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Letter from the Editors
Dear Readers of UnEarthed,

 On behalf of the executive board and our student-led team of writers, ed-
itors, and designers, we are incredibly excited to bring you SECRETS, our sixth 
issue of UnEarthed. While this amazing and passionate organization will surely go 
on for a long time to come, this is the last issue with some of our original founding 
members, and so it is filled with extra special energy for a goodbye to our readers. 
As always, we chose a theme that would have the most engaging and stimulating 
topics, so we are very excited to present this magazine. 
 When we think about secrets, we think about all the hidden topics and mys-
teries that someone might not usually come across. With every issue of UnEarthed, 
everything is about discovery, and as you look through the articles, we hope you 
will be taking in new and interesting facts about the world, in a variety of different 
fields. From the intrigue of Area 51 to creatures of the deep sea to Agatha Christie’s 
mystery novels, these are cool subjects that remain puzzling to real scientists and 
investigators. As you journey through these articles, perhaps you will find a topic 
you have a particular interest in and uncover even more secrets! 
 It was a joy for us to put together this issue of UnEarthed for you. Be on the 
lookout twice every year to learn more and more about our world with each issue 
we put out, always with a different theme! And if twice every year sounds like too 
long of a wait, amazing news: UnEarthed has a digital branch too! Visit www.un-
earthedpenn.com to explore digital-only articles, fun quizzes, and informative vid-
eos—all uniquely made by our amazing Digital team especially for you! Also, all of 
our print magazines are uploaded to our website, so if you missed previous issues 
you can read them online.
 You are always welcome to email unearthed.penn@gmail.com with sugges-
tions to improve the publication or to recommend artwork that you would like 
to see published in future issues. And if you happen to be on social media, you 
can “Like” us on Facebook at “UnEarthed Penn” and follow us on Instagram @un-
earthed.penn. We hope you enjoy!

Ryan Foo 
EDITOR IN CHIEF

Chloe Gong 
MANAGING EDITOR
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King Tut’s Curse of Death?
Writing by CAROLYN WANG   Editing by EMILY SHENG
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You may know King Tut as the ancient Egyptian boy 
king who was mummified and laid to rest in a gold 
mask and blue-striped headdress. But is it true that 
he put a secret curse on everyone who was to disturb 
his eternal slumber?  

Tutankhamen, better known as King Tut, was an 
Egyptian pharaoh who ruled the 18th Egyptian 
dynasty from approximately 1332 to 1323 B.C.E. He 
inherited the throne from his father at the age of nine 
and ruled for less than a decade before his death at 
age 19. Shortly after his death, his body was wrapped 
and preserved in an ornate sarcophagus and later 
buried with a collection of items that were intended 
to aid him in the afterlife. 

In 1922, more than three millenia later, British 
archaeologist Howard Carter discovered King Tut’s 
undisturbed tomb in the Valley of the Kings, a burial 
site for many Egyptian pharaohs and nobles. A year 
after the initial discovery, Howard and his patron, Lord 
Carnarvon, along with their team of archeologists, 
completed a three-month dig to excavate King Tut’s 
sarcophagus and the thousands of artifacts buried 
along with it. Items ranging from lavish gold shields 
and animal skins to wine, meat, and vegetables were 
discovered in the tomb.  

After the archaeologists opened King Tut’s coffin, 
strange events began to occur. Many people on or 
associated with the excavation team reportedly died 
early deaths by ways of insect bites, heart failure, 
and even madness.  

Newspapers and television popularized this 
phenomenon as “the curse of the pharaohs.”  The 
media attributed every strange event that befell the 
archeological team to the bad luck which the ancient 
Egyptians allegedly wished upon anyone who would 
unseal King Tut’s tomb. Is there truth in this claim? 
Were the archaeologists cursed?  

