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by Remy Wood

Keeping the Reel Real:
Science on Set and Screen

Since the beginning of cinema, science and cinema

Second, and most significantly, the growth in inter-

have been intertwined. The current upsurge in the

est in science in cinema and its related success can

popularity and success of science-related films can

be attributed to a new understanding within the sci-

be attributed to four primary factors. First, we are liv-

ence communication community which holds that the

ing in what can be described as a “Golden Age”

meanings of science, not scientific knowledge, may

for science in movies and on television. Many of the

be the most significant element contributing to public

most financially successful films of all time have sci-

attitudes towards science. According to Alan Irwin,

ence at their core and were made in the last two

the public makes sense of science—constructs their

decades, including Spider-Man (2002), Finding Nemo

“science citizenship”—in the context of their every-

(2003), Avatar (2009), Star Wars: The Force Awakens

day lives, pre-existing knowledge, experience, and

(2015), Jurassic World (2015), Avengers: Infinity War

belief structures. Popular films significantly influence

(2018), and the all-time box office champion Avengers:

people’s belief structures by shaping, cultivating, or

Endgame (2019). Similarly, a significant number of the

reinforcing the cultural significance of science.

most popular television shows of the last two decades
are immersed in science and technology including CSI

Third, film is a universal language of modern societies.

(2000–2015), House (2005–2012), The Big Bang Theo-

Larger-than-life images, stories, ideas, and characters

ry (2007–2019), Breaking Bad (2008–2013), Westworld

portrayed in films can speak across the globe. This

(2016–current), and Game of Thrones (2011–2019). This

makes science and technology—which have shaped

increased popularity of science in entertainment me-

the modern world but remain little understood and poor-

dia coincided with the rise of “geek culture” on the

ly integrated into mainstream culture—a rich subject

Internet.

for film and a goldmine for filmmakers. From the mad
scientist films of the ‘20s and ‘30s to the post-nuclear
dystopias of the ‘50s to the ecological disaster flicks
of the ‘70s and ‘80s to the space adventures of recent years, films have periodically reflected society’s
hopes and fears about science. Several recent Oscar-celebrated films, including A Beautiful Mind (2001),

The Imitation Game (2014), Hidden Figures (2016), and
The Shape of Water (2017) have entertained millions
while offering the public a glimpse of path-breaking
Jurassic Park and Its Eggceptional Science

scientists whose lives and work they would not oth-

erwise know or care about. And groups like the U.S.

accuracy will often take a backseat to storytelling.

National Academy of Science’s Science & Entertain-

The point of most Hollywood films is not to devise

ment Exchange have offered expert consultations to

accurate or educational communications about sci-

over 2400 films and television shows with any sci-

ence but rather to produce images of science that

entific element, from Earthquake (1974) to Robocop

are entertaining.

(1987) to Contagion (2011) to Black Panther (2018).
Meanwhile, foundations like the Welcome Trust in

There’s no question whether science fiction can spark

the United Kingdom and the Sloan Foundation in the

a public connection with and dialogue about science,

United States have ventured directly into supporting

even spurring people to action. Instead, the question

filmmakers and dramatic films that realistically depict

is “why doesn’t it happen more frequently?” Too of-

science and technology.

ten, science in sci-fi is a plot device rather than a
focal point. The fictional biology lab serves more as
an incubator for giant monsters or zombie viruses than
for thoughtful discussion. In the right hands, it can,
and should be able to do both. Consider the work of
Michael Crichton, the late master of topical sci-fi. His
most famous work, Jurassic Park, certainly involved
brewing up monsters in a lab. And yet, how many
people first became acquainted with cloning, or chaos theory, or the notion of dinosaurs as quick and
warm-blooded, as a result of that book and movie?
Almost overnight, these notions went from obscure

Climbing the Science Ladder in Hidden Figures to

scientific ideas to part of the collective conversation.

Chart a New Trajectory

A movie weaving the fantastic promise of CRISPR,
microbiomes, or stem cells into its story could be the

Fourth, scientific advisers for films and television have

next Jurassic Park.

helped bring credibility to the screen and even take
some tangible and intangible benefits back to the lab.

Despite the increased number of studies into the sci-

Before Jurassic Park (1993) hit the big screen, film-

entist’s role in movie production, there is still a need

makers rarely used scientists as advisers for television

for scholars to understand how filmmakers are ap-

media. The producers and their teams would instead

proaching the implementation of science in their films.

do the research themselves or use creative license

How do scriptwriters approach science? What role

to get away with it. After all, it is fiction. But now sci-

does science play in storytelling? What does “scien-

entists are spending a considerable amount of time

tific accuracy” mean in the context of fictional films?

moonlighting as advisers for the big screen. Dr. Donna

By addressing these questions, we may see the stu-

J Nelson, an organic chemist at Oklahoma University

dios starting to greenlight even more movies with ele-

has been working with the producer of Breaking Bad

ments of science in them, even if the only reason is

since the end of season one in 2008. Yet, scientific

that they are the most profitable.

Shedding Light on the
Strangeness of Light
by Allyson Sterling

We all know what light is, right? It’s all around us
and allows us to experience one of the most essential parts of being human: light lets us see the world
around us. Light conveys brightness and color and
enables sight. Okay, good, we all know what light
is. But what is it really? What is it made of? How
does it work? The answers to these questions are
unknown to many and were similarly mysteries to
physicists for hundreds of years. But now we do
have this information, and it has shown itself to be
essential to understanding our universe.
Light and other electromagnetic waves are actually
very complicated and the key to several of our most
important theories about the universe. Electromagnetic waves are a combination of vibrating electric
and magnetic fields. These electromagnetic oscillations travel together in phase as a wave. Not only
can these waves travel through air, they can also
propagate through empty space. These waves have
a wide range of different wavelengths, which affects the way they appear and function. Visible light
covers a small section of the electromagnetic spectrum, the wavelengths that humans can see with
their eyes. Waves with a longer wavelength than
we can detect with our eyes are infrared waves,
microwaves, and radio waves. Waves that have a
shorter wavelength than we can see are ultraviolet
waves, X-rays, and gamma rays. The waves that

Property

are visible to people can be
interpreted by our brains as
different colors.
While light is a wave, it is
also composed of particles
known as photons. It was
believed that light was made
purely of waves until 1905.
After Albert Einstein’s analysis on the photoelectric effect supported the theory of
light being made of particles,
scientists came to realize
that there was much more
to light. For many years the
two opposing theories of
light—as a particle and as a
wave—left the structure of
light unresolved; however, in
1923, the idea of wave-particle duality was suggested
by Louis de Broglie. The
idea that light possessed, in
fact, both wave and particle
aspects was supported by
many subsequent experiments and has proven to be
true not just of light, but all
matter.
Wave model

Particle model

Reflection
Refraction
Polarization
Diffraction
Interference
Photoelectric
effect
Compton effect
Evidence for the Wave-Particle Duality of Light

This new light particle, the photon, is unique among
particles because it doesn’t have mass. It also
doesn’t have charge. Photons are a type of elementary particle known as force carriers, or bosons.
They are the exchange particles in quantum field
theory, our most basic theory of physics, that transmit one of the four fundamental forces in the universe. As such, photons are one of the elementary
particles in the Standard Model, our most complete
and consistent model of fundamental physics, that
make up basic building blocks of everything that

exists in our universe.
Specifically, photons transmit the electromagnetic force
between charge particles, such as electrons and protons,
two basic parts of atomic nuclei. They transfer the electromagnetic force between particles by being exchanged
between the particles. The Feynman diagram below depicts the exchange of a photon between two electrons
that causes them to repel each other.

