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Don’t Think She’s a Thot

Aidan Chisholm

My savvy generation has heartily embraced the astute remarks of a 
young gentleman by the name of Keith Cozart. You may know him 
better as Chief Keef, the second-string American rapper who just “hate 
bein’ sober” and is often busy “smoking trees.” In 2012, in the shadows 
of Yeezy and Drake, Chief rapped, “show no love for a thot.” Thot. 
In 2014, The Game released “T.H.O.T.” Soon after came J. Cole with 
“Thotty” and Tyga with “Thots.” The term moved right on into social 
media when headlines earlier this year blared that “Chris Brown”—
notorious for violence against women— “calls Karrueche Tran a Thot.” 
From Cozart’s Glory Boyz Entertainment recording studio all the way 
to the Menlo School quad in upright Atherton, “thot” was blaring.

So now you’re wondering, what does “thot” actually mean? No, it isn’t 
texting lingo for “thought.” It is, though, spread by the same set who use 
ttyl for “talk to you later” and brb for “be right back.” Urban Dictionary, 
virtually the Bible amongst teenagers, defines “thot” as “a hoe.” More 
specifically, “thot” is an acronym for “that hoe over there.” The term 
applies almost solely to young women, has a pejorative connotation—
an understatement—and is widespread in high schools. Who uses the 
term? Teenage boys and young men.

Wondering why this word caught on? Like some of the most popular 
expressions to grow out of rap music, it’s catchy and insulting. Somehow 
the same word that manages to degrade women sounds downright 
innocent popping out of your mouth. Give it some thought: how could 
a word be harmful if it rhymes with a concept as cutesy as tot? Not 
only does it roll off the tongue more easily than “turnt” or “twerk,” but 
also, music couldn’t be better suited to get a word stuck in your head. 
Think about it: a teen may love the latest John Green novel, but no one 
lounges on the quad singing the first line of The Fault in Our Stars. The 

This paper was written for Patty Carleton’s Advanced Placement 
English Language class in the fall of 2015.



music world is genius in its promotion of innovative language, coming 
up with terms like “doe,” “trap,” or “donk” that the masses can’t wait to 
utilize. And of course, logically, anything that Chris Brown says is very 
cool. Chief Keef took the thot and ran with it, titling this year’s album 
“Thot Breaker.” There’s nothing like a term that’s both derogatory and 
saucy to kill two birds with one stone.

Killing might be too dramatic. And we aren’t talking about birds, per 
se, unless, perhaps, you’re British. Language is powerful in every coun-
try and at every stage of life, but it is supremely important for Ameri-
can teens who are developing their voices and senses of self. The magic 
of these ever-evolving terms is that adults don’t understand them. As 
soon as your parents are saying “bounce” or “bae,” you know it’s time 
to move on. And move on, teens do. The vocabulary of your average 
16-year-old can heighten insecurity, ruin friendships, and even oblit-
erate someone’s reputation. Everyone in high school knows, of course, 
that reputation is everything. The person hurling the “stone” at the 
“birds” gains a false sense of power over an unknowing victim. Some-
thing more along the lines of killing chicks.

Essentially, “thot” refers to females who are thought to be sexually 
promiscuous. The term is not some revolutionary concept but simply 
the newest label of an age-old prejudice. Slut. Skank. Slag. Trollop. 
Tramp. Tart. Hussy. Harlot. Hoebag. Whore. Each one a synonym of 
“thot.” More shocking than the number of denigrating terms is the fact 
that no single word exists to positively describe a sexually empowered 
women. Even “promiscuous,” the most seemingly respectful word, has 
a harsh connotation. Our culture has managed to develop a term for a 
provocatively dressed child, “prostitot,” yet there is no word to describe 
a sexually liberated female.

While few think it’s a good idea for a high school girl to have many 
sexual partners, the fact is that teenage girls are sexually curious and 
do experiment with sexuality. “Thot” most often comes out of male 
mouths, exposing the harsh outlook on a female’s carnal behavior, 
while males are rarely criticized. At some level, this double standard 
is justified as women can become pregnant and are more susceptible 
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to STI’s. But really, are those insecure teenage boys in the hallway 
declaring that girl a “thot” because they are genuinely concerned about 
her health and wellbeing? That is, indeed, not the case. A teenage girl, 
under the microscope of scrutinizing males and brutal, biased, social 
expectations, just cannot seem to win. She engages in the exact same 
sexual activity as a guy and she is immediately labeled a “slut” or a 
“thot,” while that boy’s reputation may very well remain pristine or 
even gain stature. Meanwhile, she isn’t sexually adventurous and she 
is written off as a “prude,” a word with underlying judgement almost 
equivalent to that of “thot.” In our society, it’s nearly impossible for a 
sexually active female to be perceived as “classy,” yet a “classy” teenager 
is exactly whom we respect. Could any girl really balance on that fine 
line between “thot” and not?

In the same society, the most “promiscuous” of males might be 
referred to as a “player,” “stud,” “baller,” or “big man on campus.” A 
male’s sexual feats garner respect in our society. Giving a girl a glaring 
hickey or hooking-up with two strangers in one night or establishing 
a new “friend-with-benefits” are the accomplishments of a “studly” 
teenage boy. How exactly is a girl supposed to be classy with a hickey 
on her neck too pronounced to conceal with makeup or to hide under 
a collared shirt or to cover in a veil of hair? Terms such as “playa” are 
really just playful, maybe even endearing. If the dude is the player, then 
what exactly is the “game” and how on earth does the girl fit in? 

The monster has evolved since Chief Keef spat such fire. The meaning 
of “thot” goes beyond female sexuality to now encompass appearance 
based observations. To a “baller,” a so-called “thot” could be a complete 
stranger, a girl whose sexual behavior he knows nothing about. The 
label is frequently just an observation about the way a girl dresses: 
too much cleavage, too short skirt, tank top way too tight. The same 
society dishing offensive labels is the society that pressures females to 
dress in a certain way to begin with. The hopeful girl is convinced by 
the media and by peer pressure that the only way the dreamy guy in 
her biology class will notice her is if she shows some extra skin. What 
a “thot,” right?
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And just think: THOT. It doesn’t make any grammatical sense. “Hey 
bruh, look at that major ‘That-Hoe-Over-There’ by the water fountain.” 
The acronym implies a disgusting dynamic that goes beyond its nega-
tive meaning, given that the term is most often thrown around casually 
between two males. These two are discussing, gossiping about, a certain 
female subject they deem slutty. By definition, the first word in the ac-
ronym, “that,” implies that the girl is separate from the boys who are ob-
jectifying her with their long-distance, physical observations. That girl 
“over there” also implies that the men are conversing about her from far 
away and that only the men have voices, while the woman is silenced 
by distance. You might think that men with so much to say would be 
big thinkers, but ironically, the boys going around with this superficial, 
non-grammatical “THOT” don’t seem to be thinking at all.

“Thot” is most damaging when the males in question are referring to 
a young tenager, who is at her most vulnerable while trying to gain a 
sense of herself in her peer group. In high school years that are already 
characterized by nervous awkwardness, all a girl needs is to be labeled 
as a “thot.” These days, it’s not uncommon for the word to appear in 
middle schools. In April, swoon-worthy Cody Simpson, who is wor-
shipped by preteens, released “Thotful” with the suggestive line, “She’ll 
be anything to anyone.” Hopefully the seventh-grader being called a 
thot doesn’t understand the implications, but every insightful twelve-
year-old knows that a flirtatious girl runs the risk of being called “easy.” 
In these defining years, language has the power to develop the self-es-
teem of a girl who is “clever,” “fun,” or “super smart.” For the girl labeled 
“thot,” that view of self could negatively affect her for years to come.  

Clearly, I’ve thought a lot about this. Like the homosexual community 
with “queer” or the way that “bitch” has become a term of endearment 
when used with other women, part of me wishes that women could 
turn “thot” into an empowering sentiment. Ideally, the language would 
evolve, but before that, the perception of women needs to change. 
We need to begin with an acknowledgment that women are sexually 
interested and that their experimentation shouldn’t be that different 
from men’s. We are, though, a long way from that. In the meantime, I 
do know one thing. I will think and never say thot. 
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Shifted Priorities: The Failure of the Lodge Bill 
in the Senate

Andy Parker

While the Fifteenth Amendment, which prevents Americans from be-
ing denied the right to vote on the basis of race, was ratified in 1870, 
it was regularly subverted in practice for decades. Southern Demo-
crats attempted to restrict African Americans from effectively exercis-
ing their right to vote with methods including the secret ballot, which 
ensured that those who could not read could not vote, violence and 
counterfeit votes.1 In 1890, Representative Henry Cabot Lodge, a Re-
publican from Massachusetts, authored H.R. 11045, officially known 
as the Federal Elections Bill, and commonly referred to as the ‘Lodge 
Bill.’ The bill represented an effort to both prevent voter fraud gener-
ally and ensure that African Americans specifically were not prevented 
from voting in congressional elections on the grounds of their race. 
In theory, the Lodge Bill would have created greater federal oversight 
of congressional elections by allowing circuit courts to appoint elec-
tion supervisors who would watch over congressional elections when 
asked to do so by concerned citizens. In addition, the bill would have 
given certain federal officials and courts the authority to overturn elec-
tion results that had already been confirmed by state officials.2 In 1890, 
when the Lodge Bill was proposed, Republicans held majorities in 
both houses of Congress. However, despite the Republican control of 
Congress and the passage of the Lodge Bill in the House of Representa-
tives on July 2, 1890, the bill failed to pass the Senate because a number 
of Western Republicans defected from the majority of their party and 
joined the Democrats in voting to end discussion of the legislation.3

Historian Thomas Addams Upchurch argues that the defection of the 
Western Republicans was caused by racism and a fear that supporting 
African American rights by voting in favor of the Lodge Bill would 
make the Republicans seem like hypocrites on other racial issues.4  

This paper was written for Dr. Charles Hanson’s Advanced Placement 
U.S. History class in the spring of 2015.
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Historian Xi Wang, on the other hand, takes a view based less on the 
personal convictions of the senators themselves. Wang contends that 
the fact that the Republican Party as a whole had moved away from 
prioritizing the issue of African American rights meant that the Lodge 
Bill was no longer seen as very relevant or necessary to many Republi-
cans.5 Therefore, Western Republicans decided to vote in favor of end-
ing the time-consuming debate surrounding the Lodge Bill in order to 
focus on economic issues such as tariff legislation and free silver. Ulti-
mately, it was this focus on economic issues that led the Western Re-
publicans to vote against the Lodge Bill, a decision made easier by the 
fact that the Republican Party as a whole during this time had shifted 
its focus away from helping African Americans and towards building 
white support in the South.

Fears of Hypocrisy
 
It is true that many Republicans had no intrinsic interest in support-
ing the enforcement of African American rights and were instead 
subscribers to the philosophy of white supremacy. Thomas Addams 
Upchurch contends that the Lodge Bill was defeated because Southern 
Democrats were able to exploit this fact to their advantage, convincing 
Western Republican senators that to vote for increased enforcement 
of rights for African Americans would show inconsistency on racial 
issues because Western Republicans were for the most part avowed in 
their animosity towards the Chinese. In addition, alongside the issue 
of the Republican politicians’ treatment of the Chinese in the West, 
the American government’s policy towards Native Americans also 
presented a challenge.6 Just as with the issue of the treatment of the 
Chinese, harsh policies towards Native Americans created a situation 
in which Western Republicans would have been seen as hypocritical if 
they supported the Lodge Bill while standing by as Native Americans 
were maltreated. 
  
The statements of James B. Eustis, a Democratic Senator for Louisiana, 
present an archetypal example of the type of badgering Democrats used 
to try to convince Western Republicans to vote against enforcing rights 
for African Americans. Eustis alleged that Republicans would make 
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“any sacrifice to make war upon the Chinese,” yet asked Congress to 
treat African Americans to a “lovable embrace.”7 Eustis’s rhetorical tac-
tics were an effective method of persuading Western Republicans that 
they could not vote for legislation such as the Lodge Bill without being 
seen as inconsistent on other racial issues. Eustis did have a point to a 
certain extent; the Lodge Bill, which was about securing more rights for 
African Americans, was being considered at the same time that ban-
ning Chinese immigration and forcibly deporting Chinese immigrants 
already living in the United States was being discussed.8 Statements 
such as those from Eustis could have led Western Republicans to ques-
tion whether a precedent would be set by the passage of the Lodge Bill 
that Republicans would have to support minority rights throughout the 
nation or else be portrayed as hypocrites.
 
Alongside the issue of Chinese immigration, the stark contrast be-
tween the objectives of the Lodge Bill and the treatment of Native 
Americans presented another incentive for the Western Republicans 
to vote against the bill. As an 1891 political cartoon from Puck maga-
zine illustrated, the Republicans were anything but consistent in their 
treatment of Native Americans and African Americans (see Appen-
dix). The cartoon depicts Uncle Sam on one side giving handouts to 
African Americans, while on the other side shooting Native Ameri-
cans during the Wounded Knee Massacre, an incident on December 
29, 1890 in which the United States Army killed almost an entire vil-
lage of Sioux after a supposed misunderstanding during an attempt 
to disarm the Native Americans. The Puck cartoon illustrates how the 
hypocrisy of the Western Republicans’ disparate stances on racial is-
sues was heavily publicized, a situation that would likely have helped 
convince some Western Republicans to reconsider their support of the 
Lodge Bill, especially if they were concerned that their constituents 
in the West would see support of the Lodge Bill as evidence that they 
would be friendly towards minorities in general.
 
The issues presented by Chinese immigrants and Native Americans 
could certainly have led Western Republicans to vote against the 
Lodge Bill out of fear that supporting the bill would both show their 
own moral inconsistencies and lay groundwork for future rights for 
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other minority groups. However, to take this argument as the primary 
reason the Lodge Bill failed would be to ignore both the legislation 
surrounding the Lodge Bill in the Senate during the 1890s and the 
greater political trajectory of the Republican Party.

Tariff Prioritization
 
Proximately, the Lodge Bill failed to pass the Senate because economic 
priorities took precedence in the eyes of the Western Republicans who 
voted against it. As Xi Wang argues, the enforcement of voting rights 
for African Americans in the late 1880s and early 1890s was no longer 
as important to the Republican Party as a whole as it had been in previ-
ous decades. Therefore, the Lodge Bill was only considered to be a bill 
with “regional effect” and was consequently pushed aside with rela-
tively little trouble by Western Republicans who were anxious to get 
economic legislation passed before the end of the fifty-first Congress 
in March of 1891.9 Indeed, to Western Republican senators, the Lodge 
Bill was of little immediate relevance. While the legislation technically 
would have created rules to prevent election fraud and disenfranchise-
ment throughout the country, African Americans in the South would 
have felt its greatest effects. Voter fraud was an issue the entire country 
was facing, but it was the South in which discrimination against Afri-
can Americans specifically was especially egregious. 
 
Therefore, even after the passage of the Lodge Bill in the House in July 
of 1890, Western Republicans supported a push to place the McKin-
ley Tariff in front of the Lodge Bill for consideration in the Senate.* 
On August 12, Senator Matthew S. Quay, a Republican from Penn-
sylvania, proposed a resolution to postpone debate of the Lodge Bill 
in favor of focusing on the tariff legislation. The resolution demand-

*  In the House, the vote on the Lodge Bill was 155 in favor, 149 against. No Democrat  
 voted for the bill, and only two Republicans – Hamilton Coleman from Louisiana 
 and Herman Lehlback from New Jersey – voted against it. The general unity of the 
 Republicans in the House can likely be attributed in part to the fact that prior to the 
 introduction of the Lodge Bill to the floor of the House, the Republicans were able 
 to employ a rule that limited the length of argument over the legislation, preventing  
 debate over the Lodge Bill from taking substantial attention away from other bills  
 (Wang, 240).



