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Message from the Editor-in-Chief E#mzas5

Dear Readers,

Welcome to the twelfth issue of Science Focus! People often associate
winter weather with colds. Your parents may tell you to avoid getting a cold
by keeping yourself warm. Is it true that cold weather makes you catch a
cold? It is up to debate. In this issue, one of our articles looks into this “Cold
Case”. This article, along with another article on nuclear fusion, is taken
from our Student Web Blog. They are among the most popular pieces
on the website. For more great science articles, check out the website
http://sciencefocus.ust.hk.

Apart from these two articles, this issue also covers hot topics such as
wireless charging and the scarcity of sand resource. Do not forget to check
them out!

If you are interested in science and writing, please do not hesitate to
send your science article to us! Selected articles will be published and you
may have a chance to win an iPad. You may visit our website for more details.

Enjoy your Science Focus!

Yours faithfully,
Prof. Yung Hou Wong
Editor-in-Chief
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Fun in winter science activities

Any plans for the Christmas and New Year holidays?
Check out these science activities!
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<WHAT'S HAPPENING IN HONG KONG 7>

The Shaw Prize 2017 Exhibition

Established in 2002, the Shaw Prize
recognizes scientists with recent significant
breakthrough in scientific work. It consists of
3 annual prizes: Mathematical Sciences, Life
Science and Medicine, and Astronomy. In the
exhibition, you can learn more about the 2017
Shaw Laureates and their scientific research.

Venue: Science News Corner,
Hong Kong Science Museum

Date: now — 27/12/2017
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Aurora at Space Museum
Screening of the Sky Show “KAGAYA’s
Aurora” will end in January, so grab the chance
to see “aurora” in Hong Kong while you can!
@ Screening date: now - 31/1/2018

For details, please visit
http://goo.gl/HC8G12
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Hong Kong Black Kite Festival
and Hong Kong Raptor Festival

We can see the black kite everywhere in
Hong Kong. However, do you know that Hong
Kong has the highest density of the black kite
around the world? The Festival held by Eco-
Q Education & Resources Centre is going to show

= you the key features of the birds and the
conservation situation with interactive

% activities. Please stay tuned to
announcements from the Facebook

page of the Centre for details.
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MARYAM MIRZAKHANI:

The Fields Medal is often considered to be
the most prestigious award in mathematics, or the
mathematics equivalent of the Nobel Prize. For
more than 70 years since its inception, the prize
had been awarded to men only. That changed in
2014, when Maryam Mirzakhani became the very
first woman to receive the prize for her outstanding
contribution to abstract geometry [1].

Born and raised in Tehran, Iran, Maryam
Mirzakhani did not aspire to be a mathematician
when she was little. Instead, she had a love for
words and read avidly, dreaming to become
a writer someday. She did not perform well
in the mathematics class when she started
middle school. Her teacher did not consider her
particularly talented in the subject either, and
she lost interest in it [2]. However, she met another
more encouraging teacher the year that followed,
and began to perform much better.

At the time when Mirzakhani was in an all-girls
high school, there was no other girl participating
in the Iranian International Mathematical
Olympiad team. Nonetheless, with the strong
support from the principal, Mirzakhani received
training in solving mathematics problems and
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represented Iran in the 1994 and 1995 International
Mathematical Olympiad. She performed
exceptionally well and won the gold medal in
both competitions, even hitting the perfect score
in the second year.

Mirzakhani continued to shine as a
mathematics talent afterwards. Mirzakhani
pursued her Ph.D. in Harvard University. In 2004,
she received her doctorate for her thesis, which
demonstrated a creative way to combine different
mathematical tools for studying properties and
solving mysteries about abstract geometry. Her
doctoral thesis was so impactful that it gave rise
to articles in three top mathematics journals. She
joined the Stanford University as a professor of
mathematics in 2009.

Mirzakhani specializes in theoretical
mathematics, such as Ergodic theory, symplectic
geometry and hyperbolic geometry [3]. She once
mentioned in an interview that she was particularly
interested in hyperbolic geometry. Hyperbolic
geometry is different from the geometry that you
are used to seeing in secondary school. Usually,
when there are a straight line L and a given point
P, there could only be one line passing through P
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that is parallel to L. When it comes to hyperbolic
geometry, however, there is an indefinite number
of lines passing through P that are parallel to L!
While these theoretical concepts may sound
abstract or even alien to you, these concepts
indeed can vastly help scientists in various fields
of study. For instance, Albert Einstein applied
hyperbolic geometry in his works about relativity.

