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Healthcare in a Time of Crisis: A Call for a
Systematic, Rational and Humane Response
to the Healthcare Needs of Syrian Refugees
in Lebanon and Jordan
Nika Kunwar
Introduction
Nearly a century after the war to end all wars, violence remains the
prerogative of statesmen, zealots and rebels, and renders disaster and
displacement for civilian populations. Since 2011, violence has been
omnipresent in the lives of Syrians and many have lost hope for a future without the terror of the Islamic State, civil war, and a life under
an authoritarian ruler. A civil war involving a tyrannical regime and
fanatical opposition has caused the most extensive surge of refugees
since World War II. Lebanon and Jordan are countries accommodating the most refugees; there are currently 1.6 million Syrian refugees
in Lebanon and 640,000 Syrian refuges in Jordan.1 Much of the news
reported on Syrian refugees covers those en route to Europe. While
the situation regarding refugees in Europe is a problem, countries
such as Lebanon and Jordan are accommodating more Syrian refugees
than countries in Europe, and have been involved in this conflict for
a much longer time. The countries that are currently accommodating
the most Syrian refugees are Turkey, Lebanon, Jordan, Iraq and Egypt.2
Countries that border Syria, such as Lebanon and Jordan, not only are
accommodating more refugees than any country in Europe, but are
also providing more immediate relief than the European countries that
have recently garnered the most media attention. The serious refugee
crisis in Jordan and Lebanon has not been brought to the world’s attention. Identifying and discussing refugee problems in these countries
could result in more international aid that is focused on the needs of
Syrian refugees in the Middle East.
This paper was written for Peter Brown’s Global Scholars Research
class in the spring of 2016.
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What, in fact, has become of the majority of Syrian refugees, who are
not traveling the huge distance to Europe, but rather to the nearby
countries of Lebanon and Jordan? What kinds of remediation have
proven effective for this traumatized population? Syrian refugees are
finding more permanent homes in the countries they are journeying
to, as the violence in Syria has no end in sight. If countries such as
Lebanon and Jordan are no longer merely providing temporary shelter,
one wonders about refugees’ access to longer term life necessities such
as healthcare. If Syria no longer looks to be a viable home to return to,
an important matter to investigate is the state of healthcare for Syrian
refugees in Lebanon and Jordan.
Many studies have discussed the shortcomings of the healthcare systems for Syrian refugees in Jordan and Lebanon; however, few have
presented a cohesive and comprehensive way to address these issues.3
An academic research study done by Abbara et al., for instance, discusses the lack of mental healthcare for Syrian refugees in Jordan, but
only give a vague solution to the problem by stating that it is uimportant to strengthen routine mental health programs that monitor
and evaluate the Syrian refugees.4 There is no set plan of action for
improving the mental health sector for refugees in Jordan. Similarly,
in a report by Médecins San Frontières, authors discuss how the high
costs of medical care in Lebanon make it nearly impossible for Syrian
refugees to access healthcare; however, the only call to action is for
national and international actors to make sure “money [is not]… an
obstacle to health for a population fleeing violence.”5 Details are not
included as to how different institutions should act in order to achieve
the goal set forth by the report. These studies have failed to explore the
success of healthcare programs in other countries that are in a similar situation, such as Turkey. Studies that compare successful health
remediation of refugee populations in nearby countries are curiously
rare, yet such studies might shed light on effective solutions to healthcare problems. International and national actors should learn from the
outcomes of programs that are implemented in other countries with
an abundance of refugees so that it is possible to build upon these
outcomes in the hopes of improving the healthcare systems for Syrian
refugees elsewhere. Through a systematic study of possible solutions,
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the various problems in the healthcare systems for Syrian refugees in
Lebanon and Jordan can be addressed.
In this paper, I will distinguish a refugee from a displaced person or
person on the move. This paper will primarily focus on the plight of
Syrian refugees; however, I do acknowledge that there are vast problems regarding the health of displaced people, even though I will not
be addressing them in this paper. As the subject is broad, it is necessary
to narrow the aspects of healthcare that will be examined in this paper.
While a few specialties such as psychiatry and obstetrics will be briefly
addressed, my main concern is general medicine and primary care.
The research question for this paper is: What are the systemic deficiencies of healthcare systems for Syrian refugees in Lebanon and
Jordan and what countries provide the most promising models for
replication? My thesis is that, while some believe that the building of
refugees camps for Syrians is paramount in providing healthcare for
these refugees, the granting of unrestricted access to medical care for
refugees, and the implementing of programs that allow Syrian medical
care providers to practice, are the most urgent remedies for improving
healthcare for Syrian refugees in Lebanon and Jordan. First I will provide relevant background information on the healthcare systems for
Syrian refugees in Jordan and Lebanon. Next, I will examine the rival
argument of prioritizing refugees camps. Then I will show the urgency
of the need for unrestricted access to healthcare for Syrian refugees.
Finally, I will reveal the importance of implementing programs to allow Syrian healthcare providers to treat Syrian refugees in their host
country, so that the refugee health crisis remediation can continue and
expand with minimal suffering.
State of Healthcare for Syrian Refugees in Jordan
Jordan is a developing country that is currently hosting the third
largest number of Syrian refugees.6 Scholars have differing opinions
of the state of Jordan’s healthcare system for Syrian refugees; some
believe that the system needs considerable improvements, while oth-
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ers believe the system is one characterized by success.7 Amjed S.
Al-Fahoum et al., argue that the health services provided to Syrian
refugees in Jordan are at a “fairly good level,” although they did not
give any details as to what the “fairly good level” compared.8 Through
field surveys of 120 Syrian refugees, the authors found that over 75%
of people reported insufficient healthcare, but after using an ordinal
probit model to analyze for confounding variables, they found that
the probability of someone with poor health to report inadequate
healthcare increased by 41.1%.9 This rise might be due to the fact that
Syrian refugees who have poor health blame the healthcare system for
not having the capacity to improve their health. The authors also note
that according to the World Bank, Jordan is “the number one health
care services provider in the Middle East and among the best in the
world,” and that Jordan has granted the refugees access to this worldrenowned healthcare in the midst of this crisis.10
What these authors fail to acknowledge is that the Jordanian government repealed free medical aid for the Syrian refugees in November
2014, and now the refugees in Jordan must pay the same costs for medical care that uninsured Jordanians must pay; this repeal was made
before the authors published their study. It is also not clear how the
authors came to the conclusion that the healthcare system in Jordan is
acceptable for Syrian refugees, as the data collected argues against their
claim that Jordan has the best healthcare system in the Middle East.
The conclusion the authors reach about positive healthcare provided
in Jordanian refugee camps is not supported by their evidence, as they
ignore a part of Jordanian legislation that would refute their claim.
A study in the International Journal of Health Planning and Access from
2016 confirms that conditions in Jordan have indeed deteriorated in
the recent past. These authors claim that while Jordan has provided
adequate care for Syrian refugee children in the past, the quality of care
has since declined due to recently lowered subsidies. After conducting
1,550 surveys of Syrian refugee “households,” they found that 90% of
families reported that they were able to receive medical care for their
children at the most recent time they needed it; the main reason for
not seeking healthcare services for a child in need was due to cost.11
Around 54.6% of the families looking for medical care for their child
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went to public facilities, while 36.5% sought care at private facilities and
the remaining families looked for care at charity and non-governmental organization facilities; the authors found statistically significant differences between costs of the medical care at these different facilities,
with the average costs highest at private facilities, and lowest at NGO/
charity facilities.12 By extrapolating from their findings, they were able
to estimate an average of 3.85 visits per child per year, which is within
the range of 2 to 4 visits provided by Sphere standards (an initiative to
improve the quality of humanitarian assistance).13 This suggests relatively good access to healthcare services for children who are Syrian
refugees. While the authors did find adequate healthcare services for
Syrian refugee children living in Jordan, they make the claim that the
quality of care has declined since the study was conducted. To a certain
degree, this can be explained by the fact that Syrian refugees no longer
receive the full food voucher support, and this means more money has
to be spent on food, rather than medical care. Because Jordan is struggling to manage the economic burden brought upon by the increasing
number of Syrian refugees, the country has had to reduce the accommodation given to the refugees. This forces Syrian refugees to find or
raise money to pay for their medical expenses, and limits their access
to quality healthcare.
A recent United Nations’ study both confirms and extends Doocy et
al.’s conclusions regarding the deteriorating healthcare conditions for
Syrian refugees in Jordan, distinguishing between access given to those
within refugee camps and those outside. In the Regional Refugee and
Resilience Plan 2016-2017 in Response to the Syria Crisis (3RP 201617), written by the United Nations High Commissioner for Refugees,
the authors observe that Syrian refugees living in camps in Jordan can
receive medical care free of charge, but if they are outside the camps,
they must pay the same cost for medical care as Jordanians who do not
have insurance.14 Mental health problems are some of the most prevalent among refugees due to their agonizing experiences.15 The 3RP
2016-17 also recognizes that Jordan has incorporated mental healthcare into their primary healthcare system, which is an important part
of healthcare for Syrian refugees, as the violence and trauma they have
experienced is likely to cause post-traumatic stress disorder and depression.16 While there are promising aspects of the Jordanian health-
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care system for Syrian refugees, the system is not strong enough, nor
comprehensive enough to successfully accommodate for the needs of
these refugees, and a multi-faceted plan must be constructed in order
to ensure the health of the Syrian refugees.
State of Healthcare for Syrian Refugees in Lebanon
Lebanon is also a developing country, much like Jordan, that is accommodating the second largest number of Syrian refugees. In contrast to
the evaluation of the Jordanian healthcare system, reports from relief
agencies agree on the status of the Lebanese healthcare system, asserting a common theme: it is in need of reform.17 Amnesty International,
for instance, criticizes the high prices the system charges refugees to
gain access to healthcare, and recognizes that one of the main priorities for Syrian refugees is to find access to healthcare while in Lebanon.18 The healthcare system in Lebanon is mostly privatized, which
makes it harder for Syrian refugees to gain access, due to the high costs
of medical care. The United Nations High Commissioner for Refugees
(UNHCR) does provide healthcare for the Syrian refugees, but they
must pay the fees of these private providers in order to provide the refugees access to healthcare, and the UNHCR is grossly underfunded. The
combination of the high cost of healthcare in Lebanon and the lack of
funds for the UNHCR makes it nearly impossible to provide adequate
healthcare for Syrian refugees. Public sectors that provide healthcare
in Lebanon declined in their capacity to serve the health needs of the
refugees by 45% between 2005 and 2011 because of the overwhelming
numbers of refugees entering Lebanon. They are no longer able to provide proper healthcare for Syrian refugees at low costs.19
The increasing demand for healthcare has made it impossible for
Lebanon to successfully provide healthcare for its refugee population.
Because of the skyrocketing costs of healthcare in Lebanon, many
people with chronic illnesses and cancer are not able to get treatment.
In some instances, refugees have turned to traveling back to Syria in
order to get their treatment because it is less expensive and sometimes
even free. A questionnaire sent out by the UNHCR reveals that 11%
of refugees travel back to Syria for the purpose of receiving medical
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care.20 Amnesty International criticizes the Lebanese government for
not having a national strategy to cope with the healthcare needs of its
Syrian refugee population. They also state their disappointment in the
global community regarding the low level of funding of relief for these
refugees, as there is an 83% shortfall in funding.21 For the international community, they recommend that countries provide meaningful
contributions to the UN Regional Response Plan, provide support to
Lebanon and other countries that are bearing the brunt of the Syrian refugees, increase their quotas for the number of Syrian refugees
they bring in to their countries, and offer other avenues for allowing
refugees into their countries such as work and student visas.22 While
Amnesty International does give the international community a general plan of action, there are no specifics given regarding the plan of
action for improving healthcare for Syrian refugees, even though the
organization highlights the urgency of addressing this problem.
An organization responsible for medical aid in Lebanon, Médecins
San Frontières (MSF), shares the same disappointment in Lebanon’s
healthcare system for Syrian refugees. MSF evaluated the status of
healthcare for Syrian refugees in Lebanon; while Lebanese authorities were making the effort to provide secondary and tertiary levels
of healthcare for refugees, the increasing numbers of refugees and the
lack of funding have made this near impossible. Ninety percent of the
people MSF interviewed said that the price of their medications was
the biggest barrier from getting medical treatment, and because the
unemployment rates for Syrian refugees in Lebanon is 50% for males
and 60% for females, these refugees are not able to cover their medical
costs long-term.23 The essential treatment needed is at a much steeper
cost in Lebanon than in Syria. In order to combat these issues, MSF
recommends that healthcare for these Syrian refugees be free of charge
in Lebanon.
With the increase of Syrian refugees in Lebanon, there has also been an
increase in birth rates among refugees. In a Conflict and Health article,
Benage et al. reported a study that analyzes the antenatal care for Syrian refugees in Lebanon. In this study, only 15.7% of the women surveyed reported having four or more visits for their pregnancy, 42.1%
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of women surveyed were not told about the various complications that
can arise in pregnancy, and 90.5% of women reported not receiving
their tetanus prophylaxis, which is a crucial vaccination for pregnant
women.24 The authors did find a relationship between the adequacy of
care, and the location of the camps, relative to the Syrian border; they
found that less adequate conditions for antenatal care were found in
camps closer to the Syrian border and in camps that had less secure
arrangements. Based on their surveys, Benage et al. found that only
1/3 of women has the access to adequate antenatal care, as characterized by the World Health Organization (WHO), because it was not
available. The WHO describes this as services that, at the very least,
provide blood pressure measurements and urine sample and blood
sample analyses for these women.25 The authors believe that access to
education, family planning, and contraception empowers the pregnant
refugees to make better decisions about their reproductive health. As
described by several authors, the healthcare system in place for Syrian
refugees in Lebanon requires reform and resources in order to provide
better care for these refugees. With the inadequate conditions of the
healthcare system for Syrian refugees in Lebanon and the deteriorating conditions of the healthcare system for Syrian refugees previously
described in Jordan, the question becomes, what is to be done?
Building Refugee Camps for Syrians
When Syrian refugees leave Syria in hopes of a better future, they leave
a life behind; many find their community and support systems disintegrate. Refugee camps can provide a sense of community for Syrian refugees who have left everything behind. In an article written by
graduate students at Yale University, the authors suggested that building communal refugee camps for Syrian refugees could improve their
health outcomes. In their report, they analyzed 34 studies and found
that a community-centric refugee camp has the potential to improve
healthcare, and also enhance support for mothers by creating a sense
of community and identity.26 The authors then proceed to discuss a
proposed design for refugee camps by looking to the Azraq Refugee
Camp, located in Jordan and built in 2014. This camp was built due to
the influx of Syrian refugees, but it is different than other camps because the planning for the camp took over a year, and the camp is con-
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sciously community-centric.27 The individual households, which are
built to be more permanent, are centered around a community center,
health center and food distribution center, and the camp includes an
outdoor street market, a Mosque, and playgrounds. In this camp, the
authors found a relationship between community resilience and the
health of mothers and their children; the community-centric environment also improved psychosocial outcomes.
Because the likelihood of Syrian refugees returning to Syria in the near
future is dwindling, more permanent refugee camps, such as the one
described above in Jordan, might be a good option for the refugees.
The community-centric model for refugee camps not only improves
the mental health of those living in the camp, but also makes it easier
for medical aid to be distributed to refugees in need. While this model
does look as though it could improve refugee camps for Syrian refugees, refugee camps should not be their only future. Syrian refugees
deserve to be integrated into society, rather than be isolated by refugee camps if these living situations are no longer temporary. A focus
on providing healthcare for Syrian refugees in refugee camps is undoubtedly important; however, the real need lies in healthcare for Syrian refugees who have since left camps, and are living in more urban
environments. In Lebanon, 63% of Syrian refugees are unregistered
with the government as they are living outside of refugee camps; these
refugees don’t have access to the aid provided by the UNHCR.28 In Jordan, 84% of Syrian refugees are living outside of refugee camps, where
they do not have access to healthcare aid by the UNHCR.29 Many Syrian refugees are moving outside of camps in search of work; in Jordan,
31% of households in Balqa, a governorate known for its agriculture,
previously lived in a refugee camp, but moved to work on farms.30 Refugees are now migrating outside of camps in order to build their own
lives, so refugee camps are now playing a less important role; this is
why there should be focus on the healthcare system for Syrian refugees
outside of camps. The healthcare system for Syrian refugees outside
of refugee camps should also be focused upon because, as a Doctors
Without Borders report showed, only 48% of unregistered refugees living outside of camps have access to free primary healthcare compared
to 72% of registered refugees living in camps.31
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In a study conducted on refugees in Sub-Saharan Africa, authors
found that urban environments were more conducive to better mental
and physical health, and environmental wellbeing than refugee camps.
Authors found significant differences in the scoring of various categories of satisfaction with health between refugees living in an urban environment and refugees living in refugee camps.32 Although this study
was not done with Syrian refugees, refugees in Sub-Saharan Africa are
fleeing their countries for reasons similar to Syrian refugees, war between government military and Islamist military groups. Refugees in
Sub-Saharan Africa have fled from neighboring countries, just as Syrian refugees have fled from Syria to Lebanon and Jordan. The situation
for both refugee populations is similar, and therefore this study could
be extrapolated to the Syrian refugee crisis in Lebanon and Jordan.
While this study may appear to support the claim that the conditions
in refugee camps should get priority focus from the international community, it actually supports the idea that healthcare for Syrian refugees
outside of camps should be the priority. A less isolated environment
than the camps is conducive to better health. Refugee camps should not
become permanent housing for Syrian refugees, as this maintains the
feeling of seclusion and isolation for refugees; there was a significant
increase, with a p-value of less than 0.001, in the satisfaction with living conditions between the refugees living in urban areas and the refugees living in camps.33 The study also shows that, ultimately, refugees
cannot be secluded from the rest of society in host countries; Syrian
refugees must be integrated with Lebanese and Jordanian populations
in order to ensure the refugees’ health and general wellbeing. If the
healthcare system in these areas is not strengthened to accommodate
more Syrian refugees, they will have no choice but to stay isolated in
refugee camps or do without access to necessary healthcare. Although
building refugee camps is important in the short term, the strengthening of healthcare systems for Syrian refugees outside of camps is more
urgent and more beneficial, in the long term, for both the refugees and
their host countries.
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Unrestricting Healthcare Access for Syrian Refugees
Medical expenses have proven to be one of the greatest barriers to receiving adequate healthcare services for Syrian refugees in Lebanon
and Jordan.34 For many Syrian refugees, healthcare services in Syria
came at little cost. Once they travel to Lebanon and Jordan, refugees
are no longer able to pay for their healthcare expenses, especially if
they have non-communicable diseases.35 In a report by Amnesty International, there are several stories of Syrian refugees who have struggled
getting proper care for their illnesses; in some cases, refugees actually
travel back to Syria in order to get more affordable treatment.36 Amal
is a Syrian refugee living in Lebanon; five years ago, she was diagnosed
with kidney failure, and her condition requires her to have dialysis
twice a week. In Syria, she was able to get treatment at no cost, but the
expenses she must pay in Lebanon are unaffordable. She told Amnesty
International, “I feel afraid to go to Syria, but I have no choice. I go every Monday and Thursday. It takes two and a half hours to go to Sham
[Damascus]... the treatment takes four hours. I can’t return the same
day so I sleep in a hotel... I do not know anyone there. When I leave
the hospital I feel dizzy and there is no one to assist me. I go alone to
reduce the cost.”37
While this story may indicate that people, such as Amal, are wealthier
than the rest of the Syrian refugee population because they have the
financial means to travel between Syria and Lebanon, it actually shows
the desperation of patients to access proper care. If these patients were
wealthy, they would be able to pay for the expensive medical care in
Lebanon, rather than having to travel back to Syria for treatment. The
cost for dialysis twice a week in Lebanon is US$200; Amal is unable to
pay this price, and “despite having to pay for a return trip from Lebanon to Syria, a hotel in Damscus, and an exit permit from Syria, she
saves [$33] per session.”38 Amal needs more tests on her liver, but she
is unable to pay for the examinations in Lebanon because the tests are
not covered by the UNHCR.
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A study published by PLOS ONE and completed by professors of public health at German universities, found that the cost of excluding refugees from healthcare is actually greater than the cost of granting them
regular access to healthcare.39 The legal restrictions on access to healthcare for refugees lead to delayed care, which can then increase costs of
care and administrative work; it also shifts the care from less expensive
primary care to more expensive secondary and tertiary care.40 Primary
care is usually the first point of consultation, the general physician.
Secondary care is more specialized, and patients are usually referred to
secondary care physicians by primary care physicians. Tertiary care is
the most specialized and the most expensive, only employed when advanced medical care is required. Because refugee patients are forced to
wait for medical care due to restrictions and a lack of financial means
to pay, their conditions often worsen while they wait and require more
specialized attention than if they were treated promptly. The authors
of the German study attribute their findings to the idea that if refugees
have limited access to healthcare, they will only seek out care when
their malady becomes precarious; this makes their care much more
costly than if they were to solicit care earlier, when their ailment was
more easily treatable. Removing the restrictions on healthcare access
for Syrian refugees could make them more inclined to visit the doctor
before their ailment became dire. By waiting to receive medical attention, Syrian refugees also pose as a risk to the health of citizens in their
host country. For example, in Turkey, the rate of polio and measles
vaccinations is 98%, and there have been no confirmed cases of either
disease since 2011.41 However, the population of Syrian refugees arriving in Turkey has a lower vaccination rate, and this has led to a subsequent increase in cases of these preventable diseases among Turkish
residents; similar cases are seen in Jordan and Lebanon. By providing healthcare for Syrian refugees in Jordan and Lebanon, the public
health risk of the refugees would decrease, and the cost of medical care
for these refugees would also decrease. In a Lancet article written by
a member of the WHO, a professor at the London School of Hygiene
and Tropical Medicine, and a professor at the Karolinska Institutet in
Sweden, the authors reference the German study in order to refute the
claim that granting universal healthcare to refugees increases healthcare expenditures, and to argue that “poor access to healthcare services
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interacts with discrimination and limited social rights thereby reinforcing exclusion as a root cause of ill health among refugees.”42
The PLOS ONE study’s counterintuitive conclusion that universal
healthcare coverage actually costs less than alternatives is based on
their comparisons of different groups of refugees in Germany. The
relative difference in per capita expenditures by the host country for
medical expenses between the group of refugees with restricted access
to healthcare and the group of refugees with regular access to healthcare was calculated by first determining the incident expenditure for
each group. This was done by dividing the total expenditures by the
government of the host country on the group by the population of the
group. After the incident rates for both groups was calculated, the relative difference in rate of expenditures between them was calculated by
dividing the incident rate of the refugee population with restricted access to healthcare by the incident rate of the refugee population with
regular access to healthcare. If the number were less than one, it would
mean that the rate of expenditures for refugees with restricted access
to healthcare was lower than the rate of expenditures for refugees with
regular access to healthcare. If the number was greater than one, it
would mean that the rate of expenditures for refugees with restricted
access to healthcare was greater than the rate of expenditures for refugees with regular access to healthcare. The authors of the study found
that the relative difference in rate of expenditures between the two
populations was 1.39.43
This data suggests that restricting access to healthcare for refugees
benefits neither the refugees nor the institution paying for their healthcare, whether it is a government, hospitals or NGOs. On the contrary,
open access to healthcare benefits refugee populations, as wells as the
host societies, including the governments, hospitals and NGOs. The
conclusions of the PLOS ONE study are confirmed by the experience of
Turkey, where primary healthcare services are provided free of charge
for Syrian refugees who are registered with the government.44 This has
removed the burden of medical expenses for Syrian refugees who have
arrived in Turkey in search of a more stable future. Lebanon and Jordan should, as Turkey has, provide unrestricted access to healthcare
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for Syrian refugees. As shown in the German study, this would decrease the countries’ expenditures on healthcare for Syrian refugees;
however, I do acknowledge that it would also have the effect of attracting more immigrants.
While Lebanon and Jordan ought to provide essential healthcare services for Syrian refugees, free of charge or at a minimal cost, there is no
denying that allowing Syrian refugees unrestricted access to healthcare
is a financial burden. Although Turkey has been able to provide its
Syrian refugees with unrestricted access to healthcare, the country has
felt a sizable effect on their economy because of this.45 The average cost
per admitted patient in Turkey is 3,723 Turkish liras, which is equivalent to approximately 1,270 US dollars.46 Because Turkey has a stronger
economy than Lebanon and Jordan, it becomes even more imperative
that the international community supports the efforts of the Lebanese
and the Jordanians to provide unrestricted access to healthcare for Syrian refugees. Without international aid from countries like the United
States and the United Kingdom, Lebanon and Jordan will founder
when trying to provide healthcare for Syrian refugees, and thus, there
will be no hope that these countries will provide the unrestricted
healthcare needed so that Syrian refugees are ensured a healthy future.
Implementing Adaptation Training Programs for
Syrian Healthcare Providers
The language and cultural barrier between doctors working with refugees, and Syrian refugees themselves has proven to be yet another
obstacle in the realm of healthcare for the refugee population.47 The
lack of trained personnel renders another obstruction when providing healthcare services to Syrian refugees. While the official language
in Syria, Lebanon and Jordan is Arabic, many Syrian refugees speak
Kurdish or different dialects of Arabic; this can lead to a lack of communication between doctors and Syrian refugee patients.
In a study done to evaluate the impact of the language barrier between
Hispanic, Spanish-speaking patients, and doctors who speak English,
it was found that the understanding of side effects of medication and

