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Hemingway and the Impossibility of Love

Ari Holtzman

Any work of fiction is a catalogue of information about its author. No 
matter how much an author tries to make an objective story, a work 
of fiction will naturally reflect an author’s perception of their environ-
ment and life experience. Hemingway doesn’t try very hard to make an 
objective story; many parts of his work reflect his life almost exactly. 
Hemingway’s works are also a massive catalogue of information about 
his personal philosophy. One of the main beliefs that Hemingway plays 
around with in The Sun Also Rises is the belief that it is impossible to be 
romantically satisfied. From the novel it is clear that Hemingway has 
complicated beliefs about how gender roles, sexual drive, and the ro-
mantic impulse intertwine. Furthermore, Hemingway seems to believe 
that it is impossible for these three forces to exist in harmony. This 
belief is most likely a reflection of the lack of harmony in Hemingway’s 
own life. 

The women in Hemingway’s life had a huge effect on his philosophy. 
One of the women with the most profound effect was Agnes von Ku-
rowsky, his first real lover. As Hemingway biographer Jeffrey Mey-
ers puts it, “the most influential woman in Hemingway’s life, other 
than his mother, was Agnes von Kurowsky”(Meyers 41). Hemingway 
met Agnes at a hospital in Italy during the First World War, when he 
was wounded in battle. Hemingway and Agnes fell in love, but when 
Hemingway recovered, Agnes urged him to go home and make a living 
before they got married. Hemingway went home, but things did not go 
as planned: Agnes became engaged to another man and Hemingway 
was heartbroken (Tyler 3). 

I believe this original disharmony went on to shape Hemingway’s idea 
of romance and the viability of true satisfaction of the romantic im-
pulse. Who among us does not remember the first time we were truly 
in love? More importantly, who among us can say that our ideas of 
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romance were not significantly shaped by this first experience with 
love? Hemingway’s rejection by a woman, the “standardly” submissive 
party in a relationship, wounded him deeply, forcing him to believe 
that it was impossible to be truly romantically satisfied. This did not 
stop Hemingway from going out and pursuing sex and love, but al-
ways Hemingway was on the defensive. Meyers writes about this and 
describes how “for the rest of his life [Hemingway] guarded himself 
against betrayal and loneliness”(Meyers 41). This shows the effect Ag-
nes had on Hemingway’s way of life.

This defense can be seen in The Sun Also Rises, in Jake the protagonist’s 
calmly carried, almost emotionless way of going about his life. The de-
scriptions of physical things, such as the setting in which a scene takes 
place, are vague at best; the descriptions of emotions are only present 
and still quite muted at key points in the novel. It is at such moments, 
when there is an implied emotion, that it is possible to see Jake’s de-
fense mechanism. When Brett is telling Jake that she is in love with 
Romero, the bullfighter, and it has just been made clear that Jake is still 
in love with Brett, his words are not affected by his likely emotions at 
all. Brett is having a hysterical fit, yet Jake is calm and rational when 
dealing with her (Hemingway, The Sun Also Rises 187). This reveals 
Jake’s defense mechanism: distance. Jake takes himself far away from 
emotion in order to escape entrapment in the pain of rejection and 
lost love. 

Jake developed this defense mechanism from a life situation that paral-
lels Hemingway’s: he was wounded physically and that led a woman to 
wound him emotionally. On July 8, 1918, Hemingway sustained mul-
tiple shrapnel wounds in his right leg. He ended up in a hospital. If he 
had not sustained these wounds he would not have ended up in a vul-
nerable position. Meyer writes that “[Agnes] first taught [Hemingway], 
when he was young and vulnerable, to accept the care and protection 
of a woman”(Meyers 41), revealing the connection between Heming-
way’s vulnerability and the effect that Agnes had on him. Hemingway 
accepted this protection and had it ripped away from him; from then 
on he found it very difficult to accept protection from anyone except 
himself. This element of Hemingway’s life is seen clearly in Jake in how 
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his physical wound creates a situation in which Brett wounds him. In 
The Sun Also Rises it becomes clear that no matter how they try Brett 
and Jake are always drawn to each other. When Brett says, “That’s my 
fault” (Hemingway, The Sun Also Rises 34) in reference to this phe-
nomenon it reveals how Jake’s wound has forced them to attempt to 
avoid romance. In attempting to avoid romance and failing Jake was 
wounded emotionally.

Brett Ashley is a woman to fall in love with: that much is clear from 
the beginning. From Hemingway’s description of her body as “damned 
good-looking”(Hemingway, The Sun Also Rises 29), it is clear that Brett 
is a sexual object, not just to the main character, Jake, but to the men 
(and perhaps women) around her. The presence of the romantic im-
pulse is revealed in Hemingway’s description of Brett’s soul, through 
her eyes, when he writes, “[her eyes] would look on and on after ev-
eryone else’s eyes in the world would have stopped looking” (Heming-
way, The Sun Also Rises 34), showing how deeply the protagonist is in 
love with Brett. Finally, Lady Brett’s masculine name and the fact that 
when we are first introduced to her when her hair is “brushed back like 
a boy’s” (Hemingway, The Sun Also Rises 30) reveals how Brett plays 
with her feminine role in society and flirts with androgyny. All of this 
leads to the creation of Lady Brett as a construct of deep love, lust, and 
confusion, a construct that is impossible to possess as one might com-
monly possess a person in a romantic relationship. However, this does 
not directly connect to Hemingway’s love life. In order to explain how 
possession is related to Hemingway’s actual love life I must elucidate 
Hemingway’s beliefs about the romance. 

 To Hemingway, part of being the masculine party in a “true” roman-
tic relationship is putting the feminine in a box. Hemingway believes 
that the masculine party in a relationship should take possession of the 
feminine party, at the very least in the emotional sense. Hemingway’s 
style is short and ambiguous; he leaves out a lot of the details about 
what goes on, how, and where. Therefore what he does mention seems 
to have some sort of intent. With this in mind, notice that whenever 
Brett and Jake are having a tender moment, a moment when they are 
making themselves vulnerable to each other, Jake feels the need to en-
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close Brett with his body. The first time we see Brett and Jake alone 
together is in a taxi and Jake has his “[arm around Brett as] she [leans] 
back against [him]”(Hemingway, The Sun Also Rises 34). This encir-
cling of Brett physically is natural because society gives the female the 
passive role. This can again be seen in the last scene of the book, which 
is a showcase of Jake and Brett’s love and its inconsumate nature. Even 
in this twisted love affair, our narrator tells the reader how he “put [his] 
arm around her and she rested against [him] comfortably” (Heming-
way, The Sun Also Rises 251), showing his need to possess Brett. 

This need to possess in a romantic relationship is a natural byproduct 
of the environment Hemingway grew up in—one where women, while 
given more rights than in most of history, were still seen mostly as sex-
ual-romantic objects. By the time of his first love in the form of Agnes 
von Kurowsky, Hemingway had likely become accustomed to this idea 
of sexual-romantic objects. Therefore when Agnes “[pushed] him out 
of her life,”(Kert 70) Hemingway felt as if the natural order of things 
had crumbled. What he saw was a feminine figure taking a masculine 
action, which thus emasculated him. From this it is easy to see why 
Jake has wounded genitalia. Not only was Hemingway wounded in the 
upper leg, but also that wound sparked an emotional wound, which 
effectively castrated him, a perfect parallel to Jake Barnes.

Meyers also goes on to talk about how Agnes’s rejection awakened in 
Hemingway a “desire for revenge”(Meyers 41). This is reflected in The 
Sun Also Rises in how he tortures Brett, who parallels Agnes in her 
exploitation of men. When Brett says “When I think of the hell I’ve put 
chaps through. I’m paying for it all now”(Hemingway, The Sun Also 
Rises 34), Hemingway is making this exact connection; he is punishing 
a woman who has played with the hearts of men. By making himself 
(through Jake) the object of Brett’s desire, he wins a final victory over 
Agnes by making her yearn for him, at least in his caricature of her. The 
Sun Also Rises is not the only text in which Hemingway “punishes” Ag-
nes for her actions. Hemingway uses elements of Agnes in a number of 
his works, the most obvious of which is “A Very Short Story” in which 
Agnes is portrayed as a pitiful girl who never got what she wanted 
(Hemingway, “A Very Short Story”). This characterization is, however, 
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childish and angry. Hemingway’s true feelings come out when the ef-
fects of Agnes’s actions are examined, rather than looking straight at 
Hemingway’s representations of Agnes.

After Agnes, Hemingway began to believe that it was impossible for 
love to have any sort of assured stability. This is what started a pattern 
that Meyers observes as always “conducting a liaison with a future wife 
during his current marriage”(Meyers 41) in order to ensure his own 
emotional security. This total disbelief in the security and health of any 
kind of romance comes out early in the novel with Georgette, a woman 
Jake picks up on the street. When Jake says that he is sick Georgette re-
plies that “Everybody’s sick”(Hemingway, The Sun Also Rises 23). This 
brings to light Hemingway’s idea that nobody is truly healthy. Finally, 
the perfect example of Hemingway’s total disbelief in the possibility of 
romantic satisfaction comes in the last line of the book. When Brett 
talks about how wonderful she and Jake would have been together, 
Jake says simply, “Isn’t it pretty to think so?” (Hemingway, The Sun 
Also Rises), showcasing Hemingway’s belief that the only truly healthy 
romance exists in one’s head; all other romances are sick representa-
tions, which end with pain for one or more parties. When Agnes left 
Hemingway, he lost all belief in the security of romance, and though his 
life went on, he was never able to be so romantically vulnerable again.

Hemingway is a great artist. But he is also a little bit of a fool. Heming-
way let a single woman decide that he could not feel secure. The thing 
is, no one is ever secure. Hemingway himself said that young men go 
to war believing they are immortal and come back knowing they aren’t 
(Putnam). However, he failed to realize that the important thing is to 
be able to feel secure in order to live life as fully as if one truly were 
secure. Without that Hemingway was bound to be the nervous wreck 
he was all his life.

Hemingway thought of himself as a true man. He always had been a 
man, but Agnes ripped his sense of security out of his hands: something 
a man would do. Because of this, Hemingway wanted to make sure he 
never got emasculated again, at least not when it wasn’t his idea.
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The Evolution of the Aristocracy 

Madison Forker

It is often remarked in the present day that “anyone can become famous.” 
This can be seen as a good or a bad thing, depending on how you look 
at it, but it certainly shows a change from the way celebrity used to be 
achieved. Through art, we can observe that what constitutes the elite has 
evolved from titled nobility in the eighteenth century to the bourgeoisie 
in the nineteenth century and eventually to the middle class in the late 
twentieth century. Those who lived lives of opulence and prestige used 
to be placed on the highest of platforms, yet as more people gained 
access to the things that used to be considered luxuries, the distinction 
between the aristocracy and the common man has become less clear. 
Artists, perhaps, predicted the blurriness of this line before any others 
did. Throughout history there have always been the risk-taking artists, 
unafraid to show a more realistic account of the activities of the elite 
and not worrying about falling out of their favor. This critique can come 
in the subtlest of forms, as seen in Georges Seurat’s Sunday Afternoon on 
the Island of the Grande Jatte, or in more obvious ones, like that of Jean-
Honore Fragonard in The Swing. While the upper class has always been 
criticized through art, this has turned over time from a playful jab at 
the hypocrisy of the aristocracy into a more philosophical commentary 
on equality and sameness among members of society as the distinction 
between social classes has become increasingly vague.

The Struggle of the Rococo

Fragonard’s The Swing (1766) takes the very meaning of the word elite 
and turns it on its head. (See Appendix A.) While the word “elite” 
connotes superiority and sophistication, The Swing shows a scene 
of complete frivolity and base sensuality. The girl’s pastel pink dress, 
suggestive of all things feminine and vulnerable, flies about her as she 
swings toward her male lover. A bishop stands behind her, pulling her 
back into the darkness, suggesting that religious leaders rein in the 

This paper was written for Rebecca Gertmenian’s Art History class 
in the fall of 2011.



undisciplined aristocracy by requiring strict conformity with their 
standards of propriety. However, this particular cleric’s insistence might 
actually have the opposite effect; it seems to encourage this young lady 
to dare to deviate from the acceptable. Indeed, before the young woman 
can be stolen back by the darkness, she kicks her shoe off into the man’s 
outstretched arms, providing him with a view directly up her skirt. 
This overtly sexual action takes the piece from a standard view of the 
lighthearted enjoyment of nature to one of pleasure and secrecy. The 
line that Fragonard creates within the painting underscores this idea 
by leading us through the swing into the arm of the man, enabling us 
at first to ignore the kicked-off shoe and the juxtaposition between the 
male lover and the bishop. A putti stands on the left side, his finger to 
his mouth in a “shush” gesture, indicating that their actions are not to be 
transported from aristocratic hiding places to everyday life. 

Fragonard was originally commissioned to make this painting as a 
portrait of a baron’s mistress, and yet the final product serves the exact 
opposite purpose of a portrait.1 In the late 1700s, portraits served as 
a reinforcement of aristocracy, a show of propriety and affluence. The 
Swing, however, reinforces the idea of how ridiculous the aristocracy is, 
frolicking in sensual playgrounds while the common man is struggling 
to survive. Instead of showing people worthy of admiration and envy, 
Fragonard depicts the girl and her lover to be irrational and childish, 
taking advantage of their privileges in a way that turns almost crude. 
Furthermore, it’s likely that Fragonard’s original audience for this 
painting would have been the elite themselves, and thus this work poses 
a question to the viewers themselves: are you any better than this and 
do you have the right to judge her?2 By placing us on the ground in 
the painting, Fragonard suggests that we are even more ridiculous than 
she is because not only are we partaking in the scene, but we are the 
perverted intruders, watching everything transpire and perhaps even 
getting pleasure from it. The girl, at least, is elegant and literally above 
us, graced by the purifying light rather than lurking in the shadows. 
Fragonard is able to simultaneously show us the absurdity of the 
aristocracy while critiquing us as viewers for being no better than them, 
bringing the aristocracy off of their pedestal and suggesting that not 
everything is always as it seems. 
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In contrast to Fragonard’s work, Vigée-Lebrun’s Portrait of Marie 
Antoinette with Her Children (1787) takes a much more traditional view 
of aristocracy. (See Appendix B.) Vigée-Lebrun held a close relationship 
with the queen, acting as her personal portraitist and being granted 
more prestige in the art world than most female artists of her time 
because of this.3 Marie Antoinette sits tall and rigid with her children 
surrounding her, a black empty crib on her left. Vigée-Lebrun evokes 
sympathy from the viewer with this crib, suggesting the sadness that 
weighed upon the queen from having lost a child. As if it needed more 
emphasis, Antoinette’s son points at the crib, highlighting just how 
much of a tragedy the royal family has endured. 

