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Boundaries in Modern Representations of
Bathers: An Assault on Male Sexual Pleasure
Christophe Viret
Water, the origin of life on earth, is the most universal symbol of
fertility known to man. Every living organism depends on water for
survival; water’s nurturing qualities associate it with the female body,
which bears and nurtures children, populating humanity. Depictions
of the nude female form immersed in water have recurred in European artwork: drawing the female nude was considered to be the most
venerable form of art by the French Academy, which led the European
art world for much of the eighteenth and nineteenth centuries. Until
the late nineteenth century, visions of female nudes frolicking in water
dominated the romanticized, and seductive, act of bathing. In the late
nineteenth and early twentieth centuries, though, by breaking down
the academic representations of bathers and their purpose to delight
the male viewer’s eyes, modern artists brought the assumption of male
pleasure when viewing nudes under assault.
I. Fragonard, The Bathers, 1765
The female nudes in Fragonard’s The Bathers are intended to arouse
the male viewer without either distancing him from them or drawing
him into the painting. The Bathers was a part of the rococo movement
based around the Enlightenment philosophy that the purpose of life
might be to enjoy our time on earth instead of attempting to merit
entrance into heaven. The American Declaration of Independence, a
document that was written based on this Enlightenment ideal, stated
that “all men are…endowed by their creator with certain unalienable
rights,” amongst which are “life, liberty, and the pursuit of happiness.”1
Hence, rococo paintings are often “dominated by a simple and beautiful nature where appeased passions would leave room for pure love,”
propagating an idealized “dream of happiness.”2 Both of these stateThis paper was written for Rebecca Gertmenian’s Nineteenth and
Twentieth Century Art elective in the fall of 2010.
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ments show the sensuality that pervaded rococo art and the misconception that women enjoyed the sexual urges of men as much as men
did. In addition, Fragonard’s The Bathers’ central theme is “the bed,”
and “what saves him from vulgarity” is “the lightness of his touch.”3
The Bathers is an example of a traditional, academic European painting
that centers on pure sensual pleasure.

The Bathers, Jean-Honoré Fragonard, 1765

Whether the scene portrayed in The Bathers is meant to be accessible
to the viewer is unclear; but regardless of its accessibility, Fragonard’s
depiction of female nudes splashing around in a bubbly brook brings
him pleasure. The lack of negative space and diminution, and the use
of pastel colors throughout the painting seems to block the viewer out
of the space of idealized sensual love. Yet, brushstrokes are extended
to the edges of the frame and faces are turned towards the viewer, giving him or her the sense of exiting the dark woods. The ambiguity
regarding the viewer’s place in The Bathers is typical of rococo and
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other traditional depictions of female nudes, and bathers in particular.
The Bathers was created with the sole purpose of delighting the viewer
with a joyful scene of frolicking in the woods; Fragonard perhaps did
not even contemplate the dynamic of specific relationship between the
viewer and the bathers in the painting.
II. Degas, The Tub, 1886
Degas’ establishment of a clear boundary between the male viewer’s
space and female bather’s space in The Tub indicates his respect for
women’s space and his qualms about entering it, breaking down the academic tradition of painting female nudes solely to please the viewer.
Degas uses Japonisme to establish a boundary between the viewer and
the bather. Japonisme was a style of painting that emphasized large,
solid forms and clashing patterns, and was inspired by Japanese prints.
The woman’s bony, angular, unflattering back is by no means sensual,
repulsing the viewer and pushing him out of her space; the objects of
the round tub, curtains and sheets, and brightly-colored floor in addition to the bather’s back block the viewer’s entry into the bather’s
space. This, coupled with the fact that the viewer looks down upon the
bather, puts him in the position of the unseen and uninvited observer,
establishing a boundary between him and the bather.
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The Tub, Edgar Degas, 1886

Degas purposefully portrays a woman’s space to indicate his respect
for women and control of his own male sexual urges. Impressionist
paintings are regarded as “a defense against the threat of rapid urbanization and rapid industrialization” through their portrayal of “domestic interiors, private gardens, [and] seaside resorts.”4 Women in late
nineteenth century Paris were often confined to the domestic sphere
and excluded from the “bourgeois social sphere” of the “boulevard,
café, and dance halls.”5 By depicting the unglamorous action of taking
a sponge bath, a banal aspect of everyday life for upper middle-class
women in turn-of-the-century Paris, Degas is giving the viewer, who
is accustomed to his own male-oriented world, a glimpse into a reality
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that is entirely different from his own. Degas said that the women he
depicted were “simple, honest creatures who [were] concerned with
nothing beyond their physical occupations,” and that viewing them
was “as if you were looking through a keyhole.”6 The fact that Degas
purposefully does not arrange the women he portrays in a seductive
or appealing pose shows that he does not bear the expectation of their
compliance with male sexual desires.
Degas’ delineation of a boundary between the viewer and the bather is
also due to his own feelings of sexual inadequacy as a human being. He
wrote to the painter Henri Lerolle:
If you were a bachelor and fifty years old…you would have moments
[when], most quite alone you would suppress everything around you,
and once quite alone, you would annihilate yourself, kill yourself even,
with disgust…I piled all my plans in a cupboard for which I myself
always carried the key. And I have lost the key. In short I only feel the
comatose state I am in and I cannot arouse myself from it.7
The feelings of insufficiency, inability, and loneliness expressed in this
quote due to Degas’ solitary existence are mirrored in his use of Japonisme to exclude the male viewer from the female space. Degas feels
“quite alone” due to his inability to connect to other people and his
status as “a bachelor and fifty years old.” As Degas aged and grew accustomed to this loneliness, he began to “suppress” his sexual urges: he
lost “the key” (that he himself “always carried”) for their “cupboard,”
placing himself in a “comatose” state from which these urges cannot be
“aroused.” This indicates his inability to experience sexual pleasure and
his sexual repression. Degas’ unease with sexual feelings, then, may
explain why he so clearly establishes a boundary between the viewer
and the bather in The Tub: he gives the viewer a taste of his apathetic
perception of sights that should attract him.
Whether Degas had a personal feeling of insufficiency or a respect for
women, his conception of the female nude bather radically differed
from that of his predecessors. His establishment of a boundary between
the viewer and the bather raises the viewer’s awareness that turn-ofthe-century women in Paris had a mode of existence that was entirely

6		

Christophe Viret

different from that of men. In doing so, Degas broke down the tradition
that female nudes necessarily appeal to, and solicit, male pleasure.
III. Cézanne, Les Grandes Baigneuses, 1906
The confinement of nude bathers to a central ‘island’ between the
viewer and civilization, and relegation to the frame of the painting,
indicates Cézanne’s apprehension about the consequences of entering
the sexual realm of his instincts, further criticizing the academic tradition of depicting nude female figures to please the male viewer.
Cézanne confines sexuality by placing it on an island that extends from
the picture plane to the bathers’ river, evoking the traditional male
viewer’s frame of seeing the world. Parisian turn-of-the-century culture was one based on the dominance of men, prostitution, and the
marginalization of women; the feminine bathers are dehumanized and
pushed into the frame of the painting. Their bodies are distorted and
melded to fit into the rest of the primal world in order to enhance the
ideal compositional form of the pyramid in the painting. There is little
reference to sexual forms on women’s bodies, no boundary between
the figure and the ground (hands fuse with feet, heads, and foliage,
destroying the specificity of and respect for the human body), all the
elements of the primal island have the same painterly quality, signifying their sameness and unity, and figures merge together (on the far
right, the shoulders of one are buttocks of another).
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Les Grandes Baigneuses, Paul Cézanne, 1906

The pyramid that dominates Les Grandes Baigneuses can be thought
of as grandiose and associated with tradition. The “ascendant vaults of
trees” that make up the pyramid “restat[e] the pairs of chestnut trees
that lined the approach to [Cézanne’s] family estate at Aix,” creating a
“grandly pyramidal symmetry,” and “perpetuat[ing]…the authority of
old-master compositions.”8 So, while Cézanne’s creation of such a composition refers to the marginalization of women, it also refers to the frequent depiction of female nudes in traditional European artwork such
as Fragonard’s Bathers that delighted the intended male viewer’s eyes.
What makes Les Grandes Baigneuses unique, though, is that Cézanne,
instead of creating a primal scene for the male viewer to enjoy, reminds
him of the judgment that ultimately awaits him. Inside the pyramidal
frame formed by the women’s bodies and the trees, and across the river, Cézanne depicts the realm of the civil. This includes a woman and
child at the riverbank and the spire of a church at the vanishing point.
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The family that gazes at the viewer, a creation of his sexual desires, ties
him down, reminding him of the worldly consequences of these desires. The spire reminds the viewer of his Christian culture’s view of the
afterlife: that in the end, his entrance to heaven will be judged according to his adherence to Christian morals, which include monogamy
and disdain adultery. Any orthogonal in Les Grandes Baigneuses will
pass through the sexual island, but all the orthogonals in the painting
converge at the church’s spire: every indulgence in sexual desires will
be perceived by the eyes of God.
Cézanne’s confinment of the primal could have been due to how uncomfortable he was with his own sexual identity. The bathers have
been likened to “spatial containers” or “spatial envelopes” which are
blank and devoid of sensuality.9 Historian Tamar Garb claims that the
painting offers “no satisfaction for the rapacious eye, no resolution for
the fetishistic gaze which seeks reassurance in the polished surfaces
and sealed orifices of the idealized body.”10 In effect, the static bathers
“will never change their gender, gestures, or positions, nor leave their
confines to frolic” on the banks of the river.11 They were used by Cézanne, then, as a method of confronting, expressing, and controlling
his changing attitude toward women and resolving doubts about his
sexual identity.12
Les Grandes Baigneuses has been called a majestic, timeless work, which,
in its re-interpretation of famous paintings of nudes in landscape such
as Fragonard’s Bathers, evoked the central theme of the harmony of the
figures with the landscape. Les Grandes Baigneuses is composed of four
systems of organization: the pyramid; its counter-balance, the downward motion of the bathers’ arms; the horizontal lines of the horizon
and riverbanks that delineate the island; and the orthogonals formed
by the figures that add depth to the painting. These systems of organization, though, far from supporting the theme of the harmony of man
and nature found in traditional depictions of bathers such as the one
painted by Fragonard, represent Cézanne’s own attempts to stabilize
his own adulterous and possibly even homosexual tendencies against
the backdrop of a world that was, ultimately, intolerant of them.
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IV. Derain, Baigneuses I, 1906
Derain legitimizes his blurring of the boundary between male and female in his depiction of bathers and in the viewer by removing his
figures from our civil world and placing them in a primal realm of
their own.
The composition of Baigneuses I is dominated by three figures that
represent a transition from the female gender to the male gender. The
figure farthest to the left features round breasts and wide hips; the figure in the middle has a more muscular build, more angular limbs, less
prominent breasts, and hidden genitals, causing her gender to remain
a mystery to the viewer; the figure farthest to the right has short, manly
hair and salient, flexed muscles on his arms and legs, signifying that he
is male.

