLAM theory was conceived in 1986 at the IEEE Robotics and Automation Conference in San Francisco, California. As the concept of
a probabilistic approach to robotics and artificial intelligence was just
beginning to form, researchers began to evaluate it in the context of
robot mapping and localization. Several key papers written by Hugh
Durrant-Whyte as well as Randal Smith and Peter Cheeseman helped
popularize the probabilistic approach to mapping and using statistics
to describe the relationships between landmarks in the environment.
Smith and Cheeseman showed that it was possible to both estimate
the location of an object and determine the error (or variance) of that
estimate. They could therefore determine the probability of an object
being located in a specific area. They then suggested that the primary
use of this theory would be to estimate ahead of time when sensing a
specific area, which is necessary to improve the accuracy of location
estimates. Smith and Cheeseman’s method also gives a quantitative
method for determining the occurrence of sensor “glitches” because
the probability of an object being in a specific place can be compared
with other measurements of the same probability.
Several years later, Smith published a revolutionary paper that showed
that the observations a mobile robot makes of its surrounding landmarks are all correlated with each other because they share a common
error in the approximated robot’s position.
The next major development in the history of SLAM robotics occurred
in 1995 at the International Symposium on Robotics Research. At the
conference, the term “SLAM” was coined and the most important development in the solution of the problem was revealed. Michael Csorba
discovered that the key to the problem was the correlation between
landmarks, and he emphasized their importance rather than trying to
minimize their importance. [3][4]

THE MENLO ROUNDTABLE

63

3 CAD Drawings

Figure 2: Overhead view of the robot chassis. Wheels and gear assemblies are in place,
along with a strong framework between the chassis rails to support a payload between
the rails. The scanning rangefinder will be placed in the middle of the chassis on one
of the plates, and the computer will also be added after another layer has been placed
above this one. The robot is 18 in. long by 18.5 in. wide.
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Figure 3: A close-up angle of the wheel assembly. Each wheel is powered by a separate
motor that is geared up for more torque. This allows the robot to navigate and steer
accurately using a differential drive system.
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Figure 4: A close-up of the gear assembly. A 36-tooth gear is attached to the motor and
an 80-tooth gear is attached to the shaft that drives the wheel. This ratio gives each
wheel greater torque than the motor provides alone. Since the mechanical advantage
is equal to the ratio of the number of teeth on the output gear to the number of teeth
on the input gear, the torque of the motor is multiplied by 20/9, or approximately 2.22.

4 Theory
4.1 Motion
One of the most challenging aspects of making a robot capable of navigation is that it must know its own pose. This means that the robot
must be able capable of both tracking the movement of its actuators
and using those positions to estimate its position with respect to its
initial position. Furthermore, the robot must be able to store the information about its pose relative to the environment around it.
In order to keep track of Atlas’s motion, I initially planned to use four
sets of quadrature encoders (one set per motor axle). Each encoder
would consist of a magnet mounted to the rotating axle of the robot
and two Hall-effect sensors mounted 90° from each other around the
axle. The magnet would trigger each sensor each time it passes the sensor, making each sensor activate once per revolution. This also means
that one of the sensors would be activated a quarter of a revolution
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before the other one. By observing which sensor was triggered first, it
is possible to discern the direction of the wheel’s rotation. See Figure 5
for an example of an encoder pulse.

Figure 5: Sample pulses from a quadrature encoder. The two lines represent the data
from the two different Hall-effect sensors. When a magnetic field is detected, the line
reads high. In this sample, sensor A is triggered before sensor B, indicating that the
wheel is spinning in the direction from A to B. In addition, each set contains five pulses,
meaning that the magnet passed the sensor five times and the wheel completed five
revolutions. This information indicates the distance traveled (revolutions multiplied
by the circumference of the wheel) and the direction of the wheel.

Instead of using the method outlined above, each encoder only requires
one Hall-effect sensor, because the microcontroller controls the direction of rotation and only one sensor is needed to measure the rotation
count of the axle.
By measuring the revolution count of each motor, it is possible to track
the robot’s movement. It also facilitates movement in a straight line,
because encoding allows the robot to travel until both wheels have traveled the same distance, not just the same amount of time. Similarly, it is
possible to make accurate turns by using the encoder counts to turn the
wheels a specified distance.
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After the robot determines the distance it has traveled, it is necessary to
store the information about its position in the environment. The robot
will store an absolute position, as an estimate of the movement since the
start and the angle that it is facing. For more information concerning
the method the robot uses to store environmental data, see Section 4.2.
4.2 Obstacle Detection
The primary sensor that the robot uses to detect objects is a Parallax
PING ultrasonic rangefinder. The rangefinder operates by sending out
a pulse and waiting for the pulse to bounce off an object and return to
the sensor. (See Figure 6). The sensor then uses the time elapsed between transmission and reception of the pulse and multiplies it by the
speed of sound to calculate the distance traveled by the sound wave.
Half of this length is the distance to the object because the initial value
includes both the outgoing distance and return distance.
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Figure 6: Parallax PING ultrasonic rangefinder operational diagram. The sensor has
three pins, providing a power ground and signal interface. The microcontroller (left)
provides a start pulse to the signal pin, and then listens for the echo pulse on the same
pin. After the sensor receives the start signal, the emitter end releases a pulse or “chirp.”
The pulse then reflects off an object and the receiver end detects the echo. The length of
the pulse then corresponds to the time between the chirp and echo, which allows it to
be converted into a distance measurement. [5]

In order to detect objects around the robot, the ultrasonic rangefinder
is mounted on a servo motor using the Parallax mounting brackets.
(See Figure 7.) Because a servo allows for 180° of rotation, the robot
can scan for objects in a 180° field.
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Figure 7: Parallax PING rangefinder mounted on a servo using the Parallax
mounting hardware. [6]
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In order to collect data about obstacles in the environment, the servo
moves one step at a time, collecting a distance measurement at each
step. Then, using simple trigonometry equations, the angle of the servo and the distance measurement are used to find horizontal (X) and
“vertical” (Y) components of the object relative to the robot. See Figure
8 for a diagram of component calculations. As the sensor is mounted
on a rotating servo motor, the area that is scanned will be in the shape
of a semi-circle. In order to avoid “detecting” the same object multiple
times, but in slightly different directions, the robot will clear the entire
semicircle representing its maximum sensor range before plotting the
newly detected obstacles.

