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Message from the Editor-in-Chief E4RHJEE

Dear Readers,

As | write, the COVID pandemic appears to be under control
in Hong Kong. Have you enjoyed your return to school?2 With the
precious in-person interactions with your classmates and teachers
restored, | hope you are as motivated as ever to learn.

Mask-wearing, social-distancing and vaccination are three
prominent elements in our fight against COVID. Perhaps you have
already heard much about the COVID vaccines that are being
offered. In this issue, we delve into the history of vaccines and
share the stories of heroes who made significant contributions
in the past. Although you may strive to obtain a “perfect” set of
data for your school-based assessments, have you ever thought
that great scientific progress could come from not-so-perfect or
unexpected results? Let us illustrate with the discovery of Teflon
and a new salivary gland. For those of you who are infrigued by
our cover, please check out the article on the study of twins, not in
biology, but in mathematics!

We have finally reached the landmark of 1000 followers for
our Instagram page. Thank you very much for those of you who
interacted with us on our social media platforms. Do look out
for our Instagram exclusive content, which is updated regularly.
Finally, | wish you a fruitful summer and beyond. | hope we can all
boldly say “I'm Fine, Thx."

Yours faithfully,
Prof. Ho Yi Mak
Editor-in-Chief
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What's Happening in Hong Kong? & iB il bt i& &

Fun in Summer Science Activities EA# 878 H
Any plans for this Summer? Check out these science activities!
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The Science Behind Pixar
5 B #) E MR 2 RS

In 1995, Pixar Animation Studios was the first
in the world to produce an entirely computer-
animated feature movie, Toy Story. Since then,
Pixar has created many other blockbuster movies
that are filled with mind-blowing imagery,
bringing artists’ vision fo life. In this exhibition,
you can discover how lively characters and
realistic scenes are created through more than
50 interactive exhibits. Let's check it out and take
photos with your favorite Pixar characters like
Buzz Lightyear and Dory!

Date: July 30, 2021 - December 1, 2021
Venue: G/F Exhibition Hall,
Hong Kong Science Museum

Remarks: Please refer to the museum's website for
the admission fee for this special exhibition.
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f Perseid Meteor Shower — August 13, 2021
SEflEREl — 2021FE8H13H

This year, the Perseids is expected to peak
on August 13 (Fri), 03:00. You may observe the
meteor shower during the entire night of August
12, and there could be up to 110 meteors per
hour (subject to light pollution level, weather
conditions, etc.). The moon phase will be 21%
and the Hong Kong Space Museum has rated
the observation condition as “excellent™.

Places with wide view of the sky and low light
pollution are suitable for the observation, such as
the East Dam of the High Island Reservoir, Tai Tau
Chau in Shek O, and Tai Au Mun (near HKUST).
Please observe the “stargazing etiquette” — use
ared light torch and don’t point it to others. To
take photos of the starry sky, don't forget to bring
a tripod and a camera with a wide-angle lens.
The summer Milky Way will never disappoint you,
tool!
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Helium and Why

A

=

By Henry Lau 2|LLET
Have you ever thought that it was cool to have
a really deep and husky voice like Darth Vader or
Batman?2 What if we could temporarily change our
voice for fung Listen closely — | am going fo let you in
on a litftle not-so-secret secret...the power of helium.
Being the first in a group of elements dubbed the
noble gases, you'd think that helium would be a
dignified sort of element. Indeed, helium is well known
for its inertness, a property unique to noble gases,
which is essential for its use in industry. However, helium
can also be used for comic effect:
upon inhaling helium, one’s
voice becomes squeaky and
seemingly higher pitched.
This phenomenon is called
“helium speech”. So, | guess
| lied; you won't sound
like Batman, but you will
sound like a Mickey Mouse
impersonator! You may have

seen people do this in parties or on TV, or even during
classes, for its great entertainment value. Next time you
want to go incognito, you could try this out. Now, what
exactly is it with helium that produces this property?

Before we delve into the mechanism of helium
speech, here’s some background information about
helium. Helium was first discovered in 1868, when
scientists were studying the Sun [1]. When light from
the Sun was resolved into a spectrum, a previously
undocumented line in the spectrum was observed.
Scientists then pursued this further and proved the
existence of helium in 1895. Denoted by the chemical
symbol “He", helium is the second lightest element
known to humans. Subsequently, helium was found
to be very inert, which means it rarely undergoes
chemical reactions with other substances.

