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Abstract 

Shifting Currents aims to educate the public about the potential the fully electric vehicle 

(FEV) holds - not only for the automobile industry, but also for consumers’ lives. With 

environmental concerns rising and sustainable energy sources becoming unstable, the automobile 

industry is primed to invest fully in the future of the electric car. Several high profile auto 

companies including Tesla, Nissan, and Ford, have released electric car models, amid much 

press and excitement. Though the cars received excellent press, the public is still confused about 

how electric cars work and maintain numerous misunderstandings including “range anxiety” due 

to negative reviews about early models of the electric car. Shifting Currents wants to shift the 

public’s hesitant attitude about the efficiency and durability of the FEV by examining the history, 

power, and potential of the electric car. 

 

Introduction 

2012 was a breakout year for electric cars in the American market. Several fully electric 

vehicle (FEV) models – the Nissan Leaf, the Ford Focus, and the Tesla Model S – were released, 

amid much press and excitement. Motor Trend magazine gave its coveted Car of the Year award 

to the Tesla Model S, exclaiming, “At its core, the Tesla Model S is simply a damned good car 

you happen to plug in to refuel.”1 Recent test drives of the Tesla S published in The New York 

Times and on CNN.com have also driven consumer interest in the cars and in the technology 

behind the vehicles. 

Despite media hype around the FEV, public understanding of how electric cars work is 

fairly low. The car’s engine is frequently misunderstood and, because of negative reviews 

surrounding many of the early versions of the car, consumers express concern about the range of 
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the battery. Amidst all this press coverage, we have chosen to examine the FEV and its 

promising future in the car industry in a project we have titled “Shifting Currents.” 

 

The Beginnings of the Electric Car 

Although the FEV seems modern, this automobile has been around for more than a 

century. Thomas Davenport invented the electric motor as early as 1834,2 and modifications 

continued through 1859 when French physicist Gaston Planté invented the rechargeable battery.3  

Andreas Flocken built the first four-wheeled electric car in 1888. 

FEVs did not gain traction in the United States until William Morrison invented the 

electric car in 1891.4 Though FEVs at this time did not drive faster than 20 mph, they held many 

advantages over gasoline cars: they did not have the smell, vibration, or noise that gasoline cars 

had and also did not require difficult gear changes or a manual start via a hand crank.5  By 1912, 

the U.S. showed great acceptance for the electric car. 

However, with technological advances and a more standardized petroleum infrastructure, 

gas automobiles won most market share after the early 20th century. An electric starter replaced 

the hand crank, advancements in the internal combustion engine made it more efficient, and new 

highways between cities highlighted the speed and range limitations of electric cars. Additionally, 

mass production of gasoline cars drove prices down while electric car prices rose. The electric 

car effectively disappeared from the market by the end of the 1920s.6 

In the 1970s, the energy crisis coupled with strict embargoes on oil prompted automakers 

to seek other forms of power for their car; electricity’s popularity surged again as a potential 

solution to the energy crisis. Unfortunately, technological limitations of the battery prevented 

electric cars from competing with gasoline autos and they did not become a viable market 

competitor. The U.S. government and environmental organizations stressed the importance of 
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reducing emissions and other environmental concerns, and so research and development of the 

electric car continued.  

Currently, energy concerns and the stagnating global economy are prompting a third 

wave of interest in FEVs, and both consumers and car producers are taking hybrid and electric 

vehicles more seriously. Advances in battery technology have lowered the price of electric cars 

to compete alongside gasoline automobiles, which are currently threatened by the ever-

increasing price of petroleum-based gasoline. Given these technological advances, the electric 

car may be here to stay. 

 

De-Blackboxing the Electric Car 

Battery 

The most important element of the electric car is the battery. Unlike a gasoline-powered 

battery, which is responsible for starting the car and running a few accessory features, the battery 

in an electric car is responsible for all functions of the car.7 One of the electric car battery’s main 

functions is to run the controller by converting chemical energy into electricity. Each battery has 

one or more electrochemical cells, which is split into two half-cells, or electrodes. A wire, which 

allows for the negative electrons to move from the negative half-cell to the positive half-cell, 

connects the half-cells, and the electron movement produces the electricity the car uses to run. 

When there are an equal number of negative and positive electrons in the half-cells, the battery is 

considered dead. 

Different types of batteries use different chemical reactions to generate electricity. 