Baigneuses I, André Derain, 1906

The questionable gender identities of the figures can, in part, be attributed to Derain’s interest in African art. Derain was introduced to
African sculptures by fellow artist Vlaminck sometime around 1905,
before he created Baigneuses I.13 Once, “Vlaminck showed an African
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sculpture to Derain, remarking that it was ‘almost as beautiful’ as the
Venus de Milo. Derain then supposedly replied that it was ‘as beautiful’
as the Venus.”14 Derain was also a member of an artistic movement, the
Fauve movement, which wanted its art to capture the primal energies
of, and be akin to, “the art of wild beasts.” The angularity of the forms
that comprise the middle body, in particular, can be attributed to the
influence of one ‘primal’ mask found in the Congo, in which “the head
is a spherical or block-like shape, and the features are merely indentations or concave planes.”15
However, Derain blended European and African art to create an acceptable style through which to explore taboo topics such as gender
identity. One of the primary differences between “primal” art and “European” art, according to the members of the Fauve movement, was
that primal art was “largely composed of single figures,” and “implied
removal from space, time, and—perhaps most crucially—gravity.”16
While vestigial references to the natural environment of the forest and
the riverside remain in Baigneuses I, the forms are heavily outlined and
depicted using warm orange tones that are complementary to the cool
greens and blues of the background. The figures are greatly distanced
from their background, seeming to exist in a world of their own, confined to the realm of the canvas. Confinement of the blurred boundary
between genders was imperative for Derain to maintain his credibility
as an artist, for such topics were very taboo at his time; American art
collector, writer, and thinker Gertrude Stein, one of many critics of
Baigneuses I, characterized it as “a strange picture” that represented “a
sort of man or woman” whose exact gender was unknown.17
Clearly, while Derain did incorporate the beauty of African art into
Baigneuses I, the painting was mainly an exploration of gender as a
whole. Derain purposefully depicted his figures in a natural environment and entitled his painting “Baigneuses I” as a reference to past
portrayals of feminine beauty and allure. Yet, Derain’s depiction of
bathers is worlds away from Fragonard’s concept of delicate feminine
beauty. While Derain blurs the boundary between male and female
in his artwork, by depicting nude male bathers, he also brings the assumption of an unquestionably male, heterosexual viewer, the tenet for
all artwork up until his day, into question.
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What Needs to Be Done:
The U.N. Millennium Goals
Alex Tom
It is difficult to imagine a world free of all social and political atrocities.
Nevertheless, the United Nations has set out to do just this. With the
Millennium Development Goals, aimed to eradicate poverty, end
diseases, provide primary education, and promote gender equality
and environmental sustainability, the U.N. has generated a list of
tangible steps to fulfill its objectives. However, tackling these issues and
“fixing” the world is not this simple. As we have learned this semester,
numerous factors, specific to each impoverished region, can positively
or negatively affect the economic and social prosperity of its citizens.
With new, innovative forms of aid and the continuing evolution of social
dynamics, the goals previously hindered by geography and culture will
be attainable within my lifetime. However, if political instability and
corruption are not addressed, the eradication of poverty will remain
impossible to achieve.
Although it has been ten years since the Millennium Development
Goals were established, the sheer number of people who are suffering
from poverty or who do not have access to education remains
inconceivable. A total of 2.7 billion people, nearly forty percent of the
world population, live off less than $2 a day.1 With only $2 to spend,
citizens in undeveloped countries cannot afford to feed or provide
health necessities for their families. For this reason, many children fall
victim to the consequences of poverty. Three hundred million children
are malnourished and six million a year die from diseases that can be
cured by simple medications or basic sanitation.2 Yet, because these
families cannot afford or do not have access to any health necessities,
bacterial and viral diseases spread rapidly throughout these countries.
With the attention turned towards keeping their families alive, parents
often cannot send their children to school, causing half of the children
This paper was written for Stephanie Portman’s Global Issues for
Global Citizens class in the fall of 2011.
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in impoverished regions to be denied the opportunity to attend
primary school.3 Furthermore, countries stricken with severe poverty
have little energy to focus on promoting gender equality. Statistics
state that educated women are significantly less likely to die of AIDS
and more likely to take care of their children, but only sixty percent of
girls in Africa actually have access to primary education.4 The sheer
numbers and percentages representing the amount of poverty in the
world often discourage organizations and individuals from believing
that policies and programs can bring change. However, these statistics
prove the importance of the Millennium Development Goals, and they
reinforce how vital such targets are in improving the overall condition
of the world.
Although geography, and other such immutable forces, prevents people
in many impoverished communities from accessing medical facilities,
the goals directed towards improving global health are achievable
nonetheless. The United Nations has set a high value on improving
world health with three out of the eight Millennium Development Goals
directed towards addressing medical needs. Firstly, the U.N. aims to
reduce the mortality rate of children under the age of five by two-thirds
and maternal mortality by three-fourths. Additionally, the U.N. aims
to stop the spread of HIV/AIDS, malaria, and other major diseases by
creating universal access to health facilities and medication.5 Currently,
the geography in rural areas makes it difficult for sick citizens to visit
the few hospitals established in developing countries. Without proper
infrastructure, such as roads, these people, weakened by sicknesses or
malnutrition, are challenged to make the long journey to healthcare
facilities in rough or mountainous terrain. In a Millennium Village
report on the Koraro community in Ethiopia, Nicholas Kristof states,
“The limiting factor for better health is less about medicine and more
about infrastructure.”6 Although receiving sufficient medical supplies
is simple, the real problem is the lack of infrastructure to landlocked,
isolated villages, where geography does not promote the creation of
roads. In Nigeria, meningitis victims are physically incapable of walking
to hospitals and receiving antibiotics.7 The difficulty of accessing
hospitals discourages many struggling communities from seeking
professional healthcare, resulting in the spread of more diseases, as well
as a higher mortality rate.
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To address these health problems perpetuated by geography, the United
Nations and non-government organizations must focus on creating
more health centers within different regions of undeveloped countries.
If more hospitals are established, families will not have to travel as far
to seek medical attention, which will subsequently improve the health
in these regions. One innovative method of spreading healthcare is to
establish basic health clinics, with vitamins and simple medicines, in
association with schools. Currently, hospitals in rural regions in the
Developing World have difficulty maintaining a constant workforce due
to the difficult conditions and low wages for the employees. Hopefully,
an established school will attract nurses and doctors to careers in the
associated health facilities. Additionally, children will be more likely
to receive basic healthcare since they will already be attending school.
With the overall improvement of child health, medical facilities will be
able to prevent the spread of diseases, rather than simply treating them.
Furthermore, by adding medical centers to schools, parents and adults
will feel less intimidated to seek professional aid since the schools are
already entrusted with the well-being of the community’s children. By
building more hospitals and clinics, communities in rural areas will
have the opportunity to receive medical services, further reducing
child mortality, improving maternal health, and combating the spread
of diseases.
Similarly, the Millennium Development Goal aimed towards spreading
universal primary education is attainable, as long as the United
Nations can limit the obstacles of geography. Just as geography limits
communities from receiving medical attention, many children in
undeveloped regions do not have access to schools. In rural areas, where
every community does not have an education facility, children must
travel long distances to reach the nearest available school.8 In an article
about education in Zimbabwe, Nicholas Kristof wrote about a boy, Abel,
who walked a total of six hours every day to attend school. Although
some children, like Abel, are willing to travel such long distances to
receive an education, many others are discouraged by such a walk.
Natural disasters in countries without established infrastructure also
prevent students from attending school. In 2010, Pakistan experienced
detrimental flooding throughout their country, destroying over 10,000
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schools.9 Due to the flooding, over 1.3 million children are still unable to
receive an education because their schools and transportation systems
were destroyed and not replaced. Although geography and weather are
uncontrollable, these obstacles prevent children from attending school
in developing regions around the world.
The geography of a region influences the economies of various countries,
preventing children from receiving an education. Many communities,
isolated from cities and industrial jobs, turn to agricultural work to
supply an income and feed their families. Whether the geography limits
the success of the farmers or enhances it with nutrient-rich terrain
and good weather, an agricultural economy requires a large workforce
to plant and harvest crops. Often, families rely on the children to
contribute to the income by working in the fields or pursuing other
jobs. In Kosovo, children in both rural and urban areas are pressured
to work as farmers or factory laborers to help support their families.10
Since the children are expected to work all day, they do not have the
opportunity to attend school. As these children grow older, their lack
of education will limit their job opportunities, subsequently trapping
them and their future families in this perpetual cycle of poverty.
Even though geography currently places a substantial limitation on the
spread of universal education, the U.N. and NGOs can achieve their
goals by making schools more accessible and appealing to families.
One approach to improving education rates is to build more schools in
regions around the world, reducing the distance children must travel.
However, simply building more schools will not automatically spread
universal primary education. Along with having a facility, governments
and NGOs must provide school supplies and employ a permanent
teaching staff. The United Nations and non-government organizations
must be willing to allot resources towards buying sufficient learning
materials and encouraging teachers to work at schools in impoverished
areas. Free the Children, a non-profit organization, focuses on
eradicating poverty through education in rural areas. Through its
emphasis on “children helping children” around the world, Free the
Children has created an innovative way of attracting American and
Canadian support to end international social injustices. They have built