Relativistic Mass Increase of 1-Kg Rest Mass as a
Function of Speed

Two Electrons Exchange a Photon

Besides being massless, photons are zero-dimensional particles and, thus, they take up no space whatsoever. They
have no physical extent at all. Additionally, because they
have no charge, meaning they are neutral particles, they
do not respond to electromagnetic fields, which makes
sense because they constitute those fields. One of the
most interesting things about photons is that since they
have no mass, they travel at the fastest speed that anything can travel at in the universe. This is true of all massless particles in a vacuum. This universal speed limit is
given the symbol c. This impressive speed of 299,792,458
meters per second (186,355 miles per second) is known
commonly as the speed of light. This is about 4,272 times
faster than the fastest human-made object.
The speed of light in a vacuum is the speed limit for all
known things in the universe. It is also the only thing that
has the same speed from any inertial reference frame. An
inertial reference frame is a non-accelerating coordinate
frame used as a reference to measure the speed of objects. People have been trying to measure the speed of
light for centuries, but it wasn’t until Einstein’s theory of
relativity that the secrets of its travel really came to light.
The property of light that allows it to move at such incredible speeds is the fact that it has no rest mass. As objects
increase their speed, they gain mass. This added mass
makes it harder to accelerate and objects with mass can
approach closer and closer to the speed of light but can
never reach it as shown in this graph.

The massless quality of photons lets them avoid this issue
and move at the fastest speed of anything in the universe. They don’t even have to accelerate to this speed,
they just are always moving at it, from any point of view.
How fast something is moving is almost always relative
to what you are comparing it to, but light has the same
speed compared to any inertial reference frame. This is a
key idea in Einstein’s theory of relativity and contributes
to greater revelations within the theory. The fact that time
itself is relative to the observer was derived from this.
Time seems to be independent of an observer’s motion.
But, in fact, when an observer’s speed reaches close
to light speed relative to another observer, they will disagree about how much time transpired between events.
This time dilation is caused by the fact that information
between the two observers cannot be exchanged faster
than the speed of light. While this is only noticeable at
high speeds for extremely accurate atomic clocks, it is
an important aspect of the laws of space and time used
every day by the Global Positioning System that makes
Google Maps possible.
Physicists have based many theories on the strange qualities of light. Light has been an essential aspect in both
the theory of relativity and quantum theory. These two
theories are two of the primary fundamental theories on
how the universe works. They were both constructed to
account for the unique properties of light, with the speed
of light a key element of relativity and the duality of light
an integral aspect of quantum theory. Light is important
not just to our lives but to our understanding of physics.
This essential part of our experience in the world is often
taken for granted but its complicated details are key to
learning more about how the universe really works on
Earth and beyond.

The Nuclear Power Debate Is
Heating Up
by Nicholas Nakano
The world’s first exposure to the power of nuclear

Chernobyl. After seeing coverage of the disasters in

energy occurred in 1945 with the U.S. detonations of

newspapers and on television, the general public’s

two atom bombs over cities in Japan during World

positive outlook on nuclear power soured. Many con-

War II. While reactors existed at the time, nearly all

sidered the high-cost risk of such incidents not worth

of them worked as part of nuclear weapons programs.

the benefits gained from nuclear power. Thus, by the

After World War II, countries began to harness nu-

end of the century, many nuclear power initiatives

clear power in a more controlled capacity to gen-

downscaled or phased out their existing plants in fa-

erate electricity. So, while nuclear weapons were at

vor of more traditional methods, most often fossil fuels.

the forefront during the Cold War, atomic energy also
proliferated across the world as a source of electricity.

Nonetheless, by the early 2000s, the nuclear industry

Back then, many leaders and citizens believed that

began gearing up for a resurgence of nuclear tech-

nuclear power would be the future of mankind given

nology to address growing concerns over carbon

its promise of a cleaner, more efficient energy source

emissions and global warming, but these expectations

replacing fossil fuels.

were never met due to a failure to get projects off
the ground as well as lingering concerns over safety.

However, a few large profile nuclear incidents through-

The incident in Fukushima, Japan at the turn of the

out the second half of the 20th century dashed these

decade did no favors for nuclear technology’s repu-

thoughts, such as the events at Three Mile Island and

tation but instead further reinforced doubts and fears.

Fukushima Nuclear Power Plant Disaster 2011

In 2011, the year of the Fukushima accident, nucle-

clean-energy alternatives are developed.

ar energy made up 14% of the world’s energy output. By 2017, that number shrank to 10%. Still, given

Some, however, disagree with this net-positive as-

the mounting concerns over global climate change

sessment. Nuclear energy detractors typically point

caused, in part, by fossil fuels, the lessons learned

to three core issues: nuclear waste is highly toxic

from previous reactor mishaps, and improvements in

and lingers for centuries, nuclear energy programs

nuclear power technology, perhaps it’s worth recon-

usually lead to the proliferation of nuclear weapons

sidering the widespread use of nuclear energy.

programs, and disasters, while relatively infrequent,
have deadly consequences and cause affected ar-

Nuclear power supporters argue that it is worth the

eas to become uninhabitable. As of this writing, there

effort. Nuclear power plant disasters notwithstanding,

is no known method for permanently disposing of

fossil fuels have caused more harm to humans than

radioactive waste. Currently, the best solution is to

nuclear power by being responsible for widespread

store it deep underground for thousands of years un-

cases of asthma and lung cancer, and that doesn’t

til it is no longer harmful. For example, Plutonium-239

even include the ecological harm caused by burn-

(a nuclear isotope used in reactors) has a half-life

ing fossil fuels. Nuclear energy produces zero carbon

of 24,000 years. It would take many, many lifetimes

emissions while still being able to output high levels of

for plutonium to decay into a non-harmful substance.

power. And clean energy sources, such as wind and

Some consider the storage of these waste products

solar power, cannot generate the same high output

to be both too expensive and too great a liability to

as nuclear power. The smallest nuclear power plant

be worth the energy output.

in the United States, the R.E. Ginna Nuclear Power Plant located in New York, generated 4,689,440

While the necessity of nuclear energy remains de-

MWh in 2018—the equivalent to the annual power

bated, it is without a doubt that the world must find

output of about 782 wind turbines. Nuclear energy

cleaner methods of power generation to combat the

can also serve as a stopgap measure while better

ever-increasing effects of climate change.