However, lithium-ion batteries are the most likely batteries to power electric cars in the future 

because they are lightweight, are less likely to lose power when not in use, and have high energy 

density.8 Larger versions have an impressive range of 220 miles, compared to a range of 80-120 
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miles that other types of batteries offer. One way to prolong the charge life of a batter over time 

is through a technology called regenerative braking, which uses the forward momentum of the 

motor to recharge the battery, and can increase the driving range of an FEV by up to 15 percent.9  

Regardless of the type of battery a car uses, most have to be completely replaced every 3-4 years. 

Controller 

 The controller regulates the amount of energy from the battery into the motor based on 

pressure on the accelerator pedal. The accelerator is connected to the controller by two 

potentiometers, which tell the controller how much energy to give to the motor. The controller 

only operates if the signals from both potentiometers match. 

 A common type of controller is a direct current (DC) controller. The DC controller works 

like an on/off switch relative to the pressure on the accelerator. Because this feature would 

require the driver to constantly pulse the accelerator in order to maintain a certain speed, the 

controller pulses the signal instead. The controller pulses 15,000 times per second, which makes 

it silent to the human ear.10 

Motor 

The basic motor consists of a field magnet, an armature, a commutator, brushes, axel, 

field magnet, and a direct current power supply.11 The field magnet, with two oppositely charged 

poles, sits on a steel drum. Inside the drum is the armature (wire coiled around a metal center) on 

an axel, and the commutator is attached to the axel. The armature is an electromagnet that spins 

when an electric charge is passed through. The spin is due to the rotational motion that is caused 

when the same magnetic poles repel, and the opposite magnetic poles attract. Once the opposite 

poles attract and line up, the commutator switches the charge, which causes the armature to flip 

over again to attract the opposite poles.12 The brushes transfer electricity to the conductor as it 

spins, and it keeps the axle spinning in one direction. 
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The above description explains a two-pole motor, but most FEV motors are three-pole.  

The three-pole motor eliminates the possibility that the armature gets “stuck” between rotations 

when the poles perfectly align in between flips by keeping one of the three poles energized at a 

time, with the other two poles only partially energized. When the brushes transition from one 

commutator to the next one, the magnetic field of the coil around that particular pole ends and 

the next coil’s magnetic field charges up.13 

 Electric motors are very efficient, and it is estimated that they convert 80% of their 

energy into usable forward motion. Combustible engines, on the other hand, are less efficient and 

only convert about 15% of the energy they create into useable forward motion.14 

Charging 

 Several options exist to charge a FEV. The most readily available and simplest way to 

charge it is to use a home electrical outlet. Home outlets are normally 120 volts; although this is 

the most convenient way to charge a car, it is also the most time consuming. It can take up to 12 

hours to charge an electric car this way.15  However, if there is access to a 240-volt plug, the 

charging time drops significantly to 5-6 hours.16 Superchargers are the most efficient charging 

option and are being deployed along major roadways and in public spaces, like shopping malls 

and parking garages. The supercharger can charge a battery up to 80% in 30 minutes.17  

Misconceptions 

Electric cars require a different infrastructure than what exists for gasoline vehicles. 

While gas stations are readily available for refueling, FEVs require a plug to recharge, and this 

network is currently very limited. A survey conducted in 2010 by the Consumer Electronics 

Association found that one of the most common perceived disadvantages of electric vehicles was 

range anxiety.18  However, based on our research and interviews, there is very little reason for 

consumers to continue to experience range anxiety given the heavy infrastructure investment by 
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state governments and private companies. 19  Websites, smartphone applications, and even 

technology inside the car allow drivers to plan their routes such that they can access a charging 

station. 

 Another misconception concerns how “green” the electric vehicle really is. Based on the 

current infrastructure in the US, the eco friendliness of a FEV is a mixed bag. It is true that an 

electric vehicle does not emit carbon dioxide, but the electric grid in the US is mostly powered 

through fossil fuels, which do contribute to greenhouse gases. On the other hand, the FEV can 

help improve the overall environment in urban areas where there is a lot of stop and go traffic 

because gas powered cars waste a lot of fuel and emissions. The FEV recharges in this type of 

traffic through regenerative braking and produces no emissions. 20  Although the sources for 

charging electric cars may not be clean, there are two reasons for moving toward using electricity 

as fuel. First, as Professor Kirsch notes, regulating several hundred power plants is much easier 

than regulating 300 million cars.21 Second, oil is a finite resource and with a rapidly growing 

global population, the diminishing oil reserves will not be sufficient for gas autos. We need to 

reduce energy dependency through research and development of alternative forms of energy. 