In actuality, the members of the excavation team 
died at an average age of 73, which is higher than 
the average life expectancy of the time period. There 
were only a select few who died early, unexplainable 
deaths. Research suggests that a possible explanation 
is pathogenic bacteria (Staphylococcus and 
Pseudomonas) and molds, a lot of which were likely 
brought on by stored food products, that grew in the 
tomb over thousands of years. These disease-inducing 
bacteria and molds cause all kinds of reactions in 
humans, ranging from congestion to bleeding of the 
lungs. Air samples taken from inside the sarcophagus 
showed high levels of ammonia gas, formaldehyde, 
and hydrogen sulphide, which can cause death. 
Howard Carter and his team of archaeologists were 
digging inside the tomb for three months, so they were 
most likely exposed to an unhealthy amount of these 
bacteria, molds, and 
toxins. Unfortunately, 
this exposure could 
have been a major 
factor in their 
untimely deaths.

“The curse 
of the 
pharaohs” 
was once 
a colossal 
mystery, 
but now, 
not so 
much.

Lo

CREEPY CAVE CREATURES
Caves are passageways underneath the earth that can be found all over the world: near volcanoes, far 
beneath the sea, in the mountains, and in many more places. They take almost 100,000 years to form 
big enough to fit a human! If you were to take a trip through a random above ground cave now, though, 
chances are it would be thousands of feet long—and you would find hundreds of different types of 
animals waiting in the shadows.

Writing by RICHA PATEL  • Editing by LUKE ELEGANT •  Design by AMY GUO 

SALAMANDERS
Salamanders are one of the first animals you will 
see after stepping into the cave. They live in the 
first few meters in a dimly lit area that’s called 
the twilight zone. These fiery, orangey-red 
creatures form one of the few bright spots within 
a cave. Only search for them during the nighttime, 
because cave salamanders are nocturnal 
creatures and will spend the daytime sleeping 
under rocks and logs.1

BATS
Look at the cave ceiling during the day, and you 
will find bats hanging upside-down from the 
ceiling, fast asleep. Bats are almost blind and 
surprisingly do not use their eyes to see. Instead, 
they use a technique called echolocation, where 
they send out sound waves and listen to their 
echoes to locate objects.2 Come to the cave at 
sunset, and you will catch a glimpse of the bat 
colony fluttering around and preparing for their 
night’s hunt.

YELLOW-RED RAT SNAKES
Another creature in the cave at sunset is the 
yellow-red rat snake, a reptile slithering out of 
cracks in the cave walls and snatching bats right 
out of the air. These snakes officially are said to 
be 6 feet long—but people have even spotted 
8-foot long rat snakes!3  

SPIDERS
Glance down at your feet, and you might catch 
one of the 1000 different species of cave-dwelling 
spiders. These spiders do not spin webs to catch 
their prey. Instead, cave-dwelling spiders use 
their giant legs to chase down their food to hunt 
it. These legs may measure one foot long! 
However, these hunts may be hard to see, since 
cave spiders can go weeks without eating.4

OLM
After traveling through the dark tunnels, if you 
spot an olm, it is a sign that you have officially 
entered the deepest part of a cave. The olm is 
known as a “baby dragon” for its snake-like and 
translucent body. The olm is the creature that 
never grows up; it keeps its baby gills for its 
entire 100-year life. Over millions of years, 
these creatures evolved to have chemo-, 
mechano-, and electroreceptors that give them 
super smell, super hearing, and the ability to 
sense electric and magnetic fields. It can 
actually hear sound wave vibrations in the 
water!5

FISH
The further that you weave through the cave’s 
passages, the more water you may notice on 
the ground. The fish in this water are 
particularly unique. Not only are they blind, but 
they are also completely white. But just 
because they cannot see doesn't mean that 
they do not eat. These fish eat anything from 
dead animals to scavenged plants in front of 
them.6 Don’t worry: they are only about 3.5 
inches long, so their options are limited.

SNAILS
You have made it 3000 feet below the surface 
of the cave and found a species called 
Zospeum tholussum:  a completely transparent 
snail. It has an entirely translucent shell and is 
only about 2mm. These snails only move a 
couple millimeters or centimeters every week 
— and that movement is just them going 
around in circles.7