THE MENLO ROUNDTABLE		

19

650 schools in seven different countries, helping over 55,000 children
receive an education.11
A second approach to making schools more accessible for children is to
provide a mode of transportation for the students. Although providing
transportation for every child is a daunting task, innovative methods
of getting students to and from school can increase the education rates
in rural areas. Abel, the boy in Zimbabwe, wanted a bike to reduce the
time he spent traveling to school.12 After Kristof ’s article was published,
an American organization, the World Bicycle Relief, sent 200 more
bicycles to Abel’s village, dramatically increasing the attendance at
the local school. If schools around the world invested in innovative
techniques of transportation, such as bikes, children would be able to
travel to school, further increasing universal primary education rates.
Another tactic to make education more appealing to children and
their families is to offer free lunches for the students. A school in an
Ethiopian Millennium Village experimented with providing a meal for
the students and saw that “the school feeding program is an effective
way to attract and keep students; after all, children will be more likely to
attend classes if they get a meal out of the deal.”13 Not only will providing
a meal keep children more focused on learning, but it will also offer an
economic incentive for parents to send their kids to school. A free lunch
relieves parents from having to buy more food for their children and
ensures that the kids will receive an adequate meal during the day. If the
U.N. and other NGOs continue to develop innovative ideas on making
schools more accessible and appealing to families, the goal of universal
primary education can be reached.
The Millennium Development Goals aimed towards promoting gender
equality and empowering women are attainable due to the diminishing
social stigma against women.14 Doubtless, within the world today, there
are still many obstacles for women. Many cultures and religions do not
consider women equal to men. In Saudi Arabia, women are openly and
legally discriminated against because they are seen as inferior to men
in the Islamic tradition.15 Women in these countries have restricted
legal rights and are forced to be dependent on men. The government’s
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rejection of equal opportunities for women perpetuates the stigma that
females are undeserving of the most basic human rights. In addition,
women are objectified in many countries of Southeast Asia, where
prostitution has become socially accepted in recent years. In indigent
regions of Thailand, women turn to prostitution for their only source of
income, making it a growing portion of the national economies in these
regions.16 With so much revenue pouring from these illegal activities,
government, desperate for money, neglects to enact and enforce laws
restricting prostitution.
Nevertheless, if the U.N. and NGOs focus on empowering women the
gender dynamics in the world will eventually shift and accept women’s
equal role in society. Specifically within Muslim countries, NGOs,
such as the Muslim Women’s League, advocate for gender equality by
generating a political movement of young women for equal domestic
rights.17 By educating women in Muslim countries and other patriarchal
nations about the political and social rights they deserve, NGOs will
generate more internal pressure, from both women and politicians, to
allow girls to go to school or women to have domestic rights. Similarly,
women will be able to overcome many cultural restrictions if we, as
an international community in a modern and developing world, take a
stand against gender inequality. Rather than ignore social injustices to
maintain peaceful relations with a nation, the governments of developed
nations need to prioritize human rights over economic gains.
Another approach to promoting gender equality throughout the world is
to empower women to take a larger role in the economy. In the Women’s
Crusade article, Saimi, a housewife from Pakistan, was previously
suppressed and beaten by her husband, a socially accepted punishment.
However, after taking out a microfinance loan and creating her own
business, Saimi gained the respect of her community and superiority
over her husband.18 By having a steady income for her family, Saimi
was able not only to feed her children and send them to school, but
also alter the cultural views of her community to accept independent
women. Educational foundations, like CARE International and
Camfed, have created a new way of viewing the benefits of education.
Rather than only striving to educate children, these organizations teach
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young women about the business world and how to start a sustainable
company. Microfinance, a new and innovative form of lending money
to citizens around the world, has transformed businesses in developing
countries by making loans widely available to both women and men.
Microfinance organizations, such as Kiva and Namastedirect, provide
women with the loans needed to enter the economy, while not creating
a system of dependency on foreign aid. By promoting women to make
money and subsequently not be dependent on their husbands, social
stigma restricting women’s rights will eventually fade, enabling the U.N.
to achieve its goals of gender equality.
Although many modern industries are dependent on ecologically
harmful technology, the U.N. Millenium goals focused on creating
environmental sustainability are achievable. The U.N. aims to improve
the environment by promoting sustainable development in order
to reverse the loss of natural resources and to protect biodiversity.19
However, the United States, where we pride ourselves on the early use of
new technology and innovations, is one of the greatest contributors to
CO2 emissions. Part of our country’s environmental damage is a result
of our society placing greater value on convenience than concern about
our ecological impact. We prefer driving to work over riding our bikes,
or take a plastic grocery bag instead of using a reusable one, all because
it is easier. The main dilemma in our country is that the “convenient”
mentality has been ingrained in our society, making these actions
socially acceptable. The Millennium Development Goals commission
reported that the amount of CO2 emissions had decreased since 2008
due to the American economic crisis. With gas prices higher, Americans
were less willing to drive cars and opted to use public transportation in
order to save money. However, the U.N. estimates that “unless decisive
action is taken, emissions will again rise rapidly as the world economy
reboots.”20 It has taken a devastating economic crisis to improve
America’s environmental effects, proving that industrial and capitalist
countries must enforce environmentally friendly lifestyles to improve
the worldwide environmental status.
In order to change this consumer mentality and its harmful effects on
the environment, NGOs and governments must educate the population
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on our current ecological impact and motivate every citizen to be more
“green.” One program, called Generation Waking Up, specifically
attempts to enlighten adults and students on the declining state of the
environment and how to end such atrocities. Although Generation
Waking Up is a relatively small effort focused on initiating local
change, governments around the world can create similar, large-scale
organizations and incorporate them in the public school system. If
governments support highly publicized efforts to teach about global
warming, pollution, and deforestation, more people will be inspired to
create local change within individual communities around the world.
In the meantime, governments need to implement laws restricting
environmentally damaging behavior. In California cities, such as
San Francisco and San Jose, local governments have banned grocery
stores from using plastic bags in an effort to reduce plastic waste.21
Although waste restrictions have caused citizens and companies to
initially complain about the new government regulations, our society
has the capability to adapt and accept these laws over time. With a
worldwide, united effort towards reversing the current ecological state,
the environmental Millennium Development Goals are attainable.
Although the majority of the United Nation’s goals are obtainable,
the most difficult challenge of eradicating global poverty is ending
government instability. The United Nations strives to eradicate fifty
percent of extreme poverty by achieving universal employment
and ending hunger.22 However, many governments in undeveloped
countries are unwilling to take action to aid their own citizens. Instead,
these corrupt governments are focused on pocketing money for their
individual benefit, while ignoring the impoverished state of their
citizens. In President Obama’s message to Ghana in 2009, he stated
that, “No country is going to create wealth if its leaders exploit the
economy to enrich themselves…No business wants to invest in a place
where the government skims 20 percent off the top.”23 Obama explicitly
warned that if governments neglect the economic and social state of
their country, they will never be able to eradicate poverty. Developing
countries similarly cannot rely on foreign aid from the United Nations
and NGOs to improve the state of their nation. In Obama’s message
to Africa, he said that “American aid must be matched by Africa’s
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responsibility for its own problems.”24 Ultimately, governments of
impoverished countries must take responsibility for their citizens and
focus on implementing each Millennium Development Goal within
their nation.
Additionally, political instability perpetuates cycles of poverty due
to internal conflicts and genocide. In the documentary The Reporter,
Kristof travels to the Democratic Republic of the Congo to investigate
the effects of ongoing conflict on the mass population.25 With armed and
undisciplined soldiers traveling throughout the country, the internal
warfare puts women and children of the Congo in danger of sexual and
physical abuse. Even though the conflict exists between two different
ethnic groups fighting to altruistically help the Congolese people, over
5.4 million citizens have been killed due to this violence. Furthermore,
internal conflict indirectly impacts the population because the
government’s attention is turned towards ending the violence, rather
than feeding their citizens or providing education and employment
opportunities. Although the war groups consider themselves to be the
“liberators” of their country, they are the main reason their nation is
trapped in a never-ending cycle of poverty. If the governments of these
conflict-stricken areas take action to control war groups and prevent
further violence, it is possible for developing countries to begin the
process of eradicating poverty.
As I evaluate the probability of the Millennium Development Goals
being reached within my lifetime, I am generally optimistic. If the United
Nations, NGOs and individual governments can work together and
implement each goal in one region at a time, the geographical, cultural,
and governmental obstacles can be overcome. The key requirements to
meet these objectives are the development of innovative sources of aid
to improve health and primary education, as well as the empowerment
of women through employment and political opportunities. The
ultimate factor in determining the success of developing countries will
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depend on the governments of these regions. If these governments take
the responsibility of protecting and aiding their citizens, the global
eradication of poverty may be achievable. Lastly, the rest of the world
holds the responsibility of maintaining hope that a world free of poverty
and social injustice is possible. As Leana Wen from The Reporter said,
“We, as an international community, need to maintain hope, for hope is
what will initiate change.”26
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The Fight for the Cure: The Declassification
of Homosexuality as a Mental Illness
Annie Taylor
Homosexuality has been given different labels throughout history. It
has progressed from a sin to a crime, then a mental illness, a style of
life, and is now characterized by a genetic predisposition. Although
American homosexuals today are still struggling for equal rights, no
shift has been more drastically beneficial for the status of homosexuality than its declassification as a mental illness. The American Psychiatric Association’s Board of Trustees passed this groundbreaking decision unanimously on December 15, 1973, and subsequently released
a statement that rejected legal discrimination on the basis of sexual
orientation. In the publication of its monumental decision to remove
homosexuality from the Diagnostic and Statistical Manual of Mental
Disorders (DSM), the board cited “review of evidence[,]...changing
social norms and growing gay-rights activism.”1 The last two reasons
seem unnecessary—shouldn’t the APA’s decision have been based on
scientific evidence alone? While most would answer affirmatively, it is
hard to argue that this was the case in 1973.
Real uncertainty arises around the question of what induced this
change. In Homosexuality and American Psychiatry, Ronald Bayer argues that this decision was the product of years of political pressure
applied by gay activists. Judd Marmor, Vice President of the APA at
the time of the decision and a prevailing advocate for the declassification of homosexuality, was openly arguing by 1972 that conservative
psychiatrists were opposed to the declassification of homosexuality on
the sole basis of moral and social judgments.2 Ellen Herman argues
another point of view in her book, Psychiatry, Psychology, and Homosexuality. Herman acknowledges the scientific advantage held by those
fighting for the change, and points to the referendum held by the APA
in response to the decision as evidence for the importance of changing
This paper was written for Dr. Charles Hanson’s Advanced Placement
U.S. History class in the spring of 2011.
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social norms.3 What led to the declassification of homosexuality as a
mental illness in 1973? The answer to this question involves a combination of political, social, economic, and scientific factors. Proximately,
the political pressure of gay activists, the increasingly vocal gay community, and the presence of scientific validation for their claims led
to a reconsideration of the pathological state of homosexuality. Ultimately, however, social views towards homosexuals had to be changed
in order for the decision to pass; the evidence and arguments in favor
of the change held no real sway until the prevailing homosexual stereotype was challenged.
The Scientific Argument Emerges
It is reasonable to assume that the Board made their decision on the
basis of scientific evidence. Evelyn Hooker presented the first and most
compelling evidence that disproved the pathological status of homosexuality. Hooker was the first researcher to distinguish between patient and non-patient homosexuals. This distinction was significant
because most of the assumptions that modern psychiatrists made
about homosexuality were based on patient homosexuals, generally
unsatisfied people who requested treatment or were forced into it by
their families.4 If you add to this the social stigma associated with homosexuals at the time, it is understandable that psychiatrists had not
questioned the pathological status of homosexuals up to this point.
Hooker first presented her report, “The Adjustment of the Male Overt
Homosexual,” in October of 1956. She asserted that only one mentally
healthy homosexual was needed to disprove the idea that homosexuality was a symptom of sickness, and this was what her work contained.5
Hooker showed that non-patient homosexuals displayed the same
variation of personality, talent, and mental health as heterosexuals,
concluding that homosexuality might be considered a normal variance on sexual orientation.6 If this was scientific evidence that homosexuality was not a mental illness, then why did it take the APA seventeen years to acknowledge this in their DSM? While her report did
not bring about this official change, it is worth noting that Hooker felt
the profound impact of her work fairly early on. In an interview with
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Eric Marcus, author of Making History: The Struggle for Gay and Lesbian Equal Rights, 1945-1990, Hooker recalls a conversation she had
with a lesbian sometime shortly after her presentation: “The young
woman’s psychiatrist was familiar with my work, and he was able to
keep them from giving [electroshock therapy] to her. She had tears
streaming down her face as she told me this.”7 While it affected some
psychiatrists positively (as it did here), Hooker’s work was so heterodox that it was sure to inspire disbelief among others. Still, this doubt
caused many psychiatrists to conduct new studies and experiments on
homosexuals, thereby throwing the pathological status of homosexuality into question.8 Although these experiments meant to disprove
Hooker’s hypothesis, they legitimized homosexuality as a field of study
and mobilized research on the question.
Although her work helped the cause, Hooker herself knew that this
study alone wasn’t enough to declassify homosexuality as a mental
illness. The language of her report, which precludes these enormous
conclusions with “I would very tentatively suggest the following,” evidences this uncertainty.9 Although her research was revolutionary, it
didn’t engender the monumental change that we might expect today.
As Drescher points out in American Psychiatry and Homosexuality,
Hooker was a psychologist, not a psychiatrist. The APA used this fact
to separate itself from her work and to avoid considering it seriously
for over a decade.10 Opponents of the declassification of homosexuality
were able to dismiss Hooker’s conclusions as the result of poor methodology, especially considering the nature of the psychological tests
she used.11 Although the Rorschach test, the Thematic Apperception
test, and the Make a Picture Story test were generally accepted forms
of psychiatric assessment, the mechanism of testing a personality is
inherently arbitrary.12 In this case, opponents of Hooker’s only had to
argue that these tests weren’t designed to effectively display the differences between heterosexuals and homosexuals.13
The perspective of Judd Marmor, a distinguished member of the APA,
further proves the lack of influence that Hooker’s research had. Later
to become one of the leading advocates for the declassification of homosexuality within the APA, Marmor admits that when Hooker first
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asserted that homosexuality was not an illness, he “wasn’t prepared to
go all the way.”14 Marmor shows us that scientific evidence alone wasn’t
enough to persuade the APA; the fact that Hooker’s research predated
the APA’s decision by seventeen years solidifies this conclusion.
The Political War
As this scientific research was stewing, gay activism was gaining in
strength and became responsible for forcing psychiatry to act on the
issue. Some leaders of the movement, such as Ron Gold, targeted
members of the Committee on Nomenclature (or Nomenclature Committee), who were responsible for revising the DSM. Heinz Lehman, a
member of the Nomenclature Committee, is on record admitting that
“had he not been exposed to the intense discussions of that body, and
especially the presentation of the gay leaders, he too might have voted
[against the declassification].”15 Lehman stated this five years after the
decision, meaning that he could have claimed his vote was based on
science or a sense of morality, both of which sound more authoritative
than the discussions of gay activists. Instead, he truthfully acknowledges the effects of political pressure. Lehman’s comment especially
holds true for Robert Spitzer, another member of the Nomenclature
Committee who would never have supported the decision if not for
the efforts of Ron Gold of the National Gay Task Force. Gold was first
able to impress Spitzer when he and a group of other activists forcefully disrupted a meeting of the Association for the Advancement of
Behavior Therapy. Although Spitzer remembers being outraged, it
was this outrage that caused him to approach one of the protesters,
who happened to be Gold. Spitzer remembers asserting that the zap (a
term used to describe these interruptions) was rude and inconsiderate,
but that nevertheless he and Gold “got to talking.”16 This encounter
eventually led to the creation of a meeting between the Nomenclature
Committee and leading gay activists, including a presence at the APA’s
convention in 1972.17
Although these aggressive political tactics brought the issue of homosexuality to the forefront, some reports of early political efforts show
that they may have caused more harm than is generally admitted.
Franklin Kameny, Barbara Gittings and other leaders of the fight had
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started to organize against the APA in the few years prior to their work
with Fryer, evidenced by the zap on an APA meeting in 1971. Not only
did the protesters use force and stealth to break into the meeting, but
Kameny, who to this point had hoped to legitimize the homosexual
cause on the political scene, seized the microphone.18 Storming in and
denouncing the profession entirely does not seem like a logical way of
gaining respect from psychiatry, yet this is exactly what Kameny did.
He even went so far as to establish a war against psychiatry.19 Perry
Brass, an activist present at the zap, noted proudly that most of the
men wore “really fabulous drag with wildly painted faces” to highlight
their carefree and impulsive way of thinking.20 Given that the protesters and psychiatrists exchanged bitter insults before many of the psychiatrists were chased out of the building during this demonstration, it
is reasonable to conclude that this confrontation was more frightening
than inspirational.21 If anything, these aggressive tactics reinforced the
psychiatrists’ views of homosexuals as a volatile and unstable group
of people. Although Kameny claims that this zap was the first step towards progress in the fight for the cure (a phrase used to describe the
movement), this type of flamboyant and aggressive political activism
served to draw mostly negative attention to the cause.22
In addition to reinforcing homosexual stereotypes, these aggressive
political tactics discredited the efforts of respected psychiatrists who
hoped to declassify homosexuality on a scientific basis. One such psychiatrist was Dr. Judd Marmor, who was outspoken in his call for a
review of the scientific assumptions made about homosexuality.23 Marmor and others were most frequently met with the criticism that they
were succumbing to political pressure and disregarding science.24 Dr.
Irving Bieber led this opposition, claiming that a majority of psychiatrists agreed that homosexuality was a mental illness, but wouldn’t
admit this in public due to the guilt and pressure being exerted by homosexuals.25 Their strongest arguments stemmed from the unprofessional way in which homosexuals had protested years earlier, ironically
warning that the DSM would soon be based on social views rather
than scientific evidence.26 By fueling the opposition to the extent that
they did, the tactics of gay activists ultimately hurt their cause more
than they helped it.

34		

Annie Taylor

The Economic Incentives of the Opposition
When considering this question, it would be an oversimplification not
to also consider the economic incentives involved. In the 1960s, homosexuals constituted a significant portion of psychiatric patients.27
Therefore, if homosexuality were to be declassified, it meant that many
psychiatrists would lose clients. The influence of the economic factor is
shown in the success of the proposal that Spitzer presented to the Nomenclature Committee. Spitzer’s proposal declassified homosexuality
as a mental disease, but installed a new category in the DSM that was
named “sexual orientation disturbance.”28 In other words, homosexuals who were satisfied with their sexuality could be considered healthy
members of society, but homosexuals who were unsatisfied could seek
therapy. This compromise disappointed many gay activists, especially
considering the pejorative description of homosexuality as “not necessarily” pathological.29 The proposal was a social compromise as well
as an economic one: this phrasing walks the line between the two extremes of complete deletion and complete inclusion. The economic
factor had significance nonetheless.
Fryer’s Speech and the Battle Against Social Prejudice
Gittings, Kameny, and Gold fought on the political front, while Marmor
and Hooker fought on the scientific one. Although these contributions
were significant, the social change that Fryer and others engendered
would ultimately allow for the declassification of homosexuality. At the
APA’s convention in 1972, Dr. John Fryer spoke anonymously as a homosexual psychiatrist. Introduced as Dr. H. Anonymous, Fryer wore
a baggy suit with a mask in order to disguise his identity. His message
came at a time when most of the membership had never imagined
that homosexual psychiatrists existed, and it was clear: homosexuals
were unfairly burdened by psychiatry’s prejudice. It was Fryer who
challenged the social stereotype of homosexuals that was truly holding
back progress; he was the first bridge between homosexuals and psychiatrists who clearly identified with both groups.
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The text of his speech is compelling evidence that Dr. H. Anonymous
was the tipping point in the decision to declassify homosexuality. He
first made a powerful analogy, comparing the struggles and cause of
homosexuals with that of African Americans. He referred to the trials
of being a homosexual psychiatrist as “Nigger Syndromes” at a time
when elite white Americans (like the membership of the APA) had
become more sympathetic to and supportive of the Civil Rights movement. His appeal to this sympathy was most powerful in his claim that
in his mind, the risks of speaking were outweighed by the potential
alternative, which was “[losing] our honest humanity.”30 His appeal to
pathos was extremely powerful, but even more of his strength came
from his reputation, or ethos. The word “fellow” is used six times
throughout his speech, and has the effect of establishing himself on
a level equal to that of the audience, despite what his clown-like costume may have outwardly implied. Fryer went as far as to suggest that
homosexual psychiatrists were superior to heterosexual members because they were forced to act as professionals while still dealing with
the burden of the sickness label.31 Lastly, in addition to his call for sympathy and respect, he rallied support from the other members of the
Gay-PA, as the activist subset of the APA called itself, at the convention, those “not in costume tonight,” with demands such as “pull up
your courage by your bootstraps.”32 In revealing the existence of many
other homosexual psychiatrists, Fryer exerted social pressure on the
other members of the APA, compelling them to stop their overt and
confident criticisms of homosexuals. After hearing of the Gay-PA, opponents of the cure couldn’t be as comfortable voicing their opinions
to their colleagues; many realized for the first time that homosexuals
could choose to remain secret.
Not only was Fryer the most self-confident homosexual that most
members of the APA could have imagined, he was also most likely the
first they had ever met. Dr. David R. Kessler, a closeted psychiatrist
at the time of this decision, remarks that although the Nomenclature
Committee was doing research on the pathological state of homosexuals, most of them had never met an openly gay psychiatrist.33 For this
reason, Fryer’s commanding tone and emotional approach must have
caught his audience off guard, and shook up some prevailing assumptions.

