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Coal as the Fuel for a Mass Identity

Abbey Schmitt

Oscar Wilde once advised, “be yourself; everyone else is already 
taken.” The protagonist of Ralph Ellison’s thought-provoking novel 
Invisible Man could really learn something about identity from Mr. 
Wilde’s wisdom. The author implements a motif of coal because its 
physical attributes, such as color and consistency, create a clear parallel 
between the material and the narrator’s racial background. Ellison  
alters the usages of coal—from violent to functional to isolating—in 
order to demonstrate how Invisible, the narrator, progresses: he initially 
rejects his African American heritage and associates himself with white 
society, but becomes increasingly inclined to accept his true roots. 
This exposes Ellison’s viewpoint that committing to a singular identity 
—in this case, one based solely on race—results in a disconnect from 
reality. Through strategically employing the motif of coal, Ralph 
Ellison conveys his two opinions regarding identity: people must  
accept all aspects of themselves, not just their heritage, and people must  
not identify with a group if they hope to establish a meaningful  
understanding of themselves.

Ellison opens the novel by displaying coal as a tool of violence, a concept 
that sparks fear; this corresponds to the narrator’s feelings toward his 
origins, for he rejects any association with his African roots. Coal first 
appears early in the work, when the narrator and a group of young 
African American men are fooled into picking up coins on an electric 
rug. Ellison uses simile to compare the experience of electric shocks to 
“roll[ing] through a bed of hot coals” (28). This immediately connects 
African Americans with coal, since the danger is something that only 
they, as a racial group, must experience. Further, since these coals bring 
about an “embarrass[ing]” (27) experience, Invisible’s shame about his 
roots becomes evident. The motif repeats when the narrator describes 
Dr. Bledsoe, the President of Invisible’s college, as a “coal-black daddy 
of whom [he is] afraid” (116). “Coal-black” refers to Dr. Bledsoe’s dark 
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skin tone, highlighting his background. Also, “coal-black daddy” contrasts 
from the more familiar term, “sugar daddy,” underscoring that despite 
Bledsoe’s efforts to climb the social hierarchy, he is still more similar to 
coal than to sugar, grouping him into African American society. Again, 
this mention of coal occurs in a context of fear, because it reminds the 
narrator that the label “African American” is inescapable. Here, Ellison 
has the narrator desperately clinging to dreams of a white identity that 
is unavailable to him. By having the narrator fail and feel lost as a result, 
Ellison criticizes people’s tendency to strive to fit an unsuitable mold, 
rather than accepting themselves. The beginning of the novel includes 
images of coal that provoke fear, which illustrates the narrator’s irrational 
anxiety about his heritage.

Later in the novel, the motif of coal resurfaces in unnatural situations, 
which displays how the narrator is uncomfortable with the thought 
of accepting his race because he misconstrues the role of race in  
defining identity. When the narrator begins working at Liberty Paints, 
an engineer at the company named Lucius Brockway explains that 
“[their] white is so white you can paint a chunka coal and you’d have 
to crack it open with a sledge hammer to prove it wasn’t white clear 
through” (217). In this scene, Brockway—who is in a position of power 
relative to the narrator—suggests that there is value in changing the 
color of coal, which is analogous to “whitewashing.” This entails stripping 
an African American of his or her culture, and Brockway’s apparent 
pride in covering up inherent features—beyond simply external color—
reinforces the idea that the narrator should reject his heritage. By 
presenting coal in this unnatural way, Ellison indicates that forming 
a meaningful identity requires people to embrace themselves entirely, 
so people should not conceal any traits. Later on, members of the 
Brotherhood—a society that uses aggression to counter white  
dominance—challenge their leader, Brother Jack, for adopting Invisible 
as an affiliate. When someone deems Invisible not “black enough,” he 
becomes defensive, wondering if he should begin to “sweat coal” (303). 
The narrator shows a complete change of heart, for he strives to whole-
heartedly adopt the associations of his African American history to an 
extreme degree. Ellison portrays this approach as unnatural as well, 
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though, to challenge people’s inclinations to assume a mass identity. 
The author uses a motif of coal to imply that the narrator goes about 
forming his character incorrectly; unlike Invisible, Ellison believes that 
race, along with other mass traits, cannot define an individual. Thus, 
both extremes—actively abandoning one’s roots and attempting to embody 
an entire cultural history—are counterproductive because they implement 
such mass categorization.

Toward the end of the novel, Ralph Ellison incorporates coal acting as 
a fuel, which symbolizes the narrator’s newfound dependence on his 
racial background to drive his understanding of identity. By choosing 
a resource that weakens with time, Ellison depicts Invisible’s obsession 
with ancestry as a short-term solution to finding an identity, for he 
must eventually realize that his pursuit cannot be satisfied with a cultural 
categorization. When Invisible is walking along a street, he encounters 
coals performing their natural function, which brings about a sense of 
nostalgia. He recalls how he used to “bake [yams] in the hot coals of 
the fireplace” then bring “them cold to school for lunch” (262). Here, 
coal serves to bring heat, but the warmth is short-lived. Warmth is 
frequently associated with comfort, which corresponds to the inevitably 
fleeting consolation brought by Invisible’s mass identity. Next, the 
narrator involves himself in a movement that requires people to 
violently “[splash] coal oil” (546). Coal reappears as a symbol of 
violence as opposed to a symbol of cultural pride, which sabotages any 
progress that the narrator had imagined towards an identity. Ellison 
does this in order to demonstrate how a mass identity is impractical 
because individual character cannot depend on a group. Finally, as a 
result of this betrayal, the narrator refuses to burn coal and instead 
burns paper, “scattering coal” (568). This scene shows Invisible 
surrounded by coal but opting to use alternative materials, portraying 
the substance as useless. This reveals how gravitating towards a mass 
identity leaves people emotionally burned and unable to reenter civi-
lization. Ironically, the narrator’s choice to group himself with others 
leaves him isolated from society. By illustrating the normal functions 
of coal, Ellison accentuates its inability to persist, which establishes the 
author’s opinion regarding the temporary relief of racial identity.
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Throughout this novel, Ralph Ellison showcases the motif of coal as 
a literary symbol for African American heritage, which helps him 
to communicate his position that identity forms as a result of self- 
acceptance and uniqueness. Coal first appears in fear-provoking  
situations, which reveals the narrator’s initial rejection of his back-
ground. This establishes Ellison’s point that identity requires an honest 
portrayal of oneself. Next, Ellison presents unnatural situations revolving 
around coal to clue readers in on the protagonist’s misconception of 
identity. Finally, the author features coal’s short-term functionality, 
capitalizing on the notion that it is not reusable, to expand the point 
that identifying with a group is unfulfilling. Overall, Invisible Man  
defines identity as an authentic compilation of unique qualities. Ralph 
Ellison designs the protagonist as a young man who is misled on 
his journey towards purpose in order to express the importance of  
self-realization, in the hopes that readers will establish a thorough 
understanding of their  individual characters and, as a result, succeed 
in finding a sense of belonging.

Work Cited

Ellison, Ralph. Invisible Man. New York: Random, 1952.
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Japan’s Nuclear Energy Policy: 
Economic Pressures and Propaganda Tactics

Hanson Tam

As the only victims of the atomic bomb to date, the Japanese people 
have remained fearful and skeptical of developments relating to 
nuclear science. During World War II, the United States bombed 
Hiroshima and Nagasaki with newly developed nuclear weapons, 
causing unimaginable destruction. It not only resulted in the instant 
death of over 100,000 civilians, but also caused innumerable fatalities 
due to radiation sickness and cancer.1 Despite the public’s memory of 
these devastating events, the government has actively pursued the use 
of nuclear energy, citing energy security and greenhouse gas reduction 
as primary objectives. At the beginning of 2011, nuclear power 
represented 30% of Japan’s energy consumption, and the government 
had endorsed plans to increase this share to at least 40% by 2017.2  
The landscape drastically shifted after March 11, 2011, when the 9.0 
magnitude Tōhoku earthquake set off a powerful tsunami and started 
a disaster at the Fukushima Daiichi plant. The accident was later rated 
Level 7 on the International Nuclear Event Scale, putting it on par with 
the Chernobyl catastrophe of 1986.3 As a result of rising public anger 
and impassioned demonstrations, almost all nuclear power plants 
have been idled, and the government has been forced to reconsider 
its nuclear energy policy.4 Nevertheless, due to the country’s economic 
pressures and historical trend of successful propaganda, the Japanese 
government will likely continue to promote nuclear energy in spite of 
the objections of the people.

Current Crisis

There are different interpretations of Japan’s nuclear energy policy 
path. One position favors the idea that state propaganda will 
overwhelm public opposition and opposes the view that anti-nuclear 
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sentiments will lead to a policy change. Morris Low, in “Accelerators 
and Politics in Postwar Japan,” emphasizes the role of the Japanese 
government in overcoming citizen dissent. He highlights the tensions 
between physicists, citizens, and the government during the period 
immediately following WWII, illustrating the challenge of establishing 
atomic research in a newly democratic Japan. Through examples, Low 
shows how the voices of the local citizens were ultimately ignored 
and the government managed to push ahead with nuclear research.5 
The opposite position is represented in “Post-Crisis Japanese Nuclear 
Policy: From Top-Down Directives to Bottom-Up Activism.” In this 
piece, Daniel Aldrich notes that although the Japanese have reluctantly 
acquiesced to the adoption and expansion of nuclear energy in the past, 
public support has dwindled significantly over the last two decades with 
the revelations of previously covered-up nuclear incidents. Aldrich 
contends that the 2011 Fukushima catastrophe was the final straw, 
igniting the fury of Japanese citizens who have long opposed nuclear 
power and who will no longer accept a government that promotes this 
risky form of energy.6

The latter position seems more appealing when the nuclear issue is 
viewed in conjunction with the ideals of democracy. Aldrich’s position 
implies a belief that the commoners will be successful in influencing 
the government through grassroots activism and that the public’s 
unfavorable view of nuclear energy will ultimately prevail. The 
reasoning is that since the Japanese have a functioning democracy 
in which the people elect their representatives, citizens can either 
pressure politicians to adopt anti-nuclear policies or simply vote 
legislators who oppose nuclear power into office. Although logically 
sound, this argument fails to understand the importance of two main 
points behind Japan’s energy policy, namely energy security and the 
government’s historical successes in manipulating public opinion.

Energy Security

Japan’s limited natural resources have posed a serious problem for the 
country’s growing economy. The country imports 84% of its primary 
energy requirements, thus making it extremely dependent on other 
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countries, especially those in the Middle East. This vulnerability 
quickly surfaced during the oil crisis of 1973-1974 as a severe threat 
to Japan’s energy security. At that time, Japan was dependent on oil 
for 66% of the electricity produced.7 With the price per barrel soaring 
from three to twelve dollars and the availability of oil plummeting, 
the government was forced to make the issue a top priority. Japanese 
officials were determined to achieve self-sufficiency and to protect 
critical industries. To ensure energy reliability and affordability, the 
government embraced the two alternatives of the time, hydroelectric 
dams and nuclear power plants.8 The fear of oil dependence led to the 
drastic increase of and eventual reliance on nuclear energy.

This dilemma continues to the present day. Now that Japan produces 
30% of its electricity from nuclear plants, the termination of this 
energy source would have serious economic consequences. Yoshito 
Sengoky, a leading voice in the Democratic Party of Japan, warned 
that, “We must think ahead to the impact on Japan’s economy and 
people’s lives if all nuclear reactors are stopped. Japan could, in some 
sense, be committing mass [economic] suicide.”9 Beside the harmful 
environmental effects of returning to fossil fuels, the cost of oil imports 
is estimated to be $40 billion a year.10 Business analysts also fear a loss 
of competitiveness and cite power supply uncertainty as a major factor 
in the relocations of corporations.11 With the Japanese economy at risk, 
the government cannot afford to and will not abandon nuclear power.