Congratulations! You’ve made it past all of the 
creepy and amazing creatures that lie within 
the cave’s depths.
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However, this line of thinking went against the long-held belief that both biblical scholars 
and the Catholic Church taught. Copernicus was a devout Catholic himself, so his theory 
was even more preposterous for someone like him!4 It was hard for many to believe that 
the Earth was moving in an orbit around the Sun, rather than being orbited by the planets 
and stars. After all, it isn’t something that you can easily see. The Catholic Church went so 
far as to reject Copernicus’s theory!4 Nevertheless, Copernicus detailed it in a handwritten 
book that he distributed only to his friends. It wasn’t until two months before his death that 
the book was actually published.4 Even after Copernicus’ death, his theory still generated 
lots of controversy. Two renowned scientists, Galileo Galilei and Giordano Bruno, were even 
punished for supporting Copernicus’ theory, decades after Copernicus’ death.4 

Despite the initial disbelief, evidence supporting Copernicus’s theory continued to grow. His 
theory was grounded in foundational physics and astronomy principles — it was hard to deny. 
After Copernicus’s death, technological innovations allowed researchers to not only prove 
but build upon Copernicus’s theory. Johannes Kepler studied planet orbits; Galileo used the 
newly-invented telescope to study the Sun’s motion.5 These were all advances brought about 
as a result of the Copernican Revolution. Slowly but surely, each new discovery continued to 
prove the validity of Copernicus’ theory. Thus, despite the initial controversy and disbelief, by 
the 1700s, scientists had finally come around and adopted the Heliocentric Theory. At last, 
the public was convinced: the Earth does in fact rotate around the Sun!

Copernicus forever changed people’s view of the universe. He introduced the idea of a Sun-
centered solar system, a principle that remains foundational to astronomical research and 
understanding today. Copernicus’ role in challenging the status quo with fact-based scientific 
observation remains an inspiration to people all around the world for the potential of science 
in a greater understanding of the universe. 

GEOCENTRIC THEORY

HELIOCENTRIC THEORY

Secret to the Sun
Nicolaus Copernicus

Ask anyone in the 1400s and they would tell you that the Earth was the center of the universe.1 
People truly believed that the Sun, planets, and all other stars were orbiting the Earth. This 
was called the Geocentric Model of the Universe.1 However, ask anyone today and they will 
tell you the opposite, that the Earth is actually orbiting something else: the Sun! So what 
changed? How did we go from an Earth-centric belief to one completely different? It was 
actually the work of one key figure who uncovered the secret of the Sun: Nicolaus Copernicus.

Copernicus was a Polish astronomer born in 1473 who originally studied law and medicine in 
Italy.2 After witnessing a lunar eclipse in Rome and drawing inspiration from ancient Greek 
theories about the movement of Earth, Copernicus decided to move back to Poland to 
continue his studies and feed his curiosity.3 In Poland, he began his renowned research in 
astronomy. He had an observatory built where he spent most of his time making observations 
and complex calculations about astronomical phenomena.2 But at this time, the telescope 
had not been invented (and would not be invented for another 200 years), so Copernicus 
relied on the naked eye for all his observations. 

After years of research, Copernicus eventually developed the Heliocentric Theory, which 
states that the Earth is not the center of the Universe, but that the center of the Universe is 
actually the Sun.4 He documented his proposal diligently and drafted proof after proof. 
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Ravioli, Ravioli, Give Me the Formuoli
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From the Krabby Patty to Grandma’s famous 
chicken noodle soup, secret recipes are all 
around us. But what’s the point of keeping 
something that tastes so good such a secret? 
And what does the popularity of the secret 
recipe tell us about the act of cooking? 

Picture this: Your family has been making 
and selling the most famous pasta sauce 
since you can remember. Something “top 
secret” that you put in the sauce makes it 
extremely delicious, and your whole town 
exclusively uses your family’s sauce for their 
pasta dinners. People always ask you what 
the secret is, but your family keeps it heavily 
guarded. 

It’s part of your family identity and allows 
you to have a successful business. 

Now picture this: After hours and hours 
of effort, you have just composed the 
most beautiful piece of music. The music 
brings joy to those who listen, and you 
have become very proud of what you 
have created. So, when people ask you to 
divulge the different instruments and notes 
involved, you hesitate. 