THE MENLO ROUNDTABLE		

15

the satisfaction with medical care were significantly decreased when
compared to a control group of Hispanic, English-speaking patients.48
While this study was not conducted among Syrian refugees, many of
the Hispanic patients in this study are immigrants, much like the Syrian refugees. The situations are not equivalent, however the findings
from this study can be applied to the plight of the Syrian refugees when
it comes to communicating with doctors from other countries. Patient
satisfaction decreases when there is a language barrier, as found in
the study, and this could be applied to the circumstances of the Syrian
refugees. Language barriers for Syrian refugees could lead to a lack of
communication between the doctors and refugees, and a decrease of
visits to the doctor by refugees because they do not believe the healthcare system is adequate.
Another obstacle is the cultural barrier between Syrian refugees and
doctors who are treating the refugees in other countries. Karen Haboush, a Professor at the Graduate School of Applied and Professional Psychology at Rutgers University, claims that one of the biggest
cultural differences between Lebanese and Syrian people is that the
Lebanese tend to identify more with the Western and Christian world,
whereas Syrians tend to identify more with the Arabic and Islamic
world.49 Eighty-seven percent of Syrians are Muslim, while only 27%
of the Lebanese people are Muslim; Christianity also prevails in Lebanon, as 40% of the population identifies as Christian.50 Haboush adds
that many Lebanese people have moved away from their Arabic ancestry, while most Syrians have not.51 Religious and cultural differences
between Syrian refugee patients and Lebanese doctors could result
in tension between the two parties. In another report analyzing tensions that have arisen between Jordanians and Syrians, authors found
that the competition for resources and cultural differences were points
of friction. In the relationship between a Jordanian doctor and Syrian refugee patient, if either party felt tensions with the other, the care
could be substandard; patient-doctor relations play a paramount role
in the success of the appointment and treatment.52 While it may be the
case that with most healthcare providers, the relationship with patients
remains civil, having programs to integrate Syrian refugee healthcare
providers would eliminate many of the cultural differences that would
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otherwise be found, increase the number of healthcare providers and
would provide Syrian healthcare workers meaningful work.
After an evaluation of the Turkish healthcare programs for Syrian refugee, Sahloul et al. acknowledged that the hospitals providing medical
aid to refugees lacked the ability to compensate for the language and
culture barriers and suggested that that Syrian physicians should work
as healthcare providers within the Turkish healthcare system.53 The
WHO, along with Gaziantep University and the Turkish Ministry of
Health, started the first Refugee Doctor Adaptation Training in Turkey. This has helped with the shortage of staff, as well as the language
and cultural barriers that was previously encountered by the Syrian
refugee patients. This program trained 25 Syrian doctors in 2014 to
help treat Syrian refugees and planned to expand in order to train 175
doctors in 2015, and 50 nurses through the Refugee Nurse Adaptation
Training.54 Many of the Syrian refugees are well-educated healthcare
providers, but they are not able to work in surrounding hospitals because they are not licensed to work in the country’s healthcare system.
If these Syrian doctors and other healthcare providers were to be a part
of an expedited program to license them in the new country, it would
help to eliminate the language and cultural barriers that are otherwise
found between patients and doctors. The lack of healthcare personnel
would also be ameliorated if Refugee Healthcare Provider Adaptation
Training Programs were implemented in Lebanon and Jordan. If the
refugees visited the doctors before their health problems became desperate, the expenditures of the hospital on the refugees would be reduced. The longer a refugee waits to be treated, the more expensive the
treatment becomes; it is better for the refugee to come in when their
condition is under control, rather than when it becomes unmanageable. As previously discussed, the program would also help to reduce
the public health risk of the Syrian refugees. Because the trainees are
already certified healthcare providers, this program would be at a negligible cost for the Lebanese and Jordanian governments, along with
NGOs partnering with them, which is important because of the severe
underfunding of both institutions.
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Conclusion
The healthcare systems for Syrian refugees in Lebanon and Jordan have
room for improvement. While many papers have discussed the various
shortcomings of these two systems, few have written about detailed
solutions to improve the healthcare systems for Syrian refugees in both
countries. The lack of healthcare personnel to treat Syrian refugees in
Lebanon and Jordan and the unaffordable cost of medical services for
Syrian refugees in these two countries have contributed to the shortcomings of healthcare provided to refugees. Although building refugee
camps remains important in the realm of accommodating Syrian refugees, the real need lies outside of the camps. Because refugee camps
cannot become permanent housing for Syrian refugees, it is most important to focus on healthcare outside of refugee camps. Specifically,
unrestricting access to healthcare for Syrian refugees and implementing adaptation-training programs for Syrian healthcare providers in
Lebanon and Jordan are two of the most urgent measures that must
be taken in order to ensure the health of Syrian refugees. Both of these
solutions are also cost saving for the host countries.
The Ministry of Health in Turkey, in coordination with the UNHCR,
has provided free primary care for Syrian refugees, and has started a
program to adapt Syrian doctors and nurses into the Turkish healthcare
system, so that they can treat Syrian refugees themselves. This has improved the burden of high medical expenses for Syrian refugees, as well
as combated the language and cultural barriers found between Syrian
refugee patients and their doctors. Both the unrestricted healthcare access and the adaptation-training program in Turkey should be looked
to as models for the improvement of Lebanese and Syrian healthcare
systems for Syrian refugees. However, in coordination with these two
improvements, the international community must financially support
Lebanon and Jordan in their commitment to providing quality healthcare for Syrian refugees, as this is an economic burden for both these
countries. Because this refugee crisis is a global predicament, not just a
problem for the countries surrounding the crisis to solve, the international community has an obligation to help countries that are accommodating the most refugees.
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There is a moral obligation that drives the arguments in this paper; it
is wrong to let people suffer. However, there are other reasons that the
issues discussed in this paper should be acted upon beyond the moral
argument. Syrian refugees may pose as a public health risk to citizens
of host nations, as previously described. If they do not have proper access to healthcare, they could spread illnesses to people in their host
country. A public health crisis in Lebanon and Jordan would also add
to the instability of the region. The United States and Europe both have
an interest in the stability of this region because this region is significant
economically and politically. There is self-interest for both the United
States and Europe to help maintain the stability in Jordan and Lebanon
through supporting healthcare for Syrian refugees, as they rely on this
region for oil. In addition, if Lebanon and Jordan do not secure a healthcare system for Syrian refugees, the refugees will have to start traveling
elsewhere. This could put more pressure on the United States to take in
more Syrian refugees, which is an idea that many people reject. A final
concern is even broader. If the lack of infrastructure of the healthcare
systems for Syrian refugees in Lebanon and Jordan is not addressed,
the economies of both these countries could collapse because of health
crises; this would then affect the world’s economy. The international
community needs to assist with these remediation efforts because of the
consquences of the humanitarian and economic impacts. The urgency
of addressing the problem of healthcare for Syrian refugees in Jordan
and Lebanon is increasing, and should be placed at the forefront of national and international efforts to alleviate this crisis.
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Nativism from Disarray: Evaluating the
“Know Nothing” Legislative Success of 1854
P. J. Frantz
Nativism has long played a pivotal role in American politics. Despite
the fact that the United States is a country founded upon immigrants,
xenophobic tendencies have resurfaced again and again throughout
American history. Nativist crusades in American politics, from the
second rise of the Ku Klux Klan in the 1920s to the restriction of German-Jewish immigration during World War II to Donald Trump’s antiMuslim rhetoric today, trace their roots back to the original nativists:
the “Native American” Know Nothing party of 1854. Called so because
when asked about their secretive meetings the members would respond saying they “knew nothing,” the party emerged onto the American political scene upholding nativist ideals that discriminated against
immigrant minorities, specifically Irish Catholic immigrants. Amidst
the uncertain and turbulent times preceding the American Civil War,
the Know Nothing party experienced an unexpected and monumental
rise to power, dominating the 1854 legislative elections at both State
and Federal levels. It was an undeniably powerful movement that took
the nation by storm and disappeared soon after into the political void
from which it came. The reason for this nativist success has long been
a point of contention between historians.
Many historians argue that it was the increase of Irish Catholic presence in America that caused the Know Nothing message to resonate
particularly well with the American people. Stanford History Professor
Carl Fremont Brand is one such historian. Brand ascribes the movement’s success to the increase in Irish immigration and growing influence of the Catholic Church. According to Brand, the Know Nothing
order was able to come to prominence by capitalizing on the rising
levels of Irish immigration and their prominence in Northeastern life.
Brand supports his claims with a wide variety of sources citing many
This paper was written for Charles Wetherell’s Advanced Placement
U.S. History class in the spring of 2016.
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pieces from the 1850s expressing anti-Catholic ideas and empirical
data from the time.1 However, Know Nothing expert and Professor of
History at George Washington University, Tyler Anbinder, disagrees.
While Anbinder acknowledges that nativist sentiment did play a role
in the Know Nothing victory, he attributes the overwhelming Know
Nothing success to the unstable political environment, specifically the
collapse of the Second Party System. Anbinder draws from a broad set
of evidence for his claims, relying primarily on over-arching political
analyses and well-chosen quotes. According to Anbinder, the fall of
the Second Party System provided uncertain and impressionable voters from which the Know Nothings could draw, allowing them to succeed where past nativist groups had foundered.2
The two assertions stated above are generally where most historians
fall when analyzing the Know Nothing success. And while it is true
that both of these factors likely played an influential role in the Know
Nothing success, a comprehensive study of the period seems to suggest
that Brand was correct in his assertion that the increasing Catholic
presence in America was the driving factor behind the Know Nothing success. Anbinder’s argument, while still valid, fails to appreciate
the impact, or at least perceived impact, of Catholicism on the average
American in his sweeping assessment of American nativism. Specifically, the combination of an increased Catholic immigrant presence
in America and a supposed increase of social and political Catholic
influence in the lives of Americans are likely what brought the Know
Nothing party to such great political heights.
The Know Nothing Political Persuasion
Anbinder’s argument, that the astonishing nativist success was due to
the collapse of the Second Party System, does hold some merit. The fall
of the Second Party System brought down the Whig party and greatly
weakened the Democratic and Free-Soil parties, both of which helped
increase the amount of potential nativist voters. The change in Congressional party membership in 1854 plainly illustrated this development. Whig membership in the House dropped from 71 to 0 between
years 1852 and 1854 while Democrat membership dropped from 157
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to 83. Simultaneously, the Know Nothing party jumped into existence,
rising from 0 to 51 seats in the House. A near identical shift occurred in
the Senate. While the former Whig members split between the Know
Nothing party and the catch-all Opposition party, it is clear that the
Know Nothings gained their entire political body from former Whig
and Democratic members, and could not have done so had the Second
Party System not fallen.3 The Massachusetts governor race of 1854,
perhaps the greatest Know Nothing state success in 1854, showed a
similar shift. In 1853, the Whigs clinched governorship victory with
46% of the vote, compared to 27% for Democrats and 22% for Free
Soilers. In 1854, however, the Know Nothings emerged victorious with
a decisive 63% of the vote, compared to 21% for Whig, 11% for Democrat, and 5% for Free Soil.4 The remarkable Know Nothing success was
made possible because of the newly available voters, which in turn was
made possible by the end of the Second Party System.
The actual political sentiments that drove these newly unaffiliated
voters to the Know Nothings are more complicated. For one, general
discontent with the political establishment led many voters to pursue
the relatively new Know Nothings, who were not tied to said establishment. This frustration manifested itself in the Barre Patriot’s 1855 news
article “The Aspect of Parties.” The Barre Patriot clearly explained how
Americans were frustrated with the incompetence of the “three great
parties: Whig, Democrat, and Free Soil,” and how “American citizens
were losing their rights” so “something must be done.” The article then
described Uncle Sam bringing the Know Nothings into existence during this “propitious time” to help the many dissatisfied Americans who
were “glad of a good excuse for throwing off the old party bonds.”5
The Barre Patriot’s apt description of the nativist rise directly reveals
anti-establishment ideals as a key factor in many Americans minds
when moving to the Know Nothings. The Pittsfield Sun, Boston Bee,
and Springfield Republican all agreed. These sources described the
Know Nothings as an “insurgency” of politically “repressed” groups
“against the domineering spirit of political managers.”6 America in the
1850s contained a palpable spirit in the air pushing those “itching for
something new” away from the “old fogy” politicians of the past and to
the Know Nothings.7 Clearly, many Americans were at least partially
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driven to the Know Nothings because they were not considered part of
the established political system; they were entirely new.
The appeal of the Know Nothing Party was further compounded by
incensed groups of former Whigs who desired to sever all ties with the
Whig Party. With many former Whigs still deeply opposed to the Democratic opposition, the nativist cause became a very appealing nonWhig alternative. In many respects, the move away from the Whigs derived from the controversy over whether or not to condone slavery. So
when the Whigs finally fell, largely because of their inability to address
the slavery issue, many anti-slavery Americans saw the Know Nothings
as a new vehicle for their movement. As Minister William C. Whitcomb
explained, many supported the Know Nothings because they were under the impression that “it would help the Anti-Slavery cause.”8 Because
the slavery question was becoming such an influential topic in 1854
(just six years before the secession of the South), its ties to the Know
Nothings, elucidated here by Whitcomb, surely helped attract some voters. In another respect, however, the Know Nothings also drew many
former Whigs, unwilling to join the Democratic opposition, into their
party simply by default. The 1854 article “Know Nothing Prospects”
from the Weekly Herald concurred with this conclusion. The article described how some voters joined the order because of “a general distaste”
for those “usually found in the democratic ranks.” The Weekly Herald
substantiated their claim by adding that political movements and their
durability are determined by their “moral and philosophical character,”
and that because of this the nativist movement would be short lived.9
In other words, the Weekly Herald assessed that a short-lived Know
Nothing leadership would suggest its triumph was founded on fleeting
political ties rather than deep-seated nativist convictions. Because this
is precisely what occurred following the Know Nothing success (the
Know Nothing party lost all congressional support by 1860), it would
seem that the Know Nothing success was made possible simply because
of the fall of the Whigs and not because their nativist rhetoric resonated
particularly well with Americans.10 If it had, according to the Weekly
Herald, the Know Nothings would have lasted longer. Charles Francis
Adams Sr., grandson of John Adams, goes a step further than the Weekly Herald, postulating that the nativist success was helped not just by