Historical Trend of Successful Propaganda

Backtracking to 1954, the Lucky Dragon incident was one of the first 
obstacles to Japan’s nuclear aspirations. It prompted the government 
to start public relations work, promoting nuclear research and 
introducing nuclear power despite the concerns of local residents. In 
March, twenty-three fishermen became contaminated while sailing 
through the fallout of a U.S. hydrogen bomb test that occurred on the 
first of the month. As a result of the event, 30 million Japanese, or 
one third of the population, signed a petition demanding the banning 
of hydrogen bombs. Although the petition was explicitly referring to 
weapons, nuclear power was also viewed in a very unfavorable light.12

                          THE MENLO ROUNDTABLE     7



At the same time, the government issued a proposal for the Institute 
of Nuclear Study (INS). Low details that the INS faced stiff opposition 
from Tanashi, Tokyo residents. The citizens were fearful of the 
proposed nuclear research center, actively protesting the INS and 
even passing a city council resolution against the establishment of 
the organization. The physicists affiliated with the project attempted 
to convince the public by assuring the residents that the INS was 
intended for peaceful purposes. However, the townspeople remained 
steadfast in their opposition. In the end, the government ignored these 
objections and the facility opened in July 1955.13 The bold move to 
abandon the ongoing talks with the local residents and to go ahead 
with construction reflected the government’s tendencies to promote 
nuclear power at all costs.

By 1963, the country had its first nuclear power plant.14 As Aldrich 
argues, “the Japanese government developed an extensive array of 
policy instruments and soft social control techniques designed to 
bring public opinion in line with national energy goals.”15 In addition 
to aiding companies such as the Tokyo Electric Power Company 
financially and logistically, officials carefully avoided building 
nuclear plants in hostile communities. The central government even 
provided compensation or job opportunities to some fishermen so 
that they would not object. In addition, agencies introduced science 
curricula in schools and created Nuclear Power Day; they set up 
events to benefit fishermen and farmers, two groups that have been 
historically anxious about nuclear developments. Money has also been 
funneled to communities willing to host a nuclear power plant.16 These 
undemocratic methods of silencing dissent highlight the extent to 
which the Japanese government is willing to pursue nuclear energy.

Conclusion

Even though the March 2011 disaster led to unprecedented concern 
and anger from Japanese citizens, recent developments demonstrate 
that Japan is already reverting to its historical trend. Despite staggering 
2013 poll numbers showing that 73% of the people want to decrease 
or abolish nuclear energy, and despite the Energy & Environmental 
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Council’s recommendation to phase-out nuclear reactors, the freshly 
elected Liberal Democratic Party has once again spoken out in favor 
of restarting reactors.17 In fact, the pro-nuclear political party won a 
landslide victory in 2012, winning 294 out of 480 seats in the lower 
house of parliament.18 The negative public opinion surrounding the 
Fukushima catastrophe failed to affect Japan’s nuclear energy policy.

Japan has persistently shown that it will continue using nuclear power 
due to the significance of energy security and due to its capability to 
manipulate public opinion. Although the meltdowns at the Fukushima 
Daiichi complex led to unparalleled levels of grassroots activism and 
concern, the government will, after immense public relations work, 
resume the necessary production of nuclear energy.
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The Tyranny Motivation: Why the Radical 
Republicans Felt Motivated to Impeach 
the President

Ryan Hammarskjold 

Only twice in the history of the United States has the House of  
Representatives used the power given to it under Article I Section 2.E of 
the Constitution: to impeach the president. The first instance occurred 
on February 24, 1868, when Radical Republicans in the House voted to 
impeach Andrew Johnson, a man their party had helped elect in 1864. 
The proximate motivations of this politically daring move are undeniable. 
The House impeached Johnson for violating the Tenure of Office Act by 
removing Secretary of War Edwin Stanton and replacing him without 
the consent of the Senate (which the bill had required). But this alone 
does not fully explain why they created so much political drama over 
what is now viewed as a small infraction. For as Charles Sumner  
admits, “if [the violations of the Tenure of Office Act] were alone, ... they 
[would] have remained unnoticed. Impeachment would not have been 
ordered.”1 Therefore there must have been other longer-term motivations 
that drove the Radicals to take such a risky political gamble. These  
motivations are much less clear than the more proximate ones, and have 
been under debate by Reconstruction historians for over a century. 

The classic explanation for what motivated the Radicals to impeach 
Johnson is simple. It stipulates that the Radicals impeached Johnson to 
put Benjamin Wade, a Radical Senator, in the White House, and were 
therefore motivated simply by the prospect of gaining more political 
power for themselves. As one of the early Reconstruction historians, 
William A. Dunning, puts it: impeachment was “the policy of removing 
the president, not necessarily for any crime, but on the considerations 
of party expediency.”2

This paper was written for Dr. Charles Hanson’s Advanced Placement 
U.S. History class in the spring of 2013.
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However, after the Watergate scandal in the 1970s, historians including 
Michael Les Benedict began to view the Johnson impeachment in 
a different light. They have found that in the eyes of many Radicals,  
Johnson was the one who had been trying to gain more powers by  
interfering in congressional affairs, and thus had to be impeached to 
protect the public from a tyrant.3

There are two reasons the Radicals felt that Johnson was getting too 
repressive. First was the unprecedented number of vetoes he used to 
obstruct Radical legislation. The second was his implementation of  
executive orders that nullified the laws of the Congress. There is sufficient 
evidence to show that not only did he act in such a way, but also that 
many of the Radicals interpreted these actions as evidence of despotism. 

The Partisan Element

While there was more to the impeachment decision than pure partisanship, 
it would be naïve to argue that the lure of gaining more political power 
did not influence the Radicals’ decision at all. 

It is undeniable that with Johnson impeached, the Radicals stood to 
gain much more power. First there is the issue of who would become 
president if Johnson were removed. As Johnson had become president 
only after Lincoln was assassinated, his successor would be the president 
pro tempore of the Senate, Benjamin Wade. Historians such as Raoul 
Berger see Wade as “a dyed-in-the-wool Radical.”4 Thus, if Johnson had 
been impeached, the White House would immediately have fallen into 
Radical hands, far increasing their political power. It is hard to believe 
that such a factor did not at all figure into the Radicals’ calculations. 

Not surprisingly, in the opinions of Johnson and the Democrats, the 
quest for power alone motivated the Radicals to take up such a harsh 
measure. The Pittsfield Sun’s editorial on the impeachment trial best 
represents the opinions of the Democrats. In the paper, the writers claim 
that they see no reason why the president had to be impeached. They 
point out how even Republican legal scholars like Chief Justice Chase 
find the impeachment to have no constitutional or legal grounds.5 In 



                         THE MENLO ROUNDTABLE   15

their opinion, the impeachment came out of a deep-seated hatred of 
the president and the Radicals’ own “personal ambition.”6 The editorial 
obviously has its own political motivation, being from a pro-Johnson 
paper, but the fact that the editors feel so disgusted by the proceedings 
suggests that the Radicals must have been conducting themselves in a 
manner that seemed politically motivated. 

More telling than the biased opinions of the Democrats are the opinions 
of some of the Radicals themselves. Fast-forwarding a little, when the 
impeachment trial eventually came to a close, seven Radicals joined 
the Democrats in voting to acquit the president, and the impeachment 
failed by one vote. James Grimes, one of those seven Radicals, wrote 
the leading opinion explaining why he voted to acquit. In it he says that 
he has seen no reason that the president should be impeached, other 
than his political differences.7 In this way, Grimes implies that his fellow 
Radicals must have been motivated by political power because, to him, 
there was no other motivation. What makes his claims most compelling, 
though, is that he had no political motivation to make them. In fact, his 
political convictions would have served as a temptation to say quite the 
opposite, and to help remove his political rival. 

Whether one examines Democrat or Republican dissent from the  
impeachment, then, one cannot deny that impeachment was at least 
partly a political calculation. However, the Radicals certainly acted on 
additional concerns beyond their own desire for power.

The Over-Use of the Veto Power

The Radicals denounced Johnson’s abuse of power in the unprecedented 
(at that time) number of vetoes he used to try to block their legislation. 
The president of course has the right to veto; however, in Johnson’s 
time, the veto was considered to be a power that must be used sparingly. 
Johnson, on the other hand, vetoed a total of twenty-nine bills in less 
than four years in office.8 This number would seem insignificant by today’s 
standards (FDR vetoed a total of 635 bills), but if he is compared to his 
predecessors, he dwarfs them. Andrew Jackson, who was himself hated 
for his use of the veto power, came in a distant second with a total of 



twelve vetoes in eight years.9 Even for a president who sat in office with 
two unfriendly Houses of Congress, his total is unmatched, as both 
John Quincy Adams and Millard Fillmore (the only two presidents in 
a similar situation) didn’t veto a single bill.10 While all these facts are 
interesting, the more important consideration is how the Radicals like 
Charles Sumner actually saw these vetoes.

As part of the impeachment trial, Charles Sumner, a Radical Senator 
from Massachusetts, was chosen to write the leading opinion for conviction. 
In it he listed the reasons that he and his fellow Radicals voted to convict 
the president. One of the important transgressions he finds in Johnson’s 
presidency is his use of the veto power. He specifically states “the veto 
power conferred by the Constitution as a remedy for ill-considered 
legislation, was turned by him into a weapon of offence against Congress 
and an instrument to beat down the just opposition.”11 So to Sumner, 
the Radicals were really the victims of Johnson’s bullying through the 
veto power. Two things make this opinion important in analyzing the 
Radicals’ view on Johnson’s vetoes. First, he acknowledges the counter 
argument by stating that this power is in the Constitution. His concession 
that the veto power exists also implies that Johnson must not have 
been using it in an appropriate way. Secondly, he is speaking for all 
those who voted for conviction, all of whom were Radicals, suggesting 
that at least a majority of Radicals in the Congress must have held this 
opinion as well. 

The Nullification of Congress’s Laws

After the 1866 midterm elections in which the northern electorate 
returned a super majority of Radical Republicans to both the House 
and Senate, Andrew Johnson’s veto power ceased to be an obstacle to 
Radical aims. The president continued to thwart Congressional aims 
by adopting policies in the executive branch that ran contrary to the 
laws enacted by Congress. The Radicals interpreted Johnson’s actions 
as infringing on the rights of the legislative branch by invalidating their 
laws. The two best examples of Johnson’s interference in Congressional 
affairs are in the implementation of the Reconstruction Acts and the 
creation of the Freedmen’s Bureau. 
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In 1867 Congress passed “An Act to Provide for the More Efficient 
Government of the Rebel States,” more commonly known as the  
Reconstruction Act. The bill reorganized the South into five military 
districts and gave the military the power to oversee reconstruction of  
the Southern state governments. In other words, it set a strict guideline  
for how the Southern states would be readmitted into the Union. 
However, Johnson’s attorney general, Henry Stanbery, wrote a formal 
opinion that completely contradicted the objectives the Radicals had 
intended for the law. As Michael Les Benedict explains:

Stanbery’s interpretation minimized the power of the military authorities 
to which Congress had entrusted administration of the unreconstructed 
states. According to the Attorney General, the military could not remove 
recalcitrant officials of the Johnsonian provisional governments, enforce 
national laws in military courts, take cognizance of crimes committed before 
Congress passed the Reconstruction Act, or prohibit activities not in  
violation of state or national statute law.12

Thus the Johnson administration had completely changed the meaning 
of the law and usurped Congress’s right to legislate. George William 
Curtis criticized Johnson in his editorial in Harper’s Weekly (a Radical 
newspaper) denouncing what he saw as blatant obstruction of the law. 
He complains that Stanbery’s opinion defeated the purpose of the 
Reconstruction Acts, and that in doing so Johnson was not fulfilling his 
job as president.13 This shows that not only were the Radicals enraged 
by Johnson’s actions, but that they believed him to be overstepping his 
constitutional authority. 