You may imagine that mathematicians solve
problems one after another by writing on boards
or papers at bullet speed. But that is absolutely not
the case for Mirzakhani.

The mathematician claimed that she is
actually a slow thinker. She described her work as
an adventure in a forest — when lost in a forest, you
have to gather knowledge to come up with new
tricks until you suddenly reach a hilltop and “see
everything clearly” [4].

In 2014, Mirzakhani became the first female
Fields Medallist for her contribution to abstract
geometry, which could be broadly applied to
multiple disciplines including dynamics, computer
science, and cosmology [1]. Unfortunately,
Mirzakhani passed away at the age of 40 in July
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2017 after a 4-year combat against cancer [4].

Mirzakhani is not merely an outstanding
scholar who has left incredible results and tools
for others to continue to make breakthroughs and
discoveries. She is also a role model for women all
over the world who are passionate in mathematics
or other fields of science. A star in mathematics
has faded, but her inspiration remains.
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Wh at comes to your

mind when being asked “which
animal is the smartest beside
human beings”? Your answer
might be chimpanzees, dogs
or dolphins. But do not count
ravens out of the picture yet.
Studies have found that they
have the brainpower strong
enough to give those smart
mammals a run for their money
[4,5]. For instance, ravens are
able to use tools to manipulate
their surroundings [3]; they can
remember how to perform a
complex series of actions [3]
and even make sophisticated
gestures to communicate [4].

But how can birds be as
smart as the said mammals,
even though their brains are
much smaller? One thing to note
is that brain weight has nothing
to do with cognitive skills.

Moreover, despite
using different
parts of the

brain to think - apes use the
neocortex while birds use the
pallium - both classes of animals
faced similar challenges during
evolution, which boosted their
brains’ cognitive performance

[1.

As an example of how smart
ravens can be, a recent study
by researchers from institutes
including the Lund University
and the University of Vienna
discovered their ravishing abilities
to make judgments to cope with
their complex social life [2]. These
large and heavily built crows
can somehow assess a deal as
either “fair” or “unfair”. To test
this hypothesis, Miller et al (2017)
taught nine captive ravens to
trade bread, a low-quality food,
for cheese, a high-quality food.

First, a trainer presents a
raven with a “fair” deal; they
gave the bird a piece of bread
from one end of its cage. If
the bird brought the bread to

the other end of its cage, the
trainer then exchanged it with
a piece of cheese. On the next
set of experiments, however,
the raven was given an “unfair”
deal. Instead of exchanging
food items, a new trainer ate
the cheese and took the piece
of bread away. After two days,
the experiment was conducted
again with the “fair” trainer,
the “unfair” trainer, and a new
“neutral” trainer. The “neutral”
trainer would return the bread
when a bird decided to trade
with her, allowing the bird to
choose again with whom to
exchange. Out of seven birds
tested, six of them traded with
the “fair” trainer, while only one
chose the “unfair” trainer.

In one month, the experiment
was repeated again in the
same manner. Out of all nine
birds tested, seven traded
with the “fair” trainer, one with
the “unfair” trainer, and the
remaining one chose a new

“Bird Brain”¢
Ravens Think. 0therwise
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“neutral” trainer. However, when
an “observer” bird was put
in a different cage adjacent
to where the experiment was
conducted, it did not show as
strong of a preference to the
“fair” trainer as the “first-hand-
experiencer” bird did.

This experiment showed that
the ravens remembered who
was the reliable “fair” trainer
and who was not, which led
to insights of how the birds’
complex social structure evolved
[6]. Bear in mind that the bread-
cheese trade in this controlled
experiment does not occur
normally in the wild, but this
study does lead to a further
understanding on how smart
ravens could be.
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By Thomas Lee FEE

HumanS have been

scrambling for resources since
the history of man began.
Freshwater, food, and land have
been our top concerns over
the past decades; yet there is a
shortage of one natural resource
that we often miss out: sand. We
may often associate sand with
deserts, beaches and parks.
Believe it or not, sand can also
be viewed as a scarce natural
resource as freshwater. Sand
plays a much more vital role in

our society than you may expect.
Its scarcity affects us all, whether
you are a beach lover or not.
Sand seems so abundant. How
could the world be scrambling
forit?