THE MENLO ROUNDTABLE		

31

a default from former Whigs to the next most-promising Democratic
alternative, but by a specific “zeal to beat the Whigs.”11 These various
ideas were all present at time of the 1854 elections and provided unmistakable rationales to cast a vote for nativism.
All this would suggest that the Know Nothings simply could not have
drawn such large support without the fall of the Second Party System;
it gave the Know Nothings a greater body of voters to draw from, and
provided several political reasons to join them. However, because the
Know Nothings were such a distinctly nativist party, it is unlikely that
many Americans joined the cause simply for political reasons. So while
political factors evidently assisted in the success, the perceived increase
in Irish presence and power was more likely to be the crucial motivating
factor that brought so many voters into the Know Nothing movement.
Rise of The Catholic Conundrum
One of the most important factors in the push towards the nativist
movement was an observed increase in the immigration of Catholics. These observations were not unfounded; immigration to the
U.S. increased steadily throughout the 19th century. In the early 1800s
roughly 100,000 immigrants entered every decade. From 1830 to 1840
immigration rose to 762,369; then to 1,521,850 in 1840-1850; and to
1,801,000 between 1850 and 1854.12 Of these immigrants the vast majority were Catholics, who accounted for 49% of immigrants in the decade 1841-1850.13 Indeed it is true that the Industrial Revolution and
America’s expanding economy attracted immigrants of all religions to
the United States. However, several circumstances specifically forced
Catholic populations away from their homeland to America. The Irish
Potato Famine of 1845 drove more than 1.5 million Irish, an overwhelming majority of whom were Catholic, to the United States. The
Revolutions of 1848 in Germany, which also contained a large Catholic
population, brought many Germans to the U.S., further contributing
to the drastic increase in American Catholic population.14 Moreover,
these incoming Catholics were widely observed and even disdained
by many Americans. As early as the 1830s many were commenting
on the growing Catholic immigrant population, as reported by writer
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and scientist Samuel F. B. Morse, developer of Morse code, in 1835:
“It is a fact that the greater part of the foreigners in our population is
composed of Roman Catholics.”15 This sentiment only grew as the volume of immigration increased. The illustration “Irish Immigration,”
featured in an 1850 edition of The Illustrated London News, perfectly
encapsulated the image of massive amounts of immigrants piling on
British ships for the Americas (see Appendix A). Articles and drawings describing the extent of Irish immigration were widely circulated
around the United States.16
With this rise in notoriety came a simultaneous rise in the negative connotations associated with Catholic immigrants. In addition to showing
a massive amount of immigrants, the above mentioned illustration
shows a characteristically dirty, poor, and uncivilized group. Likewise,
in his pro-Know Nothing book entitled The Sons of the Sires of 1855,
Protestant Minister Frederick Rinehart Anspach described the rise in
Irish immigration as the “many recent arrivals of foreign criminals and
paupers.”17 Historian Carl Fremont Brand echoed this idea by asserting
that “the pauper and criminal element among the immigrants was believed to be large.”18 While it is true that many of these immigrants arrived to America with little money and little education, the perception
of the Irish became a caricature; that of a vulgar, dirty, and uneducated
Irish Catholic. Cartoons like Frederick Opper’s “Puck’s Gallery of Celebrities. The King of A-Shantee” pictured the increasingly common
Irish stereotype of a lowly, primal man (see Appendix B).19 This image
of Irishmen was further reinforced throughout society; job openings
specifically discriminated against Irishmen with the prevalent catch
phrase “No Irish Need Apply.” The popular drinking song of the same
name propagated the idea of a violent, savage Irishman and established
the cultural precedent of anti-Irish prejudice.20 Nativist John P. Sanderson’s statistical piece “Adverse Views on Foreign Immigration” analyzing incoming immigration further validated Irish inferiority: “It thus
appears that of the 2,244,625 foreign-born population in the United
States at that time, 1 of at least every 33 was a pauper […] while of the
19,979,563 native-born, including the free colored and those returned
as of unknown birth, only 1 of every 300 was thus a charge on the
public.”21 As a result of this social and economic Irish prejudice, their
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social status plummeted. By the election of 1854 many considered the
Irishman as inferior to the average American as an African slave. Opper’s cartoon, referenced previously, hinted at this by referencing both
the poor shanty towns many Irish immigrants lived in as well as the
Ashanti nation in Africa with the title “The King of A-Shantee.”22 A
popular saying at the time reiterated the low social status of the Irish.
The saying described a slave joking that “my master is a great tyrant, he
treats me as badly as if I were a common Irishman.”23 Clearly, a deepseated prejudice and hate for Irishmen came about from the increase
in Irish immigration. This prejudice established their reputation as inferior beings, a reputation which was only worsened by their restricted
economic opportunity.
With the rising image of the poor, dirty, and menial Irishmen came notions of a developing Catholic faction in the United States. The Berkshire
County Whig recounted the twenty new Catholic bishops, the hundreds
of new churches, and the thousand new Catholic priests in their 1844
article “Fear of ‘Popery.’”24 Similarly, Know Nothing writer Thomas R.
Whitney, quoted by historian Carl Fremont Brand in his history of the
Know Nothing party, described how between 1808 and 1855 the number of Catholic bishops increased from 2 to 40, Catholic priests from
68 to 1,704 and Catholic churches from 80 to 1,824. Whitney further
estimated that the number of Catholic adherents grew from essentially
0 in 1808 to 2,500,000 in 1851.25 While it is certainly possible that Whitney’s estimates are somewhat off, considering his nativist bias, claims
like these were certainly present at the time and created uneasy feelings
throughout the country. “We have cause for alarm at the rapidity with
which Popery has spread in this country,” declared the Berkshire County
Whig in direct reference to this growing unease.26
These negative impressions of a massive growth in immigration and
Catholicism, which many Americans felt during the 1800s, set a crucial
foundation for the Know Nothing party. While it did not specifically
drive voters to the Know Nothing party, the perceived increase of IrishCatholic influence in politics and society was critical in setting the stage
for the factors that would ultimately draw voters to the Know Nothings.
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Growth of the Immigrant Influence
The massive increase in immigration during the 1850s created a substantial Catholic population in the United States. And with the growing racism and prejudice against this population came the idea that
Catholicism presented a real danger to the American people. Many saw
Catholicism encroaching upon American politics, American social life,
and their own Protestantism. Catholicism became viewed as the very
embodiment of an anti-America, a threat to everything America stood
for. “A stealthy foreign hand has framed to strangle the foster-mother
that shelters and nourishes those outcasts who fled to her bosom for
protection,” described a Know Nothing supporter in 1855.27 It is from
these sentiments that the nativist movement emerged. It began with
the simple goal of first protecting native American culture, and second
aggressively countering the supposed dangers these immigrants presented by disenfranchising and discriminating against them. These are
the ideas that built the Know Nothing party and allowed it to garner
such a wide following in the legislative elections of 1854.
Protestantism is as much engrained into American culture as nativism.
The very first settlers in America were Protestants seeking religious
freedom. Protestantism shaped the very fabric of our America and constituted the dominant religious force throughout the 1800s. So it is not
surprising that a growing body of Catholics, with 2.5 million new adherents following a single Pope, was seen as a threat, even an assault, on
the Protestant religions.28 As early as the 1830s Americans were warning others of a supposed anti-Protestant Catholic conspiracy. “It is a fact
that […] a society was organized in the Austrian capital, called the St.
Leopold Foundation, for the purpose ‘of promoting the greater activity
of Catholic missions in America’” explained Samuel Morse in 1835.29
This fear of a Catholic attack only grew in the years leading up to 1854.
The Berkshire County Whig affirmed in 1844 that “the subjects of the
Pope” make “a bon-fire of the Bible.”30 Later in 1855, nativist Frederick
Anspach in his Know Nothing support piece, The Sons of The Sires, explained how “for a number of years there have been systematic, but in
many instances veiled efforts made, to […] weaken and ultimately de-
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stroy the Protestant element in our country.”31 Likewise, cartoons warning the public of the Catholic danger, such as “The Propagation Society”
by Louis Maurer, became fairly common (see Appendix C). Maurer’s
cartoon depicted a group of Catholics reaching the shore of America,
stepping out aggressively, sword in hand, vowing to conquer the land,
“burn up” the Bible, and “take charge of [America’s] spiritual welfare.”
The cartoon even personified the Know Nothing cause through the figure of Uncle Sam by placing him leaning confidently against the American flag “determined to ‘Know Nothing’ but [the Bible]” and ready to
defend the native religion from those who wish to destroy it.32 It was
this image of a Catholic attack on Protestant America that fueled such a
momentous fear of Catholic political power. It is also worth noting that
several circumstances confirming Catholic attacks on Protestantism
greatly strengthened the nativist call. Anspach referred in The Sons of
The Sires to one such case, the well-known imprisonment of the Madiai
family of Italy in 1853 for reading a Protestant Bible. Anspach captured
many Americans’ views of the event in his description of the “oppressions” of the “hapless family, for no other crime than that of reading the
scriptures.”33 As Anspach eloquently illustrated, many Americans heard
of this deliberate Catholic repression of Protestant beliefs and began to
fear that it could be a real possibility in the United States. An additional
compounding circumstance was the adoption of these Anti-Protestant
claims by many Protestant clergymen, either to preserve Protestant beliefs or maintain a popular following in the face of the looming Catholic
faith. Whig politician Edward Everett echoed this in his letter to Mrs.
Charles Eames saying that “our orthodox religionists generally [favored] the organization,” and thus propagated their nativist message.34
These worries of Catholic religious attacks and their reinforcement
from Protestant religions encouraged many Americans to fight for their
religion and congregate under the wing of the Know Nothings.
The threatening influence of Catholic immigrants was also seen by
many in the various controversies and bouts of violence that had followed them throughout their time in America. Perhaps the greatest example of this “riotous conduct” were the Gavazzi Riots of 1853, which
occurred just one year before the nativist victory.35 Italian Alessandro
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Gavazzi, former Catholic priest, visited the extremely Catholic Quebec
in 1853 to deliver a series of talks advocating against Catholicism. Gavazzi’s talks incited heated debates, multiple riots, one of which resulted
in the deaths of 11 demonstrators, and a widespread fear of Catholic
violence. Other events similar to this, in which Catholic tensions resulted in sudden violence, appeared throughout the 1800s. The Cincinnati Riots of 1853 that killed a demonstrator and arrested 60 others, the
repeated gang violence between Irish gangs and nativist gangs in New
York City (which would later culminate in the infamous 1857 “Dead
Rabbits Riot” popularized in Martin Scorsese’s film Gangs of New York),
and the already well-founded stereotype of the violent Irishman all reinforced the association between Catholicism and violence in America.
The Weekly Herald clearly described this in an article entitled “Know
Nothing Prospects. ” The Cincinnati Riots, “excited a good deal of angry feeling; the Gavazzi riots bred a deep dislike to Catholicism; occasional, and we must say not infrequent, instances of Irish riots must
have awakened a strong sentiment of hostility to the offending race.”36 It
was this “hostility,” this worry about Catholic violence, that convinced
many Americans to oppose the influence of Catholicism by actively
working against them through the Know Nothing party. Furthermore,
these controversies, while certainly a cause for American paranoia of
Catholic violence, were greatly amplified by the increase in immigration at the time. Catholic immigrants had branched out into smaller
towns, causing exposure to Catholicism, and thus fears of Catholic violence, to reach deeper into the nation and not just in the large cities
where immigrants had previously been concentrated.37
However, perhaps the greatest threat that the immigrant populations
presented to Americans was their influence on politics. Factually
speaking, by the 1850s Democratic politicians had noticed and taken
advantage of the newly available immigrant demographic. Candidates
would often cater heavily to the Irish immigrant population to gain
their many votes; Catholics are estimated to have cast as many as a
quarter of a million, or 15%, of the votes in the elections of 1852.38
And this catering did not go unnoticed. Anspach, in support of the
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nativist cause, explained that if “the Catholics would support [a candidate] with unanimity, he was considered worthy to bear the standard
of the party.” Catholicism, Ansbach claimed, “has made and unmade
governors, legislators, and Presidents.”39 Similarly, the fact that “Roman Catholic priests have interfered to influence our elections” was
commented upon endlessly by Morse.40 The Berkshire Whig concurred,
stating that “Romanism interferes with our elections, attempts to control our politicians.”41 The ubiquitous claims of Catholic political influence explicitly recounted here seemed to come to fruition in the
eyes of many Americans with the highly controversial appointment
of Catholic James Campbell to the U.S. Cabinet by president Franklin
Pierce in 1853.42 However, these evident political fears of Catholicism
became so influential because of two other key considerations. For
one, Catholics tended to be fairly liberal in their views, such as their
general opposition to the temperance alcohol movement of the 1850s.
For more conservative voters, a difference in specific political beliefs
with Catholics were an appealing political reason to oppose the spread
of Catholicism.43 More importantly, however, Catholicism had a wide
reputation for authoritarianism, as its hierarchy with a single leading
figure, the Pope, seemed to hold all power. Because this contrasted so
starkly with America’s hallmark values of freedom and democracy, the
idea of Catholicism’s influence in politics was seen as especially destructive. “Popery is opposed in its very nature to democratic republicanism; and it is, therefore, as a political system, as well as religious,
opposed to civil and religious liberty, and consequently to our form of
government” described Morse in his nativist piece.44 All in all, these
circumstances created a large appeal for a nativist cause, an appeal that
the Know Nothings capitalized on. A speech by House representative
and future Know Nothing leader Lewis C. Levin perfectly encapsulated the sentiments at the time by describing the “danger of subversion
by the influx of that horde of aliens who combine to break down its
barriers that they may command in the citadel.”45 Undoubtedly, worries of a Catholic rise in the political system pushed voters into the
Know Nothing fold.
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A Nation Dividing
A comprehensive analysis of the time period clearly suggests that the
Know Nothing triumph was more likely a result of increasing prejudice against the Irish and fears of their growing influence than of political instability. Regardless of the specific cause, it was indisputably
the disarray of emotions and politics in the 1850s that drew such a
wide nativist following. Today, there exists an astonishingly similar
situation. A Know Nothingism is emerging out of the Republican party directly from 2016 presidential candidates Marco Rubio, Ted Cruz,
and of course, Donald Trump. This nativism, however, does not target
Catholic immigrants, but an immigrant minority of far more foreign
proportions: Syrian immigrants and refugees. While this certainly
marks the considerable progress Americans have made in accepting
different cultures over the 160 years since the Know Nothings, it also
highlights a key concern: America isn’t learning from history. Nearly
every American today would agree that the dangers posed by Irish immigrants in the 1850s were not remotely enough to justify discriminating and disenfranchising them like the Know Nothings advocated.
Certainly there were some harmful Catholic immigrants, but the overwhelming majority were not under orders from the Vatican, were not
inciting violence against the United States, and were not planning to
take over the government.
So how different is the Syrian “problem” today from the Irish “problem”
then? Most would argue that the dangers posed by Irish immigrants in
the 1850s are small and insignificant compared to the dangers posed by
modern Islamic terrorism. There are various reasons for this idea, one
being the massive amount of technology available to modern Islamic
terrorists in comparison to 1850 Catholics, another likely being the
visible racial divide between the average white American and a Syrian
immigrant. However, if one were to eliminate any preconceptions and
examine the issue on a pragmatic level, they would find that the simple
odds of an American being directly harmed by Syrian immigrants now
are lower than by a Catholic immigrant in the 1850s. In addition to
there simply being more instances of Catholic violence in the 1850s
than Syrian violence today, in 1850 there were 20 million people in
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this nation; today there are over 300 million. In 1850 Catholics constituted roughly 8% of the population.46 Today Syrian Americans make
up less than half of 0.1%. While this certainly oversimplifies the issue,
it is clear that the perceived danger of Syrian immigrants is perhaps
overstated. More importantly, however, it is certainly not a perception
worth dividing the nation over, let alone the Republican party. For the
safety of this dividing nation, one can only hope that today’s nativism
dies as fast as the Know Nothings of 1854.
Appendix A