                         THE MENLO ROUNDTABLE     9

ed that that for the remainder of the first session—until the Senate 
adjourned around September 15th—the Lodge Bill (along with most 
other legislation) would be banned from debate.10 The passage of the 
Lodge Bill in the House of Representatives had already shown that the 
issue was highly partisan and likely to lead to significant debate in the 
Senate.11 This suggests that Quay’s motion was a necessary one to en-
sure prompt consideration of the McKinley Tariff. Quay’s motion suc-
ceeded, and the McKinley Tariff was subsequently passed on October 
1, 1890. Of the eighteen Republicans who voted in favor of the tariff, 
ten were Western Republicans.12 However, even in the aftermath of the 
passage of the McKinley Tariff, there was still public discontent over 
the amount of time the Lodge Bill was expected to take on the Sen-
ate floor. In a Washington Post editorial from November 21, 1890, the 
author bemoaned the amount of time the Lodge Bill had already taken 
on the Senate floor, and alleged that the Lodge Bill represented an issue 
which Republican voters were not generally supportive of, especially 
given the “bitterness” between Republicans and Democrats created 
by its debate.13 Therefore, with at least some Republican factions of 
the public against the Lodge Bill, it was relatively easy once again for 
another economic issue to steal the attention that the Lodge Bill was 
expected to receive after the passage of the McKinley Tariff. 

The Silver Incentive

This other economic issue came in the form of free silver. Xi Wang ar-
gues that the growing power of the Populists in the late 1880s and early 
1890s was one of the primary reasons Republicans fared poorly in the 
1890 off-year election.14 Therefore, Republican senators throughout the 
nation would likely have been looking for ways to gain support from 
Populists in their home states. One of the fundamental demands of the 
Farmers’ Alliances was the “free and unlimited coinage of silver.”15 The 
actions of the Western Republican senators made it clear that they saw 
free silver as a priority, especially after the 1890 election. In a Senate 
floor debate from December 30th, 1890, Senator Edward O. Wolcott, a 
Republican from Colorado, argued that it was a “travesty” that debate 
should continue on the Lodge Bill when silver currency was a much 
more pressing issue.16 The Lodge Bill was still taking up large amounts 
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of time on the Senate floor at this point; Roger Q. Mills, a Democrat 
from Texas, told The Washington Post that the Democrats were will-
ing to fight as long as necessary to keep the Lodge Bill from becoming 
law.17 This revealed itself to be a legitimate threat: the Democrats heav-
ily filibustered the issue, and at one point went as far as to walk out of 
the Senate to prevent the quorum necessary for the Senate to conduct 
its business.18 Given the statement of Mills and the reality of the Dem-
ocrats’ obstructionist behavior, the Western Republicans would have 
felt pressure to take the Lodge Bill off the table if they wanted to debate 
or pass other legislation.

To Western Republicans, silver currency would have been seen as 
both a more relevant topic to their constituents and a more politi-
cally advantageous issue to support for two reasons. First, in addition 
to desiring the expedited passage of silver legislation, some Populist 
groups were also explicitly hostile towards the Lodge Bill. For exam-
ple, the Farmers’ Alliance of South Carolina publicly asked Northern 
and Northwestern members to persuade their representatives to vote 
against the Lodge Bill, as they believed it disrupted the unity of the al-
liance as a whole by exacerbating the tensions between Northern and 
Southern groups, thereby weakening the power of the Farmers’ Alli-
ances to push as a united entity for the financial reforms they desired.19 
While the views of Farmers’ Alliance members in South Carolina were 
not necessarily representative of the national organization as a whole, 
this does suggest there was pressure from at least some Populist groups 
to avoid the sectional conflict created by the Lodge Bill debate. The 
second primary reason for the Western Republicans’ support of a silver 
bill was that senators from states that produced silver—as many of the 
Western states did—could hardly afford not to promote the passage of 
a bill expanding the role of silver currency as quickly as possible; an 
increase in the amount of silver currency would likely lead to higher 
silver prices and financial gains for those states.20

On January 5th, Senator William Morris Stewart, a Western Republican, 
brought a motion to consider bill S.4675, a piece of currency legisla-
tion. The motion passed the Senate, thirty-four in favor, twenty-nine 
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against.21 Once again, as with the tariff issue, discussion of the Lodge 
Bill was deferred in favor of conversation about an economic issue. Even 
after the passage of that silver bill in the Senate and a subsequent vote to 
reintroduce discussion of the Lodge Bill, the Western Republicans were 
still focused on other issues unrelated to voting rights. On January 22, 
Wolcott moved for discussion of the Lodge Bill to be dropped in favor 
of debate over an apportionment bill. His motion was successful by one 
vote and the Lodge Bill was never officially revisited.22  

This continual push to move debate away from the Lodge Bill and to-
wards tariff and silver currency issues provides evidence for the theory 
that regional political and economic issues took priority over enforce-
ment of the Fifteenth Amendment in the eyes of Western Republicans. 
The combination of the defection of the Western Republican senators 
who supported economic legislation over the Lodge Bill and the filibus-
tering and other delaying tactics used by the Democrats ensured that 
the Lodge Bill was never able to muster the votes it needed to be passed. 

Looking Towards the South

Ultimately, Western Republicans were able to vote against the Lodge 
Bill without severe political ramifications because the Republican Party 
as a whole, and Harrison’s administration particularly, had shifted its 
focus in the South from enforcing the right to vote for African Ameri-
cans to gaining white support in the South. Wang Xi contends that dur-
ing the early 1870s enforcing the Fifteenth Amendment was necessary 
to ensure that Republican governments in the South would survive and 
the Republican Party could maintain control of the federal government. 
However, he asserts, the same was not the case in the late 1880s and 
early 1890s.23 By that point, the Republican Party was no longer as fun-
damentally defined by its support of African American rights, and the 
issue of enforcement had lost a great deal of its political importance. 
As historian Stanley P. Hirshon argues, rather than supporting African 
Americans in the South, every single “Republican president between 
1877 and 1893… adopted a scheme which he hoped would attract 
Southern white men to Republicanism.”24
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This shift away from prioritizing African American rights is particu-
larly evident if one analyzes the differences between the Republican 
Party platforms of 1876 and 1888. The Republican Party’s platform in 
1876 highlighted the party’s public commitment to enforcing equal 
rights, declaring, “the complete protection of all its citizens in the free 
enjoyment of all their rights, are duties to which the Republican party 
is sacredly pledged.” The platform went on to state that the legislative 
and executive branches had a “solemn obligation” to use “all their con-
stitutional powers for… securing to every American citizen complete 
liberty and exact equality in the exercise of all civil, political, and pub-
lic rights.”25 However, the next year marked the infamous Compromise 
of 1877, which included the federal government’s promise to remove 
federal troops from the South, essentially allowing whites to rule that 
area of the country with minimal external interference. In the years fol-
lowing that compromise, the Republican Party’s platform profoundly 
shifted. In the Republican Party’s platform in 1888, economic issues 
were stressed to a far greater extent than racial ones. Although the plat-
form of 1888 still affirmed the “personal rights and liberties of citizens,” 
nowhere was the vigorous enforcement language that characterized the 
platform of 1876.26 This change in party priorities, illustrated by the dif-
ferences between the two party platforms, provides evidence for why 
the Western Republicans were able to vote with the Democrats against 
the Lodge Bill without fear of significant negative consequences. 

This defection was also made easier by the fact that President Harrison 
did not push as hard as he could have for the passage of the Lodge Bill. 
While historian George Sinkler argues that Harrison was at least pub-
licly a strong supporter of the Lodge Bill—and Harrison’s first annual 
message to Congress would initially seem to support that conclusion 
—other prominent figures at the time felt that the Harrison Adminis-
tration was far from a strong ally in the fight for enforcement of the Fif-
teenth Amendment.27 William Pitt Kellogg, who served as Governor 
of Louisiana from 1873 to 1877, suggested that the Lodge Bill failed to 
pass the Senate because the Harrison Administration was fundamen-
tally more interested in “building up a white Republican Party in the 
South” than it was in helping the progress of minorities in the country. 
In 1891, after the discussion of the Lodge Bill had permanently ended, 
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Kellogg alleged that from the beginning of his presidency, Harrison 
favored policy supported by Southern politicians and told African 
Americans that their positions would be restricted to those that would 
not involve contact with whites. Kellogg went as far as to say that in 
meetings of Harrison’s administration, it was proposed that minority 
voters should be ignored when it came to choosing appointments and 
members of committees and delegations because minority voters had 
always and would continue to support the Republican Party regard-
less of how it treated them.28 Coming from a former radical governor 
looking to gain relevance once again, these accusations can be seen as 
overly accusatory and designed to snag headlines rather than tell the 
true story. However, Kellogg’s allegations did not stand alone. Fred-
erick Douglass, a former slave and well-known activist, also accused 
Harrison’s administration directly of failing to effectively enforce the 
law.29 Because Douglass was more supportive and passionate about en-
forcement of the Fifteenth Amendment than the Republican Party as a 
whole, one is forced to question whether Harrison’s actions were espe-
cially egregious compared to those of previous presidents. Neverthe-
less, when the statements of Douglass and Kellogg and the change in 
party priorities from 1876 to 1888 are examined in their totality, there 
is evidence to support the idea that the Republican Party as whole had 
moved away from a focus on African American rights by 1890. There-
fore, it was easier for Western Republicans to vote against the Lodge 
Bill, even though the Party technically supported it.

Enforcement Over Time

The Republican Party revealed its true colors regarding enforcement 
of the Fifteenth Amendment well before the defeat of the Lodge Bill in 
1891. The Compromise of 1877 exposed the fact that the Republicans 
were more interested in maintaining control of the federal government 
than they were in ensuring that the Constitution was enforced in the 
South. Nevertheless, the defeat of the Lodge Bill showed definitively 
that the Republican Party no longer considered enforcement a priority, 
especially compared to the immediate economic issues the country 
was contending with in the 1890s. While the bill’s passage in the House 
suggested that there might have still been some momentum behind the 
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issue of enforcement, its defeat in the Republican-controlled Senate 
indicated just how low enforcement had sunk on the Republican 
Party’s list of concerns, especially in the eyes of the growing West. In 
the Senate, unlike the House, each state was (and still is) allotted the 
same number of representatives, allowing senators from the thinly 
populated Western states to exercise huge influence and ultimately 
doom the bill by refusing their support.
 
While the failure of the Lodge Bill may have ended the Republican 
Party’s fight for African American rights in the 1800s, the issue of 
enforcement of the Fifteenth Amendment was nowhere close to re-
solved. In the aftermath of the Lodge Bill, enforcement came up time 
and time again, but not a single piece of civil rights legislation passed 
Congress during this period until the Civil Rights Act of 1957, and 
even that bill was severely limited by compromises that were included 
in an attempt to appease Southern senators.30 Ultimately, enforcement 
of the Fifteenth Amendment made huge progress in 1965 when Lyn-
don B. Johnson signed the Voting Rights Act. However, even with the 
passage of that legislation, the debate about voting rights has raged 
on. We see the question of whether there is still voter discrimination 
against minorities appear in areas such as the recent voter identifica-
tion laws being passed by state legislatures around the nation and the 
Supreme Court’s ruling in Shelby County v. Holder to strike down a 
crucial section of the Voting Rights Act. As a part of the Constitution, 
the Fifteenth Amendment is the undeniable law of the United States. 
However, whether every American who is legally eligible to vote is ac-
tually provided with a fair chance to exercise that right is a challenge 
the United States still faces today.
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Appendix

Cartoon from Puck Magazine entitled “Consistency.” The Wounded 
Knee Massacre (December 29, 1890) is depicted on the left. On the 
right, African Americans and other minority groups—with the ex-
ception of Native Americans—receive aid from Uncle Sam. 

(January, 1891)

                     

Caption reads: “Consistency” 

Labels on Containers:    
1: “Clocks”
2: “Cooking Utensils”
3: “Rum”
4: “$” 

 1

 2

 3  4
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Accidental Equality: How Public and Political 
Backlash to the Expansion of Title IX Drove 
Gender Equality into Athletics 

Lauren Henske

When Title IX was first proposed on the Senate floor in 1972, Senator 
Birch Bayh introduced the bill as a solution to gender disparities in 
“admissions procedures, scholarships and faculty employment, with 
limited exceptions.”1 Title IX passed through Congress and was signed 
by Republican President Richard Nixon on this restricted premise. 
However, a limited exception that wasn’t discussed on the Senate floor, 
or in the Title IX statute, was gender equality in athletics. Despite this, 
in late 1974 the Secretary of Health, Education and Welfare (HEW) 
claimed that athletics had become by far the “single most controversial 
issue of Title IX based upon public and Congressional interest.”2 After 
the Title IX regulations of 1975 were released by HEW, almost all 
subsequent Title IX controversies, clarifications, and cases pertained 
to the application of Title IX to athletics rather than to admissions or 
financial aid. 
 
What might have caused this seemingly unexpected shift in the focus 
of Title IX? Concurrently in 1972, the Equal Rights Amendment had 
passed through both Houses of Congress for the first time under the 
guidance of Bayh, the soon-to-be Title IX sponsor. One historian, 
Jessica Gavora, argues that while the Equal Rights Amendment was 
waiting on ratification from state legislatures, feminist movements 
decided to employ Title IX as their vehicle for change. Gavora believes 
that active supporters of gender equality, who viewed athletics as the 
epitome of patriarchal oppression, intentionally used political leverage 
to focus Title IX policy on athletics.3 From a different perspective, 
historian Amanda Ross Edwards claims that the impact of Title IX 
on athletics is rooted in independent decisions made by the three 
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branches of government, which accumulated to create an initially 
unintentional precedent of how the government should mandate 
gender equality in athletics.4

However, the most logical explanation of Title IX’s shift of focus rests 
in three instances where Congress and HEW responded to public and 
political backlash against the application of Title IX to athletics by 
explicitly expanding the scope of Title IX in that area. First, before the 
preliminary regulations were released, Senator John Tower proposed 
an amendment exempting athletics from Title IX. Second, once the 
final regulations were released, HEW received many complaints 
about the possible requirement of equal aggregate expenditures 
between men and women’s athletic programs. Finally, President 
Reagan tried to take advantage of the regulations’ ambiguity by 
pressuring the Supreme Court to set a precedent of program-specific 
Title IX application. Congress and HEW successfully responded to 
this resistance by expanding the effects of Title IX beyond what they 
were prior to these challenges.

Feminists Take Action
 
One theory is that feminist movements influenced government 
decisions to expand the breadth of Title IX in an effort to break down 
the long-standing patriarchy in athletic programs. The Women’s 
Equity Action League (WEAL), founded in 1968, wrote the Women’s 
Educational Equity Act (WEEA) and convinced Senator Patsy T. Mink 
to propose it to Congress.5 Consequently, feminists were indirectly 
responsible for the passage of the WEEA in 1974. The bill gave the 
Secretary of HEW the power to give financial grants to activities 
designed to provide educational equality for women. Feminists 
indirectly opened the door for HEW to withhold federal funding 
from institutions not in compliance with Title IX, providing incentive 
for universities to comply with HEW’s Title IX athletic regulations in 
the future. 

The WEEA statute planted the seed for athletics being included in 
educational opportunity, setting it within the scope of Title IX as 
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established in the Title IX statute and on the Senate floor. Senator Walter 
Mondale introduced the WEEA as a “logical complement to Title IX” 
because it would provide funding to relieve existing gender inequities 
in education.6 The WEEA of 1974 statute states that the funds should 
be given to programs that promote gender equality in “vocational 
education, career education, [and] physical education.”7 Although 
vocational and career education parallel the expressed goals of Title IX, 
the feminists from the WEAL also included physical education in the 
statute. In the context of educational equity, a broad interpretation of 
physical education would encompass athletic programs at educational 
institutions, providing evidence that the WEAL indirectly opened the 
door for Title IX to be applied to athletics. 