If you've heard someone speak after inhaling
helium, you may describe their voice as “squeaky”.
But in reality, helium doesn’t change the pitch of your
voice; rather it messes with the timbre (or quality) of
your voice [2]. In order to speak, your vocal cords
have to vibrate, which causes the air nearby to vibrate
at the same frequency, termed the fundamental
frequency. This also creates a set of weaker harmonics
(or overtones), at frequencies which are the integral
mulfiples of the fundamental frequency with lower
amplifudes. As those frequencies pass through
the vocal tract, they are all amplified (in ferms
of amplitude, or loudness) due to the vocal tract
resonances, but to different extents. Some frequencies
tend to be amplified more, which make up spectral
peaks called formants, if shown in a power-frequency
graph. It is the profile of the set of sound waves
produced at multiple frequencies with different
amplitudes (and hence the resultant waveform) that
make up the quality of one’s voice, known as timbre.

Since sound fravels much faster in helium than it
does in normal air, when we inhale helium and speak,
the resonances and formants shift towards higher
frequencies [2]. In other words, the frequencies of the
fundamental and harmonics remain unchanged
because the vocal cords still vibrate at the same



frequency, but the harmonics at higher frequencies
are preferentially amplified to a greater extent. On
the other hand, if one inhales sulfur hexafluoride
and speaks, their voice will sound very deep. This
is because sulfur hexafluoride, a heavier gas when
compared to atmospheric air, will cause the lower
frequencies fo resonate more, producing an opposite
effect [3].

The production of human speech is a very
complex process. But now, we know we can mess with
our timbre simply by inhaling gas. Notwithstanding
its entertainment value, inhaling helium can also
be dangerous. Firstly, helium should not be directly
inhaled from gas canisters, as the high pressure can be
dangerous [4]. Instead, you can
breathe it in safely through a
balloon. And while sounding
squeaky can be fun, it's also
not advisable fo inhale too
much helium in one go or
for too long as your body

needs oxygen to survive. / ‘E‘
So if you do decide to =
>

play with helium, be =

-
sure to tfake necessary | '
"2

precautions and stay safe.

RAERAER AR TAIRIE K I MmO E AR IS FE2R
RESI?MRBEMoULIERAEZECHBERE—N BE
BHIBE BT 7 BESRER—BEAKRWENRE.... . BR
HWAOE HEERENE—I fosEglhszme &
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FEREE (helium speech) JIRE 7 -FIEBRIEFE 7T -
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R ?

ERNIREBNREZA UTE—LEEARIEN
BEXHANF - RR 1868 FERBRME LG K E R R
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B PHIB TR ZBDR B RCHRRER K BE—D
MEE NERE 1895 FHEMB raNEE - KB LUEE
It "He WERZ A ANEEMFE _EMNTR REBXINRIE
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MBEBEEBARAZRERE B EF 2 M
HNESH#HE, BERLIEKUATHELNETH;
R EBREEHNE G (timbre/quality) [2] - 31 5E -
T ET N BERE B INZERITLAERNERRE . &
8 2 3 78 & B 58 (fundamental frequency) - B2 E S
EE—ZFIRNE (amplitudes) B55HIEE S (harmonics;
NHE;Z5 (overtones)) - BEFEREZEERDEYE
B SEELEAEREENBEBBETR ARNBETHIR
(resonances) W& - BEMERE LS W B A FEEF
BIREEMM A EERMELE (loudness) £ FLIFR
EEAEMATESZ NRANE - EXRERERNE-
MEEMABTEZHNERNENSEBR LEBAHERIE
(formants) - ERELEZEEXR T AELRRBOER
(FEREEMEMERKBRR (waveform)) & &M
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The Mathematics of Trust -

Why We Are Generally Uncooperative Creatures

at Our Core
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By Sonia Choy Z{EH]

People are, in a nutshell, quite depressing. Even
though when we know we need fo cooperate
with each other in order to do something, from an
assignment to stopping global warming, people just
can't help but act out of their self-inferest and prevent
the best case scenario from happening. But why is this
the case? Game theory, a branch of mathematics,
might give you a few answers.

