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FROM THE CHIEF EDITORS

D

ear readers,
Since the very beginning, we at Focal Point have strived to craft a
relevant and intriguing magazine to inform the Deerfield community
about the scientific world. Science and technology affect our daily lives
in countless large and small ways, which is why it is so necessary to stay
informed about these fields of study.
This is our last issue of Focal Point as Editors in Chief. We are extremely grateful for
your support throughout the past year. What a journey it has been. We would like to
thank all of our brilliant and dedicated writers and editors who worked hard this spring
to bring you meaningful and interesting articles ranging from biology to astronomy to
mathematics. If you have any questions comments or concerns about our publication,
or would lik to contribute to Focal Point in the future, please email us at contact@focalpointmagazine.com. We hope that you enjoy this issue, and always stay curious about the
world around us.
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COUNTERFACTUAL
THINKING:

USING SOUND WAVES TO
INFLUENCE YOUR DECISIONS
By Trisha Boonpongmanee

W

e often exercise counterfactual thinking, a
manner of thinking
ahead, after curfew
when we want to order
food, but have to wait
until the next day, or when we are sitting
in class, preparing to go for a run later. In
the moment we aren’t able to choose those
options, but they are possibilities for another time. We consider these choices based
on a combination of our wishes and specific circumstances. For example, if you only
got four hours of sleep, you might prioritize
taking a nap instead of exercising. As with
every other type of thought or idea we form,
counterfactual thinking can be tracked by
monitoring brain activity.
The complex aspects of counterfactual
thinking include weighing different options,
then maintaining those ideas to formulate
a decision about the future, when the circumstances might change. A study in Nature Neuroscience explains, “such behaviors
are guided by internal representations of
choice values that have to be maintained
even when these choices are unavailable.”
It involves considering of a wide variety of

factors to make distinct decisions.
Each part of the brain has a different
function, and when we use that function,
brain activity in the region increases. A recent study conducted on macaque monkeys,
a species frequently used to mimic humans
with regards to brain activity; the study used
MRI (Magnetic Resonance Imaging) scans to
pinpoint the corresponding brain regions of
counterfactual thinking as the hippocampus
and anterior cingulate cortex.
Scientists continued using non-invasive
ultrasound imaging to study the monkeys’
cranial activity as they considered possibilities in the future and decided whether or not
to implement those ideas. Specifically, they
operated low-intensity focused ultrasound
machines which emit sound waves that resonate at higher frequencies than ones our
ears can detect, over two megahertz. Using
methods utilized in an earlier study experimenting with the effects of these ultrasounds, researchers were able to send ultrasound waves through macaque monkey brains,
which were able to accelerate and obstruct
chemical neurological reactions that facilitate brain activity. As a result, they measured significant changes in behavior by tar-
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geting areas such as the anterior cingulate
cortex with ultrasound waves.
Observing how these brain regions control counterfactual thinking can help scientists understand how to influence these decisions; this advancement in neurological
control could facilitate the development of a
simple way to improve people’s thought processes related to thinking ahead.
Inability to perform this function, according to Medical News Today, may “be the
reason why people with certain psychiatric
illnesses remain trapped in unhelpful habits,” and perpetuate poor decision-making
procedures. The patient’s inability to consider all possibilities, can impair his or her
thinking process, and limit thoughtful conclusions. Further exploration into this revolutionary brain stimulation method can
help scientists influence animals’, and in the
future, humans’ neurological processes to
ensure they are well-equipped to make decisions.
IMAGE CREDIT
Low-intensity ultrasound neuromodulation: An overview of
mechanisms and emerging human applications
For questions, please contact us.
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STRATOLAUNCH

