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Dear readers: 

The future is definitely closely tied to science and technology. There are often 
controversies to whether those man-made technologies would elevate us 
or destroy us. Scientists improved technology in terms of feeding the world 
population, such as commercializing the first FDA approved GMO animal Atlantic 
Salmon in 2017; however, other technologies such as AI and its possibilities 
of threatening human labor poised a deeper concern. We as editors of Focal 
Point have no definite answer for where the future lies, but we strive to present 
incidents and opinions for you all to form your own judgements. We hope that 
some of these articles could be a scope for people to peek into the galaxy of 
science—finding the mesmerizing and mysterious part of it—and use them as 
a source of unexpected inspiration or pure intellectual delight. Even though the 
world is turning and changing in a speed faster than ever, we can always keep an 
open mind, move along with the world, and initialize changes for the world to be a 
better place. 

Stay inquisitive and curious,
Shangyi and Talia 
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A
s image forgery technology be-
comes more and more perva-
sive, it is also increasingly cru-
cial to be able to differentiate 
between real and fake images. 
Legal, political, and privacy 

reasons have driven the field of media foren-
sics research to develop photo authentication 
methods. This summary paper will outline the 
most recent progress in the field, specifically 
the most popular algorithms that have been 
used to devise methods of image manipulation 
detection. 

Although progress in deep learning is ad-
vancing faster than ever, there are significant 
steps that have been made in image forgery 
independent of deep learning. Non-deep lear-
ning algorithms  are widely used to split an 
image and extract its feature vectors or sort 
those vectors, and continue to produce some 
of the most cutting-edge techniques today. 
Two main methods of comparison when sear-
ching for image forgery are block- and poin-
t-based methods. Both are used to help iden-
tify copy-move as well as splicing attacks by 
searching the image and comparing it against 

itself. The key to block-based methods is that 
the suspicious photo is split up into identical 
or irregular blocks which are then analyzed. 
By contrast, point-based methods extract key 
points of objects and their feature vectors, and 
this information is used to find tampering in 
the image. There are also hybrid methods whi-
ch combine block and point-based algorithms, 
which conclusively achieves the same thing. 

Furthermore, Support Vector Machines 
(SVMs) are supervised learning classifiers, of-
ten used along with the previously mentioned 
comparison methods or other algorithms to 
sort data and identify if and where an image 
has been tampered with. 

Another important algorithm is Discrete 
Cosine Transform (DCT), which is a mecha-
nism for organizing and extracting data. DCT 
breaks the image down into spectral sub-bands 
of different frequencies, containing different 
information. Researchers can then take advan-
tage of this arrangement to find the data they 
need for their proposed method of image for-
gery detection. Sometimes, this method is also 
combined with some of the previously mentio-

T E C H N O L O G Y
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ned algorithms, such as SVMs. 

Convolutional Neural Networks (CNNs) and 
deep learning algorithms in general are also 
very popular among image forgery detection 
research. This may be because using them can 
help easily create more comprehensive detec-
tion methods, opposed to past studies which 
can only distinguish specific types of manipu-
lation, copy-move, splicing, etc. 

In conclusion, although the technology 
for detecting fake images has come very far 
in recent years, so have algorithms that crea-
te these manipulated photos. In order to stay 
a step ahead, it’s crucial for research to con-
tinue into not only the mentioned methods 
but also other, currently more experimental 
ones. However, for those who do not work in 
the field, it is important to stay vigilant online 
when viewing and sharing images, gifs. or vi-
deos. The way this fake information spreads is 
through people, so if everyone makes an effort 
to be conscious about what they interact with, 
it can also make a large difference.
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An ever-growing population serves as a reminder that there are a variety of demands 
in terms of natural resources that must be met. These requirements often prove 
to be challenges to not only the community but the environment as well. Since the 
industrial revolution, humans have relied on fossil fuels such as coal, oil, or natural 
gases. In turn, non-renewable energy dependency coupled with industrial pursuit has 
created significant issues such as global warming and climate change. In order for 
change, scientists have developed ways to apply hydrogen energy in fuel cell cars, but 
all production manufacturing costs are high. Starting from the mid of 2018, however, 
the idea of using ammonia as a potential energy source and a hydrogen carrier has 
opened a brand new pathway for generating green energy due to its relatively cheap 
manufacturing costs. Due to its effectiveness on an economic scale, a new hope that 
ammonia will be the renewable energy source and hydrogen carrier. 