We first look at a one-off game which goes like this;
imagine you are a prisoner with a prison guard baifing
you fo tell on your good friend (who is also in prison).
If you both stay silent, then they do not have enough
evidence, and you both get your sentence of a year; if
only one of you confesses, the other gets punished with
three years in prison, while the teller walks free; if both of
you confess, you go to prison for two years. The catfch:
you cannot communicate with your friend throughout
this process. In this scenario, what will you do?

This is the infamous prisoner’s dilemma, in which if
you act to protect your self-interest, you prevent the best
case scenario. Any sane person will betray their friend,
because if your friend cooperates and you cheat, you
walk free; if your friend cheated, it is definitely better for
you fo cheat, since af least you get out of prison a year
earlier. The best scenario here, however, is if both of you
stay silent and get out of prison together after a year.
But your fear of being betrayed (or rather, your desire fo
walk free) prevents this from happening.

They cooperate They cheat

You get: 1 year You get: 3 years

You cooperate

Opponent gets: Opponent gets:

1 year freedom

You get: freedom You get: 2 years
You cheat

Opponent gets: Opponent gets:

3years 2 years

These games always have an “equilibrium point”,
known as the Nash equilibrium (footnote 1) — the point
where both players are safisfied with their outcome,
enough to stop them from switching to another strategy
[1]. In that situation, the game has arrived at its optimal
outcome, known as the value of this particular game.
So here we will actually have a certain “best” solution to
the game - we say that the dominant strategy here is o
cheat. However, it does not give the best outcome.

But in life, we constantly make decisions; what
happens to this game if it happens more than once?

When the game is repeated, the optimal strategy
might not be always cheating. For example, you
could alternate between cheating and cooperating,
at random, or repeat what your opponent does to
you in the next round. You have the choice of pure-
strategy (sticking to a certain plan on what to do) or
mixed-strategy (i.e. using a bit of probability) tactics
[2]. For the sake of our sanity, we'll reword the game
by asking players to bet points and awarding marks fo
each player instead - prison terms don't really add up
properly, and we are now able fo deduct points.

They cooperate
(bet 1)

They cheat
(bet Q)

You get: +2 You geft: -1
You cooperate
(et 1) Opponent gets: +2 Opponent gets: +3
You get: +3 You get: 0
You cheat
(et 0) Opponent gefts: -1 Opponent gets: 0

If you don't want fo dive info the math, we can
chuck this scenario into a computer program (footnote
2) and repeat it multiple times to see what happens:
what ultimately emerges as the victor in this game is the
strategy of repeating your friend’s last play. The ancient
Chinese wisdom of “do unto others as you would have
done to you" seems to hold up here - if you want to win,
cooperate since you want your opponent to cooperate
as well, and if your opponent follows the strategy of
repeating your friend’s last play, you two will always
cooperate and achieve the best outcome.

This, though, is quite an idealized model. In the real
world, people make mistakes, and blunders occur.
What happens when you follow a strategy that is
bound to make you win in theory (that is, repeating
your friend’s last play), but your opponent occasionally
makes mistakes on which option they choose? Now we
go back to our simulator — among a crowd of generally
distrusting opponents who have a 5% chance of making
a mistake (50% will always cheat, and the rest are a mix
of different strategies), we realize that the strategy of
cheating only if your opponent cheats twice in a row
will win you the game. However, as distrust increases,
the winner of the game will be the character that
always cheats no matter what — the sad truth. This shows
the importance of clear and accurate communication;
a little bit of miscommunication will lead to forgiveness;
however, more and more mistakes will lead to widespread
distrust [3].



You might think life is quite far from being a
confession or coin-betting game, but game theory is
remarkable in that it straddles the boundaries between
math and social sciences — theorists have studied
decisions made in history using game theory. A notable
example is, unsurprisingly, from World War Il, where there
is offen no room for collaboration between enemies,
and so war is the perfect textbook example in looking
for an equilibrium. This results in a zero-sum game, when
your opponent's gain is your loss, and vice versa. Here,
unlike in the prisoner’s dilemma above, cooperation is
simply not an option.