Figure 8: Trigonometric calculation of vertical and horizontal components. The
horizontal component is the cosine of the angle multiplied by the distance measured
by the ultrasonic sensor, and the vertical component is the sine of the angle multiplied
by the distance.

THE MENLO ROUNDTABLE		

71

After calculating the components of an object’s position, the robot
must record the positions. Initially, the robot mapped the environment
by plotting objects on a two-dimensional grid such as the one shown
below in Figure 9.

Figure 9: A two-dimensional grid that contains the location of the robot (circle) and
the position of obstacles detected by the ultrasonic scanner. The size of each square can
be variable, and will be optimized to produce the most efficient results. For example,
each square can represent a 2 cm x 2 cm box, or a 5 cm x 5 cm box, and until the robot
is complete, the optimal size cannot be determined. Using the knowledge of whether or
not a certain cell is occupied allows the robot to find a path through a set
of obstacles.
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Figure 9 simply shows a single 10 x 10 grid of cells. In some cases, this
grid may be acceptable; however, it is not practical for a robot that
wishes to achieve self-navigation to be limited to a specifically sized
area of operation. For this reason, an interface that implements an infinitely large set of grids will be used to keep track of the robot’s map of
the environment.
From a theoretical standpoint, each grid is connected to four neighbors
(top, bottom, left and right). Figure 10 shows a map of interconnected
grids. When the robot reaches the edge of a grid, the measurements
will start to be recorded in the adjacent grid. Although the size of the
individual grids can be enlarged to contain a greater portion of the environment, smaller grids are used to maximize the runtime efficiency.
In order to fully understand this efficiency, it is necessary to approach
the problem from a programming standpoint.
Because the grid must be stored on a machine with limited memory
and runtime speed, it is necessary to make certain modifications to
enhance the speed of the program. When the program begins, it will
consist of a single grid, without any neighbors. However, when the robot reaches the end of the grid that it is in, the program generates a
new neighbor in that direction. In this manner, the program is able to
maximize efficiency by only creating small grids when and where they
are necessary. This also prevents the processer from having to iterate
through a large grid every time it makes a calculation rather than a
small one. For example, a grid could have a neighbor to its left and one
above it, but lack neighbors below and to its right. Programmatically,
the different grids are stored in a “map.” A map is essentially a data
structure that relates a “key” with a corresponding “value,” so in this
application, each grid is stored using its distance from the initial grid
as its key. This makes certain no duplicate grids are created if the robot
approaches a familiar area from a different direction. For example, in
Figure 10, Grid 0 would be identified as the origin grid (0,0), and Grid
6 would be identified as the Grid (1,1) because it is forward one grid
and to the right by one grid.
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Figure 10: Array of grids to record a map of the robot’s surroundings. Each grid is
generated as it is discovered, so a new array is created each time it reaches an edge of
its current grid. Every grid has four connections to its neighbors, allowing the grid to
expand infinitely in all directions.
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4.3 Mapping
The grid technique outlined above was eventually replaced by a more
efficient method using vectors and matrices to track features. Each obstacle is defined using the vector representing its distance from the robot. A list of all the features is maintained, so only detected obstacles
use storage space, not all explored cells as in the grid technique.
Every time the robot moves, each vector is multiplied by a transformation matrix, which is created using the robot’s movement. For example,
if the robot moves directly forward, rather than just changing the robot’s position, all of the features are moved backwards, so the map is
always from the robot’s perspective.
This manner of mapping is more efficient because it only records obstacles, and does not have to waste space and time storing the fact that
a specific region is empty.
4.4 Obstacle Avoidance (Navigation)
After all of the information about the environment through which the
robot is travelling, it is still necessary to navigate through the actual environment. When moving forward, backward, or laterally, the process
is easy. The robot simply has to find a space that has more open grid
cells across than the width of the robot, and then drive through it.
In order to accomplish the more complex task of navigating “diagonally” respective to the grid cell system, more work is necessary. Because
the robot scans in an arc, the largest opening can be found by measuring the distance between the two detected obstacles on either side of an
empty sector of the semicircle scanned.
While navigating autonomously, the robot will just repeatedly perform
this obstacle-avoidance operation. The robot will scan until it finds an
opening large enough to fit it, then it will proceed to move through
the opening. If no obstacles are detected, it will just continue to drive
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forward until obstacles are detected. When forced to choose between
different directions to travel or different gaps to navigate through, Atlas
will choose a path at random.
Although this method of mapping contains a large amount of error and
is difficult to implement, it is still much simpler than complex mapping
systems and is a much more manageable task. The product that results,
however, will not be a sophisticated mapping robot, but rather one that
detects and avoids obstacles while simultaneously exploring new territory.
A system of navigation, however, was not implemented for the new
mapping interface, which uses matrices and vectors to track locations.
4.5 Remote Operation
4.5.1 Network Setup
One of the key features that Atlas has is the ability to navigate based
on remote commands. The robot receives commands over WiFi and
executes them immediately. Initially, Atlas connected to a wireless network by using a Linksys wireless router as an Ethernet bridge between
an Arduino microcontroller with an attached Ethernet shield and the
wireless network. See Figure 11 for a diagram of the network communication system.
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Figure 11: Network Communication Diagram. The robot (represented by Arduino with
Ethernet Shield) uses the onboard wireless router (bottom left) to connect to a wireless
network. Ultimately, this connects the Arduino to yet another router that broadcasts
the wireless signal. The remote terminal (top right) is also connected to this wireless
signal, so it can send commands to the Arduino through the network by using its local
IP address.