Cooking, like composing, is an art form. In 
making dishes, from new and old recipes, 
we are creating something where there once 
was nothing. These two examples explain 
why secret recipes are so popular: recipes 
become a source of pride for individuals and 
groups alike, and artists are eager to protect 

their art. But, the recipe can easily be 
shared and replicated. At this point, 

the artist has a decision to make. 
They must decide whether to 

keep those ingredients and 
cooking methods a secret or 
whether to share them. We 
can think of some classic 
examples surrounding both 
a decision to hide (think 
top-secret KFC recipe) or 
share recipes (tune in to 
FoodNetwork!). 

But which is the “correct” 
decision? That’s for you to 
decide! Get out the mixing 
bowl and apron, whip up 
a dish of your own, and 
decide how you feel about 
the secret recipe trend. 
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The first of these theories is about dark matter, 
a strange and invisible substance that makes up 
27% of the universe.1 But if it’s invisible, how do 
we know it’s there? For one thing, scientists have 
observed that the stars and planets at the edges 
of rotating galaxies are orbiting about the cen-
ter faster than they should be. Also, when scien-
tists look deep into outer space, they often see 
strange optical illusions—rings or arcs of light 
with no clear source. Both of these phenomena 
can be explained by huge clouds of invisible mat-
ter known as “dark matter halos.”2

Although it has the word “matter” in its name, 
dark matter is nothing like normal matter. Not 
only is it invisible, but it does not interact with 
visible light or any other forms of radiation, 
meaning that it is impossible to measure with 
any of our current instruments. It also can’t be 
antimatter—particles that have the opposite ef-
fects as normal matter—because physics pre-
dicts that when an antimatter particle comes 
into contact with a matter particle, the two will 
annihilate each other, leaving behind a signature 
that we have not yet observed. One possibility 
is that dark matter is actually a bunch of gigan-

tic galaxy-sized black holes. You can imagine a 
black hole like a whirlpool that sucks in anything 
that passes too close by. Its gravitational pull is 
so strong that nothing can escape once it has 
fallen in, not even light! Black holes do contain 
a lot of mass, and they would certainly be invis-
ible given that light cannot escape. However, we 
can still observe them indirectly because of how 
they bend light around them, and, as of yet, we 
haven’t observed any black holes that are close 
to the size of a galaxy.1 So dark matter must be 
something else entirely.

The two most popular dark matter candidates to-
day are MACHOs (Massive Compact Halo Objects) 
and WIMPs (Weakly-Interacting Massive Parti-
cles). MACHOs are small, dense balls made up of 
heavy elements that are hard to detect because 
of their size and because they don’t emit light. 
WIMPs, meanwhile, represent a much stranger 
theory: they are exotic particles that don’t in-
teract with normal matter or light but still exert 
a gravitational pull.1 However, neither candidate 
has been observed, so dark matter remains, for 
now, a mystery.

The other 68% of the universe is made up of 
something even weirder: dark energy, a bizarre 
force that appears to repel gravity. Dark ener-
gy has an interesting origin story. For decades, 
scientists believed that the universe exploded 
into existence out of nothing and, although it 
has been expanding ever since, this expansion 
is slowing down such that eventually the uni-
verse will stop expanding entirely and then start 
to collapse inward, crushing everything that has 
existed or ever will exist into a single point in 
spacetime. Scary, right? 

Fortunately for mankind, this theory isn’t quite 
accurate. When scientists tried to measure 
the rate at which the universe’s expansion was 
slowing down, they discovered that, in fact, the 
universe’s expansion is speeding up. They were 
certainly puzzled, because the force of gravity is 
supposed to pull things together, not push them 
apart. The only way to explain this accelerat-
ing expansion would be to propose some kind 
of force that not only repels gravity, keeping the 
universe from collapsing in on itself, but that 
also grows stronger as time passes.2

This mysterious force has come to be known 
as dark energy. Unfortunately, we have no clue 
what it is. One theory suggests that dark ener-
gy is a property of empty space. Empty space is 
not actually “nothing,” and perhaps it possesses 
its own form of energy that grows stronger as 
more empty space is created. Another possibility 
is that dark energy is a fundamental force that 
fills all of space like a fluid and whose properties 
are the opposite of gravity’s. A third possibility 
is that empty space is actually full of temporary 
“virtual” particles that blink in and out of exis-
tence. Yet another theory is that Albert Einstein’s 
theory of gravity is not entirely correct, and that 
we need a modified theory to describe what is 
happening to our universe.1 But just as with dark 
matter, nobody has discovered the truth yet.