Source: “Irish immigration” Illustration. The Illustrated London News,
July 6, 1850. Accessed March 2, 2016. http://issues.abc-clio.com.
menloschool.idm.oclc.org/
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Appendix B

Source: Maurer, Lewis. “The Propagation Society. More Free than
Welcome.” Cartoon, Currier & Ives, 1855, Library of Congress.
http://www.loc.gov/pictures/item/2003656589/.

Source: Opper, Frederick Burr. “Puck’s Gallery of Celebrities.
The King of A-Shantee.” Cartoon, February 15, 1882, Library
of Congress. http://www.loc.gov/pictures/item/97512306/.
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Source: Maurer, Lewis. “The Propagation Society. More Free than
Welcome.” Cartoon, Currier & Ives, 1855, Library of Congress.
http://www.loc.gov/pictures/item/2003656589/.
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Processed Food and American Culture:
A History of War and Advertising
Hunter Siebel
The consumption of processed food has become a controversial topic
both in the United States and abroad. Numerous documentaries, TV
specials, and news stories have been created to address the health issues
caused by the prevalence of processed foods in the American diet.
Historians Paul Freedman, Joyce E. Chaplin, and Ken Albala in their
collaborative work Food in Time and Place: The American Historical
Association Companion to Food History, argue that the shift in the
American diet towards processed foods began with the Second
World War and ended with the Cold War. Predating the Cold War,
processed food was already an integral part of American culture, and
was therefore no longer “on the rise.” The authors claim that World
War II jumpstarted the popularity of processed foods by introducing
them to the civilian market, where women embraced processed foods
due to their convenient, timesaving nature. When the Cold War began,
Americans further embraced processed foods as a mark of their civil
superiority over the USSR. Processed foods came to represent the
affluence of American society, and with that definition, a piece of Cold
War propaganda used to shame the USSR.1
An opposing view to this is that of the economist Robert J. Gordon in his
book, The Rise and Fall of American Growth, The U.S. Standard of Living
Since the Civil War. Gordon argues that the shift to processed food in
the American diet was caused by a period commonly referred to as the
“age of advertising” that began with the end of the Second World War.
Gordon points out that certain processed foods, particularly breakfast
cereals, became popular through television and radio advertisements.2
He also argues that frozen foods became popular because they were

This paper was written for Dr. Charles Hanson’s Advanced Placement
U.S. History class in the spring of 2016.
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marketed to the American public offering the possibility of a “utopian”
future: a world where women didn’t need to cook, where the cost of
living was low, and where ample food existed in every household.3
Gordon argues that the most important shift in food marketing was
the self-serve supermarket. These supermarkets offered a new level of
convenience to the consumer, therefore becoming extremely popular,
and paved the way for the further rise of processed foods.4
Many historians disagree about the origin of processed food’s
prominent role in modern society. Answers to this question include
advertising, Cold War politics, technological advances in industry,
World War II, and even women’s rights. While all of these serve as
valid parts of the answer, the important question is which factors had
the greatest impact. Although advertising can be pinpointed as the
most important factor in the shift in the American diet to processed
foods between 1940 and 1960, the success of this national advertising
campaign could not have been attained without the pre-established
culture of processed food caused by World War II. Indeed, the Second
World War popularized processed food by making it easily accessible
to consumers both during and after the war, as well as making the
purchcase of processed foods a symbol of patriotism.
The American Illusion
Post-World War II advertising can be deemed the primary cause of
the shift from fresh to processed food because it associated processed
food with an ideal, desirable lifestyle.By 1955, nearly 65 percent of
American homes had a television.5 TV shows such as “Leave it to
Beaver” and “Father Knows Best” portrayed the perfect suburban
American family. These families shopped at grocery stores and the
presentable mother character had stereotypical female duties, such as
cooking nightly family meals, doing house chores, and being attentive
to her children. These TV families came to symbolize the ideal family
that every American strived to match.6
Processed food was marketed as a shortcut to becoming one of these
ideal American homemakers. An example of this is the television ad
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for Pillsbury’s instant mashed potatoes and cakes. It was marketed
as a “woman’s secret” to provide easy food that tasted so much like
homemade potatoes, even your husband wouldn’t recognize the
difference, all while allowing mom to “swish into dinner un-steamed,
serene.”7 Processed food, like these instant potatoes, was marketed
with the promise of creating the stereotypical lifestyle found on TV
and in other media. Similarly, a 1956 magazine ad for sliced bread was
marketed with the slogan, “We do… you should too!” in which a typical
American housewife and her children were pictured flashing big white
smiles and enjoying their slices of bread with jam (see Appendix A).8 In
this ad, it wasn’t just the food being marketed to the American people
—it was the storybook family that came with it. Processed foods were
highly valued for their convenience and became increasingly popular
when those aspects were marketed because they allowed women to
appear as the same diligent homemaker they were before the Second
World War, when, in reality, many women were trying to expand their
horizons out of the home.
Many women were in need of faster, more convenient ways to remain
the ideal housewife in the eyes of society because, even after their
husbands returned at the end of the war, many women wanted to
continue working or participate in other activities beyond housework.
The war put many women into factory jobs that disappeared with the
return home of the World War II veterans. Published in 1946 after
World War II, an article entitled, How Come No Jobs for Women?
describes the desire of women to work after the war for both personal
and economic reasons.9 The problem was that there wasn’t time to be
both a worker and the perfect American housewife.10 Processed food
was advertised to the American women as the loophole that allowed
for both, which is why the campaigns worked so effectively, making
processed foods a popular commodity in nearly every American home.
While direct advertising to American women affected the popularity
of processed foods as a means to achieve the lifestyle they desired,
indirect advertising also associated processed food with a message of
civil superiority, a message that Americans were determined to convey
during the Cold War. In the kitchen debate of 1959, Vice President
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Richard Nixon toured the American National Exhibition in Moscow
with Soviet Premier Nikita Khrushchev. The American Exhibition
took place at the height of the Cold War and was used to inform
Russians about American capitalism. In order to do this, the U.S. State
Department asked General Mills, General Foods, Pepsi-Cola, and other
processed food companies to participate. General Mills and General
Foods alone shipped seven tons of food including cake and brownie
mixes, packaged cereals, and other processed foods to the exhibition.11
While flaunting the abundance of processed food in the kitchen
section of the exhibition, Vice President Nixon told Khrushchev, “the
American system is designed to take advantage of new inventions and
new techniques,” implicitly associating the superiority of capitalism
over communism with the advanced technologies being used in the
American processed foods on display.12 Thousands of Americans
watched Nixon make this parallel from their screens at home, and
soon, Nixon’s association came to be that of the whole of American
society. In the eyes of Americans, “processed foods … became a
metaphor for the political, economic, and cultural supremacy of the
United States.”13 Additionally, the Space Race was also happening in
1959, a period when Americans were attempting to technologically
outdo communist Russia by being the first country to dominate outer
space. Processed foods became extremely popular because they were
presented to the American people as a badge of supremacy in a time
where Americans were desperate to cling to any evidence that their
society was more advanced than the USSR’s.
Patriotic Food
The Second World War was a cause in the shift from fresh food to
processed food because the United States government produced and
distributed many pieces of war propaganda insinuating that eating
and producing processed food was patriotic. Many posters like the
propaganda piece entitled Can All You Can: It’s a Real War Job! from
the Office of War Information in 1943 encouraged people, particularly
women, to can foods at home for use during the winter because of
rationing and insinuated that participating in food processing was
patriotic, because it helped with the war effort (see Appendix B).14

THE MENLO ROUNDTABLE		

53

The significance of this type of propaganda is that it demonstrates
how home canning became a patriotic obligation for Americans on
the home front therefore making Americans accustomed to processed
food and eventually making canned foods an important staple in the
American diet.
In a Magazine War Guide produced and distributed by the Office of
War Information (OWI) in 1945, a list was provided of publications
that could be ordered from the OWI that taught techniques of food
preservation.15 The publications include Oven Drying, Home Canning
of Meat, Preservation of Vegetables by Salting or Brining, and more.16
This publication about home canning and food preservation shows how
the U.S. government pressured Americans to participate in and accept
food processing during World War II. The government’s push to make
food processing commonplace in every American household meant
that after the war, when home canning was no longer a nationalistic
duty, Americans readily purchased factory-made processed food
because they had already been consuming and producing similar
products in their own kitchens.
Another call to Americans’ patriotic duty to the war effort came from
nutrition. However, little was actually known about nutrition during
the war or in the proximate years to follow. For example, the U.S. War
Food Administration (WFA) distributed a piece of propaganda entitled
Eat the Basic 7... Every Day! Eat a Lunch That Packs a Punch! in 1943
implying that certain foods were of equal nutritional value whether
raw, dried, frozen, evaporated, or canned (see Appendix C).17 The
poster states that Americans should “eat a lunch that packs a punch
… every day,” comprised of the seven food groups in order to be the
“strong” citizens that the country “needs.”18 In the subtext of each food
group, the poster lists processed varieties of the original food that can
be eaten as an equally beneficial substitute. Because processed food
was often more accessible to consumers during the Second World War,
and was deemed nutritionally equivalent to fresh food, it was often
substituted for fresh. Therefore, being encouraged by patriotism to
eat a product from each food group every day usually meant eating a
majority of processed products over fresh to fill one’s daily quota.
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The U.S. government asked the American people to buy processed
food during the war in order to maintain low war costs and keep the
economy in check. The Price Control Act of 1942 was passed in order
to keep factory wages low and avoid a slow down of the industrial
work necessary to the war effort.19 A pamphlet published by the
Price Administration Office in 1942 states, “when prices go sky high,
everyone suffers,” and that in order to fulfill one’s patriotic duty to
keep prices low, one should buy items under price controls.20 Yet the
only foods placed under price controls were processed: evaporated
and condensed milk, corn meal, dried beans and onions, fresh and
canned fruit juice, while fresh fruits and vegetables were not.21 The
United States government convinced the American people that buying
processed food meant being patriotic, associating the model citizen
with someone who avoided fresh and chose processed instead. With
this association, Americans increased the amount of processed food
they bought in supermarkets; further popularizing processed food and
making it an integral part of America’s food culture.
War is a Midwife
The Second World War made processed food popular because it
supported processed food companies during the war, encouraging
the mass production of processed food. By 1943 there were nearly 11
million men enlisted in the army, 7 million more than the previous
year, fighting in various regions of the world.22 Not only was the
U.S. government responsible for feeding these men, but also due to
FDR’s Lend-Lease policy, nearly ten percent of the United States’ total
food production output was being shipped to the allied forces.23 Out
of this necessity to provide, the processed food industry was born.
Unable to send fresh meat, fruit, and vegetables that would spoil while
being transported, the U.S. government looked to canning, freezing,
powdering and other processing methods that allowed food to have
prolonged shelf life and be easily packaged for shipping purposes. Out
of this sudden interest food processing for the war effort came many
scientific industrial developments and still well-known today products
such as T.V. dinners, sliced bread, enriched white flour, fruit juice,
instant coffee and hot chocolate, M & M’s, and more.
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Government-set rationing point rules swayed Americans towards
processed food because it made processed items more easily attainable
than other products. Processed foods were added to the list of rationed
items in March of 1942 along with meat, cheese, canned milk, and
other goods.24 On average, during the war processed foods required
fewer rationing points than fresh food like meat and cheese, making
processed foods popular as meatless meal alternatives. For example,
50 million boxes of Kraft macaroni and cheese were purchased in 1943
because two boxes could be purchased with only one rationing stamp.
Although fresh fruits and vegetables were not rationed, supplies were
limited unless you had your own victory garden, and even then most
homegrown items were processed in the home by canning and other
preservation methods for prolonged use.
The Second World War played a key role in the popularization
of processed foods in the post-war era because it allowed foodprocessing companies the means to mass distribute food to the civilian
market. When the Second World War came to an end, so did the U.S.
government’s need for processed food. Food processing companies
used to producing at high levels were suddenly left with half of their
previous product demand. But instead of operating at fifty percent
capacity, companies adjusted, shifting all of their focus to the civilian
market, where many of their products were already popular, but had
been in limited supply due to the needs of the war.25 With product
availability no longer a concern, processed foods flew onto grocery
store shelves and then into American homes.
An article entitled Food Men Discuss $4,000,000,000 Year, published in
1950, explains that food production companies were beginning to hire
food brokers “to secure distribution for their products.”26 Companies’
use of food brokers brought more processed foods than ever before
to the consumer market. Because many of the processed foods were
already in high consumer demand, their sudden abundance in the
market, which was made possible by continuation of Second World
War production levels, allowed Americans to consume more processed
items at a low cost. This only furthered the popularity of processed
food and its association with the American identity.
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Whereas certain products had been subject to limited availability
during the war, processed food companies were able to easily capitalize
on the civilian market by redirecting their already high production
output to the consumers. In a letter from Charles Bowles, a price
administrator at the Office of Price Administration (OPA), to the
editor of The New York Times in 1944, Bowles expresses his concern for
the post war economy.27 Bowles’ biggest concern was the inflation that
would occur when consumers demand products for which “supplies
for a considerable period will be running far behind.”28 Because of the
war, there were few factories producing consumer goods—many had
been modified to produce airplanes and other war materials instead.
However, there was one product that met the constraints of both high
demand and high abundance: processed food. Government support
of processed food production during the Second World War gave
processed food companies the ability to capitalize on a pre-disposed
consumer market in the post-war era. For years, consumers had
endured limited supplies of processed products, and with the end of
the war, processed food companies no longer had to meet government
allocations and could put their energies into mass consumer
distribution. Suddenly, processed food was abundantly available in
every supermarket across America.
Food is Fashion
Advertising and the Second World War greatly impacted the
popularization of processed food in American society. And yet the
Second World War and advertising are only two of the many causes
for the shift to processed food in the American diet. Other big factors
like technological developments in food processing between 1940 and
1960, such as the microwave oven, are beyond the scope of this paper.
I chose to focus on the War and advertising because in my research,
most of my evidence pointed to these factors as the primary causes for
the shift to processed food.
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The shift in the American diet to processed foods, dating back to 1940,
is now beginning to show its adverse affects. Because of this shift,
obesity and other health concerns plague our nation. Even though we
live in a world today where butter and fortified margarine are not their
own food group, and processed food no longer symbolizes the affluence
and success of America, our society is still struggling to break its old,
unhealthy habits.
Understanding the history of why we eat the way we do is a key factor
in understanding how we can change those unhealthy habits. For years,
people have been arguing that society should stop eating processed
food because it’s unhealthy, but we have seen minimal changes in the
American diet as a result. But by looking at history, we can understand
that eating food is about a lifestyle, not about the quality of the product.
In order to see real results in American eating patterns, we have to
make fresh fashionable.
Luckily, this is beginning to take place in American society, with
social media at the forefront. Social media is serving as an advertising
medium for the healthy lifestyles of many people and is beginning to
make being healthy the contemporary choice in mainstream society.
This is the first step to fixing America’s processed food epidemic.
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Appendix A

A&P Jane Parker Bread. Magazine advertisement. 1956.
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Office of War Information. “Can All You Can: It’s a Real War Job!”
Illustration. 1943. World War II Poster Collection. Northwestern
University Library.