R E N E W A B L E  E N E R G Y

IS AMMONIA THE 
NEXT BIG THING?
B Y  E L L I A  C H I A N G  ‘ 2 1
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A 
mmonia is present in every-
day life and can be common-
ly found in household clea-
ning solutions, from bottles 
of stain remover to surface 
shining liquid. The consti-

tuents of Ammonia are nitrogen and hy-
drogen, and it is a colorless gas that serves 
as one of the most fundamental building 
blocks in life. What’s the most exciting 
about ammonia is that the synthesis pro-
cess does not contribute to carbon dioxide 
emissions. This can be seen in ammonia’s 
synthesis, which is a reversible chemical 
equation: N2 + 3H2  2NH3.

It is important to understand that the 
hydrogen in ammonia plays a significant 
role in the creation of an ammonia 
economy. Ammonia in the liquid form is 
considered to be a hydrogen carrier and 
would greatly benefit the environment. 
When transporting only hydrogen, there 
can be extremely difficult issues in terms 
of complex technology storage, little 
existing distribution infrastructures, 
and easy contamination from catalyst 
poisoning. There is also danger in 
handling the hydrogen because a leak 
could lead to combustion or detonation. 
All in all, this adds up and quickly 

becomes a financial and health problem. 
Relative to hydrogen, ammonia can be 
easily liquefied and stored under modest 
conditions. It does not need complex 
storage technology like hydrogen since it 
requires less pressure and temperature 
for transportation. In addition, there 
are existing infrastructures and systems 
of transporting and creating ammonia. 
Therefore, it is much simpler to achieve 
an ammonia economy. 

During the production process, 
ammonia is first synthesized and turned 
into a liquid. The liquefied ammonia 
is then shipped to the destined place 
and cracked into its two constituents, 
nitrogen and hydrogen, by using heat 
and pressure. The handlers will release 
the nitrogen back into the air and contain 
the hydrogen for later use, whether for 
the fuel cell cars or energy. In addition, 
the cost of creating, shipping, and 
separating the ammonia will cost less 
than the transportation of hydrogen. 
Therefore, ammonia as a hydrogen 
carrier benefits and supports both the 
environment and population. 

Overall, it is vital that there is a green 
alternative that will decrease the issue 

of climate change and respond to the 
growing demand of energy. With new 
technologies and innovations for a green 
and earth friendly solution, ammonia 
is a definite potential key to protect the 
population, society, or environment. 
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GOOGLE’S SYCAMORE
QUANTUM PROCESSOR
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L
ate in September of 2019, 
a research paper titled 
“Quantum Supremacy Using a 
Programmable Superconducting 
Processor,” was briefly posted 

on a NASA website before being taken 
down. The author being “Google AI 
Quantum and collaborators.” In the 
abstract of this paper, which is still 
circulating the internet, Google claims 
to have provided “an experimental 
realization of quantum supremacy on 
a computational task.” The keyword 
that struck mass hysteria is quantum 
supremacy: the outperformance of 
quantum computers over their classical 
counterparts. Does this mean that 
we are finally at an age of quantum 
computers taking over classical 
computers? 

First, a quick recap on the current state 
of quantum computing. A quantum 
computer uses qubits (quantum 
bits) instead of the classical binary 
bits used in devices today. Qubits 
are advantageous in solving specific 
problems due to their quantum property 
of superposition: the ability to exist in 
many states at the same time. Quantum 
computers were envisioned by physicists 
in the 1980’s and since then, bits and 
pieces of knowledge and technology, 
such as quantum algorithms and 
semiconductor chips, came together 
to pave the way for a realization that 

quantum computers might actually be 
technologically feasible. As what MIT 
professor, Isaac Chuang said, “It is no 
longer a physicist’s dream—it is an 
engineer’s nightmare.” In the 2010’s, 
many labs and universities starting to 
specialize in quantum computation, and 
companies saw commercial potential 
in this too. During these past few years, 
IBM, Google and Intel have all attempted 
to engineer quantum processors in an 
effort to reach quantum supremacy.