Scientists will almost certainly discover the true 
nature of dark matter and dark energy someday. 
However, this day may not be for many, many 
years. The universe, it seems, does  not want to 
reveal her darkest secrets just yet.

D A R K   E N E R G Y

D A R K   M A T T E R 

M A T T E R ?

Your pencil eraser. Your fingers and toes. The cheese pizza you had for lunch. The sun and the 
moon, and all the stars. The air you breathe. Everything around you is comprised of matter, of 
protons and neutrons and electrons all bundled up into tiny atoms. You can’t see them, but 
you know they’re there. Scientists have proven it. Now, if everything around you is made up of 
matter, you might be inclined to think that everything in the universe is also made up of matter.

That’s entirely untrue! In fact, normal matter, everything you can see and smell and 
touch and taste, actually makes up less than 5% of the entire universe.1 How is that possible, 
you may ask? That is perhaps the universe’s greatest secret, and one we have yet to figure out. 
Fortunately, we have quite a few interesting theories as to what exactly makes up the other 
95%.
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Secrets No More:

1

An important part of the government’s role in a democracy is to be reasonably trans-
parent with its citizens. Thanks to the Freedom of Information Act, American citizens 
are able to keep an eye on the federal government as well as get a glimpse into the 
things that have been done in the past. Here are some cool facts about these released 
documents: 

The Central Intelligence Agency (CIA) tried using a number of different 
animals for spying during the Cold War. In Operation Oxygas, dolphins 
were used in covert operations and to search for underwater mines. In 
Operations Tacana and Axiolite, they explored using pigeons and ravens 
with cameras around their necks to take photos of sites within the 
Soviet Union. Lastly, in Operation Kechel, the CIA explored using dogs 
and cats as mobile recording devices.

The Office of Strategic Services (OSS), the precursor to the CIA, was 
known for its zany plots such as reportedly drugging Hitler’s vegetables 
with female hormones. A 2008 information dump revealed that popular 
home chef, Julia Child, worked for the OSS during WWII. She helped 
develop a shark repellent that kept sharks from accidentally exploding 
underwater bombs.

In the 1950s the United States government began exploring the possi-
bility of Extra Sensory Perception (ESP). ESP is about psychic abilities, 
such as knowing what will happen before it happens, or learning infor-
mation without ever hearing or seeing it. This project was met with 
both scepticism and excitement. In the 1990s, there was a secret U.S. 
army unit, codenamed “The Stargate Project,” that continued to investi-
gate the usefulness of “remote sensing through mental means.” Today, 
research into the extrasensory is often seen as largely unscientific and 
useless. 

In 1972, the CIA sent their most advanced submarines to collect photos 
from a spy satellite that were dropped from space into the ocean. This 
was a mission that required a lot of precision and technical ability 
beyond what was thought possible at the time. The CIA was able to 
pinpoint the location of the small object and then retrieve it from 
16,000 feet (a little over 53 football fields) under the sea. 

2

3

4

Secret Societies of the Ivy League
Dark robes, candlelit rooms, ominous (scary) chanting—this is what you might imagine when you hear 
the words “secret society.” Secret societies are fascinating, often having long histories full of 
mysterious traditions and rituals. Some of the most notable secret societies come from the Ivy 
League, a group of eight universities made up of Harvard University, Princeton Univeristy, Yale 
University, Brown University, Dartmouth College, Columbia University, Cornell University, and the 
University of Pennsylvania. While little is known about the elusive organizations that dwell within 
these college walls, over the years, some of their secrets have been revealed to the public. Now, we’ll 
share those secrets with you!