59

60		

Hunter Siebel

Appendix C

War Food Administration. “Eat the Basic 7... Every Day! Eat a
Lunch That Packs a Punch!” Illustration. 1943. UNT Digital Library.
University of North Texas.
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Education During the Great Society:
The Pragmatic Solution to Poverty
Colton Conley
“How much talent has this great, powerful Nation lost because America has failed to give all our children a chance to learn?” It was April
of 1965, and President Lyndon B. Johnson was addressing the press
regarding one of his many education reform bills.1 Once a schoolteacher himself, LBJ brought enormous change to the American education
system during his time in office. Under his supervision, education was
prioritized at the federal level of government like never before. However, historians still debate what caused this push for education.
Prior to the 1960s, education was largely overlooked at the federal level. Many proponents argued for federal aid to education in the decades
leading up to the 1960s, but their voices were droned out by conservatives who feared the federal government would cause more harm
than good by meddling with the affairs of state governments. Thus, for
the most part, the federal government continued to stay out of education through the 1940s and 1950s.2 The GI Bill of 1944 signed by
FDR did provide scholarships for veterans to attend college, but funds
for schools still came largely from state or local governments. Even in
the mid-1960s, approximately 54 million adult Americans hadn’t finished high school, constituting one quarter of the entire population.3
Of course, even more adults had not attended college. Lyndon Johnson
strove to change that ratio.
In office, LBJ signed many landmark pieces of education legislation
into law. The two most significant of these bills were the Elementary
and Secondary Education Act of 1965 (ESEA) and the Higher Education Act of 1965. (For a list of education legislation passed under
Johnson, see Appendix A.) Under Johnson, federal education expen-
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ditures more than quadrupled. In 1963, the federal government appropriated $662 million for education, higher than any year in the prior
decade.4 The ESEA added almost one billion dollars to that amount,5
and alongside other Johnson initiatives, caused the 1966 federal appropriations for education to exceed $3 billion.6
Although it is clear that Johnson desired educational reform, his motivations for doing so are less obvious. Some historians argue that
education was an integral part of Johnson’s lofty, broad vision for a
utopian America.7 When assessing Johnson’s education programs, it
is possible to view him as an idealist. Indeed, Johnson did engage in
idealistic thinking. However, Johnson also held more pragmatic intentions: he used education as a weapon to fight poverty and strengthen
America economically. Because of the political pressures acting on the
federal government in the 1960s, education presented itself as the most
pragmatic solution to poverty while simultaneously strengthening the
American economy. Because liberal presidents before Johnson such as
FDR and JFK aspired to use education to alleviate poverty and increase
economic opportunity, these aspirations influenced Johnson and his
education agenda followed a similar path.
Johnson’s Idealistic Vision
Because education was central to Johnson’s vision of an ideal society,
his push for education legislation did not arise solely out of an economic necessity. In his vision for a Great Society, education was necessary for both the productivity of workers but also for the intellectual
character of a nation. Historian James Lanier has called Johnson’s vision “utopian,” meaning Johnson was highly idealistic. According to
Lanier, although it is true that the Great Society addressed poverty
and included welfare policy, its purpose was ultimately much greater.
Johnson wanted to craft a truly Great Society, using education as a
measure for greatness.8 In support of his position, Lanier cites Johnson’s famous “Great Society” speech to the University of Michigan in
1964. Although Johnson used the term “Great Society” prior to delivering this speech, this was the first event in which the term “Great So-
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ciety” received popular recognition. In his address, Johnson not only
emphasized the pressing need for more education, but also his dream
of an educated America. He believed that the benefits of education extended beyond work and also into the realms of personal life. Johnson
asserted that it was important to empower Americans to enrich their
mental faculties for the sake of learning and imagination, not just for
the sake of productivity in the workplace.9 As demonstrated in this
speech, the purpose of more education in the 1960s was not solely to
end poverty. Johnson intended to raise the standard of American life
far beyond that of minimum sustenance and to build a society where
everyone could appreciate the richness of their world.
Later, Johnson again echoed this sentiment after signing a bill appropriating additional funds for education under the Elementary and
Secondary Education Act of 1965 passed earlier that year. The speech
was delivered on September 23rd, and in it Johnson asserted that the
purpose of spending more on education was “not only to create educated citizens, but to shape the destiny of this great Republic.”10 In this
instance, Johnson once again expressed his idealistic belief that education was a necessity to build a great country, identifying education as a
precursor for greatness. Education, Johnson believed, was necessary to
craft America into a “great Republic.”
Education Moves to the Forefront of the Poverty Debate
Because of the changing political landscape leading up to the 1960s,
Johnson prioritized education over other methods of fighting poverty.
Johnson believed education was the most pragmatic approach to combatting poverty, and his “War on Poverty” reflected that belief. A notable transition took place in the years preceding Johnson’s presidency
regarding how the government attempted to create economic growth
and opportunity for those struggling financially.
Previously, regulation of industry and direct intervention in the economy had been major considerations in the creation of poverty policy.
This included laws such as a federal minimum wage, a bracketed in-
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come tax system, and welfare for the unemployed. Much of this regulation arose from the lobbying efforts of unions, which gained a significant amount of power under the New Deal. FDR offered more political
support for unions than any prior president by greatly advancing their
legal status through the NIRA and the Wagner Act. Many elements of
New Deal legislation advanced union interests by establishing a minimum wage, pensions for workers, maximum hours and other working
regulations. During this time, unions became much more aggressive in
their quest for workers’ rights. However, in the period spanning from
the end of the Second World War to Kennedy’s inauguration, the organized labor movement encountered some obstacles and became less
vocal than they had been under FDR. The Taft-Hartley Act of 1947
(officially the Labor Management Relations Act) under Truman gave
workers within unions additional rights, but detracted from the power
of union leadership.11 Union leaders met further resistance from businesses and Congress after post-war strikes soured their reputation.12
Then, in the 1950s, the Senate exposed scandals involving union leadership, and President Eisenhower took action to stop what he called
the “abuse of union power.”13 When the 1960s arrived, unions retained
little of their former bargaining power. As a result, the federal government felt less pressure to regulate labor markets and was able to explore alternatives to the poverty issue that indirectly lifted up the poor.
In the 1960s, education presented itself as a viable method for providing the poor with the tools necessary to lift themselves out of poverty.
When Walter Heller, chairman of the Council of Economic Advisors,
came to LBJ after Kennedy’s assassination to discuss antipoverty policy,
he advised Johnson that education would be central to any successful
attack on poverty.14 This interaction further suggests that a transition
had taken place in the government’s approach to antipoverty policy.
The focus had shifted to education.
The Johnson administration maintained exceptionally high confidence
in the potency of education as a tool for economic success and as an
investment in the future economic independence of American individuals. In many instances, Johnson openly expressed this confidence
in education as an effective method to raise people out of poverty. In
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a special address to Congress regarding the causes of poverty in 1964,
Johnson identified a lack of education as one of the largest contributors.15 Because impoverished young Americans were trapped in the
cycle of poverty, the only way to break free was to obtain an education
comparable to those who grew up with more opportunity.16 Earlier that
same year, in his State of the Union address, Johnson offered a similar
rationale for the importance of education. He asserted that although
many identify unemployment and a lack of money as the causes of
poverty, the root cause is actually a lack of opportunity. Therefore, to
Johnson, education was the most logical method by which he could
help the poor. Rather than suppressing its symptoms, Johnson’s solution was to attack the origins of poverty through education.
Johnson also believed that since bolstering education would benefit
both the poor and taxpayers alike, it was therefore a productive use of
government funds. When affluent individuals must pay taxes to assist
the poor with healthcare, food, housing, and other welfare projects,
poverty strains the American economy as a whole. However, if instead
the impoverished members of society had been educated and given
the opportunity to support themselves, then the affluent members of
society benefit as well. This belief was held by reformers in the Johnson
Administration, and was therefore a motivating factor in the push for
educational reform. For example, Joseph Califano Jr., the Secretary of
Health, Education, and Welfare Department under Johnson, claimed
that education reform was designed not to burden taxpayers, but to
actually relieve that burden by assisting the needy.17 To Califano, more
federal government involvement in education was a victory for everybody. Johnson echoed a similar sentiment on multiple occasions. On
March 1st, 1965, Johnson made some remarks at the National Conference on Education Legislation. He talked about how children born
into poverty are trapped there, and without a good education they become dropouts, delinquents, and unemployed. They become “taxeaters
instead of taxpayers.”18 Later, for a press conference in April of 1965
regarding the education bill pending Congress’ approval, LBJ prepared
a number of statistics comparing the cost to educate a single child versus that of supporting a troubled American later in life. At the time,
the federal government spent an average of $450 per child in the public
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school system. However, per year it also cost $1,800 to keep a juvenile
in a detention home, $2,500 to support a family on welfare, and $3,500
to incarcerate a criminal in a state prison. According to Johnson’s argument, by investing in education at that time, America would save a
significant amount of money in the future by implementing fewer corrective measures to assist the poorly educated populace.19 This further
served to justify immediately attacking poverty, rather than placing the
issue on the back burner for a decade longer.
The Johnson Administration believed the most effective way to combat poverty was through education, and the political pressures of the
1960s made education an exceptionally logical choice. Moreover, by
educating the poor, American society as a whole would bear a lesser
burden economically. Because of these factors, education presented itself as a pragmatic solution to poverty.
Past Liberals Influence Johnson’s Agenda
Johnson strove to further the legacies of former liberal presidents such as
JFK and FDR, both of whom aspired to use education to provide equal
opportunity to all children and alleviate poverty. Therefore, because the
goals of Johnson’s predecessors entailed combatting poverty and increasing economic opportunity, Johnson’s own programs also aimed to
fight poverty and generate economic opportunity. Indeed, much of the
legislation he produced incorporated the aspirations of his predecessors.
FDR was Lyndon Johnson’s lifelong political idol, and consequently
some aspects of Johnson’s education legislation reflected FDR’s accomplishments and beliefs. Especially formative were Johnson’s years running the Texas branch of the National Youth Administration. The goal
of the NYA was to provide work and schooling to those who never had
the opportunity to obtain an education. Johnson himself relates that
his attitude towards education was impacted by his time in the NYA.
In his memoir, Vantage Point, Johnson reflects that a successful poverty program would help the poor “lift themselves out of the treadmill
of poverty.” Additionally, he states the the NYA caused him to ensure
that substantial efforts were put towards helping children and youth,
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because they represented the best chance at breaking out of the poverty cycle.20 Johnson himself asserted that his time in the NYA caused
him to view education as a necessary tool to combat poverty.
Additionally, the torrent of legislation Johnson introduced during the
Great Society was reminiscent of Roosevelt’s work during New Deal
times. One specific parallel between legislation passed by FDR and
Johnson can be seen in the GI Bill and the Higher Education Act of
1965. The GI Bill, signed into law by FDR, provided college scholarships to veterans. The Higher Education Act was enacted by President
Johnson with the intention of strengthening America’s university system. Alongside initiatives to strengthen university resources, the law
also provided scholarships and low interest loans to students seeking a
college education. In both instances, providing college-aged youth with
the means to attend college was a central aim. While Johnson did take
his higher education program farther than FDR, the evidence does suggest a possible connection between the legislation Lyndon Johnson and
Franklin Roosevelt enacted to improve access to higher education.
Moreover, Johnson internalized FDR’s desire to use education to expand opportunity to all children. After signing a bill providing funds
for programs under the ESEA, Johnson delivered a speech starting with
a reference to FDR. He spoke of how FDR had called upon Congress to
improve education twenty-one years before, and how FDR referred to
education as “our national obligation to all our children.” Johnson then
justified the legislation he just enacted by relating it to FDR’s challenge
to provide all children with an adequate education.21 In his speech, not
only did Johnson tie his own actions to those of FDR, but he outlined
what he believed FDR’s stance on education to be. Because FDR believed that education was a national obligation, Johnson was motivated
to provide all children with equal opportunity through education as
well. This included providing impoverished children with the tools to
get ahead.
The cartoon in Appendix B exemplifies Johnson’s aspiration to fulfill
FDR’s vision, connecting Johnson’s push for more schools with FDR’s
New Deal mandate.22
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In the cartoon, Johnson asks FDR’s portrait for approval regarding a
new piece of antipoverty legislation, demonstrating his desire to continue advancing FDR’s New Deal by increasing the federal government’s role in combating poverty (see Appendix B). The purpose of
this legislation was “freedom from fear,” a term FDR originally used
in his famous “Four Freedoms” speech.23 Therefore, according to this
cartoon, Johnson’s respect for FDR led him to craft education legislation to spread economic opportunity.
Another influential figure shaping Johnson’s education policies was his
immediate predecessor, John Fitzgerald Kennedy. Upon taking office,
Johnson made it clear to the American public that he would carry out
the agendas of the fallen JFK. He kept many of Kennedy’s top aides
in his cabinet, and pledged to carry out Kennedy’s anti-poverty plans,
including efforts directed at education. When Walter Heller, who Kennedy originally tasked with assessing poverty in the U.S., approached
Johnson with the anti-poverty plan his team put together, Johnson embraced the proposal with open arms. He told Heller, “Give it the highest priority. Push ahead full tilt.”24 The Kennedy agenda lived on under
the Johnson administration.
Indeed, there are many parallels between the Great Society education policies and Kennedy’s “New Frontier” education plan. Before
his death, Kennedy planned to allocate new funds for teacher salaries.
Johnson not only signed legislation to address that issue but also supported the training of new teachers. Both Kennedy and Johnson allocated funds for building new schools, and both men were dedicated to
making higher education more accessible and widespread.25
The evidence suggests that both Kennedy and FDR influenced Johnson’s use of education legislation. Because both presidents used education to offer economic opportunity to the needy, Johnson’s programs
reflected that focus.
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The Ongoing Search
As is often the case with the study of history, conducting research frequently uncovers more questions than answers. This paper in no way
represents a complete account of the causes of Great Society education
legislation, but rather a reflection of the evidence I discovered. While
researching, there were many interesting leads I came across but did
not have ample time to explore in any depth.
For example, the Cold War had possible effects on education legislation
in the 1960s. After the Soviets launched Sputnik in 1957, the Americans began questioning their intellectual superiority over the Russians.
This fear of inferiority to the Soviet Union could have increased support for widespread educational reform in order to maintain global
economic and military superiority.
The Civil Rights movement was another promising area that caught
my attention. The push for equal opportunity especially affected African Americans, as vast numbers of them were trapped by poverty as
the result of racial discrimination. Given the circumstances, it would
be reasonable for a connection to exist between the growing pressure
for equality among races and the federal government’s to push for
more equality in education.
Education also could have had a deeper personal significance to LBJ.
Although Johnson did not attend an elite university as many of his government colleagues did, he was able to escape life on the farm through
his education. He excelled in school, became a teacher, and obtained a
job in government, none of which would have been possible without
his education. For Johnson, his own story was likely a motivating factor when he later had the power to give others similar opportunities.
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Finally, there are more primary sources I wasn’t able to acquire that
would have shed more light on this topic. When Johnson drafted his
education legislation, he used a secret task force headed by Sargent
Shriver to assess the problem and develop the most effective solution.
Looking into conversations or memos that were documented from
that process could provide a unique insight into the planning of Johnson’s education policy. Furthermore, the discussions in Congress over
education bills would also have been an interesting place to look to
gain additional perspectives regarding the intentions of the legislators
who voted on the bills.
The interplay of a variety of motivations led to the creation of Great Society education legislation. Johnson had idealistic tendencies, yet was
simultaneously pragmatic in his approach. He sought to combat poverty while also creating a Great Society for everyone. If one thing has
become apparent through my research, it is that no one thing caused
Johnson to reform education.
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Appendix A

Source: Francis Keppel, The Necessary Revolution in American Education.
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Appendix B

Source: Keith Temple. “How About This Chief?”
Cartoon, The New Orleans Times, 1965.
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Making a Synchronous Motor
Kenneth McNelly and Akshay Srivatsan
1 Abstract
The goal of this project was to learn about alternating electric current,
magnetism, and how both interact to power an AC motor. We built a
single-phase, 2-coil, 2-pole AC motor, known as a synchronous motor.
The motor has a maximum speed of 12,900 RPM, produces an average
torque of 0.0204 N*m, and is approximately 34.30% efficient.
2 Motivation and History
We decided to take up the challenge of designing a motor that doesn’t
use hall chips or digital logic, but instead rotates based on the analog
signal produced by alternating current. Our primary goal with this motor was to maximize its efficiency, leading us towards constructing a
synchronous motor, one of the most efficient types of motor. As the
name suggests, the synchronous motor depends solely upon synchronizing the rotation of its rotor to the frequency of the supplied current. While synchronous motors may have different numbers of poles,
the principle is the same. The multiple-phase electromagnets fixed to
the stator of the motor create a rotating magnetic field, with which the
magnet-attached rotor spins in time.
According to US Patent 382279, Nikola Tesla was the first to unveil the
AC synchronous motor on May 1, 1888 [1]. With the brushless DC motor arriving around 1962 [2], the synchronous motor provided a better
alternative to the common brush electric motor of the time, as the commutators of the brush motors would often wear out.

This paper was written for Dr. James Dann’s Applied Science
Research class in the fall of 2016.
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Despite being one of two main categories of AC motor, the synchronous motor is by far the less-used motor. While induction motors are
used in a wide variety of applications, from household appliances to
powering a Tesla, the AC synchronous motor is used for much more
specific tasks, such as ball mills and centrifugal pumps. Synchronous
motors are used in ball mills not only for their efficiency, as the ball
mill is a low-speed operation, but also for their precision at holding a
constant speed [3]. Ball mills grind ores and other materials for applications such as paints and pyrotechnics, which require the fineness of the
grinding to be controlled [4]. By using synchronous motors, ball mills
may keep track of the amount of crushing through holding the motor
at exact speeds regardless of the load.
Synchronous motors are also being used in hydraulic dams as the roles
of the motor and generator with synchronous machines can be easily
switched around [5]. As with most dams, the motor for the most part
functions as an electric generator. However, when there is a surplus of
electric energy, it may reverse to be an actual motor and pump the water upstream to fill up the dam, thus storing the energy.