Johnson continued to thwart the intentions of Congress in the  
Reconstruction Acts by using his powers as Commander in Chief to 
remove those in the military whom Congress had put in charge of  
Reconstruction. In August of 1867, Johnson proceeded to suspend  
Secretary of War Edwin Stanton and dismiss General Philip Sheridan, 
who was in charge of the Louisiana district.14 This event is depicted in 
Thomas Nast’s cartoon in Harper’s Weekly, in which he shows how by 
knocking down the pillars of Stanton and Sheridan, Johnson brought 
down the temple of Reconstruction (see Appendix A).15 The cartoon 
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shows that to Radicals, by dismissing these two key enforcers of  
Congressional Reconstruction, Johnson again rendered the Reconstruction 
Acts ineffective and void. 

The other main example of an act of Congress annulled by Johnson’s 
actions is the 1866 Freedmen’s Bureau. The Freedmen’s Bureau was an 
administration created by the Radicals to oversee the transition of the 
southern blacks from slaves to freedmen. One of the most important 
functions of the Bureau was to distribute government-confiscated land 
to the new freedmen for them to live and farm on. However, once  
Johnson adopted a policy of amnesty towards the South, “800,000 acres 
of abandoned lands in the hands of the Freedmen’s Bureau melted 
quickly away” as it was given back to its previous owners, rendering 
the Bureau ineffective.16 Radicals became greatly offended by Johnson’s  
policies. In the opinion of Charles Sumner, “the Freedmen’s Bureau, 
that sacred charity of the Republic, was despoiled of its possessions for 
the sake of rebels.”17 Thus, like the Reconstruction Acts, the Freedmen’s 
Bureau was rendered effectively powerless by Johnson’s executive 
policies to the frustration and indignation of the Radicals.

By invalidating the laws of Congress through his executive policies, 
Johnson was, or at least seemed to be, breaking the central pillar of 
the Constitution: the separation of powers. In both cases mentioned 
above the Radicals felt that it was their right to pass such legislation, 
and that the president had a duty to respect and enforce those laws as 
they had been created. As Curtis’s editorial reveals, some Radicals felt 
that a president who does not fully execute the mandates of Congress 
has no right to hold his office. Thus Johnson’s reluctance to do so is  
a clear motivation for those who pursued his impeachment. Any  
differences between our current interpretation of the Constitution and 
that of the Radicals are irrelevant in answering the question of why they 
impeached the president. 

Tyranny and Treason

Radicals, who believed that Johnson abused his executive power, came 
to see him as either a tyrant or a traitor (or both). In some ways these 
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ideas were much like conspiracy theories in that they were not based on 
any proof, only examples. 

Thomas Nast, the Radical cartoonist from Harper’s Weekly, published 
a set of political cartoons, most of which portrayed Johnson as a king. 
A particularly revealing one, “King Andy I,” hyperbolically depicts  
Secretary of State Seward’s remark that compared his relations with the 
president to one between a king and his minister (see Appendix B).18 
The idea of Johnson as king suggests that Nast considered him to be  
acting more like a king than a democratically elected president. Also, 
the background image of Radicals being executed under Johnson’s  
orders and of Lady Liberty chained at his feet indicate that he believed 
not only that Johnson was seizing too much control, but also that the 
Radicals and the people were suffering for it. These views are not unique 
to Nast and Harper’s Weekly. Sumner’s opinion alludes to this idea when 
he states that the impeachment was issued because of the concern for 
“the safety of the Republic.”19

The alternative and possibly more outlandish claim, that Johnson was 
in fact a traitor scheming to help the defeated South, made its way into 
Radical papers like the Troy Weekly Times (NY). In an article denouncing 
Johnson’s removal of Stanton, which would lead to his impeachment, 
the paper openly and loudly labels Johnson a “perjured rebel and a traitor.”20 

Such opinions cannot be accepted as fact, but the point remains that 
clearly some Radicals did hold them. Today this seems like an absurd 
conspiracy theory; however, if seen in the context of the time, with the 
fierce and frustrating battle of Reconstruction that never seemed to 
go the way the Radicals intended, the idea that a man who had done 
everything in his power to block their legislation was a traitor makes 
more sense. 

By accepting that to some Radicals Johnson was a traitor, it becomes 
clearer that the impeachment was not simply driven by political greed. 
Instead if they did indeed believe this, as it appears many of them did, 
impeachment would have been their only option to save Reconstruction 
and protect the Republic from tyranny. 
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Conclusion

Radical newspapers and documents of the time reveal that the impeachment 
of Andrew Johnson can be attributed to more than the Radicals’ political 
ambitions. Instead they were attempting to stop what they saw as a tyrant 
from spoiling their plans for reconstruction. The political battles of the 
impeachment and the views of the opposing sides offer an interesting 
insight into Reconstruction as a whole. 

The frustration of the Radicals with Johnson’s incessant attempts to veto 
and then nullify their laws helps explain Grant’s later harsh policies toward 
the South. Because the Radicals had been able to get very little done under 
the Johnson presidency, they overcompensated by continuing their 
heavy-handed control so long. For example, the Union army stayed 
in the South until 1877, when popular northern commitment to the  
Radicals abated. This over-compensation was among many reasons 
that the Hayes-Tilden election in 1876 was so close. 

Moreover, the fighting between the Radicals and Johnson can help 
explain why the Radicals ultimately failed to accomplish their  
reconstruction goals. While the Radicals busied themselves fighting 
what they saw as a tyrant, the white Southerners were busy organizing 
political and social resistance to Radical aims. Such organizations as 
the Klu Klux Klan were founded in the early years of Reconstruction 
while the president and Congress were too busy fighting over political 
power. As a result, nothing was done to force Reconstruction until 1870 
with the passing of the Enforcement Acts. There were of course many 
other powerful contributory causes, but the conflict with the Johnson  
Presidency certainly helps explain the eventual failure of the Radical 
aims in Reconstruction. 
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Appendix A

 
Thomas Nast, “Sampson Agonistes at Washington,” cartoon, Harper’s Weekly 
(August 24, 1867) 696. 

Appendix B

 

Thomas Nast, “King Andy I,” cartoon, Harper’s Weekly (November 3) 1866, 696.
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Paved With Good Intentions: Progressivism 
and the Education of Mexican Migrant 
Children, California 1910-1940

Caroline Wheeler

“The American people have always regarded education and [the] 
acquisition of knowledge as a matter of supreme importance. We 
have recognized the public schools as a most vital civic institution for 
the preservation of a democratic system of government, and as the 
primary vehicle for transmitting the values on which our society rests… 
[B]y depriving the children of any disfavored group of an education, we 
foreclose the means by which that group might raise the level of esteem in 
which it is held by the majority.”
William J. Brennan
Plyler v. Doe 457 U.S. 202 (1982)

The question of how, or whether, to provide public education for 
the children of Hispanic migrant workers has been a heated topic in 
American politics. In 1982 the U.S. Supreme Court ruled that state 
efforts to deny K-12 education to undocumented immigrant children 
violated the equal protection clause of the Fourteenth Amendment 
because such children are “persons in any ordinary sense of the term.”1  
In spite of this, opponents of educating migrant children periodically 
file law suits, especially in states with large Hispanic populations, 
seeking to limit or deny education and other social services to such 
children. Meanwhile, supporters of broad access to public education 
continue to be troubled by statistics regarding Mexican Americans and 
education. In 2003, for example, the U.S. Census Bureau reported that 
more than 25% of Mexican American adults had not completed the 
ninth grade. Fewer than 30% graduated from high school and, of those 
who did, fewer than 5% received a college degree.2 Clearly, even if 
schools are offering access to Hispanic students, they seem to be doing 



a very poor job of providing meaningful education.

Both those who criticize universal public education and those who 
fret about the low quality of such education for migrant children 
unconsciously echo a debate from the Progressive Era in California. 
From 1910 to 1940, this argument played out in a fierce struggle 
about the purpose and reality of public education in California. State 
education officials, for example, publicly expressed and worked to 
implement progressive ideas about education, which included treating 
all children equally.3 However, they faced strong resistance from local 
communities (especially in rural areas), which had both economic 
and racist arguments for restricting education to migrant children. 
Teachers often were caught between pressure from state officials and 
local school boards. Teachers also had their own self-interests to 
protect, since their social status as professionals depended on positive 
reviews by their local school boards.

The interplay between social justice ideals and racist sentiments, 
between selflessness and self-interest, between educational integrity 
and tacit acceptance of prejudice, is a complicated mixture with a few 
clear villains and no outright heroes. This paper will discuss, first, the 
efforts on the part of state education officials and public school teachers 
to extend universal public education to migrant children in California 
during this period. Then, it will describe the pushback from local 
communities. Finally, it will comment on how and why Progressive 
intentions failed to have immediate positive effect, and to some extent 
actually made the migrant children’s education less equal. 

Changing Times: The Progressive Era

The Progressive Era began in the late nineteenth century as a response to 
the rapid transformation of the United States from a rural, homesteading 
economy into an urban-industrial one. Industrialization threw 
agricultural workers off the land and replaced skilled craftsmen with 
cheap, unskilled labor. The profound social unrest that these changes 
caused posed a major problem for traditional ideals of American 
democracy. Previously, these values rested on the image of the yeoman 
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farmer: self-reliant, virtuous, and independent. However, the growing 
imbalance in wealth between the corporations and the working classes 
raised the troubling image of a society divided by class issues. 

In response, a generation of educated professionals (businessmen, 
journalists, professors) set out to reconcile American values with the 
new economic situation. In place of the individual self-reliant farmer 
or tradesman, these “Progressives” envisioned a society of people 
educated in and comfortable with the scientific method, people who 
could find creative solutions, rather than political partisanship, for 
social problems that affected entire communities. Progressives looked 
to government agencies as impartial institutions that could study 
problems, balance competing private interests, and find solutions that 
served the “public” interests, or the greater good. 