The artist, indeed, was commissioned to create this portrait as a means to 
improve Marie Antoinette’s image, as the queen’s popularity continued 
to decline in the years leading to the French Revolution.4 Antoinette’s 
other children stay close to her, embracing her playfully in a show of 
affection. This depiction bears resemblance to that of Cornelia and the 
idea of the good mother,5 suggesting that Antoinette should come to 
be seen as virtuous and admirable as her children’s energy radiates into 
her.6 While the traditional portrait of royalty would tend to surround 
the subject with lavish objects and signs of affluence, Marie Antoinette 
is set in a somber room, curtains drawn and only an ottoman, a rug, 
and an armoire to serve as decorations. The queen, then, famous for 
her frivolous spending and love of splendor, is brought down to a level 
closer to the commoner’s, making her seem more humane. This idea 
is also similar to that of the maternal Cornelia, who is often shown as 
presenting her children as her treasures instead of material wealth.7  

Every feature of this painting serves to make Marie Antoinette seem 
virtuous and like the perfect mother except perhaps the queen herself. 
Antoinette sits completely motionless and seems overwhelmingly large 
due to her vibrant dress color and the garment’s volume. This, perhaps, 
fits Vigée-Lebrun’s strategy as well, making the queen seem serious and 
composed instead of playful and careless, as she seemed to have actually 
been in real life. Vigée-Lebrun reminds us of the sophistication of 
royalty, trying to show the viewer that even in times of political turmoil 
the aristocracy can be looked up to and admired as worthy of the divine 
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right and related privileges that have been bestowed upon them. Marie 
Antoinette is not just fit to be the mother of her children, but of an 
entire nation as she shows off how respectable, relatable, and regal she 
is through this portrait.

Flaws of Modernity

Manet’s shocking Déjeuner Sur L’Herbe (1863) serves as a reactionary 
piece, critiquing the supposed splendor of Modernity and the newfound 
idea that everyone can be part of the elite. (See Appendix C.) While 
at first glance it seems as though Déjeuner is an innocent depiction of 
a midday picnic, it quickly becomes apparent that something is not 
quite as it should be once we spot the naked woman in the center of the 
scene. Her clothes sit discarded next to her as she drapes herself over 
the clothed men, but perhaps the most disconcerting part about this 
woman is that she stares directly at us. Manet has made her so much 
brighter and almost larger than anyone else in the piece that it’s hard 
for us to take our eyes off of her. It has been widely speculated in the 
art world that, given the clothed men around them, the two women 
in the painting are prostitutes.8 To further this argument, the model 
for the painting was Manet’s alleged mistress, Victorine Meurent. Many 
men of the middle class, the “new aristocracy,” would have enjoyed the 
company of prostitutes or mistresses, and thus as these men view the 
painting in the Salon des Réfuses, Victorine stares out at them, familiar 
and accusatory.9 Her eyes bore into ours, knowing our dirty little secrets 
and wondering whether we’d like her to tell them to the entire world. 
The key figure, then, becomes the viewer.10 The person the viewer 
perceives Victorine to be is who she becomes; in reality, she could be 
a radical woman who wants to be free or even just a model in a studio 
whose job it is to be naked.11

The men in the painting present a mystery as well. The most commonly 
referenced comment from the first critiques of Déjeuner is that of 
Thoré, who noted that the pointing man “didn’t even have the idea 
of removing, while out of doors, his horrible padded hat.”12 Manet’s 
paintings frequently reveal an awareness of what constitutes appropriate 
clothing,13  and thus his determinedly wrong dressing of this man seems 
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to indicate that the man is there to be mocked by the viewer. This idea 
is exacerbated by the man’s pointing hand and gripped cane—he seems 
to be in the middle of making an argument, even though none of his 
companions appear to be paying any sort of attention to him. The two 
men are often seen as students,14 which makes their overly formal style 
of dress and pompous gestures seem even more contrived and pseudo-
intellectual. Manet suggests that as much as these men want to appear 
philosophical and admirable, they are still just students partaking in the 
exploitation of the young girl next to them. 

As in Fragonard’s The Swing, Manet wonders if we can justify our 
judgment of the figures in Déjeuner. Are we any better than the sexually 
promiscuous girl lounging naked in the grass? Are we not all pretending 
to be more sophisticated and aristocratic than we really are, like the 
pointing man? And why do we perceive these people as we do? Manet 
is well known for his confusing spacing and surreal touches, creating 
a somewhat dreamlike quality to his pieces. In Déjeuner, specifically, 
we observe that the crouching woman in the back would be so much 
bigger than the three central figures if she were to stand, and that while 
the food in the foreground is incredibly realistic the people themselves 
have been crudely made. Manet hints to us that the entire painting and 
its meaning could be completely created in our minds, bringing into the 
foreground how deceptive Modernity has made us. 

Whistler’s Harmony in Grey and Green: Miss Cicely Alexander (1772-
1874) also critiques the aristocracy, though the artist uses very different 
techniques from Manet. (See Appendix D.) Whistler was described by 
his contemporaries as being very social, witty, and egotistical,15 which 
makes it come as no surprise that his paintings often serve as social 
commentaries. Miss Alexander, the daughter of a banker16, stands 
gracefully, adorned in a great white and sage dress, and appears, at 
first, to be perfect. Yet two things ruin the little girl in this painting: her 
scowling face and her unfinished hands.

Harmony was painted in over seventy sittings, making the pouting lips 
and scrunching eyes of Miss Alexander a sign of the frustration that 
the little girl may have felt from having to stay still for so long.17 Most 
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painters would have glossed over this less than favorable expression, 
but Whistler chooses to keep it in, suggesting that he aims to find the 
imperfection in his subjects rather than trying to conform to tradition. 
Indeed, Whistler’s other works show this commitment to expose 
the truth regardless of what was considered “appropriate,”18 which 
furthers the idea that in this portrayal he was less concerned with 
what would appease Miss Alexander’s parents (who commissioned the 
painting) than what would portray the reality of this girl. By using fluid 
brushstrokes and imprecise lines, Whistler suggests to the viewer that 
even if this work had been painted quickly, the girl still would have 
looked upset and annoyed—she wasn’t perfect to begin with. Instead 
of looking dignified and grateful for the opportunity to be painted, as 
a child of the affluent should, Miss Alexander comes off looking bratty 
and uninterested. Early in his career, much of Whistler’s art is considered 
“satirical” and “crude,”19 and the artist seems to have perfected and to 
some degree amplified this in his later works.

Hands are often considered to be the most difficult thing for an artist 
to paint, and Whistler often leaves them out of his portraits. Harmony 
might seem to be a work done quickly, as though he didn’t have the time 
to pay appropriate attention to Miss Alexander’s hands. However, as 
this painting took two years to finish, it seems more likely that Whistler 
simply chose not to finish them. He certainly had the talent to render a 
human hand, being classically trained,20 but his omission suggests that 
he found some technical aspects of the painting to be unimportant. 
Rather, Whistler wishes to explore the girl’s personality, her flaws and 
failure to meet expectations, showing us that the elite are not always as 
exemplary as they seem to be, even at a young age.

Whistler further ensures focus on his subject’s facial features and 
consequently her personality by making the room around her bland 
and undecorated. This technique was also seen in Vigée-Lebrun’s Marie 
Antoinette with Her Children, yet instead of valorizing Miss Alexander by 
surrounding her with plainness as in the Vigée-Lebrun work, Whistler 
pulls more focus onto the negativity that he has already crafted in the 
painting. There is nothing to detract from how horrible this little girl is, 
nothing to distract us from seeing how unfavorable Whistler’s view of 
the aristocracy is.
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Valorizing Equality

Seurat’s depiction of the bourgeoisie in Sunday Afternoon on the Island 
of the Grande Jatte (1884-1886) is perhaps one of the most unique if 
only because of the way it was painted. (See Appendix E.) The artist, 
interested in the science behind artwork,21 created Sunday Afternoon 
using individual dots of color, a process that actually took the whole 
of two years to finish. By using this method, Seurat suggests almost 
correctly that all things are composed of the same essences, and that 
regardless of the distinctions we create between man and nature, male 
and female, right and wrong, rich and poor, everything comes from the 
same roots. In using colors that oppose each other,22 Seurat attempts 
to make every part of the painting jump out at the viewer, making it 
impossible to know where the main focus of the painting is supposed 
to be. This puts everyone on even more equal ground, placing no 
figure in prominence over the others. Seurat mixes the classes in this 
painting, putting a distinctly lower-class man in the foreground of the 
work. Though the man wears cheap-looking clothes and smokes from 
a pipe, his face is the most easily discernible and therefore the easiest to 
identify with; we are more like him than the elite. Seurat foreshadows 
a world in which there isn’t a difference between classes by slowly 
integrating the lower classes onto the same ground as the upper class 
while simultaneously creating all of his figures using the same methods 
and giving them equal importance.

The island itself, a common playground of sorts for the bourgeoisie, is 
shown full of innuendos but without actual human contact.23 La Grande 
Jatte was often considered a place for the middle class to carry out their 
sexual exploits, a lazy hideaway close to Paris.24 Within the painting 
we see several references to this stereotype. The woman fishing on the 
left-hand side of Sunday Afternoon is suggestive of a prostitute, as the 
French word pêcheur (fisherman) is remarkably similar to pécheur 
(sinner).25 Though the woman is completely removed from any of the 
men in the painting, Seurat embeds a hint at the reality of the activities 
occurring on the island. The artist makes another poignant reference 
to prostitution through the monkey in the foreground of the right side 
of the piece, once again using wordplay—the French word for monkey 
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(singe) was also a common colloquialism for a prostitute. The woman 
walking the monkey is dressed nicely, connoting her affluence, yet 
Seurat suggests that she may be nothing more than a common whore, 
provided with these luxuries by the man she is walking with. Through 
these allusions, Seurat brings up the age-old theme of aristocratic 
corruption and makes the viewer question their opinion of the elite. 
At the same time, though, Seurat asks the viewer to reflect and wonder 
why we make these assumptions about the women in his painting. Is 
the fishing woman actually a prostitute or do we pervert her in our 
minds because we are wary of any woman in the nineteenth century 
being out alone?26 Because we know that the island has some negative 
connotations, do we assume that the people in the painting must be up 
to no good? Are we hypersensitive because we, in fact, are the people 
engaging in such scandalous activities? If we take the painting at face 
value it appears, actually, as though the subjects are almost overly proper. 
Seurat has made the figures rigid and immobile, incapable of reaching 
others and actually carrying out the explicit acts that they may have 
in mind.27 Though there are definite undercurrents of exploitation and 
scandal in Sunday Afternoon, Seurat appears not to want to completely 
eliminate the valorization of the elite but rather to show that they are 
not quite so different from the everyday man.

Modern-Day Aristocracy

Bill Owens, a photographer from the San Francisco Bay Area, gives a 
modern depiction of the elite through his Untitled (2 Women in Evening 
Attire) (1975). (See Appendix F.) This picture, from the “Our Kind” 
series, shows two middle-class women dressed up for a social gathering 
in the mid-1970s. The series title in itself suggests a level of exclusivity 
to the women’s activities, as though they wish only to associate with 
people of their assumed level. Yet upon taking a closer look we can 
see that these women are not members of the elite and may not be 
particularly affluent at all. 

Much like the figures in Manet’s Déjeuner Sur L’Herbe, these women 
appear to be posing as more aristocratic than they actually are—from 
the bottle-blond hair on the woman on the right to the gracefully posed 
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hands of the woman on the left, nothing about the photo seems quite 
real. Owens keeps the photo in black and white, creating an effect much 
like that used by Vigée-Lebrun and Whistler in which the room seems 
void of anything but the two women, placing the focus entirely on them. 
Yet just as in Fragonard and Seurat’s work, the subjects of this work 
seem familiar to us and it is difficult for us to critique them because 
we have all gotten dressed up and made ourselves appear much more 
sophisticated than we actually are. 

While it’s easy for us to look back at paintings from hundreds of years 
ago and call the elite out on being fake, it’s much harder to see photos 
from the last fifty or so years of people familiar and similar to us and 
critique them. Owens suggests that there is still a great deal of unworthy 
admiration for people who seem to be “above” us in social rankings, 
and he makes us question whether there actually is a difference between 
the elite and ourselves.

When the divide between classes was sharp and obvious, as in 
Fragonard’s time, it was easy to poke fun at the aristocracy without 
much intent at visible change. Yet even by the time Seurat invoked the 
“democracy of the dot,” so to speak, portrayals of the upper (and now 
middle) class were made to serve as social commentaries on the lack 
of difference between the classes and point out how similar everyone 
actually is. It is now even more crucial for us to realize that celebrities 
are not always idol-worthy, and to begin to question whether fame is 
given because it is deserved or because it has been chanced upon.
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Appendix A: The Swing, Fragonard (1766).
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Appendix B: Marie Antoinette with Her Children, Vigée-Lebrun (1787).
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Appendix C: Déjeuner Sur L’Herbe, Manet (1863).
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Appendix D: Harmony in Grey and Green: Miss Cicely Alexander, 
Whistler (1872-1874).
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Appendix E: Sunday Afternoon on the Island of The Grande Jatte, 
Seurat (1884-1886).
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Appendix F: Untitled (2 Women in Evening Attire), Owens (1975).

                          THE MENLO ROUNDTABLE   21



Notes

1. Mary D. Sheriff, “Invention, Resemblance, and Fragonard’s Portraits 
de Fantaisie,” Art Bulletin 69, no. 1 (March 1987): 86-87, accessed 
November 29, 2011, http://www.jstor.org/stable/3051084.

2. Jennifer Milam, “Playful Constructions and Fragonard’s Swinging 
Scenes,” Eighteenth Century Studies 33, no. 4 (Summer 2000): 544, 
accessed November 2011, http://www.jstor.org/stable/30054162.