Three Mile Island Nuclear Power Plant 1974

R.E. Ginna Nuclear Power Plant 2015

Hydrodynamics of Surfboards
by Rainer Butler-Schafer

In the anatomy of a surfboard, fins are the crucial

this causes the board to plane rather than pushing

part that makes everything work together. A board

water back with the tail. Creating a surfboard fin

without fins would slide around because it wouldn’t

that can hold onto the wave during hard turns, flow

have anything for the board to pivot around or to

through the water and gain speed, but also release

stabilize it. The fin’s sole purpose is to help the board

when the surfer wants to perform an aerial trick, is a

track well and prevent it from sliding around, as well

daunting task.

as making sure that the board is responsive to the
surfer’s feet when it turns. The two elements acting
on surfboard fins are lift and drag. An upward lift
can be generated if the end tip of the fin is on the
outside of the base of the fin, making the fin slant
just enough to create lift. Lift is used on a surfboard
to gain what surfers call “drive” and “hold,” referring
to the fin’s ability to gain speed, and the fin’s ability

Surfboard Fin Showing Thrust, Lift, Weight, and Drag Forces

to make the board stay locked in on the wave when
performing sharp and aggressive turns. Lift can also

There are a few different types of drag acting on

push the board, making the ride smoother because

the surfboard fin: skin-friction drag, interference drag,

form drag, and dynamic drag. Skin-friction drag de-

Greenough reshaped the fin, taking inspiration from

scribes the smoothness of the surface of the fin. The

fish and dolphin fins. Now, there are a few different

bigger and rougher the fin, and the more drag the

arrangements for fins. A single fin features one fin on

board will have. Interference drag is the drag that is

the bottom of the board. It is larger and longer than the

caused where the fin meets the board. The longer the

fins in a two and three fin setup, allowing the surfer

base of the fin is, the more drag it will create. The third

to control the board with only one fin. The twin fin

type of drag is form drag, referring to the shape of the

setup includes two fins. Usually, the fins are smaller

fin. If the fin is shaped like a box and has no gliding

and closer to the rail of the board, allowing the water

edge, that will create drag as well. Thickness can also

to flow through the middle, making the board faster

increase drag. The last form of drag is dynamic drag.

but a little bit less maneuverable. The three fin, or

The movement of the fin through the water can deter-

thruster, arrangement is the most common setup. It has

mine how much drag occurs.

a pivot fin in the back and two fins on the side. This
setup has been shown to provide the best results with

The first surfboard fin looked a lot like the keel of a

the speed-maneuverability ratio. Surfing is a sport of

boat, and was invented by a man named Tom Blake,

maneuverability, so finding and designing the perfect

one of surfing’s founding fathers. Closely following Blake’s fin, others started to modify and invent new kinds. Two of the most famous models were created by Bob Simmons and George
Greenough. Simmons was the first person to
add more than one fin on a surfboard and

surfboard setup that has perfect drive and flow is
an ongoing challenge. The fin is an ever-evolving feature of surfing that will always have
room for innovation.

Quantum Computing: Faster
Than You Think ... With Your
Current Computer by Ethan Carter

Computers are used every day in our society. They
allow us to efficiently perform tasks that would take
a human much longer to do, such as compiling and
graphing all the data worldwide on the COVID-19
outbreak on a moment-to-moment basis. Moreover,
these amazing tools empower our lives in countless
ways from instantaneously mapping the shortest
route to any destination on the globe to streaming
our favorite shows in HD. Given these capabilities,
most people consider current computer processing
power to be adequate. However, for some applications, current computers are not powerful enough,
such as simulating atomic behavior related to nanotechnology. The computers we use today, known
as classical computers, don’t possess the processing speed to perform certain calculations of greater
size and complexity. For instance, many encryption
schemes are based on the inability of classical computers to quickly factor integers composed of large
prime numbers. That is where quantum computers
come in. They would be able to break such codes
easily.

on or off but nothing
in between. By themselves transistors are
not useful, but a large
number of them can
generate
substantial
computational
power.
For example, two transistors have four possible
states, three transistors
have
eight
possible
states, four transistors
have sixteen possible
states, etc. The number
of states is given by 2n,
where n is the number
of transistors and 2n
means 2x2x2 … x2 n
times. Because transistors are so small, they
can be configured to
create computers that
have an immense processing power.
If classical computers
can be so powerful
using such small circuits, how can quantum computers surpass
them? The answer lies

IBM’s 53-Qubit Quantum Computer

To understand how quantum computers would allow
us to achieve greater processing power, we must
first understand how classical computers work. Classical computers are made up of transistors that operate according to classical binary logic: true or false
and nothing in between. They are the backbone of
modern computing. Transistors are circuits of about
10-20 nanometers in length that store a binary value, called a bit. This means that a single transistor
has two states: on and off. These states correspond
to the true and false possibilities of classical logic
and obey the principle of the excluded middle: either

in quantum properties
that allow for a quantum
logic different from the
classical logic of transistors. At the atomic level,
matter behaves differently than at the everyday level. Specifically,
quantum computers exploit a property unique
to
quantum
systems
called superposition.
Superposition
occurs
when a subatomic particle exists in a quantum state that affords a chance
for the particle being found in one of several different states once observed. Quantum superposi-

tion itself cannot be
observed, only its
effects can be witnessed. The act of
measurement collapses the superposition
into a single state, one
of the possible states
allowed by the specific
superposition.
However, the state observed
through
measurement
can predict beyond its
probability of occurring,
and the probability of the
states will be based on the
specific superposition. For
instance, electrons have a
property known as spin that
can be measured to either
be up or down. However,
an electron can be placed
in a state that superimposes up and down with equal
probability so that when its
spin is observed half the
time it will register as up
and half the time as down,
but the experimenter can
never know exactly what
the value for spin the measurement will obtain. It’s a
matter of chance and, thus,
rather than determined, the
experimental outcome is indeterminate.

bits that are either on or off, or 1 or 0. Quantum computers exploit superposition to process information in qubits
(quantum bits) that are 1, 0, or a superposition of those
two states, similar to an electron having a spin of up,
down, or a superposition of up and down. The possibility of these superposition states allows a quantum computer to process more information in a given amount of
time than a classical computer because a qubit can be
in more configurations than the two of a bit.
While scientists understand the quantum physics necessary to make a quantum computer, constructing
functional quantum computers isn’t easy. The necessary superposition states can easily collapse, causing
errors and loss of computing advantage over classical
computers. For example, ambient noise could cause superposition collapse during an operation between qubits resulting in information loss and calculation error
and the overall waste of processing power. Minimizing
the error rate is crucial to quantum computing. Classical
computers don’t face this problem because operations
between bits don’t rely on superposition.
Quantum computers are already being developed, but
for quantum computing to be successful, quantum supremacy must be achieved. What is quantum supremacy? It is when a quantum computer can complete
tasks at rates that classical computers can’t match. On
October 23rd, 2019, Google achieved quantum supremacy by making calculations at a rate three million times
faster than the world’s fastest computer.