Public education was a central issue for Progressives. In the face 
of fears that immigrants would harm American democracy by 
introducing foreign ideas, some Progressives argued that civics, or 
“Americanization” education, was vital for helping immigrants to fit 
into American society. Felix Warburg, a prominent New York banker 
and philanthropist, gave an interview to the New York Times in 1919. 
In it, he argued that the U.S. had a duty to provide a civics education to 
immigrants. “Make the immigrant a conscious American,” he said, “a 
human being who understands what this country stands for…and he 
will make…a strong asset to the building up of this country.”4

Warburg was among many philanthropists who funded Americanization 
programs at settlement houses, such as the Henry Street house in New 
York. Settlement houses in the urban Northeast and Midwest served 
as community centers for immigrants from all over Europe. They were 
places where adults could take classes in childcare, housekeeping, and 
sewing and could socialize with English speakers and learn about 
American customs.5

Other Progressives, like the education reformer John Dewey, believed 
that, while helping the immigrant assimilate was good, schools also 
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needed to focus more on developing critical thinking and problem-
solving skills. Students who could look at problems rationally were 
more likely to come up with new ideas for handling the unanticipated 
problems that arose in industrial societies. Because they believed that 
rational thinkers generally arrived at similar solutions, these Progressives 
believed that scientific thinking would lead to social harmony and 
prosperity. In progressive educators’ views, new educational practices 
would lead students to be more socially conscious. In turn, they 
would be more apt to support reforms that improved all of society. 
Thus, Progressives focused on training and certifying teachers, and on 
establishing government oversight of curriculum and school quality.6

Progressivism in the California State Department of Education

In 1912, Californians elected the Progressive Hiram Johnson as 
Governor. Along with instituting political reforms, Johnson laid the 
groundwork for a state Department of Education (DOE), expanding 
the role of the Superintendent of Public Instruction to include an 
oversight commission and separate bureaus for teacher credentials, 
elementary, secondary, rural, and immigrant education.7 In 1921 
and then again in 1926, the state legislature passed laws specifically 
funding demonstration schools for migrants, Americanization classes 
for adults, and credentialed social workers to replace truant officers. 
Government support for migrant education continued throughout 
the Depression. In 1933, in response to an effort by the conservative 
California Taxpayers Association to cut the education budget, the 
legislature actually granted new taxes for school revenue, including 
stipends for teachers in rural areas with large influxes of migrant 
families who both moved into and around California.8

Helen Heffernan, a follower of Dewey’s philosophy of education, was 
State Commissioner of Elementary and Rural Education from 1926 until 
1965. She continually expressed her belief in education as the right of all 
children. “No problem,” she wrote, “is more urgent than that of providing 
educational opportunity for migratory children…[This] is a challenge 
to the humanitarian impulses of growers, citizens, and educators. Shall 
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these children, deprived of childhood’s right to a home, be also neglected 
and underprivileged to suffer educational deprivation?”9

At first, state officials believed that migrant children should be 
educated in the same schools as other children. Georgiana Carden, the 
first State Attendance Officer, reported in 1924 that separate schools 
were not desirable and that the most important thing to do was to 
incorporate migrant children into regular classrooms as efficiently 
as possible. However, by 1926, Carden had changed her mind. In her 
attendance diary for 1926, Carden wrote that migrant children tended 
toward a “swamping” of the regular school to the detriment of the 
regular students. She was responding to a complaint from Isleton, a 
town in Sacramento County. Just before the end of term, a large group 
of Mexican migrant children showed up at this school, bringing with 
them a case of measles, which forced the school to close for a month. 
Outrage from the white community members following this incident 
resulted in the establishment of a separate school room for the migrant 
children shortly thereafter.10

It is important to remember that although state officials could 
recommend and encourage equal opportunity, in practice schools 
were run by local boards of education. The latter raised most of the 
money for their own schools and they reflected the interests and (often 
prejudiced) attitudes of their local communities. State officials had the 
best of intentions but few ways to turn these intentions into reality.

Local Opposition

Although technically it was illegal in California to separate Mexican and 
white children into different schools, in practice informal segregation 
was widespread in both rural and urban school districts.11 The practice 
was less visible in urban school districts because there frequently was 
more than one school building per district and effective segregation 
was glossed over by the concept of drawing boundary lines for specific 
“neighborhood” schools. In rural districts, however, there often was 
only one school. The protests that Georgiana Carden mentioned were 
just one of a constant stream of complaints about educating Mexican 
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children in the same schoolroom as white children.12

In his 1976 article “Always the Laborer, Never the Citizen: Anglo 
Perceptions of the Mexican Immigrant During the 1920s,” historian 
Mark Reisler explored the popular perception of Mexican workers as 
passive and obedient. They were said to be possessed by an inherent 
laziness, “mañana spirit,” meaning that they did not effectively plan 
ahead and therefore never felt the need to compete with American 
farmers for work, content to remain in the lowest paying, yet most 
physically demanding jobs.13 The Mexican workers were seen as unfit 
for any job other than manual labor, a view that was used to justify the 
segregation of children from Mexican families, believing that they had 
no need of proper education. In this circular reasoning, Mexicans had 
no need of proper education because their rightful place, maybe even 
their preferred place, was in the field.

State officials and teachers continually confronted the unwillingness 
of local school boards to provide anything other than the absolute 
minimal funding for migrant education. In his “Biennial Report to 
the State Department of Education 1927-1928,” William J. Cooper, 
California State Superintendent of Public Instruction from 1927 to 
1929, recalled the negative reactions of white citizens to the idea of 
providing money for the cause of educating migrant children. Their 
reaction, he explained, was caused by their intense prejudice and 
anger at the Mexican children for slowing down the normal school 
process due to their lack of knowledge of the English language and 
American customs.14 Similarly, a young rural schoolteacher named 
Nora Kreps quoted opinions expressed by white ranch owners, one 
of whom scolded her for her work, saying, “teach them and they are 
no longer good for ranch work.”15 Kathleen Weiler also quotes a farm 
manager: “Mexicans are a happy people,” he said. “They don’t want 
responsibility, they want just to float along, sing songs…Education 
doesn’t make them happier; most will continue to do the same sort of 
work at the same wages as if they had never attended school. It only…
teaches them to read the wrong kind of literature.”16

Even when state officials bowed to public pressure and created separate 
schools, there were still constant attempts to avoid educating migrant 
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children. An article in the San Jose Mercury Herald, for example, written 
by a member of the California Schoolmasters’ Club, noted the success 
of a special migrant school. The children attended from 7:30 in the 
morning until noon, when they were released early to go work in the 
fields, harvesting walnuts with their parents for the remainder of the 
day. With this system in place, the article noted proudly, the workers 
were able to pick more walnuts than they had prior to the creation of 
the immigrant schools.17 State officials elsewhere noted that, in Ventura 
County, the separate migrant schools were held in “an apricot drying 
shed, one garage, one machine shop…two cloak rooms with the 
partitions removed.” Superintendent Cooper noted wearily, “We find in 
the wealthiest districts the coldest hearts, and a very strong sentiment 
in opposition to any schooling for these Mexican children…. Today one 
trustee told us, ‘Here we have twenty-six of our own children…and we 
have given up our anterooms to the Mexicans so that our children have 
no place to hang their hats. We positively cannot take any more, and 
will do nothing more to help take care of them.”18

Caught in the Middle: Schoolteachers

If state officials were benevolent but ineffective and local school 
boards were antagonistic and all too effective, what about the teachers? 
Teachers were on the front lines of the struggle between state officials 
and local school districts. In the 1910s and 1920s, state officials 
pushed hard to get schools to hire instructors, but many school boards 
considered it “madness to discuss spending money…for these despised 
people.”19 Americanization teachers—people who didn’t teach many 
academic subjects but focused on language skills, civics, and hygiene 
and nutrition—were hired, reluctantly. Rural teachers like Nora Kreps 
walked a fine line. They knew they had to appeal to enough Mexican 
families to justify the cost of their salaries, but they couldn’t speak out 
on behalf of these families without offending the agri-business leaders 
who had great influence over the rural school boards, and thus over 
the teachers’ jobs.20

Most Americanization teachers were young, college-educated women,  
not from particularly wealthy families. They were inspired by Progressive
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ideals to see teaching as a benevolent profession in which they could 
help schools work harmoniously with local communities to meet 
social needs. These teachers also had to be somewhat adventurous, for 
they were making a cross-cultural journey, getting to know and work 
with people of different ethnicities and economic classes. Kathleen 
Weiler provides insight into the role Americanization programs played 
in creating social position and status for these teachers in the eyes of 
their pupils and in society. Americanization programs were relatively 
well-paying and steady jobs that gave teachers an aura of competence 
and cultural superiority in their role as overseers of migrant lifestyles. 
There also was the subtle, yet unmistakable, “power of whiteness” that 
was derived from working in a room full of foreign immigrants.21 It is 
impossible to evaluate the teachers without taking into account both 
their ideals and their interests. 

The State DOE provided sample curricula and guidelines for setting 
up classrooms for migrant children. Although officials like Heffernan 
were well aware of the discrimination against such children, the 
guidelines reflected the most optimistic of educational ideals, 
emphasizing dramatic play, nature studies and independent projects 
as appropriate lessons.22 In the kindest interpretation, such guidelines 
reflect the joy that many teachers took in expanding their own world 
views by learning about the lives of their pupils.23 Almost immediately, 
though, teachers of migrant children confronted the brutal realities of 
their students’ lives. First, there was the simple lack of funding and 
supplies within the schools themselves. In her 1927 article, “Teaching 
the Children of Seasonal Workers,” Clara Coldwell discusses, among 
many other reasons, how lack of equipment, especially the “shortage of 
suitable textbooks,” made educating the children of migratory workers 
a challenge.24 Beyond supplies, classes were held in drying sheds, there 
was massive overcrowding, attendance officers ignored children who 
were absent because they were working in the fields, and friends and 
neighbors continually wondered why teachers were wasting their time 
on such people.

Some Americanization teachers recognized that the stereotypes about 
Mexicans reflected the living conditions in migrant camps more than 
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their innate character or intelligence. While school board members 
could criticize migrant families for “the indifference…to social 
standards that, if not carefully supervised, may lower or break down 
pupil morale of the entire school,” teachers saw the difficult problems 
children faced: they were in poor health, lacked proper nutrition and 
clothing and frequently were tired and disoriented from constant 
travel.25 Migrant teachers frequently had to appeal to the charity of 
local women’s clubs, another Progressive institution, for emergency 
food or clothing donations.

Positive attention from teachers was noteworthy for migrant families. 
For example, Cesar Chavez, the leader of the United Farmworkers Union 
and the son of migrants, remembered a young teacher who came to visit 
his family, curious about why Chavez and his siblings were behind in 
school. He noted how astonishing such a visit was, because the teacher 
cared enough to get to know them as people.26 Chavez’s account of 
his experiences as a migrant child is significant because it provides a 
firsthand example of a positive relationship between schoolteachers 
and migrant children where the teacher wanted to understand how to 
help the children succeed. Similarly, in her “Diary of a Schoolteacher 
in the Imperial Valley,” Nora Kreps expressed affection and concern 
for the wellbeing of her students, to whom she made home visits and 
also provided “wholesome” after-school activities and evening social 
events for teenagers. Kreps, who kept the diary on behalf of the Survey 
of Race Relations, a project sponsored by Stanford University under 
the direction of the sociologist Robert Park, was not free of prejudice. 
She used stereotypes regularly. However, as she got to know their lives 
and troubles and ambitions, she marveled in her diary, “I am getting 
to the point where I am almost more at home with brown faces than 
with white.”27

Teachers like Kreps and Corinne Seeds, who began her teaching 
career as an Americanization teacher in 1914 and went on to become 
a nationally recognized leader in progressive education, clearly grew 
to understand the social limits and frustrations of their students. Their 
observations of themselves as teachers reflected a mixture of unease, 
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compassion, stereotyping, and a very clear understanding of the 
exploitative working conditions under which their pupils lived.28

However, Americanization teachers were not, and were never intended 
to be, academic teachers. Americanization programs aimed to socialize 
adults. They were not intended to be substitutes for children’s primary 
education. In California’s rural counties, by contrast, Americanization 
programs often were the best, indeed the only, education that could be 
offered to Mexican migrant children.