A law that points out that the remarkable 
rate at which technology improves is 
due to the Moore’s Law: the number 
of transistors on a chip doubles every 
two years, leading to the increase 
of computing power year after year. 
Moore’s Law has been surprisingly 
accurate for almost five decades, but it 
has begun to plateau. The components 
on a chip are getting packed so tightly 
together as to approach the physical 
limit. On the other hand, quantum 
technology has advanced so much that 
there is a similar law in place: Neven’s 
Law. Neven’s Law suggests that we 
should reach quantum supremacy in 
2019, and here we are.

So, what did Google do to achieve 
quantum supremacy? From Google’s 
paper, they used their processor 
named Sycamore “…a processor with 
programmable superconducting qubits 

to create quantum states … While our 
processor takes about 200 seconds to 
sample one instance of the quantum 
circuit 1 million times, a state-of-the-
art supercomputer would require 
approximately 10,000 years to perform 
the equivalent task.” The task being 
to prove that numbers produced by a 
random number generator were truly 
random. Though this task has little 
practical application, it paves the way 
for solving other problems classical 
computers could not handle and the 
results can be extraordinary. 

Google was able to demonstrate 
quantum supremacy – but for a very 
narrow task. There are still a myriad of 
problems facing quantum computers 
such as their need for an isolated 
operating environment and their 
inability to maintain quantum states for 
long periods of time. This means that 
quantum computers are not going to take 
over yet, and they may never replace 
our everyday laptops in terms of normal 
use. There are some tasks classical 
computers are more suited to handle as 
there are tasks quantum computers are 
more suited to handle. The underlying 
philosophy is that quantum computers 
are not meant to do the same old things 
in a different way, but they are rather 
meant to solve problems that we cannot 
even comprehend in a new way. The 
advances in technology are getting us 
closer, qubit by qubit.
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H
ailing from the field of ar-
cheology, paleogeneticist Ed 
Green seems like an unlikely 
candidate to solve countless 
previously unsolved crimes. 
Back in 2016, at the Universi-

ty of California, Santa Cruz, he was part of the 
team that sequenced the Neanderthal genome 
from 38,000 year-old bones. Recently, he has 
once again found himself in the spotlight, this 
time for finding a method to extract accurate 
DNA samples from rootless hair.

DNA forensics started in 1986, when it was 
used in a British case to verify a confession in a 
murder case. The first case to use DNA eviden-
ce in the U.S. was in 1987, and it was further 
cemented into our investigative practices with 
a court case that ruled in favor of its validity 
in 1989. Since then, hair has been one of the 
main sources of DNA evidence used in inves-
tigations, as in the chaos of a crime, it is hi-
ghly likely that at least one strand of hair can 
be found at the crime scene. However, a ma-
jor obstacle for using this kind of evidence is 
that the DNA is extracted from the hair follicle, 
not the strand itself. Thus, for many years, the 

drawbacks from requiring the hair follicle for 
DNA extraction have left many cases without 
any suspects, and they have prompted scien-
tists to try and formulate a method for extrac-
ting DNA from the strand of hair itself without 
being dependent on the follicle. Green’s new 
method of extracting DNA has helped identify 
the Golden State Killer, and has identified three 
of the four people murdered in a separate case 
in 1985, among countless other cases the now-
-legendary scientist cannot legally expose. 

 Green regularly receives boxes of hair—so-
metimes of victims of crimes, other times of se-
rial killers. He takes each of these samples and 
extracts the DNA, a process that costs thousands 
of dollars. He admits that the cost of this extrac-
tion is the factor that will keep this method of 
investigation exclusive to high-profile cases and 
not in any average crime lab. When developing 
his revolutionary technology, the moment that 
he tested it and found that it worked was one of 
elation. After uploading his own DNA from his 
hair to a genealogy website and receiving a list 
of relatives in return, he was beyond excited at 
all of the possibilities that could arise from this 
breakthrough. All of this means bad news for 

B Y  S T E P H E N  C O O L E Y

DNA EXTRACTION FROM 
ROOTLESS HAIR
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criminals - past, present, and future. 