The network setup was updated, however, eliminating the need for a
router to act as a bridge. A WiFly shield for the Arduino breaks out a
WiFi adapter and antenna and allows communication with the Arduino through a serial interface. The diagram for the updated network is
shown below in Figure 12. Although this experiment placed the remote
terminal and robot on the same WiFi network, the remote terminal
could be located anywhere, as long as the router forwarded traffic on
the correct port to the robot.
4.5.2 Wireless Data Transfer
In order to send and receive commands, the internet-connected devices use the Transmission Control Protocol (TCP) to transfer data. TCP
is an extremely robust and reliable protocol because it ensures packet
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Figure 12: Network Communication Diagram. The robot (represented by the Arduino
with a WiFly shield) connects directly to a wireless network. The remote terminal
(computer) is connected to the same WiFi network so it can send commands to the
Arduino using local IP addresses.

transmission. This means that when a device is sending a message, it
confirms that the message was delivered accurately and completely. The
downside about TCP is that delays can sometimes be incurred while a
device is trying to resend or correct a corrupted or lost data packet. I
chose TCP over the User Datagram Protocol (UDP), which is another
protocol that focuses on reducing latency rather than emphasizing reliability, because UDP communications with the robot proved to be
extremely unstable and data stream would frequently get corrupted,
resulting in a complete loss of control. This was unacceptable because
when the packets got corrupted, not only would the robot not be able
to receive new commands, but it also would not be able to stop if its
motors were already running.
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5 Design
The goal of this section is to illuminate the reasoning behind some
aspects of the robot’s technical design, and it will focus on the most
commonly asked questions about the project.
5.1 “Why are there three Arduinos?”
The robot uses three different microcontrollers because they all perform different tasks. Arduinos cannot perform multithreading, meaning that they can only perform one operation at a time. Although this
does not hinder basic operation, when the robot is trying to perform
several intensive operations simultaneously, one Arduino cannot handle the load. More specifically, it cannot handle when operations require time delays, such as the millisecond pulses to turn on the motors
or, more significantly, the ultrasonic pings, which take time to send,
receive and process.
The second reason is that there just are not enough pins on the Arduino to cope with the number of inputs and outputs for the robot. The
first Arduino (with the WiFly shield) uses all the pins unused for the
shield to control the motors and link it to the other Arduinos, leaving
no extra pins to receive other input. The second Arduino controls the
sweeping rangefinder. It constantly scans the area in front of the robot
and logs all objects spotted. At the end of each sweep, if new objects
have been found, a list of all the points (polar coordinates with an angle
and distance) is sent to the internet-connected Arduino. The third Arduino controls the motor encoders. This controller constantly polls the
four Hall-effect sensors to update the counts on each one. Each time
the robot moves, the third Arduino sends back the position data to the
internet-connected Arduino.
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5.2 “Why are there two batteries?”
The robot uses two batteries for one reason: the motors cause current
spikes that disrupt other devices. Initially, the robot was completely
powered by one battery, but through testing I found that when the robot turned or reversed direction, there were current spikes in the circuit, occasionally causing the Arduinos to reset. This posed a problem
because there would be a ten- or more second delay before the WiFly
shield could reconnect to the network, so a second battery was introduced to eliminate the spikes by powering the motors off of one battery
and the circuitry off of the other.
6 Appendices
6.1 Appendix A: Parts Lists
6.1.1 Miscellaneous Parts
Part

Purpose

Purchased From

Price ($)

PING Ultrasonic
Sensor + Mounting
Bracket

Scanning
Rangefinder

Parallax

39.99

Arduino Uno

Processing for
Rangefinder

Sparkfun

29.95

Arduino Uno

Motor Controller
+ Internet Interface

Sparkfun

29.95

Arduino Uno

Processing for
Encoders

Sparkfun

29.95

Arduino WiFly
Shield

Internet Interface

Sparkfun

89.95

Batteries
(9.6 V, 7.2 V)

Power Supply

RadioShack

15.00
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6.2 Appendix B: Software
See roundtable.menloschool.org for robot code and remote terminal code.
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Diffusion Cloud Chamber
Alex Welch
1 Abstract
In this experiment a diffusion cloud chamber and Helmholtz coils were
used to analyze the energy of beta particles from strontium-90 and
cosmic rays. The Helmholtz coils were able to produce a magnetic field
with a strength of 0.0141 T with approximately 3 A going into each
coil. The experimentally determined mean energy of the beta particles
from the Sr-90 was .3081 MeV/c with a standard deviation of .1489,
which was less than the accepted energy of .546 MeV/c because the
experiment was only able to find one component of the energy of the
electron. The cosmic rays that were observed had a range of energies,
the highest of which was 2.13 MeV/c. During this experiment the
scientist learned about the physics of Peltier cells, rectifiers, Helmholtz
coils, cloud chambers, cosmic rays, and radiation.
2 Introduction
The first cloud chamber was invented by C.T.R. Wilson in 1911. This
cloud chamber uses pressure changes to supersaturate the vapor in the
chamber for track viewing. The diffusion cloud chamber was invented
in 1939 by Alexander Langsdorf and takes advantage of temperature
differences rather than pressure. [3] The first major discovery made
by a cloud chamber was the positron, the antimatter particle of the
electron. In 1926 the first positron was observed by Dmitri Skobeltyn,
but he did not publish his results because the thought of antimatter
had not been conceived yet. He had assumed that the track that he saw
was the chance overlapping of two different tracks. He was not the only
one to see these “electrons falling back into the source,” but nobody
made the leap that what they were seeing was in fact not an equipment
malfunction but a positive electron until Anderson in 1932. [4]
This paper was written for Dr. James Dann’s Applied Science
Research class in the spring of 2012.
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Anderson’s analysis was not based on the theoretical paper that was
published by Dirac a year earlier, but purely on the logical conclusions
he was able to draw from his cloud chamber observations. Figure 1
is a schematic of the photograph that Anderson used to prove the
existence of the positron. He stated that “the track…cannot possibly
have a mass…of a proton…[the length…is…ten times greater than…a
proton path of this curvature]” [4] and the particle veers towards the
negative side of the chamber. Therefore the particle must be a positive
electron. A year earlier Millikan had seen the same phenomenon, but
had concluded that the positive particle was a proton with 450 MeV/c,
a completely ridiculous value. Instead of looking forward as Anderson
had, he assumed that the explanation of how ionization of protons
varies with energy was wrong. These conclusions refer to the left-most
track in Figure 2. [4]