Results of Progressive Reform

Did Progressivism improve the lives of migrant children? On the face 
of it, the answer has to be “no.” After 1926, state officials largely gave up 
trying to integrate Mexican children into rural white schools. Given the 
resistance from local school districts, separate schooling was the best 
available alternative. There is ample evidence to support the argument 
that such separate schooling had a negative effect on Mexican children’s 
education. In “Children of the Harvest: The Schooling of Dust Bowl 
and Mexican Migrants During the Depression Era,” Paul Theobald 
and Ruben Donato examine the interplay of prejudice, economics, and 
inferior schooling. It was easy for schools to justify segregating Mexican 
children, even those who were American citizens, by arguing that they 
had special language needs. The arrival of white Dust Bowl migrants 
made the economic issues more visible because white migrants (like 
many Mexicans) spoke English but were behind in schoolwork due 
to frequent interruptions caused by following the harvest. School 
districts either had to acknowledge the socioeconomic conditions that 
affected all agricultural workers or treat the white “Okies” as inferior as 
Mexicans. School districts largely chose the latter, isolating all migrant 
children in special classrooms and treating them as problem students 
who threatened the morals of the local white children. Since migrants 
were seen as fit only for fieldwork, classes focused on vocational 
training and domestic management. Then, this second-class education 
was used as an example of why migrants were incapable of academic 
work and therefore never gained the opportunity to escape fieldwork.29 
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Similarly, Gilbert Gonzalez, in “Segregation of Mexican Children in 
a Southern California City,” discusses how the idea of Mexicans as 
intellectually inferior made educating them seem like an unnecessary 
financial burden on the white community. He offers a harsh critique 
of Americanization education, saying that, by definition, it implied a 
deficiency in the immigrants’ culture.30

Interestingly, in “Becoming Mexican,” David Torres-Rouff offers both 
a critique of segregated schools and a sort of indirect support for their 
effects. Torres-Rouff traces the way in which urban school districts also 
came to create separate white and Mexican schools by the late 1920s. 
While not allowed legally to segregate the two communities, local 
districts bowed to pressure from white-dominated PTAs and drew 
school boundary lines that generally isolated Mexican neighborhoods 
from white ones. They also gave superintendents the power to 
transfer white pupils into white schools if their homes happened to be 
“stranded” in a Mexican area. Ironically, this segregation was justified 
by using the sympathetic-sounding phrase that “the special needs” of 
Mexican children weren’t adequately being met in white schools.31

The consequences of such separate schooling have played out ever 
since. Beginning in the 1930s, IQ testing became very interesting 
to the education community. Mexican and white schools became 
opportunities for researchers to study student achievement. But with 
Mexican schools still focusing on language learners and vocational 
rather than academic skills, lower scores for Mexicans reinforced the 
rationale for separation.32 Torres-Rouff discusses the vicious cycle set 
up by IQ testing, in which prejudice leads to conditions that limit test 
scores, which in turn reinforces perceptions that Mexican students 
were inherently inferior.33

Is there a more positive way to read these results? Torres-Rouff argues 
that it was ironic that Americanization programs offered all sorts of 
socializing activities, but never allied with or recognized the existence 
of ethnic/religious organizations that also were engaged in efforts to 
organize ethnic communities (church groups, athletic leagues, men’s 
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clubs, etc.). When the school communities became ethnically isolated, 
Mexican families turned back toward their own cultures, developing 
a Mexican identity and, in Torres’s words, “Becoming Mexican” as a 
source of identity and pride.34

Benny Andres offers a different reading of Americanization. Using Nora 
Kreps as an example, he argues that the system of Americanization 
schools offers an example of a positive race-relations cycle, in which 
individuals go through stages of separation, accommodation, and then 
acceptance of a culturally pluralist perspective. Kreps was not free from 
the prejudices of her day, but she was open-minded and perceptive 
and, as she grew to know her pupils, she found things to value in their 
culture even as she grew more critical of the consumerism and crassness 
of some aspects of American culture.35 Under this interpretation, 
Americanization might have positive consequences, as white teachers 
first became comfortable with people from other cultures and then 
became good examples for others.

Probably the best criticism of Progressive efforts came in the form 
of a 1946 court case. With Gonzalo Mendez, a prosperous farmer, as 
lead plaintiff, a group of Mexican American parents sued their school 
district in Orange County, California for preventing their children 
from attending the white school in their neighborhood. Importantly, 
they did not claim racial discrimination. Instead, they sued for 
discrimination on the basis of national origin and the supposed 
language deficiency of children whose families had been in California 
for generations. 

On February 18, 1946, Senior District Court Judge Paul McCormick 
ruled in favor of Mendez. He found that segregated schools were an 
unconstitutional denial of equal protection under the Fourteenth 
Amendment. The school district appealed to the 9th Circuit Court of 
Appeals, claiming that Federal courts had no jurisdiction over education. 
The schools argued that students were separated because of the 
handicap of language barriers and that non-English speaking students 
needed separate schools until they acquired language proficiency. 
Several national organizations, such as the NAACP (represented by 
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future Supreme Court Justice Thurgood Marshall, who eight years 
later argued the Brown v. Board of Education case) filed amicus briefs 
supporting the Mendez family and the District Court ruling.

In early 1947, the 9th Circuit Court of Appeals upheld the lower court 
decision, but not on the equal protection grounds. That would have 
overruled the 1896 Supreme Court case, Plessy v. Ferguson, which 
established the “separate but equal” ruling. Instead, the 9th Circuit 
upheld the case on the grounds that California law provided for 
segregation only for “children of Chinese, Japanese, and Mongolian 
parentage.” Because “California law does not include the segregation 
of such children because of their Mexican blood,” the Court held that 
it was unlawful to segregate the Mexican children.36

The Mendez case apparently was the first case in which segregated 
education was successfully challenged in Federal Court, but it is 
interesting here because the California Governor at the time was Earl 
Warren, who later was appointed Chief Justice of the Supreme Court by 
President Eisenhower in 1953 and who presided over the Brown case. 
As a young lawyer, Warren was strongly influenced by the Progressive 
governor Hiram Johnson. He was elected as a Republican Governor in 
1942 and then re-elected in 1946 and 1950 on the basis of his Progressive 
principles to modernize the state government to make it more efficient 
and honest. Following the 9th Circuit decision on Mendez, Governor 
Warren signed a law in June 1947 that repealed all remaining school 
segregation statutes in the California Education Code.37

Conclusion 

What does the Mendez case say about Progressive efforts to educate 
migrant children? First, it does tilt the argument more in favor of 
Gonzalez’s analysis and away from that of Torres-Rouff. Gonzalez 
harshly criticized the Americanization schools. Torres-Rouff` argued 
that separate schools allowed Mexican families to create a community 
and define a separate identity as “Mexican.” The Mendez case 
demonstrates that Mexican families were well aware of the second-
class status of their schools and wanted their children to be able to 
attend the academically superior white schools. 
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The case also challenges the Progressive desire for social harmony and 
the belief that an independent government agency could find a solution 
that was best for society. Progressive principles were hopeful, supporting 
as they did a vision of a world where people found common ground. In 
rural California, however, education officials and teachers encountered 
overwhelming human misery that, at the same time, seemed invisible 
even to those who lived in daily sight of it. It is hard to judge them 
harshly for sacrificing one ideal in order to achieve a modest level of 
social services and training for migrant children. However, the Mendez 
case shows that, in giving in to the desires of white families to have 
separate schools while trying to get Mexican children some education, 
the California state education system placed the idea of balancing 
private interests above protecting individual rights. 

It does little good to condemn the education officials and 
Americanization teachers because they did try to help the migrant 
children at a time when local schools ignored or isolated them. The best 
that can be said of the Progressives is that they were witnesses. They 
didn’t turn away, and for some, like Heffernan and Seeds, they spent 
the rest of their lives working on behalf of educational improvement. 
The experience allowed the white teachers like Kreps to expand their 
own horizons and see their pupils as unique human beings rather than 
part of a faceless, foreign crowd. In that respect, these educators set the 
stage for Americans to become comfortable with cultural pluralism. 
Still, the Mendez case approached the issue as one of individual, not 
social, rights. From this perspective, the Progressive viewpoint failed 
to see that social balance—while it might be easier—actually was 
dangerous to the individual’s right to equal treatment. 
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How the Height of the Ramp a Cart is 
Released From Affects the Stopping 
Distance of That Cart on Plastic Grass

Andy Parker

1  Abstract

This experiment was designed to determine how the height of a ramp 
on which a cart is placed affects the stopping distance of that cart. My 
lab partners, Andrew Cardozo and Meghana Renavikar, and I adjusted 
the ramp to four different heights, released the cart, and measured the 
distance past the edge of the ramp that the cart stopped. We found that 
the higher the ramp, and therefore the greater the potential energy, 
the greater the distance the cart went before stopping. Although this 
outcome was along the lines of the accepted data, we found that while 
the increase between potential energy and stopping distance should 
have been linear, in our case, as the velocity2 and potential energy  
increased, the stopping distance increased by less than a linear 
relationship would suggest.

2  Hypothesis 

We predicted that the higher the height of the ramp, the greater the 
stopping distance. We also predicted that the relationship between the 
potential energy of the cart and the stopping distance would be linear.  
To start, potential energy is calculated by mass*gravity*height, and 
therefore potential energy is proportional to the height of the ramp. 
Stopping distance is determined by the amount of kinetic energy an  
object possesses, which, at the bottom of the assumed frictionless 
ramp, is equal to the potential energy the cart possessed at the top of 
the ramp. Stopping distance is calculated as d=W/F. Therefore, as W 
(the work needed to stop the cart, which is equal to the cart’s poten-
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tial energy at the top of ramp) increases, d (stopping distance) should  
increase by the same amount (a linear relationship) because F, the  
frictional force, is constant. We predicted that the relationship between 
velocity and stopping distance of the cart would be quadratic. This 
is because the equation for an object’s kinetic energy is KE=½mv2. 
Therefore, as velocity goes up by x amount, the kinetic energy of that 
object goes up by x2 amount. The relationship between kinetic energy 
and stopping distance is linear, so the relationship between velocity 
and stopping distance should be quadratic.

3  Experiment Design

3.1  Equipment
 
“Frictionless” cart
“Frictionless” cart ramp
Meter stick
Scale
Metal Elevator

3.2  Procedure 

1. Use the scale to find the mass of the cart.

2. Find a level area of turf, and place the elevator on it.
 
3. Place the ramp so that one end is on the turf, while the other end of 
the ramp is resting on the elevator.
 
4. Lower the elevator to its lowest height.
 
5. Place the cart on the ramp so its back wheels are at the back edge of 
the ramp.
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6. Measure the distance from the back of the cart down to the ground 
and the distance from the front of the cart to the ground.
 
7. Average these two distances and use the average as the cart’s height.
 
8. Release the cart.
 
9. Measure the distance from the edge of the ramp to the front wheels 
of the cart.
 
10. Repeat step 5, 8, and 9 two times.
 
11. Raise the elevator to a new height and repeat steps 5-9 three times.
 
12. Repeat step 11 until you have stopping distance data for the cart for 
at least four different ramp heights.

4  Results 

Starting 
Height 
(cm)

Potential 
Energy 
(J)

Theoretical 
Velocity at 
the Bottom 
of Ramp 
(m/s)

Actual 
Stopping 
Distance 
(cm)

Average 
Stopping 
Force 
(N)

Calculated 
Coefficient 
of Friction 
on Turf 
(Based on 
Average of 
Average 
Stopping 
Forces)

10.15 .4929 1.41 24.4 2.02

0.43
13.85 .6725 1.648 34.7 1.94

19.25 .9348 1.943 45.2 2.07

26.45 1.2844 2.278 53.9 2.39

Table 1: The stopping distance, theoretical velocity, and stopping forces for a cart on an 
inclined plane starting at various heights. 
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5  Discussion 

In order to determine how the height of a cart on an inclined plane 
affects its stopping distance, we released a cart from the top of a ramp, 
which was set at four different heights. We measured the cart’s initial 
height by averaging the distance from the ground of the back and the 
front of the cart, and then after the cart stopped on the turf, we measured 
the distance from the edge of the ramp to the front wheels of the cart. 
We found both that as the height of the ramp increased, the stopping 
distance increased, and that the coefficient of friction for turf is 0.43.