Google’s Supreme Computer

Quantum Superposition of
Spin Up (off or 0) and Spin
Down (on or 1) States
By using the quantum indeterminacy
caused
by
superposition, quantum computers can complete calculations much faster than a classical computer. As stated
previously, classical computers process information in

The spread of quantum computing will mark the beginning of a new era. For example, cybersecurity and
cryptography will be revolutionized because of the ability of quantum computers to execute encryption and
decryption algorithms at a much faster pace than classical computers. It’s possible that quantum computing
will make classical computing obsolete in these fields.
Technological advancements will also accelerate much
faster with the increase in processing power that comes
with quantum computers. Accordingly, fields of study
dependent on processing large amounts of data will
be enhanced by quantum computers and the world
will begin to move faster than you can think with your
current computer.

Sleep: The Key to Optimizing
Athletic Performance

by Dani Barrett

For athletes, work during training is just as integral to

racy and timed sprints during practice during periods

performance as daily recovery habits. One of the most

with different levels of sleep. They were first assessed

influential factors in athletic performance and success

during a 2–4 week baseline period during which they

is sleep—not just duration, but also quality. While it’s

slept according to their pre-existing sleep schedules,

well-established that athletes perform best when con-

and 5–7 week period within which they slept accord-

sistently getting 8–10 hours of sleep per night, under-

ing to an extended sleep schedule created by the

standing how sleep impacts recovery and energy can

researchers. Sleeping approximately 100 minutes more

help athletes optimize those hours and ensure high

per night during the sleep extension period, the bas-

quality sleep. Sleep impacts muscle recovery, injury

ketball

prevention, carbohydrate metabolism, and mental en-

shot accuracy, faster sprint times and reaction times,

ergy, all of which are crucial to building successful

and subjectively rated themselves as feeling more re-

athletic performance, whether in training or competi-

covered during training and competition. This study

tion.

shed light on the necessity of sleep in highly tactical

players

experienced

significantly

increased

and technical sports with a focus on short bursts of
For athletes, the most productive sleep stage is slow-

energy expenditure and use of fast-twitch muscle fi-

wave sleep (SWS). During SWS, the body releases

bers.

growth hormones that repair the muscle tissues broken down during exercise. This process helps the muscles recover for the next day’s training. However, the
amount of time a person spends in SWS is proportional
to the total amount of time spent sleeping, so there’s
no way to will yourself to sleep deeper. This is why
teenagers, especially athletes, are recommended 8–10
hours of sleep per night—only sufficient total sleep-time
will result in sufficient proportional SWS-time.
In the body of research on sleep and athletic performance, many studies have demonstrated the positive
impacts on athletic performance of extended sleep.

How Sleep Deprivation Decreases Performance: Relative

In 2011, researchers at the Stanford Sleep Disorders

Performance Compared to Hours of Wakefulness

Clinic performed a study on eleven healthy players
on the Stanford men’s basketball team. The elite colle-

In endurance sports, where athletes engage in pro-

giate athletes were evaluated on their shooting accu-

longed intense exercise, perception of effort plays a

significant role in performance: if an athlete perceives

possible for an athlete to perform if they can’t get to

that they are working harder than they really are,

competition day healthy and injury-free.

they are more likely to decrease their physical effort. A review paper published out of the Research

Unfortunately, stress before a competition or very chal-

Institute for Sport and Exercise Sciences at Liverpool

lenging training session can impair an athlete’s ability

John Moores University in the United Kingdom found

to fall asleep and get quality sleep. Recent studies

that one of the key reasons for a decline in the qual-

have found that one way to combat this is “banking

ity of exercise performance under sleep deprivation

sleep”. If you know that you are going to have a sleep

is attributed to an athlete’s mental state. Researchers

deficit the night before a competition, then you can

found that while it’s much more difficult to achieve

stave off some of the effects of exhaustion by “bank-

optimum performance, it is physiologically possible,

ing sleep” in the days before the night of the sleep

but the mental side is another story. Our brain and

deficit, suggests a recent study. French researchers

nervous system require more sleep than any other

had twelve men stay awake for 34–37 hours at a time

biological structure, and when deprived of sleep these

on two separate occasions. In the first trial, the men

systems become extremely

fatigued. Therefore, on a

followed their usual sleep habits in the week leading

day where an athlete hasn’t gotten adequate sleep,

up to the all-nighter, and in the second trial the men

their neural systems associate a physiological effort

got an additional two hours of sleep each night lead-

with a higher perceived effort. While the athlete may

ing up to the all-nighter. After each trial, these men

not be consuming any more oxygen performing at a

were asked to hold an isometric knee extension for as

fixed level when they are tired as opposed to rested,

long as possible following the sleep deprivation period.

their brain will perceive that they’re working harder

In the second trial in which the men banked sleep, the

than they

are. In prolonged endurance exercise, this

men were able to hold the extension an average of

leads to a shorter time frame until the athlete reaches

eight minutes longer than the first trial. While the study

exhaustion and a lower pain threshold.

was performed with isometric exercises, the researchers also noted that the same effects would apply to

Sleep is also crucial to healing injuries. During sleep, hu-

endurance athletes like distance runners and cyclists.

man growth hormones that repair muscle tears, bone,

Not only do these athletes require immense physical

and tendon injuries are released. Sleep is the only part

stamina and strength, high quality performance in en-

of the day where the body is completely rested and

durance sports demands mental energy and ability to

injuries are not stressed, so sufficient sleep is neces-

control perception of effort.

sary for efficient and complete healing. A recent study
evaluating healing time of wounds and sleep levels

So while sleep may often fall to the back burner for

found that increased sleep time improves healing time

many athletes, especially those balancing school,

of injuries while decreased sleep time prolongs healing

work, social lives, and other responsibilities, it’s the

time. This can be applied to sports injuries like mus-

driving force behind breakthroughs in performance.