Justin Loe, a friend, colleague, and CEO of 
Full Genomes, a DNA Sequencing company, 
says about the discovery, “Criminals think of 
wearing gloves or wiping down blood,” he said, 
“but fewer think to shave their heads.” In the 
end, law enforcement has a powerful new tool 
to bring justice to criminals who would not 
have been caught otherwise.
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O
n September 24, 2019, BostonDynamics released a YouTube video adver-
tising the official launch of Spot, a dynamic mobile robot that shook the 
internet. From construction to indirect monitoring to maintenance in 
unsafe areas (at least, unsafe for humans), Spot opens a path into the 
future with its efficient doglike body. In the constructors’ words, taken 
directly from the BostonDynamics website, Spot is “[a] nimble robot that 

climbs stairs and traverses rough terrain with unprecedented ease, yet is small enough 
to use indoors. Built to be a rugged and customizable platform, Spot autonomously 
accomplishes your industrial sensing and remote operation needs.” Previously, Spot 
was known for its “viral video exploits, where it has twerked to Bruno Mars and worked 
together in a pack to haul a truck across a parking lot.” 

In this video, BostonDynamics highlights Spot’s features that enable it to function 
in the wide range of applications mentioned above, such as Spot’s top speed of 3 mph 
(or 1.6 m/s), average runtime of 90 minutes, ability to navigate challenging terrain, 360 
degree obstacle avoidance, swappable battery, 2 payload ports, 14-kg carrying capaci-
ty, crash protection, dynamic reaction, self-righting function (if it falls), operation in 

T E C H N O L O G Y

Spot.Launch();
B Y  B E N  C H E N
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“You’re practically just 
thinking about what you 
want to do and the robot 
takes care of everything.”

-Marc Rabert, BostonDynamics CEO

(PHOTO)

-20 to 45 ºC, and finally, IP54 rain and dust protection. Spot is 
also completely customizable, providing the user with even 
more versatility.

In the video description, BostonDynamics writes, “Early 
customers are already testing Spot to monitor construction 
sites, provide remote inspection at gas, oil and power ins-
tallations, and in public safety. Spot is in mass production 
and currently shipping to select early adopters.”

Of course, it is important to note that the main purpose of 
the video is to advertise and introduce this new product, and 
so Spot may turn out to be a victim of sensationalism, “the 
presentation of stories in a way that is intended to provoke 
public interest or excitement, at the expense of accuracy.” 
(Lexico) This is especially apparent with the “commands” 
shown in the YouTube video, where the code is simplified 
into this format: SPOT.ACTION();, where ACTION can (see-
mingly) be replaced with commands such as GO, CONNECT, 
INSPECT, ENTERTAIN, and LAUNCH. To see a more realistic 
representation of the code that went into this project, visit 
https://www.bostondynamics.com/spot and scroll down.

It is not surprising to see multiple online news sources 
already covering BostonDynamics’s new product, asking the 
people at BostonDynamics directly about the subject matter. 
“Learning to drive the robot using its gaming-style controller 
‘takes 15 seconds,’ says CEO Marc Raibert. He explains that 
while teleoperating Spot, you may not realize that the robot 
is doing a lot of heavy lifting. ‘You don’t really see what that 
is like until you’re operating the joystick and you go over a 
box and you don’t have to do anything,’ he says. ‘You’re prac-
tically just thinking about what you want to do and the robot 
takes care of everything.’” In other words, instead of tediou-
sly coding every action, Spot’s commands are already pre-
programmed into the joystick, optimizing Spot’s versatility. 