Figure 1: Anderson’s schematic of first recorded positron [4]
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Figure 2: Milikan’s schematic positron track in cloud chamber [4]

In 1933 Anderson published his findings with the addition of a new
photograph (see Figure 3), which proved the existence of a positive
electron. The track on the left and right occurred within half a second
of each other, and everything about the particles is the same except
for their charge; therefore, it can be concluded that there must be a
positive electron. This, combined with Dirac’s theory, created particle
physics and led to the official discovery of the positron. This feat was
made possible not only by the genius of many individuals, but of the
new tool the cloud chamber. [4]

Figure 3: Schematic Anderson used as proof of positron in 1933 [4]
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Over the next few decades the cloud chamber was used to discover
many more particles. In 1937 Neddermeyer and Anderson discovered
the muon, by observing a particle that had a unit charge, but a mass
that was in between that of an electron and a proton. Then in 1947
Cecil Powell discovered the pion, the particle that transmits the strong
force. This discovery was predicted by Yuakawa in 1935, when he
observed that protons are held together by a force stronger than the
electrostatic force in the nucleus. At this point the world of particles
was in symmetry with three leptons and three hadrons, but then two
months later Rochester and Butler discovered the strange mason
(kaon). They found the particle by observing a cosmic ray that had a
mass in between that of pions and protons, but had a longer lifetime
than a pion and was only produced in pairs. Scientists then realized just
what a multitude of particles must exist and how inadequate the cloud
chamber was for finding all of them. This motivated the invention in
the 1950s of the particle accelerators in which high energy collisions
could be created and many more particles observed. [5]
While the cloud chamber is no longer used to discover new particles,
it is still used in experiments today. There is currently a group called
CLOUD that is working out of CERN to find out more about how
clouds are formed in the atmosphere. They designed a cloud chamber in
order to obtain specific conditions of temperature, vapor composition,
cosmic ray intensity, UV intensity, etc. to see how aerosols react under
these situations. Through their experiment they hoped to determine
what affects the rate of cloud condensation nuclei (CCN) creation and
what the exact composition of the CCN is. [6]

Figure 4: Jasper Kirkby in front of cloud chamber at CERN [6]
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Climate is influenced by more factors than can be named, but some
of the main contributors are the energy generated by the sun, carbon
dioxide levels, cloud cover, galactic cosmic rays (GCR), and aerosols.
The total amount of climate forcing from anthropogenic causes
today is 1.6 W/m2 (+ 1). This very large error bar is the result of a
poor understanding of how aerosols affect the climate. Aerosols are
tiny liquid or solid particles suspended in the atmosphere. When they
band together to form groups larger than 50 nm in size they become
CCN. There are two sources of aerosol; primary sources include sea
salt, biomass burning, and volcanoes; and secondary sources include
industry, autos, photolytic oxidation, and biogenic organic vapor.
The more aerosols there are in the atmosphere, the more CCN,
thus lengthening the atmospheric lifetime of a cloud. Aerosols have
approximately a 1-week lifetime in the atmosphere before they return
to the ground by either wet or dry deposition. [6]
For a CCN to be formed a process called nucleation has to occur.
It starts with a molecule of sulfuric acid, which has an atmospheric
density of approximately 1 part per trillion (ppt). When it collides
with another aerosol, such as ammonia or sulfuric acid, it becomes
larger, but since it is not yet stable it can either continue to grow or
evaporate. When it is 1.5 nm in diameter it is called a critical cluster,
and it usually involves approximately 12 molecules. This cluster then
continues to grow bigger. If it becomes bigger than 50 nm it can then
become a fully formed CCN. It is through a repetition of this process
that enough particles can be created to form a cloud, but before this
experiment the vapor composition and the rate at which this occurs
were unknown. This is difficult to determine in the atmosphere because
there are so many uncontrolled factors. Therefore scientists working
for CLOUD built a cloud chamber where they could control every
aspect of the conditions (see Figure 4). The air in the cloud chamber is
created by mixing liquid nitrogen and liquid oxygen in the appropriate
atmospheric amounts and then releasing them into the 3 m diameter
chamber (see Figure 5 for schematic).
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Figure 5: Schematic of diffusion cloud chamber used by CLOUD at CERN [6]