cle and tendon strains and bone injuries like stress

Sleep allows the athlete’s body to adapt to the stress-

fractures and stress reactions, because these injuries

es of training, keeping them injury-free and alert. So

require the same chemical, human growth hormone,

while it’s not as exciting as an impressive training ses-

for healing. While this benefit of sleep doesn’t directly

sion, sleep is the key to athletic success.

translate into heightened athletic performance, it’s im-

Black Holes:

How

Darkness Can Enlighten
by Nnenna Brown

A black hole occurs when the gravitational field in a

ago along with many other things. Schwarzschild

region of space becomes so strong that nothing can

found the first solution to Einstein’s field equations

escape its pull, including light. Black holes can form

that describes a black hole. However, Schwarzschild

when a massive star collapses inward on itself as it

didn’t see it that way. Later, David Finkelstein inter-

runs out of fuel at the end of its lifetime. No matter how

preted Schwarzschild’s solution to be what we call a

they form, black holes are invisible to the human eye

black hole today. Einstein’s theory of general relativity

because they don’t emit visible light but instead trap

says that gravity warps space-time rather than causes

it. However, using a telescope with special tools, they

an invisible force to be exerted between two masses,

can be observed.

as was once thought. The more massive an object is,
the more it will warp the space near it, and, thus, the
greater an object’s mass is, the stronger the gravitational pull will be.

The most common forms of black holes are stellar and
supermassive. A stellar black hole occurs when a star
collapses on itself (implodes), which can cause a supernova, and from which a black hole can be formed.
But there is always a supermassive black hole at the
center of every galaxy, for example, the name of the
Milky Way’s supermassive black hole is Sagittarius
First Image of a Black Hole Produced by

A*.

the Event Horizon Telescope

Nevertheless, there are other black holes that are less
The first black hole was predicted in 1916 by Karl

common than stellar and supermassive black holes. A

Schwarzschild, but that’s not to say they didn’t exist

black hole that is medium-sized is called an intermedi-

before 1916. It’s believed that black holes were first

ate black hole. It’s bigger than stellar black holes but

formed in the Big Bang itself about 13.8 billion years

much smaller than a supermassive black hole. Then

there is the miniature black hole, which is the smallest

was collected showed ultrafast winds and how their

black hole known. But that doesn’t necessarily mean

interstellar matter is mainly in the central regions of

that it’s weaker than the other types; it just means

galaxies.

that its size varies from the others. It can be as small
as an atom, but still have a lot of mass, or can be as
big as three times the Sun’s size.

Although black holes can seem a bit scary, in the
sense that they basically swallow everything around
them, they are actually very helpful. In fact, the black
hole system recycles and evolves the matter it swallows. As a result, they have been leading scientists
to ground-breaking discoveries. For instance, when
researchers first explored black holes, they learned
that black holes are invisible to the human eye be-

XMM-Newton in Orbit

cause their strong gravity pulls all light into the black
hole. However, scientists found a way around this.

In conclusion, the discovery of black holes provided

They can observe nearby stars to find out if they

further confirmation of Einstein’s theory of general rel-

are orbiting a black hole or use telescopes that have

ativity and many other discoveries, such as that gal-

been made to help look at black holes. Black holes

axies contain central supermassive black holes. We

are actually quite beneficial in the way that they also

can expect that in the future these dark objects will

help us look further into other physical phenomena,

continue to enlighten us.

such as dark matter.

Research in this area has led to great discoveries. In
December of 2004, NASA’s Swift telescope observed
gamma-ray bursts, and later Chandra and NASA’s
Hubble Space Telescope collected data from the
event’s “afterglow,” which led astronomers to conclude that the powerful explosions can result when
a black hole and a neutron star collide, producing
another black hole. There was even a rocket by the
name of XMM-Newton that was launched with the
intention of observing a black hole at the center of
a new galaxy known as PG 1114+44. The data that

An Introduction to Sustainable
by Kaito DeAnda
Energy
Most of you that are reading this have probably

the tracks, eliminating all friction and allowing the ve-

verse, or both. Now, you might be wondering, “What

technology companies are taking inspiration from this

heard of Marvel Comics, the Marvel Cinematic Uni-

does Marvel have to do with an article about energy
and STEM?” Well, the reason I’m bringing this up

is because Marvel, particularly Iron Man (2008), has
played a vital role in my interest in STEM. As a current

eighth grader, I love everything about Marvel. I grew
up watching the Avengers movies and the Iron Man

hicle to travel much faster than an average train. Now,
technology to make real hoverboards. Some manu-

facturers have actually achieved this feat, though the
boards are still very unwieldy and not quite ready to
be mass produced. However, this could be an early
glimpse into the transportation of the future.

trilogy. From the moment I saw Tony Stark, a.k.a. Iron
Man, on the big screen, I knew that when I grew up,
I wanted to do what he did (not weapons manufacturing, but inventing/engineering cool things, like the
arc reactor).

That’s where my interest in STEM came from, as well
as my particular interest in sustainable energy. If you

don’t know his backstory already, Tony Stark used
an advanced version of an electromagnet to keep

shrapnel from reaching his organs, and he used the
arc reactor, a piece of futuristic technology, to keep

the electromagnet running. That got me thinking: Are

China’s 2019 Maglev Train Prototype
with Max Speed 372 MPH

there other possible future uses for the electromagnet,

A second, quite fascinating future use of electromag-

ergy source, a real possibility? Electromagnets, which

signed by Google X. These pills contain magnetic

and is the arc reactor, a practically self-sustaining enare a type of magnet that can be switched on and off

manually, are already being used in so many innovative ways, such as in earphones, motors, speakers,

doorbells, computers, and maglev trains. They use the

application of electricity to create a magnetic field. A
simple electromagnet usually consists of a piece of
metal with a conductive wire coiled around it. When
you attach the ends of the wire to a source of elec-

tricity, such as a battery, a current flows through the

netism is in cancer-detecting pills that are being de-

nanoparticles that seek out and attach themselves

to cancer cells inside a person’s body. The patient is
then notified of the nanoparticles’ discovery of can-

cerous cells through a bracelet worn by the patient.
This futuristic technology is highly promising as it has

the potential to save countless lives through early

cancer detection and pave the way for new medical
technologies.

wire creating a magnetic field around it, thus magne-

But electromagnets have potential beyond medicine.

magnet—another variation, the iron-core electromag-

have a future in this area as well. For a long time,

tizing the metal. But this isn’t the only type of electronet, possesses a much stronger magnetic force. The
strongest electromagnet of them all is the superconducting electromagnet. Superconducting electromagnets are used in high-power imaging devices like MRI
machines and particle accelerators.