In the Batftle of the Bismarck Sea, a Japanese
admiral was forced to choose between two different
routes, North and South [4]. The American general,
George Kenney, fried to predict which route the
Japanese would take, so that they could coordinate
a more persistent bomb attack on the Japanese
Navy. Basically, the Japanese aimed af minimizing the
number of days of being bombed; but the American
would like fo maximize the duration of the attack. Both
routes would take three days but American’s action was
restricted by various limitations, such as poor visibility on
the North route. The table for the scenario looks like this:

Possible days for attack

Japanese: North Japanese: South

American: North

American: South

From this table, we know that the Japanese will take
the North route to minimize the days of possible aftack
from the Americans (footnotfe 3); while no routes seem
particularly advantageous, the better route for the
American navy, therefore, is also the North route based
on the inference above. In fact, this is exactly what
happened; the Allied forces sustained an air attack on
the Japanese over two days, and ended up resisting
the Japanese invasion into New Guinea. Game theory is
powerful in this way - it extends far beyond just numbers,
into the realms of disciplines such as history and biology.

Then, you might ask, what should we do in situations
like this? In truth, life is almost never a zero-sum game,
although the zero-sum game mindset is a common
belief among people [3]. You don't have to win at the
expense of others — there is always a win-win solution.
As much as | sound like an old person, look for these
win-win sifuations. There is almost always room fo
compromise, and you don't need to put people down
in order to pull yourself up.

1 The Nash equilibrium is named after John Nash (1928-2015), a
mathematician who made important contributions fo game
theory and geometry; the former won him the Nobel Prize for
Economics in 1994. He was also portrayed in the film, A Beautiful
Mind.

2 You may want to try out the simulator itself; the prisoner’s dilemmal
simulator that inspired this article is https://ncase.me/trust/.

3 If we think from the Japanese's perspective, both routes dre
equally risky if the American chooses the North route, but the
North route will become less dangerous if the American picks the
South route. As aresulf, the North route is more favorable for the
Japanese.
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¥F . ERRTE W2 - BB BRI (dominant
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FFAHEMRE DUEEERNAXEEETERENS
VE-BEMS HEFEZRIOESEENHE MESAFE
ETRFANRE MEMBNMEYR =X BEEHNK
EERARREREZRSE AlMNitmBENEERES - FRA

References £E&H :

B rETEARBER

EELUETRENHE:

RBU SR HAMNBEHESRIIHRE LIEER
DREMBR (=) m—E BHEEMSMIRMEHR
B—IRBRAIEZ HIMREEERE LiliEwm £HEQ
FEEEILMEBERBER N ERERIIMEESBRENESE -
REL MECHNEE AtME BERHEET IMAHN
HEZE pIELETAERENEANE - EREBAR
BEZE  EARZHF LD MEERBEERNE
VBRI -

ROESH EEENER T RABRRKERZE S
B RMPERELEFPEAHNEETHMAZSTMER - &
RADAWRHMDAREFEEESNERNER L [3] B2
RWRENBEATEZEEZRENANBEES L BRBERE
ZEROIPE EUERERGREER: HPRZES
HEERERNIE SHEEEEHBRI - RIAR
HrEsECmRZERA -

........................................................

1 MEFE®LIZIE R )ohn Nash (1928-2015) #r4% - John Nash@—fir ¥} &
FmMEOUEXERENYER EEMHRSIIM4FHERTEERE &
% (BMRBEERE) PREANTEUMIIERER-

2 ROIBEEMECHRFRFE—TEHRSE  SIMTEZBRE T AXHEIF:
https://ncase.me/trust/

3 HHEMNAEER MREFBZFIEMENE BitMEMEB—KER,; I
EMREEEEMENG DEEEIMESEREZ: - AEERNS &
EmEHRHEMSE LK

[1] Pilkington, A. (2016). Optimal Mixed Strategy for Zero-Sum Games. Personal Collection

of A. Pilkington, University of Notre Dame, Notre Dame, IN, USA. Retrieved from
https://www3.nd.edu/~apilking/math10170/information/Lectures/16%200ptimal%20

Mixed%20Strategy.pdf

[2] Manea, M. (2016) Strategic-Form Games: Dominated Strategies, Rationalizability,
and Nash Equilibrium; Epistemic Foundations. Personal Collection of M. Manea,
Massachusetts Institute of Technology, Cambridge, MA, USA. Retrieved from https://
ocw.mit.edu/courses/economics/14-126-game-theory-spring-2016/lecture-notes/