Additionally, the involvement of feminist and tennis superstar Billie 
Jean King with the WEEA hearings shined a light on athletics as a 
source of gender inequality in public schools, and propagandized 
the benefit of athletics for women. She testified that HEW should use 
educational expenditures as the vehicle for gender equality in athletics.8  
A few months before her testimony, Billie Jean King triumphed over 
Bobby Riggs in a tennis match nicknamed “The Battle of the Sexes.” 
The match was then one of the most publicized tennis matches of the 
twentieth century. As a result, one senator even mentioned the victory 
while questioning her during her testimony, and there were national 
news stories written on the hearings.9 Her star power exemplified to 
senators the possibilities of gender equality in athletics and focused 
their attention on the lack of federal funding given to it. It is possible 
that Congress later redefined their initial intentions for Title IX when 
faced with backlash because feminists swayed their attention to gender 
disparities in athletics.

But the leverage of feminist interest groups on Title IX application 
through the WEEA was not the primary cause of Title IX’s impact on 
athletics. Other pieces of legislation and decisions of Congress and 
HEW came into play. It was the opposition, not the supporters, of the 
expansion of Title IX that ultimately caused Congress and HEW to 
widen the bill’s scope to athletics. 

                         THE MENLO ROUNDTABLE   23



Let’s Keep Athletics Out of This

Title IX’s expansion to athletics was actually in part caused by a failed 
legislative reaction to rumors that sports were going to be included in the 
preliminary Title IX regulations. Before the regulations were released, 
Senator John Tower proposed an amendment to exclude all sports from 
Title IX but modified his amendment on the Senate floor, right before 
proposing the bill, to instead exclude only revenue-producing sports.10  
This caused Congress to categorize the Tower Amendment as being in 
direct opposition to expanding gender equality, rather than consider 
it under its proposed goal to help women’s sports. While introducing 
his amendment on the Senate Floor, Tower insisted “upon [a] detailed 
investigation” and he “did not believe that Congress intended Title IX 
to extend to intercollegiate athletics.”11 By challenging congressional 
intent, Tower encouraged Congress to clarify the objectives of Title IX. 
The questionable motives and unseemly confrontations of legislative 
opposition caused Congress to directly confront efforts attempting to 
limit the impact that Title IX had on gender equality.

Because Tower prompted Congress to redefine how Title IX would 
affect athletics, Congress required HEW to include an explicit athletics 
section in the Title IX regulations. The Javits Amendment replaced the 
Tower Amendment in subsequent conference committees. The Javits 
Amendment required that HEW release the Title IX regulations within 
a month and that they include “reasonable provisions considering the 
nature of particular sports.”12 Before Tower proposed his amendment, 
there were only rumors of Title IX potentially encompassing athletics. 
Because the Tower Amendment confronted the intent of Congress 
head on, Congress definitively encompassed athletics within the scope 
of Title IX through the 1975 Title IX regulations.13

But We Don’t Want to Pay
 
Although the Tower Amendment led to athletics being included 
in the regulations, backlash to the later 1975 Title IX regulations 
resulted in a policy interpretation that heightened Title IX’s effects 
on women’s athletics. 
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Because the Title IX regulations were vague, coaches and educational 
administrators had no clear strategy for Title IX implementation. 
Although the 1975 regulation states that unequal aggregate expend-
itures “will not constitute noncompliance” with the athletics portion 
of Title IX regulations, it also states that the failure to have equal 
expenditures will be considered when assessing compliance.14 This 
ambiguity exemplifies how the regulations were insufficiently clear as 
the only existing guidelines for Title IX implementation. When HEW 
released their preliminary draft of 1979 Policy Interpretation, they 
clarified that if “average per capita expenditures” for male and female 
athletes were equal or if “benefits were comparable,” then the university 
would be found in compliance with Title IX.15 Some coaches complained 
that this standard of compliance was unfair, because many colleges 
couldn’t afford a new split in aggregate expenditures or benefits.16

The complaints of coaches and administrators caused HEW to respond 
by reissuing the policy interpretation of 1979 in a finalized version. The 
new policy interpretation set higher standards for Title IX compliance. 
Because public comments reflected a misunderstanding of the tests of 
compliance, HEW got rid of the equal expenditures standard.17 They 
replaced the requirement of equal expenditures with a prescriptive 
list of specific aspects of how men and women’s athletic programs 
would be directly compared, such as the modes of transportation or 
the qualifications of the tutors hired for athletes.18 These new standards 
rendered made it difficult for athletic programs to manipulate budget 
reports to pretend to be in Title IX compliance ineffective. The complaints 
of college coaches about the possibility of equal expenditures resulted 
in compliance standards that further forced institutions to legitimately 
increase gender equality in athletics, not just manipulate budget reports 
to pass through compliance investigations.

Overriding the Unwritten Precedent

Although the Tower Amendment and public backlash led to 
clarifications on the expanding scope of Title IX, there was still an 
unwritten precedent that had been previously undisputed by the 
three presidential administrations since Title IX was passed. There 
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was tacit agreement between the three branches of government with 
regards to a broad application interpretation of Title IX, meaning that 
if any aspect of an education institution received federal funding, all 
entities of that institution were subject to federal regulation. However, 
when conservative Ronald Reagan was inaugurated in 1981, his 
administration announced that federal regulations to eliminate gender 
discrimination in intercollegiate sports would be reviewed.19 He took 
advantage of the fact that while this was a de facto precedent, it had not 
been codified into law, and tried to use the Supreme Court to create 
his own legal standard to establish a program-specific interpretation 
of Title IX. 

President Reagan spread his laissez-faire ideals into the Supreme 
Court, leading to the conservative verdict of Grove City v. Bell, limiting 
the scope of Title IX. In 1974, Grove City College in Pennsylvania 
refused to sign an “assurance of compliance” form promising to abide 
by Title IX, because the administration did not want to inadvertently 
become subject to all federal regulation, not just Title IX, by signing 
an “assurance of compliance” with any kind of federal regulation. 
HEW claimed Grove City was already subject to federal regulation 
and therefore must sign the “assurance of compliance” because the 
college received indirect federal funding through Pell Grants, which 
are government-issued financial aid given to individual students.20 The 
Grove City v. Bell case eventually reached the Supreme Court in 1983, 
where Deputy Solicitor General Paul M. Bator told the Supreme Court 
that the Reagan administration supported a program-specific reading 
of Title IX where it would apply on the financial aid department.21 In 
1984, the Supreme Court ruled that Pell Grants made the Grove City 
Financial Aid Department, and no other entities of the institution, 
subject to Title IX. This decision overrode the broad-application 
interpretation that the three previous administrations had supported 
but had never constructed into law. As a result, the Grove City v. Bell 
decision ironed out the previously vague legal mandates on how to 
implement Title IX in athletic programs that received indirect federal 
funding. Most college-level athletic programs did not receive direct 
federal funding. As a result, both the Department of Education and the 
courts dropped almost all of their complaints about gender disparities 
in athletics.22
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Congress responded to the Grove City v. Bell decision by passing 
the Civil Rights Restoration Act in 1987, which explained that Title 
IX had a broad application to all aspects of an institution. The broad 
application standard specified that a recipient of federal funding must 
obey civil rights laws in all areas of the recipient, not just the one 
program receiving direct funding. This bill, dubbed the Grove City Bill, 
overturned the precedent set by the Grove City v. Bell decision. Reagan 
vetoed the bill in the first presidential veto of a civil rights bill since 
Andrew Johnson vetoed the Civil Rights Act of 1866. Reagan opposed 
“governmental interference and control” and as a result proposed a 
new bill called the Civil Rights Protection Act, which validated the 
Grove City v. Bell decision to mandate the program-specific scope of 
Title IX.23 Despite this executive opposition, Congress overrode the 
veto and passed the bill. By attempting to limit the expansion of federal 
power, the conservative Executive Branch unintentionally created the 
opportunity for the liberal congress to pass the Civil Rights Restoration 
Act. This bill confirmed the expanding scope of Title IX by eliminating 
the potential exemption of athletic programs that didn’t receive direct 
federal funding. 

Unintended Consequences

The far-reaching ramifications Title IX had on women in athletics 
were the unintentional result of public and political resistance. Direct 
opposition included the Tower Amendment, public complaints about 
standards of compliance, and the Grove City v. Bell decision. Because 
Congress and HEW issued legislation and clarifications in response to 
this resistance that expanded the parameters of Title IX application to 
athletics, opposition inadvertently instigated the expansion of Title IX 
to athletics. 

Similarly, Representative Howard Smith of Virginia unintentionally 
initiated gender equality by amending the Civil Rights Act of 1964 to 
include the prohibition of discrimination against women. He did not 
believe in the possibilities for gender equality and only advocated for 
it in effort to garner more resistance for the Civil Rights Act of 1964 
because it also outlawed racial discrimination. Smith believed that 
gender equality was such a ridiculous proposition that it would cause 
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the Civil Rights Act of 1964 to fail. Despite the fact that the United 
States had no equal rights amendment, Smith inadvertently set a new 
legislative precedent that women could not be discriminated against.

For both the Civil Rights Act of 1964 and Title IX, the contradiction 
between the motivation behind the opposition and the resulting 
increased gender equality from disapproving efforts supports the 
APUSH maxim: results do not equal the evidence of one’s intentions. 
The modern conception of the idealized female athlete, empowered 
by Title IX, is in part the indirect result of poorly executed opposition 
rather than the sought after reward for feminists overpowering  
the patriarchy. 
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An Assessment of Blame for the 
Kent State Shootings 

Rylan Pade

When Richard Nixon began his presidency in 1968, he promised to 
end the war in Vietnam. Throughout the 1960s United States involve-
ment in the war had grown with an escalating death toll of American 
servicemen and a growing opposition among the American people. 
The Vietnam War gained even wider public disapproval in Novem-
ber, 1969, when reports of the deaths of both American troops and 
hundreds of Vietnamese villagers in the My Lai Massacre received 
widespread news coverage. A month later, President Nixon called for 
a draft lottery requiring thousands of young men to enlist in military 
service. The first draft since World War II, this measure eliminated 
educational deferments, and thus many college students and profes-
sors were to be drafted into military service potentially facing combat 
in Vietnam as a result. This initiated a wave of protests on a number 
of college campuses comprised of radical activists and students who 
opposed the war and were angered over the possibility of having to go 
to war themselves. 
 
In the spring of 1970 protests expanded from the more liberal cam-
puses on the two coasts to a much broader cross section of Ameri-
can universities. On April 29, 1970, President Nixon further fueled 
these protests when he announced a plan to invade Cambodia to at-
tack North Vietnamese forces who had established operating bases in 
eastern Cambodia. Many anti-war protestors viewed this decision as 
evidence that the Nixon administration was taking action that would 
serve to prolong the war, and this set off a new wave of protests, some 
of which resulted in rioting, looting and violent confrontations with 
local police.  
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Kent State University, a mid-sized public university located in a small 
town south of Cleveland, Ohio, was one such location. The university 
had prior, though relatively modest, anti-war activity, but on Friday, 
May 1, 1970, a larger protest was organized involving about 500 dem-
onstrators. Following this Friday campus demonstration, the protes-
tors spilled over into the town of Kent, and later that night clashes 
with police and looting occurred. Much of it did not involve Kent State 
students, but instead was the result of rowdy bar patrons who trashed 
stores and fought with the police. Kent town Mayor, Letroy Satrom, 
concerned that the local police force was incapable of handling the up-
coming weekend protests, decided to call in the Ohio National Guard. 
The next day, Saturday, May 2, before the Guard members arrived in 
Kent, another on-campus antiwar protest led to the burning of the Re-
serve Officer Training Corps (ROTC) building. The next evening, the 
now tense situation worsened when the Guard used tear gas to dis-
perse a crowd of unruly demonstrators. Criticism of the protesters by 
Jim Rhodes, Governor of Ohio, and the Guards’ presence on campus 
served to increase the resolve of the demonstrators and add to the size 
of their protest group. A larger protest was planned for Monday, May 
4. On this day, the Guardsmen opened fire on the crowd, killing four 
Kent State students and wounding nine others. A terrible tragedy with 
major national consequences had occurred on this previously peace-
ful, Midwestern campus. 
                
What exactly happened on that day to cause the National Guardsmen 
to shoot is still under considerable debate. Much has been written about 
Kent State, not just at the time, but in the 45 years since then as well. Doc-
umentaries, books, and even songs recount the events of that weekend.1 
However, many questions about the shooting still remain unanswered. 
The question most debated today by historians is: who was to blame for 
the shootings, the National Guardsmen who shot at the unarmed stu-
dents, or the Kent State demonstrators whose protests provoked this 
tragic incident? Having reviewed considerable materials about the events 
of those four days, my conclusion is that the National Guard bore the 
primary responsibility for the deaths of the Kent State students.
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Violence Begets Violence
 
Mentioned in verse 26:52 of the Gospel of Matthew and repeated by 
Dr. Martin Luther King in his speeches for peaceful resistance to ra-
cial inequality during the Civil Rights Movement, the phrase “violence 
begets violence” asserts that violent behavior will only lead to more 
violent behavior. This very phrase was used by Dr. Robert White, Pres-
ident of Kent State University, in his press conference on the day after 
the shootings when he offered his view of the incident.2 He suggested 
that the demonstrators acted violently, forcing the National Guards-
men, in fear of their lives, to retaliate with force.3 This assertion, that 
the demonstrators were threatening the lives of the Guardsmen, is the 
core rationale that has been used to justify the National Guardsmen’s 
firing upon the demonstrators. In White’s view, the students had put 
the National Guardsmen in a position where the Guardsmen believed 
that their lives were in danger, and thus the Guardsmen needed to re-
spond with force sufficient to protect themselves.
 
Before May 4, 1970, some members of the Kent State community had in 
fact been protesting the United States military’s actions in Vietnam, and 
these protests had led to violence on the campus. On April 8, 1969, a 
year prior to the Kent State shootings, Robert E. Matson, Vice President 
for Student Affairs at Kent State University, issued a letter to Kent State’s 
leaders of Students for a Democratic Society (SDS) informing them of 
their suspension from campus due to several violations including bat-
tery and assault on university police officers, violent and forceful at-
tempted entry into administration buildings, and breach of the peace.4  
This radical group of Kent State students clearly had a history of attack-
ing law enforcement officials before the National Guardsmen set foot 
on campus. It is quite possible that the Guardsmen were aware of the 
SDS members’ prior record of violent protests and threatening behavior 
to authorities like them. They also definitely knew of the looting and 
fighting with the Kent police that had occurred on the previous Friday 
night, of the possible involvement of outside “agitators” and activists, 
and of the burning of the ROTC center on Saturday. These prior events 
could have influenced the National Guardsmen’s attitude towards the 



student demonstrators, for if they knew that law enforcement officials 
on the campus had been assaulted and injured in the past, it is conceiv-
able that the National Guardsmen would have feared for their safety 
earlier in the rioting and felt that there was a likelihood that the riot-
ers would take physically harmful actions against them. Thus, once the 
demonstration felt to the Guardsmen to be getting out of their control, 
they conceivably feared for their personal safety, particularly given that 
they were greatly outnumbered by the demonstrators. 
          
Subsequent to the shootings, some observers, historians and the gen-
eral public initially concluded that the National Guardsmen were not 
to blame for the shootings and had just cause to fire on the crowd of 
students. One historian, Christopher J. Broadhurst, summarized this 
view when he asserted that the students instigated the violence by pre-
viously burning the ROTC building, throwing rocks at the National 
Guardsmen, and dispensing tear gas canisters at the Guardsmen.5 He 
believed that the National Guardsmen fired into the crowd of student 
protestors solely in order to protect their own lives, and he pointed the 
finger at the Kent State students themselves for causing the deaths of 
four young individuals. 
 