3. Nancy G. Heller, Women Artists (New York: Abbeville Press, 1987), 59.

4. Paula Rea Radisich, “Que peut définir les femmes?: Vigée-Lebrun’s 
Portraits of an Artist,” Eighteenth-Century Studies 25, no. 4 
(Summer 1992): 449, accessed November 2011, 
http://www.jstor.org/stable/2739307.

5. The Neoclassical idea of the “good mother,” or a virtuous woman 
who values her children above the materialistic, can be observed in 
Kauffman’s Cornelia Pointing to Her Children as Her Treasures (1785).

6. Ibid.

7. Ibid.; Angelica Kauffmann, Cornelia Pointing to Her Children as Her 
Treasures, 1785, Virginia Museum of Fine Arts, Richmond, VA.

8. The Private Life of a Masterpiece, “Édouard Manet: Le Déjeuner Sur 
L’Herbe,” BBC, December 3, 2011.

9. Ibid.

10. Ibid.

11. Rolf Læssøe, “Édouard Manet’s ‘Le Déjeuner sur l’herbe’ as a 
Veiled Allegory of Painting,” Artibus et Historiae 26, no. 51 (2005): 
198, accessed November 2011, http://www.jstor.org/stable/1483783.

22                Madison Forker



12. Ibid., 196.

13. Ibid., 195.

14. Alan Krell, “Manet’s Déjeuner sur l’herbe in the Salon des Refusés: 
A Re-appraisal,” The Art Bulletin 65, no. 2 (June 1983): 317, accessed 
November 2011, http://www.jstor.org/stable/3050326.

15. Frank A. Hadley, “Whistler, The Man, As Told in Anecdote,” 
Brush and Pencil 12, no. 5 (August 1903): 334, accessed October 31, 
2011, http://www.jstor.org/stable/25505918.

16. “Harmony in Grey and Green: Miss Cicely Alexander,” 
Mr. Whistler’s Art, accessed November 2011, http://www.
mr-whistlers-art.info/art/paintings/portraits/alexander.shtml.

17. Ibid.

18. Kathleen Pyne, “Whistler and the Politics of the Urban 
Picturesque,” American Art 8, no. 3 (Summer-Fall 1994): 73, 
accessed December 2011, http://www.jstor.org/stable/3109172.

19. Nancy Dorfman Pressly, “Whistler in America: An Album of Early 
Drawings,” Metropolitan Museum Journal 5 (1972): 139, accessed 
October 31, 2011, http://www.jstor.org/stable/1512629.

20. Ibid., 127.

21. Marilyn Stokstad and Michael W. Cothren, Art History: Eighteenth 
to Twenty-First Century Art (Upper Saddle River, NJ: Pearson 
Education, Inc., 2011), 993.

22. Ibid.

                          THE MENLO ROUNDTABLE   23



23. The Private Life of a Masterpiece, “Georges Seurat: A Sunday 
Afternoon on the Island of the Grande Jatte,” BBC, December 3, 2011; 
Linda Nochlin, “Seurat’s Grande Jatte: An Anti Utopian Allegory,” The 
Art Institute of Chicago Museum Studies 14, no. 2 (1989): 135, accessed 
December 2011, http://www.jstor.org/stable/4108747.

24. Private Life.

25. Ibid.

26. John House, “Reading the Grande Jatte,” The Art Institute of 
Chicago Museum Studies 14, no. 2 (1989): 120, accessed 
December 2011, http://www.jstor.org/stable/4108746.

27. Nochlin.

24                Madison Forker



Change is Not the Same as Progress:  
The Failures of the McGovern-Fraser 
Reforms in 1972

Kevin Harris

The 1968 election was a disaster for the Democratic Party. Although 
Democrat Hubert Humphrey lost to Republican Richard Nixon by 
only a narrow margin in the presidential election, 1968 would be re-
membered for the many setbacks and conflicts that beset the Demo-
crats. The most damaging event was the 1968 Democratic Convention 
in Chicago, which left the party in disarray. The country witnessed 
angry anti-war Democrats protesting in the streets while Mayor Rich-
ard Daley ordered violent police tactics to stop the protests. Inside the 
convention hall, tensions ran high as party leaders nominated Hum-
phrey, who didn’t win, or even enter, a single primary. The result was a 
split within the party. In response to the upheaval, Democrats created 
a commission to suggest improvements to the nomination process. 
The Commission on Party Structure and Delegate Selection—better 
known as the McGovern-Fraser Commission—issued its final report, 
entitled Mandate for Reform, in November 1969.1 The report offered 
guidelines for improving the delegate selection process by increasing 
uniformity in the process and giving greater influence to minorities.

 While most historians and Democrats agree that some sort of change 
was needed for 1972, the success of the McGovern-Fraser Commission 
and its reforms have been debated since its report was first released. 
It is true, as veteran political scientist David Truman states, that the 
changes implemented for the 1972 election process exceeded many 
Democrats’ expectations and resulted in significant improvement 
when compared to the disastrous events of 1968.2 Most notably, as Ste-
ven Schier articulates, the reforms decreased discrimination and in-
creased the opportunity for participation in the nomination process.3 
However, despite these relative successes, the McGovern-Fraser Com-

This paper was written for Dr. Charles Hanson’s Advanced Placement 
United States History class in the spring of 2011. 
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mission was not nearly successful enough in its attempt to solve the 
problems of 1968 or improve the state of the Democratic Party. First, 
the reforms failed to improve representation of average voters and citi-
zens. James Lengle and Byron Schafer contend the primary election 
methods varied too much and the final tallies did not always reflect 
voter opinions.4 And political scientist Jeane Kirkpatrick argues that 
the increase in minority delegates at the 1972 convention had little ef-
fect on representing minority concerns.5 Secondly, the reforms failed 
to unite the Democratic Party. In 1972 there were still many divisions 
between factions, especially old party regulars and new delegates, ac-
cording to John Soule and Wilma McGrath.6 Finally, some of the rec-
ommended reforms were too controversial and too underdeveloped.  
George McGovern and fellow reformers were forced to compromise 
at the 1972 convention and save many of their reforms for future con-
ventions. And later reform commissions found it necessary to make 
significant improvements to the original McGovern-Fraser reforms.

Relative Success Through Broader Participation

The reforms proposed by the McGovern-Fraser Commission were not 
a complete failure. Political scientists David B. Truman and Byron E. 
Shafer both separately refer to the changes as “revolutionary,” while 
William Mayer calls them “an extraordinary success.”7 Many political 
scientists and Democrats believe the rule changes played a crucial role 
in drastically improving the 1972 convention, relative to the 1968 con-
vention. First, the reforms gave more common citizens an opportunity 
to participate and influence the presidential nomination, as the party 
became more anti-establishment. Secondly, the reforms successfully 
increased minority participation.

Throughout the twentieth century, party regulars were primarily re-
sponsible for selecting their party’s presidential nominee. The McGov-
ern-Fraser Commission changed that by giving rank-and-file citizens 
a greater voice in the nomination process. In Mandate for Reform the 
commission members outlawed the unit rule,8 forbade proxy voting, 
discouraged the influence of favorite sons, eliminated fees, and forced 
states to choose their delegates within the calendar year of the national 
convention.9 Potential delegates now had to compete and lobby for 
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support from Democratic voters and activists. According to Truman, 
these new rules succeeded because state party leaders did not resist the 
commission or its changes.10 Instead, they reluctantly accepted their di-
minished power by “bowing out of the presidential nominating game” 
and accepting the larger number of nomination primaries.11 Only 49 
percent of delegates were selected by primaries in 1968, but after the 
McGovern-Fraser reforms 66 percent of the 1972 delegates were cho-
sen through a primary process, indicating the commission’s changes 
were successful in opening up the party to broader participation.12 The 
restructured primaries put the focus and emphasis on Democratic vot-
ers rather than on party leaders. McGovern himself described these 
primaries as “the most open political process in our national history,” 
because the reforms “let the people in.”13 As a result, more unknown 
delegates were sent to the July convention in Miami. Approximately 90 
percent of the New York delegation consisted of people who were es-
sentially unknown in the world of politics.14 Within the entire conven-
tion about two-thirds of the delegates had never been elected to any 
sort of public office and therefore were considered ordinary people.15  
These statistics demonstrate that the McGovern-Fraser Commission 
was successful in producing more opportunities for all Democrats to 
participate in the process.

The Democratic reforms also made substantial progress in increasing 
the number of minority delegates, and thereby decreasing discrimi-
nation within the party. In 1968, women comprised only 13 percent 
of the convention and blacks 5.5 percent. The reforms implemented 
during the following four years increased those numbers to 38 percent 
and 15 percent, respectively. In addition, in 1968 only 11 percent of the 
delegates were under the age of 30, as opposed to 27 percent in 1972.16  
But it wasn’t just numbers that evidenced greater participation by mi-
norities. At the convention women made their voices heard by playing 
an active role. They supported an abortion rights proposal, they passed 
a plank supporting women’s rights, and some held important leader-
ship roles, such as floor manager.17 The McGovern-Fraser Commission 
was successful in opening up the political process to women, blacks, 
and the young. Its reforms allowed for “inclusion in the democratic 
process.”18  This increase in minority delegates better reflected the na-
tional population. A New York Times article written on July 12, 1972 



confirmed this. It stated, “‘The convention floor is going to look like the 
country, or almost like the country, for the very first time,’ [said female 
delegate Gloria Steinem] and she has been proven right.”19 Despite ini-
tial skepticism from state leaders, the rule changes successfully gave 
common citizens, who had never before felt heard, a unique oppor-
tunity to directly participate in the nomination process. Will D. Davis 
of Texas, a one-time skeptic who was also in charge of organizing his 
state’s delegates, conceded in June of 1972 that the reforms were a vast 
improvement from the old ways and that they did in fact work.20  Sha-
fer agrees to an extent, as he states that the wide encompassing reforms 
were “successful,” despite being “notably incomplete.”21 The chairman 
of the Democratic Party in New York, Joseph F. Crangle, also summed 
it up well when he told the New York Times, “The McGovern reforms 
‘are in the long run very healthy for the party.’”22

Not Representative

The key words in that last sentence are “in the long run,” because de-
spite the advances in broader participation, the 1972 convention did 
not represent the opinions of common voters significantly better. Po-
litical scientist Kirkpatrick emphasizes the difference between partici-
pation and representation, and acknowledges that the McGovern-Fra-
ser Commission only set out to increase participation.23 While the new 
rules increased participation, they did not increase representation, in 
part because the changes were limited to benefit only a select, limited 
group of minorities. And the minority individuals that did go to the 
convention for the first time in 1972 did not always represent their de-
mographic. The 1972 convention also failed to represent voters prop-
erly because there were various types of primaries, which produced 
inconsistent results that didn’t always reflect the wishes of the voters.

There was still not complete representation at the 1972 convention be-
cause the reforms focused too heavily on increasing a select group of 
minorities. In Mandate For Reform, the McGovern-Fraser Commis-
sion called for minority delegates “‘in reasonable relationship to the 
group’s presence in the population of the state.’”24 However, at the 1972 
convention the number of women, black, and young delegates did not 
match their respective populations. While there were a large number of 
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black and young delegates, there were still significantly fewer women.25  
These results are proof that the states had failed to fully comply with 
the guidelines in Mandate for Reform. In addition, the commission’s 
reforms were not successful because they only mentioned women, 
blacks and the young when referring to minorities. Why did the Mc-
Govern-Fraser Commission only feel it was important to give women, 
blacks, and younger voters more representation? If the young got more 
delegates, why didn’t the old? Or why not include all minorities? The 
reforms also failed to produce an increase in delegates from a variety 
of socioeconomic groups. For example, only 27 percent of the total 
Democratic delegation made less than $10,000 a year, while about 33 
percent were classified as wealthy, making over $25,000 a year.26 These 
numbers were not in reasonable relationship to the country’s popula-
tion, because the 1970 census estimated that 70 percent of the country 
made less than $10,000 a year.27 If the McGovern-Fraser Commission 
had truly wanted to reflect the makeup of the country on the conven-
tion floor, 70 percent of the delegates should have had an income of less 
than $10,000. Based on these statistics we reach the conclusion that the 
poor were not adequately represented at the 1972 convention. Simi-
larly, while only 11 percent of the country had a college degree in 1970, 
52 percent of the 1972 Democratic delegates had a college degree.28  
Some may argue that having more educated representatives is benefi-
cial; however, this disproportionate number of the well educated did 
not represent the country. It seems the McGovern-Fraser Commission 
only partially followed through with its goal, as it selectively chose who 
it felt was worthy of more delegates.29 And in fact some of the groups 
it chose did not take full advantage of their opportunity. Ken Bode, the 
McGovern-Fraser Commission’s former research director, observed 
that people under 30 were not very involved throughout the process 
and blacks were hesitant to spend money or resources in order to elect 
possible delegates.  The commission should have found a way to get the 
younger voters more interested, and they should have allocated funds 
for the lower-income delegates. If the commission truly wanted to give 
everyone in the country a greater voice at the convention, it should 
have called for more participation from all types of minorities. Instead 
it was left with “a hodgepodge of representative inconsistencies.”30
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The minority individuals that did come to the 1972 convention failed 
to significantly represent their respective groups. Aside from their di-
verse appearance, the individuals were very similar to the less diverse 
delegates of past conventions. Kirkpatrick believes that the McGov-
ern-Fraser Commission only focused on further representing people 
interested in politics who had strong opinions, not common, rank-
and-file voters.31 A New York Times article from July of 1972 seemed 
to agree, as it noted that the fresh group of delegates that was sup-
posedly full of ordinary citizens was still very political.32 Many of the 
new minority delegates held the same political views as the white men 
backing McGovern. Some minorities even voted against policies sup-
ported by their own minority groups in favor of policies that reflected 
their personal political views. This was demonstrated when a num-
ber of female McGovern delegates voted “against the Women’s Caucus 
challenge to the seating of South Carolina, and against a more liberal 
abortion plank.”33 It seems as though the McGovern-Fraser Commis-
sion incorrectly believed that only women could represent women and 
only blacks could represent blacks. But as Walter Goodman said in 
a September 1972 New York Times article, “personal qualities are not 
of overriding significance. […] [T]he principle of representation by 
age, sex and complexion is a peculiar cause for liberal reform.”34 Just 
because someone is a member of a minority group doesn’t mean that 
he or she will promote the interests of their respective minority group. 
The McGovern-Fraser Commission didn’t realize this going in and as a 
result failed to represent minorities in the way it had intended.