MIT14_126S16_gametheory.pdf

[3] Case, N. (2017, July). The Evolution of Trust: Feetnotes. Retrieved from https://ncase.

me/trust/notes/

i

Sy

[4] Cornell University. (2016, September 16). Game Theory in World War 2. Retrieved from
https://blogs.cornell.edu/info2040/2016/09/16/game-theory-in-world-war-2/




Powerhouse and Suicide Bomb

For those of you who have some basic
understanding of biology, you may already know the
mitochondria as the powerhouses of the cell. These
double-membrane structures serve as sites for cellular
respiration, in which sugar and oxygen are used to
produce adenosine triphosphate (ATP), the energy
currency that our cells use. Sperms have plenty of
mitochondria for their long distance swim in search of
an egg. Muscle cells need mitochondria to contract
and bring about movement. Neurons use the energy
generated by mitochondria to send electrical and
chemical signals. However, powering the cell is not all
that the mitochondria do.

Our cells engage in a process called apoptosis,
which is essentially suicide for cells. During embryonic
development, some cells have to die to carve out
the body structures that we now have. For instance,
our hands and feet would be webbed like frog's
if the cells between our fingers and toes did not
undergo apoptosis. As apoptosis is also a way for
our body to eliminate cells that are potentially
cancerous, defective apoptosis can result in cancer.
One pathway of apoptosis involves mitochondria.
Mitochondria contain a protein called cytochrome c,
which when released to the cytoplasm, binds to other
proteins to form apoptosomes and facilitate apoptosis.
In short, mitochondria are not just powerhouses, but
also suicide bombos.

Origin and Inheritance

Mitochondria are not only interesting in the
functions they serve, but also their origin. The
mitochondria came from a process named
endosymbiosis. More than 1.45 billion years ago [1],
a unicellular organism is believed to have engulfed
another unicellular organism, and they formed a
symbiofic relationship. The endosymbiont (the one
being engulfed) became the mitochondria. There
are two different theories as to whether the host
was a prokaryote or a more full-fledged eukaryote,
but the hypothesis that the host was a prokaryote
is more widely accepted because the ubiquity of
mitochondria in eukaryotes can then be explained,
providing that eukaryotes were evolved from the
mitochondrial endosymbiosis in a prokaryote [1].
Mitochondria are similar to bacteria in many ways.
One major feature and evidence of endosymbiosis
is that mitochondria contain their own DNA that is
organized in circular chromosomes.

Unlike nuclear DNA,

the inheritance of 1
mitochondrial DNA is 8 ;
strictly maternal. During 2 /
fertilization, mitochondria 1 /
from the sperm are actively \ P
removed. Therefore, no “ooea?

one inherits mitochondrial

DNA from his or her father.

Mitochondrial DNA encodes for genes that are
essenfial fo the oxidative phosphorylation process
in the mitochondria. Since the mitochondria mainly
generate energy by oxidative phosphorylation, the
mutation in mitochondrial DNA can lead to disorders
in tissues with high energy demands, such as muscles
and brain [2].

Mitochondrial DNA is not just clinically important,
but also provides a convenient way for ancestry
tracing. Since mitochondrial DNA is only inherited from
the mother, scientists can frace our maternal ancestry
using this feature. In a study published in 1987, taking
147 samples from different populations, scientists
mapped the samples onto an evolutionary tree based
on the similarity of their mitochondrial DNA sequence.
They found proof that all current mitochondrial DNA
originated from one woman in Africa, supporting
the popular “out-of-Africa” model [3]. The matrilineal
most recent common ancestor of all living humans is
often called the Mitochondrial Eve in human genetics.
However, it is not fo say that Mitochondrial Eve was
the only woman alive at the time; our nuclear DNA
suggests that we do have other female ancestors
[4]. In other words, we all share a common maternal
greatf-great...grandmother, but we also have female
ancestors, just not in the direct female line.

After you use the energy generated by your
mitochondria to read this article and marvel at the
beauty of these complex structures, maybe you
can go thank your mother, grandmother and great
grandmother for the functional mitochondria that
they passed on to youl!