We found this by placing a cart on the top of a ramp and releasing the 
cart and measuring the distance of the cart from the front wheels. For 
the measurement of the height of the cart, we measured from the back 
of the cart to the ground and from the front of the cart to the ground. 
We then averaged these two measurements, which would give us the 
height from the middle of the cart. We did this because we had to take 
into account the fact the cart was on an inclined plane rather than a flat 
surface. Therefore, we could not simply measure from the front of the 
cart as that would neglect the fact that the back of the cart has a greater 
height than the front, and we couldn’t measure from the back of the 
cart as that would neglect the fact that the front of the cart was lower. 
In order to balance these factors, we took the average of those two mea-
surements. The second measurement we took was from the bottom of 
the ramp to the front wheels of the cart. We took this measurement 
from the front wheels because the stopping distance measures how 
long friction is acting on the cart, turning the cart’s kinetic energy into 
heat and bringing the cart to a stop. As soon as the cart’s front wheels 
come off the ramp they touch the turf. The equation for friction, f=μN, 
tells us that as soon as there is force on the ground the frictional force 
is present. Therefore, we must measure the stopping distance as the 
length of distance friction is acting on the cart, which is from where the 
front wheels touch the turf to where the front wheels stop. However, 
this does present a small problem, because while the back wheels are 
on the ramp, and the front wheels are on the ground, not all of the force 
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of the cart is on the ground, so the normal force is not equal to the cart’s 
mass*gravity. However, this is only a short distance and so presents a 
relatively small source of error.

Our results confirmed our overarching hypothesis that as the height, 
and therefore potential energy, of the cart increased, the stopping  
distance likewise increased. However, our results show that some of the 
relationships between velocity, starting height, and stopping distance 
in this experiment were not entirely in line with our hypothesis. To 
demonstrate this, let’s begin with the relationship between theoretical 
velocity and starting height. Figure 1 shows that this relationship is of 
the form y=√x, which confirms our hypothesis. The equation for kinetic 
energy is KE=½mv2 so as velocity goes up x amount, the kinetic  
energy goes up by x2. This kinetic energy at the bottom of the ramp 
should theoretically (neglecting friction) be equal to the potential  
energy of the cart at the top of the ramp. The potential energy at the 
top of the ramp is calculated as PE=mgh. Therefore, PE is proportional 
to h, the starting height. Because KE is proportional to v2, PE=KE, and 
PE is proportional to h, the relationship of velocity vs. height should be 
of the form y=√x. As the starting height goes up x amount, the velocity 
goes up  amount. 

Figure 1: Dependence of theoretical velocity on starting height for a frictionless cart on 
an incline.
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Figure 2 shows the relationship of stopping distance vs. potential  
energy. This graph seems to tell us that the relationship is of the form 
y=√x, which would deny our hypothesis. The graph should show a linear 
relationship, because if the ramp is frictionless the potential energy 
at the top equals the cart’s kinetic energy at the bottom, so the work 
done to bring the cart to a stop should be equal to the cart’s potential 
energy at the top. W=Fd, so the work is directly proportional to the 
stopping distance. Therefore, the relationship between the potential 
energy and the stopping distance should be linear. This graph could 
be interpreted as revealing a linear relationship, but it shows that the 
more potential energy increases, the less the stopping distance changes. 
This gives it a shape more closely associated with that of a graph of 
the form y=√x. However, this discrepancy can be explained through 
work and energy. As the height of the ramp increases, so does the angle 
between the ramp and the ground. Therefore, the greater the starting 
height, the more vertical the cart hits the ground. As the cart hits the 
ground, it does work and transfers some energy into the ground. The 
greater the angle between the ramp and the ground, the more force 
the cart hits the ground with, and therefore the more energy is lost to 
the ground, which would explain why the relationship looks less linear  
than anticipated.

Figure 2: Dependence of stopping distance on potential energy for a frictionless cart on 
an incline.
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Figure 3 shows the relationship of stopping distance vs. velocity2. The 
graph once again seems to suggest that the relationship is of the form 
y=√x, which would deny our hypothesis. This relationship should be 
linear. The stopping distance is calculated through a transformation 
of the equation W=Fd to d=W/F. F is constant, so d is directly propor-
tional to W. W is the work needed to stop the cart, which is equal to the  
kinetic energy of the cart. Kinetic energy is calculated by KE=½ mv2. 
Through transformation, this equation becomes v=  

KE is equivalent to W, which is equal to Fd. 

Therefore v=  

If we then square velocity as this graph tells us to, we end up with 
v2= 

This tells us that the relationship between velocity squared and  
stopping distance should be linear. This graph is vaguely linear, which 
supports this conclusion to some degree. But it does possess a shape 
more closely related to y=√x, which can be explained the same way 
as the similar shape in Figure 2. As the starting height increases, the 
angle between the ramp and the ground increases, leading the cart to 
exit the ramp and hit the ground with a greater downward force, losing 
more of its kinetic energy. The starting height is proportional to the 
cart’s potential energy, which is equal to kinetic energy, proportional to  
velocity2. This explains why the shape of Figure 2 is slightly linear but 
also has a  y=√x shape, as each increase in velocity2 results in more  
kinetic energy but also more energy lost to the ground.
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Figure 3: Dependence of stopping distance on measured velocity2 for a frictionless cart 
on an incline. 

There were two significant sources of error in this experiment. First, 
we did not take into account friction on the ramp. Although the cart 
and ramp were designed to be as frictionless as possible, this does not 
eliminate the presence of friction. Because of this unaccounted-for 
force, the potential energy at the top and kinetic energy at the bottom 
for the cart would actually not be the same. This could be improved 
on by finding the value of the frictional force between the cart and the 
ramp, multiplying this by the length of the track and subtracting this 
quantity from the potential energy. This would then give us an accurate 
assessment of the cart’s actual kinetic energy at the bottom of the track. 
Although air resistance also creates some friction, I do not believe it is 
significant enough to have greatly affected our results.

The second source of error was already discussed to some degree: the 
changing angle of the ramp and the ground. This affected our results 
because the greater the angle there is, the greater amount of the cart’s 
kinetic energy was imparted into the ground when the cart came off 
the tracks, which affected the stopping distance of the cart. This could 
be solved by using a longer ramp, and instead of adjusting the height 
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of the elevator, which changes the angle, simply releasing the cart from 
different points on the ramp, so that the height of the cart changes 
while the angle of the ramp does not.

These two sources of error can both be used to analyze why the  
average stopping force is not the same for all four starting heights. In 
theory, it should be because the stopping force, F, is simply the product 
of the coefficient of friction, a constant, and the normal force, another 
constant, since we used the same cart for all of our starting heights. 
However, the average calculated stopping forces are, in order from  
lowest starting height to greatest, 2.02 N, 1.94 N, 2.07 N, and 2.39 N. 
With the exception of the first, the average stopping forces clearly get 
greater as the starting height increases. This is directly related to the 
second source of error. The greater the starting height, the more energy 
was lost in the initial impact with the ground, which led to a shorter 
stopping distance. Work=Force * distance, so distance decreases due to 
the lost energy. However, this lost energy is not taken into account on 
the work side of the equation. Therefore, the force appeared to increase.

If we were to adjust this experiment to vary the mass of the cart rather 
than the starting height, and then plot a graph of stopping distance versus 
potential energy, we would see different results. In our original lab, when 
we varied the height, we changed the potential energy, just as we do when 
we change the mass of the cart in this new lab since PE=mgh. However, 
stopping distance (d) is determined by W/F, and in the original lab, we 
only changed the work (W) needed to bring the car to a halt by increasing 
the starting height. In this new lab, we change both W and F by adjusting 
the mass. W changes the same way as it did in the original lab since it is 
equivalent to the cart’s initial potential energy (if we ignore the friction  
of the track.) Force (F), also increases because F is friction, which is  
calculated by f=μN. N=mg, the mass of the object multiplied by gravity. 
In this case, when we change the mass of the object, we change the normal 
force, which changes the frictional force the ground applies to the cart, 
which in turn affects the stopping distance. Therefore, in our original lab, 
the graph would show that as potential energy increases, so does stopping 
distance. In this new lab, changing the mass would change the potential 
energy and the frictional force, and therefore even as potential energy  
increased, the stopping distance would not.
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Building a Camera

Kelly McConnell

1  Abstract

The goal of this project was to build a functioning camera that was 
capable of producing a practical and clear image. Over the course 
of the project, three different models were built, progressing from a 
simple pinhole camera to a slit-shutter camera with a lens. In addition 
to the camera, a simple light meter was built using an Arduino and a 
photoresistor. The final prototype camera was designed using Adobe 
Illustrator and cut using a laser printer, and produces images on large 
format instant Polaroid film. 

2  Introduction 

Much of science focuses on observing the universe. A camera is the 
most basic and universal tool to see and share what is happening 
in the world around us. By taking a picture, a moment or insight or 
observation can be shared with others. “Seeing is believing,” and a 
photograph allows someone to see another person’s point of view. This 
concept behind photography, of capturing the world, is essential in 
improving the human understanding of the universe.

In recent years, there has been a movement in alternative photography, 
or photography outside conventional, commercial, or modern 
techniques. Some examples of the alternative method are pinhole 
photography, cyanotype prints, infrared photography, and homemade 
lenses [1]. In many of these processes, the resulting images have 
unpredictable flaws and spontaneous imperfections, which lend to the 
uniqueness of the photograph. 

This paper was written for Dr. James Dann’s Applied Science 
Research class in the spring of 2013. 
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The correct exposure, or amount of light, is critical when taking a 
photograph. There are three different variables that can be used to 
control the exposure: ISO, aperture, and shutter speed. ISO refers 
to the sensitivity of the film to light. The aperture is the size of the 
opening of the hole in the camera. The settings for aperture are known 
as f-stops. The shutter speed is how long the camera is opened to 
expose the film. The settings for shutter speed are numbers that are the 
reciprocal of the actual time, for example a shutter speed of 60 means 
the film is exposed for 1/60th of a second. For each variable, a change of 
one setting doubles or halves the amount of light. 

There are also three components of the camera itself, the film holder, 
the body, and the lens. The components are mostly self-explanatory. 
The film holder is where the film is located and may or may not be 
located in the camera body. The body of the camera is where most of 
the mechanics are located, most importantly the shutter. Lastly, the 
lens of the camera contains at least one glass lens, most of the time 
more than one. It also usually contains the aperture. 
 
3  History

The origin of the camera dates back to the ancient societies of Greece, 
Arabia and China. These societies built a precursor to the modern 
camera known as the camera obscura, literally meaning dark room [2]. 
This consisted of a dark room with a hole in the wall, resulting in the 
outside world projected on the wall opposite to the hole. The camera 
obscura was used mainly by astronomers up until the mid-sixteenth 
century, as it provided a safe way to view the sun and especially eclipses. 
The camera obscura became a more widely used device when the 
pinhole was replaced with a lens, resulting in a brighter and sharper 
image. Architects and artists then used the camera obscura to study 
and draw the physical world [3]. 
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Figure 1: Niépce’s first image [4]. 