Sand and gravel are mostly
composed of quartz. With
a general formula of silicon
dioxide (SiOy), quartz is consisted
of a continuous framework
of silicon-oxygen tetrahedral.
Sand is primarily formed from
weathering boulders. In the
process of weathering, the

weaker minerals in boulders
are leached. Then the more
impervious quartz is eventually
ground down to various grain
sizes. In time, the sand grains
reach and accumulate in a low-
lying area or form dune fields
which later become deserts.

Sand is more than just
constituents of beaches. It
is involved in the making of
everything from paint, bricks,
shingles, cement to water
filtration systems. Quartz in the
sand is particularly valuable
as it can make optical-quality
glass and computer chips. In
fact, sand is the most broadly
used natural resource after
water, according to Pascal
Peduzzi, director of science at
the United Nations Environment
Programme’s Division of Early
Warning and Assessment. A
2014 report by the Programme
also suggests that sand and




gravel are the most extracted
resources in the world,
accounting for up to 85% of all
materials mined around the
world in one year [1]. Sand is so
significant as an industrial and
construction commodity that it is
not an exaggeration to say that
our modern society is built on
sand.

Though sand penetrates
almost all landscapes of our
lives, most of it is not suitable for
commercial purposes: desert
sand, for example, is too smooth
for construction uses and the
purity of silica in the sand may
not be up to par. Developing
countries are among the biggest
consumers of sand. China, for
example, used more cement
between 2011 and 2013 than
the US did in the entire 20th
century [2]. The global demand
for the resource has prompted
the rise of unregulated mining,
which could lead to destruction
of habitats like riverbeds and
disruption of biodiversity [3].

Instead of crushing more
rocks and mountains, industries
are considering some more eco-
friendly options, for instance,
recycling glass and concrete.
However, concrete in buildings
could hardly be recycled unless
the buildings are torn down, so
that portion of sand is taken out
of the recycling cycle almost
permanently. Some companies
are also considering alternatives,
such as straw and wood for
house construction, and mud for

reclamation.

The scramble for sand
and gravel has caused
unprecedented damage to our
fragile environment, destroying
wildlife and food webs, eroding
habitats and communities,
and creating more pollution
[4]. Global effort is needed to
conserve our lands, and our
future.

NS ANBEERESE
BERFMERFEE BEBRHTF I
EARELEER -RRZIK BY)
MEimFs AMBR T—REF LI R
BFHER: D RN A RMANRE
ARREIDIE D EA AR - RO BE
BIVELIRKEREERRMAL - A
B OVERERMEE N ENAesE
REEPERRZ NWERMRZHEE
MEMEEBMEE - DATHEEIR -
AftEEERERI—XKIE?

WMEAERHARAN AR
EBAB R (SI02) HBHWEN
RRFrEA - P EEHEEWESRT
B ERIEBRET BBRYEET
MK - RE BEENOERNERNS
TEAUNRYIDRL - BB RS RE AT A - YD R 3
BEESEME XHEXRDVE HE
PUAIDTE -

IWAEBEZWHBEN—&D - i
HE KO IEBRARES
BLERANRESHFRD - DAFRA
RAEPE ARTNABRIBHNENK
BANEEER -SEL REMSE
RIBABZFAE M EEFIRT 2R
EmHFEAALL ERESENX
RERP DHNERAEERRK-BS
BI2014 FRMEMEL D MBAE
EHFRERANER HEX—FFH

— = =

RESESSK [1]- WEHE

EMTERNMFTm  HMRCHLET
MERERNVERZ -

D FEFBEEIR BEMX
ZHHANBSHARBERRR R
RIK4 - ANEGRERER mEMD
FHARMAECREEARER - BRED
BEXZNVERNRAEFEEZ—  PH
201122013 F B AHRYKIE - EE
SB FHCRERANERZS [2] 23K
HIERNFTKAE ERRZEEN
FRIESHINES S EHRIRURER
BRERIRE FEEVSHEMY (3]

HEMEESHIE HETELEE
B—LEFIRIRAVERE - B[ U IR B A
BT - AB BRIEAPIRBREEY -
&R SR Y R R B - B DI BIUR - ItE
Sh B NBIESRKER R - BlER
KENAMEEER N EHERE
e

A8 1 350 4 9 0T 153 L B
RANHE REFEHNNENE .
HEREEMAIE  BRESHTHR
4] RREAERERE  REABY
i

References 2E&Fi :