National Guardsmen leaders themselves later expressed this same view. 
One National Guard leader, Ron Snyder, stated that “the Guardsmen 
were provoked beyond reason. I believe that we used every conceivable 
effort to get the people to disperse and to move, long before the forma-
tion moved up to the hill.”5 Essentially, the National Guardsmen were 
said to have done everything that they could to calm and control the 
crowd, but in the end their only choice was to use lethal force.

Distance Makes All the Difference
 
At the core of the argument absolving the National Guardsmen from 
blame in the Kent State shootings is that they were put in a position 
that endangered their lives, and thus they had just cause to fire upon 
the crowd of Kent State students. The main basis of this argument is 
that the students were physically violent during the demonstration. 
They had surrounded and thrown rocks at the Guardsmen and had 
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thrown back the tear gas canisters that the Guardsmen had used to 
try to disperse the crowd. However, there is no concrete evidence to 
prove that the National Guardsmen’s lives were in danger at the point 
at which they decided to turn and fire into the crowd of Kent State 
students. Instead, I believe that the National Guardsmen panicked and 
fired into the crowd without just cause, and that there are a number of 
reasons why this places the blame for the shootings of 13 people fully 
on them.
 
The Guardsmen fired more than sixty rounds before ceasing fire, and 
thirteen students were shot. Four were killed, two paralyzed for life, 
and seven were severely wounded.7 This seems well beyond the neces-
sary force to repel the crowd even if there were justification to do so. 
Jeffery Glen Miller stood ninety yards from the National Guardsmen 
when they opened fire, and he died from a shot to the mouth.8 William 
K. Schroeder stood one hundred and thirty yards from the Guards-
men and he died from a shot in the back.9 Sandra Lee Scheuer was 
one hundred and thirty yards from the Guardsmen, and she was killed 
by a shot through the side of the neck.10 Allison B. Krause stood one 
hundred and ten yards from the Guardsmen, and she died from a shot 
to her left side.11 The average distance of the students who were killed 
from where the National Guardsmen were shooting was one hundred 
and fifteen yards. Of the thirteen students wounded, two were shot in 
the front, seven from the side, and four from the rear.12 This pattern 
suggests that they were randomly fired upon victims.
 
These statistics also indicated that those who were wounded appeared 
to pose no immediate threat to the Guardsmen. At an average of one 
hundred and fifteen yards, it is hard to fathom how the students could 
pose a physical danger to the Guardsmen as they were well beyond dis-
tances for possible physical contact. Also, these students were clearly 
too far to pose a threat in terms of rock throwing.13 Further, while there 
was considerable confusion and chaos in the midst of the protest, there 
was no subsequent evidence to suggest that the thirteen students who 
were shot were putting the National Guardsmen’s lives in danger, nor 
had any of them had personal history of violent behavior. A subse-
quent FBI investigation included the finding that of the thirteen, none 
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were associated with the disruption and protest three nights prior on 
May 1, or with the burning of the ROTC building on May 2. Thus, 
what possible justification would the National Guardsmen have to fire 
on these particular thirteen people? 
 
Nearly two thousand Kent State students and others gathered on May 
4 to protest the Cambodian Incursion and calling in of the National 
Guard to the campus; however, no photographs from the day show 
any protestor close enough to physically attack or harm the National 
Guardsmen.14 The majority of the photographs taken that day portray 
the Kent State demonstrators as vocal and maybe confrontational, but 
also clearly unarmed. John Filo’s Pulitzer Prize-winning photograph 
of Mary Ann Vecchio kneeling over the body of Jeffrey Miller minutes 
after he was shot, shows both Vecchio, Miller, and the students sur-
rounding them to be essentially in a state of shock (see Appendix). In 
other photos, many of the students appeared to be observing rather 
than protesting, and many of those who were protesting were retreat-
ing away from the Guardsmen, not advancing to attack them. 
 
As historian John Fitzgerald explains, the National Guardsmen “sud-
denly fired into a crowd of innocent protestors without just cause.”15  
Overall, the distances at which the crowd was located and the distances 
from the National Guardsmen that the students who were killed stood, 
provided overwhelming evidence that the students’ actions were not 
life threatening to the Guardsmen. 

Incorrect Testimonies Lead to Doubt
 
In subsequent investigations of the events at Kent State, representa-
tives of the Guardsmen were asked to explain and justify their actions. 
The rationale for the killings that they put forth, that their lives were 
in danger, was clearly central to their defense. However, the National 
Guardsmen’s inaccuracies, discrepancies and contradictions in their 
testimonies and accounts of the situation following the shootings 
raised many questions about the validity of this rationale. Their in-
consistencies instead suggested that the various Guardsmen may have 
changed or fabricated their testimonies in order to cover up what re-
ally occurred in an attempt to justify their use of lethal force. 
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General Canterbury, for example, who was in charge of the National 
Guardsmen that day, testified that the students were at times as close as 
four or five yards from the guards during the protest.16 However, pho-
tographs show no student was within twenty yards at any time when 
the Guardsmen were at the football field.17 In fact, the main body of 
demonstrators was at least sixty to seventy five yards away. 
 
Also, some Guard officers said they shot in response to shots fired by 
an unidentifiable sniper. The FBI conducted extensive investigations 
around the sniper assertions, including a search with a metal detector 
of the area at which the protest occurred in an attempt to find nonmili-
tary bullets. However, no evidence was found that suggested anyone 
other than the National Guardsmen fired a weapon that day.18

 
These apparent inaccuracies in the National Guardsmens’ recounting 
of the events, and particularly those of General Canterbury, the com-
manding officer, raises the possibility that they may have deliberately 
fabricated the circumstances describing how their lives were in danger 
in order to offer the “just cause” for deciding to discharge their rifles 
into the crowd.

Unprepared And Inexperienced
 
It is also evident that the National Guardsmen lacked the appropriate 
leadership, were inexperienced and unprepared to handle a situation 
of this nature, and that they clearly did not follow their own rules of 
engagement that were designed to avoid violence in the case of protest-
ing. The National Guardsmen basically did not fulfill the duties that 
they were there to perform.
 
In General Canterbury, the National Guardsmen had a leader who was 
inexperienced in how to handle a highly volatile situation like this. 
At a minimum, he should have closely monitored the actions of his 
troops in the midst of the protest. The troop of Guardsmen were not 
previously trained to handle a protest setting, nor were they briefed on 
how to behave should the crowd become unruly. Without a command 
from their leader, they should not have fired into a crowd of protestors. 
However, “no command to fire was given, either by word or by gesture” 
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by General Canterbury.19 Instead, each National Guardsmen acted on 
his own, and those that fired did so at their own discretion, thus not 
following the chain of command. 
 
Shortly after the shootings General Canterbury gave permission to 
Professor Glenn W. Frank to attempt to get the crowd of protestors 
to leave without further disruption.20 Frank persuaded the students 
to sit down instead of milling around and warned the students that 
they might be shot if they approached the Guardsmen again.21 “They’re 
scared to death. They’re a bunch of summertime soldiers,” he said of 
the Guardsmen. “They’re not professionals.”22 Frank’s comments re-
flect the fragile state of mind and inexperience of the young group of 
Guardsmen. To require a professor of the university to step in and do 
the job that the National Guardsmen should have done, was essentially 
an admission of failure by the general and his troops to perform the 
duties expected of them.
 
Lastly, the National Guardsmen did not follow their own “Rules of 
Engagement.”23 One rule plainly stated in their guidelines is “Indis-
criminate firing of weapons is forbidden. Only single aimed shots at 
confirmed targets will be employed.”24 Nor did they use “the minimum 
force necessary” to disperse the protestors.25 As discussed earlier, the 
students were shot at substantial distances from the Guardsmen, so it 
is clear that the Guardsmen did not fire at one confirmed target and 
instead were guilty of indiscriminate firing of their weapons randomly 
at the crowd. Finally, the Guards also did not follow the protocol for 
the sequence of measures that they were supposed to take in a riot-
ous situation. Instead, they fired their weapons well before it was war-
ranted to do so. 
                 
Following the events of May 4 at Kent State there were numerous in-
vestigations to determine what had happened. The Guardsmen were 
indicted by a grand jury, but in 1974 the charges were subsequently dis-
missed. The Scranton Commission, a group that was formed by Presi-
dent Nixon to investigate the protests that were occurring on college 
campuses throughout the U.S., issued a report in September of 1970 
that concluded that “Even if the guardsmen faced danger, it was not a 
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danger that called for lethal force. The 61 shots by 28 guardsmen cer-
tainly cannot be justified. Apparently, no order to fire was given, and 
there was inadequate fire control discipline on Blanket Hill. The Kent 
State tragedy must mark the last time that, as a matter of course, loaded 
rifles are issued to guardsmen confronting student demonstrators.”26 

History Repeats Itself  
 
The shootings at Kent State share an eerie similarity to the Boston 
Massacre over two hundred years earlier. On March 5, 1770, British 
Army soldiers fired their muskets into a crowd of unarmed Boston 
citizens, who were throwing rocks and shards of ice at the soldiers in 
protest of a tax that had been ordered by the British authorities on tea. 
About the same number of protestors were killed or wounded in Bos-
ton as at Kent State, and the event was hugely consequential to garner-
ing broader support throughout the colonies for an end to British rule.
 
Both Kent State and the Boston Massacre incidents occurred during a 
period at which a substantial portion of the national population shared 
a common disapproval of government policies and a frustration with 
the government’s unwillingness to deal with their disapproval. Frustra-
tion led to protest and rioting, and ultimately violence towards the rep-
resentatives of the government. The decision of armed troops to fire at 
the unarmed protestors in both events is still argued today by histori-
ans as to whether the soldiers were indeed in a position in which lethal 
force was the correct response. In any case, the outcomes were tragic 
“massacres,” and they ultimately had major consequences in terms of 
gaining public support for the protestors’ causes. Patriots across Amer-
ica used the Boston Massacre as a rally cry against the British, and 
news authorities doctored the details of the massacre so it would act 
as propaganda in America’s fight against British rule, citing the situa-
tion as British soldiers shooting into a crowd of innocent and unarmed 
Bostonians as an act of cruelty.27 While Americans in 1970 on average 
initially looked at the Kent State shootings as an unfortunate situation 
where violence got out of hand, the subsequent increase in protests 
on college campuses throughout the U.S. was instrumental in shaping 
public opinion and bringing the Vietnam war to a conclusion.28
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National Tragedy
                 
In the forty five years since the Kent State shootings there has been 
much controversy and disagreement surrounding who was to blame 
for the shootings. Historians around the world have their opinions and 
arguments for one side or the other between the National Guardsmen 
and Kent State students. Regardless of the uncertainty of who was re-
sponsible for the deaths at Kent State, there was no uncertainty about 
the lasting political and social consequences that this event had on 
our country. Five days after the shootings, 100,000 people marched in 
Washington to express their anger at the killings and their support for 
ending the war. In the month following the shootings, protests esca-
lated and widened at college campuses around the country, and over 
400 universities were shut down for the remainder of the school year 
and their students were sent home. 
                    
On February 23, 2010, the “Kent State Shootings Site” was added by 
the U. S. National Park Service to the National Register of Historic 
Places. In listing the site, the Park Service stated that the site “is consid-
ered nationally significant given its broad effects in causing the largest 
student strike in United States history, affecting public opinion about 
the Vietnam War, creating a legal precedent established by the trials 
subsequent to the shootings, and for the symbolic status the event has 
attained as a result of a government confronting protesting citizens 
with unreasonable deadly force.”29
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Appendix

John Paul Filo, “Kent State,” Library of Congress Prints & Photographs 
Online Catalog, http://www.loc.gov/pictures/.

Notes

1. The song “Ohio” by Crosby, Stills, Nash, and Young was a 
reaction to the Kent State shootings and became a hit in 1977 
when it was released. 
        
2. Robert I. White, “Tuesday Afternoon of Dr. Robert White.” 
Press Conference, May 5, 1970. Ohio Memory Collection.
         
3. It is also possible he is being intentionally ambiguous to 
remain unbiased. 
        
4. Robert E. Matson, Robert E. Matson to Students for a Democratic 
Society, April 8, 1969. Ohio Memory Collection.
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5. Christopher J. Broadhurst, “‘We Didn’t Fire a Shot. We Didn’t Burn 
a Building’: The Student Reaction at North Carolina State University 
to the Kent State Shootings.” The North Carolina Historical Review, no. 
3 (July 2010): 288. JSTOR. 
        
6. 1970 Year in Review, “Kent State Shootings,” United Press  
International, May 6, 1970, accessed March 4, 2015, http://www.
upi.com/Archives/Audio/Events-of-1970/Kent-State-Shootings/.
        
7. William W. Scranton, The Report of the President’s Commission 
on Campus Unrest (Washington, DC: U.S. Department of Health, 
Education & Welfare, 1970), 273.
        
8. Ibid.
        
9. Ibid.
        
10. Ibid.
       
11. Ibid.
       
12. Ibid., 274.
       
13. With the average Major League Baseball pitcher today throwing 
the baseball a maximum of around the same distance as where the 
students stood upon being shot, it is to say the least, unlikely, those 
students were threatening the National Guardsmen with rocks.
        
14. Ibid., 269.
        
15. John Fitzgerald O’Hara, “Kent State: May 4 and Postwar Memory,” 
American Quarterly, no. 2 (June 2006): 314. JSTOR.
        
16. Scranton, The Report of the President’s Commission on Campus 
Unrest, 270.
        
17. Ibid., 271.
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18. Ibid., 279.
        
19. Ibid., 275.
        
20. Ibid,. 278.
        
21. Ibid.
        
22. Ibid.
        
23. Ibid., 282-283.
        
24. Ibid.
        
25. Ibid.
        
26. Ibid.
        
27. Boston Gazette and Country Journal (Boston, MA), March 17, 
1770, 71.
        
28. John Kifner, “4 Kent Students Killed By Troops,” The New York 
Times (New York, NY), May 5, 1970, 2.
        
29. “Kent State Shootings Site,” National Register of Historic Places, 
last modified February 26, 2010, http://www.nps.gov/nr/feature/
weekly_features/10_02_26_KentStateShootingSite.htm.
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Reconstructing an Instant Camera

Kenzie Mayer

1  Abstract

The goal of this project was to reconstruct the shutter of an old Polaroid 
camera so that it would once again function to take pictures. An old 
Polaroid was purchased to ensure quality lenses, the correct size film 
holder, and a stable frame. The Arduino-based circuit to control the 
shutter consisted of a push button allowing current to flow through the 
rest of the circuit when pressed, a potentiometer providing a variable 
resistance and therefore a variable voltage drop value to be passed back 
to the Arduino, a relay switched on by an Arduino signal, and a sole-
noid that opened and closed for a variable amount of time proportional 
to the potentiometer value. The amount of time the solenoid was open 
represented the shutter speed of the camera. After months of work, the 
camera produced high-quality instant photographs. The final Arduino 
code allowed for a shutter speed between 250 and 2000 milliseconds. 

2  Introduction

Instant cameras differ from other popular cameras because they im-
mediately dispense film that develops within seconds, whereas digital 
cameras, the most popular type of cameras on the market, store files 
to memory cards. Cameras in general have a great impact on today’s 
world. Being able to physically capture memories has personal benefits 
as well as more global, widespread effects. Cameras allow people from 
across the world to visualize what life is like in other cultures; the pic-
tures they capture can spark social change, and they also allow people to 
document their lives and look back on events years later. Most obvious-
ly, cameras matter to people because people love taking pictures of their 
lives to document what they do, whom they spend time with, what they 
eat, and so on. Cameras allow people to look back in history, during the 

This paper was written for Dr. James Dann’s Applied Science 
Research class in the spring of 2015. 



time periods where cameras existed, and deepen their knowledge of the 
world. Photographs have a universal audience because, unlike literature 
or other written texts, someone who wishes to look at the picture and 
understand it is not limited by literacy. Each time someone views a pic-
ture, he or she can interpret the picture freely without being confined 
by words and the author’s interpretation, as can happen when reading 
a book. Cameras have been a growing industry in the past few decades 
with an increase in technology and a growing demand in the market for 
a wider variety of cameras and lenses. Cameras have transformed into 
an everyday device for the typical household. Today, a large majority 
of the population has smartphones equipped with normal and front-
facing cameras. Even though this project itself is limited to an instant 
camera, the diversity of cameras and photography is an extremely inter-
esting topic in itself (see Table 1 in Appendix A). Everyday people are 
surrounded by hundreds of pictures in the news, advertisements, social 
media, and more. Cameras and photography are still growing fields, 
and building an instant camera provided some insight into that realm. 