The first recorded image is credited to the Frenchman Joseph Nicephore 
Niépce, who in 1827 took an eight-hour exposure on a pewter plate 
treated with various chemicals. The pewter plate was coated in a 
substance called bitumen of Judea, an oily petroleum substance, 
which hardened when exposed to light. The darker hardened bitumen 
remained on the pewter plate, which contrasted against the lighter 
pewter providing a negative image. Niépce refined his process, trading 
in silver plates for the pewter plates, and using iodine fumes with the 
bitumen to create a positive image. He then teamed up with fellow 
inventor Louis Daguerre, who would further experiment with the 
process. When exposing the iodine fumes to the silver plate, silver 
iodine is created in the procedure. Daguerre discovered that silver 
iodine alone is light sensitive, and so bitumen was no longer used in the 
process. The image on the silver plate captured by the silver iodine was 
then exposed to mercury fumes, which developed the image. Daguerre 
fixed the image on the plate by washing the plate in a hot salt bath. 
The rinse washed away the unexposed and undeveloped silver iodine, 
leaving behind only the silver iodine to create the image. Using this new 
process, Daguerre reduced the exposure time from hours to minutes, 
patenting and selling the process known as the “Daguerreotype” to the 
French government [4] [5] [6]. 
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Around the same time, William Henry Fox Talbot was experimenting 
with paper exposures, and developed a process that he called 
“cyanotype.” This process, unlike the single silver plates that the 
Daguerreotype method produced, allowed the negative to be printed 
multiple times to make copies of the positive image [7]. The popularity 
of photography rose, with photographic portraits replacing paintings 
as the Industrial Age made new technology more accessible to the 
masses. The modern era of photography began with George Eastman, 
who in 1885 marketed the first commercial film. Three years later, he 
presented the “Kodak” camera to the public, with the idea that the 
customer takes the pictures and the company would develop the film 
and print the pictures [8]. 

4  Theory

The principal area of physics involved in a camera is optics. A camera 
lens works by focusing the rays of light from the subject onto the 
photosensitive material, usually film. As the light passes through the 
material of the lens, it is refracted: the light entering the medium turns 
down, and is bent towards the line perpendicular to the surface of the 
material. This phenomenon can be described by Snell’s law, where the 
indices of refraction of each material is proportional to the sine of the 
angles of the ray of light from the normal in each material. By having 
a convex lens, light entering parallel will be bent to a single point, or 
the focus of the lens. The relationship of the distances between the lens 
and the subject and the lens and the projected image can be described 
by the thin lens formula 1/S1 +1/S2 = 1/f. 
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Figure 2: Snell’s Law equation and the corresponding drawing [9].

Sample Calculation: f = 50 mm, Subject = 1500 mm
1/1500 +1/S2 = 1/50
S2= Lens Length = 51.72 mm

This equation ignores the optical effects that a thicker lens would create. 
In terms of photography, this means that as the subject gets infinitely 
farther away, the length of the lens will be set to the focal length. As 
the subject gets closer, the lens gets longer as well as the distance from 
the lens to the plane of focus, the latter becoming longer than the focal 
length. The formula can be used to find the focal length of the lens, by 
measuring the distance from the lens of both the object and the image. [9]

Figure 3: A visual representation of the thin lens formula [10]. 
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Figure 4: A diagram explaining the optics in a camera [11].
 
Another important part of the photographic process is the film. Modern 
film consists of silver halide “grains” (for example silver bromide) in a 
gelatin base applied to the film base. This mixture applied to the film 
is commonly known as the emulsion. A series of chemical reactions 
occurs when photons hit the silver bromide crystal. 

Ag+ Br-(crystal) + hv (radiation) —> Ag+ + Br + e-

Ag+ + e- → Ag0

The energy from the photon causes the salt to split, creating a Bromine 
atom along with a loose electron and a silver ion. The electron then 
combines with the silver ion, creating a silver atom. Within a single 
grain, countless of these reactions occur, building up silver. The silver, 
during the development process, will cause that area of film to darken. 
The larger the grains, the more light sensitive the film is. This is 
presumably the origin for calling film “grainy” when it is underexposed, 
as you can visually see the grains of silver halide. [12]

The light meter uses a photoresistor to measure the amount of light 
present. The photoresistor is made out of a semiconductor that is 
resistant to current flow. As the ambient light increases, more and 
more photons interact with the semiconductor, hitting electrons and 
freeing them from the molecule structure. This creates a current, and 
as the amount of light increases so does the strength of the current, 
leading to a lower resistance. The light meter and photoresistor can be 
seen in Appendices E and F [13]. 
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Figure 5: The circuit diagram for the Arduino light sensor.

Depending on the resistance of the photo sensor, the voltage that 
the input pin reads will vary. This input voltage registers as a value 
between 0 and 1023. The light meter was calibrated by setting up a 
lamp, getting a reading on an actual light meter, and recording the 
value that the Arduino read in for the same amount of light. The level 
of light was changed about every ten seconds, so that the graph could 
be easily interpreted. The graph does not follow a linear trend, which is 
expected. The amount of light has to double or halve for the real light 
sensor to change its reading by one step. 

Figure 6: The graph of the input values read in by the Arduino, the flat areas 
corresponding to aperture settings of f8, f11, f16, f22 and f32 respectively.
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5  Results

The first camera built was a simple pinhole camera made from a 
cylindrical coffee tin. The images were exposed for ten to fifteen 
seconds on photo paper, producing a negative image. These images 
have very high contrast due to the bright sunlight that was present 
when the images were taken. The images were also slightly distorted 
because of the cylindrical shape of the camera. The 3D drawing of the 
camera and the images can be found in Appendix B. 

The second prototype was a film pinhole camera constructed out of 
foam board. This prototype proved to be a challenge. The camera never 
produced film with a definite image. The film was always overexposed, 
possibly because the pinhole was too big, the film was exposed for 
too long, the camera wasn’t light tight, and/or the film holder did not 
adequately shield the already developed film. This prototype did result 
in a change in the film type, from conventional 35 mm film to the 
instant film, because using the instant film would facilitate the testing 
process and give immediate feedback. The 3D drawing and photos of 
the camera can be found in Appendix C. 

The final model camera was made out of ¼ inch thick wood that was 
laser cut. The body of the camera was designed on Adobe Illustrator. 
The 3D drawing can be seen in Appendix G. The design of the camera 
body was dependent on two things, the film holder and the lens’s focal 
length. The height and width of the camera body was designed to fit 
the Polaroid film holder. The depth of the camera body was designed 
so that as the subject was far away, it would be in focus, and so the 
depth of the camera equaled the focal length of the lens. The lens itself 
was constructed out of a simple convex lens with a focal length of 10 
cm and PVC tubing. The resulting photographs produced were sharp 
in the center, and became very blurry towards the edges. This happens 
because of the inferior quality of the lens. As for the light streaks in 
some of the images, those are inexplicable. The photos are in Appendix G.
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6  Conclusion

In the end, I had a working camera with a light meter specifically 
designed for the camera. The camera could produce decent images. 
Overall, the goal I set out to accomplish in the beginning of this project 
is complete. Going into the project, I had initially thought to use 
regular 35 mm film or possibly medium format film. Transitioning to 
instant film really benefited my project, as I was able to see my results 
instantly and not have to waste time to go get the film developed. Also, 
for some reason I thought that I wouldn’t really have to make a shutter, 
which when looking back seems a little thoughtless. Once I realized 
I would need a shutter, that became the biggest challenge. I thought 
about multiple designs, such as having the shutter rotate, or a two-
curtain shutter. In the end, simplicity won out and I designed a slit 
shutter that was powered by a spring.

I also had reservations about using an Arduino before this project. I 
hadn’t researched them or read the initial guidebook, and so believed 
they were a lot more complicated then they actually are. I was pleasantly 
surprised how easy they were to use and code. 

If I had more time on this project I would invest in a higher quality 
lens, as that is the major thing that can be improved to increase the 
image quality. If I had a nicer lens, then I would probably also try 
focusing the camera on subjects close to the camera by using the thin 
lens formula to find the distance needed between the lens and the film. 

Over the course of the project, I learned how to use SolidWorks, Adobe 
Illustrator, the laser cutter, and an Arduino. In addition, I learned 
how to self motivate and self regulate, both necessary for a sustained 
individual project. And in the end, I got some pretty cool photographs. 
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8  Appendices

8.1  Appendix A: Table of Parts Purchased

Part Description Needed For Cost Place of Purchase

Lens Lens $20 Educational Supplier

PVC pipe Lens $5 Hardware store

Felt Lens $1 Craft Store

Spring Wire Shutter $10 Hardware/watch store

Figure 7: Table of parts purchased.

8.2  Appendix B: Pinhole Camera

Figure 8: Design of initial prototype: pinhole camera made from a coffee tin 
(measurements in cm).
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Figure 9: Two photo negatives taken with tin pinhole camera with photo paper, 
exposure 15 seconds.
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8.2 Appendix C: Second Pinhole Camera Prototype

Figure 10: Design of secondary prototype: pinhole camera made of foam board 
(measurements in cm).
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Figure 11: Photographs of the secondary prototype.
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8.3 Appendix D: Arduino Code

Figure 12: Arduino code for the light meter, based on example code in 
Arduino guidebook.
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8.4 Appendix E: Photoresistor

Resistance Range 1M Ω-20 KΩ

Max Voltage 150 V

Max Power 100 mW

Figure 13: Specification table for photoresistor.

Figure 14: Photoresistor
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8.5 Appendix F: Light Meter

Figure 15: Photographs of light meter in the case and the light meter circuit.



8.6 Appendix G: Final Camera

Figure 16: Design of final camera model.
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Figure 17: Final prototype mounted on a tripod (photo by Pete Zivkov).
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Figure 18: Photographs taken with the final camera model.
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Figure 19: Photographs taken with the final camera model.
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The Polar Sketch Machine

Kyle Vaidyanathan

1  Abstract

The goal of this project is to build and experiment with a machine 
to mechanically draw images and incorporate an external user. This 
concept is inspired by the Turtle Robot, a small robot on wheels with a 
pen that follows simple instructions to draw out a path [1]. Expanding 
from this simple idea, this project involves building a machine that 
controls a pen by hanging it from two strings, the lengths of which 
are controlled by motors. This machine is based on several other 
projects, including Sandy Noble’s “Polargraph” [2], Harvey Moon’s 
“Drawing Machine” [3], and Jürg Lehni and Uli Franke’s “Hektor” 
[4]. The secondary goal of this project is to add interactivity to control 
the graphical input in such a way that people of all ages can use the 
machine themselves.

2  Introduction

Machines are built for a variety of purposes: automating, simplifying, 
optimizing, building, destroying, transporting, etc. However, it is 
generally less common for a machine to be built with the sole purpose 
of creating art. Multipurpose machines like printing presses and 
computers are used by artists and designers, but engineering can also 
be the art itself rather than just a tool.

The inspiration for doing an art-related mechanical project came from 
Tim Van Hook and his presentation of the sculptures and machines he 
builds [5]. His work uses physics and mechanics in creative ways that 
are entertaining for the viewer. Similarly, the Turtle robot is a concept 
that visualizes computer programming and geometry with a robot that 
drives a pen around on a surface. Seymour Papert from MIT developed 

This paper was written for Dr. James Dann’s Applied Science 
Research class in the spring of 2013. 
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an educational programming language called Logo in 1967, which 
centered around making lines with sequential and looped instructions 
[6]. This led to the development of physical “Turtle Robots” to actually 
draw images and patterns using Logo or other code [1].

Since the Turtle Robot was created, there have been many variations 
of drawing machines. The particular machine that has inspired this 
project most directly has no official name, but has been created by 
many people. The basic version of this machine uses a pen that rests 
against a vertical drawing surface. The pen is pulled down by gravity, 
and hangs from two strings/cables. These cables are attached in the 
top two corners of the surface to two motors, which can shorten and 
lengthen these cables with a simple pulley-like system. The motors are 
connected to some kind of controller that runs a program to control the 
length of the cables, dragging the pen across the surface. This creates 
a somewhat double polar system to control the pen, unlike the typical 
Cartesian system used in most cases. From this basic concept, there 
have been many variations. Harvey Moon’s version, which he calls 
simply “Drawing Machine,” was shown at the Maker Faire Bay Area 
2011. It takes photographs and creates a detailed, randomized pen 
drawing [7]. Similarly, Sandy Noble created what he calls “Polargraphs” 
using a very similar machine that converts shaded images to intricate 
detailed patterns [2]. The most interesting version of this machine was 
made by Jürg Lehni and Uli Franke and is known as “Hektor.” It uses a 
can of spray paint instead of a pen to create large installations on any 
wall. Hektor is designed to be easily moved and set up for installation 
art, and was even displayed at the New York MoMA [4].
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Figure 1: Sandy Noble’s Polargraph design [2].
 