Figure 1: Diagram of a dam system in which its motor may reverse between generator
and motor mode [6].
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3 Theory of Operation
3.1 Alternating Current
The potential difference between the two contacts on the power supply
is constantly changing, creating a sine wave. As the polarity of the output switches (the potential difference crosses zero volts), the direction
of the current reverses. This is the form in which power is transmitted
over long distances, and the form in which it is available in wall outlets.
AC power is typically measured by its frequency (the number of times
per second the potential difference reaches its maximum voltage) and
its root mean squared (rms) voltage (the average potential difference,
which is the maximum voltage divided by √2). In the U.S., the AC power available from outlets has a frequency of 60 Hz and an RMS voltage
of 120 Volts. While direct current, where the potential difference between the contacts on the power supply is constant, is more commonly
found in small devices, AC has several advantages [7]. In the late 19th
century, when Nikola Tesla was working with AC power and Thomas
Edison was working with DC power, AC won out because it was more
efficient to transmit over long distances and it was easy to change the
voltage of AC power (at the time, it was difficult to increase the voltage
of DC power). Even though these issues are less important now, they
led to AC power being adopted as the standard form of transmitting
power to buildings. DC power is commonly used in battery-operated
devices, but any DC device that needs to be connected to a standard
outlet requires an AC-DC converter.
3.2 Alternating Current Electromagnets
While DC motors require some form of sensing to switch their electromagnets on and off or to reverse the direction of current flowing
through the electromagnets, AC current will do this without any additional circuitry. At the moment when the voltage is at its maximum, the
electromagnets act as if they are powered by DC current. The strength
of the electromagnet then falls as the voltage falls, until both equal zero.
The polarity of the current is then reversed, and the voltage increases
with respect to the new polarity. Since current is now flowing the oppo-
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site way, the electromagnet switches the direction of its magnetic field
and gains strength in the new direction.
3.3 AC Motors
Motors that are powered by AC current are usually simpler and more
power-efficient than their DC counterparts. They fall into two main
categories: induction motors and synchronous motors. The stators of
both types of motor are similar: multiple electromagnets, positioned at
equal intervals around the rotor, are powered by AC current of differing
phases. In an induction motor, these electromagnets cause an induced
current in “squirrel cage” wiring within the rotor, which then causes a
torque on the rotor itself. In a synchronous motor, the electromagnets
push and pull magnets (or electromagnets) in the rotor, similar to a
brushless DC motor.
3.4 Synchronous Motors
Synchronous motors operate by varying the current in the electromagnets in time with the rotation of the rotor. The exact relationship
between frequency and rotation speed depends on the number of
poles in the rotor: the rotor will rotate by one pole pair during every
period. With a two-pole motor, this causes a 1:1 relationship—the rotor will make a full rotation once per period. With a four-pole motor, this causes a 1:2 relationship—the rotor will only rotate halfway
per period, and require two periods for a full rotation. In general, the
synchronous speed of a given motor can be found using the equation
ωRPM =

120*f
P

where ωRPM is the rotational speed in revolutions per minute, P is the
number of poles and f is the frequency of AC. At 60 Hz, the frequency of standard wall power, a 2-pole synchronous motor would spin at
3,600 revolutions per minute.
A major downside to the synchronous motor is that it is not self-starting; if the speed of the rotor differs from the synchronous speed of the
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motor, the rotor will fail to spin. This also means that, in order to get the
motor started, another device must be used to get the motor spinning at
its synchronous speed. Typically, synchronous motors overcome this by
including a “squirrel cage” in their rotors, essentially acting as induction
motors at low speeds. Because they often use DC-powered electromagnets in their rotors rather than permanent magnets, these rotors can be
left unmagnetized until the squirrel cage wiring can bring them up to
full speed.
Since squirrel cage windings are difficult to manufacture, usually requiring custom tools and machines, our motor used an alternative approach. Our motor starts at low speed (less than 1200 RPM), allowing
the rotor to be started manually. It then uses the voltage across a discharging RC circuit to regulate its speed, slowly speeding the rotor up
to the motor’s maximum speed.
3.5 Resistor-Capacitor (RC) Circuits
In order to slowly increase the synchronous speed of the motor, we used
the voltage across an RC circuit to regulate the frequency of our AC
power source. The specific frequency generator we used had a feature
where an input voltage from 0-10 Volts could be used to adjust the frequency output. At 0V, the output frequency would be equal to the frequency programmed into the generator. At 10V, the output frequency
1
would be approximately 10 of the selected frequency. To keep the motor
in synchronism, the frequency must be adjusted gradually—although
the motor can handle rapid frequency increases at low speeds, the
amount of acceleration it can tolerate decreases as the speed increases.
The logarithmic discharging of an RC circuit fit this well—the circuit
would discharge quickly at first but slowly at the end.
An RC circuit is, at its simplest, a circuit with a resistor and capacitor
wired in series. When voltage is applied across the circuit, the capacitor will charge at a rate governed by the RC time constant, τ=RC. Every
τ seconds, the capacitor will charge 63.2% of the difference between its
starting value and its maximum charge. When the voltage is removed, the
capacitor will discharge to 36.8% of its starting charge every τ seconds.
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4 Design
4.1 Full Motor
The general design of the motor was intended to make the motor as
easy to modify as possible. The horizontal layout of the system allowed
us to easily lift the rotor off its axle and make adjustments if necessary. Additionally, the electromagnets were secured only by tape for
the majority of the building process for the same reason (see previous
generations in Appendix E). Constructing a synchronous motor was a
discovery process that involved lots of trial-and-error, so modifications
needed to be easily added and removed.

Figure 2: Diagram of a synchronous motor.

4.2 Axle Dimensions
In order to optimize the efficiency of the motor with the provided resources, the overall setup was built to limit friction by incorporating
only one bearing.

Figure 3: Diagram of axle close up.
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4.3 Electromagnet Holders
The electromagnet holders were designed to allow further adjustments
even in the final stages of construction.

Figure 4: Diagram of electromagnetic holders.
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4.4 Rotor
Although parts of the permanent magnets stuck out of the top and bottom of rotor, causing the rotor to be less aerodynamic, adding another
laser-cut disc would greatly increase the rotor’s rotational inertia, preventing it from reaching its maximum rotational speed.

Figure 5a: Close up of rotor.

Figure 5b: Dimensions of rotor parts.
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Figure 5c: Dimensions of rotor.

4.5 Electromagnets
The electromagnets are made out of 26-gauge wire as a compromise between size and maximum current. The borrowed electromagnets in the
first prototype used red 24-gauge wire, which was able to handle a large
amount of current without heating up too much. However, the magnetic field was unnecessarily large and spread out. This was revealed
when a magnet almost 20 cm to the side of the electromagnet vibrated
in response to the current. The prototype electromagnets used green
28-gauge wire, which allowed more windings and produced a stronger
magnetic field. This prototype, however, heated up more than was tolerable. The final electromagnets, made from gold-colored 26-gauge wire,
were capable of handling the current without overheating quickly, and
were also small enough to create a localized magnetic field. The length
of the electromagnet was conserved to around 1.5 inches as it was all
that was needed to sufficiently magnetize the iron core. The core was an
iron screw with a length much longer than the coils of the electromagnet, so the excess length was used as a heat sink.
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Figure 6a: Magnet components.

Figure 6b: Magnet component assembly.
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4.6 Electromagnets (Main Motor Circuit)
Since synchronous motors do not require any form of sensing or any
control over the AC power, the primary motor circuit is simple. AC
power is supplied to both electromagnets, which are wired in parallel.
The electromagnets are positioned so that they are 180º out of phase
with each other—when one electromagnet is pulling a magnet, the electromagnet on the opposite side of the rotor is pushing the same magnet.
A 0.1 Ω resistor, while not strictly necessary, is included to regulate the
maximum current flowing through the circuit and provide a means for
measuring the current.

Figure 7: Diagram of main motor circuit.
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4.7 Motor Speed Control
In order to increase the speed of the motor without allowing the rotor
to slip out of synchronism, the frequency of the AC power needs to
be increased smoothly and slowly. When power is applied to this RC
circuit, it will charge logarithmically at a rate governed by the RC time
constant (τ=RC). Every τ seconds, the capacitor will charge by 63.2%
of the amount remaining between its starting charge and its maximum
charge. While discharging, it discharges to 36.8% of its starting charge
every τ seconds. In this particular circuit, τ=22 seconds. The voltmeter
in the schematic was actually the “sweep” input of the frequency generator in the motor. The frequency output of the generator is proportional
to the voltage detected across the “sweep” input: at 0V, it outputs the
1
frequency selected on its dials; at 10V, it outputs 10 of the selected frequency. As the capacitor in the RC circuit discharges, the voltage across
the capacitor drops from the capacitor’s maximum voltage to 0V, raising the frequency from its minimum value to the value programmed
into the generator. The range of frequency output can be controlled by
adjusting the frequency generator and the voltage across the RC circuit.
The rate of change of frequency can be controlled by adjusting the values of the resistor and capacitor.

Figure 8: Diagram of motor speed control circuit.
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4.7 Speed Measurement Circuit
In order to confirm that the motor was spinning at a speed equal to its
input frequency and not a harmonic of that frequency, a unipolar hall
effect sensor was connected to an oscilloscope which was configured to
measure frequency. In later trials, the oscilloscope was replaced with a
Vernier LabQuest, as described in section 5.1 (Rotational Speed). Since
the hall sensor pulls its output low when in a magnetic field, its output
was connected via a 10K pullup resistor to a power supply. An LED is
present in the circuit to provide visual feedback to the operator that
the circuit is functioning properly, and to provide a means for incompatible technology to interface with the sensor, such as the aforementioned LabQuest. The simplicity of this design made it popular among
many of the groups. We experimentally verified that the hall sensor was
triggered once during every rotation of our motor; some other motor
designs triggered the hall sensor multiple times per rotation, requiring
experimenters to divide the frequency displayed by the oscilloscope.

Figure 9: Diagram of oscilloscope connection to hall sensor.
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4.8 Overall Connection Diagram
The motor used both standard components, such as power supplies and
amplifiers, and components that were designed specifically for this motor. The motor can theoretically function with only a frequency generator, amplifier, and the main motor circuit; the other components
are only for convenience and/or measuring speed. When the motor is
at full speed, DC Power Supply 1 is completely powered off; since DC
Power Supply 2 is not part of the motor itself, both DC power supplies
were excluded when measuring input power (only the output of the
amplifier was considered).

Figure 10: Overall connection diagram.
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5 Results
Maximum

Average

Notes

Sustained Speed (RPM) 14,022

N/A

The motor is
sometimes unable
to sustain this speed.

Official Speed (RPM)

12,900

N/A

N/A

Peak Speed (RPM)

14,160

N/A

Only sustained for
a few seconds.

Torque (N·m)

0.0384

0.0204

Maximum achieved
at 1,200 RPM.

Power Out (W)

8.977

5.847

Maximum achieved
at 2,400 RPM.

Efficiency

51.01%

34.30%

Maximum achieved
at 2,400 RPM.

Power In (W)

16.87

17.60

Minimum achieved
at 1,200 RPM.

Figure 11: Specifications.

<

Figure 12: This plot shows how the speed set on the frequency generator compares to
the mean speed measured at each setting. The linear regression for this data has the
equation y = 1.002 * x - 30.11, and r2=1.

96

Kenneth McNelly & Akshay Srivatsan

Figure 13: This plot shows the relationship of the motor’s efficiency and its speed.
The trend is generally positive and linear, but the 44.84% efficiency at 2,400 RPM
seems to be an optimum.

Figure 14: This graph shows almost the same trend as shown in Figure 13; the output
power generally increases linearly with speed, but has an optimum at 2,400 RPM.
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The Dependence of Torque on Speed

Figure 15: This graph shows an inverse relationship between speed and torque,
interrupted by an optimum speed at 2,400 RPM.

The collected data from the trials are in Appendix A. Additional data
about the motor, which is required for calculating these values, is in Appendix B. The computed results of each trial are in Appendix C.
5.1 Rotational Speed
The highest rotational speed this motor can achieve is 14,022 RPM, at
an input frequency of 234 Hz. The speed measurement circuit reported
detecting the motor spinning at approximately 234 revolutions per second, and a strobe light set to 233.7 Hz was in sync with the rotor. However, the highest speed that could be achieved consistently was only
12,900 RPM, at an input frequency of 215 Hz. When the frequency was
raised beyond 234 Hz, the rotor would drop out of sync (the frequency
could sometimes rise to 236 Hz before the motor desynchronized, but
it was never able to maintain a constant speed of 236 Hz).
When measuring rotational speed at the same time as running torque,
in order to calculate output power, the oscilloscope attached to the
speed measurement circuit was replaced by a Vernier LabQuest. A Vernier Photogate was configured to have an external light source (typical-
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ly a laser), and its light input was attached to the circuit’s LED. Since the
LED turns off when the hall sensor detects a magnet, it simulates an object blocking the photogate. With the photogate configured in “pendulum” mode, Vernier’s datalogging software, Logger Lite, displayed the
period of the pendulum. However, since a pendulum would obstruct
the photogate twice per swing and the hall sensor only “obstructs” the
photogate once per rotation, Logger Lite had to be configured to cal2
culate the frequency as Period
. With this configuration, Logger Lite displayed the appropriate speed, as confirmed by the frequency input and
the oscilloscope.
5.2 Running Torque
To calculate running torque, a piece of laser-cut wood attached to a
Vernier force sensor was pressed gradually against the side of the rotor.
After a uniform layer of duct tape was applied to the circumference of
the rotor, it was brought up to the correct speed. The force sensor was
slowly pressed against the rotor (at 90º) until the rotor dropped out of
sync. The force and speed data collected during this were then analyzed
in Logger Lite, and the maximum force applied before the rotor’s speed
dropped was recorded as the maximum normal force that could be applied on the motor. (In practice, the rotor’s speed tended to “wobble”
sinusoidally around a certain value. Instead of the motor’s speed dropping, a change in the sinusoidal wobble was used to determine when
the motor dropped out of sync). Once the normal force had been calculated, the force of friction was calculated, based on the pre-calculated
coefficient of friction between laser-cut wood and duct tape, using the
equation Ffriction = μFNormal.
5.3 Power Out
Since running torque and speed were calculated at the same time, they
could be used to calculate output power. Rotational speed was first converted to angular speed using the equation ω = 2 * π * RPM
. Power was
60
then calculated using the equation Pout = τ×ω.
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5.4 Power In
In addition to the force sensor and photogate, a voltage sensor was
attached to the LabQuest. Its leads were connected across a 0.1 Ohm
resistor. The voltage across this resistor was measured during the trials, and the average voltage was used to calculate the current through
Ohm’s Law (V=IR). This current was then multiplied by the RMS voltage of the AC power, which was measured to be 14.708 Volts, in order
to calculate the input power.
5.5 Efficiency
Pout

Efficiency was computed using the equation P , since both input and
in
output power were measured at the same time.
6 Conclusion
Our final synchronous motor design is mechanically and electronically
simpler than most brushless DC motors that can achieve equivalent
speeds. The simplicity of the theory behind synchronous motors made
construction very efficient: the first working prototype, which could
achieve speeds up to 1,200 RPM, was constructed out of scrap materials within a few hours. The second prototype, which could run at 8,400
RPM (already faster than the maximum speed of some DC motors), was
made within four days of the first prototype. The final design, which can
run at up to 12,900 RPM, follows the same basic design as the prototypes
(one phase, with an additional “phase” created by inverting the polarity
of the first phase; two electromagnets; two poles in the rotor).
The final design of the motor, in addition to reaching 12,900 RPM (and
sometimes even reaching 14,022 RPM), can exert 0.0204 N*m of running torque on average. As shown in Figure 15, the torque generally
decreases at higher speeds, except for a maximum at 2,400 RPM. However, the decrease in torque at high speeds is less significant than the
increase in speed, so, as shown in Figure 14, the output power of the
motor does increase with speed. On average, the output power is 5.847
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Watts. However, the input power does not increase as significantly with
speed (Appendix C), causing the motor to grow more efficient at higher
speeds, as shown in Figure 13. On average, the motor requires 17.60
Watts of power and is 34.30% efficient.
An important benefit of synchronous motors is the fact that their speed
is directly controlled by the frequency of their power source. This particular rotor design “wobbles” in speed around the target speed (the
speed varies sinusoidally around the target speed), but it still offers
almost exact control over the motor’s speed. As shown in Figure 12,
there is a linear relationship between the target speed and the measured
speed, with a slope approximately equal to 1. This means that, for the
most part, the motor’s speed is not limited by the switching speed of
electronic components: the maximum speed of the motor is governed
only by the physical limitations of the rotor.
The primary downside to synchronous motors—the fact that they can
only operate at their synchronous speed—was mostly taken care of by
the speed control circuit. The logarithmic discharge of the capacitors
accounts for the lower torque of the motor at high speeds: the acceleration of the rotor decreases as it reaches full speed, allowing the rotor to
stay in sync. Although the motor is still not capable of self-starting, it is
easy to manually start at its low speed while the speed control circuit is
active. If the speed control circuit did not exist, like in many of the early
prototypes, the user would have to manually increase the frequency of
the input power. Without the precision of electronics, the user must increase the frequency very slowly to minimize the chance of accidentally
pulling the rotor out of sync; this process is cumbersome and time-consuming. To manually increase the frequency to the motor’s maximum
speed would likely take more than an hour, while the speed control circuit can accomplish it in approximately a minute.
A modification which would allow the motor to self-start is the addition of a second phase, offset by 90º. This would give the motor a fixed
direction of rotation, whereas the single-phase design can spin in either direction. The most common way of creating a 90º phase shift is
through a capacitor wired in series with the electromagnets; however,
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any given capacitor will only cause a phase shift in AC power of a certain frequency. This motor was designed to allow for the possible future
addition of a second phase, which would manually be activated once
the motor reaches the appropriate speed.
As the speed of this motor is limited by the physical attributes of the
rotor, multiple replacement rotors were tested to attempt to achieve
higher speeds. The first two replacement rotors, which were 3D printed,
were warped in the 3D printing process; if they were used, the rotor
would be too unbalanced to sustain its synchronous speed. The second
two, which were 3D printed on the Makerbot, had the wrong dimensions—the first was too small for the magnets to fit in it, and the second
was large enough that the magnets rattled and wasted energy. Another
replacement, made out of acrylic, was too brittle to provide the centripetal force necessary to hold the magnets in place; when the motor began to speed up, the acrylic cracked and one of the magnets was
ejected from the rotor. The final replacement rotor, which was made out
of stacked laser-cut wood, just like the original rotor, functioned well,
but did not surpass the performance of the original. Additionally, an
attempt to use oil to reduce friction on the bearing had no significant
effect. In the future, more time spent experimenting with rotor designs
would help to find a more efficient design.
In addition to the issues with the 3D-printed rotor, the 3D-printed electromagnet holders caused trouble. Because of the sizing issues with the
Makerbot, the holders were too loose to lock in place when they were
adjusted; they were eventually epoxied in place, making it impossible
to adjust the position of the electromagnets. This reduced the motor’s
maximum speed, since the electromagnets were permanently mounted
in a suboptimal position.
Although this synchronous motor was designed for efficiency, the efficiency measurement is the most prone to error. The torque on the
motor was measured using a Vernier force sensor to cause friction on
the rotor; however, the duct tape around the rotor’s circumference was
not perfectly uniform. This caused the force sensor to detect a wave
as the distance between the sensor and the rotor changed. Although,
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by analyzing the amplitude of the wave, it was possible to measure the
maximum force exerted on the rotor, the measurement would have
been much more precise had the surface been uniform. Additionally,
the power input calculation is probably underestimating the amount of
power the motor is using. The power input was calculated using Ohm’s
Law, V=IR, which is meant to be used in DC circuits. The equivalent
for AC circuits, V=IZ [8], requires a measurement of impedance, which
was not possible with the tools in the lab. As a result, the calculation of
efficiency is probably an overestimate.
Synchronous motors are generally useful in applications that require a
fixed speed. Using 60 Hz wall power, synchronous motors can be designed to run at 3,600 RPM or a lower harmonic, such as 1,800 RPM.
This could be useful in applications such as washing machines, where
power can be drawn directly from the wall socket to power the electromagnets. In addition, this could be useful for CD or DVD players, since
the disk needs to rotate at a fixed speed. The high efficiency also makes
this a good design for any application where power is limited, especially
since its power consumption is relatively low and relatively constant.
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9 Appendices
Appendix A
Target Frequency, Normal Force, Resistor Potential & Actual Frequency
Trial