[1] Renuka R. Even Desert City Dubai
Imports Its Sand. This Is Why. BBC (2016).
Retrieved from http://www.bbc.com/
capital/story/20160502-even-desert-city-
dubai-imports-its-sand-this-is-why

[2] Ana S. How China Used More Cement
in 3 Years than the U.S. Did in the Entire
20th Century. The Washington Post
(2015). Retrieved from https://www.
washingtonpost.com/news/wonk/
wp/2015/03/24/how-china-used-more-
cement-in-3-years-than-the-u-s-did-
in-the-entire-20th-century/?utm_
term=.420a8ad8b60f

[3] Joanna S. Why India Has a *Sand
Mafia’. The Wall Street Journal (2013).
Retrieved from https://blogs.wsj.com/
indiarealtime/2013/08/06/why-india-has-
a-sand-mafia/

[4] P. Peduzzi, Environ. Dev. 11, 208 (2014).



CO nve ntIO n al wisdom has it that

the onset of winter and cooler weather brings forth
an inundation of flu cases. Runny noses, sore throats
and incessant coughing are among the common
symptoms for those unfortunate enough to fall ill
to the common cold, most often caused by a virus
known as the rhinovirus. With runny noses being
more frequent in cold environments, the association
between cold weather and the common cold
was bound to happen. The truth behind whether
this illness rears its head more prominently during
wintertime, however, is very much up for debate.

Initial efforts to discover the cause of the cold
began with Walter Kruse in January 1914. When
one of his colleagues showed up to work with a
cold, Kruse took samples of his nasal secretions and
diluted them fifteen-fold with saline. He then passed
the mixture through a fine ceramic Berkfeld filter
to remove any bacteria (viruses are often much
smaller in size than bacteria and would therefore
pass through). Kruse gave samples to twelve of his
colleagues to inhale and four of them developed
colds after incubation for 1-3 days (talk about team
spirit). The crude experiment proved that the cold
was not caused by bacteria, but by a virus [1].
While this information seems archaic compared to
what we know today, whether viruses really caused
sickness went unanswered at the time. Further
experimentation seemed necessary.

Chimpanzees were purported to catch colds
from their zookeepers, making them ideal test
subjects. Chimps that were kept in isolation from one
another were given bacteria-free filtrates of nasal
secretions from humans who had contracted the
common cold. These chimps developed human-
like symptoms of the cold. Test subjects that were
given filtered nasal secretions from healthy humans
did not, confirming the hypothesis that a virus
was indeed responsible for colds and was, in fact,
contagious [2]. It wasn’t until 1956 that the cold virus
was isolated and cultivated. Two competing strains
were discovered in the same year and appeared
to possess slightly different characteristics. Both,
however, induced mild respiratory symptoms that
resembled a cold [3].

One of the first studies to challenge the
convention that low temperatures increase
susceptibility to a cold appeared in 1968. The
experiment involved 44 American male prisoners.
The newly discovered cold virus was dripped into
the noses of 27 “volunteers” (the question of ethics
for this experiment perhaps warrants an article on

its own). They were then subjected to temperature
conditions of either 4 °C or 32°C during infection,
incubation, peak of illness and recovery. The authors
concluded “no significant differences” regarding
the probability and severity of infection between
those deliberately infected and the control group

[4].

Yet even with this seemingly convincing
experimental evidence, the jury is still out. Cold
temperatures constrict blood vessels in the
nasal canal to maintain body temperature.
Vasoconstriction drives defensive
mucus in the nasal passage, which is
designed to trap pathogens,
but which also lowers
respiratory defenses [5].

This is because, should

breathing take place through

the mouth instead of the

nose, the defenses of

the nasal mucosa are

bypassed entirely. Low

humidity, a hallmark

of winter season, also

expedites the travel of

infected mucus droplets

in the air. The lower the

humidity, the more rapidly

water evaporates, creating

a more streamlined projectile

with a greater lingering period

following a sneeze or a cough.

In addition to these biological

reasons for keeping the debate

open, one popular school of thought suggests that
cold weather motivates people to congregate in
close indoor quarters. This would have the effect
of increasing proximity to the sick thus potentially
facilitating contagions; recycled indoor air
exacerbates this situation still further. The theory
would also predict an increased prevalence of the
common cold during colder weather.