The air is then humidified with, literally, the cleanest water on earth.
Then trace amounts of sulfuric acid are added into the chamber because
it is the main ingredient in CCN. The temperature in the chamber is
accurate to 1/100 of a degree. The contents of the chamber are then
analyzed and the number of particles that are in critical clusters is
counted. First a UV light is turned on to simulate sunrise and the
creation of CCN increases. Then when the electric field is turned off to
allow the ions from GCR to mix in the chamber, the rate of creation of
critical clusters again increases. Finally, a 3.5 GeV/n-4 beam is turned
on and the rate of creation of critical clusters becomes even steeper
(see Figure 6).
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Figure 6: CLOUD data rate of critical cluster creation under varying conditions. [6]

All of these changes add more energy into the system, thereby increasing
the number of collisions and therefore the number of CCN that are
formed in a fixed time period. Jasper Kirkby said that “this experiment
is the most exciting experiment that I have been on” because he could
analyze the results as soon as he got them. He measured not only the
rate of creation of CCN, but also what they were composed of. CLOUD
found that it was a near 1:1 mol ratio of sulfuric acid to ammonia. The
ammonia must have arrived in the chamber through contamination in
the water because it was not added on purpose. [6]
They have now discovered how the rate of creation of CCN fluctuates
and its composition. But when they compared their results to
atmospheric data they found that their results could only explain
half of the CCN in the atmosphere. Therefore there must be another
chemical that combines with sulfuric acid to create the CCN that
has not yet been discovered. Current climate models only take into
account ammonia and sulfuric acid; they completely ignore this other
aerosol. Through process of elimination CLOUD has found that the
particle is an organic molecule, but whether it is anthropogenic or not
is a question that cannot be answered until the particle is known. If
it is from anthropogenic sources then there is a new climate-forcing
chemical, but if it is naturally occurring then it must be part of a climate
feedback that could hopefully slow global warming. To continue
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their research CLOUD is modifying their diffusion cloud chamber
into a Wilson chamber so that the actual formation and behavior of
clouds can be observed. In conclusion, aerosol nucleation in the lower
atmosphere is controlled by unidentified organic vapors together with
sulfuric acid and water; and cosmic rays substantially increase the
aerosol formation rates under all conditions investigated so far by up
to ten times. [6]
The research that these scientists are doing is very important in
allowing us to understand how climate change is happening. If we do
not understand all of the major causes then there is no hope of being
able to stop global warming. Cloud chambers allow these scientists to
do their research because of their unique ability to observe particles.
3 Theory
A diffusion cloud chamber allows an observer to ‘see’ radiation,
because in the wake of the particle a trail of condensation is formed.
This is achieved because of the low temperature in the chamber, the
supersaturated alcohol in the air, and the charge of the radioactive
particles. [7] In this cloud chamber the cold temperatures will be
achieved with a dual stage Peltier cell. [1]
Before the Peltier effect can be discussed, both semiconductors and
the Seebeck effect need to be understood. In 1821, only a year after
electromagnetism was discovered by Oersted, Seebeck observed that
when a magnetic needle is held near a heated dual-metal circuit, it is
deflected. Seebeck thought that his discovery meant that magnetization
could be caused by a difference in temperature, rather than the fact
that a difference in temperature can create a voltage. His discovery
was then ignored, but in 1834 Jean Charles Athanase Peltier saw that
when current is run through a junction of two different materials a
temperature difference is created. Peltier failed to understand the
ramifications of his discovery as well, seeing it only as proof that Ohm’s
law did not always apply at low currents. Peltier’s discovery was finally
understood in 1838 by Emil Lenz, who demonstrated it in a convention
in Austria, when “he placed a drop of water on the junction; when
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he made the current flow in one direction the water froze; when he
made it flow in the other, the ice melted.” [9] Still the discovery of
thermoelectricity went nowhere until the mid-1900s. “The prince who
has awakened the princess is the semiconductor.” [9] A semiconductor
is an element such as silicon which has had other elements added to it
to make it into a conductor. An n-type semiconductor would be, for
example, when phosphorous was added to silicon. Since phosphorous
has one more electron than silicon, this electron is then available
to move through the crystal and carry current, as seen in Figure 7.
A p-type semiconductor is one that has “holes” in its structure, i.e.
silicon and gallium, because gallium has one less electron in it than
silicon. These materials are called semiconductors because for every
one electron that they are able to contribute to current flow, the same
quantity of metal would be able to give millions more. [9]

Figure 7: Schematic of n-type semiconductor [8]