A Football Field of Plane, Takes Off
By David Chen
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T

he world’s largest aircraft, the Stratolaunch, just completed its first
successful flight on April 13 from the Mojave Air and Space Port in
California. It was the project’s first attempted flight of this specific
aircraft after 8 years of planning and execution. The flight lasted 2
and a half hours in the air reaching speeds up to 189 mph and performing many flight control maneuvers with its six Boeing 747- modeled engines and 28 wheels. Despite this momentous achievement, this project is
still in its infancy. Stratolaunch’s test flight only reached about 17,000 feet, but it is
meant to double that height. This 385 foot, double- bodied aircraft is to be used in
carrying, releasing, and returning satellites to and from their orbits.
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FUTURE OF SPACE TRAVEL
This behemoth of an aircraft will carry
air launch vehicles to the edge of the space,
where they will fire their own onboard rockets and shoot the rest of the way into low
earth orbit with their own payloads. The
wings that provide the lift for the aircraft
save a tremendous amount of energy that
rockets expend to pass through the thick,
dense, lower part of the atmosphere.
There are many technical aspects of Stratolaunch that still need to be finalized, but
another challenge that the project faces is
competition with other companies. Some
companies, such as SpaceX, are also attempting to create a reusable rocket, but the lack
of suitable launch sites plague ground launches as well; the Kennedy Space Center in
Florida is one of these few places and those
who do want to launch from one of these
centers often have to endure long wait times
and small launch windows. With Stratolaunch, the ease and relatively low cost of launch and recovery could eliminate the need

for these ground launches entirely: it can
take off at any time, as it doesn’t have to wait
for the Earth’s rotation to line up with the desired destination in space.
There is also increasing competition in this market is coming from companies such as Richard Branson’s Virgin Orbit, Elon Musk’s SpaceX and Jeff Bezos’ Blue
Origin. However Scaled Composites, the
company tasked with actually building stratolaunch, has made similar vehicles, such as
the Virgin Galactic’s White Knight Two. This
vehicle was to bring smaller spacecraft and
wealthy tourists to the edge of space. So what
if the company completely succeeds and utterly destroys all its other competition? Well,
that will have to be put on hold for now, as
the Stratolaunch project has not scheduled
any additional flights in the immediate future. Furthermore, they require the Federal
Aviation Administration’s permission before
it can carry rockets and satellites into space,
due to safety concerns. For now though, the

implications of such an achievement cannot be understated: Stratolaunch could revolutionize launching satellites into space,
making it easier, cheaper and much more
frequent by decreasing the reliance on the
few suitable launch sites that rockets usually
have to launch from. The decrease in price
is attributed to the fact that the Stratolaunch
doesn’t require nearly as much fuel and water to launch as ground launches of rockets.
If the project is successful, it will also have
much larger launch windows for the aircraft
to operate in, allowing more aircraft to take
off and more rockets to be launched from
the edge of the Earth’s atmosphere. The Stratolaunch also has environmental benefits,
as the nonrenewable materials from the rocket launches would simply burn up as it is
falling through the atmosphere, rather than
ending up in oceans or landfills.

“
Stratolaunch could revolutionize
launching satellites
into space, making it
easier, cheaper and
much more frequent
by decreasing the
reliance on the few
suitable launch sites
that rockets usually
have to launch from.
”

IMAGE CREDIT

Wired.com & Stratolaunch
For questions, please contact us.
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BLUE ROBOT
DAISY DUNDAS

T

here have been major recent
developments in AI technology, but we have yet to begin
using robots to help with most
mundane tasks. At UC Berkeley,
professor Peter Abbeel, graduate student David Gealy, and postdoctoral
research fellow Stephen McKinley, wanted
to create tech that could be accessible and
affordable enough to become a ubiquitous
fixture in many people’s homes. Previously,
robots were deemed too expensive and too
dangerous to be a plausible option to have
around. However, Berkeley’s researchers
were able to overcome these obstacles and
create Blue, a new AI helper that fits the criteria.
Most of the robots we employ today are
designed to work in pristine labs or strictly
mechanical factory settings where every
movement is minutely precise and repetitive. In situations with no room for human error or spontaneity, robots don’t need to compensate for unexpected changes, or learn
to be sensitive to their environment. However, the average American home is far from
spotless, and robots would be required to
adapt to these unpredictable surroundings.
As a result, Blue was designed to have a human’s sensitivity to fit domestic situations.
One of Blue’s astounding traits is its unique capacity for learning. Prior to Blue, robots that would pick up new skills through
trial and error would often break themselves, since they weren’t able to recognize
if they were applying too much force and