However, this robot is not yet ready for widespread pu-
blic use. As TechCrunch aptly puts it, “The early adopter 
program is lease-based rather than a straight purchase, but 
there’s no shortage of customers who want to own their Spot 
outright. The cost of one of the robots varies, but think tens 
of thousands of dollars — this isn’t a hobby bot.” Due to this 
limited accessibility, it will sadly take a little longer before 
the public can see their own Spots running around their ho-
mes.
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SCIENTISTS PARTIALLY REVIVE 

PIG BRAINS HOURS AFTER 

DEATH

 B Y  A N G E L A  C U I  ’ 2 1
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F
or centuries, people have thou-
ght that once the heart stopped 
beating and the human stopped 
breathing, life was over. The 
developments of modern medi-
cine, including devices such as 

defibrillators, have drastically changed these 
ideas, but brain death has always remained 
the final, unarguable verdict of death. Howe-
ver, for the first time in history, a group of 
scientists from Yale University have restored 
cellular function in pig brains hours after 
death by devising a system called BrainEx.

 The name BrainEx is short for 
“brain ex vivo,” or “brain out of the living,” 
and consists of three parts. First, scientists 
formulated a solution mimicking fluids in 
the brain and stored the solution at 37 de-
grees Celsius, close to body temperature. 
Next, a device pumped the solution through 
the brain, a process similar to perfusion whe-
re fluids are passed to organs or tissues using 
artificial blood pumps. Finally, the scientists 
obtained the pig heads from a meatpacking 
plant nearby, isolated the brains, and applied 
the BrainEx technology four hours after dea-
th. Researchers observed the brains for four 
hours and compared them to a control group. 
This process restored basic cellular function, 
including the ability for cells to produce ener-
gy and remove waste. 

“We found that tissue and cellular struc-
ture is preserved, and that cell death is redu-
ced,” reported neuroscientist Nenad Sestan 
of Yale University. “In addition, some mole-
cular and cellular functions were restored, 
including glial and vascular response to sti-
muli, as well as spontaneous synaptic activi-
ty along with active global metabolism.”

However, the brain did not show any 
signs of organized electrical neural activity 
required for awareness— in fact, conscious-
ness was never one of the researchers’ goals, 
and anesthetics as well as temperature-re-
duction methods were prepared in case any 
signs appeared. 

“[The researchers] agreed in advance that 
experiments involving revived global activi-
ty couldn’t go forward without clear ethical 
standards and institutional oversight me-
chanisms,” said Stephen Latham, director of 
Yale’s Interdisciplinary Center for Bioethics.

The scientists also stated that it was un-
clear if the BrainEx system can be applied to 
human brains after death. BrainEx is dras-
tically different from the real life situation, 
as the solution used lacks many of the com-
ponents found in human blood, including 
the immune system and other blood cells. 
BrainEx is also unlikely to revive a dead ani-
mal, as the system requires the brain to be 
localized from the rest of the body. 

Regardless, the development of BrainEx 
introduces many new opportunities for re-
searchers to better study the brain and un-
derstand brain disorders, since, previously, 
scientists were only able to study the brain 
using small samples of brain tissue. Fur-
thermore, although BrainEx currently has 
no clinical applications, this new method 
of research may one day help researchers 
find a way to treat brain disorders and 
diseases, such as reviving a brain after a 
stroke. However, this development also rai-
ses many controversial ethical questions 
for the future.

For one, the line between the brain 
being a dead tissue or a live animal resear-
ch subject becomes blurred because of the 
possibility that the brain could become 
conscious. Furthermore, since the brain 
can become aware, some argue that the 
BrainEx research is not ethical and shou-
ld not be continued. However, these ethi-
cal implications must be balanced against 
the promise that BrainEx holds to further 
brain research. 

As science and technology continue to 
advance, these ethical questions will only 
increase in number and frequency, and 
we will be forced to ask ourselves, “Where 
should we draw the line?”
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Y
ou are floating in the comforting 
blackness of a dreamless sleep. 
Suddenly, your phone stirs to 
life, sending you back into the 
bleak world of your 15x10 dorm 
room. In the distance you can 

hear the monotony of identical alarms from 
your floormates’ phones as you join a line of 
sleep-deprived students shuffling towards the 
bathroom to start their day. This is the pictu-
re of almost every home and dormitory of the 
modern American high school system.

Sleep is quite crucial in the development 
of young people; however sleep continues to 
be neglected by the young population, resul-
ting in a variety of health issues ranging from 
increased agitation to substance abuse. The 
National Sleep Foundation finds that while 
teenagers require an average of 8 – 10 hours of 
sleep a night, however less than 15% receive 
this much on a regular basis.