Most scientists would agree that cold weather
itself does not cause a cold, but that the cold
is caused by a collection of rhinoviruses, each
having its own virility in cold temperatures and the
other conditions that accompany winter weather.
Our habits in cold weather may also indirectly
contribute to the spread of the virus. The best
prevention is to cover your mouth and nose during
sneezes and coughs, wash your hands thoroughly,
and exercise regularly. In the meantime, perhaps it
wouldn’t hurt to keep warm.
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En e rgy sustainability is a key

contemporary issue. However, clean, renewable
energy options are plagued by low energy density
and cost inefficiency, propelling the continuous
search for sustainable alternatives. A breakthrough
in nuclear fusion offers a new paradigm for the
development of renewable energy. Much like in the
cores of stars, the combination of hydrogen atoms
(the most abundant element in the universe) to
form helium yields an enormous quantity of energy.
Although there are significant kinks to iron out (to
say the least), the first steps in making nuclear
fusion a viable method of power generation have
undoubtedly been made around the world.

Nuclear fusion should not be confused with
nuclear fission, which involves the splitting of
large atoms into smaller ones. It is an established
means of generating power in nuclear power
plants. In contrast, pure nuclear fusion does not
release radioactive by-products. This advantage
eliminates the problems caused by nuclear waste
and the challenges posed by proper disposal. The
energy released during nuclear fission is also three
to four times smaller than the energy released
during nuclear fusion, which is the epicentre of its
attractiveness in energy development.

Nuclear fusion essentially involves fusing two
nuclei together (generally hydrogen nuclei) to
form a larger nucleus. While this process seems
conceptually simple, it requires overcoming the
Coulomb repulsion force between the two nuclei
so that the nuclear force is able to hold the nuclei
together. Thus, equilibrium must be established
between the repulsive Coulomb force and the
attractive strong force to hold this new nucleus
together. For nuclei smaller than nickel-62, the
process of nuclear fusion releases energy known as
the binding energy [1].

Nickel-62 has the greatest average nuclear
binding energy per nucleon than any other atom,
meaning it requires the most energy per nucleon
to split apart [2]. Lighter atoms tend to fuse towards
Nickel-62 because the nuclei involved lose energy
with each fusion. Heavier elements absorb energy
to fuse as the resultant nuclei possess a greater
energy than that of the reactant nuclei.

The problem with nuclear fusion is that
sustainable fusion takes place at temperatures
beyond 5 x 107 Kelvin (the temperature of the

outermost layout of the sun is 5 x 10° Kelvin or more).
The repulsive Coulomb force between protons
forces reactors to bring nuclei within 10*m together
so that the nuclear force overpowers the repulsion.
Even in the ideal trajectory, protons zoom around
at 20,000,000ms™. At sub-optimal temperatures,
a small number of highly energetic particles may
still be sufficient to participate in nuclear fusion.
International Thermonuclear Experimental Reactor
(ITER) is aiming for 1.5 x 108 Kelvin to ensure the
plasma is not self-neutralising and to ensure that
nuclei have sufficient energy to overcome Coulomb
repulsion.

All About
Nuclear
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It would be ideal if we could sustain nuclear
fusion at room temperature. Unfortunately, claims
of ‘cold fusion’ in the 1950s have been entirely
debunked. The fundamental issue here is the
challenge of plasma confinement. In other words,
the ionised gas (plasma) of hydrogen and helium at
temperatures above 5 x 107 Kelvin must be reliably
contained.

Fortunately, ionised gases are charged particles
and can be manipulated by magnetic as well as
electric fields. A design that optimises magnetic
fields for plasma confinement is the tokamak reactor
[3], as used in the ITER experiment in France as well
as the Experimental Advanced Superconducting
Tokamak (EAST) experiment in China. If the reactor
operates at 108 Kelvin, deuterium nuclei (2H) has
an average velocity of 1,000,000ms™. The plasma
at these temperatures is extremely unstable due to
severe plasma turbulence.

To provide adequately strong magnetic fields,
superconducting cables are laced around the
tokamak ring. Without superconducting cables, the
magnetic field would be too energy inefficient to
operate - but superconductors require cooling to
around 4.2 K (or -269 °C), which is also the boiling
point of liquid helium. To achieve temperatures

All About
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more than 5 x 107 Kelvin while requiring near-
zero temperatures to run alongside plasma is a
challenge, to say the least.

Nevertheless, the EAST team has managed
to sustain a hydrogen plasma chamber at 5 x
107 Kelvin for over 102 seconds [4]. Germany’s
Wendelstein 7-X reactor has also achieved an
impressive 8 x 10”Kelvin plasma for 15 seconds.