36		

Annie Taylor

The original intent behind Fryer’s disguise as Dr. H. Anonymous was
hiding his identity, but it also contributed to the power of his speech.
Another member on Fryer’s panel in 1973, Kameny was extremely opposed to the use of a disguise.34 He may have seen the mask as a symbol
of the inferiority of homosexuals. The dehumanizing outfit could have
had an unintended effect on some psychiatrists by further imposing
the homosexual stereotype of social and mental instability. However,
as Gittings has observed, highlighting the mask and its degrading effects served to convince members of the harm that came of the secrecy
that professional homosexuals were forced to live in. Fryer introduces
his speech with a request: “Cease attempting to figure out who I am
and listen to what I say.”35 The disguise of Dr. H. Anonymous allowed
him to speak more broadly on the subject; as his insightful introduction suggests, anonymity only served to underscore the large number
of people affected by the stereotype.
In addition to Fryer’s speech, the increasing exposure of other homosexual psychiatrists strengthened the movement for the cure. Heading the Nomenclature Committee was Spitzer, the same man who had
confronted Gold and subsequently started a dialogue, and also a man
described as the “heaviest resistance” to the change by his colleagues
on the committee.36 However, Spitzer became the man to draft the new
pathological category and the resolution endorsing equal rights for homosexuals not long afterwards. Spitzer’s deviation from his old views
substantiates the claim that the real driving forces behind the declassification of homosexuality were social and emotional, rather than political or scientific. Gold’s excursion to a Gay-PA meeting with Spitzer
is the best example of this. Upon recognizing Spitzer’s significant influence over the final vote, Gold took him unannounced to a meeting
of the Gay-PA in an effort to make an emotional appeal. At first outraged, the homosexual psychiatrists eventually used the opportunity
to plead their case.37 This seems to have finally tipped the balances in
their favor, given that Spitzer drafted his proposal for the declassification of homosexuality within a month. Spitzer recalls the experience:
[M]y own feelings were of compassion, wanting to be helpful. At the same
time, wanting to do what made sense scientifically…Now, how much of that
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was a result of true scientific logic? I would like to think that part of it was
that. But certainly a large part of it was just feeling that they were right!38
Spitzer’s traditional views were first challenged not by scientific studies
or political pressure, but by exposure to the humanity of non-patient
homosexuals. This progression seems common among the APA membership in general; the membership’s feelings towards homosexuals
had changed in favor of the cure before the Nomenclature Committee had made its decision. This is supported by the shared confidence
amongst the speakers arguing in favor of the cure before the Committee. Dr. Silverstein, one of these speakers, recalls knowing that they
were going to succeed before the debate had even started.39 This complete lack of uncertainty reveals that the official debate over diagnosis
was only for show and that the underlying battle against prejudice had
already been won.
Conclusion
For homosexuals everywhere, this decision was remarkably life changing. The declassification of homosexuality and the subsequent civil
rights resolution transformed the lives of gays. The resolution, passed
on December 15, 1973, stated, “the [APA] deplores all public and private discrimination against homosexuals in such areas as employment,
housing, public accommodation, and licensing.”40 This list includes
mainly responsibilities of the federal and state governments, revealing how widespread and accepted the unfair treatment of homosexuals
was. The sickness label had allowed horrible discrimination because
it was supposedly scientific, and for that reason, unquestionable. Although homosexuals are still discriminated against, overtly labeled by
some as immoral, Gittings remarks that this is still a huge step forward
by pointing out that “You can argue with people who say you’re immoral because...there are so many kinds of morality.”41
Looking back, the idea of “curing” homosexuality overnight seems ridiculous. In some respects, the decision only ratified what some people had known to be true for years. This episode in American history
shows us that the experts cannot always be trusted. During a debate
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before the Nomenclature Committee, Marmor maintained, “It is our
task as psychiatrists to be healers of the distressed, not watchdogs of
our social mores.”42 As the declassification of homosexuality shows,
scientific institutions do not always uphold this task. The area of diagnosis is sometimes foggy, but in this case, social views overrode scientific evidence for seventeen years.
Unfortunately, equal licensing rights have not been granted to homosexuals even today. Recently, President Obama has declared the Defense of Marriage Act unconstitutional, which is perhaps a step toward
greater equality.43 However, true change will require that social views
towards homosexuals evolve, as it did in 1973.
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Ka Hae Kalaunu: How Haoles Used
Lili’uokalani’s Proposed Constitution
to Overthrow the Hawaiian Monarchy
Isaac Alter
On January 14, 1893, a proud Queen Lili’uokalani of Hawaii first
informed her Cabinet—and later her subjects—of her intention to
proclaim a new constitution for the islands. This new constitution
included some controversial elements, which she admitted would
detain its promulgation, but only temporarily. In her address to her
subjects that day, she promised it would take effect in the near future.
Tragically, her promise was never fulfilled, as her actions set into
motion events that would forever change the fate of the Kingdom of
Hawaii. On January 17, 1893, white foreigners, or haoles, instigated
a revolution, abrogating the monarchy and declaring a Provisional
Government. They claimed to be protecting the islands from the
Queen’s revolutionary attempt to alter the Hawaiian constitution.1 Ka
hae kalaunu—“the flag of the crown”—was lowered, and the monarchy
that had ruled the Hawaiian Islands for decades was no more.2
While the haole leaders asserted—after the Revolution of 1893—that
Queen Lili’uokalani’s “illegal” attempt to alter the Hawaiian constitution
compelled them to act, there were ulterior reasons for their rebellion.
Granted, the changes Lili’uokalani made to the constitution increased
monarchical power, returned the vote to native Hawaiians, and
disenfranchised non-citizens, including haoles who controlled much of
the island nation’s economy. As Merze Tate argues in The United States
and the Hawaiian Kingdom: A Political History, the new constitution
was a significant cause of the Revolution; the whites in the islands
feared a regression into pure monarchy from the more republican
constitutional monarchy that had governed since 1887.3 In addition,
the shift of voting power into the hands of “heathen” natives and out
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of the control of wealthy plantation owners (who, by one estimate,
owned nine-tenths of all private property on the islands) alarmed
those who would be disenfranchised, who feared that their rights and
their political and economic interests were at stake.4 However, Gavan
Daws asserts in The Shoal of Time: A History of the Hawaiian Islands
that the revolutionaries used the new constitution simply to rationalize
a rebellion that had far different motives. Prior to the overthrow, Daws
argues, annexationists were lying in wait for Lili’uokalani to make
a misstep that could be construed as illegal or outside the scope of
her power, so that they could launch the Revolution with a legitimate
rationale.5
Lili’uokalani’s new constitution was not the main cause of the
Revolution of 1893; it was merely a justification for rebels to overthrow
the monarchy and set the gears of annexation into motion. For one
thing, contradictions between the annexationists’ alleged motives and
their actions both prior to and following the Revolution suggest the
fallacy of their rationalizations. The haoles’ preemptive planning for
the overthrow before the new constitution was even proclaimed, as
well as the absence of the “anti-constitution” ideals in their dealings and
private correspondences prior to the Revolution, reveals that the new
constitution was not the true motive for the overthrow. Furthermore,
the annexationists had several more significant, more compelling
reasons to establish their own government. For example, the McKinley
Tariff of 1890 left sugar plantations in crisis and in desperate need
for a means to reverse sugar’s plummeting demand and price. Also,
the general disrepair of the Hawaiian economy and the Queen’s
controversial attempts to rehabilitate it—like the implementation of a
lottery and the legalization of opium—enraged some and proved to
others the instability of the monarchist regime, generating significant
opposition to Lili’uokalani. Finally, haoles harbored overarching
grievances against the monarchy, which could only be resolved by its
permanent dissolution.
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‘Onipa‘a Ko Kākou Kumukānāwai 6: The Threat of the
Proposed Constitution
Lili’uokalani’s proposed constitution stripped Hawaii’s privileged
haoles of voting rights unless they became naturalized citizens of the
kingdom and relinquished their citizenship to any other country.7
This measure prompted haoles to fear for their political and economic
interests on the islands should they wish to retain other citizenships,
because their influence over the government and economy of the
islands would be significantly diminished. In addition, the proposed
constitution restored power to the monarch and the native Hawaiians,
a complete regression, in the eyes of white foreigners, from the former
government, which placed restrictions on the monarchy and on the
largely uneducated native populace.
Under King Kalakaua’s Constitution of 1887, a property qualification
was required to vote in elections for “nobles,” as members of one
of the two houses of the Hawaiian legislature were called. This left
native Hawaiians with only a quarter of the total vote, according to
the Blount Report, a summary of “affairs in Hawaii” written after
the Revolution for the U.S. House of Representatives Foreign Affairs
Committee.8 In voting for “representatives,” members of the second,
and lower, house, there was no property requirement, but simply a
literacy test—in Hawaiian, English, or “some European language.”9 As
a result, unnaturalized Americans, Portuguese, Germans, and British
in the islands—whether poor laborers or rich landowners—could vote.
Consequently, plantation owners could bring many of their foreign
laborers to the voting booths to help neutralize the native Hawaiian
vote. Most notably, according to the Blount Report, over 10,000
laborers imported from the Madeira and Azores Islands—colonies
of Portugal—were brought to polling places to vote based on their
plantation owners’ directions, in order to “balance the native vote with
the Portuguese vote.”10
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Lili’uokalani’s proposed constitution allowed only “subjects,” or
naturalized citizens, of the islands to vote, thus disenfranchising most
foreign laborers and haole landowners. In addition, the house of nobles
was to be appointed by the Queen instead of elected by propertied
voters.11 These changes alarmed the white foreigners on the islands,
some of whom formed a “Committee of Safety,” otherwise known as
the Annexation Club. Led by Sanford B. Dole and Lorrin A. Thurston,
the Club’s intent was to prepare for action should Lili’uokalani
threaten their rights.12 Thurston’s explanation of the formation of
the Annexation Club suggests that the rebels’ primary grievance was
the new constitution, which they saw as a regression into monarchy.
Seeking “enlightened,” democratic government, the haoles opposed
both their own disenfranchisement and Lili’uokalani’s increased power
conferred by the proposed constitution. The Queen herself noticed,
even before the drafting of her constitution, the tendency of whites
both inside and outside the government to oppose measures that
attempted to extend the rights of natives or abridge those of the haoles,
because they threatened the haoles’ chokehold on Hawaiian politics.13
It was therefore not unexpected that foreigners would react forcefully
when their rights were threatened, and the natives’ rights expanded, by
the constitution.
After Lili’uokalani announced her intention to instate a new
constitution, the Annexation Club fomented and led an armed
rebellion, and, once they had gained control of the government offices,
released a proclamation abrogating the monarchy. In this address,
the Annexation Club described Lili’uokalani’s constitution as an
attempt by a power-hungry monarch to seize power back from voters
and regress into a despotic regime. The proposed constitution was
characterized as an act of “royal aggression,” from which the people
of Hawaii needed protection.14 Thurston called the constitution a
“menace to our liberties.”15 This account of the Revolution suggests
that it was the proposed constitution that prompted the overthrow of
the Queen: fearing for their own voting rights and the well-being of the
islands, both of which were threatened by Lili’uokalani’s constitution,
the Annexation Club had no choice but to revolt.
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If nothing else, Lili’uokalani’s new constitution was a step outside the
power granted her by the Constitution of 1887, an act of revolution
that necessitated a response. Thurston cited the Queen’s oath to uphold
the constitution, upon ascending to the throne, as clear evidence that
her abrogation of that constitution was a betrayal of her people and a
violation of her duties as a monarch.16 Similarly, Dole recounted that
the rebels overthrew the government because they were unwilling to
accept the Queen’s attempt to tamper with the constitution that she
had sworn to implement.17 The Morgan Report, submitted to the
Senate in 1894 to bolster the annexation movement and supplant the
less politically useful Blount Report of the previous year, characterized
Lili’uokalani’s action as “a violation of her constitutional obligations,
revolutionary in its character and purposes.”18 In other words, because
the promulgation of the new constitution was an act of revolution,
haoles had the right to overthrow the government, even if Lili’uokalani’s
constitution had not threatened them or their interests.
Falsehood of the Annexationists’ Rationalization
The rebels claimed publicly that they rebelled in response to the
proposed constitution, but the absence of the alleged “anti-constitution”
ideals in the Annexation Club’s private correspondences and actions
prior to the Queen’s overthrow suggests that these ideals were not what
truly fueled the rebellion.
Lying in Wait
Before anything but unconfirmed rumors were circulating about the
Queen’s intention to create a new constitution, the annexationists
were already preparing for an overthrow of the monarchy, biding their
time until the Queen made a crucial misstep. In the first place, the
formation of the Annexation Club in early 1892, almost a year before
the proposed constitution was introduced to the public, suggests that
the orchestrators of the Revolution were already plotting and planning
for annexation.19 In addition, Thurston explained that the Club was
founded to “be ready to act quickly and intelligently, should Liliuokalani
move against the constitution, tending to revert to absolutism or
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anything of the nature.”20 This statement suggests that the members of
the Club were merely waiting for an action by the Queen that could be
construed as illegal, revolutionary, or outside her power, which would
serve as a justification for the revolt. Furthermore, Thurston visited the
United States in early 1892 to determine the American government’s
position on Hawaiian annexation.21 This suggests that not only was
the Annexation Club planning for the overthrow before the proposal
of the Queen’s constitution, but they were also attempting to secure
the American government’s tacit approval of their ultimate goal:
annexation. Finally, Thurston, in a private letter in December 1892 to
Archibald Hopkins, who represented the Annexation Club’s interests
in the United States government, admitted that he wished he could set
his plans for annexation into motion sooner.22 This further illustrates
that the annexationists were prepared to launch their plans at any time,
but were waiting for a misstep by the Queen to serve as a pretext for
launching the Revolution.
Inconsistent, Illegitimate Ideals
The self-proclaimed goals of the Revolution, which the annexationists
publicly declared immediately before and during the overthrow, were
not consistent with the haoles’ past actions or the intentions that the
rebels expressed in alternative fora, nor were they based in sound ideals.
For one thing, the revolutionaries’ grievances against the constitution
because of their disenfranchisement were baseless. Lili’uokalani’s
decision to restrict franchise to only naturalized Hawaiian citizens
was neither novel nor without merit. Most “civilized” countries, she