The particular camera I used does not differ greatly from other in-
stant cameras on the market. It is different due to time, material, and 
knowledge constraints, but the theory behind it mimics already existing 
instant cameras. This project did not seek to invent a new product or 
improve an existing one. Rather, the purpose was to understand how a 
camera works and create high-quality pictures. 

With this project, I developed a wide range of skill sets. The theory of 
the camera allowed me to dive deeper into optics and engineering be-
cause I needed to understand the physics behind a camera’s operation 
in order to design the shutter. I also learned Arduino programming in 
order to work the circuit that controlled the shutter. As I had never cod-
ed with Arduino, this part of the project was extremely rewarding. The 
inspiration for my shutter design came from researching D.I.Y. camera 
shutters online. I came across a shutter circuit that used a solenoid and 
an Arduino Uno [1]. This circuit involved working with a potentiom-
eter to control the shutter speed. I also furthered my knowledge of de-
sign and CAD drawing because I used the laser cutter to construct a 
wooden shutter frame. 
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I have always been interested in photography, but I had never gone be-
yond the surface level. I love taking pictures with my friends and of 
nature, yet I had never stopped to truly understand the physics and 
engineering behind cameras. For me, I tend to take a camera, put it on 
auto-focus, point, and shoot. However, I do love having documented 
pieces of my life and I love looking back at old photos. While I am not 
an advanced photographer, I appreciate the process. With my inter-
est in photography always in the back of my head, I was immediately 
intrigued when I saw that Kelly McConnell ’13 had made an instant 
camera a couple years ago for her second semester ASR project. The 
success and topic of her project inspired me to propose creating an in-
stant camera myself. 

In sum, this camera is partially made of pieces of old Polaroid cameras, 
but it contains a shutter mechanism I designed myself. I based my project 
on the existing model of a Polaroid camera but added some ASR twists.  

3  History

The first version of the modern camera is the camera obscura, a simple 
device that uses a pinhole or lens to take the light from an outside source 
and project it upside down onto a viewing surface. Camera obscuras 
were used in ancient Greece and China. This technique was used for 
centuries to view eclipses of the sun without having to look directly at it 
and damage one’s eyes. Artists used them to trace a subject onto a piece 
of drawing paper [2]. The physical documentation and ability to view 
photographs in a setting different than where they were taken is the 
most important aspect of cameras today, but the camera obscura did 
not produce images that could be preserved. These cameras projected 
an image of an outside setting, but there was no physical documenta-
tion of the image. Despite this camera not producing physical photo-
graphs, the concepts behind the camera obscura led to the development 
of the cameras we use today. Different models of the camera obscura 
were produced, and portable camera obscura boxes with mirrors inside 
were used so that the image could be viewed right side up [3]. 
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Nicéphore Niépce (1765-1833) was a key player in the invention of 
photography. He sought to copy images with sunlight by coating pew-
ter with light-sensitive substances. In 1816, he worked on heliography, 
or sundrawing, by recording an outside view on paper coated in silver 
chloride, a chemical that made the surface light-sensitive. Under ex-
posure to light, silver chloride darkens and disintegrates into metallic 
silver and elemental chloride according to the following equation:

AgCl(s) + light → Ag(s) + Cl(s)  [4]

The area of the light-sensitive surface that is exposed to light darkens, 
and this forms the image. However, this process did not generate a full 
picture. In 1822 Niépce began working with bitumen of Judea, a light-
sensitive type of asphalt that hardens when exposed to light. Using this 
method, he was able to produce a photographic copy of an engraving 
superimposed on glass. In 1826 he successfully reproduced a view from 
his workroom onto a pewter plate. Niépce’s exposure times for his pho-
tographs were hours long, so in 1829 he partnered with painter Jacques-
Mandé Daguerre in order to perfect his work with heliography [5].

Daguerre invented the daguerreotype, a process of photography that re-
quired only about thirty minutes to develop. (For comparison, Niépce’s 
first permanent photograph took eight hours of exposure and was not of 
good quality.) Daguerre continued working with Niépce’s heliographic 
process after Niépce died in 1833. He discovered that a lasting image 
could be produced if an iodized silver plate was exposed to light in the 
fumes of mercury and then fixed with a solution of salt [6]. More spe-
cifically, Daguerre’s process was to coat a polished piece of silver with 
iodine because this would create a light-sensitive surface. Silver halides, 
which are compounds of silver and a halogen (iodine, bromine, chlo-
ride, etc.), are light-sensitive materials because when the silver halide 
crystals are exposed to light, a “latent image” is formed. This latent im-
age is formed by metallic silver atoms. With a silver halide that is made 
up of iodine, the chemical equation is as follows:

AgI(s) + light → Ag(s) + I(s)     [7]
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The solid silver is what makes up the image. To continue his process, 
Daguerre then put this plate into the camera for a few minutes, exposed 
it to light, and after the image was generated the plate was put in a solu-
tion of silver chloride. This created an image that would last even when 
exposed to more light. The daguerreotype revolutionized the photogra-
phy process and paved the way for more developments for the camera 
and film photography [8]. The chemical equations for his process are 
as follows:

  AgI(s) + light → Ag(s) + I(s)

  2Ag(s) + 3Hg(g) → Ag2Hg3 

Another major accomplishment in the history of photography and the 
camera is the negative-to-positive process. Henry Fox Talbot created 
the first negative by sensitizing paper to light with a silver salt solution. 
The paper was then exposed to light, so there could be a black back-
ground and the subject would appear in gray shades. This served as 
the negative image, and Talbot would reverse the light and shadows to 
create a correctly colored, detailed picture. Talbot was able to produce 
multiple photographs out of one negative with this process. His paper-
negative process was known as a calotype, meaning “beautiful picture” 
in Greek. Talbot perfected the calotype in 1841 [8]. 

In the mid-20th century, photography was revolutionized by the develop-
ment of the instant camera. Prior to this device, film had to be developed 
in multiple steps, so there was a significant time delay between taking the 
photograph and having the physical picture in hand. In 1947, Polaroid 
presented its first instant camera. The company was founded by Edwin H. 
Land, who wanted to research light polarization. Most notably, Polaroid 
created a camera that would immediately dispense film with the photo-
graph on it. Inspired by his daughter, who wanted to be able to see the 
photograph as soon as it was taken, Land sought to create a new product 
for the growing camera market. In 1963, Polaroid introduced Polacolor, 
the first instant color film. As  Polaroid’s instant cameras grew more pop-
ular, other companies began producing similar models [9].
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In addition to the instant camera, many other new forms of photog-
raphy have been created within the last half century. In the 1940’s 
color film was introduced to the market. This film was made up of 
multiple layers of dye that created a colored image once the chemi-
cal process was complete. The first digital electronic camera was cre-
ated by Canon in 1984. The disposable camera, introduced by Fuji 
in 1986, was very popular. This camera had a set number of pictures 
that could be taken and required the film to be developed afterwards 
in order to view the photographs [10].

Digital cameras function much differently than instant cameras, how-
ever their presence in the world today is remarkable and worth not-
ing. A digital camera can be described as having a miniature computer 
inside it that records images and makes them available in the form of 
pixels. In order for the computer to recognize the image, it needs to be 
computed into bits and bytes. The light pattern that enters through the 
camera lens is broken down into pixel values. By recording the image 
this way, it is preserved on a memory card and can then be uploaded 
to a more powerful computer. Since the format of these photographs is 
recognizable by the computer, the images can be edited and copied over 
and over again. 

Inside a digital camera there is either a charge coupled device (CCD), 
the more common option, or a complementary metal oxide semicon-
ductor (CMOS). The CCD and CMOS are image sensors that convert 
light into electrons. At a basic level, these sensors are 2-D arrays of min-
iature solar cells. Once the light is converted into electrons, the charge 
value of each cell is read off. Because CCD sensors are more common, 
the next step of producing an image will be explored in accordance with 
how a CCD works. A CCD moves the charge to the corner of the array 
and reads that value. An analog-to-digital converter (ADC) turns the 
pixel value into a digital value based on the amount of charge at each 
cell site. The amount of charge is converted into binary so that a com-
puter can recognize the information. 

The resolution of a digital camera is the amount of detail it can capture. 
The resolution is directly proportional to the number of pixels in a cam-
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era, so the more pixels, the higher the resolution. For example, the typi-
cal resolution for emailing pictures is 640 x 480. An image size of 1216 
x 912 is known as a “megapixel,” and is used for printing images [11].

This project did not change instant cameras or photography in any 
radical way. The science behind this instant camera is neither new nor 
revolutionary, but the combination of Arduino programming, laser 
cutting, and overall engineering required to construct the camera is not 
common. Besides the main purpose of producing a functioning instant 
camera, this project is also designed to demonstrate that people can 
construct their own cameras. More broadly, this project will speak to 
the D.I.Y. designers and engineers out there. Despite this camera in-
evitably being of a lower quality than those on the market, the process 
behind it and the applied science made for a rewarding project. 

4  Theory

Understanding the instant camera is a two-fold challenge, because it 
functions by first capturing an image and then immediately develop-
ing it. The fundamental concept regarding a camera is optics. Within 
a camera, there is a hole or opening, known as the aperture, that takes 
in the light. In a simple pinhole camera, the aperture is produced by 
poking a pin through aluminum foil and allowing the light to enter. In a 
typical camera that is more functional, a lens controls the aperture. The 
lens is normally made out of glass or plastic, and cameras range from 
having one lens to having a series of twenty lenses lined up. Lenses are 
important because the other option, a hole, does not provide desirable 
image quality. A pinhole too small will not capture enough light, but 
a pinhole too large does not focus all of the light onto a single point, 
so the image turns out blurry. The size of the aperture, which can be 
modified by adjusting settings on the camera, determines how much 
light enters the camera. If too much light enters, the image will be over-
exposed. Once the light enters the camera, it is refracted. A camera has 
a converging lens, or series of lenses, that takes in light and focuses the 
light rays onto a photosensitive material. For this project, the photo-
sensitive material is instant film. With a converging lens, parallel light 
rays entering the lens from an angle perpendicular to the position of 
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the lens are refracted to one focal point. This focuses the light so that 
a clear image can be produced [12]. When light is refracted, it enters a 
medium and bends through an angle with respect to the normal line of 
the material boundary. The angle of refraction, that is, how much the 
light bends when it encounters the second medium, depends upon the 
speed of light in the initial and final medium. The relationship between 
the speed of light in a medium and how much it bends can be described 
through Snell’s law. Snell’s law of refraction states that n1sinθ1 = n2sinθ2. 
The n values are the indices of refraction, which are calculated by the 
ratio (speed of light in a vacuum / speed of light in a medium) [13]. 

 
Figure 1: Illustration of Snell’s Law (www.math.ubc.ca).

In a camera, the two different materials that light passes through are the 
outside air and a glass lens. The converging lens refracts the light from 
the subject and generates a real image, which is inverted. The distance 
to the object relative to the center of the lens, the distance of the image 
relative to the center of the lens, and the focal length of the lens are re-
lated through the thin lens equation: 1/Si + 1/ So =1/f  where Si  refers to 
the distance to the image and So refers to the distance to the object. The 
focal length of the lens is f [14]. See the Design section for focal length 
information in regard to this particular camera. 
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Figure 2: An illustration of the thin lens equation. Note that in the equation on the 
previous page Si and So were used used to describe the distance to the image and to the 
object, respectively, while in this picture di and do are used. (http://www.animations.
physics.unsw.edu.au/jw/light/lenses_and_images.htm) 

The second essential part of the instant camera is the instant film. Pho-
tographic film is fundamentally paper that captures light; once light hits 
the surface, chemical reactions start to record the specific light pattern. 
Modern films work by light being captured by the microscopic crys-
tals of silver bromide. The crystals of this compound are stored in a 
transparent gelatin and this mixture, known as the emulsion, is thinly 
spread on the film base. This gelatin is made from the hides and bones 
of animals, so the diet of the animals has a strong effect on the sensi-
tivity. Before scientists discovered the specific compounds that affect 
the sensitivity of films, images would be captured differently on dif-
ferent batches of film. Now, the compounds that have a great effect on 
film sensitivity are synthesized and added to the emulsion in specific 
amounts. The size of the silver bromide crystals also plays a large role in 
the type of image produced. Larger crystals require less light to produce 
an image. Many photographers would like high sensitivity photos, but 
larger crystals produce lower-quality images. On the market, there are 
films that are either sensitive yet grainy, fine-grained yet less sensitive, 
or a compromise [15]. 

Color instant camera film is made up of layers that are sensitive to the 
different colors of light: red, green and blue. The top layer is sensitive to 
blue light, the middle layer is sensitive to green, and the bottom layer to 
red. When the film is exposed to light, the grains within the film react 
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to the light of the same color, meaning that when blue light hits the blue 
layer, a chemical reaction starts that records the pattern of the entering 
light. The light-sensitive layers are on top of the base and underneath 
the image layer, timing layer, and acid layer. This organization of lay-
ers is designed for a chemical reaction to take place. The film bases, 
which are made up of silver bromide, form silver atoms. These silver 
atoms then need to be developed in order to turn this pattern into a pic-
ture. Under each of these layers there is a developer layer composed of 
dye couplers. The dye couplers contain three different dye colors: cyan, 
which is a combination of green and blue light; magenta, which is a 
combination of red and blue light; and yellow, which is a combination 
of green and red light. The dye couplers react with each colored layer of 
the light-sensitive layer by attaching to particles that have been exposed 
to light [16].

 

Figure 3: A diagram of the different parts of instant film (http://science.howstuffworks.
com/innovation/everyday-innovations/instant-film1.htm).
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Figure 4: Another image illustrating the layers of instant film. The order of the light-
sensitive layers (blue then green then red) goes in order of increasing wavelength. The 
layer that is sensitive to blue light is right on top of the yellow dye developer. Because 
yellow is made up of green and red light, it takes in the green and red light but stops 
the blue light from continuing through. This same process applies to the magenta dye 
succeeding the layer that is sensitive to green light (http://science.howstuffworks.com/
innovation/everyday-innovations/instant-film.htm). 

All the chemistry involved in developing film is already present in the 
instant film. The reaction begins with the reagent, which is a mix of 
opacifiers, alkali, white pigment, and other elements. The opacifiers and 
light blockers and alkali are acid neutralizers. The chemical develop-
ment process of generating the image begins when the reagent is spread 
throughout the layers of the film. The opacifiers stop light from mov-
ing through layers; this stops the film from being completely exposed. 
As the reagent chemicals move through the film layers, the exposed 
particles turn metallic silver. The chemicals then dissolve the developer 
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dye, and the developer dye  moves towards the image layer. The grains 
on the film that were exposed to light and then became metallic silver 
grab the correctly colored dye so that the color stops moving up. The 
acid layer in the film is neutralized by the alkali and the acid, alkali and 
opacifiers react to make the opacifiers clear. This allows the image to be 
seen. The timing layer slows the reagent down as it moves to the acid 
layer, allowing the film developing time before it gets exposed to light. 
The classic Polaroid experience of seeing the image form before one’s 
eyes is due to the opacifiers clearing up [17]. Also, the famous shape of 
the Polaroid image with the white border and the thick band at the bot-
tom is due to this development process. This thick band area is where all 
of the chemicals for the development process are stored. 