A lack of sleep is something young people 
are far too familiar with; not only is waking 
up the least favorite part of many young peo-
ple’s days, but it is often the root of many is-
sues in today’s youth; which is why scientists 
from Stanford School of Medicine have been 

STANFORD LOOKS TO INCREASE SLEEP 
IN TEENS
B Y  C H A D  H O  ‘ 2 2

looking for ways to increase sleep in teens 
today.

Through the use of light therapy, a team of 
investigators from the Stanford Department 
of Psychiatry and Behavioral Studies, found 
that sleep in teens could be extended for an 
average of 43 minutes.Dr. Jamie Zeitzer, PhD, 
led the study by administering 3-millisecond 
flashes of light every 20 seconds to sleeping 
teenagers for the final two hours of sleep, 
which adjusted their circadian clock – the in-
ternal system in mammals which synchroni-
ses the body’s functions with the time of day. 
The experiment aimed to change the body’s 
sleep schedule by essentially adjusting it to 
behave in accordance with different time zo-
nes. 

“Our team wondered if we could adjust 
the circadian timing,” said Dr. Zeitzer, a lea-
ding expert in psychology and the behavio-
ral sciences, “having teens essentially move 
their brains to Denver while they’re living in 
California.” 1

What the Stanford team found in the ini-
tial four-week phase was that while the light 
therapy was successful in adjusting the body’s 
internal clock, the 72 recruited teenagers in 

H E A L T H

the experiment continued to sleep late due 
to a variety of factors such as homework, di-
gital exposure and social media. 

During the second four-week phase of 
the experiment, researchers supplemented 
the light therapy with cognitive behavioural 
therapy. The second phase brought 30 new 
teenagers who received individual attention 
from mental health and sleep psychologists 
in the form of four 1-hour sessions aimed 
at identifying how sleep would benefit each 
individual and using it to motivate teenagers 
to get more sleep.

Individuals who participated in the se-
cond phase with both forms of therapy fou-
nd themselves sleeping up to 50 minutes 
earlier and were six times more effective at 
maintaining proper sleep schedules.

Unfortunately the device used to admi-
nister light therapy is limited to the upper 
echelons of sleep research, Dr. Zeitzer advi-
ses that for now the most important part of 
improving sleep schedules is to expand cog-
nitive behavioural therapy. But his research 
shows that fortunately there is hope for to-
day’s youth in escaping the stresses of today, 
and maybe getting a good night’s sleep.
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Bouncing Off the Atmos-Bouncing Off the Atmos-
phere: phere: 

How Boost-Glide Trajec-
tories Work & Why They 

Matter

Most of us had the experience of skipping stones on a 
lake as a leisure activity, but did you know that the same 
principle can be applied to exo-atmospheric objects? 
Since the atmosphere is more of a gas while outer space is 
more of a vacuum, the relationship is analogous to that of 
the air and the water, as the dynamics involved are quite 
similar.
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viating the immense heat compared to more 
traditional means. The US, Russia, and China 
have all successively used it for their spacecra-
fts upon reentries.

Yet as space exploration is somehow falling 
out of favor these days, we see more applica-
tions of boost-glide trajectories to missiles, 
more specifically the maneuverable hyperso-
nic glide vehicles that travel faster than Mach 
5. In the endless between missile offense and 
defense, these gliders pose a challenge to con-
temporary defense systems: neither are they 
easy to predict like ballistic missiles, nor are 
they slow enough as most cruise missiles to be 
comfortably intercepted.

Unlike the “skip” we mentioned earlier, ins-
tead of bouncing off like a stone, these weapo-
nized projectiles smoothly skim parallel to the 
Earth’s surface after being lifted outside and 
falling back into the atmosphere, which is said 
to sacrifice a bit of range for more stealth and 
accuracy. It works in the same way as skipping 
being that both movements relies on the diffe-
rence in air pressure that generates lift.