asserted, did not allow non-citizens to vote or hold office, because
this would have permitted them to seek “protection under the guns
of a foreign man-of-war at the moment when [they] should quarrel
with the government under which [they] lived[.]”23 Furthermore,
the disenfranchisement of white foreigners was self-inflicted; they
could have retained their right to vote if they had become Hawaiian
citizens—and relinquished citizenship to other countries—but instead
preferred to remain citizens of other, stronger countries, privy to
their protection when necessary.24 Thus, the complaints against this
aspect of the proposed constitution were specious; not only were the
foreigners enjoying unprecedented privileges as non-citizens before
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the new constitution, but they could have easily continued life on the
islands either as non-voters or as naturalized citizens.
Haoles’ attitudes towards the legitimacy of Lili’uokalani’s new constitution also diverged markedly from those that informed the creation of
the Bayonet Constitution in 1887, the one that preceded Lili’uokalani’s.
In 1887, white foreigners threatened King Kalakaua—Lili’uokalani’s
predecessor and brother—with assassination and an overthrow of the
monarchy if he did not sign into law the constitution that they had
prepared. The Bayonet Constitution—so named because Kalakaua
was threatened with violence if he refused to sign it—was submitted
to neither the people nor the Legislature for ratification.25 The haoles
accepted this constitution because it decreased the power of the natives
by enacting a property qualification to vote for one of the two houses
of the Legislature; weakened the King, who no longer had the power to
remove unsatisfactory ministers from office and required a minister’s
approval to create a law or amend the constitution; gave haoles control
of one of the houses of the Legislature; and allowed them and their
dependent laborers to vote.26
On the other hand, Lili’uokalani was petitioned for a new constitution
by over two-thirds of her people, and would have been “deaf to the
voice of the people” if she had not acted.27 However, haoles now
declared Lili’uokalani to be acting illegally before she had even formally
promulgated the new constitution. The white annexationists viewed
the Bayonet Constitution—which had no democratic mandate—
as perfectly legal. By contrast, they deemed Lili’uokalani’s proposed
constitution—which was petitioned for by a vast majority of the
Hawaiian populace—as an act of revolution before it was even put
into effect. This inconsistency demonstrates the fallacy of the rebels’
argument against the constitution, having forced into law one with far
less basis in “democratic” ideals when it suited them.
Finally, as Thurston himself points out in his memoir, the Queen
could have, in her proposed constitution, given herself the power to
instate a new constitution without the signature of a minister. Under
this circumstance, Thurston claims, the Revolution would have been
much more violent, because Lili’uokalani could have then supported
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the new constitution by force, using the Hawaiian army.28 This reveals
the ambiguity of the rebels’ claim that the Queen’s actions were illegal,
because Thurston believes she herself had the power to make it legal.
However, even if Lili’uokalani had legalized the promulgation of her
constitution, Thurston claims that the Revolution still would have
occurred, thus disproving the rebels’ claim that they revolted because
the constitution was illegal. The rebels themselves, evidently, did not
even believe in their own alleged reason for the overthrow, suggesting
other motives were at play.
I Laila Ka ‘Ano‘i 29: The True Motives for the Revolution
Overarching economic and political problems—both recent and longstanding—afflicting the islands were the true impetus for revolt. The
implementation of the McKinley Tariff of 1890 left the sugar-dependent
Hawaiian economy in ruins, and Lili’uokalani’s attempts to reconstruct
it—by proposing to legalize opium and put in place a state-sanctioned
lottery—were neither effective nor popular. In addition, haoles saw the
monarchy, no matter how fettered or impotent, as an anachronistic
and ineffective form of government.
Sugar Crisis Sours Haoles
The dependence of the Hawaiian economy on sugar and the avarice
of haole planters, combined with the economic devastation wrought
by the McKinley Tariff, produced a major motive to overthrow the
monarchy and push for annexation to the United States. Under the
Reciprocity Treaty of 1875 between the United States and Hawaii,
goods from Hawaii, most notably sugar, were imported duty-free
into the United States.30 This privilege continued when King Kalakaua
renewed the treaty in 1887, supposedly for another seven years.31
While the treaty was in effect, the Hawaiian economy flourished;
an almost insatiable demand for sugar in the United States meant
Hawaiian sugar planters reaped huge profits. J. D. Spreckels, the owner
of the largest sugar plantation in the islands, acknowledged that sugar
was the sole and vital crop in the Hawaiian economy; without it, he
said, Hawaii would “collapse into a big cow pasture.”32 The McKinley
Tariff of 1890 allowed for duty-free importation from any foreign sugar
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producer, dramatically decreasing demand for Hawaiian sugar and
wreaking havoc on the Hawaiian economy. The income from exports
to the United States—which comprised 99.5 percent of total Hawaiian
income from exports—plummeted from $13 million in 1890 to $8
million in 1892.33 However, the McKinley Tariff also subsidized sugar
grown on American soil by forty dollars per ton. Thus, if Hawaii were
considered American territory, planters would collect enormously
increased incomes; with each Hawaiian sugar plantation producing up
to 14,000 tons of sugar a year, forty dollars per ton was no small sum
for profit-hungry haoles.34
This subsidy, as well as the economic ruin the McKinley Tariff was
creating in Hawaii, prompted haole plantation owners to consider
an overthrow of the monarchy and annexation to the United States.
Spreckels asserted that sugar interests, and the hunger of planters for
the subsidy offered by the McKinley Tariff, were the most important
factors contributing to the Revolution. Sugar planters “cared nothing
of the Queen’s character, nor had any reason to complain of her
government”—only the greediness for profit spurred the overthrow.35
An advertisement in The Daily Bulletin, a Hawaiian newspaper, also
described the Revolution as an economic venture designed to benefit
sugar planters. This posting claimed that the rebellion “benefited the
plantation managers in particular and the stock holders in their respective
companies in general,” characterizing it as a “mercantile revolution.”36
The plight of the American sugar planters in Hawaii was brought
to Congress’s attention by an 1892 Senate report written by John L.
Stevens, the strongly pro-annexation American minister in Hawaii,
who suggested annexation as an alternative to simply leaving
Hawaii to itself. In order to bolster the Hawaiian economy, which
was singularly dependent on sugar profits, Stevens’ report urged
immediate intervention.37 The seeming willingness for annexation
on the American side—exaggerated by this ardently annexationist
report—encouraged the revolutionaries with the false hope that the
United States government would support their rebellion, annex the
islands as soon as the monarchy was out of the way, and grant Hawaiian
planters the sugar subsidy they sought. Spreckels asserted that “the
planters thought that the United States would eagerly embrace their
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offer of annexation; then all the plantations [would instantly become]
American soil, and each planter would be entitled to the bounty on his
whole crop of sugar.”38
The Queen Inadvertently Foments Revolution
Lili’uokalani’s two highly controversial bills—proposing a stateauthorized lottery and the legalization of opium, introduced and
passed during the legislative session of September 1892 to January
1893—were part of her attempt to resuscitate the Hawaiian economy.
Not only did they fail to do so, but they also made the Queen many
enemies. The lottery bill granted a United States lottery company
an exclusive charter licensing them to work in Hawaii. Lili’uokalani
hoped revenues from the lottery could pull the islands out of their
economic slump by financing public works projects that would employ
native Hawaiians. In addition, the lottery company would organize the
construction of a railroad around the island of Hawaii.39 Lili’uokalani
characterized the lottery bill as an attempt to right the wrongs of the
sugar economy, in which very few received disproportionate profits—
which were subsequently invested in foreign interests—while most of
the native population and the urban middle class did not benefit at all.
“When the people of native and part native birth prosper, business is
good and the community is prosperous,” she wrote.40 She hoped that
the proceeds from the lottery would employ natives, thus bringing
“prosperity” to the islands.
In tandem with the lottery bill, Lili’uokalani introduced a bill to legalize
opium in the islands. The large Chinese population in the islands was
already smuggling vast quantities of the drug in and out of Hawaii
at will, so the Queen wanted to “adopt measures for restricting and
controlling a trade which it [was] impossible to suppress.”41
Both bills were met with significant opposition, both inside and
outside the Legislature. The majority of haoles opposed the lottery bill,
and only one white man in the Legislature voted for it.42 White women
also submitted the “mothers’ petition” to protest the bill’s passage.43
And although white opponents of the opium bill acknowledged that
the illegal opium rings caused “quite a bit of trouble” in Hawaii, they
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still sent petitions to the Queen, attempting to “stand between her and
temptation.”44 Once both bills passed, the white community responded
with uproar, “aroused almost to the point of desperation, certainly
of the deepest indignation.”45 Lili’uokalani was portrayed by haoles
as “a grand vender of lottery tickets, by which [she] was to become
rich and powerful.”46 In addition, it was alleged by some of the most
strident anti-monarchist whites that Lili’uokalani promised portions
of the lottery money to members of the legislature who would vote
for the lottery bill.47 The backlash against these two bills created such
significant unrest and resentment among the white community that it
likely contributed to the Revolution.
Thurston quotes a newspaper editorial in his memoir, which asserts
that the lottery bill was a tipping point that pushed the annexationists
towards rebellion.48 Interestingly, earlier in his memoirs, Thurston
claims that at the time of the passage of the lottery and opium bills,
he was “disappointed,” but was not pondering any form of opposition
to the Queen at the time.49 However, the Annexation Club had been
formed long before the passage of the two bills; thus, Thurston was
already preparing for a rebellion. This contradiction demonstrates
that the lottery was indeed a factor in the overthrow, because it
generated significant haole opposition to the Queen during a time
when the Annexation Club was attempting to stir up such sentiments.
Lili’uokalani, in her own memoirs, also cited both the lottery and opium
bills as “‘intolerable’ measures” in the eyes of the whites who overthrew
her, indicating that the lottery and opium bills were significant causes
for the Revolution.50
An Anachronistic, “Heathen” Government
The annexationists who led the Revolution had harbored significant
grievances against the monarchy for years, long before Lili’uokalani
attempted to change the constitution. Although the constitution was
seen as a regression into a more despotic form of monarchy, general
haole discontent with the “heathen” government was a more significant
cause for the Revolution. Lili’uokalani’s monarchy was described
as an “obstruction to the prosperity and progress of the Islands” by
Americans in Hawaii.51 In the eyes of Americans, especially those
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living in the islands, a monarchy was a thing of the past, and even the
severe restrictions placed on the monarch by the Bayonet Constitution
could not mask the fact that a Queen ruled the islands. Haoles were
especially suspicious of the Queen’s alleged hunger for increased
power. In their proclamation abrogating the monarchy, the Committee
of Safety criticized Lili’uokalani’s rule as rife with attempts to extend
her own powers at the expense of her people, most notably white
foreigners.52 In addition, Peter C. Jones, a member of the Annexation
Club, admitted that the Revolutionist movement was motivated by the
drive for an effective, moral, and democratic government—which he
claimed had been missing during Lili’uokalani’s reign—including an
end to corruption.53 This evidence demonstrates that the Annexation
Club had more significant and lasting grievances against the monarchy
than against the proposed constitution.
Haoles saw Lili’uokalani as an uncivilized, “heathen” Queen, lacking the
sophistication and the intelligence to rule over an independent nation.
For example, her observance of the traditional Hawaiian polytheistic
religion was denounced and mocked by the predominantly Christian
haoles.54 A cartoon published by Judge, a New York newspaper,
portrayed Lili’uokalani as a savage unfit to be Queen. (See Appendix.)
Lili’uokalani is pictured with her crown askew and feathers in her
hair, a degrading, racist caricature of the “heathen” Queen. The papers
in her hands read “scandalous government” and “gross immorality,”
suggesting that her “heathenness” is leading her to create an
“immoral,” “scandalous,” and ineffective government. This depiction
of Lili’uokalani illustrates the prejudicial view that many haoles had of
the Queen, which helped spur the Revolution. In fact, the New York
Herald attributed the overthrow of the Hawaiian monarchy directly
to the “relapse into heathenism”—an embrace of Hawaiian traditions
such as the hula, for example—that was characteristic of Lili’uokalani’s
and Kalakaua’s reigns.55 One annexationist acknowledged that haoles
viewed Lili’uokalani and her brother, Kalakaua, as heathens, but
waited for public opinion to “ripen,” hoping that future events would
give them a chance to show the monarchy’s shortcomings and revolt.56
These accounts reveal that the constitution was at most a secondary
cause for the Revolution, while general objections to the monarchy
were more significant.
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Perhaps more telling was the Annexation Club’s steadfast resistance
to the continuation of any form of monarchy following the overthrow.
Although Archibald Cleghorn—the father of the heir to the throne,
Princess Kai’ulani—pled with Thurston, Dole, and the other leaders of
the Revolution to appoint Kai’ulani as Queen, promising a completely
different regime from the government of Lili’uokalani, the Annexation
Club ardently refused.57 This reveals that the annexationists were not
simply opposed to the new constitution, or even just to Lili’uokalani;
the true political motive for the Revolution was to oust the monarchy
and establish a government on the islands that they could better control.
Conclusion
The Hawaiian Revolution of 1893, and the subsequent annexation of the
Hawaiian Islands by the United States in 1898, were acts of American
imperialism that, unfortunately, were not unique. Beginning with the
first American colonies, Native Americans with pre-existing traditions
and ways of life were pushed out of their land, and once the United
States government ran out of places to put them, Native Americans were
forced to assimilate or be isolated in reservations, which destroyed the
part of their culture that tied them to their land. Similarly, in the case
of Hawaii and other coeval American acquisitions such as Puerto Rico
and Samoa, foreign interests overpowered the native culture, as well
as their existing societies and traditions. No one cared what the native
Hawaiians wanted; they were uncivilized heathens who didn’t deserve
a voice in their own government in the eyes of white foreigners. Thus,
native interests slowly but surely took a backseat to those of the haoles,
who simultaneously gained control over the Hawaiian government
and limited the power of the Hawaiian monarch. Along the way, native
cultural traditions, like the hula and the polytheistic religion of the
Hawaiians, were discouraged and discriminated against. This pattern
was a repetition of an established American tradition: acquiring the
land and the resources the United States wanted, no matter what the
consequences. In this case, the consequences for Americans were
insignificant; the Revolution was bloodless, and annexation, though
delayed, was eventually achieved. However, the consequences for
Lili’uokalani and the native people of Hawaii were devastating: they
lost their country, their culture, and their right to self-determination.
The Kingdom of Hawaii had ceased to exist.
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Appendix

Source: “We Draw The Line At This.” In Judge [New York], December 2, 1893.
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Andrew Farrell (Honolulu: Advertiser Publishing Company, 1936), 229.
13. Lili’uokalani, Hawaii’s Story, 233-234.