Secret Societies of the Ivy League

Yale University: The Skull and Bones Order
From the name, the Skull and Bones Order seems sinister, reminiscent of 
pirates with their skull and crossbones flags. However, in reality the 
organization is not scary at all! The Skull and Bones is one of the oldest 
secret societies in the nation, founded in 1832 by William H. Russell.1 The 
society is both social and academic; members meet to discuss world 
affairs and to make new friends. In order to become a member, you have to 
be “tapped,” or chosen, by former members. Many of the rituals of the 
organization are secretive, as the Skull and Bones Order owns a 
windowless building known as the “Tomb” in which only members are 
allowed.2 Alumni of the organization have gone on to be some of the most 
powerful people in the world, including President of the United States!1

Brown University: Societas Domi Pacificae 
Brown University’s Societas Domi Pacificae, founded in 1824, is the oldest 
known secret society in the country.4 For a while, the society was thought 
to have been dissolved in 1834, however, evidence suggests that the society 
has continued to operate; it was just hidden from the prying eyes of 
curious people. It is believed that 15 seniors are selected each year to join.5 
All members follow their motto, which translates to “see, and 
consequently, you will conduct yourself properly and irreproachably into 
the benefits of God, the Republic, and the University”.6 Of the three secret 
societies noted here, the least is known about this one. Their practices are 
truly hidden secrets. 

University of Pennsylvania: The Sphinx
The Sphinx Society is the largest secret senior society at the University of 
Pennsylvania. Named for the beautiful stone sphinx statue that guards 
exhibits in the Penn Museum, the Sphinx Society was founded in 1900.3 For 
a long time, the organization advised the University administration and 
promoted the image of the University both on campus and to the public.3 
They were committed to engaging the campus in healthy competition, as 
well as bettering the community through service.3 While not much is known 
about their induction rituals or practices, they are more open about their 
membership and goals than some of the other secret societies. 
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SECRET WOMEN &

THEIR NOT-SO-SECRET SUCCESSES

Who developed the theory of relativity (E=mc2)? 
Albert Einstein.

Who discovered the laws of motion? 
Isaac Newton.

Who invented the telephone? 
Alexander Graham Bell.

Scientific discoveries and inventions make our world stronger and smarter! Not all of them have 
become world-famous, however. If you’ve taken a science class, you’ve probably heard about at 
least one of the names listed above. But… what about Rosalind Franklin, Katherine Johnson, or 
Grace Hopper? These women made incredible advances in the world of science and technology, 
and yet, they have received little credit for their work. It’s time to uncover their successes and 
make their names a little less secret.

Let’s start with Rosalind Franklin. She was born in London, England in 1920. Franklin studied 
chemistry at the University of Cambridge where she also got involved with research. After study-
ing the properties of coal and other organic materials, Franklin moved to Paris to work at a labo-
ratory where she learned how to use X-rays to create images of solids with complex structures. 
In 1951, while working at a lab in London, Rosalind Franklin used her X-ray techniques to take 
photos of DNA. 

X-Ray: These pictures show us the inside of 
something, but they’re not taken with a camera 
or phone. They’re taken with rays of radiation!

Rosalind Franklin decided to call the image of the DNA “Photo 51.” This photo was not released 
to the public when it was first discovered. However, someone who worked with Franklin decided 
to share the image with two scientists at Cambridge, James Watson and Francis Crick. In 1953, 
Watson and Crick published their model of DNA which was completely based off of the image 
taken by Franklin. They stole her work! In 1962, they were awarded the Nobel Prize for that mod-
el, and Rosalind Franklin’s name was forgotten.

Unfortunately, Rosalind Franklin was not the first woman to be ripped off for her work. Katherine 
Johnson knows a similar story… 
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Human Computer: Before the world gained 
easy access to personal computers, the term 
“computer” usually referred to a person who 
made calculations by hand. Women typically 
occupied these positions and were responsi-
ble for a lot of the math that enabled incredi-
ble scientific achievements.

After the launch of Sputnik, Johnson compiled notes which would lead to the creation of the 
Space Task Group. This also marked the transition from NACA to NASA (National Aeronautics 
and Space Administration). Johnson did calculations for the first human space flight and co-au-
thored a research paper about satellite positions. In 1962, NASA prepared for Astronaut John 
Glenn’s mission to circle the Earth from space. Glenn said he would only step into the space 
capsule if Katherine Johnson would run the numbers and confirm them for him by hand. She did 
and the mission was successful; he circled the Earth three times. Katherine Johnson died earlier 
this year, but her legacy has been documented in the film, Hidden Figures.