In an instant camera, the film back stores the film before the photo-
graph is taken and then aids in the development of the film. Unlike or-
dinary photo paper, which needs to be developed, instant film produces 
a developed image seconds after the shutter clicks. The film is stored in 
the film holder because it needs to be in a dark location. To generate a 
photograph, the film cannot be exposed to light until the actual pho-
tograph is to be taken. When the film is exposed to light it records the 
image. A piece of film that is exposed prior to taking the picture would 
therefore turn out black because it would be overexposed with light 
and the desired picture could not be recorded. In an instant camera, 
the shutter opens and closes at an adjustable speed to allow the film to 
quickly be exposed to light. Once the shutter closes to prevent the film 
from being exposed to more light, the next step is for the film to move 
through the rollers. The film back generally contains ten sheets of film, 
each with a pull-tab. The film is pulled through two metal rollers via 
this tab in order to start the chemical development process.
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Figure 5: An illustration of how the chemicals are stored in instant film 
(http://content.photojojo.com/photojojo-original/photo-science/). 

The shutter of the instant camera for this project works on the same 
principle but has a slightly different design than the shutters of instant 
cameras on the market. For the shutter, an Arduino was programmed 
with a solenoid and potentiometer. A potentiometer is a variable resistor.

  

Figure 6: Diagram of potentiometer (www.beavisaudio.com). 
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It contains a manual twist top so that the user can change the resistance 
by him or herself. The varying resistance is used as a voltage divider in 
the circuit. As the resistance is manually altered, the voltage drop across 
the circuit changes as well. The Arduino then reads in the voltage as 
an analog value. The potentiometer is connected to the Arduino board 
with three wires. The first wire connects the outer pin of the potenti-
ometer to the ground, and the second wire connects the other outer 
pin of the potentiometer to 5 Volts from the Arduino board. The final 
wire connects the middle potentiometer pin to an Arduino input value. 
Then, as the potentiometer turns and changes the amount of resistance, 
the analog input to the Arduino changes as well. The higher the resis-
tance, the higher the voltage drop will be over the potentiometer, so the 
voltage read by the Arduino will decrease. The path that leads to the 
Arduino will read how many volts are coming in, and output a number 
between 0 and 1023—0 corresponds to 0 Volts, and 1023 corresponds 
to 5 Volts [18]. 

The Arduino is programmed to send a current to a solenoid, and the 
solenoid opens for a certain amount of time depending on the voltage 
reading. There is a foil “leaf ” attached to the spring of the solenoid. 
When the solenoid has current going through it, a magnetic field will 
be induced and push the spring of the solenoid out. When there is no 
longer current moving through the solenoid, the spring is released to 
its original position. In the context of the shutter, the duration for how 
long the current moves through the solenoid corresponds to the shutter 
speed. The solenoid spring moving back to its original location closes 
the shutter again to prevent more light from reaching the film. At this 
point the image has been captured. Based on the Arduino code, the 
analog value read in from the potentiometer pin is multiplied by a delay 
constant. The delay constant tells the Arduino how long to leave the 
shutter open. This value was found through experimentation so that 
the range of analog values will correspond to the correct range of shut-
ter speeds. The desirable shutter speed after testing is between 250 and 
2000 ms.
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This shutter circuit is set off using a push button. A push button’s opera-
tion is logically and physically very simple. A push button consists of 
two metal contacts that connect together when the button is pressed 
to complete a circuit. In this circuit, once current can flow through the 
push button to reach the Arduino, the shutter opens and closes at the 
specified speed. 

5  Design 

The idea and design of the pinhole camera was extremely basic. The 
name “pinhole camera” says it all; essentially it is just a box with a very 
tiny hole poked at the top. The shutter is manually opened and closed 
by the photographer. When designing the pinhole camera, the most 
important aspect is that the only light that reaches the film paper is the 
light that comes from the pinhole. To achieve this blocking of light, it 
was necessary for the box to have a darkened interior and be tightly 
closed. A Coach shoebox was used as the body of the pinhole camera 
for its thick cardboard and tight seal. The next steps for creating a pin-
hole camera are to cut a square out of the top, cover it with aluminum 
foil, and then poke a hole in the center of the foil. After that, a shutter 
is taped over the hole. For this camera, a shutter was made out of card-
board covered with electrical tape. The thickness of the shutter guaran-
teed that no light would make it through the hole when the shutter was 
closed. To ensure that no light entered the camera when the shutter was 
closed, a preliminary test was done: a piece of photographic paper was 
placed inside the box, the shutter was closed, and the box was placed 
outside for a minute. Then the paper was developed with chemicals. 
The film paper remained white, indicating that no light had reached it. 
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Figure 7: CAD drawing showing a bird’s eye view of the pinhole camera. The shutter  
was centered in the middle, and covered a pinhole that served as the aperture.  
The CAD drawing was created using 123D Design.  

 

Figure 8: CAD drawing of the side view of the pinhole camera. The CAD drawing was 
created using 123D Design. 



The design of the pinhole camera is different than the design of the 
instant camera due to its simplicity. The shutter of the pinhole cam-
era is manual, whereas an Arduino controls the instant camera shut-
ter. Even so, building this basic prototype provided valuable insight on 
how shutter speeds function. When a pinhole picture was taken while 
it was bright outside, the shutter was opened for a significantly smaller 
timeframe. Testing out a pinhole camera with multiple settings outside 
provided the knowledge of varying shutter speeds. 

The design of this instant camera relied primarily on the design of the 
Polaroid 400 Land Camera (see Appendix D). The film holder is a criti-
cal facet of any instant camera because the film must be stored in the 
camera in between uses and it must self-develop as it passes through 
the film holder rollers once the image has been captured. Because the 
Land Camera that was purchased for this project holds the correct size 
film, it was taken apart so that its film back could be repurposed. With-
out extensive knowledge and experience with CAD drawings and 3D 
printing, the most practical option was to take apart an existing camera 
rather than attempt to create a personalized film holder.

Another reason why the basic frame and scraps of the Land Camera 
were used is for the viewing lens. On the Land Camera, there is one lens 
that takes in the light to capture the picture and another at the top of the 
camera that the user can look through to decide the subject matter of 
the photograph. For an instant camera, the film held in the body needs 
to be shielded from light until the moment that the image is captured. 
For this reason, the camera operator cannot look through the lens that 
is covered by the shutter. Instead, a different lens is needed on the top 
of the camera. This lens can be open at all times, whereas the other lens 
must block light from reaching the film at all times except when the 
photograph is taken. Using the frame of the Land Camera with its view-
ing lens was practical and time saving.

Another reason for purchasing the old Polaroid camera was the cali-
ber of its lenses. Because the quality of the photographs produced will 
largely depend on the quality of the lenses used, it was important to 
pick lenses that were already known to produce good photographs. 

                         THE MENLO ROUNDTABLE   63



 

Figure 9: An image of the Arduino circuit. This circuit was generated using CircuitLab. 
This circuit uses a push button to trigger the rest of the circuit, and then the Arduino 
reads in an analog value from the pin connected to the potentiometer. This value is 
multiplied by a constant to create a delay value. The Arduino outputs current to the 
relay, which triggers the solenoid. The time that the Arduino outputs current is based 
on the delay constant. 

The Arduino circuit that controls the shutter is partially inside the cam-
era body and partially outside of it. A push button is used as a shutter 
clicker. The simplicity of having a push button trigger the shutter al-
lows for a user to operate it easily. A computer was used to power the 
Arduino circuit so that once the push button is pressed, the shutter will 
open and close. This push button must be outside of the camera body 
so that the user can actually take the picture. 

Another element of the Arduino circuit that must be outside of the 
camera body is the potentiometer knob. By twisting the potentiometer, 
the user can adjust the speed of the shutter. A label indicating the range 
of shutter speeds will be placed on the outside of the camera, bordering 
the potentiometer. This ensures that the user of the camera can easily 
and knowledgeably adjust the potentiometer to the correct resistance. 
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The relay must be used in this circuit because the Arduino does not out-
put enough current to switch the solenoid on and off. A relay consists of 
a coil and multiple switches. Inside of the relay there are switches which 
correspond to two different contacts or spokes. When the coil of the 
relay is not activated, meaning that there is no current running through 
it, then one contact connects to ground. When the Arduino powers the 
relay, current goes through the coil, causing the switch to move to the 
spoke that is connected to the relay. By using the relay instead of the 
Arduino directly, enough current can be output to the solenoid to turn 
it on. 

The potentiometer works as a voltage divider by varying the resistance 
between the pin terminals. 
 

Figure 10: An inside look at a potentiometer. This view shows the outside terminals 
as A and B and the inside wiper terminal as W. A and B are connected by a resistive 
material, and the wiper is a moveable contact that can touch this resistive material 
at any point (http://fddrsn.net/pcomp/examples/potentiometers.html). 
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Figure 11: An inside look at the potentiometer when all of the resistive material is 
between B and W (http://fddrsn.net/pcomp/examples/potentiometers.html).
 

Figure 12: An inside look at the potentiometer when all of the resistive material is 
between A and W (http://fddrsn.net/pcomp/examples/potentiometers.html)
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Figure 13: An inside look at the potentiometer when there is an equal amount of the 
resistive material between A and W and between B and W (http://fddrsn.net/pcomp/
examples/potentiometers.html). 

Figures 10 through 13 above demonstrate the reasoning behind using 
a potentiometer for the shutter circuit. The shutter of a camera needs 
to be able to function at different speeds, and by using a potentiometer 
to change resistance and act as a voltage divider, a variable voltage can 
be read by the Arduino. The Arduino then takes this voltage value and 
multiplies it by a constant to get a delay value. This delay value is the 
time that the current is sent out to the solenoid. The solenoid is attached 
to a metal leaf so that when the solenoid turns on, the shutter will open. 
Because the solenoid turns on when current is going through it, the 
potentiometer ultimately varies the shutter speed.
 
The design for the location of the lens and the film, in regard to focal 
length, was already a part of the camera body. However, tests were done 
to confirm the focal length. As shown in Figure 14, a flashlight was 
shined through the lenses and the resulting light was projected onto a 
wall. The position of the flashlight and the body of the camera were al-
tered until the pattern on the wall was clear. A clear light pattern on the 
wall, which meant that the circle outlines were not blurry and that they 
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lined up on top of each other, meant that when light passed through the 
lens of the functioning camera, a clear image and photograph would be 
produced. 

 

Figure 14: A setup of the test for focal length. 
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Figure 15: Calculations for the focal length of the instant camera. Because the camera 
was known to have taken pictures with this setup of the lenses, the test for focal length 
was to have experience with these calculations. The focal length test confirmed that the 
location of the film back was correct to produce an image. Through calculations, the 
focal length was determined to be 4.90 inches.
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Figure 16: The caliper-measured distance between the film back, where the image 
would be captured, and the lens was 4.860 inches. Because this value is extremely close 
to the calculated focal length value of 4.90 inches, it can be assumed that the camera is 
set up with the correct placement of the lens and the film.  
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Another critical part of the design is the solenoid holder for the shut-
ter mechanism. The design of the Polaroid camera features one lens, a 
shutter, and then another lens. The top piece of plastic that holds the 
first lens can be unscrewed in order to reach the shutter. For this proj-
ect, the shutter circuit that came with the camera was ripped out. Then, 
a piece of ⅛-inch wood was cut to fit into the camera part. It has a hole 
cut out to function as the aperture. The hole size was based on the ap-
erture size of the camera’s old shutter design. This piece of wood also 
includes a cut-out rectangle into which the solenoid fits. Without this 
cut-out piece, the height of the wood and the solenoid would have pre-
vented the two lens sections from closing.

Figure 17: Image of wood piece that was laser cut to fit in between the two lenses. Each 
measurement was made using a caliper. 
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One more piece that needed to be designed for this camera was the so-
lenoid cap. A small cylinder was 3D printed to attach to the end of the 
solenoid. This piece was used so that the solenoid could be attached to 
a shutter leaf. Without this 3D printed piece, the surface area of the top 
of the solenoid core was too small and too slippery for glue to properly 
attach to it. 
 

Figure 18: CAD drawing of solenoid cap. The exterior diameter was 0.156 inches, the 
interior diameter was 0.116 inches, and the length was 0.35 inches. 

Once this 3D piece was printed, a lot of tinkering was required to get 
the shutter to properly open and close. The width of the aperture was 
much larger than the distance that the solenoid could extend and re-
tract. Therefore, it was not possible to simply attach the leaf to the sole-
noid straight on. Instead, the bottom of a pushpin kept one side of the 
metal shutter leaf grounded so that when the solenoid opened, the leaf 
would pivot around the pushpin and open farther than it would have 
opened without the pivot point. While this step of the project is simple 
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enough to explain, the execution of finding the correct place to put the 
solenoid and the pivot point, deciding the size of the shutter leaf, and 
getting the shutter to open all the way took a couple weeks. 

6  Results

The initial prototype for this project was a pinhole camera. The produc-
tion of the camera was very straightforward, as it was just a box with a 
hole and manual shutter. In order to capture pictures, the shutter need-
ed to be open for a variable amount of time depending on how bright it 
was outside. The less light outside, the longer the shutter needed to be 
opened. Pictures were taken with this camera at shutter speeds ranging 
from 5 to 42 seconds.

The next step was to reconstruct the instant camera purchased online. 
After months of work, the reconstructed instant camera successfully 
took pictures. The results of this project consist of the different shutter 
speeds that the camera took pictures with. Because the shutter speed of 
the camera can be manipulated with the Arduino code, this camera has 
a wide range of potential shutter speeds. However, a very slow shutter 
speed of over 2 seconds would likely never be desirable because too 
much light would reach the film, preventing a visible image. The first 
successful picture taken had a shutter speed of 880 ms. After two dark 
images with respective shutter speeds of 220 and 440 ms, the shutter 
speed was increased to allow more light to reach the film. 

7  Conclusion

Overall, I am beyond thrilled that I finally captured photos with my 
camera. Looking back, I can explain the way my camera functions very 
quickly, but the simplicity of the explanation greatly understates the 
amount of work each step required. I am very happy to have gotten to 
choose my own second semester project and to have had the freedom 
to work independently on this instant camera. The combination of pin-
hole and instant photography allowed me to produce two very different 
types of photographs, and I really enjoyed each process.
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10  Appendices 

Appendix A

Table 1: Comparison of Different Types of Cameras

Type of Camera How Picture is Produced Limitations Benefits

Instant Camera instant film develops 
moments after picture is 
taken and image is visible

each picture is 
automatically 
printed

expensive film

lack of features 
(such as scene 
specific settings)

picture is ready 
within seconds

easy to use

polaroid pictures 
are fun and artsy

Digital Camera image is stored to a memory 
card in the form of pixels

expensive camera

requires more 
technique to use 
properly (such 
as setting shutter 
speed or setting 
mode)

can be very big 
and heavy

possible to 
produce 
extremely high 
quality images

ability to delete 
photos

ability to see 
photos on a 
screen instantly 
after they have 
been taken

photos can be 
transferred to a 
computer and 
edited

wide variety of 
digital cameras 
on the market

using a memory 
card with a lot 
of storage allows 
for hundreds 
of pictures to 
be taken in one 
outing
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Type of Camera How Picture is Produced Limitations Benefits

Disposable Camera film captures images but 
it must be enlarged and 
developed to generate 
a photograph

film has an 
expiration date

limited number of 
photographs on 
each camera

mistake pictures 
are recorded

inexpensive

easy to use even 
for young kids 
or people who 
are bad with 
technology

Pinhole Camera film is exposed and then 
developed with a series 
of chemicals

not practical for 
commercial uses

shutter must be 
opened and closed 
manually

inability to 
precisely select 
the image subject

basic steps to 
build a camera

provides 
good learning 
experience and 
an introduction 
to photography

Appendix B

Table 2: Parts List

Part Description Needed For Cost Where It’ll Be Bought

Polaroid 440 
Land Camera

body of camera $23 eBay

FujiFilm 100c 
instant film10-pack

taking pictures $9 Amazon

Arduino board camera shutter lab

Potentiometer adjust shutter speed lab

Tactile button shutter trigger lab

Solenoid (https://
www.sparkfun.com/
products/11015)

shutter $5 Sparkfun

Relay shutter circuit lab
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Appendix C

Pinhole Photographs and Pinhole Camera

 

Figure 19: First pinhole camera photograph. Exposure time was 5 seconds. 
The smudging in the top left is due to bad technique when developing the 
image. This photo was underexposed, but had clear outlines meaning that 
the camera stayed still while the shutter was open.
 