When an n-type semiconductor is heated on only one side, the
electrons on that side are given more kinetic energy. This makes them
more likely to move around the conductor, causing a greater number of
electrons to end up on the cold end because the electrons get trapped
on the other side by the lower kinetic energy. After a time the cold end
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becomes negatively charged relative to the hot end. Therefore, since like
charges repel, the electrons begin to move back to the hot end of the
conductor. This process goes on until an equilibrium point is reached,
where the cold end is more negatively charged than the hot end. This
same effect will happen in a p-type semiconductor, but instead of the
electrons moving the ‘holes’ will move, giving the cold end a positive
charge. When the hot end of the p-type and n-type semiconductors are
connected and the cold end of the p-type and n-type semiconductor
are connected to form a circuit, current will flow because of the stored
charge created by the temperature difference. While the Seebeck effect
was first shown on regular metals, the effect is greater by a factor of
one hundred in semiconductors because of the relatively few number
of electrons they have as compared to a normal metal. While the effect
is more pronounced in semiconductors, it still only produces a very
small voltage, tenths of a volt for a few hundred degree Centigrade
temperature difference. Different semiconductors also create different
amounts of voltage per temperature difference because of their different
structures. [9]
The mathematical symbol that describes how much a material is
affected by the Peltier effect is Π. For a semiconductor at a constant
temperature with an electric field, the electric current density jq is
equal to
n(-e)(-un)E
where un is the electron mobility of the material. The average energy
transported per electron is
(Ec –u) +3/2*kBT
where Ec is the energy at the conduction band edge. The two metals
will have the same Fermi level because different conductors in contact
have the same Fermi level. The energy flux that accompanies the charge
flux is
ju = n(Ec –u +3/2*kBT)(-ue)E
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The Peltier coefficient Π is defined by
ju = Π jq
with the units energy carried per unit charge. For electrons
Πe = -(Ec –u +3/2*kBT)/e
and the quantity is negative because the energy flux is in the opposite
direction of the charge flux. For holes the Peltier coefficient is
(Ev –u +3/2*kBT)/e
and Ev is energy at the valence band. The Peltier coefficient Π can also
be defined as
Π = QT
where Q is the absolute thermoelectric power from the open circuit
electric field created by a temperature difference. More simply, the
Peltier effect describes how fast electrons move from one place to
another. And since different materials have different Π the drift velocity
of the electrons is different, which causes a temperature difference.
[10] Therefore whenever a voltage is supplied and the electrons begin
to move, a temperature difference is created because of how fast the
electrons in the different materials move. [3]
More simply, the Peltier effect is just the opposite of what happens
when two metals of different temperatures are put together and a
voltage is produced, or the Seebeck effect. For example, imagine
placing a copper wire and an iron wire next to each other. Since these
are different metals the energy that it takes to remove an electron from
the outer shell is different. Therefore when the two pieces of metal are
placed in contact with each other the electrons will start to move in
one direction depending on which metal loses its electrons less easily.
This creates a potential difference at the junction. This voltage varies
with the temperature of the two metals. The more kinetic energy
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that one side has, the more quickly it can lose its electrons, and the
change in how easily a metal loses its electrons with respect to heat
is different for different metals. It is therefore clear that by carefully
choosing metals and heating or cooling them to specific temperatures
a maximum voltage can be produced. The Peltier effect does the
same thing, but instead of heating the metals it provides the voltage.
Then, by the explanation seen in the previous paragraph or better
understood as a “bit of magic”(Keith Jobe), a temperature difference
is created. By reversing the linear process the initial input becomes the
output. In the Peltier cell used in this project there will be two stacks
of semiconductors of different materials, the light grey representing
n-type and the dark grey representing p-type, as seen in Figure 8. The
bottom layer must be warmer than the above layer. This layer will force
the lower part of the top layer to be colder than it would normally
be. And since this layer is forcing the topmost layer to be colder than
itself, it therefore follows that this top layer is now even colder than
it would normally be. That is how the dual-stage Peltier cell achieves
such unusually low temperatures. [11] A diffusion cloud chamber
needs these super-cold temperatures because otherwise the alcohol
will not become saturated enough to form condensation around ions
created by passing radiation. [12]

Figure 8: Schematic of a dual-stage Peltier cell
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Cloud chambers are based on the idea that when charged particles
travel through the air they create ions. For example, when an alpha
particle collides with an alcohol molecule, it knocks off an electron.
Now both of these ions exert magnetic forces on the molecules around
them and provide the center for condensation. Thus the track of the
particle is widened incredibly, allowing it to be seen with the naked eye.
The Peltier cells are needed because the droplet will not form unless
the temperature of the vapor alcohol is less than its dew point. The
Peltier cells bring the temperature in the cloud chamber down to -30°
F. This allows the alcohol in the chamber to form a supersaturated mist.
By starting the chamber out at a normal temperature the alcohol will
evaporate into the air. The amount of alcohol that air can hold is greater
at higher temperatures because the faster the molecules are moving the
more negligible the polar attractions become between the molecules.
As the air cools the molecules lose some of their kinetic energy, thus
making any disturbance in the mist to cause them to condense by the
process stated above. It is also important that the chamber be airtight,
otherwise dust will become the center of the condensation droplets
instead of the ions. [13]
The other type of cloud chamber that is used is the Wilson cloud
chamber that was invented in 1911, as seen in Figure 9. It operates
on many of the same principles, but instead of taking advantage of
temperature it takes advantage of pressure. The bottom of the chamber
is a piston that is covered in felt saturated with alcohol. When the piston
is moved suddenly downwards, the volume increases by 25%, the
temperature goes down, and the vapor becomes supersaturated. [14]
Now the same situation has been created as by cooling the chamber
directly with a Peltier cell. Now that the vapor is supersaturated,
particles can be seen moving through the mist.
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Figure 9: Wilson cloud chamber [3]

The two sources of radiation that I will observe will come from a
single radiation source and from galactic cosmic radiation (GCR).
Source radiation occurs because the element is unstable. All elements
with more than 84 protons are unstable. For light nucleotides they
are more likely to be stable if the ratio of neutrons to protons is equal
to one, but for heavier nucleotides they are more likely to be stable if
that ratio is greater than one because they need the extra neutrons to
hold the core together. Single source radiation may decay in one of
the following three ways. Alpha decay is when the nucleus emits a
cluster of two protons and two neutrons, a helium nucleus. Beta decay
is when a neutron turns into a proton by emitting an electron. Gamma
radiation is when a high-energy photon is emitted from the atom. All
of these reactions occur because the atom ‘wants’ to be in its lowest
energy state. [15]
GCR radiation, on the other hand, comes from the explosions of stars,
the sun, black holes, etc. taking place far from the earth. The cosmic
rays arrive at earth with an equal distribution from all points in the sky
no matter their energy level. This is reasonable for particles of lower
energy because as they are traveling through space magnetic fields and
other forces bend them off of the straight line path from their origin.
Some particles such as protons with very high energy—1017 or 1018
eV—though, will travel in a direct line from their origin because their
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energy is so high that it makes the forces that act on them negligible.
These high-energy particles come from supernovae and other cosmic
explosions. When a particle reaches the earth’s atmosphere there is a
nuclear collision and a shower of particles is created, as seen in Figure
10. The larger the energy of the particle the more intense the shower
will be and the larger area the shower will cover. The particles created
by the nuclear collision will be seen in my cloud chamber, and by
determining the energy of the particle I extrapolate to find a range of
energies for the original cosmic ray that it came from. [17]