Figure 2: Harvey Moon’s Drawing Machine [3]. 
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Figure 3: Hektor drawing machine at New York MoMA [4].

Each of these versions is slightly different from the others, and this 
project aims to create yet another original variation. In Harvey Moon’s 
Maker Magazine video interview, he briefly mentions that his Drawing 
Machine “makes choices,” which can be based on things such as wind 
[3]. Stemming from this idea, this drawing machine project aims 
to add more levels of interactivity and other input into the drawing 
process. Unlike the other hanging pen drawing machines mentioned 
before, this will not use a pre-constructed image. It will use a computer 
program that translates user input into pen movements. Similar to 
the famous Etch-a-Sketch toy, two knob potentiometers provide 
input to the circuit that controls the stepper motors. The full range 
of the potentiometers is converted to move the strings between their 
minimum and maximum length.
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3  Drawings and Diagrams

 
Figure 4: Drawing machine basic setup summary drawing. Cords for hanging 
pen holder not shown. 
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Figure 5: Sprocket and pen holder design details with dimensions.

The design for this machine is shown in Figure 4. The pen holding 
device hangs by two beaded cords (strings with equally spaced plastic 
beads fixed), which then hang over the sprockets like pulleys and are 
connected to counterweights. These are not shown in the diagram, and 
neither is the wiring for the two stepper motors. 
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As the stepper motor turns, the sprocket (detailed in Figure 5) has 
geared ridges that grip the beaded cord and finely adjust the position 
of the cord, pulling on the hanging pen holder. The stepper motors 
each have four controlling wires that are connected to the output of 
an H-Bridge motor driver circuit shown below in Figure 6. The circuit 
shown is repeated using a second H-bridge and two additional Arduino 
outputs to control the second stepper motor.

 
Figure 6: Stepper motor driver circuit. Two Arduino output pins connect to H-bridge 
inputs 1 and 4, and are inverted and connected to matching pairs 2 and 3 respectively. 
External motor power is controlled by H-bridge logic to run the stepper motor.
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Figure 7: Controller box design. Knob potentiometers connect to wires inside the box 
that pass through the box to connect to the dual potentiometer circuit. Small hole on 
the top for an LED connected to the potentiometer power to indicate the machine is on.
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Figure 8: Dual potentiometer input to Arduino. Variable voltage output from 
potentiometer splits part of current to ground and part into the serial input ports 
on the Arduino.

To control the motors, a simple controller was designed that consists 
of two knob-type potentiometers that have a range of roughly 300 
degrees. The output voltage is fed into the analog input ports on the 
Arduino microcontroller so that the program can read in the position 
of the knobs and determine how the motors should move. The output 
wire from the potentiometer is run from inside the box (under the 
knobs) through the back hole, and then long wires carry the output to 
the main circuit board and Arduino. The controller box itself was laser 
cut using ¼ inch wood, and the name “Polar Sketch” was engraved in 
the side and top (not shown in Figure 7). 

The code is uploaded to the Arduino and can be seen in Appendix B.
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4  Theory

This drawing machine can be divided into four main physical 
components. The first is simply the drawing surface. This could be a 
whiteboard, a large piece of paper, or anything with a matching drawing 
utensil. For this project a wooden board was used where pieces of 
paper can be pinned. The second part is the hanging fixture that holds 
a pen, pencil, marker, etc. The third is the motors that control the cable 
lengths. The fourth is the “brain” or controller for these motors and 
user input.

To accurately control the position of the pen, there needs to be fine 
control over the motors. There are two motors with the potential to 
provide the user this level of fine control: the servo and the stepper. For 
this project, it is important to fully understand the differences between 
the two types of motors.

The main advantage of a servo motor is direct feedback of the rotor’s 
position. This is accomplished by gearing a potentiometer inside the 
motor that monitors the angle of the axle. When the motor turns, the 
resistance of the potentiometer changes, and this can be read by the 
controller. As a result, the controller can be sure that the motor is at a 
specific position. The total range of the potentiometer, however, limits 
the range of motion of the servo motor. Servo motors generally can 
have highly precise movement within 180 or 360 degrees only.

A stepper motor is an electric motor that uses a series of electromagnetic 
coils to turn the rotor a fixed amount when these coils are pulsed in 
a specific sequence. The interior of the motor has notches that cause 
the motor to turn a precise number of “steps.” Unlike a servo, there is 
no feedback for the controller. This means that the controller does not 
know if the motor actually moved the specified amount or whether 
something prevented it from doing so.

Based on this research, I chose to use stepper motors and an Arduino 
Uno as the controller. In order to allow for bi-directional control of a 
stepper motor from an Arduino, there must be a motor driving circuit 
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[8]. This serves three main functions: to enable the current to move in 
both directions, to separate the motor power from the Arduino output 
voltage, and to simplify the number of output wires needed from the 
Arduino. The circuit uses an H-bridge in order to switch the direction 
of current and uses a separate power supply for the motors (see Figure 
9). This is important because the motors draw far too much current to 
be powered by the Arduino itself. The stepper motors are bipolar, so 
they have four wires, however they can be seen as two pairs of wires 
each controlling one coil. Within each pair, when one wire is at a high 
voltage, the other must be low. Using this information, it is apparent 
that the Arduino does not need to control all four wires; instead, a hex 
NOT gate chip can be used to invert one Arduino output and control 
each wire pair with only one Arduino output pin. The same system is 
repeated for the second motor.

 
Figure 9: Tom Igoe’s Circuit diagram for using two Arduino outputs into an H-bridge 
to control a stepper motor. The resistor and transistor system could be replaced with a 
hex NOT-gate as shown in Figure 6. [8] 
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5  Results

The first goal of this project was to create a machine that would create 
some unique type of art by mechanical means. The secondary goal was 
to design the machine in such a way that it could be used by anyone 
with little to no explanation. After the final machine was completed 
it was tested at the Menlo Maker Faire to see how it would perform 
with countless users of various ages. The users were observed as they 
experimented with the machine and the results were fairly consistent. 
People who had not been shown the machine before were unaware, 
and even surprised when they were told that they themselves could 
control the pen with the controller. Once they experimented with 
turning the knobs, people discovered that drawing something they 
would normally doodle by hand was nearly impossible. This caused 
them to come up with new patterns.

The paper on the drawing board was kept unchanged while several 
different users tried the machine and the color of the felt pen was 
switched occasionally. This resulted in pieces that were collaborative, 
the combined creation of several different members of the Menlo 
community. Examples of the pieces are shown below in Figures 10 
through 13.

There are a few things to note from the images. A repeating element is 
the arc, which results from keeping one motor stationary while moving 
the other. This was more common when users would use the machine 
one handed, and could not turn both knobs at the same time. The large 
dots/circles result from the felt pen staying completely stationary, often 
when nobody was using the machine and the pen was not removed.

From these images it can be concluded that the machine was a success. 
It created unique abstract images by mechanical means and operated 
entirely at the hands of a variety of community members of all ages.
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Figure 10: The first piece created at the Menlo Maker Faire. This was a combination of 
more than five different users (each user used a different color).
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Figure 11: A simpler image created at the Menlo Maker Faire by a single user who was 
particularly interested with the machine (switched color once).
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Figure 12: Example piece created by multiple people at the Menlo Maker Faire. 
Dark circular dots indicate the pen was left stationary in one position.
 



92             Kyle Vaidyanathan

Figure 13: An example piece that includes an attempt to intentionally draw something. 
The word “HI” can be seen on the left side of the page. 
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7  Appendices

7.1  Appendix A: Parts list

Part Description Purpose Approximate Price Source

Arduino Uno Main controller for 
motors and input

$30 Borrow from lab

Breadboard Hold stepper 
motor circuitry

$2 Borrow from lab

2 Stepper motors
Jameco 395567

Adjust hanging cable 
lengths to move pen

$15 each Jameco

2 H-Bridges  
SN754410 [10]

Drive stepper motors $3 each Sparkfun

Jumper Wires For circuitry and 
connecting motors
and Arduino

$10 Available in lab

Whiteboard Testing drawing surface Already owned Brought from 
home

Beaded cord 
(Window blinds cable)

Cable to hang pen with 
and control with motors

$10 Blindsparts.com

7.2  Appendix B: Arduino Code

//Arduino Stepper Library
#include <Stepper.h>

//Steps in one revolution of motor
const int stepsPerRevolution = 200;

//initialize the stepper library on pins 8 through 11
Stepper stepperL(stepsPerRevolution, 8, 9);       
Stepper stepperR(stepsPerRevolution, 10, 11);
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//Radius of Sprocket (measured in cm)
const double radius = 5.0;

//Distance between two motors
const double width = 52.0;

//Height of board
const double height = 46.0;

//Variable to store current string lengthes
double leftStr;
double rightStr;

//Constants for the max, min, and range of motion for strings
const double strMin = 25;
const double strMax = 45;
const double strRange = strMax - strMin;

//Default motor speed
const int defaultSpeed = 60;

//Set Analog input pins
const int analogInL = A0 ;
const int analogInR = A1;

//Sensitivity of pots to motor movement
//(difference in percentage before stepping motor)
const double sensitivity = .01;

//Max and min values for analog input
const int analogMax = 1011;
const int analogMin = 1;
int sensorValueL = 0;
int sensorValueR = 0;



void setup() {

 // set the speed at 60 rpm:
 stepperL.setSpeed(defaultSpeed);
 stepperR.setSpeed(defaultSpeed);
 
 //Initialize string lengthes to max
 //(calibrate by putting pen at bottom and reseting arduino)
 leftStr = strMax;
 rightStr = strMax;
}

void loop()
{
 //Read in potentiometer sensor values
 sensorValueL = analogRead(analogInL);
 sensorValueR = analogRead(analogInR);
 
 //Calculate percentage for sensors
 double potPercentL = 1.0 * sensorValueL / analogMax;
 double potPercentR = 1.0 * sensorValueR / analogMax;
 
 //Calculate current position percentage of string length
 double strLPercent = (leftStr - strMin)/strRange;
 double strRPercent = (rightStr - strMin)/strRange;
 
 //Amount to step motor in cm and setps
 double dist = sensitivity * strRange;
 int stepAmt = distToSteps(dist);
 //Move the
 if((strLPercent - potPercentL) > sensitivity)
 {
   stepperL.step(-stepAmt);
   leftStr -= dist;
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 }
 if((potPercentL - strLPercent) > sensitivity)
 {
   stepperL.step(stepAmt);
   leftStr += dist;
 }
 
 
 if((strRPercent - potPercentR) > sensitivity)
 {
   stepperR.step(-stepAmt);
   rightStr -= dist;
 }
 if((potPercentR - strRPercent) > sensitivity )
 {
   stepperR.step(stepAmt);
   rightStr += dist;
 }
}

int distToSteps(double dist) {
 double angleInRadians = dist / radius;
 int steps = round((angleInRadians /(2 * PI)) * stepsPerRevolution);  
 return steps;
}
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7.3  Appendix C: Pictures of Drawing Machine 

Figure 14: Pen holder hanging by beaded cord to sprocket and stepper motor.
 

Figure 15: Close look at stepper motor and 3D printed custom sprocket attachment.
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Figure 16: Stepper motor driving circuit.
 

Figure 17: Controller box final version with potentiometers and laser engraved wood.
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