The potential applications of this technology are
nearly limitless. In the above-mentioned maglev trains,
electromagnets are used to repel the train itself from

For all you football fans out there, electromagnets
football has widely been regarded as a dangerous
sport, frequently causing concussions and other brain

injuries, which can sometimes be fatal. A possible
solution to this problem, developed by Virginia Com-

monwealth University Professor, Raymond Colello, is
to add magnets to the front and sides of football hel-

mets. This way, when two players are about to have
a head to head collision, the magnets would repel
each other and significantly reduce the force of the

impact between the two players’ heads. This simple

today. A second form of fusion is the deuterium-deu-

most dangerous) sports much safer.

a neutron by bringing two deuterium atoms together.

innovation could make one of the most popular (but

Electromagnetism also has the potential to revolu-

tionize astronomy and space travel. Magnetic fields
can be applied to ion propulsion systems to speed up
charged particles and obtain spacecraft lift-off. NASA

is in the process of developing ion propulsion systems
that will operate at higher power levels, reduce the

cost of missions, and perform at a higher level than
traditional systems. Researchers are taking this technology to a new level, and the new thruster systems

in the early stages of development are already showing promise, displaying capabilities far beyond those
of previous designs.

As you can see, the multitude of potential uses for

electromagnets from space travel to football and every area in between are limitless. Unlike the electro-

magnet, Tony Stark’s arc reactor doesn’t exist yet,
but it does represent something that scientists hope to
achieve: clean, sustainable energy for the world. The
Iron Man movies give a brief overview of how this fictional, yet aspirational, technology functions. The arc

reactor is essentially a miniature fusion reactor, which
is the closest thing we have today to a self-sustaining

energy source. The arc reactor runs on a palladium

terium reaction, which creates a helium-3 atom and
The most common type of fusion reaction among stars

is what is known as the proton-proton chain. In this
reaction, two sets of protons come together to create

two deuterium atoms and, when combined with a pro-

ton, the deuterium atoms make a helium-3 atom. After
this reaction, the end result itself is always the same:

a helium-4 atom with a neutron. The particles and

radiation that are the result of this reaction are very
high energy, whether they are protons, electrons, or
gamma rays.

Another very recent innovation in this technology
has been discovered by startup HB11 in Australia. To

trigger a nuclear fusion reaction, they fire lasers at
hydrogen and boron to accelerate the hydrogen so
that it will collide into the boron, thus creating a reaction. Managing director Warren McKenzie said to New

Atlas about this cutting-edge technology, “You could
say we’re using the hydrogen as a dart, and hoping
to hit a boron, and if we hit one, we can start a fusion

reaction.” When a hydrogen particle does collide with

boron, positively charged helium atoms are produced

from the reaction which are then collected by the
device as energy or electricity.

core that needs to be replaced on a regular basis

These new energy-production methods seem like they

sesses, the arc reactor is self-sustaining because it

are still quite expensive and the technologies haven’t

and, due to the certain properties that palladium posgenerates more energy than it needs to run. Its energy

output is said to be over three gigajoules per second.
The properties of palladium in the arc reactor also

allow it to create electricity through the generation of
minimal heat, making it even more efficient.

The closest thing we have to arc reactors today are

the previously-mentioned fusion reactors, which com-

bine hydrogen atoms together to create helium atoms
and neutrons. This process results in extremely high

could solve the world’s energy crisis. However, they

quite been perfected yet, as no one has discovered
a way to fully control and use this technology safely

for extended periods of time. There are also certain

conditions that need to be met in order to make fusion
possible, including extremely high temperature of approximately one hundred million Kelvin to provide the

hydrogen atoms with enough energy to come together, as well as very high pressure to push the atoms
together so that they can fuse.

energy output. In fact, this is the same chemical pro-

Fusion reactions may be the future of clean, sustain-

of heat and light. This method of energy production

these processes are highly abundant on our planet,

cess the sun undergoes to produce energy in forms

is much cleaner, more sustainable, and more efficient
than any other method in existence today. There are

also different types of fusion reactions. There is a deu-

terium-tritium reaction which creates a helium-4 atom
and a neutron from bringing a deuterium atom and

a tritium atom together, and this is the only possible
form of fusion reaction with the technology that exists

able energy for the world. The elements required for

the reactions produce no air pollution; and the amount

of energy created from the process is enormous. As
the issue of sustainability rises to the forefront, more
attention and awareness can be paid to fusion reac-

tions so that scientists can continue developing this
groundbreaking technology to ensure a bright future
for all.

Harnessing Geothermal Energy
by Dawson Garland

In the year 2020, there many ways to produce electricity, but the fastest-growing technique is geothermal
energy. Geothermal energy uses heat from under the
earth’s surface to vaporize water into steam which
turns a turbine to create electricity.
The fundamentals of geothermal energy are nothing
new. Thousands of years ago, around 753 BCE, the
ancient Romans built their houses and buildings near
or above hot springs to heat their homes and pools.
They also used geothermal energy to boil foods such
as stews and meat.
Direct Geothermal Energy Production

In 1892, the first geothermal energy district system in
the US was created in Boise, Idaho. The first geother-

Another mechanism for producing geothermal energy

mal energy plant was built in Larderello, Italy, in 1904,

is a geothermal energy plant, which itself contains

and it was used to power five light bulbs. That may

three methods. The first is a dry steam plant, in which

not seem like a lot of energy now, but in 1904, this

hot steam from a geothermal reservoir travels through

signified a breakthrough. Then, in 1964, the Oregon

pipes to a turbine, where the steam spins the turbines

Institute of Technology constructed an updated geo-

to make electricity. The second type is a flash steam

thermal energy system.

plant, in which wells suck up water that is between
300 and 700 degrees Fahrenheit in temperature. This

There are three main ways to produce geothermal en-

water then evaporates and spins turbines to generate

ergy. The first is direct geothermal energy, which uses

electricity, and the water gets pumped back down

water close to Earth’s crust, pumping it up though

to be heated up again. The final type of geothermal

pipes to heat buildings. This water then gets pumped

energy plant is called a binary cycle plant, in which

back down into a reservoir to be reheated and the

semi-hot geothermal water is pumped through a heat

process repeats.

exchanger where the heat is transferred to a liquid
with a lower boiling point such as isobutene. Isobu-

The second technique is a geothermal heat pump.

tene is an alkane that combines an isomeric with bu-

Year-round, the water just below Earth’s crust is 50

tane, which then turns to steam and spins the turbines

to 60 degrees Fahrenheit. Water pipes circulate in a

to create electricity.

pond or lake to cool or heat this water, which is then
pumped up into a building by an electric pump. Next,

Direct geothermal energy is commonly referred to

a heat exchanger takes the heat or coolness from the

as non-electric geothermal energy. This is because

water and blows it into the building via a duct system.

it does not convert water to electricity, but rather it

During warmer months, the building’s stored heat can

heats and cools structures directly. There are many

be taken up into the ducts and filtered out through the

uses for direct geothermal energy, like heating and

pipes to cool down the structure.