Figure 10: Schematic of nuclear collision in atmosphere [16]

A magnetic field is generated by the movement of charged particles,
either by a singly charged particle or by the movement of multiple
charges such as in a current-carrying wire. To create a constant
magnetic field across the chamber the experimenter will use two sets
of coils of wires separated by a distance equal to the radius of the coil.
This set up of coils, referred to as Helmholtz coils, was invented in
1869 by German physcist Hermann von Helmholtz. (The equations
for the strength of the magnetic field of differently sized coils can be
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found in Appendix A.) Unfortunately, in the process of wrapping the
coils the radius slowly expands as the wire wraps over itself, making
the magnetic field not completely uniform over the entire area. In this
experiment, though, the region where particles could be observed was
relatively small compared to the size of the coils, so the magnetic field
over the active region was fairly uniform, as confirmed by testing with
a magnetic field sensor.
4 Results

Figure 11: placement of probe relative to coil

In this experiment Helmholtz coils were used to generate a magnetic
field with a strength of 0.0141 T over a diffusion cloud chamber to
determine the energy of particles passing through the chamber. (For
theoretical Helmholtz field calculations, see Appendix A.) Each coil
had a resistance of approximately 20 Ω using 18 gauge copper wire.
The field generated was found by placing a magnetic field sensor at
the center of the coil (dark grey dot), a distance R/2 from the center
(black dots), and a distance R from the center (light grey dots), as seen
in Figure 11. The probe was then moved across the space between
the coils, and measurements were taken every inch. The coils were
separated by 6.5 in. The averaged values for the magnetic field at
various locations in the space can be seen in Figure 12. The values for
the active region of the field were then averaged, giving the overall
value of the field as .0141 T.
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Center

R/2 from Center

R from Center

Distance from field (T)
Coils (m)

Distance from field (T)
Coils (m)

Distance from field (T)
Coils (m)

0.0254

0.0175

0.0254

0.02021

0.0254

0.0508

0.0134

0.0508

0.015675 0.0508

0.0148625

0.0762

0.0127

0.0762

0.014475 0.0762

0.013325

0.018233

Figure 12: values of the magnetic field generated by the coils at various locations

After the magnetic field was found, strontium-90, which undergoes
beta decay, was placed next to the chamber. Pictures were then taken of
the electrons that were emitted by the radioactive source. (See Appendix
B for two trials; see roundtable.menloschool.org for a full view of all
of the analyzed particles, their corresponding graphs, photos, sample
calculations and histogram of particle energies.) The summary of the
results can be seen in Figure 13. The mean value for the energy of the
beta particles was .3081 MeV/c with a standard deviation of .1489.
The expected value for the energy of beta particles from strontium-90
was .546 MeV/c. The value found in this experiment is lower than the
expected value because only one component of the velocity interacted
with the magnetic field. Therefore the resultant force on the particle was
smaller giving it a smaller radius of curvature and thereby decreasing
the overall calculated energy of the particle.
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Trial

Radius (m)

Energy (MeV/c)

1

0.0806

0.3410

2

0.1104

0.4670

3

0.1917

0.8109

4

0.0842

0.3561

5

0.0348

0.1471

6

0.1242

0.5254

7

0.0704

0.2976

8

0.0538

0.2274

9

0.1238

0.5237

10

0.0547

0.2313

11a

0.0622

0.2629

11b

0.1422

0.6015

12

0.0584

0.2469

13a

0.0271

0.1145

13b

0.0584

0.2472

14

0.1359

0.5749

Figure 13: summary of the radii and energy of the particles observed from strontium-90
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Trial

Radius (m)

Energy (MeV/c)

1a

0.1353

0.5723

1b

0.1062

0.4492

2

0.0763

0.3226

3

0.1346

0.5694

4

0.0593

0.2508

5

0.0582

0.2462

6

0.1635

0.6916

7

0.0354

0.1496

8

0.0458

0.1935

9

0.5058

2.1395

10

0.0524

0.2216

11

0.0524

0.2216

12a

0.0643

0.2718

12b

0.0611

0.2582
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Figure 14: summary of the radii and energy of the observed cosmic rays