Figure 20: Another pinhole camera photograph. Exposure time was 35 seconds. 
The exposure time was slightly less than what it should have been, but after 
many failed attempts, it was the first proper-looking photograph produced.
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Figure 21: The best image produced using the pinhole camera. 
Exposure time was 42 seconds. 
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Figure 22: Another image produced with the pinhole camera. Exposure time for this 
image was 14 seconds. Because the camera was not mounted on a tripod, the lines 
are not clear. However, the purpose of this prototype was to obtain the correct light 
exposure, which was successfully achieved. 

 
Figure 23: The pinhole camera with the shutter open. A square was cut out of the top 
of a Coach shoebox, and then a small hole was created with a pin to allow light to reach 
the film paper that was placed inside of the box.  

80               Kenzie Mayer



Appendix D

Images of the Old Polaroid Cameras 

Figure 24: Image of the inside of the Polaroid 400 Land Camera. This image was taken 
after the main lens of the camera was taken off. The rollers that help develop the image 
can be seen here. This photo was taken before the film was placed inside of the camera.
 

Figure 25: Another image of the Polaroid 400 Land Camera. This photo shows how the 
film fits into the back of the camera. The perfect fit of the film and the film back here 
demonstrates the need for purchasing an old camera. 
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Appendix E

Photos of Reconstructed Camera
 

Figure 26: Image of shutter mechanism. This photo shows the solenoid, the shutter flap, 
and the piece of wood that was cut to fit inside the already existing camera part. 
 

Figure 27: A zoomed-in look at the way the solenoid was connected to the foil. 
This image also shows the push pin pivot point. 
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Appendix F

Photos Taken with Reconstructed Camera

Figure 28: The first successful image taken with the camera. This photo was taken 
in the photography room with a shutter speed of 880 ms. 

 

Figure 29: Photo on the soldering bench. Shutter speed was about 630 ms.
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Figure 30: Another picture taken inside the lab. Shutter speed was about 630 ms. 
 

Figure 31: Photo of Griffin and Sam’s fish. Shutter speed about 630 ms. 
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Figure 32: A photo of the wood pile in the tool shop. Shutter speed was about 630 ms. 

 

Figure 33: A photo of my lab bench. Shutter speed was about 600 ms. 
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Appendix G

Arduino Code

const int potPin = A1; // connected to middle potentiometer pin
int solenoidPin = 4; // connected to relay that controls the solenoid
int pushPin = A0; // determines whether the push pin completes the 
circuit or not
int delayCount; // value that will determine how long the shutter 
is open
int pushPinValue; // will become an analog value
int potPinValue; // will become an analog value
//int pushPinAna;

void setup()
{
  // pinMode(A0, INPUT); //push
  pinMode(4, OUTPUT); //solenoid
  // pinMode(A1, INPUT); //pot1
  Serial.begin(9600);
}

void loop()

{
  pushPinValue = digitalRead(pushPin); // output value will be 
0 or 1023 depending on if it takes in
                                      // 0 or 5V 
  potPinValue = analogRead(potPin); // output value ranges from 
0 - 502

  // used for testing and verifying that the code is working properly
  Serial.print(“push value outside of loop: “ );
  if (pushPinValue == HIGH)
  {
    Serial.print(“HIGH”);
  }
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  else
  {
    Serial.print(“LOW”);
  }

  Serial.print(“                    pot analog value outside of loop: “);
  Serial.println(potPinValue);
  delay(400);
  //pushPinAna = analogRead(pushPin);
  if (pushPinValue == HIGH)
  // analog value from the push button must be greater than 1000 in 
order for the solenoid to be triggered
  // if the push button is open, sometimes there are slight Arduino 
errors and the output value
  // is greater than 0 (sometimes around 20). to avoid this becoming a 
problem, the shutter will 
  // only be triggered if the analog value is very large
  {
    Serial.println(“push pin is triggered by user...”); // read in the output 
code to ensure that this loop is entered
    Serial.print(“pot pin analog value: “);
    Serial.print(potPinValue);
    Serial.print(“                           delay count value: “);
    Serial.println(delayCount);
    digitalWrite(solenoidPin, HIGH); // output current to the relay
    //analogRead(potPin);
    delayCount = (potPinValue * 3); // delay value proportional to the 
potentiometer value
    delay(delayCount);
    digitalWrite(solenoidPin, LOW); // stop current to the relay
    delay(1000);
  }

}
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Figure 34: Sample output of the code while it is running.
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Appendix H

Other Photographs

 
Figure 35: Image of the original circuit before soldering. 
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Figure 36: An inside look at the instant film. I messed up when trying to load and 
develop the film the first time, so while this film could not print pictures, it shows 
what goes on in the film pack. 
 

Figure 37: After the film is pulled out of the camera, it needs to develop for two minutes. 
After that, the photograph is removed from the paper shown above. 
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Articulated Miniature Robotic Arm

Sam Ferguson

1  Abstract

This project set out to create a desk-sized miniature robotic arm capable 
of moving through all three planes to pick up small objects and fluidly 
move them. After five months of work and a complete redesign, the 
finished project worked through four degrees of freedom and could 
pick up and move 400 gram objects through 9.26 cubic feet. 

2  Introduction
 
The idea for this project initially came from industrial articulated 
robotic arms such as those used in the car manufacturing industry. 
There is one on display in the Ford dealership located on El Camino 
in Redwood City, which seemed like an interesting way to investigate 
robotics. Eventually the project was downsized into the idea of creating 
a miniature robot small enough to put on a desk. After further research, 
I found a sample of similar technology called uArm on Kickstarter [1].  
The initial goal was an arm with three main rotational joints and a 
gear-powered claw to pick up and move small objects. In later stages of 
the project, the arm would also have attachments that can replace the 
claw such as an electromagnet. Unfortunately, there is little application 
for this sort of down-sized robotic arm. However, getting a small-scale 
robotic arm to work is an important first step in creating a full-scale 
industrial robot.

3  Project Goals: Why Make A Robot?
 
This project is interesting primarily because it is an in-depth and hands-
on way to study robotics. Robotics is an interesting and extensive field 
with many commercial applications ranging from assembly lines 

This paper was written for Dr. James Dann’s Applied Science 
Research class in the spring of 2015.
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to prosthetics, and creating a miniature articulated robotic arm is a 
good place to start. The robot will not have the commercial precision, 
strength, or size of true industrial robots. However, it will exemplify 
many of the challenges of creating and operating industrial robots 
on a smaller scale. This project is also an effective way to learn about 
operating micro controllers and servo motors as well as the mechanical 
operation of joints, torque, and leverage.
 
One of the project’s primary goals is to have an end product that is as 
versatile as possible. This overarching goal applies to many different 
aspects of the robot. Particularly with the design, this goal means the  
robot will need to operate through all three planes and rotate 360  
degrees. The robot’s claw should be able to pick up objects of a wide range 
of materials and sizes. This goal contributes to why the robot should 
have different attachments with which to replace the claw. Different 
attachments such as electromagnets or vacuum pumps will increase 
the robot’s versatility and the range of objects it can pick up. While 
versatility is important, another focuses of the project is to simplify the 
controlling of the robot. This goal will ultimately be achieved through  
a well-designed system of levers and a user-friendly controlling interface. 
The controlling interface will implement kinematics to smooth out  
its movements.
 
Aside from these physical goals for the project, the two main aims 
of the project center around designing the product and creating the 
controller. The design portion consists of creating the CAD drawing 
and laser cutting the parts needed. The controller development is 
a large part of why this project is so enticing. In the first semester I 
worked intensively with CAD software, laser cutting, and 3D printing. 
However, I did not explore how to use Arduino micro controllers. 
Through this project I hope to gain knowledge of how a micro 
controller functions as the “brain” of a robotic device.

4  History
 
There are several different types of robots and robotic arms. The type 
that this project aims to create is referred to as an articulated robot. An 
articulated robot is a robotic arm that has at least three rotary joints 
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and degrees of freedom. The reason an articulated robot is ideal for 
this project is that it can perform variety of functions. Articulated 
robots are commonly seen in many different commercial assembly 
lines as well as working in labs. In terms of design and function, what 
sets articulated robots apart from other robots is their rotary joints. 
Because articulated robots have at least three rotary joints, they are 
very flexible and have a large range of motion all housed within a small 
footprint [2]. While articulated robots are the most common, there 
are other types of robots that perform similar functions such as Delta, 
SCARA, and Cartesian robots.
 
Delta robotic arms are known as “pick and place robots” because they 
are widely commercially known for their ability to pick up and move 
objects, particularly small ones, at high speed. This is due to their 
special construction. Unlike the other types of robots, Delta robots are 
constructed with their actuators and the bulk of their design located 
above the workspace. This means that the arms can be constructed 
from lightweight material, allowing very rapid movement across the 
workspace due to minimal inertia. This type of movement is highly 
desirable for many commercial applications.  One such example is in 
some 3D printers, which have implemented delta robot technology 
to print objects quickly. However, Delta robots lack the flexibility of 
articulated robots, as they are limited to working within the constraint 
of their frame and often do not have rotational ability. For these reasons, 
I decided not to focus the attention of this project on a Delta robot.

Figure 1: A Sample Delta Industrial robot [3].
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SCARA robots look and function closer to how articulated robots do. 
SCARA (Selective Compliance Assembly Robotic Arm) robots use two 
parallel revolution joints to move flexibly through the x and z planes. 
However, SCARA robots’ movements are relatively limited in the y 
plane. In the y plane, they move using a linear joint to pick up and place 
objects. This linear joint is what distinguishes SCARA robots. These 
joints often operate at high speeds, move straight up and down, and are 
capable of rotating quickly. This makes SCARA robots ideal for jobs such 
as placing screws and bolts, as well as some high-speed pick and place 
jobs. However SCARA robots have some limitations. Because they use 
so many parallel revolution joints, the arm functions as a long lever and 
makes them an ineffective way to transport heavy objects. Furthermore, 
these joints limit the height of objects that can be picked up. This was the 
main reason that this project stayed away from constructing a SCARA 
robot. While in commercial use the speed and precision of SCARAs can 
be advantageous, for the purpose of this project, they simply don’t have 
the versatility that an articulated robot presents [5]. 

Figure 2: A Sample SCARA Industrial robot [4].
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Cartesian robots are a third type of robot that function with pick and 
place ability similar to articulated robots. Often referred to as Gantry 
robots, Cartesian robots are simple and precise industrial robots. They 
function with three perpendicularly oriented linear axes of freedom. 
This means that they too operate freely through the x, y, and z planes. 
However, there are some large cons that make Cartesians less than 
ideal for this project. Similar to Delta robots, they operate within their 
own frame. This limits the range of locations from which objects can 
be picked up, particularly the height from which objects can be picked 
up  and placed. Also disadvantageous is the fact that the footprint of 
their frame is often so large. In some situations this is a non-issue, but 
this was not what this project was seeking. So while they are cheap 
and more simple, their lack of versatility and large frame make an 
articulated robot more appropriate for this project [6]. 

Figure 3: A Sample Cartesian Industrial robot [6]. 
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5  Design
 
A majority of the time in the first and even second phases of this project 
was spent optimizing the design of the robotic arm. In the initial phases 
of the project, the 1.0 design pictured in Figure 4 was employed. This 
design was quite simple, featuring a rotating joint at the base and two 
main pivot joints on the arm. This basic design provided three degrees of 
freedom and extended a full 360 degrees around the base. At the end of 
the arm there was a gear and a servo-powered claw. While the 1.0 design 
provided the necessary range of motion and seemed simple enough, 
further work proved that it had unnecessary complications and problems.  
When evaluating Version 1.0, one of the apparent issues was the “elbow” 
joint. The original design would require a large servo fixed onto the elbow. 
Not only did this look clunky, but it would also add unnecessary weight to 
the moment arm that the shoulder had to move. The torque of the servo 
actuating the “shoulder” joint was already being stretched, and this led to 
a rethinking of the fundamental design of the robot.

Figure 4: Side view of CAD drawing of the version 1.0 (dimensions in inches).
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While rethinking the design, one of the main goals of the project kept 
coming up—simplifying the movement of the robot and making it as 
fluid as possible. With the elbow servo located at the joint in Version 
1.0, not only was the servo adding unnecessary weight but moving each 
part of the arm was awkward. Another shortcoming of Version 1.0 was 
the absence of a wrist joint, mainly due to the added weight and controls 
being an unnecessary complication. However, having no wrist means 
that the pinchers would often be picking up objects while tilted at unusual 
angles. The design for Version 2.0 set out to fix all of these problems. 
What is unique about this side of the arm is that its construction keeps 
the wrist of the robot parallel to the z plane at all times.

Figure 5: Different views of Version 2.0 (dimensions in inches).
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As seen in Figure 5, Version 2.0 employs a much more complex design 
that involves a system of levers. The structure of Version 2.0 has two 
main sides of the arm which are connected at strategic pivot points. The 
key to the construction of each side is the geometry of parallelograms. 
On the left side of the robot, shown in Figure 7, there are two main 
parallelograms shown: one for the forearm and one for the upper 
arm. There is also an elbow in the form of an isosceles triangle. When 
attached to the base, the top support in the upper arm is anchored to 
a pivot on the base, and the lower support is attached to a servo. By 
rotating the servo, the entirety of the upper arm moves similarly to the 
way it would in Version 1.0. However, what makes the left side of the 
arm so special in Version 2.0 is that the nature of the parallelograms 
and isosceles triangle at the elbow keep the wrist parallel to the z plane. 
For example, let’s say the upper arm extends outward. In Version 1.0 
this would have kept the angle at the elbow constant, pushing the 
forearm perpendicular to the ground. In Version 2.0, when the lower 
support of the upper arm is pushed outwards, it also extends the upper 
arm outwards. However, as it extends the top support in the upper 
arm pulls back on the top of the elbow, rotating the hypotenuse of the 
triangle back towards the base of the robot. This in turn pulls back on 
the top support in the forearm and the top of the wrist. Because of this 
geometry, the wrist stays level at all times and adds increased control 
over how the arm picks up objects.
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Figure 6: Different views of the hand with pinchers.
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Figure 7: The left side of the robotic arm (dimensions in inches).

Figure 8: The right side of the robotic arm (dimensions in inches).
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While the left side of Version 2.0 of the arm keeps the wrist level, the 
right side of the arm (as shown in Figure 8) is responsible for actuating 
the elbow joint. Unlike in Version 1.0 which had a servo built into the 
elbow, Version 2.0 actuates the elbow joint with a servo located at the 
base of the arm. Before understanding how this works, it is important 
to recognize that the right side of the arm is connected to the left side 
of the arm at the wrist and at the bottom pivot in the elbow. The right 
side of the arm is also pinned to the base of the arm at the bottom pivot 
in the lower arm. At this pivot, the small connection between the top 
and bottom supports in the upper arm is anchored to a servo. Because 
the right side of the arm is connected to the left side at the lower elbow, 
the lower support in the right arm is held in place by the left side of the 
arm. This means that when the servo connected to the right side of the 
arm moves, it pulls or pushes on the top pivot in the elbow. Because the 
forearm on this side of the arm connects to both pivots in the elbow, 
the pivot in the lower elbow serves as a fulcrum and moves the forearm 
up or down.
 