The result? Hypersonic warheads so fast 
they cannot be intercepted and capable of con-
siderable destruction by kinetic energy alone 
without carrying conventional or nuclear ex-
plosives. Russia’s Avangard and China’s DF-ZF 
are both HGVs of such type. (The US is also 
testing their hypersonic weapons, but those 
are rather aircraft/cruise missiles using com-
pression lift, which I’m happy to explain in a 
different article.)

While boost-glide trajectories are only used 
for space exploration and missile systems so 
far, that doesn’t mean it will never be truly be-

M
ost of us had the experien-
ce of skipping stones on a 
lake as a leisure activity, but 
did you know that the same 
principle can be applied to 
exo-atmospheric objects? 

Since the atmosphere is more of a gas while ou-
ter space is more of a vacuum, the relationship 
is analogous to that of the air and the water, as 
the dynamics involved are quite similar.

The mechanics of stone skipping can be 
explained roughly by the law of conservation 
of momentum – vertical momentum is pushed 
back by water while horizontal momentum 
more or less stays the same. However, without 
satisfying the proper conditions, it would just 
sink into the water. For a stone to skip, it needs 
to be relatively flat preferably disc-shaped and 
land on the water at optimally about 20 degrees 
tilted back and simultaneously maintain cons-
tant rotation for gyroscopic stability.

Modern technology has applied the prin-
ciples of skipping stones on water to skipping 
crafts on the atmosphere, that is, if they are 
supersonic. The path taken by such objects is 
what we call a boost-glide trajectory.

The concept that you can skip objects on 
the atmosphere is not new. In fact, its phe-
nomenon was observed by German artillery-
men who manned the gigantic K5 railway gun 
in World War II. They found that when firing 
arrow shells at high altitudes, their range was 
unexpectedly extended. The anomaly was then 
studied, and over the years, became a key part 
of modern rocketry.

For spacecrafts, taking a boost-glide approa-
ch can extend the landing phase as well as alle-

neficial to humanity. Theoretically speaking, 
as infrastructure and technology in avionics, 
aeronautics, and rocketry become more advan-
ced, who is to say that hypersonic propulsion, 
which could potentially exploit these trajecto-
ries with little resistance, would never become 
energy efficient and commercially viable?

.
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Have you ever turned your TV or radio to an 
undefined channel and only heard white noi-
se? 1% of what you are listening to is the noise 
of the universe from 13.7 billion years ago. You 
are witnessing the history of the universe and 
evidence for the Big Bang theory—cosmic ba-
ckground radiation (CBR). If you look out into 
space, you might expect nothing. In reality, 
instead of nothing, you would find static. The 
static that exists in every single point in the 
universe is cosmic background radiation.

Why is space orange and what is CBR?
In the very beginning, about 380,000 years 

after the Big Bang, the universe was the color 
of beige. It was a mushy soup of extremely hot 
and dense particles. Everything was squished 
so tightly together with so much energy that 
even atoms were unable to form. Like every 
object in the universe, the “cosmic latte” also 
released thermal radiation. The photons that 
carried small packets of thermal radiation 
bounced around like ping-pong balls between 
the mush of particles. While all of this was ha-
ppening, space was expanding. The process of 
inflation thinned and cooled the soup of plas-
ma. 

After the universe cooled down enough, 
atoms finally formed. The thermal radiation 
that was created at the very beginning could 

now move without colliding into other par-
ticles and being absorbed. As the universe 
expanded, the thermal radiation redshifted* 
from the orange to red to black and eventually 
to the cosmic background radiation. 

Cosmic Background Radiation: space is 
orange; pigeons were sacrificed; static 
noise  is  history

Why did scientists kill pigeons and how was CBR discovered?

Photo creds: NASA/COBE

Surprisingly, the discovery of CBR was an 
accident. In the 1960s, a group of scientists 
led by Robert Dicke at Princeton university 
predicted the existence of cosmic background 
radiation. At that time, James Peebles was also 
working on Dicke’s team. In 1965, Arno Pen-
zias and Robert Wilson, who later received the 
1978 Nobel Physics prize, was working in Bell 
Telephone Laboratories. 