Lastly, we turn to Grace Hopper, a woman who paved the world of technology in a way that we 
now take for granted. Hopper was born in New York in 1906, and she attended Vassar College and 
Yale University to study toward her Bachelor’s and Master’s degrees. After she graduated, she 
returned to Vassar to teach mathematics. After a few years, she joined the Navy and became a 
lieutenant. She was placed at Harvard University’s Bureau of Ordinance’s Computation Project. 
While working for the project, Hopper had the opportunity to work on Mark I (the first large-
scale automatic calculator). 

Fun fact about Mark I: When Hopper was 
working on the computer, she noticed a moth 
had gotten stuck in the machine. She coined 
the term ‘bug’ that we use today to talk about 
computer failures.

In 1949, Grace Hopper began working on the Universal Automatic Computer I (UNIVAC I) comput-
er. Her team compiled computer languages for the system to be able to run. The computer was 
able to successfully compute a large array of input, thanks to Hopper’s significant work.

All of these women contributed significant discoveries and inventions to the world of science 
and technology. What will YOU contribute?

Johnson was born in West Virginia in 1918. After graduating Virginia State College with highest 
honors, Johnson began teaching at a public school. In 1939, she was among three individuals 
chosen to be the first Black students at West Virginia University. A few years later, Johnson 
learned about the opportunity to work at the all-Black West Area computing section at NACA 
(National Advisory Committee for Aeronautics). As a human computer, Katherine Johnson spent 
her time analyzing data and making calculations to better understand flight tests and crashes. 
In 1957, the Soviet Union launched the Sputnik satellite, changing the course of Johnson’s life.
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SAFETY IN NUMBERS

REFERENCES 
Smith, B. (2018). “Prime numbers keep your encrypted messages safe - 
here’s how”. ABC News. Retrieved from https://www.abc.net.au/news/-
science/2018-01-20/how-prime-numbers-rsa-encryption-works/9338876

Stop for a moment, and think about a number besides one. I guarantee that the 
number you thought of is the result of the multiplication of prime numbers! First, 
let’s recall that a prime number is defined as a number that can only be divided 
by itself and by one. For example, 2, 3, and 5 are the first three prime numbers. 
The fact that you can write any number as a multiplication of primes sounds very 
uninteresting, but the impressive thing is that this multiplication is unique, meaning it can only 
be done in one way. For example, the number 345 can be written as the product of the prime 
numbers 5 x 3 x 23, and there are no other primes that can give the same result! 

This “unfolding” of numbers into a product of primes is called prime factorization. Why is this 
important? Prime numbers have fascinated mathematicians for centuries. For example, the 
Greek mathematician, Euclid, showed almost 2000 years ago that there are infinitely many 
primes. However, only recently have mathematicians found a method to use prime factorization 
to hide messages and keep very important information or secrets safe. The method has similar 
characteristics to bank account numbers and passwords. It is particularly useful when two 
parties, who know nothing about each other, want to communicate securely, kind of like a 
private chat. 

 The trick utilizes the property of prime factorization of numbers, by multiplying two very 
large prime numbers, call them a and b, and then obtaining an extremely large 

number, which we can call c. Then, you only tell the world that you have the 
number c, but you keep a and b only for yourself. You also give them a 

smaller number of your choice which we can call d (actually there are 
rules on how to choose d, but let's not delve too much on hard 
mathematics). The numbers c and d are  called a “public key”, because 
you will distribute them with everybody. 

Any sort of message that you want to send can be represented with 
numbers. Once you have your message in “number form”, you can use 
the numbers c and d to “encrypt” it, or make it secure. If someone 

wants to get your original message back, they actually need to find what 
a and b were. However, with all the calculations involved, if a and b are 

big prime numbers then it becomes super hard to retrieve them! Finding 
the prime factorization of very big numbers is a difficult problem which 
takes a lot of time. As of today, these prime numbers are about as big as 

10 followed by more than 300 zeros. The name of this 
method is called RSA Encryption (in honor of its 

inventors’ names: Rivest, Shamir and Adleman), and it 
depends entirely on prime factorization. It is all thanks 
to this prime factorization encryption system that 
most of our information is kept safe. 
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23571
11317