58		

Isaac Alter
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and the Hawaiian Kingdom,” April 17, 1875, Hawaii Nation,
http://www.hawaii-nation.org/treaty1875.html
(accessed February 23, 2011).
31. Kalakaua, “The King’s Speech at the Opening of the Legislative
Assembly,” (speech, Honolulu, HI, November 3, 1887),
Hawaii Nation, http://www.hawaii-nation.org/treaty1875.html
(accessed February 23, 2011).
32. Charles Nordhoff, “Special Report on Hawaii,” New York Herald,
May 13, 1893.
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Spreckels still believed that the vast majority of sugar planters
pushed for annexation because of the appeal of the McKinley
Tariff ’s subsidy for sugar grown on American soil.
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Laser Triangulation 3D Scanner
Will Strober
1 The Big Idea
The goal of this project is to design and construct a 3D scanner, which
will be able to create a 3D model of whatever small object is placed
on the scanner’s turntable. The scanner itself will create a point cloud,
which is a collection of points with x, y, and z coordinates, while a different software, MeshLab, will convert this point cloud into a usable
3D model. The code for operating the scanner is written in Python,
and open source code will be used, with small modifications in order
to adapt it to this particular project. Differences in lasers and dimensions of the hardware will require minor adaptations to the software.
The initial idea was found in a Make Magazine [1] issue, and then I discovered several other resources to help refine the concept. This project
should provide opportunities to develop an understanding of Python
as well as Arduino code. It also will require some work with electronics, as all of the components need to be wired together.
2 Introduction
This project is interesting to explore because it has a variety of practical applications and uses a number of interesting algorithms to convert
several 3D points into a full 3D model. 3D scanning continues to become more and more useful in our modern world, assisting us in areas
ranging from medicine to entertainment. [1]
3D scanning is used more and more frequently in the entertainment
industry. It is used to bring real-world objects into games, as it is much
more efficient to scan an object than to model it from scratch. Also,
artists might sculpt physical models of whatever is desired within a
movie or game and then scan it in, which could save a huge amount of
time for people in this field. [1]
This paper was written for Dr. James Dann’s Applied Science
Research class in the spring of 2011.

64		

Will Strober

Figure 1: Original model of gargoyle, next to replica, computer showing 3D model [2]

A major use of 3D scanning is in recording historical sites and artifacts. 3D scanning, combined with 3D printing, allows for replicas
to be recorded quickly, without the time-consuming and potentially
harmful process of plaster casting. For example, if an ancient statue,
like the gargoyle in Fig. 1, must be replicated without damaging it, 3D
scanning is the fast and effective way to do this. Larger projects may
be done like this as well. For example, the Kasubi Tombs, a network of
tombs in Uganda, was scanned, and then the original burned down a
year later. The reconstruction effort will be made possible thanks to the
model that was previously recorded. [1]
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Another use of 3D scanning is in medicine. A major use in this field is
to create prosthetics and dental implants. Again, it eliminates the need
for plaster casts, and also can leave a digital model of whatever was
needed for future use or reference. [1]
3 CAD Drawings
(all dimensions in mm)

Figure 2: Top view of scanner
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Figure 3: Front view of scanner

Figure 4: Angled view of scanner

Will Strober
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4 Physical Setup

Figure 5: Scanner in action. Object in focus is miniature army figurine. The two
lasers can be seen; the left laser is active. The camera is seen in the center of the
back of the base.

As seen in Fig. 5, all of the relevant parts were mounted on a plywood
base. For this particular version, a wooden backboard was used to reduce interference. The camera is clamped to the board, and a small set
of LEDs is also attached to the camera support. All electronics were set
up underneath or behind the base, leaving the actual scanning area clear.
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Figure 6: The housing for the stepper motor. It is firmly locked in place underneath
the turntable. The shaft coupling that connects the motor shaft to the turntable can
be seen.

In Fig. 6, the housing for the stepper motor can be seen. The motor’s
shaft is connected to a bolt, which is connected to the turntable by
clamping it between nuts and washers. The motor was placed between
the wooden supports before permanently gluing the wood pieces together, and brackets are used to fasten the wood to the underside of the
scanner base. This particular component is very solid, as any variation
of the motor’s position would have a negative effect on the scan quality.
5 Theory
5.1 Turntable Mechanics
The turntable will use a 1.8˚ stepper motor with 0.043 Nm of holding
torque. [3]
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torque = moment of inertia * angular acceleration
torque = 0.5 * mass * radius^2 * (acceleration / radius)
Given a sample object of radius 10 cm, the maximum force can reach
up to 0.86 N.
0.043 = .5(mass)(.01m^2) * (acceleration / .1m)
0.86 N = mass * acceleration = force
This much force should support the weight of the turntable, and
almost all objects that I am considering using.
The stepper motor has two coils that can be powered in opposite
directions. In order for a complete step to be made, the coils must be
powered in a particular order of different directions. Once the four
phases have been completed, a full step has been made, and the cycle
then repeats if desired.
5.2 Turntable Code
The code takes advantage of the H-bridge in the motor shield, and
sends alternating signals to the motor, based on its current direction. It
energizes each coil in the order and direction as shown by the motor’s
data sheet, as found in Appendix C. The actual code is shown in Appendix B. It changes the direction of the output to each electromagnet
in the motor based on its direction, as indicated by DIRA or DIRB.
5.3 Laser Mechanics
A simple circuit (Fig. 7) was designed in order to power the lasers on
command using the microcontroller. Each laser turns on or off when
the microcontroller outputs a particular voltage through a designated
output pin. A tip120 NPN transistor was used. The circuit was eventually condensed onto a proto board.
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Figure 7: Laser circuit [4]

5.4 Scanner Code
All of the code was taken from Matthijs van Henten’s page on GitHub
[5] and modified for this particular project. The code used for the scanning coordinates rotation of the turntable with the camera recording in
order to first generate a series of images. After recording this series of
images as the object on the turntable rotates 360˚, code is implemented
to create a 3D point cloud. A point cloud is a collection of points, in
this case each having an x, y, and z coordinate. The code for the scanner ends here and outputs a .wrl file, which simply contains the point
cloud. From here, the file is moved into a program such as Meshlab,
which is able to take in a large point cloud, and, by using various algorithms that create small regions to connect each point, a 3D model is
created. From here, it can be viewed in almost any 3D program, and
even printed with a 3D printer, as is the intention for this project.
The method for recording the images is relatively simple: as the turntable rotates the object, the webcam records a series of images. The
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next step, determining a series of points from each image, requires a
bit more thought. For each image, the y-coordinate is known, as this
is the given starting point for each point to be determined. The center
of rotation, or COR, is also known, as it is a part of the initial setup.
The x-position of the laser line is determined by finding the column
with the most intense measure of red light for each row. The distance
between the COR and the laser line gives the x-coordinate for each ycoordinate, as shown in Fig. 8. This is an effective way to do it, because
even if the laser angle is slightly inaccurate, it will cause an anamorphic
transformation of the x-coordinates, which can be easily adjusted for
later on. If the angle is slightly inaccurate, it will be offset by the same
amount in each recorded image, which can be easily adjusted by the
aforementioned anamorphic transformation of the x-coordinates.

Figure 8: Object shown, with center of rotation shown by y-axis, laser line along
skull, x-coordinate as difference between y-axis and laser lines. [5]
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Once the x- and y-coordinates have been determined, the z-coordinates have to be added. First, a “cage” is created by rotating the 2D line
data around the y-axis. This gives new points, as shown by the following equations: [6]
y=y
x = z(sin(r)) + x(cos(r))
z = z(cos(r)) - x(sin(r))
Where r = angle of rotation around y-axis =
(360 / number of images) * image number
These are basic formulas for 3D rotation around the y-axis.
However, the scanner always starts with a 2D image, where z is always
0, so the equations can be simplified to:
y=y
x = x(cos(r))
z = -x(sin(r))

Figure 9: Rotation on y-axis
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The y-coordinate will be kept, as it is the point that the others are based
off of (the rotation is around the y-axis). The x-coordinate that was
previously recorded is equal to x(cos(r)), as it takes the original x-position, and rotates according to Fig. 9. It can be clearly seen how the
x-coordinate becomes x(cos(r)). Because the z-coordinate will always
start at 0, all we care about is the new position that the x-coordinate
has moved to. Again, it is clear that the z-coordinate is -x(sin(r)), which
can be easily derived from Fig. 9.
Once all of the points have been made to form the point cloud, they
still must be made into a usable 3D model. The first process that takes
place is the generation of the mesh. Although there are many ways to
do this, the general idea is to create a region with every single point,
such that the regions are all connected with exactly one point-per-region. Once a mesh has been generated, many things can still be fixed.
One issue is occlusion; it is common that part of the object will be lost,
frequently because the laser is blocked by other parts of the object.
This can be fixed by simple smoothing if there is a small region missing, or by being solved as 3D equations for the larger holes. Distortion is also another issue, which is easily fixed. Usually it affects the
entire model, so uniform transformations of the points can solve this
problem. Smoothing is used for the entire model, so that it is not full
of very small jagged points all over. Smoothing reduces differences between points, with nearby points making big differences, and points
with increasing distance from the point being examined making less
of a difference. This is done to all points in the point cloud. All of these
correction techniques are built into the MeshLab software and can be
easily implemented.
6 Results
The result of the cleanest scan of the few done so far can be seen below
in Fig. 10. The scan was unable to clearly detect the center of the wheel
due to the viewing angle of the camera, and therefore looks a little
rough. However, it definitely detected the shape of the scanned object,
and the final output looks fairly recognizable. This scan was created by
importing the 3D point cloud into Meshlab, and then using the Pois-
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son Surface Reconstruction tool. This created a rough mesh. After this,
the faces with areas over a given threshold were eliminated, and past
that the remaining rough spots were cleaned by hand using particular
selection tools. The wheel is clearly not watertight as of yet, but further
investigation of the Meshlab software will make this possible.