therefore could snap their own appendages
while attempting a task. Even more concerning than robots destroying themselves was
the possibility of them exerting the same
uninhibited forces on humans and possibly causing injuries. To solve this problem,
Blue was designed to allow for a new kind of
advanced experimentation. Most robots are
supposed to be as powerful and efficient as
possible; Blue, however, rather than simply
having a weight limit, is “thermally-limited”.
This means that even though it can support
a certain amount of weight, it can only do so
for a short time until it needs to cool down,
similar to humans. In this way, its designers
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were not only able to drastically lower the
production costs, but also make Blue much
safer for a family household. In addition, its
sensitivity allows it to respond to touch in
many ways, ranging from superhuman resistance to supple flexibility. A rounded design with minimal gaps also prevents fingers
from getting trapped, making Blue more suitable for households with children.

IMAGE CREDIT
U.C. Berkeley
For questions, please contact us.

SPRING ISSUE | 2019

THE COSMOS

THE BLACK HOLE IMAGE:

PAVING THE WAY FOR
EMPOWERMENT THROUGH
DISCOVERY
How did the famous image of the black hole shape the future of both
women in STEM and astrophysics?
Talia Rajasekar
In November 2016, she gave a speech at
TedxBeaconStreet, where she first opened
up to the public about the efforts of her work
and what she hoped to be the final result: a
picture of a black hole. It was unprecedented to imagine a scientific project of this
scale, but the woman who became fixated
on the idea of capturing a picture of a black
thought it could be done. While this news as
excited millions of people across the globe,
how was Katie Bouman actually able to accomplish this himalayan task?

Katie Bouman is a graduate from MIT and
a member of the Event Horizon Telescope
(EHT) team. She began her journey to construct this image in 2016 by first creating an
algorithm she calls CHIRP, the Continuous
High-resolution Image Reconstruction,, the
black hole is so big (about 6.5 million times
bigger than the sun), that one telescope alone could not manage to capture it. Therefore, the scientists utilized telescopes strategically placed at 8 sites around the globe
to capture the bits and pieces of the single
FOCAL POINT
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image we see today. This technique itself is
called Very Long Baseline Interferometry,
or VLBI. Using this technique, scientists can
use multiple
Now, what is the significance of this black
hole itself? The image released by the EHT
team is that of the galaxy M87*, which scientists started observing back in 2017. These
observations led to bits and pieces of images
that were used to construct the final image
we have today. According to Albert Einstein’s
theory of relativity and gravity, the event hoSPRING ISSUE | 2019

EXTRATERRESTRIAL LIFE

“Sophia Bush took to

Twitter saying, “Katie
Bouman — a grad student!! — created the algorithm that allowed a
network of telescopes
to work together and
capture the first ever
image of a black hole.
She should be a household name after this.
Let’s HOLLA FOR WOMEN IN STEM!!”

rizon of the black hole should have been.
First, it is important to note that this image
of the black hole is its silhouette against a
glowing background.
What are the implications of this image
being released for the world to see? Well,
let’s first discuss the immense accomplishment for women in science that Katie Bouman has put forth. This was been a huge
step forward for women in STEM, with public figures such as Kamala Harris, Ivanka
Trump, and Alexandria Ocasio-Cortez broadcasting their appreciation for a young woman taking charge in the field of science
and accomplishing such an incredible feat.
Many showed their support on social media,
for example, Sophia Bush took to Twitter
saying, “Katie Bouman — a grad student!!
— created the algorithm that allowed a network of telescopes to work together and
capture the first ever image of a black hole.
She should be a household name after this.
Let’s HOLLA FOR WOMEN IN STEM!!”
With this incredible empowerment for
women in STEM, what does it look like for
the future of black hole studies and investigations? Well, it looks like the EHT team that