After completing the observation of the radioactive source, the radiation
was removed from the room and the same experiment was repeated,
but this time in search of cosmic rays. A number of cosmic rays were
observed, and a summary of the results can be seen in Figure 14. The
highest energy particle had a radius of .5058 m and an energy of 2.140
MeV/c, far exceeding the energy of any of the particles recorded that
had originated from the radioactive source in the first experiment. It is
possible that this particle was an uncharged particle, such as a neutrino,
and the large radius was a result of errors in the procedure rather than
actual curvature. The particle could also have been an alpha particle or
a muon because these particles’ relatively larger masses would cause
them to curve less under a magnetic field. It is impossible, though, to
determine the charge of any of the particles because which side of the
chamber the particle came in from is unknown.
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This experiment successfully determined the energy of a wide range
of particles and found an energy distribution for the energy of beta
particles emitted from strontium-90.
5 History
When I first started this experiment my plan was to build my own
diffusion cloud chamber following the directions from the Instructables
website that described how to build a cloud chamber with a Peltier cell.
[1] I tried for a month to make the chamber work, but was unable to
succeed after numerous modifications. Then I proceeded to work on
creating a magnetic field to place around an already existing diffusion
cloud chamber. “The Amateur Scientist” [13] recommended that I try
to create a magnetic field with a strength of .1 T; this is what prompted
me to do 1300 wraps on each coil and begin working on creating a way
to convert the AC power from the wall into DC, so that coils would
have enough current to create such a large magnetic field.
I learned how to build a full bridge rectifier and how to connect
capacitors in parallel to create DC current. [18] I found, though, that
by just using a 60 V power supply for each coil I was able to generate
.0141 T field, which was large enough to turn the particles. I then
started to analyze the beta particles from strontium-90 and cosmic
rays. If someone were to continue this experiment they should work
to create a more powerful DC current supply, build their own cloud
chamber, analyze more sources of radiation, and continue looking for
rare cosmic rays.
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8 Appendices
8.1 Appendix A: Calculations for Helmholtz coils
Finding Magnetic Field generated by a wire at point using Biot-Savart
dB = μIdyxr1/(4π)
Finding Magnetic Field generated by a coil of wire at some distance
dBy= 0 by symmetry
dBx = dBcos (Θ) = dBR/r = dB*R/(R2+x2).5
Finding Magnetic Field generated by two coils separated by radius R
B = μ2πR2I/ (4π(x2+R2)3/2
which reduces to the below equation for Helmholtz coils separated by
distance R
B = 32πNI/(53/2R)*10-7 T
NI = B(53/2R)*10-7/32π
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NI = (.1 T)(53/2.0762m)*107/32π
NI = 8474.4 A
Assuming that 5 amps are given to the coils, then
N = 1695
Number of feet of wire required
Number of feet = N*2πR = 1695*2π(.0762 m) = 812 m/coil or 2,662.5 ft/coil
Total Wire = 1623 m or 5325 ft
Resistance of Coil
Resistance of 18 gauge copper wire = 20.95 mΩ/m
Total Resistance = 20.95 mΩ/m * 812 m =17.01 Ω/coil
Mass of Copper per Coil
Mass = (7.34 g/m)*(1623 m) = 11.91 kg of Cu per Coil
Heat Generated
P=I2R = (5A)2(17.01 Ω) = 429.0 J/s
Q = mC(ΔT)
ΔT = (429 J)/(11,914.7 g *.386 J/gK) = .0933 C/s

Current
(A)

Number
of Coils

Wire per
Coil (ft)

Total Wire
Needed (ft)

Resistance
per coil (Ω)

Power
(J/s)

Mass of
Wire per
Coil (g)

Change in
Temperature
per Coil (K/s)

1

8474

13430

26860

85.78

85.8

60092

0.004

2

4237

6715

13430

42.89

171.6

30046

0.015

3

2825

4476.7

8953.3

28.59

257.3

20031

0.033

4

2119

3357.5

6715

21.45

343.2

15023

0.059

5

1695

2686

5372

17.16

429.0

12018

0.092

6

1412

2238.3

4476.7

14.3

514.8

10015

0.133

7

1211

1918.6

3837.1

12.25

600.3

8584

0.181

Figure 15: Amount of current, coils, and wire needed to create a .1 T field with
Helmholtz coils with 18 gauge copper wire [19]
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Figure 16: A single-diode circuit and current output [18]

To obtain this relatively high power, the AC current in the wall can
be changed into DC via a full-wave rectifier, capacitor, and regulator.
Alternating current means that the direction of the current is changing
in a sinusoidal manner with a period in the United States of 60 Hz.
Since a magnetic field’s strength and direction is directly related to the
current, this alternating current in the coil would cause the magnetic
field of the Helmholtz coils to fluctuate, defeating their entire purpose.
It is therefore necessary to use direct current DC for the Helmholtz
coils. The first step in turning AC into DC is to introduce a rectifier
into the circuit. The simplest rectifier would be a half-wave rectifier,
which is just a single diode inserted in the circuit, which cuts out the
negative portion of the AC voltage output as seen in Figure 16. A diode
is a device that only allows current to flow in one direction. For this
experiment, though, I used a full-wave bridge rectifier that effectively
puts an absolute value bar around the sine wave of the AC current (see
Figure 17). This is a good first step, but still not useful because the
voltage is fluctuating widely. To remedy this a capacitor is added into
the circuit in parallel with the main load. When the voltage is high the
capacitor stores the energy and then releases it when the voltage drops
down, thus creating a more even current. The capacitance value should
be chosen such that RloadC >> 1/f. The capacitor creates a ripple voltage
(see Figure 18) which can be calculated by I = CdV/dt or ΔV= I/C Δt,
where Δt is equalt 1/2f for full-wave rectification. It is not necessary to
take into account the exponential way in which the capacitor releases
its energy, because the capacitor has a tolerance of approximately 20%,
which overshadows the approximation of the exponential to linear
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used in these equations. At this point the voltage output is largely
constant, but to ensure that it is even more constant a regulator can be
added, which will flatten out any ripples. [18]

Figure 17: A full-bridge rectifier circuit and current output [18]
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Figure 18: How a capacitor flattens out the voltage spikes from a bridge rectifier [18]
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8.2 Appendix B: Trials
For full appendix with all trials, go to roundtable.menloschool.org.
8.2.1 Strontium-90 Trial 7

Figure 19: Curve of the particle seen in Figure 20 below. The radius of curvature is
.07035 m, giving it an energy of .2976 MeV/c.
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Figure 20: Photograph taken of a beta particle emitted from Strontium-90 in Trial 7
of experiment
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8.2.2 Cosmic Ray Trial 12

Figure 21: Cosmic ray labeled A in Figure 23 below. The particle has a radius of
.0643 m and an energy of .2718 MeV/c.
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Figure 22: Cosmic ray labeled B in Figure 23 below. The particle has a radius of .0611
m and an energy of .2582 MeV/c.

114		

Alex Welch

Figure 23: Photo of the two cosmic rays analyzed in Trial 12
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