The McGovern-Fraser Commission also did not accomplish its goal of 
more accurately representing the voters, because there were so many 
different primary methods used. These varying methods were incon-
sistent and led to possible misleading results. Lengle and Shafer argue 
that the primary election rules played too large a role in 1972 because 
they were at times just as influential in determining the nominee as the 
voters themselves.35 In order to comply with the new rules, states chose 
one of three basic methods to determine which candidate(s) their del-
egates would vote for: winner-take-all, proportional, and districted. 
While no specific method necessarily favored a certain candidate, 
each type led to different results. For example, in Pennsylvania, which 
used districting rules, Hubert Humphrey won with 93 delegates, while 
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George Wallace came in fourth with 16 delegates. However, had it been 
a winner-take-all format Humphrey would have received nearly twice 
as many delegates. Or had it been a proportional system, Humphrey 
would only have received 66 delegates and Wallace would have moved 
up to second place with 40 delegates.36 Because of these mixed results, 
it’s hard to tell who the people of Pennsylvania really wanted to be 
the Democratic nominee. The McGovern-Fraser Commission did not 
adequately repair the primary election system and ignored the oppor-
tunity to adopt a clear, more universal method. It was so focused on in-
creasing participation among ordinary people that it did not consider 
the logistics of the new system and thus failed to improve representa-
tion of voters.

An Unsolved Problem: More Divisions Within the Party

At the 1972 National Democratic Convention, the party was still di-
vided just as it had been at the 1968 convention. The McGovern-Fraser 
reforms failed to bring fellow Democrats closer together. The conven-
tion witnessed power struggles between the new generation of dele-
gates and old party leaders. “McGovern left the 1972 convention with 
a divided party,” that consisted of “two coalitions.”37 It seems the old 
party structure, with thoughtful party leaders, was more effective in 
uniting the party than the new arrangement. McGovern’s deputy cam-
paign manager, Rick G. Stearns, supported this theory when he stated, 
after 1972, that the two opposing groups and their disagreements were 
beginning to threaten the Democrats’ very existence.38

Many Democratic leaders and party bosses were not pleased with the 
new party rules and the result was conflict that left the Democrats di-
vided rather than united. In essence, while trying to improve party 
unity, the commission actually created more division. A large per-
centage of party leaders were upset that their delegate positions were 
slowly being taken away from them in favor of less informed com-
mon citizens. The Democratic National Committee Chair, Jean Miles 
Westwood, noted in her autobiography that there were many “power 
struggles” between supporters of the old ways and the new ways dur-
ing 1972.39 The party regulars were offended that after years of hard 
work and dedication their own party was trying to kick them out. One 
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manifestation of these frustrations is the decrease in their campaign 
donations. This can be explained by the change in policy that meant 
that donors were no longer guaranteed a delegate position in return for 
their financial support.40 The unhappy party leaders also displayed their 
frustrations by opposing many of the policies supported by McGov-
ern and the reformers. Members of the party establishment protested 
the reform charter that would have shifted power and reorganized the 
party’s structure. To avoid a further split within the party, McGovern 
agreed to delay a portion of the reforms.41 But this compromise then 
divided Democrats even further with some reform advocates disagree-
ing with McGovern. The New York delegation refused to compromise 
and walked out of the convention hall in protest.42 This disagreement 
among fellow reformers underscores how tensions among Democrats 
in 1972 were widespread and enormous. It also further illustrates how 
the McGovern-Fraser Commission was ineffective in its attempt to 
unify the party.

Perhaps party unity would have been easier to attain if the reforms had 
not placed quite so much power in the hands of amateur politicians. 
Inexperienced delegates made up 51 percent of the 1972 Democratic 
delegation. Soule and McGrath believe that with more party leaders 
the Democrats would have been able to make smart, strategic choic-
es to unite the party. Throughout history experienced delegates have 
avoided embracing controversial policies in public in an effort not to 
offend any voters that could turn out to be important in the general 
election. On the other hand, political amateurs tend to passionately 
voice their opinions on policies and take a strong stand regardless of 
controversy. In addition, new rank-and-file delegates are often more 
interested in winning the battle for their specific policies than in con-
sidering compromise for the good of the entire party. But experienced 
party leaders tend to look at the big picture and do what’s best for the 
whole party—they have better judgment. Not only are they more will-
ing to compromise, but they are also more focused on a party victory 
in November. And due to their experience and knowledge, they tend 
to be better at determining which candidate has the best chance at 
winning the general election.43 The new delegates in 1972 lacked this 
experience and often discovered they were in over their heads due to 
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the complexities of the system.44 Dennis Sullivan and his co-authors 
agree with this logic and concur that a considerable amount of political 
experience at the convention is necessary in order to be successful as 
a party.45 Based on this reasoning, the McGovern-Fraser Commission 
should not have required such a drastic rise in the number of ama-
teur delegates (women, youth, and other minorities). In hindsight, the 
commission should have kept more of the experienced party leaders 
on the convention floor. Unfortunately, it chose to favor the amateurs 
and as a result its actions were too radical and hurt Democratic unity 
efforts rather than improving them.

In 1968, the Democrats lost the general election largely due to divi-
sions within the party. Many angry, frustrated Democrats refused to 
vote for Humphrey due to his controversial nomination and his Viet-
nam policies. Unfortunately the McGovern-Fraser Commission was 
not capable of solving these internal conflicts because 1972 had just 
as much division. Aides to candidate Hubert Humphrey labeled the 
McGovern-Fraser Commission “a disaster,” and argued the party had 
become even more divided instead of healed.46 This lack of unity and 
progress was clearly evident in the 1972 presidential election when 
one-third of Democratic voters chose to abandon their party’s nomi-
nee, McGovern, and vote for Republican Richard Nixon.47 In an analy-
sis of this data, George H. Gallup pointed out that this was the largest 
defection rate in the history of the Democratic Party. So while only 67 
percent of registered Democrats voted for McGovern, 95 percent of 
Republicans stuck with their party and voted for Nixon.48 Many party 
regulars even chose to stay home from the polls in an effort to protest 
McGovern and his reforms.49 Clearly, the Democratic Party was still 
significantly divided and unorganized in November of 1972. The effect 
was another loss in the November election and four more years of a 
Republican president. This was a strong signal that the commission’s 
reforms aimed at unifying the party hadn’t worked.

Not Done Yet: Reforming the Reforms

Another sign that the McGovern-Fraser Commission was clearly not 
successful in accomplishing its intentions was the fact that it failed 
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to get all of its reforms approved in 1972, and multiple new commis-
sions were established after the 1972 election to improve and refine the 
Democratic Party reform policies.

At the 1972 Democratic National Convention, reform leaders were 
forced to compromise with opponents in order to make the changes 
more popular. Because of this compromise, not all of the initial re-
forms were passed or implemented during the 1972 election season. 
As a New York Times article described, approval of reforms to deter-
mine the future structure and position of the party was dropped by 
McGovern and delayed two years.50 The main problem was that the 
reforms—specifically the minority quotas—were too controversial. 
While many states did comply with the new reforms, some took short 
cuts and didn’t do a thorough job in implementing the changes.51 For 
these reasons, the McGovern-Fraser Commission came up short and 
didn’t accomplish its preliminary goals. Moreover, by making modi-
fications and then by compromising, the advocates for party reform 
were essentially admitting the current version of the reforms were not 
ideal and needed to be re-examined. Even McGovern himself admitted 
this, conceding the reforms “had bucked party orthodoxy and pragma-
tism excessively.”52

The compromise made at the convention created a separate commis-
sion to continue work on reforming the party. This commission was 
called the Democratic Party Commission on New Delegate Selection 
and Party Structure, but was informally called the Mikulski Com-
mission.53 It created new rules of its own, as well as made changes 
to improve the McGovern-Fraser reforms. This indicates that Chair-
woman Barbara Mikulski and other party representatives did not feel 
the McGovern-Fraser Commission had been entirely successful. The 
Mikulski Commission replaced the extremely controversial McGov-
ern-Fraser minority quotas by implementing an Affirmative Action 
policy for future party conventions. This new policy encouraged more 
representation for minority groups, but did not require it or set any 
specific targets. As a result, the commission subtly allowed some of 
the excluded party leaders to come back and play an active role. Fur-
thermore, the Mikulski Commission took specific steps to indirectly 
unite the national party by calling for Mid-Term Conferences to bring 
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delegates together on yet another occasion to discuss national party 
policies. It also created the Judicial Council, which was charged with 
settling intra-party conflicts before they spread. Finally, organization 
at the regional levels was improved, and two other councils were cre-
ated to help Democrats throughout the country with their campaign 
efforts.54 Each of these steps helped push Democrats closer to be-
coming a more cohesive group. The Mikulski Commission measures 
were all new ideas that the McGovern-Fraser Commission had failed 
to consider. The Mikulski Commission took these actions because it 
identified lack of party unity as a serious, continuous problem—a clear 
sign that the earlier McGovern-Fraser reforms had failed. The Mikul-
ski Commission also attempted to repair problems within the primary 
process to better represent voters.  It forbade Winner-Take-All prima-
ries, thereby limiting the chance for inconsistent and vague results, as 
well as giving all people within each state a greater voice.55  In addition, 
it made caucus selection rules significantly more complex and confus-
ing, in an effort to promote more primaries.56 The McGovern-Fraser 
Commission was unsuccessful in improving voter representation be-
cause its reforms were vague, limited, and uncreative. The fact that all 
of these additional reforms were deemed necessary by the Mikulski 
Commission makes it clear that the McGovern-Fraser Commission 
failed to adequately impose all the necessary reforms for improvement 
and success.

Losers in 1972, But Ultimately Successful

The most significant failure of the 1972 Democratic reforms is the 
loss by George McGovern in the general election. The reforms had 
partly been created to improve the state of the Democratic Party af-
ter its loss in the 1968 presidential election. But the reforms failed to 
produce a victory in November 1972, and the Democrats actually lost 
by a much larger margin. In fact, the Democrats lost four out of the 
first five presidential elections under the new rules.57 Journalist Max 
Frankel summarized the effects of the reforms, stating the goals of the 
McGovern-Fraser Commission were “only partly achieved.”58 Through 
my research and analysis I have learned that “for every remedy there 
is probably an ill.”59 That said, while the McGovern-Fraser reforms 
were not successful in solving many previous problems or reuniting 
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the party in 1972, the commission did have a significant impact ulti-
mately. The McGovern-Fraser Commission was one of the first orga-
nized groups to investigate and propose noteworthy reforms for the 
Democratic Party. These reforms would turn out to be the basis for 
future reforms that were successful in positively affecting the party.60 
The McGovern-Fraser Commission is responsible for many of the 
rules and procedures that the Democratic Party and the Republican 
Party use today. For example, President Bill Clinton’s campaign was 
a strong beneficiary of the work done by McGovern and his commit-
tee.61 Therefore, I have learned that while proximate effects of change 
are not always successful, we must be patient and eventually consider 
the significance of the ultimate effects.
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This paper was written for Jack Bowen’s Philosophy class in the fall 
of 2010.

Perfection? I Think Not…

Carson Badger

How nice does a world without anything negative sound? This means 
no bad grades, no big losses, and even that the girl you have wanted 
to ask out for a year will naturally say yes. Throughout history people 
have been striving to attain this type of utopian world—one that is 
perfect—and this urge to obtain perfection exists in our everyday 
actions. This drive also comes from the fact that our society is one that 
looks down upon mistakes and sins and thereby praises flawlessness. 
However, when we fixate too much on perfection not only does it lose 
meaning but eventually so does life itself.

From Day One of our existence, people have been trying to rid 
themselves of mistakes, and by doing so our society has become 
focused on the avoidance of error. This quest for perfection affects 
every single aspect of our society, including science, art, sports, and 
even religion. For example, science remains driven by the quest for 
knowledge to understand more about our surroundings and ourselves. 
This is rooted in the belief that not having answers to questions about 
where we come from or the nature of our existence is bad, and thus 
scientists create answers that explain the unknowns in our world. But 
eventually these answers are proven wrong, which causes another 
person to correct them, and these corrections are then applauded 
because they are deemed “better” then the previous answers. This 
“better” in itself implies that the answer is closer to perfect and has 
fewer flaws then the previous answers. On one hand, we benefit greatly 
from this “progressive” nature of science. On the other hand, by having 
this ideal of perfect accuracy drive everything within the sciences, the 
avoidance of error eventually becomes the primary focus as we strive 
towards truth. But the failures that were so essential to obtaining the 
“perfect” answer are never presented and we merely gaze upon the 



shiny final product, and as a result, the imperfect work required to 
achieve the perfect falls by the wayside. 

Another example is religion, which constantly looks down upon 
sinning—another word for messing up. By establishing rules for 
people to live their lives by, religions establish the path to being perfect, 
or as close to perfect as possible. If one follows this path, they can then 
obtain what each religion sees as perfect. But this is both ironic and 
contradictory, because each religion gives their followers a different 
path to achieve perfection. In Buddhism, once one stops craving and 
removes desire from one’s life, one reaches Nirvana. But Christianity 
states that by following the Bible and acting in the “right” path—as 
determined by the Ten Commandments—one can go to heaven where 
one floats in the sky with angels. The problem is that religions across 
the world have different views about perfection. But if perfection 
involves having no flaws, why can’t the major religions agree on its 
definition? Setting aside the fact that religions cannot agree on what 
perfection actually is, we still perceive immense rewards for pursuing 
perfection. Whether we’re urged to get 100% on our tests, which can 
get us into the “best” college, or we’re told to avoid sin, which is our 
ticket into heaven, our society celebrates the flawless and scorns the 
flawed. So why shouldn’t we try to be perfect? 