For researchers dubious of tokamak-based
fusion reactors, the National Ignition Facility (NIF) at
the Lawrence Livermore Laboratory uses 192 lasers
to combust deuterium-tritium fuel pellets to spark
fusion [5]. Alternatively, inertial confinement fusion
involves ignition of the outer layer of deuterium-
tritium fuel so that the resulting explosion causes a
chain reaction, burning the remainder of the fuel [6].

While a neat idea, nuclear fusion is a classic
example of “easier said than done.” In comparison
to sending men to the moon or climbing Mount
Everest, nuclear fusion has proven to be the
toughest challenge yet, but nations are realising the
potential it offers. For now, nature’s very own fusion
reactor remains unbeaten and is responsible for
providing all energy on Earth.

Nuclear
Fusi n
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Check out the Science Focus website!

Do you enjoy reading this article about nuclear fusion? This article, as well as the previous

one about catching a cold, is from the student web blog on our website. If you are interested
in reading more fascinating science articles
like this one, visit our website! On the
website, you could also find previous issues
of Science Focus and take part in our writing
competition.

http://sciencefocus.ust.hk/

(English version)
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The Wireless World . ..oz

This article may be useful as
supplementary reading for physics
classes, based on the DSE syllabus.
RIBMERIOR A REME - KOS
BR#TEY

Wireless charging is
sometimes called inductive
charging because it works
by a phenomenon called
electromagnetic induction,
which British scientist Michael
Faraday discovered in the 19t
century. It is primarily based on
the Faraday’s Law of Induction.
Simple electromagnetic
induction involves a magnet
and a coil of wires. If you keep
moving a magnet back and forth
within a coil of wire, an electric
current could be produced. The
faster the magnet moves, the
higher the voltage is. Once the
magnet stops moving, however,
no electricity is induced. In other
words, a magnetic field does not
induce electricity - a changing
field does!

You would not want to mess up the beginning of the day by
failing to locate the right charging cable for your smartphone.
Although it has only been a few years since smartphone
manufacturers embraced wireless charging. the technology is
not exactly new. It has been applied in bathroom electrical
appliances such as rechargeable toothbrushes and shavers since
the 1990s. As a matter of fact. its early concept has been around

for more than a century!
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Conversely, if you apply
a current on a coil of wires, a
magnetic field is generated. If
the current applied is a direct
current (DC), the magnetic field
points in one direction. If it is an
alternating current (AC), which
constantly changes its direction,
the field also points in alternating
directions.

The modern wireless charging
system involves a base station or
a charging mat, which has an
inbuilt coil of wire. When the base
station is plugged, the alternating
current from the main electricity
supply runs through the coil,
generating a magnetic field that
is also constantly changing in
direction. When you place your
device onto the base station,
the coil of wire inside the device
is “reached” by the field and a
current is induced.

Unlike wired charging,
inductive charging does not
require the conducting material
to be exposed, making it a safer
option for bathroom appliances.
Nevertheless, the technology
currently does come with some
downsides. The base station and
the device being charged have
to be in close proximity. While you
can hold your smartphone and
move around with the charger
wire still plugged to the phone,
wireless charging requires your
device to stay on a specific
position. In other words, charging
on the go may not be feasible.
As the technology improves,
however, wireless charging
may soon become a standard
feature for smart gadgets, home
electrical appliances and even
electric cars. It could totally
change our experience with
devices.
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POO pl n might be a rather unsavory

subject to discuss. Yet, study of feces could often
provide us with valuable information about one's
health. Many gastro-intestinal diseases, like irritable
bowel syndrome and gastrointestinal infections,
are manifest in abnormal size, shape, color or
texture of excrement. They affect millions of people
worldwide, and cost billions of dollars annually [1].

Fluid dynamicist Professor David Hu of Georgia
Institute of Technology and his PhD student Patricia
Yang joined hands with colorectal surgeon Daniel
Chu, and the then undergraduates Candice
Kaminski and Morgan LaMarca to dive into the
science of pooping. The research group set out
to look into the size, density, viscosity, smell and
the duration of poop across different species, and
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built a mathematical model of the duration of
defecation. The intrepid scientists literally took the
matter into their hands — Kaminski and LaMarca
filmed animals defecating and hand-picked feces
from 34 mammalian species at Zoo Atlanta.