Expected
Speed
(Hz)

Normal
Force
(Hz)

Minimum
Resistor
Potential
(V)

Maximum
Resistor
Potential
(V)

Minimum
Speed
(Hz)

Maximum
Speed
(Hz)

Mean
Speed
(Hz)

1

20

1.981

-0.1187

0.1108

18.67

18.91

18.79

2

20

2.874

-0.1187

0.1157

18.47

19.22

18.89

3

20

1.308

-0.1187

0.1157

18.44

19.98

19.21

4

40

1.906

-0.1187

0.1157

39.49

42.12

40.49

5

40

2.314

-0.1187

0.1157

39.52

41.63

40.57

6

40

2.66

-0.1236

0.1157

39.64

40.5

40.19

7

40

2.283

-0.1187

0.1157

39.69

40.92

40.46

8

70

0.7675

-0.1236

0.1205

65.82

72.36

69

9

70

1.032

-0.1236

0.1157

67.65

71.82

69.75

10

100

0.7046

-0.1236

0.1205

95.49

103.4

99.56

11

100

0.8304

-0.1285

0.1205

95.37

102.9

99.5

12

100

1.013

-0.1285

0.1205

96.75

101.9

99.67

This data was obtained by analyzing the graphs of frequency vs. time,
force vs. time, and potential vs. time during the last wavelength before
the motor dropped out of sync. The speed was continuously “wobbling”
in a sine wave around the mean speed, so a discrepancy from this sine
wave was used to determine when the motor had dropped out of sync.
In the graphs that involve the “actual speed” of the rotor, the mean
speed for each trial is used.
The graph of potential vs. time was approximately a square wave oscillating around 0V, so the mean of the absolute values of the minimum
and maximum potentials was used as the average potential drop across
the resistor.
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(Appendix A continued from previous page)
An additional trial at 70 Hz was discarded because it was an outlier. The
data for that trial were:
Trial

Expected
Speed
(Hz)

Normal
Force
(Hz)

Minimum
Resistor
Potential
(V)

Maximum
Resistor
Potential
(V)

Minimum
Speed
(Hz)

Maximum
Speed
(Hz)

Mean
Speed
(Hz)

Outlier

70

2.522

0.1236

0.1205

67.02

70.91

69.08

Appendix B
Other Motor Parameters
Input Amplitude
(V)

Input RMS
(V)

Coefficient of
Kinetic Friction

Radius
(m)

Resistance
(Ω)

20.8

14.708

0.477

0.028

0.1

These measurements were taken separately, and their values do not depend on the motor’s speed.
Input Amplitude
This is the amplitude of the sine wave produced by the frequency generator when no load is connected. When the electromagnets are attached,
the back-emf causes the apparent amplitude to drop; however, the frequency generator produces waves with this amplitude.
Input RMS
This is the root-mean-squared voltage of the sine wave produced by the
frequency generator.
Coefficient of Kinetic Friction
This is the coefficient of kinetic friction between plywood and duct
tape. The calculation of this value is in Appendix D.
Radius
This is the radius of the rotor.
Resistance
This is the resistance of the resistor used to measure current. The resistor was a 5% 0.1 Ω ALSR10.
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Appendix C
Calculated Measurements by Trial
Trial

Rotations
Per
Minute

ω
(rad/s)

Friction
(N)

Torque
(N*m)

Power
Out
(W)

Average
Resistor
Potential
(V)

Current
In (A)

Power
In (W)

Efficiency

1

1,127.40

118.06

0.95

0.03

3.13

0.11

1.15

16.88

18.52%

2

1,133.40

118.69

1.37

0.04

4.56

0.12

1.17

17.24

26.45%

3

1,152.60

120.70

0.62

0.02

2.11

0.12

1.17

17.24

12.24%

4

2,429.40

254.41

0.91

0.03

6.48

0.12

1.17

17.24

37.60%

5

2,434.20

254.91

1.10

0.03

7.88

0.12

1.17

17.24

45.73%

6

2,411.40

252.52

1.27

0.04

8.98

0.12

1.20

17.60

51.01%

7

2,427.60

254.22

1.09

0.03

7.76

0.12

1.17

17.24

45.00%

8

4,140.00

433.54

0.37

0.01

4.45

0.12

1.22

17.95

24.77%

9

4,185.00

438.25

0.49

0.01

6.04

0.12

1.20

17.60

34.35%

10

5,973.60

625.55

0.34

0.01

5.89

0.12

1.22

17.95

32.82%

11

5,970.00

625.18

0.40

0.01

6.94

0.12

1.25

18.31

37.89%

12

5,980.20

626.25

0.48

0.01

8.48

0.12

1.25

18.31

46.30%
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Appendix D
Friction Measurement

Friction was calculated using the setup depicted in the Free Body Diagram above. A uniform layer of duct tape was used to cover the top of
a table, and a pulley was attached to the end. A string was tied on one
end to a mass of mass m, and on the other side to a piece of plywood.
Metal washers, used as masses, were placed on top of the plywood (the
mass of the washers and the plywood together is M). The system was
released, and the time it took for the system to travel a known distance d
was measured. Since the system was known to start from rest, kinematics equations can be used to find the acceleration of the entire system.
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Masses, Distance Travelled & Time Elapsed
M (kg)

m (kg)

d (m)

t (s)

a (m/s2)

0.39

0.2

0.069

4.89

0.00577

0.457

0.2

0.069

19.45

0.000364

0.414

0.2

0.069

5.74

0.00419

Using Newton’s Second Law on each subsystem, marked in the Free
Body Diagram by dotted lines:
F = ma
Hanging Subsystem:

mg - T = ma

Table Subsystem:

T-μk Mg = Ma

Table Subsystem:

T = Ma + μk Mg

Substituting for T:

mg - Ma - μk Mg = ma

Isolating μ:		

μk =

ma - mg + Ma
- Mg

Using this equation, the following values for μk can be found:
μk = 0.512
μk = 0.448
μk = 0.482
The average coefficient of kinetic friction is therefore 0.477.
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Pictures

The motor set-up to measure speed, torque, and input power.
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The interface between the speed measurement circuit and the LabQuest.
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The speed control circuit connected to the sweep input of the frequency generator.
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The four generations of the motor. From back to front, they are: the induction
motor prototype, the “scrap material” prototype, the 8,400 RPM prototype,
and the final design.
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Close-up of the three electromagnet versions. The top electromagnet was reused from
previous years, the middle one tended to overheat, and the bottom one is used in the
final design.
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Electronic Battleship
Michelle Meyer
1 Abstract
This project is an Arduino-based recreation of the game battleship—
and it is cheat-proof! In this game, the ships’ positions are detected
after being placed on the board. In addition, the hits and misses are
displayed using LEDs which light up either red or blue. The main
challenge of the project is getting the large number of inputs and
outputs to be detected and controlled by a limited number of Arduino
pins: the five ships can be placed on any of the 20 rows and columns
and there are 400 LEDs. This is done using multiplexing for the ship
detection system, and the LEDs are placed in a matrix and controlled
using a decade counter. The duration of one cycle through lighting the
LED matrix was measured to be 6.96ms, and each LED is on for 3.97%
of the time.
2 Introduction
2.1 Inspiration
With the expansion of computer, tablet and phone technology, more
and more games are being digitalized. The crispness of these games is
nice, but there is also something enjoyable about playing a physical
game. This project is a combination of both: it is a higher tech version
of the classic game of Battleship. The game has the same rules as the
classic game, and the players still have the fun of placing their ships on
the grid. This version of the game allows the players to punch in their
guesses in a keypad and the guess lights up on the board for them. This
new method makes the game cheat-proof while still being engaging
and strategic. This game is a representation of how new technology
and electronics techniques can bring improvements to our lives. As the
This paper was written for Dr. James Dann’s Applied Science
Research class in the spring of 2016.
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world of electronics continues to grow, there will only be more possible
applications. Though electronic Battleship isn’t going to change the
world, it still an entertaining application of electrical and technological
advances made in the last few decades, namely microprocessors,
multiplexing, and LEDs.
I first got the idea for this project when I discovered RGB LEDs. Before
then, I had seen many online tutorials for LED matrices but none of
them utilized RGB LEDs. In order to create these LED matrices with
standard one-color LEDs, the LEDs’ pins are bent and connected
to each other so that the cathodes connect in a row and the anodes
connect in a column (or vice versa). I had the idea for an RGB LED
matrix, which would use the same concept as the standard LED matrix
except there would be additional rows for each of the different colored
pins. After thinking of the idea of an RGB matrix, I was brainstorming
applications for the matrix beyond displaying cool patterns when
battleship came to mind.
There was an electronic version of Battleship that was sold before, and
the goal of this project is to make an improved version. The version
that was sold required the player to search through a book of ship
positions and enter in the code manually. This version detects the ships’
positions automatically, which saves the players’ time and ensures that
no cheating is possible. Additionally, this version has lights that display
the hits and misses instead of the traditional red and white pegs.
2.2 History
LEDs were first invented in 1961 on a project related to solar cells. It
was discovered that semiconductors could be used to produce light.
The red LED was then patented in 1962. In later years, different colored
LEDs were produced but it wasn’t until 1979 that LEDs were available
for a reasonably low cost [1]. Initially, LEDs were extremely inefficient
but changes to the composition of the active layer greatly improved the
efficiency in the 1990s. The most significant discovery was that having
a heterogeneous composition of the n and p type layers increases the
efficiency [2]. This increases efficiency because the different materials
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have slightly different structures, so overall the probability that an
electron can find a hole and vice versa is higher. This, along with
increased quality of the materials that compose the layers, increased
LED efficiency dramatically from when they were first invented, and
the efficiency continues to rise. Today, LEDs are used for a variety of
applications including display. LEDs can be combined to create images
for things like billboards. On a smaller scale, LED matrices have been
a popular thing for hobbyists to experiment with. These matrices can
be controlled by Arduinos to display a certain pattern. 3D displays
have even become popular, adding a challenging spacial element to
the project. However, for this project, the focus is 2D matrices. This
project takes the LED matrix to the next level by not only allowing
the user to control which LEDs light up, but also adding the strategic
game element.
Multiplexing is the process of combining and splitting data up to make
the transfer more efficient. Data is picked up from multiple sources,
and combined into one large piece of data. An example of this is
shown below.

Figure 1: This diagram outlines the process of multiplexing. [3]

However, each source of data is unique in some way that allows
it to be distinguishable even after combined. This could be done in
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multiple ways. The first is by having different frequency ranges. If each
transmitter has a different frequency range, then when the combined
data is being separated, each piece of data’s source can be identified by
the frequency range it is in. This allows the data to be transferred as
one piece while not losing any information about where it came from.

Figure 2: This progression shows how 3 sources would be combined yet
still distinguishable. [4]

This process was used earliest in the 1800s for sending telegraph
messages. The process was then applied to telephone communication
in the 1930s. Multiplexing is used today in mobile networks for highspeed transfer of data. Beyond communication, multiplexing is used
in digital cables, computers, and televisions [5]. The other way that the
data from the different channels can be distinguishable is by spacing
out the time. Each channel’s data can be read one after another but with
a small pause and a gap between the data. This way, after the transfer,
the separation is easy because the first piece of data corresponds with
the first channel, the second with the second channel, etc. This is
the kind of multiplexing that is used for this project. Multiplexing is
extremely useful for any transfer or display of information because it is
efficient and is simpler than controlling each individual element when
there are many elements. This project is much simpler than a television
display, for example, because there are hundreds—not hundreds of
thousands—of elements to control. However, multiplexing is still
important for this project by making the Arduino code the most
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efficient and allowing the project to fit on one Arduino. Efficiency is
important no matter the scale, which is why multiplexing is useful for
so many different applications.
3 Theory
3.1 LEDs
An LED is composed of an n-type layer and a p-type layer, and an active
layer between the two. The n-type layer is doped to have unbounded
electrons while the p-type layer is doped to have free “holes”, or absence
of electrons. N-type layers are made of silicon doped with phosphorous.
The silicon nucleus is replaced with a phosphorous nucleus, which has
one extra charge. In order to stay neutral, the doped silicon must add an
extra electron. Thus, the atom stays electrically neutral but has gained
an electron on its exterior that can be used to create light. A similar
process is used for the p-type layers; the silicon is doped with Boron,
which has a charge that is one less than silicon. This creates an extra hole
on the exterior of the atom while, again, maintaining neutral charge.

Figure 3: This diagram shows the two different kinds of doped silicon that compose
the n-type and p-type layers in the LED. [6]

When voltage is applied to the LED in the correct direction, the
electrons and holes are forced into the active layer where they meet.
The energy created is translated to the release of photons, or light. The
composition of the active layer determines what wavelength of light
is produced, so different colored LEDs have different active layers [5].
The higher the frequency of light, the more energy the LED requires to
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produce this light. This is because the energy of one electron is equal
to the voltage across the LED divided by the electron’s charge (by V =
E*q). This energy corresponds to the energy of the emitted photon,
and it can be rewritten as E = h*f, where h is Planck’s constant. This
shows that there is a direct relationship between energy and frequency
of light. Thus, since red light has a relatively low frequency compared
to blue light, red LEDs require less energy than blue LEDs. [7]
RGB LEDs are slightly different than the standard one-color LED
because they are capable of producing multiple colors. This is done by
essentially combining the circuit of three LEDs (red, green, and blue)
into one package. For convenience sake, the three colors share one
pin (either the anode or cathode) which means that only four pins are
required. An example of a common anode RGB LED is shown below.