constructed the first image is now working
on another black hole to produce images
from. Now, the team is observing “the other
black hole shadow within range: the one at
the center of the Milky Way, known as Sagittarius A* (Sgr A*).” The team is also looking
to find the cause for the M87*’s center of gravity being 10% off its axis and they can use
these observations and the image obtained
to test Einstein’s theory of general relativity.
Additionally, Dr. Bouman claims in her TedTalk, “Einstein’s equations predict the size
and shape of this ring, so taking a picture
of it wouldn’t only be really cool, it would
also help to verify that these equations hold
in the extreme conditions around the black
hole.” That was three years ago, and today,
thanks to her and her team, we are well on
our way to finding those answers that make
our irises go wide with awestruck wonder,
just as they were when we were looking at
the image of that beautiful, mysterious black
hole.

IMAGE CREDIT

TED.com
Katie Bouman
For questions, please contact us.
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Seeing Double
NASA’s Twins Study Results Published in Science Journal

Valerie Hethervington

FOCAL POINT

10

SPRING ISSUE | 2019

FOCAL POINT

11

SPRING ISSUE | 2019

HUMAN IN SPACE

T

he Scientific Method dictates
that any scientific experiment
must have a control, an immutable element during the experiment that later serves a as a
standard for comparison. For
Scott Kelly, the control variable was his own
living, breathing, twin brother, Mark Kelly.
A group of scientists explored the medical
impact of space exploration using the twins
in a special experiment; the results were published this April.
While Mark’s feet stayed on the ground,
American Astronaut Scott Kelly started
his year on the International Space Station
in March of 2015. It concluded a year later
in March 2016. Over 80 scientists worked
on the study, conducting ten experiments
that focused on different pieces of the astronaut’s health, such as his genes, behavior, and physiology. The group found, that
among other things, that there was a change
in a specific structure in DNA strands, in gut
bacteria, shifts in protein pathways, and a
decrease in heart health.
Throughout the duration of his trip, Scott
collected blood samples from himself. From
these blood samples, scientists were able to
notice that his body was activating genes that
were dormant on Earth. Notably, some of the
genes directed Scott’s telomeres, or the tips
of his chromosomes, to elongate. They were
found to be 14.5 percent longer than they
were on Earth. Telomeres are important because they protect the strand of DNA, aid in
cell division, which indicates that they may
be linked to aging. Each time a cell divides,
the length of telomeres decrease; this continues to happen until the telomere becomes
too short and the cell can no longer divide,
resulting in the death or inactivity of the
cell. Some of the telomeres returned to normal upon Scott’s return to Earth and some
continued to shrink in the months after.
Shrinking is what the scientists on Earth hypothesized would actually happen to his telomeres when he initially went up into space.

Not only did the tips of Scott’s chromosomes change, but many of them also shifted form as well. Chris Mason, who was in
charge of the epigenetics portion of the
study noted that Scott’s gene expression
changed as soon as he arrived in space,
altering if and when certain genes were
signaled to turn on and off. At the halfway
point of the expedition, after six months of
Scott being in space, those changes in gene
expression became even more pronounced.
Specifically, genes that controlled Scott’s
immune system, DNA regulation, collagen
growth, and telomere growth.Though most
of his genes that regulated these functions
returned to normal after his flight, some remained overactive.
There were a number of other changes
observed in the duration of the study. In
Scott’s cardiovascular system, for example,
his carotid artery wall had grown thicker,
which was not the case in Mark’s heart. This
could change in artery could lead to heart
problems for Scott and increase his risk of
stroke. Another team focused on the human
body’s response to vaccines in space, so
Scott was given a flu vaccine. It seemed to
function correctly. There were many more
tests within this study that observed anything from the astronaut’s body mass to his
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gut bacteria. Most changes observed were
small, but cannot necessarily be discounted because the exact effect of space travel is
still being explored.
Thanks to this study, scientists are one
step closer to understanding exactly how
prolonged space travel influences the human body. Future space missions will be
pushing the boundaries: scientists and astronauts alike will be exploring parts of space
that they’ve never reached before. One major milestone that lies in the near future is
the exploration of Mars. Such an endeavour
would require more days in space than ever
before, so scientists would have to equip future space pioneers with countermeasures
against the negative effects of being in space.
Now that the science community is aware of
these biomedical changes that occur in the
environment of space, it can begin working
on those countermeasures and protect the
health of future-space traveling generations.