==
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Overview

merican chemical engineer, Dr.
istler bet his colleague, Dr. Charles
2y could replace the liquid inside
without shrinking it. Dubbing this
el”, they managed to-make the first
1] Afterwards, other materials,
ellulose, egg albumin, rubber and
used to produce aerogels [1, 2]. Do
you know how aerogel is'made? Let's discover more
“about the science of aerogel and its wide range
of Opphcohons thanks to its den5|‘ry and thermal
insulating properties.

"~ How to Make Aerogel

In order to understand how aerogel is produced,
we first need to understand the structure of jelly
- yes, the chewy, sweet jelly that everyone loves.
Imagine cooking jelly in your kitchen, there are three
main ingredients yoLJ need: jelly powder, watér and
sugar. In this case, sugar can be taken out of the
equation because it provides only the sweet taste.
The resulting jelly, which is- 95% water with a small
amount of porous solid support, is defined as one of
the hydrogel structures. To make oerogel you Wcm’r
to replace the waterin hydrogel with 0|r

Swapping water for air in hydrogel sounds .siﬁ_np‘!e, e

but it's actually very complex. If you simply vaporize
the liquid by 'heating the jelly, it shrinks as its solid

called

By Randy Stefan Tanuwijaya

network collapses due to capillary action caused by
the attractive forces between the liquid molecules.
Imagine when solvent molecules constantly vaporize
from the gel, the intermolecular forces between
the remaining liquid molecules keep pulling the
molecules together to fill the vacancy produced
in order to maintain the density of the gel. This also
induces an inward stress on the delicate network of
the gel, causing the network to collapse and shrink.

In Dr. Kistler's paper, he proposed a method
“supercritical drying”, which consists of two
steps [2]. First, a water-based hydrogel can be

submerged in alcohol to substitute the water in the

jelly with alcohol via diffusion. Then, the hydrogel

is subjected to a high temperature and pressure

beyond its critical point in a machine called
autoclave. The olcohol |n5|de ’rhe now olcohol—

the fast moving molecules becom':
due to the overwhelming kinetfic e

_ decomes gas
‘converting the liqui alcohol into gas
mediate supercritical fluid phase, the
ructure is preserved due to the absence
lary action brought-by intermolecular

attractions. Voild — you have produced aerogel from

hydrogel.




e

What is a supercritical fluid?

You are probably familiar with the concepts of boiling
point and melting point (at a given pressure), and the three
states of matter. However, a substance can also exist as
“supercritical fluid” when subjected to high temperature
and pressure above ifs “critical point”, beyond which the
molecules are completely vaporized but compressed to the
extent that is as dense as those in the liquid. A supercritical
fluid therefore shows the properties of both states, and the
clear distinction, including the visual boundary, between
the liquid and gas phases disappears. For methanol (an
alcohol), the critical pressure and temperature are 8.1035 x
10¢ Pa (around 80 atm, i.e. 80 times atmospheric pressure)
and 512.6 K (239.45°C) respectively [6].

nd Applications

Hooroy — we have discovered how to produce
aerogel, now whait? Let's look at some of the most
interesting properties, namely the density and
thermall insulation. In fact, aerogel can even be
made v.ifh Y o to around 99.9% air [3], which makes
the aerogelvery light, while allowing it o maintain
a s’rurd)?ﬂ’rure. Naturally, the lightest known
solid'is also an aerogel, coll_e"'_ graphene aerogel,
or aerographene, which is § 5 fimes lighter than
air in vacuum [3]. An "eresﬂng'properfy is
its excellent thermal insul 1 ability. Air itself is a
poor thermal conductor, b it can still fransfer heat
by convection. However, in aerogel, the narrow
space in the nanostructure hinders air molecules
from moving freely and effectively, and hence
prevents convection of the air trapped inside [4],
which enables aerogel to be an even better thermal

_insulator than air.

One of the most popular applications of aerogel

is the use by NASA in some of their space missions [5].

Stardust mission, aerogel was used to collect

les of interstellar dust because the rapidly

moving dust particles can decelerate gradually

and embed itself in the sponge-like porous structure

of aerogel. In addition, in the Mars Rover mission,

aerogel is used as a layer of insulation to protect

electronic circuits inside the Mars rover against the
huge diurnal femperature variation on Mars.