Despite the scientific, religious and academic benefits that come 
with aiming for it, a society solely dominated by perfection and the 
avoidance of mistakes is indeed a terrible one because numerous 
problems would arise in this case. First off, if the entire world was 
perfect, it would create a paradox. By absolutely abolishing any sort of 
error, then error would no longer exist and perfect would just be the 
norm. By just having good and no evil—which would be eradicated in 
a perfect world— the world would be even worse off. As contemporary 
philosopher John Hick writes, a world without evil “would be the worst 
of all possible worlds.”1 In fact, any potential for good would then be 
eradicated. On the most simplistic levels, without hot, cold cannot 
exist. This is because both hot and cold are comparative substances, 
and if the state of “cold” never existed then hot in today’s definition 
would not be the same. Another example involves human virtue 
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and determination. Determination involves defying and overcoming 
an obstacle, but in a perfect world there is no original obstacle to 
overcome and thus determination cannot exist. So in a perfect world, 
basic human virtues that often define our character would never even 
come up. Even though problems and errors may seem detrimental to 
our society, they are actually the root of all human values and virtues. 
Furthermore, by having evil, people can achieve a greater good. In 
a perfect world, this greater good cannot be attained. Helen Keller 
once said, “The marvelous richness of human experience would lose 
something of rewarding joy if there were no limitations to overcome”.2 
This comes from a person who was blind and deaf, who was able to 
overcome these to reach the joy she describes. In fact, philosopher 
Gottfried Leibniz argued that the world we live in is actually “the best 
of all possible worlds.”3

But how does this understanding apply not only to myself, but also 
to the world? When talking about belief, William James makes an 
exceptional argument couched in one’s creating an epistemological 
foundation, which directly relates to perfection. James’ argument 
states that in life, one should seek truth and thus risk error. I feel that 
in life, one can’t be scared of error. Indeed, our errors are essential to 
our existence and define us. Because of this belief, error is a non-issue. 
Errors may surely slow one’s progress towards truth, but once one 
obtains that truth, errors are forgotten. For example, when a scientist 
makes a great discovery they don’t look back and say, “Wow, I made so 
many errors, I never should have pursued this topic,” but more likely 
say, “Wow, I made a lot of mistakes but in the end it was all worth it.” 
In the end—and yes this is a somewhat utilitarian point of view—the 
benefits from truth trump the downfalls of making mistakes. 

Another real life example is in Fiji, where the introduction of advert-
ising caused an increase in eating disorders among the inhabitants. 
Before 1995, Western TV and advertising could not been seen in Fiji 
culture. But in 1995, magazines like GQ and People were introduced to 
the population and, not surprisingly, the women began to diet, which 
ultimately led to eating disorders. Because the media portrays skinny 
women and buff men, people in a society begin to think, “This is how I 
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am supposed to look.” But people do not realize that this body form or 
figure is nearly humanly impossible. It takes years of working out and 
dieting, and even then the human body has to be pushed to limits that 
it should never encounter. In our modern society, women face most of 
this scrutiny to obtain the bodies displayed in magazines. Women feel 
such a constant pressure from the media that they begin to think that 
skinny is “perfect.” Because of this, they will do anything to achieve 
this perfection—even if it comes at the risk of their health. So in Fiji 
where women once were consistently robust and broad shouldered 
(and healthy), they now try to obtain this Western image of perfection, 
and as a result under-nutrition exists in about 15% of the women 
under 21. This sad state of our modern world reveals the dangerous 
implications of not only perfection, but also the attempt to constantly 
achieve perfection. 

Although it may seem like an attractive idea to remove evil, errors and 
defects, they define us. Imperfection remains the defining aspect in 
our society, so by removing or trying to eradicate imperfection, our 
society would simply fall apart. So instead of fearing imperfection, we 
as a society should celebrate imperfection. With our flaws, we are able 
to grow not only as individuals, but also as a society. So next time you 
get a bad score on a test or get denied by that girl, just think that this 
setback is simply a reminder that we are all part of this crazy cycle 
called life. 

Notes

1. John Hicks, Between Faith and Doubt, (London: Palgrave 
Macmillan, 2010) 131.

2. Margaret Davidson, Hellen Keller, (New York: Scholastic, 1989) 12.
 
3. Gottfriend Leibniz, The Philosophical Works of Leibniz, 
(New Haven: Tuttle, Morehouse & Taylor, 1890) 64. 
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The Pitchfork Formula

Robert Fry

1  Introduction

Anyone who is interested in modern indie rock knows that Pitchfork is 
unquestionably the top source for independent music discovery. “En-
try level alts” flock to the website for music recommendations. Hipsters 
deny following it while, in reality, they religiously absorb every song 
that is approved on Pitchfork’s “Playlist” (their recommended songs 
list). Pitchfork’s “Best New Music” tag is a universal seal of popular 
approval; once an album appears on Pitchfork, it has already become 
mainstream by indie music standards. As an avid music fan, I was 
personally interested in determining whether there is any method to 
Pitchfork’s rating scheme, and whether there are certain factors that re-
veal how well an album will be received. If there are, is there any way to 
use those indicators to predict the score that Pitchfork gives an album 
before the album is released and anticipate the levels of hype that the 
album receives? In order to test this, I created a multivariate regression 
that attempts to predict the Pitchfork score of an album using data on 
the Pitchfork website prior to the album’s release. But perhaps the most 
relevant question that I hope to answer through this project is: “What 
should I listen to next?”

2  Data Collection

All of my data were collected from Pitchfork’s website. I compiled a 
list of the 150 albums most recently reviewed by Pitchfork, exclud-
ing albums that I deemed were not applicable to my study (for ex-
ample, reissues and albums released by bands with previous albums 
that were released before Pitchfork was created). After the process was 
done, I realized that artists with debut releases most often did not have 
enough recorded data on Pitchfork for them to be useful to my study, 
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and I excluded those, too (I did succeed, however, in using these data 
points to create a separate model to predict the scores of debut albums, 
although this model proved to be much less reliable). Because there 
were so few high scoring albums out of my first selection, I collected 
additional data from a list of the most recent high scoring albums. The 
final list contained 81 albums. For each album, I carefully recorded a 
number of characteristics about each album’s respective artist. These 
factors are as follows: average album score, most recent album score 
(including EPs), least recent album score, highest album score, lowest 
album score, album number, number of tracks from the forthcoming 
album appearing on Pitchfork’s “Playlist,” number of tracks from the 
forthcoming album awarded “Best New Music,” number of times the 
artist has previously appeared on a year-end list (eg: Best Albums of 
2007), total number of tracks appearing on Pitchfork’s “Forkcast.”

I collected data from only the most recent albums since there have 
been noticeable shifts in Pitchfork’s rating system, including the so-
called “great inflation of 2k10,” and the most recent albums would 
most accurately represent the recent rating trends. That said, I still ne-
glected to perform a simple random sample in order to gain a repre-
sentative sample of the album scores, which makes it possible that the 
data I collected represent an irregular period in Pitchfork ratings. Ide-
ally, I would have defined a relatively recent period during which I be-
lieve ratings were relatively consistent and performed a simple random 
sample on albums from that period to determine which albums I in-
corporated into my sample. However, it was much more convenient to 
work chronologically, given that I could not anticipate time restraints, 
and that data collection took a particularly long time due to the num-
ber of explanatory variables I was collecting. In addition to affecting 
the randomness of my sample, the time restraints also prevented me 
from collecting a large number of observations. Although 81 albums 
is a considerable number of data points, more albums would have pro-
duced a more powerful regression.

The data table that includes all of the albums and their corresponding 
factors is too large to be presented in this section and is not crucial  
for the interpretation of the data, but can be viewed online at 
http://roundtable.menloschool.org.
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3  Results

After compiling my data, I used Fathom to create a model to predict 
album ratings. According to the R2 value of the multiple regression, 
approximately 56.42% of the variation in the rating an album receives 
from Pitchfork can be explained by the variation in the previously out-
lined explanatory variables. By performing a linear regression t-test 
on the coefficient of each of the explanatory variables, the statistical 
significance of each can be determined. The test statistics and P-values 
are listed along with the coefficient of each term. The initial model is 
displayed in Figure 1.
 

Figure 1: Initial model
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Figure 2: Residual plot

Unfortunately, as illustrated by the residual plot in Figure 2, there is a 
clear non-linear pattern to the residuals. Although the residuals seem 
approximately normally distributed, with no clusters and only slight 
heteroskedasticity, the errors are obviously not independently distrib-
uted, and therefore, the model does not meet the conditions for the 
inference test. The non-linearity of the residual plot could be attributed 
to the fact that the two most powerful predictors of album score are 
the number of Best New Music tracks and tracks on the Playlist. These, 
however, are rarely given out, so if they are, the model overvalues them 
in order to compensate. On the other hand, because the majority of 
albums score somewhere between 6 and 8, the baseline score that the 
model assumes is 5.1133. From there, there are no strong, independent 
factors that are negatively correlated, making it difficult for albums to 
be predicted to receive low scores.
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Since the residuals appeared to follow a distinct pattern, I initially be-
lieved that a quadratic transformation of the data would be able to cor-
rect the model’s misprediction. However, despite all attempts to modi-
fy predictors exponentially, no transformation could entirely eliminate 
the non-linear pattern. Still, by squaring the most significant predic-
tors (Best New Music tracks and Playlist tracks), I found that this final 
model could achieve a slightly higher R2 value (R2 = 0.6119) and better 
account for the curve of the residuals.

 

Figure 3: Model of collection 1

The most signficant predictor of an album’s score according to the 
model is the number of tracks from that album that received the award 
of “Best New Music.” When a linear regression t-test is perfomed, 
we observe a test statistic of 2.488 and a P-value of 0.0152. It makes 
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sense that this variable is most correlated with an album’s score, since 
if Pitchfork rates tracks from a certain album highly, it is much more 
likely that they will favorably review the album itself. Also highly cor-
related is the average album score, with a test statistic of 1.765 and a 
P-value of 0.0820. This certainly makes sense, since artists that Pitch-
fork doesn’t like are unlikely to change drastically between albums. In 
fact, I would have been somewhat surprised that this is not the most 
powerful predictor if not for the preponderance of recent large scale 
disappointments (The Strokes’ Angles, MGMT’s Congratulations, and 
Panda Bear’s Tomboy) and surprises (Ariel Pink’s Haunted Graffiti’s Be-
fore Today). Another important factor is the number of tracks placed 
on Pitchfork’s “Playlist,” which has a test statistic of 2.035 and a P-value 
of 0.0457. This is important for the same reasons as the “Best New 
Music” tracks, but the higher honor of the Best New Music award is 
reflected in its higher coefficient. As expected the number of Forkcast 
tracks is less important since it is less discriminating, yet it does a good 
job of gauging the amount of buzz that smaller bands generate on mu-
sic blogs. A variable that I expected to have a greater influence on the 
model was the most recent score an artist received. I figured that if an 
artist followed an upward or downward trend, it would be reflected in 
the artist’s most recent album, but with a P-value of 0.9769, it seemed 
clear that this was not the case. Ultimately, I excluded this explanatory 
variable from the final model. I also expected the album number to 
be a more powerful negative predictor since artists that are producing 
their tenth albums usually run out of ideas and fail to appeal to any 
fans larger than their base of extremely devoted fans. Though the cor-
relation was negative as predicted, the high P-value of 0.7695 suggests 
that this is most likely not statistically significant.

After observing that the model consistently overpredicted better-than-
average albums and underpredicted average ones, I took an alternate 
approach and attempted to create two separate models based on the 
average album score of each artist’s previous albums: artists with above 
average scores would be assessed in a separate model from those with 
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below average scores. However, the resulting models were inaccurate 
and unreliable. In the “above average” model, most predicted album 
scores hovered around around 8 to 8.5, while nearly all of the albums 
in the “below average” model remained in the 7 to 7.5 range regardless 
of any of the artist’s other qualities, suggesting that placement into ei-
ther of the groups determined the prediction far more powerfully than 
nearly any other variable. This caused the residuals of both models to 
be consistently erratic, leading me to reject these models in favor of the 
more accurate second model.

Another somewhat irrelevant but interesting finding was the distri-
bution of Pitchfork ratings. Although I did not collect enough data 
to produce a completely reliable study on the distribution of Pitch-
fork scores, it is interesting to note that the sample average I obtained 
(only including the preliminary sample) is approximately 7.00. The 
histogram and boxplot in Figure 4 illustrate that the album scores are 
slightly skewed right as would be expected. A surprising number of 
albums approach the 8 range, yet they are not awarded the Best New 
Music rating as other albums are, some of which receive lower scores 
than non-BNM’d albums.

   

Figure 4: Boxplot and historgram of album scores 
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Applicable Albums 
Reviewed During the 
Week of April 25th 

Album 
Score

Predicted 
Album 
Score 
(Final)

Predicted 
Album 
Score 
(Initial)

Residual 
(Final)

Residual 
(Initial)

Take Care, Take Care, 
Take Care (Explosions 
in the Sky)

7.2 6.4 6.8 -0.8 -0.4

Figurines (Figurines) 6.3 6.6 6.9 0.3 0.6
Liberty’s Not for 
Eveyone (Chain 
and the Gang)

6.6 6.8 6.6 0.2 0.0

Music Sounds Better 
With You (Acid House 
Kings)

7.8 7.0 7.0 -0.8 -0.8

Terra (Julian Lynch) 7.7 7.8 7.8 0.1 0.1
Living on the Other 
Side (The Donkeys)

5.3 6.5 6.1 1.2 0.8

Swanlights EP (Antony 
and the Johnsons)

7.5 7.2 7.3 -0.3 -0.2

Circus (Black Devil 
Disco Club)

6 6.6 6.8 0.6 0.8

Canyon Candy 
(Javelin)

6.9 6.9 6.9 0.0 0.0

Cornershop and the 
Double-O Groove 
Of (Cornershop)

7.6 6.9 6.9 -0.7 -0.7

The Book of David 
(DJ Quik)

8.4 7.5 7.7 -0.9 -0.7

Losing Color 
(Stricken City)

7.7 7.0 6.9 -0.7 -0.8

Dancer Equired 
(Times New Viking)

6 7.7 8.2 1.7 2.2

The Only She Chapters 
(Prefuse 73)

6.4 6.7 7.0 0.3 0.6

Figure 5: Albums reviewed week of April 25th 

In addition, I collected data from all of the albums released during the 
week of April 25th, none of which were factored into the either of the 
models. I input the data into each model and calculated the residu-
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als. (See Figure 5.) In both models, most of the predictions were fairly 
close, but there were a few surprises. Times New Viking had tracks 
featured in the Playlist and a very consistent album history, but it was 
panned on release. On the other hand, Pitchfork showed few signs that 
they would award DJ Quik their Best New Music seal. For the most 
part, neither model appears to have a significant advantage over the 
other; although the final model produces slightly lower residuals in 
some cases, in nearly as many others, the residuals increased. 