The scientists were trying to use the giant 
radio in the laboratory to capture sound from 
outer space. However, they found that no ma-
tter where they pointed the telescope, there 
were always static background noises coming 
from space. The group tried to eliminate the 
background noise by cleaning the radio disk 
and killing pigeons to stop them from ex-
creting on the disk, but nothing worked and 
the static remained. At a loss, they conveyed 
their frustration to a local scientist who then 
reached out to Dicke at Princeton University. 
Dicke and his team eventually confirmed that 
the static in the background was cosmic back-
ground radiation.

  B Y  S U N S H I N E  C H E N

AIP Emilio Segrè Visual Archives, 
Physics Today Collection Caption: 
Arno Penzias and Robert Wilson 
standing in front of the radio

An image of microwave radiation from sate-
llite On October 8th, the 2019 Nobel prize for 
physics was awarded to James Peebles, who 
successfully predicted cosmic background 
radiation in the 1960s and used the radiation 
to calculate the structure and composition of 
the universe.
creds: NASA/COBE

This is what James Peebles discovered by 
analyzing CBR. 
Photo Creds: The Royal Swedish Academy of 
Science: Popular Science Background
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On September 28th, 2019,W Elon Musk, fon-
dly known as the real-life Iron Man, unveiled 
SpaceX’s new prototype for Starship Mk1. The 
powerful rocket would massively reduce the 
cost and time taken for humans to orbit and 
colonize Mars.

Contrary to popular design, Starship is divi-
ded into two levels (rockets are usually divided 
into three levels). The first level booster has a 
total of 37 thrusters which provides a total of 
7300 tons of power. 

After deliberation, SpaceX ended up choo-
sing the light and sturdy 301 stainless steel as 
its outer case. Under extreme temperatures, 
steel performs much better than carbon fiber 
and other materials. 301 stainless melts at 1500 
Celsius, which is much higher than the mel-
ting point of aluminum alloy at 655 Celsius and 
carbon fiber at around 1200 Celsius. Due to the 
steel’s high resistance of extreme temperature, 
SpaceX would be able to cut down on the coo-
ling system in exchange for a lighter rocket. 
Furthermore, it is relatively easy to weld the 
steel case to fix it in space. Besides its light wei-
ght, sturdiness, and malleable properties, the 
cost of steel is only 2% of carbon fiber. Using 
other materials would obtain none of the be-
nefits listed.

Upon entering the atmosphere, instead of 
doing a 90 degrees fall, Starship will enter with 
a 60 degrees slant first. Then, it will readjust its 
position like a skydiver and then finally strai-
ghten up when it reaches the proximity of the 
ground. This allows Starship to carry a more 
massive load by cutting down on fuel.

SpaceX revealed that Starship Mk3 would 
start building in less than three months and 
reach orbit in less than six months. In his own 
words, Musk coins Starship as the “Holy Grail 
of space”. 

Unveiling SpaceX’s new 
prototype for Starship 
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The discovery of the CBR was the most direct evidence of the Big 
Bang theory. The CBR’s thermal radiation graph exactly matched the 
predicted wavelength and radiation that scientists calculated using 
Wien’s displacement law. The CBR’s temperature of 2.725 Kelvin also 
matched redshift predictions.

By studying CBR—which is the leftover heat from the Big Bang—we 
can also learn a lot more about how the universe was created. James 
Peeble used tiny fluctuations/variations in the CBR to show how matter 
clumped together in specific parts of the universe. CBR helped scien-
tists model the shape, structure, age, temperature, and density of the 
universe. 

What is the significance of CPR? 

Redshifting is much like the Doppler effect but for electromagnetic 
radiation. You experience the Doppler effect when an ambulance drives 
towards and then past you. At the very beginning, the sound from the 
car is very high-pitched but as it speeds away from you, the sound waves 
are stretched and you hear a low-pitched sound. This also happens on 
the electromagnetic spectrum with light. When an object in the sky is 
moving away from you, it redshifts (the waves are stretched out). When 
an object is moving towards you, it blueshifts (the waves are more com-
pressed). Hubble used reshifting to prove the expansion of the univer-
se. If space is always expanding, then everything is moving away and 
redshifting. 

Red Shift*
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