From the story of aerogel, we can see that a
groundbreaking invention may just stem from a
simple and fun idea. Who knows — perhaps your
idea can make a breakthrough in science and
technology one day! :

b1y
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Life rarely goes according fo plan. The same can
be said for science. As scientists have painfully learned
(and will confinue to learn), more often than not, it
takes a few tries to get your expected experimental
results. But sometimes, unexpected results turn out to
be the best results. Such is the case of one Dr. Roy J.
Plunkett, the inventor of Teflon™ which you may know

“to be a'key component of non-stick frying pans. This is

the story of how an experimental blunder turned into
a scientific wonder. Stick around to find out morel

You may have heard of Teflon™ before.
Scientifically called polytetrafluoroethylene (PTFE), it is
a polymer made up of identical repeating “monomer”
units joined together. The monomer in question is
called tetfrafluoroethylene. While that sounds like a
mouthful, it's actually a simple structure: “-ethylene”
(IUPAC name: “-ethene”) implies that the monomer
has a backbone of two carbons, joined together by
a carbon-carbon double bond. The breaking of one
such bond allows monomeric tetrafluoroethylene to
join with one another, forming polymers. “Tetrafluoro-"
refers to the four fluorine atoms attached to the two

~carbon atoms, substituting the hydrogen atoms in

regular ethylene.

F F F F
\ / R{ymen'szabn | |
n C=C C—C
/ \ § )

F F —

Now that we've covered the chemical nature of

... Ieflon™, we can delve into the accidental invention

of Teflon™ [1]. In 1938, Roy J. Plunkett, a recent PhD
graduate, was working on creating new forms of non-
toxic refrigerants. In a study, a considerable amount
of fefrafluoroethylene gas was needed to synthesize

The Serendipitous

Invention of Teflon™:
An Appreciation of Unexpected Results

MEA—ENERGR : a2 N0I

By Henry Lau 2|LI#F

novel compounds. He produced the gas and stored
them in small containers. One day, while retfrieving the
gas, one confainer released less gas than it previously
contained while the same container weighed as much
as it did before. Puzzled by this mystery, Plunkett sawed
open the container and found a white powdery
substance, which explained the missing gas. After
conducting some chemical tests, Plunkett confirmed
that the substance is in fact polytetrafluoroethylene
created from the polymerization of the “missing gas”.

Upon further examination, Plunkett discovered the
material to be highly resistant to heat and corrosive
chemicals. The most unique property was that
polytetrafluoroethylene was very slippery. Marketed as
Teflon™ since 1945, a French engineer, Marc Grégoire,
attempted to coat his aluminum pan with the material
at his wife's suggestion and created the first non-
stick pan in 1954 [2]. To this day, non-stick pans are
still made by coating the metal cooking surfaces with
Teflon™,

The slipperiness of Teflon™ is made possible
thanks to the high electronegativity of fluorine along
the polymer chain [3]. For a
substance to attach to
another substance,
some kind of
molecular interaction




is needed. In the case of Teflon™, the predominant
attraction is instantaneous dipole-induced dipole
interactions, a type of van der Waal's force. This
requires an instantaneous uneven distribution of
electrons in a molecule to produce a temporary net
charge (or more accurately a dipole). However, the
fluorine atoms, being able to strongly draw electrons

S towards ifself as it is the most electronegative

element, create a permanent negative charge on
the polymer and hence prevent the formation of
the said molecular interaction between Teflon™ and
ofher substances. This essentially prevents all kinds of
materials from adhering to it, making it one of the most
slippery-substances known to humans.

Now, wait a second. How could Teflon™ be
adhered to a pan then, for instance? The best
answer [4]: you can only force its pure form to
attach temporarily onto another surface, or modify
its structure slightly such that the modified version
can adhere to substances. The method of forced
temporary attachment is known as “sintering”, in
which the Teflon™ is heated to high tfemperatures and
pressed onto the surface of a material. Upon cooling
down, the Teflon™ will adhere to said surface, but it
may peel off eventually. The alternative method is to
modify the chemical structure of Teflon™. As fluorine
atoms are responsible for Teflon™’s “non-stickiness”,
removing a few of them will allow it to adhere to
substances better. This can be achieved by colliding
the Teflon™ polymer with ions at high speeds or by
freating the Teflon™ with reducing agents, such that
the fluorine atoms are broken away from the polymer.
And that's how one of the most slippery substances
can be utilized to coat various materials, including
your frusty non-stick frying pan.