Figure 10: Rough wireframe of skateboard wheel

7 The Next Step / Conclusion
Initial scans have been completed, and now the real issue is the scan
quality. The adjustable camera mount has not been completed and
currently is simply carefully clamped to the end of the base. The ambient lighting might also be an issue. The turntable and the area im-
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mediately behind the turntable have been painted a flat black, which
is intended to minimize reflections from the turntable and reduce interference from the backboard. However, controlling for all the light
might be beneficial, so operating in a darkened room while only using
my own light sources would probably help. Further investigation into
the Meshlab software would also help in order to create cleaner results
from what has already been scanned.
The project succeeded overall in that it was able to make a recognizable model of a scanned object, and has potential for greater degrees of
accuracy and higher resolution with the further work as listed above.
8 Appendices
8.1 Appendix A: Part List
Part Description

What Needed For

Cost

Where to Buy

2 Laser Line
Generators

outline contours

~$240

laserglow.com

webcam

main sensor

$50

logitech.com

Arduino board

motor controller

$30

sparkfun.com

Arduino motor
shield

motor controller

$30

sparkfun.com

stepper motor

turns turntable

$30

farnell.com

6 white leds

illuminate object

$2

hardware store

3/4” plywood

base

free

basement of
Menlo

various bolts
and nuts

holding base

<$10

hardware store

shaft coupling

motor housing

$10

hardware store

turntable

turntable

$6

plastic/
hardware store
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8.2 Appendix B: Arduino Code
#define PWMA 3
#define PWMB 11
#define DIRA 12
#define DIRB 13

//laser L ON
case 2:
digitalWrite(LL,HIGH);
break;

int LR=14; //laser right
int LL=15; //laser left
int cont=0;
int i = 0; //counter

//laser L OFF
case 3:
digitalWrite(LL,LOW);
break;

int cmd=0;
byte state=0;

//laser R ON
case 4:
digitalWrite(LR,HIGH);
break;

void setup() {
Serial.begin(9600);
// set up Serial library at 9600 bps
pinMode(LR,OUTPUT);
pinMode(LL,OUTPUT);
pinMode(PWMA, OUTPUT);
pinMode(PWMB, OUTPUT);
pinMode(DIRA, OUTPUT);
pinMode(DIRB, OUTPUT);
}

analogWrite(PWMA, 255);
analogWrite(PWMB, 255);

void loop()
{
cmd = int(Serial.read()) - 48;
//cmd comes from computer
if(Serial.available()<1)
{
Serial.println(cmd);
switch(cmd){
//do a lap
case 0:
for(int i = 0; i < 800; i++)
{
step();
}
break;
//do step
case 1:
step();
break;

}

}
}

//laser R OFF
case 5:
digitalWrite(LR,LOW);
break;

//uses i to regulate step frequency
void step()
{
if(i == 0)
{
digitalWrite(DIRA, 1);
}
else if(i == 2)
{
digitalWrite(DIRB, 1);
}
else if(i == 4)
{
digitalWrite(DIRA, 0);
}
else if(i == 6)
{
digitalWrite(DIRB, 0);
i = -2;
}
i++;
if(i%2==0) delay(100);

}
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The Solar Charging Backpack
Ali Nahm
1 Abstract
This project was to build a solar backpack, an idea suggested by my
ASR teacher, Dr. Dann. The backpack would store energy from solar
cells placed on its exterior, which could then be used to charge people’s
electronic devices, such as a cellphone or iPod. It’s always frustrating
when one cannot contact friends because of a dead phone and there
is no place nearby to charge it. This problem could easily be solved by
making this portable charging station. Moreover, this project is one
way to apply green technology to an everyday problem. I incorrectly
assumed that solar energy can only be generated through giant panels
located in the middle of hot deserts. When preparing for my M-BEST
workshop on green technology in January 2011, I learned that solar
energy can also be captured through small solar cells that can fit in the
palm of my hand. I thought it was so cool that power can be generated
from such a small, thin object. I’d be exploring a new method of
powering things, which is important since non-renewable energy
sources, such as coal and oil, are being depleted quickly.
The goal of this project is to learn more about building circuits,
especially learning how to build a circuit that can store energy and then
pass the energy on to an electronic device in controlled amounts so
that the device does not break from getting too much power. Another
goal of the project is to learn more about solar energy and how solar
cells work. It will be important to think about the placement of the
solar cells on the backpack to maximize energy, but also minimize the
chances of damage.

This paper was written for Dr. James Dann’s Applied Science
Research class in the spring of 2011.
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2 Introduction
Where does energy come from? Energy is used to power complicated
machines in human society and cars, as well as everyday objects
including cellphones and calculators. Most of the energy that powers
society comes from fossil fuels, nonrenewable energy sources including
coal and oil. [1] This is a problem because fossil fuels supplies are
constantly decreasing in the world, and soon there won’t be anything
left to convert to energy. Moreover, the use of fossil fuels causes large
carbon emissions, which increases the effects of global warming and
pollutes the air. Global warming is a serious issue; the polar ice caps
on Earth are melting, and there is an increased probability of intense
droughts and heat waves. [2] Air pollution is also problematic. Poor air
quality can lead to serious respiratory diseases and cancer. [1] Luckily,
there is an alternative method for generating energy: renewable energy
sources, such as the sun, wind, tides, and geothermal activity. Granted,
the initial cost of renewable energy systems can be expensive. However,
renewable energy has no environmental or health effects.
In this context, solar cells are very relevant, as they could replace coal
and oil and become the world’s main energy source. Solar power is the
best developed modern energy technology so far. [3] Energy from the
sun is free and plentiful. More than 6,000 times the total amount of
energy used by the entire planet in a whole year reaches the Earth in
one day. [4]
There are some problems with the current, most widely-used solar
cells. The common solar cells are extremely fragile, as they are covered
by glass protectors, and expensive, as it costs a fair amount to produce
that much silicon. Thin-film solar cells are becoming more popular, as
they are much thinner, more durable, and cheaper than regular solar
cells. Unfortunately, thin-film solar cells do have a downside: they have
approximately a 10% efficiency rate, whereas regular solar cells have on
average a 20% efficiency rate. [5]
Most homes with solar panels are owned by people of high
socioeconomic status, who can make the large initial investment.
Cheaper solar cells can make renewable energy sources more accessible
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to people of different socioeconomic backgrounds. For instance, solar
cellphones are popular among African farmers. [6] Farmers can find
out the latest market prices on crops, talk to buyers from the fields,
and get weather forecasts from their solar cellphones. In addition, they
don’t need to worry about running out of battery power. Developing
countries, such as many in Africa and Central America, don’t have
electricity grids providing everyone with energy whenever they need
it. These people may have access to the technology, such as a cellphone
or a television, but the country’s infrastructure isn’t strong or advanced
enough to provide an electricity grid to power the device. A New York
Times article on mobile phones in Africa elucidates this problem. The
story discusses how Laban Rutagumirwa, a Ugandan banana farmer, is
forced to charge his cellphone with a car battery in his dirt-floor home
in the remote hills of western Uganda. [7] If he had an inexpensive,
portable charging station like the one in my project, he would be more
successful in his job. This simple idea can have so many positive effects
on others.
3 History of Solar Energy
Solar energy has been known and used throughout history. Going
all the way back to the seventh century BC, the ancient Greeks and
Romans used glass to concentrate the sun’s rays to make small fires. [8]
Solar energy wasn’t considered a major power source until the 1860s,
when Auguste Mouchout of France developed the technology to turn
solar energy into mechanical steam power in order to operate the first
steam engine. [9] Unfortunately, coal was a cheaper fuel source for
the steam engine, so his alternative energy system no longer received
funding from the French monarch, and solar energy research was put
on hold for a while. In the 1870s and 1880s scientists Charles Fritts and
Willoughby Smith experimented a little bit with the use of solar cells
coated in the semiconductor material selenium. [10]
However, it wasn’t until 1905, when Albert Einstein made a
breakthrough in science and clearly described the photoelectric
effect, that the main theory behind photovoltaic cells was known.
[11] Scientists began trying to develop practical uses for this theory.
In 1941, Russell Ohl invented the first silicon solar cell. [10] Shortly
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afterward, in 1954, Calvin Fuller, Gerald Pearson, and Daryl Chaplin
of Bell Laboratories invented another type of silicon solar cell that
had an efficiency rate of 6%. [9] All solar cells before the one built by
Fuller, Pearson, and Chaplin had an energy conversion less than 1%, so
their solar cell was truly revolutionary. Their solar cell became the first
commercial solar cell made available to the public in 1956, at a very
expensive price of $300 per watt. [9]
Even though non-renewable resources, such as oil, coal, and gas, were
cheaper, solar cell technology didn’t die out as it did in France in the
late 1800s. The photovoltaic cell industry continued to prosper due to
the growing satellite industry at the time. [12] Solar energy was the
only fuel source option for satellites up in space. As a result, in 1958,
the Vanguard I was the first orbiting vehicle to be powered by solar
energy. [11]
Now, the global solar cell industry has been growing by 25% per year
for two main reasons. In 1960, Hoffman Electronics increased the
efficiency of the commercial solar cell to about 14%. And recently,
researchers have been able to develop cells to almost 20% efficiency
rates. [11] Moreover, in the 1970s, Dr. Elliot Berman was able to design
a less expensive solar cell, bringing the price of a commercial solar
cell from $100 per watt to $20 per watt. [11] This allowed solar cells
to be used in many more practice applications such as with railroads,
lighthouses, off-shore oil rigs, buoys, and remote homes.
4 Theory
4.1 Physics Equations on Circuits
This project requires a lot of knowledge of electrical circuits. The two
most basic equations on circuits are Ohm’s Law and the equation for
power. Ohm’s Law states that the total voltage is the product of the total
current and total resistance (V = IR). Voltage is the electrical potential
energy difference per unit test charge. Current is the amount of charge
per unit time. Resistance is how much the electrons are being slowed
down through the circuit. The power equation states that power
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generated by the circuit is the product of the total current and the total
voltage (P = IV). [13]
Parts of a circuit can be hooked up together in two different ways: in
series or in parallel. When a circuit is hooked up in series, the current
and charge are the same for each section of the circuit, but the voltage
drop is different. When a circuit is hooked up in parallel, the current
and charge are different for each parallel strand, but the voltage drop
is the same.

Figure 1: An example of a series circuit on the left [14] and a parallel circuit on
the right. [15]

Based on these attributes of series and parallel circuits, we can derive
the equations for finding the total resistance in a circuit. The total
	
   . The total resistance in
resistance in a series circuit is
	
   . Sometimes, a circuit can be
a parallel circuit is
composed of sections hooked up in series, as well as sections hooked
up in parallel. To find the total resistance, a combination of the two
equations must be used. [13]
4.2 Scientific Explanation of Project
4.2.1 Capacitors
Capacitors store electric charge. They are measured by capacitance, the
ability to store charge. Farads (F) are the units of capacitance. The main
equation regarding capacitors is that the total charge being held by one
plate of the capacitor is the product of its capacitance and the voltage
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(Q = CV). Capacitors are composed of two conductors of varying
shape and size, called plates. A capacitor is charged if the plates carry
equal and opposite charges of +Q and –Q. [16]
A resistor-capacitor circuit (RC circuit) is used to charge or discharge
a capacitor. When a battery or other power supply is connected to the
RC circuit, the capacitor is charging. The charge at time (t) is given by
the equation:
	
  

where ε is the electromotive force (emf), or actual voltage coming from
the power supply. This equation makes sense, as when t gets closer to
infinity, the capacitor reaches its maximum charge of εC. When the
circuit is only composed of a capacitor and a resistor, the capacitor is
discharging. The charge at time (t) is given by the equation:
	
  

where qo is the maximum charge of the capacitor before it began to lose
charge. This equation is reasonable, as when t gets closer to infinity, the
capacitor’s charge is close to zero. [17]
One special kind of capacitor is an electric double-layer capacitor
(EDLC), which is also known as an ultracapacitor. Unlike a regular
capacitor with two plates, EDLCs have two layers of the same substrate.
The first layer, the surface charge, is composed of ions absorbed by the
object. The second layer, the diffuse layer, is made of free ions that
move in the fluid due to the electric field. These two layers make up
the “electrical double layer” of the substrate, resulting in separation
of charge between the layers. The two layers are separated by a thin
physical barrier a couple of nanometers wide.

THE MENLO ROUNDTABLE		

85

Figure 2: Diagrams comparing two different types of capacitors. [19] The object
on the left is a “normal” capacitor. The object on the right is an electric doublelayer capacitor.

EDLCs can only withstand low voltages, but they have much higher
power densities than batteries. Power density is determined by the
energy density with the speed that the energy can be delivered. Batteries
have higher energy densities than EDLCs. However, batteries have
slow charge and discharge times compared to capacitors. Therefore,
the power density of EDLCs is generally 10 to 100 times as great as that
of batteries. [15]
4.2.2 Rechargeable Batteries
Batteries, also called galvanic cells, are devices powered by an electric
current that is produced by a chemical oxidation-reduction reaction.
In this reaction, the oxidizing agent, the anode, is separated from the
reducing agent, the cathode, forcing the electrons to travel through a
wire from the reducing agent to the oxidizing agent. This apparatus also
needs an electrolyte buffer that only allows ions to pass. An electrolyte
buffer is necessary to maintain the charge of the anode and cathode to
be neutral as the electrons are travelling through the wire between the
two substances. [16]
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Figure 3: Diagram of a battery. [22]

A rechargeable battery is composed of the same three materials
as a normal battery: an anode, a cathode, and an electrolyte buffer.
[18] However, these batteries are different because their oxidationreduction reactions are electrically reversible through a process called
electrolysis. The electrical energy from a battery charger forces the
current to flow in the opposite direction, from the oxidizing agent to
the reducing agent. This forced current converts the reduced anode
and the oxidized cathode back into their original states. [16]
There are many different combinations of chemicals to create a
rechargeable battery, such as the lead-acid battery and the lithium ion
battery. [18] The rechargeable battery being used in the experiment
is a nickel metal hydride battery (NiMH). The cathode of the battery
is nickel oxyhydroxide, and the anode is a metal hydride, which is a
chemical compound that consists of metal elements and hydrogen.
[19] The electrolyte is usually potassium hydroxide in these batteries.
[20] When the NiMH battery is powering something, there are two
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separate chemical reactions occurring. In the cathode, the following
reduction reaction occurs:
Ni(OH)2 + OH- → NiOOH + H2O + e- [19]
In the anode, the following oxidation reaction occurs:
M + H2O + e- → MH + OH- [19]
(Note: M is the hydrogen absorbing alloy, and MH is the unknown
metal hydride being used by the battery.) One can combine these two
reactions into one general equation:
Ni(OH)2 + M → NiOOH + MH [19]
When the NiMH battery is recharging, the three reactions are reversed.
The products of the reaction become the reactants, and the reactants
become the products.