4  Conclusion

Despite its shortcomings, the regression I created to predict Pitchfork 
albums scores appears to be considerably reliable. Unsurprisingly, I 
discovered that the most powerful predictors of an album’s score are 
the number of “Best New Music” tracks that are present on the album, 
the artist’s average album score, and the number of tracks from the 
album that Pitchfork places on their Playlist. The non-linearity of the 
residual plot suggests that there were not enough influential variables 
that could significantly predict an album’s critical failure or dampen 
the exaggerated effect of a couple of fantastic tracks. Many of the prob-
lems I encountered could be solved if I could spend more time to col-
lect more data. My current model could be refined if I simply collected 
data spanning back further in Pitchfork review history. However, a 
more effective use of time would involve adding more variables, possi-
bly some of which are unrelated to Pitchfork. For example, I could look 
at the effect of popularity by looking at the number of Last.fm plays 
an artist has during the weeks preceding their album release. I could 
also look at some of the popular indie music blogs or Hype Machine 
(a music blog aggregator) to measure blog buzz and more accurately 
evaluate underground popularity. It may also be worthwhile to look at 
an artist’s genre of music to observe if Pitchfork has a tendency to favor 
any genre over another and see the effects of that bias on an album’s 
score. It may also be effective to look at other professional music re-
viewers to see if there is a correlation between their reviews and Pitch-
fork’s, even though they may not be the best predictors since few music 
sites release advance reviews and, perhaps more importantly, Pitchfork 
is usually the site that sets trends that other music reviewers and maga-
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zines follow. Although it would be a painstaking process, accumulating 
and incorporating more explanatory variables would greatly increase 
the predictive power of the model I created.

Album Title (Artist) Predicted Album Score
Sun & Shade (Woods) 7.7
Burst Apart (the Antlers) 8.2
Past Life Martyred Saints (EMA)* 8.2
Bon Iver, Bon Iver (Bon Iver) 8.5
Helplessness Blues (Fleet Foxes) 8.9
Cults (Cults)* 9.0
Gloss Drop (Battles) 7.4

*Using the preliminary model for an artist’s first album release.

Figure 6: Predicted album scores

I’d like to end this paper with a response to my initial motivation to 
undertake the creation of this regression. What I really wanted to do 
was simply to find out what music is going to be worth listening to 
without having to wait for Pitchfork to release its review. So, I looked 
at a few noteworthy albums that are going to be released in the com-
ing weeks and I plugged in their variables to predict their scores. Since 
some are weeks away from release, those variables may not be entirely 
accurate or up-to-date. Nevertheless, I’ll have these albums on repeat 
for a while. And who knows? Maybe I’ll be the one who will be able to 
say, “Cults? Fleet Foxes? EMA? I was listening to them way before they 
went mainstream.”
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Maglev Train Propulsion System

Catherine Pavlov

1  Abstract

This project was an experiment on the feasibility of superconductor-
based maglev trains. Two classmates, Kyle Tessier-Lavigne and 
Michael Stern, and I worked in conjunction to produce a magnetic 
track, levitating train car, and propulsion system. This paper focuses on 
my part of the project, the propulsion system. The propulsion system 
is similar to a linear motor, with a row of solenoids attracting and 
repulsing a magnet atop the train car. The propulsion system increases 
the speed of the train, but is not yet strong enough to move the train car 
all the way around the track from a stationary position. The magnetic 
fields from the electromagnets had a field of 8x10-4 T, which exerted a 
force of 5.4x10-3 N on the train, accelerating it at 0.09936 m/s/s.

2  Introduction

This project is a study of the real-world feasibility of maglev trains as 
a transportation system. As many countries move to make themselves 
“greener,” one of the biggest questions is, “How can we be more 
efficient?” Because transportation uses up such a large amount of 
energy, this is one of the first places to turn when looking for ways 
to be more environmentally friendly. Maglev trains could very well 
be the transportation of the future, as they have virtually no friction, 
making them incredibly efficient and silent. There are several types 
of maglev trains: those made from permanent magnets, those made 
from electromagnets, and those made from superconductors. As trains 
employing permanent magnets and electromagnets are more difficult 
to build, this project utilizes superconductors. 

This paper was written for Dr. James Dann’s Applied Science
Research class in the spring of 2011.



Getting something to levitate is relatively easy and has been done many 
times. Once a superconductor is lowered to its critical temperature, the 
point at which the material becomes superconducting, it exhibits the 
Meissner Effect, [6] in which the superconductor excludes magnetic 
fields, causing it to “float” above magnets. While the levitation 
of a superconductor is easily shown, using superconductors for 
transportation is somewhat trickier, as they must stay cooler longer 
and need some horizontal propulsion system. Another setback in the 
real-world feasibility of superconductor maglev trains is the cost of 
superconductors, which are currently very expensive. While one can’t 
predict the future, it is very likely the cost of superconductors will 
eventually go down, as more is learned about them and their seemingly 
magical properties. 

High-speed rail systems have already been implemented all over the 
world, from France to Japan. Maglev trains have not yet become a 
common public phenomenon, mainly because thus far their advantages 
over normal high-speed rail are often not enough to justify building 
trains and tracks from scratch. [7] If more research is done into the 
top speed and efficiency of maglev trains, there is the possibility of 
their more widespread application in real-world use. Information 
from this type of research could also be applied to normal high-speed 
trains. Aerodynamic design from both maglev and high-speed trains 
could even be applied to slower moving trains, such as subways, to help 
increase the efficiency of transportation systems that are not ready for 
total reform. 

While maglev trains are not yet feasible for widespread commercial 
application, a few pioneering trains have already been built, such as the 
electromagnetic train in Shanghai, [8] from which others can learn by 
example, to create a new era of efficient transportation.

This project focused mainly on the propulsion system, an area not 
typically focused on, at least in small-scale demonstrations. Many 
model maglev trains don’t address propulsion at all, or use mechanical 
systems to accelerate the train. [9] The goal of this project is to create 
an effective, no-contact propulsion system that has the capability to be 
reversed, for stopping and multidirectional movement. 
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Over the course of this project I wanted to learn more about 
superconductors and electromagnetic propulsion systems, especially 
with regards to green energy. I also wished to learn more about 
electronics and make more complicated circuits. The opportunity to 
work with superconductors, which are not entirely understood yet, 
was also amazing, as it is really interesting to study current science, 
rather than only repeating past experiments.

3  A Brief History of Maglev Trains and Superconductivity

Superconductivity was discovered in 1911 by Dutch physicist H. 
Kammerlingh Onnes, who observed the phenomenon after cooling 
mercury to 3 K with liquid helium. [17] It was first discovered in 
pure metals, which must be cooled to extremely low temperatures. 
There are thirty metals that exhibit superconductivity at very low 
temperatures. These superconductors make up a class called Type I 
superconductors. [1] The superconductor used in this experiment 
was a YBCO superconductor, which is Type II. The BCS theory of 
superconductivity, which is detailed later in this paper, was developed 
by John Bardeen, Leon Cooper, and Robert Schrieffer. Bardeen, 
Cooper, and Schrieffer won the Nobel Prize in 1972 for their work in 
describing superconductivity. [2]
  
Maglev trains are not a new concept. Thomas Bachelet and Robert 
Goddard both came up with ideas for maglev in the early twentieth 
century, but had no way to actually create them. In 1934, Hermann 
Kemper received a patent for magnetically levitated trains, but maglev 
was not practical for transport until some decades later. In 1966, a 
maglev system consisting of superconducting magnets that induced 
a current in a conductor was proposed by James Powell and Gordon 
Danby. [3] This concept was explored further with working scale models 
built that functioned at speeds of 97 km/hr. This type of levitation is 
called Inductrack. There are two other main kinds of levitation in 
maglev trains: EMS and EDS. In EMS, or an electromagnetic system, 
the levitation force comes from attracting electromagnets on the 
train that lift it off of the track. In EDS, or an electrodynamic system, 
electromagnets in the guideway repulse the train, levitating it above 
the track. [4] Because the train does not touch the track, there is very 
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low resistance to motion, allowing maglev trains to be highly efficient. 
This efficiency makes maglev a viable substitution for transport in the 
future. [3] Currently, there is a high-temperature superconducting 
maglev train in Shanghai, China. There is still work to be done on 
developing maglev trains, as they are costly to build and the linear 
electromagnetic propulsion systems usually used are not highly 
efficient. [5] However, despite the current costs of building maglev 
trains, they may prove to be relatively inexpensive in the future due 
to increased ease of creating superconductors as technology develops. 
More importantly, any superconducting maglev would need very 
minimal repair and upkeep, as the absence of moving parts means that 
no hardware on the train would wear out. Maglev may have a way to 
go, but it has a very promising future.

4  Theory and Results

The maglev trains in this project levitate though a phenomenon 
called the Meissner effect, which occurs in superconductors. Certain 
materials achieve superconductivity when lowered to extremely low 
temperatures. The superconductors used in this experiment are YBCO 
superconductors, which are made of a ceramic-based compound that 
enters a superconducting state at a relatively high temperature. [6]

Superconductivity and the Meissner effect are relatively new 
phenomenon, and so there is still much to be understood about 
them. When a superconductor passes its critical temperature, the 
point at which it becomes superconducting, it has no resistance to 
current, so that a current in the material will continue indefinitely. 
Superconductors also exclude magnetic fields, which is the cause 
of the Meissner effect. This is explained in part by Faraday’s law, 
which states that a conductor in a changing magnetic field produces 
a current to create a field opposing the change. The currents created 
in a superconductor exclude external fields from all but the very 
surface of a superconductor. However, Faraday’s law does not explain 
how superconductors can levitate magnets placed above them before 
cooling them to a superconductive state, or how they bounce back up 
after being pushed towards the surface of a superconductor. [10]
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While there are many competing theories as to how superconductivity 
works, the most widespread one is the BCS theory, named for its 
creators Bardeen, Cooper, and Schrieffer. [11] In BCS theory, electrons 
act together in pairs, called Cooper pairs. When Cooper pairs form, an 
electron is attracted to positive ions in the crystal lattice, pulling them 
together. This increased concentration of charge then attracts another 
electron of opposite spin. [12] The two spins effectively cancel, exempting 
the Cooper pair from the Pauli exclusion principle and allowing the 
electrons to move as one without resistance to their movement.

The superconductors used in this project are YBCO superconductors, 
which have the chemical formula YBa2Cu3O7. YBCO superconductors 
generally have a critical temperature of around 90 K. [13] Using a kit 
provided by Colorado Superconductor, Inc., I attempted to verify this 
through a short experiment.

In the experiment, I used a superconductor attached to a thermocouple, 
which generate a voltage based on temperature, so that every voltage 
has a corresponding temperature that can be looked up in a table. The 
superconductor is cooled to a superconducting state, and a magnet is 
placed above it, so that it floats in the center. The thermocouple leads 
are hooked up to a voltmeter, and when the magnet drops, the voltage is 
recorded. I repeated this process eight times and got the following results:

Trial Voltage (mV)
1 6.05
2 6.12
3 6.12
4 6.10
5 6.20
6 6.19
7 6.11
8 6.17

Average voltage: 6.13 mV 
Corresponding temperature: 84 K
Accepted critical temperature for YBCO: ~ 90 K
Percent error: 6.67%
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While superconductors often transition from a superconducting state 
to a non-superconducting state over a range of a few degrees, the 
results from the experiment were fairly different from the accepted 
value. It is unlikely the thermocouple is to blame for this error, as 
the one used in this experiment is a Type T [6] thermocouple, which 
typically is accurate within about 1° C. [14] This would not account 
for the error in the measurement of critical temperature. It is possible 
that the superconductor somehow changed, either by reacting with 
the environment or because of realignments of the internal crystal 
structure due to use. 

The superconductor used in this experiment was meant only for 
demonstrations, so I am using a much larger YBCO superconductor 
for the train. If possible, I will determine the critical temperature of 
the larger superconductor through a similar experiment, to see if the 
results are comparable.

The propulsion system is based on permanent magnets and 
electromagnets, with permanent magnets attached to the top of the 
train and solenoids integrated into a no-contact propulsion system 
that sits above the train tracks. The propulsion system is based on the 
fact that the magnetic flux through a loop of wire is proportional to the 
current in the wire. By reversing the current, the polarity of the field 
is reversed, and by altering the magnitude, the strength of the field is 
changed. Because the forces between the magnets and the solenoids in 
this system are proportional to the magnetic fields involved, altering 
the current in the solenoid, and by extension changing its magnetic 
field, should theoretically control the speed of the train. Additionally, 
by reversing the direction of current once the train is already in motion, 
the train can be slowed or brought to a stop. 

The magnetic field in the center of the solenoid can be calculated by 
using the following equation: [15]

B = μ0NI
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B represents the magnetic field, I the current through the loop, N the 
number of turns, and μ0 the constant for the permeability for free 
space, 4π x10-7 N/A2. While the number of turns is not exactly known, 
it can be estimated. By measuring the resistance of a piece of wire of 
known length identical to that used in the solenoid, and comparing it 
to the resistance of the solenoid, the length of wire used can be found. 
The average circumference of a loop in the solenoid can be found 
from the radius, and by dividing the length of the wire by the average 
circumference an approximate number of loops can be found, and the 
magnetic field inside the solenoid can be calculated. Adding a core to 
the solenoid amplifies the field. As the centers of the solenoids in this 
project are comprised mainly of iron, the magnetic field is multiplied 
by about 200. [16]

I took the resistance of a 5 m length of wire, and measured it as 1.21 Ω. 
The resistance of the multimeter was 0.13 Ω, giving a total resistance of 
1.08 Ω for 5 m of wire, or 0.22 Ω/m. The resistance of one of the solenoids 
was 26.28 Ω, when the resistance of the multimeter was subtracted. This 
gave for a total length of 125 m. The diameter of the solenoid was 3.5 cm, 
giving each loop an average circumference of 5.5 cm, or 0.055 m. This 
leads to each solenoid having approximately 455 loops. 