The “poop-analysis” yielded intriguing results.
Through measuring the density of the feces
collected, the scientists found that the feces
could be separated into two classes: “sinkers” and
“floaters”. “Sinkers”, denser than water, are usually
from carnivores like tigers and lions. “Floaters”, on
the other hand, are usually from herbivores like
elephants.

Despite their wide range of body sizes, the
majority of mammals share a stunning consistency
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when it comes to poop time, the study suggests.
It takes about two-thirds of mammals — small cats
and large elephants included - between 5 and 19
seconds to poop, assuming a bell curve distribution.

Body mass seemed to positively correlate with
defecation rate. An elephant defecates at 6 cm
per second, three times as fast as the average
human. The volume of feces varies hugely from
animal to animal. The average elephant stool has a
volume of 20 liters, several hundred times that of an
average human defecates per day [2].

Defecation duration is relatively constant, even
though the volume varies extensively. How can big
animals defecate at such high speed? The answer
lies in the properties of the mucus lining of the
colorectal walls.

Instead of being squeezed like toothpaste out
of a tube, feces move along the large intestine
like “a sled sliding down a chute” by a layer of
mucus. Since the mucus is more than 100 times less
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viscous than feces, it serves as a lubricant and helps
push the much more viscous feces out. This could
explain why bigger mammals could defecate at
high speed despite their longer feces, as they often
have a thicker layer of mucus in their large intestine.
On the other hand, a thinner mucus or abnormal
changes in the mucus may lead to defecation
difficulties and ailments.

You may wonder if the “poop-analysis” has
any practical value or significance. Indeed, the
defecation data could be applied in aspects such
as engineering and medicine. For example, a new
adult diaper that keeps feces away from direct skin
contact was designed, so that astronauts could
stay in their space suits for a longer duration. In
medicine, the experimental results could shed light
on alterations in mucus during bacterial infections
like a C. difficile infection of the gastrointestinal
tract [3].

See, the study of poop is no stinky science at all!
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This article may be useful as
supplementary reading for
chemistry classes, based on the

r’ u m ° DSE syllabus.
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the Chemistry
From shampoo, air Of ’ﬁttr’aethn a fishy smell.

refreshers to body spray and Ethyl butyrate

perfume, fragrance is an By Twinkle Poon i&HE (CsH102) is a
indispensable part of modern natural ester
daily life. Perfume has existed that smells like
for over 4000 years according to recorded pineapple.

history. Before synthetic compounds began

to be discovered in the 19" century, The odour of

chemicals varies hugely

fragrance ingredients were extracted SO

from natural sources, from common \ from compound to
plants like flowers, herbs, to compound. Some.are pungent
weird, exotic animals like male ‘*‘\ and unplgasant, while some are
deer secretion and beaver /) sweet or fruity. Naphthalene (CioHs),

for example, is the compound that

gives moth balls their strong smell. Toluene

(C+Hs) is responsible for the distinct scent of
paint. Vanillin (CsHsO3) and anisole (C;HsO), as you

scent glands [1]. Nowadays,

the main components

of perfume include a /
complicated mixture

of volatile fragrance rr}ay g'l|J|eSS fr((j)m t.he names, give the pleasing smell

compounds, alcohol and ’ u ot vaniia and anise.

water. A perfume is usually consisted of three parts:
Distilled water (H,0) ';g‘ top notes, mzjdlednoteshanfq base.notegl. Top n|<|)tes

and ethyl alcohol (C,HsO) y are considered as the first noticeable smell,

made up of molecules that evaporate

are among the most ; ’
most quickly. The middle notes

commonly used “carriers”,

which serve as solvents for the

scent-bearing compounds. The

fragrance compounds are small

and have a low molecular weight (usually
smaller than 300 Daltons), so that they are light
enough to float and disperse in the air [2]. When
the molecules pass through the nose, receptors
will send electrical signals to the brain, which then
leads to a perception of the odour.

last longer on
the skin, serving as
the main and characteristic aroma
of the fragrance. Finally, the base
notes emerge as the middle notes
Some of you may have heard of the chemical dissipate [3].

term “aromatic compounds”. While aromatic
compounds are often used in the making of
fragrance, the word “aromatic” here has little to
do with smell. Aromatic compounds are a large
category of unsaturated organic compounds
that contains at least one benzene ring (CsHe). A
compound is classified as aromatic only because
of its chemical structure, but not its smell.