Figure 4: Diagram of a NiMH rechargeable battery charging. [16]
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4.2.3 Solar Cell
A solar cell converts solar energy into electrical energy. There are three
steps a solar cell undergoes. [22] First of all, the photons in the form
of sunlight hit the solar cell, which is covered by the semiconductor
silicon. When a photon hits a piece of silicon, one of three things can
occur depending on the energy in the photon: [23] the photon reflects
off the surface, the photon passes through the silicon, or the photon is
absorbed by the silicon. [22]
Only a small percentage of the photons reflect off the surface, as the
solar cells have an antireflective coating. [23] The inefficiency of solar
cells mainly comes from the other two options, accounting for 70%
of the energy lost. [23] Silicon has a band gap energy of about 1.1 eV,
meaning that the photons must have at least that amount of energy
to be absorbed. If the photon doesn’t have enough energy, it passes
through the silicon. If the photon has more than the band gap energy,
the extra energy is lost.
If the photon is absorbed by the silicon, an electron is knocked loose
from the silicon atom structure. This generates an electron-hole and a
free electron that can move within the solar cell. An electron-hole is a
missing covalent bond on an atom that used to connect an electron to
the atom. The bonded electrons of neighboring atoms shift to fill the
electron-hole, thus creating another electron-hole in a different section.
In this sense, the electron-hole is moving through the solar cell.
Simultaneously, the electrons are moving within the network of silicon
atoms in the solar cell. However, due to the two different layers of
silicon in the solar cells, the electrons can only move in one direction.
There are two different types of silicon atoms, N-type and P-type
silicon. N-type silicon is impure silicon doped with phosphorus,
causing it to have more free electrons. As a result, N-type silicon is
a better conductor than pure silicon. P-type silicon is impure silicon
doped with the element boron, causing it to have more free openings
to hold electrons. [23]
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When N-type silicon and P-type silicon interact, the free electrons
from the N-type silicon rush to fill the free electron-holes in the P-type
silicon. However, not all of the free electrons fill the electron-holes in
the P-type silicon. Some of the free electrons form a barrier at the
junction, the space between the N-type and P-type silicon. This barrier
creates an electric field, which is a diode that allows electrons to flow
from the P-type silicon to the N-type silicon, but not the other way
around. [23] Since the electrons are moving from the P-type silicon to
the N-type silicon, the electron-hole moves in the opposite direction.

Figure 5: Diagram of a Solar Cell. [29] The diagram includes the cross-section
of the cell, which shows the N-type silicon, the P-type silicon, and the junction.
The diagram also shows the direction of the electron flow and the electron-hole
movement.

An external circuit is created that connects the N-type silicon to
the P-type silicon. The electrons will flow through the path to the
P-type silicon to fill the holes that moved down there. The flowing
electrons will create a current through the circuit, and the solar cell’s
electric field causes a voltage. Power can be determined by taking the
product of these two values. [22] When multiple solar cells are used
simultaneously, enough solar energy can be converted into a reasonable
amount of direct current (DC) electricity.
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This experiment uses thin-film amorphous silicon photovoltaics. [25]
The large solar panels that are found on buildings’ roofs and deserts
use crystalline silicon (c-Si), which is a group of silicon atoms bonded
to four neighboring silicon atoms, creating a well-organized crystal
pattern. Amorphous silicon (a-Si) is a group of silicon atoms randomly
bonded together, creating a disorganized pattern.

Figure 6: Diagrams comparing the two different structures of silicon. [26]
Crystalline silicon is shown on the left, and amorphous silicon is shown on
the right.

Both types of silicon, c-Si and a-Si, can be doped with phosphorus and
boron to create P-type and N-type layers of silicon. Because a-Si can
have more concentrated silicon randomly bonded together, a-Si layers
can be much thinner than c-Si. [27] This causes solar cells made of a-Si
to be very thin and flexible.
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5 Experimental Design
5.1 Diagrams

Figure 7: View of the Sketchup drawing of the experimental setup of my project.
The drawing is of the backpack with thin-film solar cells (in light grey) attached
on the outside and a pouch (in darker grey) in the front to hold the electronic
equipment. Dimensions can also be seen in the Sketchup drawing.
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Figure 8: Another view of the Sketchup drawing of the experimental setup of
my project.
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Figure 9: Diagram of the entire circuit of the project.

Figure 10: Diagram of the voltage regulator circuit.
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5.2 Photographs

Figure 11: Photograph of the actual circuit used in the prototype for this project.
It includes the small multimeter used to measure the voltage across the two
ultracapacitors, the voltage regulator circuit, and the Blackberry phone that
is being charged. Note that the multimeter and the circuit can fit in the white
cardboard box also included in the picture, which fits in the backpack front pouch.
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11)

Figure 12: Photograph of the entire prototype with all the major sections of
the project labeled.

6 Results: Specifications of Individual Parts
6.1 Temporary Charging Device
For the month of January, I worked on measuring the different aspects
of the ultracapacitor, the normal capacitor, and the rechargeable
battery in order to compare them.
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Figure 13: Photo of the three charging devices that I used for my project: a
capacitor, a 2.5 V ultracapacitor, and a rechargeable battery.

Figure 14: Photo of the second 2.7 V ultracapacitor that was tested and eventually
used in this experiment.
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I measured the voltage and current, as well as the mass, of each charging
device to compare the data of each device with the others. To measure
voltage, I put the two multimeter leads on the corresponding leads
on the charging device and put it on the voltage setting. To measure
current, I hooked up the charging device to a 1 Ω power resister and
measured the voltage across the resistor to calculate the current using
Ohm’s Law (V=IR), which was explained in section 4.1 of this paper.
Charging
Device

Measured
Current
(A)

Measured
Voltage
(V)

Measured
Charge (C)

Mass
(g)

Charge-toMass Ratio
(C/g)

Capacitor

1.36

2.52

0.77744

3.7

0.21

2.5 V
Ultracapacitor

1.52

4.52

302.4

26.87

11.25

2.7 V
Ultracapacitor

2.04

3.20

80

6.99

11.44

NiMH battery

1.56

2.53

1366.2

56.41

24.22

Figure 15: Data table of the measured current, voltage, charge, and mass to help
compare the three different charging devices. Moreover, it includes the charge-tomass ratio, which is the charge of the device divided by the total mass.

Sample calculation of Charge-to-Mass ratio for a capacitor:
Charge-to-Mass Ratio =

	
   =

	
   = 0.21 C/g

Moreover, I calculated the charge of each device based on the expected
values given on the data sheets of the products. As described in section
4.2.1 of this paper, charge is the product of capacitance and voltage
(Q=CV). A sample calculation for the expected charge of the capacitor
is shown below.
Q = CV = (0.172 F)(5 V) = 0.86 C
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Charging Device

Expected
Capacitance (F)

Expected Voltage
(V)

Expected Charge
(C)

Capacitor

0.172

5

0.86

2.5 V
Ultracapacitor

120

2.5

300

2.7 V
Ultracapacitor

25

2.7

67.5

2.4

6480

NiMH battery

Figure 16: Data table of expected charge. The expected charge values were based
on the expected capacitance and expected voltage values given in the specification
sheets in the packaging of the three different charging devices.

For the second part of the month, I built a circuit to regulate the output
voltage of the system. Depending on the setting on the potentiometer
(also known as a variable resistor), the circuit can regulate the output
voltage anywhere between 1.2 V to 37 V. The circuit diagram can be
seen earlier in the paper in Figure 10.
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Output Voltage
Resistance (in Ωs) (in V)

Expected Voltage
(in V)*

Percent
Difference

1

1.272

0.01

22287

149.9

2.11

0.85

148

205.7

2.43

1.17

108

258.7

2.74

1.47

86

296.5

2.76

1.68

64

341.8

3.22

1.94

66

451

3.81

2.56

49

987

6.45

5.61

15

1526

8.16

8.67

6

2035

9.35

11.56

19

2570

10.34

14.60

29

3042

11.04

17.28

36

3523

11.62

20.02

42

4090

12.17

23.24

48

4590

12.61

26.08

52

5050

12.95

28.69

55

99

Figure 17: Data table of expected and actual output voltage for the voltage
regulating circuit.

*To calculate the expected voltage, the following equation was found
on the back of the packaging for the voltage regulator:
	
  

For instance, the calculations for the expected voltage when the
potentiometer is 1 Ω are shown below:
	
  

	
  

Note: I arbitrarily decided to use a 220 Ω in the R1 position in my circuit.
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Figure 18: Scatter plot of the actual output voltage measured in the experiment
versus the voltage, as well as the expected voltage versus the voltage. Note that the
expected voltage data points have a more linear relationship, whereas the actual
voltage data points have a more logarithmic relationship.

I decided to use a 550 Ω resistor as my R2 resistor in my voltage regulator
circuit. When I varied the input voltage from 5 V to 10 V, the output
voltage remained constant at 4.52 V. This meant the voltage regulator
circuit was doing its job in maintaining the output voltage to the phone
at the correct output such that the phone doesn’t get damaged.
6.2 Thin-film Solar Cells
The first experiment was to compare the voltage and current generated
by a single thin-film solar cell depending on the angle to the light
source. This would help plan out the placement of the solar cells on
the backpack.
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Angles (in degrees)

Voltage (in V)

Current (in A)*

Power (in W)**

90

3.37

0.015

0.051

80

3.42

0.012

0.041

70

3.39

0.010

0.034

60

3.39

0.009

0.031

50

3.41

0.007

0.024

40

3.23

0.005

0.016

30

2.85

0.004

0.011

20

2.71

0.002

0.005

10

2.66

0.003

0.008

0

1.76

0.000

0.000

Figure 19: Data table of power generated by a single thin-film solar cell with
varying angle of elevation of the solar cell with respect to a 40 W light source.

*The current was measured by measuring the voltage across a 1 Ω resistor.
**The power was calculated using the physics equation P=IV (see
section 4.1). For instance, to calculate the power generated by a solar
cell 0 degrees to the sun:
P = IV = (0.015 A)(3.37 V) = 0.051 W
I then ran a linear regression of the relationship between the solar cell’s
angle to sun and the power generated by the cell, and found the least
squares regression line to be:
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Figure 20: Graph of power generated by solar cell versus angle to sun.

Figure 21: Residual plot of the relationship between the power generated by solar
cell versus angle to sun, where a residual is the difference of the observed value and
the predicted value. Since the data points are randomly spaced around the center
line of y = 0, it can be assumed that there was little experimental error in this
specific section.

Then, a linear regression hypothesis test for slope was performed
based on the null hypothesis being that the slope is equal to 0 and the
alternative hypothesis being that the slope is not equal to 0. The test
statistic, t, is calculated to be 15.16 with 8 degrees of freedom (two less
than the sample size). If the null hypothesis was true and the sampling
process was performed repeatedly, the probability of getting the same
slope in this experiment or more extreme would be less than 0.01%.
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This mini-experiment was helpful to me because it told me that the
data was indeed statistically significant and that there is a correlation
between the angle of the solar cell and the power generated. As a result,
I designed the backpack to have solar cells on only the front face, since
that is the section of the backpack most likely to be 90 degrees from the
sun. Most of the time, people set down their backpacks face-up, so the
solar cells can generate the maximum power.
For the next experiment, six thin-film solar cells were hooked up
into six different situations (A through F). These circuits’ voltage and
current were compared when they were set flat on a table about a foot
underneath a 40 W light bulb.

Figure 22: Circuit diagrams of the six different possibilities of combining six
thin-film solar cells.
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Type of Circuit

Voltage (V)

Current (A)

Power (W)

A

22.1

0.006

0.1326

B

3.82

0.035

0.1337

C

7.47

0.016

0.11952

D

11.25

0.01

0.1125

E

11.3

0.012

0.1356

F

7.45

0.013

0.09685

Figure 23: Data table of the measured voltage of a series circuit and a parallel
circuit with two thin-film solar cells.

Figure 24: Graph of the power generated by the arrangement versus the measured
voltage of each solar cell arrangement.

6.3 Blackberry Bold
This prototype was built specifically to charge a Blackberry Bold model
9780, which is a fairly typical smartphone in use right now. According
to the transformer attached to the phone charger into the wall socket,
the maximum voltage for this phone is 5 V, and the maximum current
for this phone is 0.75 A. However, for this project, I want to maximize
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efficiency since the solar cells are so inefficient, so I proceeded to find
the minimum voltage and current needed to charge the phone.
To do this, I connected the phone to a power supply and started at 5
V and 0.75 A inputted into the phone. The next time, I lowered the
current by about 0.05 A and checked in an hour if it had charged. The
phone stopped charging at a current of 0.25 A. At that time, the voltage
reading was 4.2 V, so I’m assuming that that value is the minimum
voltage for the phone.
		
7 Conclusion
A portable charging station was built for this project. The prototype
was composed of 12 solar cells Velcroed onto a backpack that charges
up to two 2.7 V ultracapacitors. Then, when the ultracapacitors are
fully charged, a switch is flicked, and then the phone is charged.
Overall, this project took three months and about $20. To put it into
perspective, other backpacks of a similar kind have been made and are
being sold commercially for about $200 dollars. [35]
This project had three main components to it. The first component
was the voltage regulating circuit. A lot of testing and research was
done on capacitors, ultracapacitors, and rechargeable batteries to
determine the most ideal object to store charge temporarily between
the solar cells and the cellphone. The second component was the solar
energy concept. Because solar cells are still fairly inefficient sources of
energy, much time was spent in understanding how to maximize the
power out of these thin-film solar cells. Experiments were performed
to further understand the effects of the position of the individual cell
relative to the sun and the arrangement of multiple cells. This resulted
in the conclusion that, ideally, the cells need to be 90 degrees to the
sun and in a certain combination of parallel and series. The third and
final component was the cellphone, specifically the Blackberry Bold.
Research and testing was done in order to determine the maximum
voltage and current needed to charge the phone. This way, the phone
would not be harmed in the process of experimenting and in the final
product. Also, an experiment was performed to find the minimum
voltage and current to charge the phone to maximize efficiency. These
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two pieces of data on the cellphone were used to finalize the voltage
regulating circuit such that the voltage and current output of the circuit
would be very similar to what the cellphone needs to charge.
In the end, a working final product was created. However, there are
still ways the project could be improved. It would be nice to use a
potentiometer instead of a specific 550 Ω resistor, so that the user
can change the output voltage setting and charge different devices. To
increase the power generated to charge the device, more solar cells
need to fit onto the backpack, or more efficient solar cells need to be
used on the backpack.
Personally, I’m really proud of my project. Green technology, especially
solar energy, is becoming more and more important in our society, and
I’m glad I got a chance to learn more about it with this project. I also
realized how much I truly love to build circuits. And in the end, I now
have a cool backpack to use in college next year to charge a device
while I’m walking around.
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