The current through the circuits is variable, but is most often at about 
1.6 A. Because the four circuits were wired in parallel to the power 
source, each circuit got approximately 0.4 A. For consistency, all later 
measurements were taken with the power supply set at 1.6 A and 10 
V. Using this information, an estimate of the magnetic field from each 
individual solenoid is the following:

4π x 10-7 N/A2 x 455 x 0.4 A x 200 = 4.57 x 10-2 T

Unfortunately, it is not possible to calculate the exact field, as the iron 
content of the bolts used as cores for the solenoids is not known. This 
provides a rough approximation of the field from one solenoid. In 
reality, there are four solenoids lined up next to each other, so there 
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is also some interference from the fields from other electromagnets, 
adding another difficulty in calculating the exact field. It is, however, 
possible to measure the magnetic field. I measured the magnetic fields 
of both the electromagnets and the magnet atop the train car using 
a Hall effect sensor. Because the top of the train is 3.5 cm below the 
electromagnets, I measured the fields from 3.5 cm away. I measured 
the field of the electromagnet to be 0.80 mT, or 8 x 10-4 T. The field from 
the permanent magnet was considerably stronger, at 4.3 x 10-3 T. The 
measured field was much lower (57 times) than the calculated field, 
probably because of several reasons: it was measured at a distance, the 
iron content of the core in the calculations was probably overestimated, 
and other electromagnets probably had interfering fields that affected 
the measurement.

I also calculated the acceleration of the propulsion system by measuring 
the velocity of the car with a photogate just after it left the tunnel. 
Because the track was not perfectly level, I also did trials without the 
propulsion system to account for negative acceleration due to gravity. 
The following tables show the amount of time the photogate was 
blocked and its velocity. The velocity was found by dividing the length 
of the car, 6.5 cm, by the time the car blocked the photogate.
 
With propulsion system on:            With propulsion system off: 
           

Trial Time photogate 
blocked (s)

Velocity 
(m/s)

1 0.51344 0.12660
2 0.34346 0.18925
3 0.31898 0.20377
4 0.41097 0.15816
5 0.39223 0.16571
6 0.26427 0.24596
Avg. 0.37389 0.18158
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Trial Time photogate 
blocked (s)

Velocity 
(m/s)

1 0.55425 0.11727
2 0.36701 0.17711
3 0.67702 0.09601
4 0.35626 0.18245
5 0.36800 0.17663
6 0.36047 0.18032
Avg. 0.44717 0.15497



These measurements were taken with the voltage of the propulsion 
system set at 10 V, and the current at about 1.6 A. The distance traveled 
for the propulsion tests was 30.5 cm, and the distance traveled for the 
gravity tests was 26.5 cm. 

To find the acceleration, I used the following equation:

(v2) = (v0
2) + 2aΔx

Because the initial velocity was 0, this gives the following:

a = (v2)/(2Δx)

Using the average velocities for the trials with the propulsion system, 
this gives an acceleration of

(0.18158 m/s)2/(2 x 0.305 m) = 0.05405 m/s/s

and a gravitational acceleration of 

(0.15497 m/s)2/(2 x 0.265 m) = 0.04531 m/s/s

As the trial with the propulsion system was facing uphill, the 
acceleration due to gravity should be added to the net acceleration 
with the propulsion system, giving an acceleration of 0.09936 m/s/s. 

Using the mass and velocity of the train, I calculated the kinetic energy 
at the end of the propulsion system. Because work, or change in 
energy, is the applied force times the distance it is applied over, I used 
the kinetic energy and the distance to find the average force exerted on 
the car. The mass of the train was 100 grams, and the velocity used was 
the average velocity, or 0.18158 m/s. Below are the calculations:

W=Fd=ΔE=1/2mv2

F=(mv2)/2d
F=(0.1 kg x (0.18158 m/s)2)/(2 x .305 m)= 5.4 x 10-3 N

                         THE MENLO ROUNDTABLE   65



In summary: the propulsion system had an electromagnetic field of 8 
x 10-4 T and applied a force of 5.4 x 10-3 N to the train car, which had a 
mass of 0.1 kg, and accelerated it at 0.09936 m/s/s.

5  Drawings and Diagrams

 

Figure 1: Overall drawing of the experimental setup, with magnetic track and 
propulsion system in large box. The cylinders within the box show the solenoids  
that repel the magnets on the train. 
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Figure 2: Close-up of the train, which has space inside to hold liquid nitrogen, to keep 
the superconductor cool longer. The train has a “smokestack,” so that the evaporated 
nitrogen can escape the train car. 
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Figure 3: Circuit diagram of the circuit controlling each individual solenoid. When 
the Hall chip sends out a signal, the relay switches the direction of the current (shown 
by the lighter loops in the circuit), which changes the polarity of the solenoid. The 5 V 
power source is controlled by the circuit shown in Fig. 4. The Hall chips used in this 
circuit are bipolar, so that after they switch direction they lock on, since if they 
switched back the train would be pulled back towards the solenoids once out of  
range of the Hall chips. 
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Figure 4: Circuit controlling the power to the Hall chip in Fig. 3. When the Hall chip 
turns on, it sends current to the relay, momentarily switching it off, and resetting the 
circuit in Fig. 3. The Hall chip is activated as the magnet passes by after it has gone 
through the propulsion system, so that the current goes back to its original direction 
when the train completes the loop of track and returns to the propulsion system.  
The Hall chip in this circuit is unipolar, as it only needs to detect the presence of  
the cart momentarily. 

6  Thoughts for the Future

This project had a limited timeframe, so I did not accomplish all I 
wished to. I would like to make a more powerful propulsion system, 
and also create a propulsion system that takes advantage of the 
superconductor’s ability to exclude magnetic fields. 
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The Hydraulophone

Serena Gupta

1  Abstract

A hydraulophone is an instrument that uses water to create sound. It 
consists of a row of two-pronged pipes, where one is a jet that is part of 
an interactive keyboard and the other is an outlet that faces a spinning 
disc. When a user restricts the jet in the keyboard, fluid is diverted 
to the spinning disc and a certain frequency is produced. It reaches 
beyond the traditional sections of an orchestra consisting of strings, 
percussion, and woodwinds. [10] Also, the unique construction of the 
instrument, a velocity-sensing keyboard that has endless keys, allows 
for new ranges of sound and music. [12] 

2  Motivation and History

The word “hydraulic,” which comes from the Greek word for “water 
organ,” means of or involving a fluid, especially water, under pressure. 
Additionally, the word comes from the Greek word for “water organ” 
[10]. The first water organs date back to the 1st century BC in Greece, 
but their evolution has continued into the 21st century. [5] 

Water organs are organs that use water power to push air and create 
sound. [7] The fundamental difference between hydraulophones and 
water organs is how each creates sound; hydraulophones use water 
to make sound, and water organs use air to make sound. Despite 
the difference, the overall idea of using water in instruments is what 
unites the two and makes water organs’ history relevant to studying 
hydraulophones. [7]

This paper was written for Dr. James Dann’s Applied Science 
Research class in the spring of 2011.
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Figure 1: The Hydraulis of Dion invented by Ctesibius (Ktesibios) in Alexandria. 
Greek archaeologists recovered this fragmented hydraulis (water organ) with 19  
bronze tubes dating from the 1st century BC. [5] 

The first record of hydraulophones is by Steve Mann who began designing, 
constructing, and playing them in the 1980s after earning degrees at 
McMaster University and Massachusetts Institute of Technology. [7] 
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[4] Steven Mann is now a professor at the University of Toronto in the 
Department of Electrical and Computer Engineering. [4] 

I first came across the instrument in a YouTube video. [9] I was 
initially drawn to the playful and fun nature of the instrument and 
the interdisciplinary combination of music, art, and physics. As 
I researched the instrument more, I began wondering how the 
instrument was constructed and how water could create sound. 

Hydraulophones provide an opportunity to predict different qualities 
of a fluid based on some initial information. [3] For example, using 
the frequency and volume of a sound made by fluid and a few other 
parameters can allow an observer to figure out which in an array 
of jets is being blocked. Similar analysis would be useful in any 
system involving hydraulic sound, including plumbing or fuel lines. 
Technological advancements in “acoustic-based fluid flow analysis” 
would lead to more efficiency in those industries. [3]

The design in itself is noteworthy for creating the ability to push beyond 
the normal limits of sound and music. Two instruments similar to 
hydraulophones are pianos and organs. All three instruments have 
keyboards with keys that are velocity sensitive, meaning the volume 
of the note depends on how hard or soft a note is struck. With pianos, 
the note will start at the volume based on the velocity with which 
you initially strike a key, and then the volume will start to decay and 
become quieter. A pianist can’t change the volume while the note is 
being played. Organs are slightly different in that in some constructions 
the notes don’t decay, meaning the note stays at one volume the entire 
time, but you still can’t change the volume of the note while playing 
it. With both instruments, the user is stuck with a volume after a key 
is initially struck and the sound will only be produced for a finite 
period. With hydraulophones, notes have infinite key travel, and users 
have the ability to modify the volume of a note while playing it. Glass 
harmonicas have a similar ability but lack a keyboard. Hydraulophones 
are unique for their velocity-sensing keyboards whose keys never 
bottom out and whose volume can be changed while the note is played.
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One of the appealing aspects of the instrument is the visual component. 
It’s fascinating to be able to play music using water, a durable and fun 
medium to work with. Also, it’s incredibly interesting to be able to see 
the quality of a sound change as the spray from the jet changes. Due to 
the construction of the instrument, the spray from the jet is inversely 
proportional to the volume and timbre of the sound produced. Most 
instruments don’t have a visual demonstration of the quality of sound, 
and in that way hydraulophones are revolutionizing the field of music.

3  Theory of Operation

On a hydraulophone, each jet is independent and represents a different 
note. This means that a user can block multiple jets at the same time 
and create chords. When a jet is not being blocked, the water from the 
hose goes directly from the hose up to the top jet outlet. Although there 
is a side outlet connected to a spinning wheel, water doesn’t escape into 
the side due to the vacuum made by the water going up. The vacuum is 
created by the high velocity of the fluid coming out, which creates low 
pressure on the side, drawing a vacuum (Bernoulli’s Principle). [13] 

When a jet is blocked on a hydraulophone, the water is diverted to the 
side outlet, which goes to a spinning disc. The disc consists of circles of 
holes that are evenly spaced, where each circle of holes corresponds to 
a specific jet/key. When the fluid is diverted to the spinning disc, there 
either is a compression zone (no hole) or a rarefaction zone (hole). 
The result is a series of compressions and rarefactions that make up a 
sound wave of a particular frequency. [12] 

Figure 2: The effect of blocking or not blocking a jet outlet on a hydraulophone. [12]
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In music, pitch is another word for frequency. [8] The frequency of the 
sound wave produced by a specific jet depends on how fast the disc 
is spinning, the radius where the given water jet hits the disc, and the 
distance from the center of two consecutive holes at a given radius. The 
equation for frequency would be as follows:
 
Frequency (Hz) = Radius (meters) * Angular Speed (radians per second) 

                           Distance Between Holes (meters)

Figure 3: The factors on the spinning disc that contribute to the pitch of a note played 
on a hydraulophone. 

Timbre is the tone of the sound being played and equivalent to figuring 
out whether a sound is brighter or darker. [11] Generally speaking, 
using water to produce sound has more dark sounding qualities. [12] 

The volume and timbre of a particular note mostly depend on how much 
you push down on a given water jet. The origin can be set at the very top 
of the jet outlet (see Figure 4). The quality of sound is then dependent 
on the user’s displacement from the origin. If the user is closer to the 
origin and causes very little displacement, this yields brighter, higher 
volume notes. If he or she is farther away, this yields lower volume, 
darker notes. Displacement and sound tone are inversely proportional. 
The more you push down a given jet, the more water will be diverted 
to the side jet outlet to the spinning disc. The greater amount of water 
interacting with the spinning disc, the higher the sound level because 
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more water is going through it. [3] Given that some water does escape 
into the side nozzle, even when a key is not being pressed, a note is 
always being played, just softly. The displacement can be thought of as 
a very large number or infinite, since the water jet can travel infinitely 
far when no finger is obscuring the jet. Thus when no jets are pressed, 
the instrument makes a drone sound that comprises every note being 
played softly at the same time [12] since infinite displacement creates 
sound, just very low-volume sound.

Figure 4: The diagram above shows the origin in the displacement model. [12]

Another factor affecting the sound of each note includes the 
temperature of the water. Cold water has more viscosity than hot 
water. [15] Thus hotter water has less resistance, meaning the quality 
of sound produced will be slightly louder, though this effect is very 
small and may not be noticeable.
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Lastly, embouchure effects sound quality. [15] This means that the 
quality of the sound produced will be different depending on whether 
you block the water more towards the center of the hole or more 
towards the side of the hole. Water from the jet comes out fastest at 
the center, and thus when you block the center of the jet, more fluid is 
diverted to the side outlet, producing a louder, brighter sound. 
 
4  Design 

 

Figure 5: The main body of the hydraulophone. There are two-pronged outlets 
(the L shaped objects) that represent each note. The total number of keys is eight 
(though only seven are depicted here). The third octave was used. 
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Figure 6: A sample two-pronged outlet. The outlet facing up is the jet that the user 
interacts with, while the outlet facing right has water that goes to the spinning disk. 
The last outlet connects the two-pronged outlet to the tube.
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Figure 7: Close up of the connection. The two-pronged outlet will be attached to the 
main body with PVC pipe glue.
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Figure 8: Perspective view of set up. The spinning disk will be attached to an electric 
motor where both are resting on a wooden board, not depicted in the picture. The 
wood block is resting on the same board and will be strapped down using L-clips. The 
plastic tube that connects the user interaction with the spinning disk is a flexible pipe, 
although it is shown as hard in the picture. Also, the main body plastic tube 
will be perpendicular to its position as shown above. 

  

Figure 9: Side view of set up.
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Figure 10: Close-up perspective shot. Each radius of holes corresponds to a jet outlet 
on the main body.

 

Figure 11: Perspective shot of the wooden block that connects the tubes with the 
spinning disk. The holes ended up being spaced more jaggedly so that they could be 
more than 2 mm apart.
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Figure 12: The spinning disk with groups of holes set at distances corresponding to 
data explained in the results section. Each set of holes (holes all at the same radius) 
corresponds to a water jet pipe/note. The disk had thickness of 3 mm and was laser 
cut from plastic.