cooling homes, industrial buildings, swimming pools,

greenhouses, animal husbandry buildings, as well as

and technologies to produce geothermal energy, it’s

aquaculture, drying crops, and providing heat to in-

becoming a rapidly-growing frontier in the sustainable

dustrial heat pumps. Direct use is very common in the

energy movement. And the growth in popularity spurs

United States, especially on the West Coast, because

even more innovation, rendering geothermal ener-

low-temperature geothermal water is abundant in this

gy production an increasingly efficient and effective

region. To produce direct geothermal energy, the first

source of reusable energy.

step is to drill a well and place a pump in if needed.
Then transmission pipes are installed. Transmission
pipes can transport water, steam or a mix of the two
to their final location. Once the steam or water has
circulated through the structure it is dropped into a
discharge reservoir or is pumped back into the earth.
Tools such as a heat exchanger or heat convector
may be used to change the temperature or forms of
the heat.
Air temperatures can change significantly over the
course of days and seasons, but around ten feet under Earth’s crust, the temperature of water in the soil
stays constant at 50 to 60 degrees Fahrenheit yearround. This means that in the summer the underground
temperature is cooler than the air temperature and
in the winter the underground temperature is warmer
than the air temperature. These temperatures can be
harnessed by burying heat transfer pipes that contain
either water or a water anti-freeze system. This mixture
flows underground to be either heated up or cooled
down, and is then pumped to a heat exchanger in the
building. Then the heat exchanger blows cool or warm
air in the house.
Direct steam plants are the most frequently used at
the moment. Steam is pumped straight from underground reservoirs through pipes to a turbine. The
country’s biggest direct plant is just north of San
Francisco. However, these types of plants can create multiple problems. For example, when the steam
gets pumped directly into the turbine, it could contain
erosive minerals that erode the turbine. Also, these
plants sometimes release mild pollutants into
the air, such as sulfur. While these emissions
are not significant enough to cause ecological
damage, the odor is noticeable to residents in
surrounding areas.
With the wide range of available techniques

The Green Architects of the
Future
by Zaniyah Hester
Green architecture is the newest frontier in the ar-

buildings are environmentally friendly throughout their

chitectural and construction industries, providing an

entire life cycles, beginning with the design, con-

approach to building that’s better for our health and

struction, and renovation, and ending with demolition.

the environment. The construction and operation of

Green buildings evolve with environmental health in

green buildings promotes a thriving environment and

mind at every stage.

preserves the water, land, energy, and resources in
and around the buildings.
This

environmentally-minded

approach

begins

with

the basics. Green architects build with eco-friendly
materials to preserve natural resources and have developed less wasteful construction practices. According to AquaBarrier, one company that specializes in
eco-friendly water-inflated dams, “construction contributes to environmental damage both on a global scale,
as well as locally… construction firms’ biggest negative
impact on the environment is caused by the burning
of fossil fuels, like gas and diesel. Every construction
project results in these gas emissions of carbon dioxide, methane and other waste products that pollute the

Features of a Green Building

air and are believed to contribute to global warming. In
2014, there was over 534 million tons of construction

With our climate rapidly changing, green buildings are

material waste in the United States. Demolition waste

becoming a necessity. Construction is one of the big-

makes up 90% of total debris, and much of this waste

gest greenhouse gas emitters, comprising almost 40%

is disposed of in landfills or through incineration. Both

of total greenhouse gas emissions. By creating more

these methods harm the environment.” The implica-

green buildings instead of traditional structures, we

tions of these staggering statistics illuminate the grow-

can reduce this percentage, improving the health of

ing need for green building in the construction and

people and the environment.

architecture industries.
Green architecture also has financial benefits. The
The primary goal of constructing green buildings is to

money that green buildings save through energy and

reduce, and ultimately eliminate, their negative impacts

water conservation can re-enter the economy to solve

on the environment, and the structures are equipped

other public health issues, such as providing access

with plenty of features to accomplish this. These in-

to better healthcare or decreasing homelessness rates.

clude ventilation systems, energy-efficient appliances,
water-saving plumbing fixtures, and more. Plus, green

Global CO2

The World Green Building Council, one of the leading organizations in the industry, is working to publicize the benefits of green building and architecture.
“The world over, evidence is growing that green
buildings bring multiple benefits. They provide some
of the most effective means to achieving a range of
global goals, such as addressing climate change,
creating sustainable and thriving communities, and
driving economic growth.”
Green buildings can reduce, and in some cases
eliminate, the negative environmental impacts of
construction and resource usage in big buildings.
Another organization, Architecture 2030, researches and develops practical solutions while working
with industry organizations and

academic institu-

tions. According to Architecture 2030, “Unlike operational carbon emissions, which can be reduced
over time with building energy efficiency renovations and the use of renewable energy, embodied
carbon emissions are locked in place as soon as
a building is built. It is critical that we get a handle
on embodied carbon now if we hope to phase out
fossil fuel emissions by the year 2050.”
As green building gains popularity and prominence
in the architectural and construction industries, we
can begin to see how change in the way we construct and use buildings and resources can revitalize our environment. With the goals of conserving
natural resources and developing sustainable building practices, green building has the potential to
save our environments, and us.

Sustainability at USC’s
Wrigley Institure
by Honor Dodd

Since 1995, Santa Catalina Island has been home to a

Following a ten year drought that severely impacted

marine science center within view of the busiest port

the island residents, who had to reduce their water

in the United States. It’s in a Marine Protected Area,

consumption by 50%, the pre-existing emphasis on

on Big Fisherman Cove in the quiet part of the island. It

sustainability expanded. This water shortage makes

feels like it’s a thousand miles away from the bustling

one wonder how people lived here long ago without

port, not only because of the dirt roads leading away

water pumps, without boats full of supplies delivered

from the Science Center or the bison that wander the

weekly, without anything other than what they could

hills, but also because scientists and conservationists

get from the ocean or the land. People on this island

here are working to make the massive boatloads of

lived a sustainable way of life for more than 7,000

supplies that enter that port entirely obsolete.

years, the age of the oldest site on the island.

The Marine Science Center is named after Philip K.