Figure 4: The left diagram shows the four pins of the RGB LED and the right diagram
shows the circuit of the RGB LED. [8]

RGB LEDs are capable of producing not only red, green, and blue
light but also any other color light. This is done by applying different
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intensities of voltages to each of the three pins. For the purpose of this
project, only red light and blue light are needed so the green pin is cut
off of each LED.
The LEDs used in this project are diffused, which means that the
viewing angle is wider than normal. The viewing angle of non-diffused
LEDs is generally 12 degrees while the viewing angle of diffused
LEDs is typically 35 degrees [9]. Diffused LEDs are generally dimmer
because the light is spread over a larger area, but for this project it is
more important to have a larger viewing angle than brighter light.
3.2 Choosing the Resistor
LEDs will burn out when too much current is run through them,
so it is important to have a resistor in series with the LED. When
current runs through a resistor, it goes through many wire windings
that dissipate heat. This loss of power reduces the amount of current,
which will prevent the LED from burning out [10]. However, it is also
important that not too much heat is dissipated by the resistor because
that would be a waste of power that could be otherwise used to make
the LED brighter. Thus, the best resistor to use is one with just enough
resistance to prevent the LED from burning out because it allows the
LED to function at its brightest state.
The current through the LED should be 20mA. The typical voltage across
the LED when it emits blue light is different from when it emits red light
(3.2V and 2.0V respectively) so the limiting case was considered [11].
The lower voltage (2.0V) is the limiting case because that means there
must be a higher voltage drop across the resistor. The voltage drop across
the resistor is equal to the total voltage supplied (5.0V) subtracted by the
voltage across the LED. Ohm’s Law, V = IR , or R = V/I, can be used to
calculate the resistance needed: R = (5V-2V)/0.02A= 150Ω. Rounding
up to the next value that is available leads to the 180Ω resistor. These are
placed in front of each row in the matrix.
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3.3 Resistor Rows and Columns
There are 10 rows and 10 columns for each player’s board. For each of
the rows and columns, there are 10 resistors for each of the 10 spaces.
Each of these resistors have a different value. Each ship has a wire in it
that goes through the two pegs so that when it is placed on the board, it
comes into contact with the series of resistors. The wire has negligible
resistance, so the current travels through the wire, shorting the resistors
over which it is placed. The design of the ship limits the placement of
the pegs, so the two pegs are spaced apart by one less than the number
of spaces that the ship occupies. For example, when placed onto the
board, a submarine (3 spaces long) will short two resistors under it.
The resistance of the entire row would then be less by the sum of those
two resistances. Because there are 10 unique resistances across the 10
spots, the sum of missing resistances is unique depending on where
in the row or column the ship is placed. Therefore, in order to detect
what the ship position of a row or column is, the unique value of total
resistance can be matched to the position.
In order to find the total missing resistance, an additional resistor is
placed at the beginning of the series and the connection to the Arduino’s
analog input is at this junction. The Arduino reads in the voltage and
uses the known resistance of the additional resistor to calculate the
resistance of the rest of the series. The resistance of this extra resistor
was selected so that it would have a voltage drop of at least 1.7V at all
times. This is done so that 5V can be used as the total voltage in the
series while 3.3V remains the reference voltage. The input voltage to
the Arduino must be below 3.3V for two reasons: the first is that 3.3V
is the maximum detectable voltage (due to 3.3V being the reference
voltage) and the second is that the Arduino will blow out if a voltage
above 3.3V is inputted. The purpose of using a larger total voltage and
a smaller reference voltage is to increase accuracy by maximizing the
range of analog values. If the highest input voltage is around 3.3V, the
full range of 0-4095 is being used. The total resistance (not including
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the extra resistor) is about 5660Ω, so the extra resistor can be found
using Ohm’s law:
Itot = Vtot/Rtot = V1/ Rextra
5V/(5600+ Rextra) = 1.7V/ Rextra
Rextra = 2,885Ω
The next value up, 3300Ω is used.
In order to find the resistance during the ship-detection phase, Ohm’s
law is used once again. This voltage input is equal to the voltage
drop across the resistor row/column, which can be used to find the
resistance. Since current is equal in series, Itot = Vtot/Rtot = Vin/Rremaining.
Rtot = Rremaining + Rfirst
Rremaining = (Rremaining + Rfirst) * Vin/Vtot = Rremaining * Vin/Vtot + Rfirst * Vin/Vtot
Rremaining * (1 - Vin/Vtot) = Rfirst * Vin/Vtot
Rremaining = (Rfirst* Vin)/(Vtot * (1 - Vin/Vtot) )
Rremaining = (Rfirst* Vin)/(Vtot * (Vtot - Vin)
3.4 Arduino
The Arduino is a microcontroller board that is used as the brains of this
project. The Arduino used for this project is the Arduino Due. There
are 54 digital input and output pins. When the pins are set to input
mode, each one can be set to HIGH or LOW (a setting of HIGH will
send out voltage). There are 12 analog inputs, which differ from the
digital output pins in that they read in specific voltage values instead
of HIGH or LOW [12]. This is used for detecting the ships’ positions
because different voltage values correspond to different ship positions.
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The Arduino Due has the ability to read analog inputs with 12-bit
resolution, which is four times better than the 10-bit resolution of an
Arduino Uno [12, 13]. This, along with the large number of pins, is the
main reason for the choice to use the Arduino Due. Another benefit
is the faster speed (84 MHz versus 16 MHz), though the slower speed
would have been adequate [8, 9]. The speed of the Arduino just needs
to be faster than the fastest speed that the eye can detect so that the
LEDs don’t appear to be flickering, and both speeds are well above this.
3.5 Multiplexing
For this project, the 4017 chip is used for controlling the LED display.
The 4017 has 10 channels, so one chip can control a row of LEDs. The
chip works by turning the pins on high one at a time so that no two
pins are on at the same time [14].

Figure 5: This graph displays a sample output of the 4017 chip. [15]
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The frequency is set externally, in this case by the Arduino. The
Arduino triggers the 4017 to move to the next output by sending a
high voltage to the clock pin. After all 10 rows are complete, the reset
pin is triggered using a high voltage, which starts the cycle over again.
The LEDs appear to be lit simultaneously if the frequency is set higher
than the speed that the eye can detect. [16].
An opposite process is used for detecting the ships’ positions: instead
of staggering the voltage outputs, the voltage inputs are staggered so
that many can be read using only one analog input pin. The multiplexer
used has 16 channels, meaning that 16 different voltages can be read
in using the one input pin. The channels are controlled using 4 digital
pins. The Arduino sends high or low voltages to these 4 pins, and
the combination of high and low voltages is the binary version of the
channel number. The channel number that is represented by the digital
pins is the one being inputted to the analog input pin. For example, in
order to read in the voltage in channel 9, the digital pins must be high
and low as follows: 1001.
3.6 Putting It Together
There are four LED matrices in total because each player sees both the
hits and misses on their own layout and the hits and misses on their
opponent’s layout. However, in terms of sending the light outputs, it
can be thought of as just two matrices: one for each layout. In terms of
the physical circuit, the two matrices that are mirrors of each other can
be put in parallel with each other. This reduces the number of pins and
amount of work to be done by the Arduino.
4 Design
4.1 Circuit
The circuit for the game can be split up into 3 main parts: reading in
the ships’ positions, displaying the correct LED lights, and reading in
the guesses while updating the LED matrix. The first step of the game
is to place the ships. The ships each have a wire through the two pegs,
and when the ships are placed down, the wires make contact with a row

126		

Michelle Meyer

or column of resistors. The wire in the ship has negligible resistance,
so the current travels through the wire instead of the resistors between
the pegs. Since some of the resistors are shorted, the total resistance of
the row or column decreases. This decrease in resistance is used to find
the ship’s position.
The Arduino runs through and reads in the voltage values for each
row and column. This is done using multiplexing in order to minimize
the number of pins used by the Arduino. The CD74HC4067 chip is
used in order to do so. A diagram of how the chip is used is shown in
fugure 6. The chip is connected to 4 different digital output pins. The
voltage readings are cycled through very quickly, so the entire process
of reading the 16 channels is not significantly longer than reading in 16
individual analog inputs.

Figure 6: Sample use of the CD74HC4067 multiplexing chip.

The voltage values that are being read in correspond with a missing
resistance. Missing resistance comes from a ship being placed across
the resistor row or column: if part of the row or column is short
circuited, its resistance decreases by the amount that was shorted. Each
row or column is made up of 10 different resistors (or effectively 10
resistors - some are combined in series or parallel to achieve the desired
value). These resistance values were chosen because they minimized
the number of combinations that had similar voltage values. The
calculation of the missing resistance based on the voltage input can be
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found in the theory section of this paper. Once the missing resistance is
found, the program matches it to the ship position that has the closest
missing resistance.

Figure 7: Sample resistor row or column.

There is some error with this method from both the resistors and the
Arduino. The resistors have a tolerance of 5%, meaning that their true
value is within 5% of the labeled value.
Several things were done to overcome this. Originally, the intent was to
have the user place all of the ships at once and then have the Arduino
detect the positions of all of the ships. Instead, the user presses a
button on the keypad representing the number of spaces that the ship
occupies then places the single ship down. The change in resistance
due to the single ship is detected and the position is recorded. This
process is repeated for all 5 ships. This method helps with detecting the
accurate position because not only is there only one ship’s position to
decipher at a time, but each ship’s number of spaces is also known. The
number of possible ship positions if using the original method is 144
per row and column, while the final method has a maximum 9 possible
positions per row and column. The other improvement is that before
any ships have been placed, the resistances of each row and column
are recorded. This way, the resistances are compared to the previously
calculated resistances rather than the theoretical resistances.
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The second part of the circuit is displaying the LED matrix. Since each
LED needs to display either red or blue, there are three pins for each
LED (anode, red cathode, and blue cathode). The LED leads were bent
in a way that can form a matrix.

Anode +

Red
Cathode

Blue
Cathode

Figure 8: Example of how one LED’s pins are bent.
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The red and blue cathodes are bent vertically so that when multiple
LEDs are aligned vertically, the red cathodes form one column and
the blue cathodes form another. All of the columns were created first,
and then attached. The columns were attached by bending the anode
over the top of the red cathode (making no contact) and soldering it
to the next column’s anode. Before creating the full 10x10 grid, a 3x3
prototype was made and tested.

Figure 9: 3x3 matrix prototype.
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After the prototype was tested, a 10x10 grid was created with this setup.
This setup gives each of the LEDs the capability to light up red or blue
based on whether voltage is applied to its row and whether voltage
is allowed to flow through either the red or blue column. Transistors
are used for each of the columns in order to block or allow current to
flow. The NPN transistor has one pin (collector) connected to the LED
cathode, the emitter is connected to ground, and the base is connected
to the Arduino input. Thus, if a certain row has voltage applied to it
and one of the transistors has a voltage applied to the base, the LED
corresponding to this row and column lights up.
It is important to only light up one row or one column at a time
otherwise more LEDs will be lit up than the system can handle. A
4017 decade counter is used to delay and space out the lighting of each
column. The decade counter sends one output at a time for 10 different
outputs, so one 4017 is used for each of the cathode columns. One
step is started by applying voltage to the correct rows. For example,
if the first two spaces in that column need to be lit up, voltage will
be applied to the first two rows of the matrix. After a small delay, the
voltage is set back to zero for all pins, and a signal is sent to the decade
counter to advance to the next column. The program looks at its stored
2D array to figure out which lights in that column need to be lit, and
voltage is applied to those rows. This is repeated until all 10 columns
are done. One color runs through first and then the second color runs
(using the other column and other decade counter). In order to control
which color is being displayed, the grounds of each decade counter
are connected to an NPN transistor. The bases of the transistors are
connected to an Arduino digital output pin so that when the pin is
high, that color is displayed on the matrix.
The decade counter and program run at a rapid pace so that the
blinking of the LEDs is not visible to the human eye; the LEDs appear
to be continuously lit.
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Figure 10: Finished 10x10 matrix with some lights turned on.

The final part of the project is the updating of the LEDs. The keypads
are connected to multiple digital input pins in the Arduino to detect
which number was pressed. After the coordinates are deciphered, the
program determines whether it was a hit or miss and adds the hit or
miss to the 2D array which stores all of the guesses. This means that
for the following cycle, the guess will be displayed on the LED matrix.
Table 1 is a chart showing the number of pins used for each part of the
project. Since the Arduino has 54 total digital input and output pins,
there are 4 that cannot be controlled by the digital input/output pins.
However, there are 12 analog input pins (only 3 of which are used), so
these are re-written to be input/output pins. Between the digital and
analog pins, 61 out of the 66 pins are used.
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Use

Number of Pins Used

LED matrix rows

20

4017 Reset pins

4

4017 clock pins

4

Red on output

2

Blue on output

2

Keypad input

14

CD74HC4067 digital signals

12

Total:

58

Table 1: Shows the number of pins used for each part of the circuit.
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Figure 11: Circuit diagram for LED matrix.
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4.2 Code Flow Charts

Figure 12: Code Flow Chart 1.

Michelle Meyer
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Figure 13: Code Flow Chart 2.
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4.3 Game Board

Figure 14: CAD drawing of finished game board.

Figure 15: CAD drawing of one matrix surface.
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The game board is designed to be similar to the original battleship setup.
The two players’ boards are set up facing back to back so that each player
can view only their own board. Each player sees two matrices, one flat
and one standing. The flat matrix represents the player’s own board.
The game begins with the player placing their ships on this board. The
pegs for placing the ships are different than the holes out of which the
LEDs protrude. The LED holes are slightly larger, while the holes for
the ships are smaller. The holes for placing the ship horizontally are
different from the holes for placing the ship vertically. This is done in
order to isolate the circuit for each row and column; since each hole
can only be used for either horizontal or vertical placement, there is no
false detection of ships in the wrong orientation. Below is an image of
the resistor rows and columns. At each junction, a piece of copper was
soldered on in order to make a good connection with the wire in the
ship. In order for the rows and columns not to touch each other, the
columns were placed at the top of the board and the rows were placed
underneath the board. There are holes in the board at each junction so
the resistors could be soldered to the copper plates, which rest on the
top of the board.

Figure 16: Board with resistor rows and columns (rows are underneath board).
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Also below the game board is the LED matrix. This is below the game
board but above the resistors. There is enough room between the two
layers so that no contact is made. The LED matrix sticks up through
the larger holes and displays the colors representing the hit or miss.
The LEDs are visible even through the placed ships because the ships
are be designed to have holes so that the LEDs fit through and are
visible from the top. The standing matrix represents the opponent’s
board. The same LEDs are lit as the opponent’s flat board, but the ships
won’t be visible.
The game board also includes a side container for the ships when not
in use. This container is next to the keypad, which the users utilize
to enter their guesses. The board has the numbers for the coordinate
system laser cut onto them so the user can easily determine the code
for their keypad entry.
The ships were designed using Inventor and 3D printed. Each ship was
1.4cm wide and the length was determined by the number of spaces
[2cm x (number of spaces) – 2mm]. The ships were designed with
holes to fit over the LEDs. These holes allow the ship to fit nicely on
the board and they also allow the light to show through. Additionally,
the 3D printed material is translucent which allows for the light to be
viewed even outside of the ship. The ships were printed in two pieces
– the top and the bottom. This was done in order to allow the wax to
drain out of the ship properly to ensure a hollow middle. The hollow
middle is important because the wire needs to pass through the ship.
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Figure 17: CAD drawing of 2-piece ship.

Figure 18: CAD drawing of 3-piece ship.
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Figure 19: CAD drawing of 4-piece ship.
Figure 20: CAD drawing of 5-piece ship.

Figure 21: Example of ship with wire through the pegs. This is a 4-piece ship.
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Figure 22: Top view of ship placed onto board.

5 Results
Each row of the LED matrix is on for a delay time that is specified by
the Arduino code. However, this delay time is not the accurate time
between cycles because it does not include processing time. In order to
find the processing time, an oscilloscope was used to find the voltage
vs. time graph of an individual row. The leads of the oscilloscope were
placed across a resistor in one row, so the graph displays the voltage
across this resistor.
The oscilloscope was also used to find the time that each LED is turned
on. There is only a 100µs delay written into the code, meaning that the
processing time is approximately 176µs. This represents the time taken
to go through 10 rows and turn the correct pins high, then turn them
all low.
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Figure 23: Oscilloscope graph of time between cycles.

Each large cycle is made up 20 smaller cycles—10 for going through
the blue columns and 10 for going through the red columns. Since each
cycle is 6.96ms long, each smaller cycle should, in theory, be 348µs
long. However, each small cycle is 72µs shorter than this, meaning that
there is some processing time between each small cycle. This time is
1.44ms, and it is the time needed to turn the reset pins high and low
and also turn the pins for each color high and low. In theory, each
LED would be on for 5% of the time, but instead each one is on for
3.97% of the time. Because the LED is only on for 3.97% of the time, its
brightness is significantly dimmer than if a single LED was lit.
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Figure 24: Oscilloscope graph of time of one cycle.

As mentioned earlier, each resistor’s true resistance is not what is
labeled. After testing the resistance of many resistors using a multimeter,
it was discovered that in general the resistances are lower than labeled.
After the resistor rows and columns were soldered together, the true
resistances were found by applying voltage across the entire series,
recording the voltage drop across each resistor, and using this to
calculate the true resistance. This was done for 5 randomly selected
rows or columns, and then the averages were calculated. The average
measured resistances were used in the code when finding the potential
missing resistance at a given location. The average measured resistance
is most likely closer to the true resistance value, which helps ensure the
correct location is detected.
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Theoretical Resistance
(Ω)

Measured Resistance
(Ω)

Percent Difference
(%)

100

100

0

180

174

3.33

330

321

2.73

470

458

2.55

550

537

2.36

660

642

2.72

890

875

1.69

800

761

4.88

1000

939

6.1

1100

1050

4.54

Total: 6080

5757

3.73

Table 2: Theoretical and measured resistances of each resistor in the row/column.

6 Conclusion
Overall this project was a success. The limitations of Arduino pins was
successfully worked around, and each component is able to function
on its own. The initial method of reading in the ship’s positions had
a lot of error, but the final method of placing each ship individually
was more successful. In all rounds of testing, not a single mistake was
found in position detection.
The biggest flaw in this project is that the LEDs are rather dim. This is
due to each light being on for only a fraction of the time, specifically
3.97% of the time. There isn’t much that can be done to improve this
since all 20 columns of the two colors must be cycled through. The
lights would each be brighter if the processing time was faster, but even
if the processing time was negligible, each light would still only be on
for 5% of the time and would probably still be dim.
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This project demonstrates methods of efficiently outputting and
detecting large amounts of information with a small number of outputs
and inputs. There are 400 total LEDs and 144 possible ship positions
for each of the 40 rows and columns, and all of this was controlled
and detected by 58 pins on the Arduino. However, compared to many
electronic technologies today, this is still considered an extremely
small scale. The size of data transfers in the world of electronics is
ever-increasing, which makes these methods of efficiently controlling
and detecting information extremely important. Possibly even more
important is the fact that this game makes it impossible to cheat, which
could be the cause or solution to many family arguments.
7 The Next Step
If I were to continue this project, I would want to add some features
to make it more user-friendly. I would add an LCD screen to display
messages to confirm with the user. After a ship is placed, the LCD
screen could display the row and column of the front of the ship to
confirm. Also, the LCD screen could display the coordinates of a
guess before it is sent in. This would help the game flow better because
with the current code, the inputs are immediately stored and can’t be
changed if it was read in wrong. Additionally, a speaker could be added
to play an explosion sound when a ship is hit.
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