IMAGE FROM

NASA.gov
For questions, please contact us.
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H E A LT H A N D W E L L N E S S

Life Science:
Could Chinese Medicine be globalized?
By Shangyi Shu

A Chinese pharmaceutical company Luye Pharma Group recently
made a brave attempt to promote Chinese medicine to the world. It
signed a contract on March 24th with AstraZeneca, a British-Swedish
pharmaceutical company, to establish a long term partnership for
marketing an herb based cholesterol-decreasing capsule.
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H E A LT H A N D W E L L N E S S

C

hinese medicine became controversial after establishment
of the scientific method in the
18th century. Many patients
that benefited from Chinese
medicine believed that the
treatments are strengthening and alleviating with very few side effects; while people
trained with a scientific method mindset
countered against the Chinese medicine due
to its lack of experimentally controlled clinical trials. Despite of the disputes, however,
a Chinese pharmaceutical company Luye
Pharma Group recently made a brave attempt to promote Chinese medicine to the
world. It signed a contract on March 24th
with AstraZeneca, a British-Swedish pharmaceutical company, to establish a long
term partnership for marketing an herb
based cholesterol-decreasing capsule. This
capsule, also known as XueZhiKang capsule,
is mainly effective for lowering blood cho-

lesterol content, preventing stroke and heart
attack. The main ingredient in this medication is red yeast rice, which contains lovastatin, one of the most common medicine for
blood cholesterol control. This red yeast rice
has a long history in Chinese medicine and
is acquired naturally though fermentation of
cooked rice with mold Monascus Purpureus.
According to the Luye Pharma company website, each capsule contains no less than 2.5
mg of lovastatin and is proven to have apparent positive effects in patients from large
clinical trials. The company also claims that
this medicine has fewer side effects due to
its natural way of production.
Why would the two companies choose
to collaborate such a seemingly risky business? Even though Luye Pharma has built
ABOUT THE IMAGE

Sun Simiao – King of Chinese Medicine
For questions, please contact us.
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LUYE PHARMA
An international pharmaceutical compnay founded in 1994. The company
established research and development
centers in China, the U.S., and Europe.
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ABOUT THE IMAGE
A photo of a traditional Chinese medicine shop. Jars of herbal remedies
stock the shelves.

“ If this capsule really
grants an approval from
the FDA, it will greatly
enhance the status of
contemporary Chinese
medicine and bring a
completely different
light to the global
medical field.”

a fantastic reputation through large experimental evidence, the fact that a renowned
international company like AstraZeneca
would choose to coordinate with a Chinese medicine company feels out of the blue.
Although the two companies’ declared that
their collaboration is for “promoting the
global development of Chinese medicine”
to “benefit patients all over the world,” [3]
many analysts claimed that there is a deeper
connotation. It turns out that AstraZeneca
in the near future is losing the ownership
right to selling lovastatin, which is one of
the most important income source of the
company, so they are in urgent situation of
substituting lovastatin with a similar medicine. Consequently, this “weird” collaboration becomes a win-win situation for both
companies—Luye Pharma gains a greater
market in the foreign countries and AstraZeneca earns money.
The XueZhiKang capsule still has a difficult battle ahead for its position the western
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medicine market. Luye Pharma is currently
testing the capsule in the stage III clinical
trial, which is arguably the hardest out of all
four stages of medical testing on humans.
The stage III trial requires extremely large
samples of patients, so both companies have
to invest a lot of time and effort.
Chinese medicine is based on a completely different set of philosophy than
modern medicine. Traditionally, Chinese
medicine depends greatly on case-by-case
analysis and experience-based herbal application; but contemporary Chinese medicine is going through an evolution of using
naturally acquired materials on top of the
modern science, or large controlled experiments. If this capsule really grants an approval from the FDA, it will greatly enhance the
status of contemporary Chinese medicine
and bring a completely different light to the
global medical field.
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