This raises the question, what is sustainability? The

Wrigley, who donated the fourteen acres of land on

dictionary definition of

which the facilities are located. This includes villas

be maintained at a certain rate or level.” However, the

and dorm rooms for researchers, labs, lecture halls,

idea of sustainability is much more complex. With the

offices, dining areas, a massive hyperbaric chamber,

growing urgency to minimize the impacts that humans

diving facilities, a dock, and a helipad. The work that

have on the earth, including efforts to slow down cli-

takes place here ranges from marine biology and bio-

mate change caused by greenhouse gas emissions,

fuel research to archaeology and science diving.

many people question whether our lifestyles are sus-

sustainability is, “the ability to

tainable at all. Scientists share this concern, expressing the need to reduce consumption and to find ways
to decrease the production of greenhouse gases.
Switching to renewable, non-polluting energy production will have a significant impact in this area.
Catalina Island entered stage three water rationing in
2016, forcing the Wrigley Institute to cut 50% of water
use. This was a substantial cutback that pushed the
science institute to put in place programs to extract
water from the air around them, as well as water conservation, and repurposing of seawater. In all the villas
at Wrigley, buckets appeared to capture showers and
The USC Wrigley Institute on Catalina Island

sink water for reuse. This “gray water” which is used
but not unsafe, can be deposited in water barrels all

around the research facility. This water can be used

sustainable solutions” has shone through clearly in

for activities such as filling toilet tanks and watering

this innovative initiative.

plants.
To provide an incentive to adopt new sustainable habThe researchers of Wrigley then took these basic

its and produce new technologies to support them,

steps to the next level, introducing a zero-waste kitch-

the Wrigley Marine Science Center has offered a Sus-

en. The dining hall at Wrigley now serves food to

tainability Prize. College students are encouraged to

hundreds of students each day while managing to

come up with ideas that could result in “meaningful

eliminate waste. It is also certified as a sustainable

environmental change.”

operation model by the Green Restaurant Association.
As well as focusing on short term solutions, the Wrig-

The Wrigley Institute states its mission as “To lead

ley Institute has poured resources into developing a

by example,” adding that, “Our goal is clear: the USC

sustainable research program.

Wrigley Marine Science Center on Catalina Island
must become a sustainable island facility within the

The research programs currently going on consists of

next several years.” If sustainable measures can be

four projects, a Kelp Biofuel Project, a team working

taken at Wrigley, they can be taken elsewhere. What

on finding food from the sea, a lab using black soldier

would your entry be for the sustainability prize?

flies to decrease waste, as well as an aquaponics lab.
The Kelp Biofuel Project’s focus is on finding a way
to farm kelp in the open ocean and use it for biofuel.
This would be an effective sustainability technique to
implement on California’s southern coast where there
is an abundance of kelp or in areas where fuel is
not easily accessible, like other islands. The biofuel is
produced by an elevator-like mechanism that raises
kelp off the seafloor. Giant kelp grows around 2–3 feet
per day and is a staple of coastal ecosystems. This
project offers an opportunity to change the way fuels are produced and create a clean and sustainable
alternative. This kelp elevator can be replicated on a
much larger scale and used all around the world.
Another project being developed at Wrigley is focused around using black soldier flies to minimize food
waste. With huge cutbacks on waste produced in a
kitchen setting, Wrigley decided to take their work a
step further and focus on the bigger picture: how can
they decrease food waste on a global scale. Eliminating waste that is sitting in landfills and implementing an
alternative to using a trash can is an important task.
But researchers at Wrigley tackled this challenge and
came up with a solution: using flies that can break
down waste from landfills and consume it. This then
allows the flies larvae to be reused as animal feed or
fuel. The Wrigley Institute’s motto “Research drives

Sustainable Batteries: Powering
the Future
by Molly Stephenson
Single-use batteries are filling landfills, degrading the

ternative to lithium-ion batteries,

environment, and threatening the health of those who

which are used in many per-

produce them. Batteries often cause chemical leaks

sonal electronics but pose

which can lead to runoff, contaminating natural bodies

their own dangers. En-

of water. And because the chemicals used to make

ergy density is the

traditional batteries break down slowly, many chem-

amount of energy

ical reactions with harmful byproducts occur during

a

the process. Moreover, many chemicals are also dan-

compound can

gerous to mine or extract, posing a humanitarian issue

hold

as the industry threatens the physical wellbeing of

amount

workers tasked with mining for these resources. With

space.

a movement towards sustainability and environmental-

While

ism, sustainable batteries provide a new way to use

these

power.

b a t -

chemical
for

or

the
of

teries
Sustainable batteries provide an eco-friendly alterna-

are still

tive to traditional batteries as they are recyclable, re-

in

chargeable, and the materials used to produce them

e a r l y

are sustainably mined.

s t a g es

the

of

devel-

The oldest type of rechargeable battery is the lead

opment

and

battery, first developed in 1859. Lead batteries have

probably

won’t

been used to power cars, forklifts, marine equipment,

be

and more. Lead is a heavy metal and in batteries is

commercial use for a

commonly alloyed with calcium, antimony, tin or sele-

while, they’re a promis-

nium. Lead batteries have a 100% recycling rate and

ing solution to the issue of

those produced today are comprised of 80% recycled

battery waste.

available

for

material. However, lead batteries can be difficult to
use for the average consumer. They must be charged

Lithium-ion batteries, while useful, are

with a specific voltage before storage and can’t be

harmful to the environment. These batteries are

overcharged. Lead batteries also have to release

rechargeable and are used in portable devices like

pressure at times and can easily leak toxic acid.

mobile phones because they are lightweight and have
a high energy density. However, they are expensive

Another type of rechargeable battery, the aluminum

to recycle and often end up corroding in landfills. And

battery, is in the early stages of development and isn’t

there is no safe way to dispose of lithium-ion batteries,

available to the general market yet. Theoretically, alu-

posing a threat to the environment and people living

minum batteries offer high energy density and many

near landfills.

environmental benefits, making them an effective al-

Another potential material for sustainable batteries

research phase. But innovation in this field is driven by

could be synthetic polypeptides. While prototypes

the goal of replacing the harmful lithium-ion batteries

haven’t been made yet, there is a strong theoretical

that are in phones, computers, and many other porta-

background for the battery. Using the structure of the

ble devices with a battery possessing a higher energy

polypeptides and polymers, these batteries could be

density than a lithium-ion battery, which would make

manipulated to hold more energy from sustainable re-

them a valuable investment and allow the batteries to

sources. The batteries would be made of or-

reach the commercial market.

ganic-based materials and therefore
wouldn’t cause as much harm
to the environment. But because

synthetic

peptide

poly-

batteries

are

far from being sold
in the commercial
market, there is
very little information

about

what

these
batteries
c a n
d

o

a n d

whether
can

they

realistically

replace lithium-ion
batteries.
IBM is also working on
a new sustainable battery
with

materials

extracted

from

seawater. According to IBM, these
batteries have a higher energy density
than lithium-ion batteries and charge quickly, making
them ideal for electronics as the battery would require
less space for the same amount of power. Although
the battery still contains lithium, it is extracted in a
safer and more sustainable way than traditional mining
methods.
The future of sustainable batteries is still hard to see
as many up-and-coming products are still in the early

Theoretical Model of an Aluminum Battery
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