While the physical design of Version 2.0 of the robotic arm is more 
complex, it provides a functionally more simple and efficient system. 
Rather than having two simple rotary joints as Version 1.0 had, Version 
2.0 uses a system of levers to create a smoother design. The left side of 
the robot takes advantage of the geometry of parallelograms to keep 
the wrist parallel to the z plane at all times, and the right side of the 
arm uses leverage to actuate the elbow from the base of the arm.
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Figure 9: A sample circuit diagram for a single servo controlled by an Arduino Uno 
and a joystick. See Appendix for code.

5.1  Servos, Joysticks & Circuit Diagram
 
At the onset of this project, the arm was intended to be controlled 
by using a mouse. However, after research into this method, using a 
mouse as a control was scrapped and replaced with using joysticks. 
This decision was made for a variety of reasons, but ultimately it came 
down to mouse input being overly complicated. Controlling this arm 
essentially means controlling four servos. Mice are convenient for 
performing different functions at any point in a single plane. This 
project works through all three dimensions, making it already a little 
awkward to use a mouse. Using two joysticks has turned out to work 
exceptionally well. Because the arm uses exactly four servo motors and 
each joystick has two potentiometers, the combination of two joysticks 
has proven ideal for controlling the arm.
 
The above circuit shows how an example servo is connected. In the 
final circuit four servos are attached in this manner on Pins 10-7, and 
a second joystick is added.
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6  Theory

6.1  Servos
 
Servo motors are relied on to move each joint in the robot. Servos are 
ideal for this project because they control rotation down to precise 
increments and allow a micro controller to specify the angle at which 
they should be performed. This precision, as well as the torque and 
speed of servos, is why they are commonly used in many applications 
and are an essential feature of robotics. 
 
Part of what makes servos so widely used is that they are so durable. 
This durability stems from the simplicity of their construction. There 
are four main parts that make up a servo, all housed within the 
rectangular shell of the device. The bulk of the device is found in the 
DC motor which provides the heart of the servo. The DC motor is 
generally small, low torque, and high RPM. The high frequency of 
rotations from the DC motor’s shaft is converted into torque through 
the next main part of the servo—the gears. The gears slow down the 
rotations of the motor shaft and add torque.
 
Attached to the last gear in the servo is a potentiometer. The 
potentiometer communicates the servo’s output pin angle to a small 
circuit board. The circuit board, which is connected to a micro 
controller, then turns the DC motor on or off based on commands 
sent out by the micro controller.
 
While all servos have this same basic setup, servos range in torque 
and rotational ability. The main servo that has been used in the first 
two phases of this project is the SpringRC SM-S4303R Continuous 
Rotation Servo. These servos are contained within a 41.3 mm x 20.7 
mm x 40.2 mm box and have a mass of 41 g. These servos also feature 
.500 N-m of torque, and can continually rotate.
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Figure 10: The inside of a servo motor [7].

6.2  Joysticks
 
While servos are what physically operate the joints, this project employs 
joysticks to take in user inputs for how the servos should be oriented. 
The joysticks in use have a relatively simple structure. There are three 
main devices employed to send user input to the micro controller: a 
small switch, a horizontal potentiometer, and a vertical potentiometer. 
The switch works quite simply. When the joystick is pushed down, 
a small lever is pushed into a button. When the button is pressed, a 
circuit is closed, and the micro controller receives a signal voltage in 
its respective pin. 
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The potentiometers are slightly more complicated. Potentiometers 
are made of a large arc of resistive material (often lead or graphite), 
separated by a wiper. The wiper essentially separates the resistive 
material into two variable resistors that are in series. Because of Ohm’s 
Law, the larger the amount of resistive material between the first pin 
and the wiper, the greater the voltage drop. This size of this voltage 
drop is what changes the output from the potentiometer.
 
The joysticks in use have two potentiometers aligned on adjacent sides 
of the base. This leaves one potentiometer to receive horizontal input 
and the other to receive vertical output. The joystick has a small gimbal 
mechanism inside it that converts movement in one direction into 
rotational movement on the input pin of the respective potentiometer. 
Through this mechanism, the joystick is able to turn user movement 
over the x and z planes into voltage outputs which it then sends to the 
micro controller.

Figure 11: The inside of a potentiometer [8].
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6.3  Torques & Levers
 
An important part of this project involves torques, leverage, and 
mechanical advantage. The entire point of building a robotic arm is 
to be able to use it to move things, and it is important to know that 
it actually has the power to lift things. While there are four servos in 
the robot, the servos located in the hand and wrist have minimal force 
exerted on them, meaning that they have plenty of torque to carry 
out their purposes. However, the servos controlling the elbow and 
shoulder joints are more interesting.
 
Torque, also known as moment of force, is the force that rotates an 
object about an axis. The basic equation for calculating the torque of a 
moment arm is Torque = Force * Moment Arm. In this project, the force 
acting on the arm is gravity, which is given at 9.81m/s2. The moment 
arm is considered to be the distance to the center of mass in the arm. 
Taking this into consideration, torque is strongest when the force is 
acting perpendicularly to the moment arm, because in this situation, 
the force is acting over a greater area of the moment arm. 

6.4  Calculating the Torque on the Shoulder Joint
 
Because torque is strongest when it is perpendicular to the moment 
arm, it is important to find the torque of gravity acting on the shoulder 
joint when the arm is fully extended and parallel to the ground. In this 
situation, the length of robotic arm is equal to 18.2 inches. If the arm 
was a constant weight all the way across, this would make the center 
of mass 9.1 inches away, but the arm’s mass is focused more towards 
the wrist, making the moment arm 14.5 inches long, or .368 meters. 
An object in the hand causes the most torque on the robotic arm. This 
both shifts the center of gravity out and increases the force of gravity 
acting on the arm. However, the following calculation assumes the 
robotic arm is not holding anything in order to see if there is enough 
torque to move the shoulder joint alone.
 
With the robotic arm not holding anything, the mass of the arm is 
269 g and its weight 2.64 Newtons. This means that the torque acting 



on the shoulder joint = 2.64 Newtons * .368 Meters = .972 Newton-
meters. This is appropriate because the Hitec 35645S HS-5645MG 
Digital Hi Torque Metal Gear BB servo has sufficient torque of 1.19N-
m. This difference means that when fully extended, the arm can lift 
objects with a mass up to 329 grams.

6.5  Calculating the Torque on the Forearm Joint
 
Unlike the upper arm, the forearm joint is a lever with the fulcrum 
located closer to the middle of the support. This slightly changes the 
way to calculate the torque acting on the pivot. In this instance the 
equation Length1 * Force1 = Length2 * Force2  is used, where Force 
and Length 1 are the main part of the forearm, and Length and Force 2 
refer to the part of the forearm that extends past the elbow pivot.
 
Because the elbow is actuated from the base of the arm, there is also 
torque exerted on the top support of the upper arm. When the arm 
is fully extended, the gravitational torque acting on the arm is at its 
greatest. At this point, the forearm has a weight of .628 N, and extends 
out .218 m. On the other side of the pivot the lever extends .041 m. 
Therefore, the equation’s values are as follows:

Length1 = .218m, Force 1 = .628N, Length 2 = .041m, and Force 2 = ?

yielding the equation: 

.218m * .628N = .041m * F2

Solving for F2, the force needed to bring the lever into static equilibrium 
is 3.34N.
 
This force of 3.34N is needed to pull down on the top of the elbow. 
Because the arm is actuated from the base, there is an additional 
lever that connects the servo and the elbow to provide this force. This 
system of levers works at an angle. This means that the torque equation 
needs to take into account the angle at which the gravitational force is 
applied to the arm. The equation sin(x)*r*F = torque is used, where x 
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is the angle of elevation of the top support in the upper arm. The force 
needed to move the arm was calculated above to = 3.34 Newtons. The 
robotic arm has a radius of .218 m but the center of mass is closer to 
the base, providing a moment arm of Length 1.4 m. As mentioned in 
the servo section above, the servo provides a torque of 1.19 N-m. This 
information yields the equation:

1.19N-m = 1.4m * sin(x)*3.34N

Isolating for x, the equation indicates that x = 014rad. This means that 
the elbow will have the necessary power to operate all the way down to 
6.1 degrees from the fully extended position.

7  Results 
 
In its final form, the arm has proven to be effective at picking up and 
moving small objects. The above calculations would indicate that the 
arm could lift a mass of 329 grams when fully extended. Testing has 
shown that the arm is capable of exceeding this calculation and lifting 
400 g. Meanwhile, testing closer in to the base of the arm has shown 
that the arm can lift significantly larger amounts. The main limiting 
factor has been gripping larger weights, but testing has shown that the 
arm has the power to lift objects over 600 g.
 
While the force and lifting ability of the robot are impressive, what 
makes these numbers even more striking is that the arm did not have 
to sacrifice any of its reach. When fully extended, the arm can reach 
out an impressive 20.6 inches from the base to the end of the pinchers. 
Because of the rotational base, the arm can cover an area of 9.26 square 
feet. The arm also features four degrees of freedom.
 
The long reach and lifting ability of the arm did contribute to one 
unforeseen problem. When fully extended, there is a large force pulling 
on the base of the arm. This force initially caused the rotating servo 
at the base of the arm to lean several degrees. Not only did this cause 
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the hand to no longer be level with the ground, but it also caused the 
servo at the base of the arm to move more sporadically. Instead of 
responding smoothly to joystick commands, the base would jerk, and 
when it did move it would move more than desired. In order to fix this 
problem, a 500g counterweight was added to the back of the base. This 
counterweight helped keep the full arm more sturdy and balanced.

8  Conclusion
 
At the outset of this project the goal was to make a miniature robotic 
arm capable of picking up and moving small objects. This goal was fully 
achieved; the arm is quite functional and moves effectively in response 
to user joystick commands. There were, however, other nuances of 
the initial goal that were not achieved due to a lack of time. The first 
shortcoming was that there were no other attachments created for the 
end effector of the arm. The pincher works to pick up many objects, 
but initially it was intended that there would also be a vacuum pump 
and electromagnet added which would add to the number of objects 
that could be moved. The other main shortcoming was that there was 
not enough time to make the arm move more fluidly. This is the more 
troubling of the two shortcomings. The arm works and can pick up and 
move objects, but it is not easy to use. Getting the arm into a position 
where it can actually pick up a small object is difficult.
 
Despite these shortcomings, the project still was a worthy endeavor. 
Building the robotic arm helped reveal many aspects of robotics, 
design, and electronics. One aspect that seems to have particularly 
succeeded is the redesign of the main arm from Version 1.0 to 2.0. 
This upgrade was important in helping optimize the flow and usability 
of the arm. However, it required scrapping most of the work done 
through the first stage and starting over. In the end this cost paid off in 
increased functionality of the arm.
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9  Appendix

Arduino Code

#include <Servo.h> 
Servo myservo;
Servo myservo2;
Servo myservo3;
Servo myservo4;

const int VERT = 0; // analog
const int HORIZ = 1; // analog
const int SEL = 2; // digital

const int VERT2 = 3;
const int HORIZ2 = 4;
const int SEL2 = 5;

int pos = 90;
int servoVal = 0;

int pos2 = 90;
int servoVal2 = 0;

int pos3 = 90;
int servoVal3 = 0;

int pos4 = 45;
int servoVal4 = 0;
//int speed = 1;

// Also connect the joystick VCC to Arduino 5V, and joystick GND to 
Arduino GND.

// This sketch outputs serial data at 9600 baud (open Serial Monitor to 
view).
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void setup()
{
  // make the SEL line an input
  pinMode(SEL,INPUT);
  // turn on the pull-up resistor for the SEL line (see http://arduino.cc/
en/Tutorial/DigitalPins)
  digitalWrite(SEL,HIGH);

  // set up serial port for output
  Serial.begin(9600);
  
  //set up the servo
  myservo.attach(9);
  myservo2.attach(10);
  myservo3.attach(8);
  myservo4.attach(7);
}

void loop() 
{
//  int delay = 10;
  int vertical, horizontal, select;
  int vertical2, horizontal2, select2;

  
  // read all values from the joystick
  
  vertical = analogRead(VERT); // will be 0-1023
  horizontal = analogRead(HORIZ); // will be 0-1023
  select = digitalRead(SEL); // will be HIGH (1) if not pressed, and 
LOW (0) if pressed
  
  
  vertical2 = analogRead(VERT2);
  horizontal2 = analogRead(HORIZ2);
  select2 = digitalRead(SEL2);
  // print out the values
  



//  Serial.print(“vertical: “);
//  Serial.print(vertical,DEC);
//  Serial.print(“ horizontal: “);
//  Serial.print(horizontal,DEC);
//  Serial.print(“ select: “);
//  if(select == HIGH)
//    Serial.println(“not pressed”);
//  else
//    Serial.println(“PRESSED!”);
    
  if(select == HIGH)
  {
    servoVal = map(horizontal, 0, 1023, 0, 179);     // scale it to use it with 
the servo (value between 0 and 180) 
    servoVal2 = map(vertical, 0, 1023, 0, 179); 
  }

    servoVal3 = map(horizontal2, 0, 1023, 0, 179);
    servoVal4 = map(vertical2, 0, 1023, 0, 179);
  

/////strong servo
if (servoVal > 110)
  {
    if (pos < 180)
    {
      pos = pos + 1;
      delay(15);
    }  
  }
  else if(servoVal < 70)
  {
    if (pos > 0)
    {
      pos = pos - 1;
      delay(15);
     }  
  }
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   Serial.print(“servoVal1: “);
  Serial.println(servoVal);
   
 ////strong servo  
  if (servoVal2 > 110)
  {
    if (pos2 < 180)
    {
      pos2 = pos2 + 1;
      delay(15);
    }  
  }
  else if(servoVal2 < 70)
  {
    if (pos2 > 0)
    {
      pos2 = pos2 - 1;
      delay(15);
     }  
  }
  Serial.print(“servoVal2: “);
  Serial.println(servoVal2);
  Serial.println(pos2);
   
   //base rotating servo
//    Serial.println(servoVal3);

    if (servoVal3 > 100)
    {
      pos3 = pos3 + 1;
      delay(40);
    }
    else if(servoVal3 < 80)
    {
      pos3 = pos3 - 1;
      delay(40);
    }
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    else
    {
      pos3 = 90;
//    delay(5);
    }
     Serial.print(“servoVal3: “);
  Serial.println(servoVal3);
    
    
    
    //pincher micro servo
if (servoVal4 > 110)
  {
    if (pos4 < 90)
    {
      pos4 = pos4 + 1;
      delay(10);
    }  
  }
  else if(servoVal4 >10)
  {
    if (pos4 > 0)
    {
      pos4 = pos4 - 1;
      delay(10);
     }  
  }
    
    
    myservo2.write(pos2);
    myservo.write(pos);
    myservo3.write(pos3); 
    myservo4.write(pos4);

  }
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10  Notes

1. “uArm: Put a Miniature Industrial Robot Arm on Your Desk,” 
Kickstarter, accessed February 9, 2015, https://www.kickstarter.com/
projects/ufactory/uarm-put-a-miniature-industrial-robot-arm-
on-your.

2.  “What is an Articulated Robot?,” Wise Geek, accessed February 8, 
2015, http://www.wisegeek.com/what-is-an-articulated-robot.htm.

3. Delta Robot, photograph, Medical Design Technology, 
accessed February 8, 2015, http://www.mdtmag.com/product-
releases/2013/08/strong-improved-delta-robot-handles-100-
cycles-minute

4. SCARA Robot, photograph, Softpedia, accessed February 8, 2015, 
http://linux.softpedia.com/get/Science/SCARA-robot-100789.shtml.

5. “What is a SCARA Robot,?” Wise Geek, accessed February 8, 2015, 
http://www.wisegeek.com/what-is-a-scara-robot.htm.

6. “Cartesian Robots,” All On Robots, accessed February 8, 2015, 
http://www.allonrobots.com/cartesian-robots.html.
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