 

Research Approach 

 In researching the FEV, we were curious how the components of the car functioned, how 

the car was being integrated into consumers’ lives, and the misconceptions and implications of 

the car.  Because this is both a historic and modern technology, much information about the car 

is available both in print and online. We could then compare the changes in technology and 

consumer attitude. We reviewed news articles, scholarly journal articles, online electric car 

forums, and government reports. We also contacted people and organizations in the FEV 

community who could shed light on these issues. 
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Component Summaries 

Video 

The video features a narrative arc from unpacking the technology to discussing the 

context of the electric vehicle. It opens with an introduction to the project, then moves on to 

explain the technical core of the FEV, namely the overall design, the controller and the magnetic 

motor. This is done through the combination of computer generated graphics and video footage 

of a Nissan Leaf. Next, it turns to examine the history of the electric car by the three waves of 

popularity, incorporated with historical archives of illustrations/photographs and the discussion 

of path dependency and present infrastructure limits by Professor Kirsch. Towards the end, it 

touches upon the implications of the technology, including its effect on the environment, the 

reaction from the power providers, and safety concerns from law enforcement provided by Mr. 

Schuster. The video illustrates important aspects of the FEV in a succinct manner, and offers 

views and knowledge from both the point of views of professionals and that of consumers. 

Poster 

Our poster summarizes the most important aspects of our research, specifically the 

technology of the FEV. The technical section of the poster described the relationship between the 

accelerator, potentiometer, battery, controller, and mechanisms of the motor in the electric car. 

Our poster also featured a history section, with a color-coded timeline for readability and to 

effectively convey the three waves of popularity of the electric car. The poster included an 

abstract outlining the scope and goals of our project. It also featured a section explaining possible 

implications of the adoption of the electric car, linking it to the realms of society, economics, and 

politics.  
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Survey 

 The survey gauges the accessibility of adopting the electric vehicle to the average 

consumer. There are a series of questions to identify the general demographics of the survey 

participant. Depending on the participants’ answer to the last question on page one of the survey 

about car ownership, he or she will either be directed to questions intended for people who 

currently own a car or to questions intended for people who do not own a car. Both groups are 

then directed to the last series of questions, which asks about the likelihood of the participant 

purchasing an electric car, what factors would be considered prior to the purchase, and what 

would deter or encourage a purchase. Answers to these questions would illuminate whether 

misconceptions about the car are changing, and if the electric car is a feasible option for the 

American population. 

Online 

 The web presence has two parts: a Wordpress website and a Twitter account. The website 

is the digital “home” of our project and contains all project deliverables. The site also includes a 

blog where we post articles on electric car news, explanations of the technology, and promotions 

of the events we have attended and our interviews. Our layout was selected to be both modern 

and professional, noted by our use of the stone texture in the header as well as the more muted 

color palette to allow our bright logo to pop.  

 Second, we set up a Twitter account where we can interact with the electric car 

community on a more immediate basis. We used this account to retweet interesting articles, link 

back to our blog, and communicate with others interested in electric cars, including car 

manufacturers, enthusiasts, and journalists. We used similar colors and textures across both 

platforms to unite our branding. 
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Interviews 

We wanted to interview experts in the field who would provide insight to the historical, 

environmental, and technological effects of the electric vehicle.  We interviewed David A. 

Kirsch, Associate Professor at the University of Maryland, who has published numerous articles 

about the history and development of the electric car, and Neil Schuster, President and CEO of 

the American Association of Motor Vehicle Administrators and owner of a Nissan Leaf. Given 

their backgrounds, we asked Dr. Kirsch questions about the history of the EV, his thoughts on 

the future development of the car, and misconceptions about the car, and we asked Mr. Schuster 

about the drivability of the car, the car’s technological components, and the safety and regulation 

concerns for the car. 

 

Conclusion 

 After conducting our research and interviews, we are all very excited about the future of 

the FEV. Currently, the car is better suited for commuter lifestyles or for people who often drive 

shorter distances, but the number of resources that are devoted to making batteries more efficient 

could change the targeted FEV market within our lifetime. The lithium-ion battery holds great 

potential for increasing the car’s range and reducing range anxiety often felt by drivers who are 

unfamiliar with the technology of the electric car. Additionally, private companies, like Tesla, 

and state governments are investing large amounts of money to create a charging infrastructure 

along main highways and in large cities to accommodate longer trips. We anticipate these 

investments will encourage other investors to make similar decisions in the future, which will in 

turn encourage consumers to seriously consider driving fully electric vehicles. 
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