Now that you have a better
idea of the basic chemistry
behind fragrance, you may
understand the rationale
behind common advices about
fragrance. People are often
advised to apply fragrance to
their wrists and behind their ears.

Not every aromatic compound gives a strong These areas are warmer and the
distinctive odour. Not every odorant chemical heat could enhance vaporization
compound belongs to the aromatic family either.  of molecules. Also, keeping the bottle
Ammonia (NHs), for instance, is inorganic and gives in a cool, shaded place helps



Coumarin, which has a sweet odour

lengthen the lifespan of a fragrance as it avoids
oxidation catalyzed by sunlight and heat.

Chemists have been working to synthetically
replicate different kinds of smell, opening up
countless possibilities of scent applications. Maybe
someday you will be able to spray your room with
a fragrance that mimics the smell of your favourite
food, or a scent that reminds you of your treasured
childhood memories. The making of fragrance is a
creative craft combining art and science together.
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From Physics to Biology:

Interview with

Professor Yifan Cheng

By Teresa Ming Shan Fan %23 i

At first glance, physics and biology may seem like two entirely
different subjects. Professor Yifan Cheng, who is now a professor of
biochemistry and biophysics at the University of California, San Francisco,
had spent years in the field of physics before becoming a biologist. We sat
down and talked with Prof. Cheng after his recent visit to the HKUST.

Prof. Cheng has studied and worked in the field
of physics for more than ten years. It was during
those years that he met a biologist who was working
on a technology called cryo-EM, short for cryo-
electron microscopy. The more he learnt about it,
the more amazed he felt. Prof. Cheng recalled, “He
painted me a very rosy, beautiful picture. He said,
‘our mission is to improve human health, such as
curing cancer.’ And | thought ‘that’s fascinating!’”

Prof. Cheng’s life as a scientist changed
dramatically not long afterwards, as the world
went through unusual, significant changes. As
the arms race between the United States and the
Soviet Union ended, funding for a lot of physics
projects dropped significantly and many physicists
had trouble looking for jobs, he explained. Finding
himself in an era of great turbulence, he made an
unusual decision. He decided to turn his research
focus to biology, based on his chance encounter
of the cryo-EM specialist. “The biological system
is probably the most complex system. It is so
complicated that there are still many unknowns.
Therefore, every single thing you work on may
lead to a new discovery,” the scientist said. “The
complexity of the problem, the logic... it’s so
beautiful.”

Prof. Cheng specializes in using cryo-EM to
“look” at protein structures at unprecedented
atomic resolution. You probably have tried using
microscopes at the school laboratory to look at
biological samples that are too small to be seen with
the naked eye. Image formation is based on the
interaction between light waves and the sample.

Nevertheless, when it comes to the observation of
biomolecules at the atomic level, the wavelength
of visible light is simply too long. The wavelength of
electrons, however, is much shorter. Therefore, tiny
structures — even atoms - could be observed under
the electron microscope. Cryo-EM could facilitate
a wide spectrum of scientific research, including
that of medicine. It allows scientists to have a
better look at large protein ensembles that may
be disrupted in human diseases, and provide clues
to the development of better drugs and medical
treatment. Protein structures may also be highly
relevant to daily lives. For example, Prof. Cheng’s
laboratory recently determined the structure of a
protein that allows us to feel pain after consuming
chili-pepper.

For Prof. Cheng, switching his field of research
meant getting a faculty position much later than
usual, but he never regretted his decision. “Now |
still feel very happy, and very proud of working in
this field.”

When asked for his advice to students, he
stressed the importance of perseverance and
likened scientific research to running a marathon.
Although there may be times when you want to
give up, you can overcome all challenges and
eventually accomplish something if you keep on
running. “The things that really drive you to go
through difficulty is your passion, and the fact that
you are curious about the unknown, that you don’t
want to give up, that you want to find out what is
going on... And that | think, is probably the most
important thing.”
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Science News §| E 1 H

First Interstellar Asteroid
Spotted

On 19 October, an asteroid from interstellar
space was spotted dashing through our solar
system. It is the first time astronomers have
studied an interstellar asteroid. First spotted
by the Pan-STARRS 1 telescope in Hawaii, the -
asteroid is believed to had been travelling for aaises
millions of years before its chance encounter
with the solar system. The object is estimated to
be at least 400 meters long. It has been named
‘Oumuamua, which means “a messenger from
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