                         THE MENLO ROUNDTABLE             85

 
Figure 13: Set up of the hydraulophone with everything connected. The board is stuck 
to the table with seven clamps, four of which are shown in the picture. The plastic bag 
in the mid right corner is covering the power supply.
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Figure 14: The pipe connected to the hose (the nozzle on the lower left). The zip-ties 
hold the pipe in place, and the wood props up the wood so the water from the tubes 
is flowing downhill. Each tube and outlet is labeled with the respective note it plays.
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Figure 15: Close-up perspective of the electric motor. It’s bolted with 4-inch bolts  
so that it won’t become unscrewed at 22 V. The brackets and clamps are to ensure 
more stability at faster speeds.
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Figure 16: Close up on the side. It shows how close the plastic tubes were to the 
plastic spinning disc. Electric tape is cushioning the disc so that it has a tighter 
fit and doesn’t wobble.

5  Results

5.1  Motor at a Constant Speed

In order to figure out whether the electric motor I used could run at a 
constant speed, I attached a wood piece with masking tape to the motor. 



Then I used a photogate to calculate how frequently the masking tape 
passed by the sensor.

Figure 17: The velocity in meters per second of the motor at 20 V versus time in 
seconds. This is data outputted by the LabQuest.

At 20 V, the data points fluctuate between 2.635 m/s and 2.65 m/s 
(.015 difference). The average velocity after 1 minute was 2.64 m/s. I 
calculated rotations per second by figuring out that the radius of the 
motor was .096 m and thus the circumference (2πr) was .603 m. So in 1 
second, the motor went 2.64 m, and if each rotation is .603 meters then 
the motor did 4.3781 rev/s.

                                Speed (rev/s) =          Speed (m/s)
                                                               Radius (m) x π x 2

                                Speed (rev/s) =             2.64 m/s        
                                                                 .603 m x π x 2

                                Speed  =            4.3781 rev/s                                          

17 V using similar methods yielded 3.1218 rev/s. This all didn’t take 
into account the load of the plastic disc with nails, thus it probably 
spun slower with the load. I tried both voltage outputs with my motor 
even though my calculations were for 3 rev/s.

5.2  Determining Hole Placement

When creating the disc, a difficult task was determining where to put 
the holes in order to gain the desired frequencies. The chosen scale 
went from C3 to C4 (8 notes) in order to be a scale that could play the 
most number of songs at a commonly heard octave.
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Note Frequency (Hz) Wavelength (cm)
C3 130.8 264
D3 146.83 235
E3 164.81 209
F3 174.61 198
G3 196 176
A3 220 157
B3 246.94 140
C4 261.63 132

Table 1: A chart of the frequencies and wavelengths of the given notes.

There were three different methods used to figure out hole placement. 
The first method was setting each of the holes at set radii and at 4.3781 
rev/s. Then I figured out the distance between the holes using the 
following equation where intended frequency, radius, and angular 
speed are known:

Distance Between Holes (meters) = 
Radius (meters) x Angular Speed (radians per second)

Intended Frequency (Hz) 

Note Intended 
Frequency (Hz)

Radius (m) Distance 
Between (m)

Number of 
Holes

C3 130.8 0.02 0.004204893 30.59856866
D3 146.83 0.04 0.007491657 33.94808541
E3 164.81 0.06 0.010011528 37.95535529
F3 174.61 0.08 0.012599507 40.13290405
G3 196 0.1 0.014030612 44.99579346
A3 220 0.12 0.015 50.46548246
B3 246.94 0.14 0.015590832 56.61314004
C4 261.63 0.16 0.016817643 59.95546671

Table 2: A chart of the frequencies and radius. At 4.3781 rev/s, the distance between 
is a calculation using the above equation. The number of holes is the distance between 
+ the diameter of each hole (3 mm) divided by the circumference. 
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The number of holes isn’t a whole number, which is an issue since 
you can’t have .61 of a hole. The next method I tried was to hold the 
distance between the holes at certain constants, but that failed for the 
same reason. With the rounded number of holes, I used the following 
equation to calculate frequency for both methods:

Frequency (Hz) = Angular Speed (rev/s) x Number of Holes

But the yielded frequencies in both methods were off by 4-8 Hz from 
the intended frequencies.

The last method I tried was writing a program (see Appendix B) 
that ran through different numbers of holes and rev/s numbers to 
determine whether a given frequency was within 1.5 Hz of the desired 
frequency. I ended up finding that 3 rev/s was the smallest rev/s that 
yielded a non-decimal number of holes and was within 1.5 Hz of every 
desired frequency.

Note Intended 
Frequency (Hz):

Speed 
(REV/S):

Number of 
Holes:

Calculated 
Frequency (Hz):

C3 130.8 3 44 132
D3 146.83 3 49 147
E3 164.81 3 55 165
F3 174.61 3 58 174
G3 196 3 65 195
A3 220 3 73 219
B3 246.94 3 82 246
C4 261.63 3 87 261

Table 3: Intended frequency, speed, number of holes, and calculated frequency. 
The calculated frequency is the speed multiplied by the number of holes 
(equation shown above). 

This yielded the most accurate hole data out of all three methods. 
Using ToneGen, I played different songs that were off by 2 Hz. Of the 
35 people I asked (not randomly), three of them could tell that it wasn’t 
the right pitch but all of them thought the songs still sounded fine and 
similar to the original. I used “Mary Had a Little Lamb” and “Twinkle 
Twinkle Little Star” as samples.
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In order to get the most consistent sound, I wanted the holes at each 
radius to be equally spaced and have the same distance as the diameter 
of the hole. 

Table 4: Ideal circumference (number of holes x diameter of tube x 2) and the edited 
circumference (2 x π x the rounded radius). The absolute error is at most 3 mm. 
This error shouldn’t affect pitch (the frequency,) since the frequency was calculated 
independent of radius. 

Using the rounded radius and the number of holes, I created the disc in 
SolidWorks and laser cut it onto 3 mm thick pink plastic. 

If the sound from the hydraulophone had been louder, I would have 
used a sound probe to find the frequencies of the different notes and 
then graphed the note versus the difference in calculated and actual 
frequency. If there were some correlation, I would correct the difference 
in my next model.

I ended up not spinning the motor at 14 volts (the intended voltage to 
get 3 rev/s) because the sound of the electric motor would overpower 
the sound of the hydraulophone and the disc was in tune with itself 
so it didn’t actually matter at which speed I spun the disc. I ended up 
playing “Mary Had A Little Lamb” [16] with water, which was audible 
and sounded correct.

Note Diameter of 
Tube (mm)

Ideal 
Circumference 
(mm)

Radius of 
Circle (mm)

Rounded 
Radius of 
Circle

Edited 
Circumference 
(mm)

Absolute 
Difference 
between Ideal 
Circumference 
and Edited 
Circumference

C3 6.35 558.8 88.9357822 89 559.2034923 0.403492339

D3 6.35 622.3 99.04212109 99 622.0353454 0.264654589

E3 6.35 698.5 111.1697277 111 697.4335691 1.066430903

F3 6.35 736.6 117.2335311 117 735.1326809 1.46731906

G3 6.35 825.5 131.3824055 131 823.0972752 2.402724759

A3 6.35 927.1 147.5525477 148 929.9114255 2.811425463

B3 6.35 1041.4 165.7439577 166 1043.008761 1.608760992

C4 6.35 1104.9 175.8502966 176 1105.840614 0.940614064
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The volume of the sound was proportional to the amount of water 
displaced [17] though the sound difference is very slight. The timbre of 
the sound was overall very fuzzy and high. The hydraulophone worked 
very well and clearly with air, but was much more interesting and fun 
with water.

If I had more time, I would have loved to run a test to see if there 
were statistically different frequencies produced using different 
temperatures of water.

6  Conclusion

When running the hydraulophone, pressing down on a given note at 
different distances (meaning one’s finger was closer or farther from 
the hole) changed the water pressure in a way one could visually see. 
Unfortunately, the volume of each note produced wasn’t very loud, 
which was partially due to the racket the motor was making that 
drowned out all other sounds. Additionally, it was difficult to play 
chords since the water pressure overpowered the disc and would 
change the speed. To combat this issue, I would make a disc that had 
more inertia.

Potential fixes for the problem include remaking the plastic piece that 
binds the spinning disc and motor so there is a better connection 
and less wobble. Also, using metal instead of plastic for the spinning 
disc would make it sturdier and heavier against the water flow. Next 
time, I would have water flow from both directions at the disc so that 
the pressure from one side would be balanced by the other side. And 
finally, I think I should have used a microphone or amplifier so that the 
volume was more audible. 

In building my hydraulophone, I learned a lot. The project helped me 
realize I need to manage my time better on scientific projects and that, 
while nothing is efficient and everything take three times as long as 
you expect, it’s important to keep going and not take extended breaks 
from it. I learned how to use SolidWorks extremely well and how to 
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use almost every machine in the ASR room. Since August 2010, when 
I didn’t even know how to strip a wire, I think I’ve come a long way. I 
really enjoyed the amount I learned about music theory and the role 
math and physics play in that discipline. Overall I think the project 
was a success, and I appreciate how much I accomplished.
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8  Appendices

8.1  Appendix A

Part Description What needed for Cost Where you’ll 
buy it

Electric Motor To turn the plastic 
disc

- Already in ASR 
room

Plastic disc with 
circles of holes

To create 
compressions and 
rarefactions

$20 Tap Plastics

Wood Block with 
holes 

To connect plastic 
tubing to plastic 
disc

$10 Orchard Supply

50 m long clear 
plastic tubing with 
3 mm diameter

To connect 
side nozzles to 
spinning disc

$25 Orchard Supply

8 sprinkler 
connecters 

To create jet 
outlets and pipe 
for water

$5 Orchard Supply

Wood Pieces 5 blocks of wood 
will be used to 
hoist the keyboard 
up and 1 board to 
place all parts on

$15.50 Orchard Supply

Hose A water source for 
the instrument

- Home

10 L clamps To bolt all parts 
down, specifically 
the wood block 
and electric motor 

- Already in ASR 
room

Plastic PVC Pipe 
connector

To connect the 
PVC pipe to the 
hose

$2.49 Orchard Supply

10 Zip Ties To bolt the PVC 
pipe down

4 * $5.50 Already in ASR 
room

Metal Bar To bolt the PVC 
pipe down

- Already in ASR 
room

Plastic PVC Pipe To connect water 
and create enough 
pressure within

$15 Orchard Supply
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8.2  Appendix B

The following program was written in Java in Eclipse. It was used to 
determine the best rev/s and use an error of plus or minus 1.5 Hz.

public class hydraulophone {

 /**
  * @param args
  */
 
 static int TWO = 0;
 static int THREE = 0;
 static int FOUR = 0;
 static int FIVE = 0;
 static int SIX = 0;
 static int SEVEN = 0;
 static int EIGHT = 0;
 static int NINE = 0;
 static int TEN = 0;
 static int ELEVEN = 0;
 static int TWELVE = 0;
 static int THIRTEEN = 0;
 static int FOURTEEN = 0;
 
  
 public static void main(String[] args) 
 {
  System.out.println(“Frequency:  RPS:  
Number of Holes:”);
  generate(130.80);
  generate(146.83);
  generate(164.81);
  generate(174.61);
  generate(196.00);
  generate(220.00);
  generate(246.94);
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  generate(261.63);
  System.out.println( “TWO: “ + TWO);
  System.out.println( “THREE: “ + THREE);
  System.out.println( “FOUR: “ + FOUR);
  System.out.println( “FIVE: “ + FIVE);
  System.out.println( “SIX: “ + SIX);
  System.out.println( “SEVEN: “ + SEVEN);
  System.out.println( “EIGHT: “ + EIGHT);
  System.out.println( “NINE: “ + NINE);
  System.out.println( “TEN: “ + TEN);
  System.out.println( “ELEVEN: “ + ELEVEN);
  System.out.println( “TWELVE: “ + TWELVE);
  System.out.println( “THIRTEEN: “ + 
THIRTEEN);
  System.out.println( “FOURTEEN: “ + 
FOURTEEN);
 }
 
 
 public static void generate(double freq)
 {
  for (int i = 1; i <= 20; i++)
  {
   for (int j = 0; j <= 100; j++)
   { 
    int m = 0;
    double holes = (double) j;
    double rps = (double) i;
    
    double temp = holes * rps;
    
    double dif = temp - freq;
    if (dif < 0)
    {
     dif = dif * -1;
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    }
     
    if (dif < 1.5)
    {
     // System.out.println(freq + 
“   “ + rps + “   “  +  
holes);
     if (rps == 3)
     {
      System.out
println(freq + “   “ + rps + “  “  +  
holes);
     }
     if (m == 0)
     {
      if (rps == 2)
      {
       TWO ++;
      }
      else if (rps == 3)
      {
       THREE ++;
      }
      else if (rps == 4)
      {
       FOUR ++;
      }
      else if (rps == 5)
      {
       FIVE ++;
      }
      else if (rps == 6)
      {
       SIX ++;
      }
      else if (rps == 7)
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      {
       SEVEN ++;
      }
      else if (rps == 8)
      {
       EIGHT ++;
      }
      else if (rps == 9)
      {
       NINE ++;
      }
      else if (rps == 10)
      {
       TEN ++;
      }
      else if (rps == 11)
      {
       ELEVEN
++;
      }
      else if (rps == 12)
      {
       TWELVE
++;
      }
      else if (rps == 13)
      {
       THIRTEEN 
++;
      }
      else if (rps == 14)
      {
       
FOURTEEN ++;
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      }
     }
     m ++;
    }
     
   }
  }
 }
 
 

}

                         THE MENLO ROUNDTABLE           101



The Menlo Roundtable
Katharine Hanson, Editor

Dr. Charles Hanson, Editor emeritus

For the online version of The Roundtable, 
go to http://roundtable.menloschool.org.

Menlo School • 50 Valparaiso Avenue • Atherton, CA 94027 • 650.330.2000



THE MENLO 

ROUNDTABLE
A Journal of Student Research and Writing from Menlo School

Madison Forker ’12 

Serena Gupta ’11 

Catherine Pavlov ’12 

Robert Fry ’12 

Ari Holtzman ’12 

Kevin Harris ’12 

Carson Badger ’12 

ISSUE 11 • WINTER 2O12

Untitled (2 Women in Evening Attire), Bill Owens (1975)

TH
E M

EN
LO

 RO
U

N
D

TA
BLE   •

   ISSU
E 11   •

   W
IN

TER 2012 