19232
93137

41434
75359

61677
17379

83899
71011

03107
10911

31271

31137
13914

91511
57163

16717
31791

81191
19319

71992
11223

22722
92332

39241

25125
72632

69271
27728

12832
93307

31131
33173

31337
34734

93533
59367

37337

93833
89397

40140
94194

21431
43343

94434
49457

46146
34674

79487
49149

95035

09521
52354

15475
57563

56957
15775

87593
59960

16076
13617

61963
16416

43647

65365
96616

73677
68369

17017
09719

72773
37397

43751
75776

17697
73787

79780

98118
21823

82782
98398

53857
85986

38778
81883

88790
79119

19929
93794

19479

53967
97197

79839
91997

10091
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49105
11061
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11093
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Caesar Cipher

Julius Caesar, a leader of ancient Rome, used this cipher to conceal secret messages from his enemies. It 
works by shifting each character in the message by a fixed amount. For example, if we had to shift “A” by three 
letters in the alphabet, our cipher would represent “A” with “D,” the third letter in the alphabet after “A.” Let’s 
say you have the encrypted word “FCJJM.”  At first glance, it is very difficult to decipher, but try shifting each 
letter of the word by two in the alphabet.  What do you get?  If you got “HELLO,” you cracked the Caesar cipher!  

A cipher is a method for hiding a message in some type of code. After encryption, only those who know the 
cipher can use it to reveal the secret message. Ciphers have been used to conceal information throughout 
history, and they are still widely used today.

Pigpen Cipher

The Freemasons are members of a worldwide secret society that originated in the 
Middle Ages. To secretly communicate, chapters of the Freemasons created the 
Pigpen cipher, a cipher that substitutes a symbol for a letter.  These symbols are 
located on a grid with dots, resembling tic-tac-toe boards. To encrypt a letter with 
this cipher, locate the letter and eliminate it from the grid. Then, trace the lines that 
surrounded the letter. If there is a dot in the box, include it in the same location. For 
example, to encrypt “Hello,” we would write

Atbash Cipher

Book Cipher
Books aren't just for reading; they can also be used as keys for secret messages!  The most common book 
ciphers use a triple-coordinate system created in 1586 by Blaise de Vigenere, a French diplomat and cryptog-
rapher. With this technique, the first coordinate refers to a page number, the second refers to a line, and the 
third refers to the location of the letter in that line. For example, (15, 4, 2) refers to the second letter on the 
fourth line of the fifteenth page. To try this with a friend, find two copies of the same book.  Now, using this 
system, practice encrypting and decoding each other’s messages. Good luck!

Vigenere Cipher

Despite its name, the Vigenere cipher was created by Giovan Battists Bellaso 
in 1553. To encrypt a message, use the tabula recta, shown below. Each row 
represents the alphabet shifted by a certain amount. First, you and your 
correspondent must pick a secret key.  For example, let’s pick “code.” Then, 
position this keyword over your message, which should be converted to 
uppercase.  If our message is “I like to read,” we would have 

C  O  D  E  C  O  D  E  C  O  D
I  L  I  K  E  T  O  R  E  A  D
Finally, encrypt your message using the table. Letters in the codeword 
correspond to rows, while letters in the message correspond to columns.  
For example, the letter “I” in the message pairs with “C” in the codeword. 
Put a finger on row “C” and another on column “I”. Bring them together to 
see where they intersect (at letter “K”).  Now, “I” becomes “K.”  To encrypt 
the entire message, repeat this process for each letter.  You should end up 
with KZLOGHRVGOG.  

One of the oldest among the ciphers, the Atbash cipher was first developed in ancient Israel. It was originally 
developed for the Hebrew alphabet, and there are even some encrypted words found in the Torah, the Hebrew 
Bible. Atbash uses the alphabet backwards, like so:

In this cipher, the letter “Z” corresponds to “A,”  “Y” corresponds to “B,” “X”  corresponds to “C,” and so on. 
When decrypting, you find the letter from your message on the bottom of the chart and write down the corre-
sponding letter from the top row. Now, let’s put your skills to the test. What does “XRKSVIH  ZIV UFM” encode?
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