From blunder to wonder, the story of Teflon™ will be
remembered through the ages. Mind you, this article is
not encouraging students to commit as many blunders
on their projects as possible. Rather, this story comes to
show that unexpected results can sfill be useful. It also
highlights the importance of observation even in the
most mundane steps in science. As Dr. Plunkett himself

said, it was his fraining that enabled him to recognize
that something unique had occurred [5]. Had he
neglected fo take it a step further, who knows
when polytetrafluoroethylene would have

been discovered.
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By Kit Kan fi0i

Anatomy is one of the oldest fields in biology. Ever
since ancient Egypt, people have been dissecting the
human body to understand how it works. Along the
millennia, the understanding of our own bodies has
gone from the primitive sketches by ancient Egyptians
and Greeks, to the detailed drawings by Leonardo
da Vinci, and to the famous reference book Gray'’s
Anafomy. However, in the past two centuries, nothing
much has changed in the field of anatomy. Just when
everyone, including medical professionals, is convinced
that we have fully mapped out all the body structures,
a team of Dutch scientists discovered a new pair of
salivary glands.

Salivary glands, as the name implies, secrete saliva,
which contains enzymes to break down starch and
acts as a lubricant fo help us swallow food. Before this
groundbreaking discovery, it was known that humans
have three pairs of major salivary glands, one in
front of the ears (parotid glands), one under the jaw
(submandibular glands), and one under the tongue
(sublingual glands); and around 1000 minor glands in
the head and neck region. This new pair of salivary
glands are located right in the middle of the head,
near the nose [1, 2].

As unlikely as it sounds, the discovery of these
new structures in the head began with some prostate
cancer scans. To screen for metastasis in prostate
cancer patients, the Dutch doctors performed a PSMA
PET/CT scan from the upper leg to the skull [2]. PSMA
stands for prostate-specific membrane antigen, a
protein presents on the surface of almost all prostate
cancer cells [3]. A radioactive dye was used to label
PSMA during the scan to detect cancer cells, but the
dye also unexpectedly lit up a structure in the middle of
the head, an observation that perplexed the doctors [1].

Although they were initially convinced that it was
just an aberration, they decided to look info it. Reading
through some more detailed anatomy textbooks, they
saw that the region that showed abnormal signals
is made up of salivary gland fissues but was never
labeled as such [2]. They also looked at scans from
other prostate cancer patients. To their surprise, all the
other 100 scans they examined displayed an area that
it up near the nose, with an average length of 4 cm [1].

More interestingly, the scientists confirmed that
the same structure can also be observed in females,
from the scan of a female patient [2]. While females
do not have a prostate, there is a small fissue near the

urethra, named the Skene's gland, which is the female
version of the prostate and can also develop cancer.
Therefore, the scientists could obtain such a scan for
their investigation.

By now, you are probably wondering why people
could miss a 4-cm tissue right in the middle of the
head despite millennia of dissection. While the gland
is impossible to miss if exposed, it is not very accessible.
Endoscopy is needed to reach that deep info the head.
Also, the gland does not show up in MRI or CT scan, but
only PET scan [2].

The discovery of the new pair of salivary glands
does not just change the textbook description of
the glands, but may also change the way doctors
treat head and neck cancer. The salivary glands are
important for swallowing and speaking, so doctors
always try to avoid damaging them in radiotherapy.
However, many head and neck cancer patients still
experience mouth dryness after the tfreatment. The
new pair of salivary glands that used to be unnoficed
and possibly damaged in radiotherapy might explain
the phenomenon. In a cohort of over 700 patients,
the doctors discovered a correlafion between the
dose applied to the newly discovered glands and the
complaint of dry feeling in the mouth, suggesting the
new pair of salivary glands are sfill functional [1]. From
now on, doctors may try fo avoid those salivary glands
in radiotherapy.

While the discovery may not change the way most
people live, there is a takeaway message for everyone
— keep an open mind when you encounter something
unexpected. It might turn out to be a groundbreaking
discovery.
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Vaccine
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By Paolo Miguel Magallanes Mallorca

Vaccines! Everyone is talking about it lately. We may
see them as the way out of this dreadful pandemic
that made 2020 a mess. The good news is that some
COVID-19 vaccines are approved and now being
distributed fo billions of people on this planet. With the
vaccines making headlines, have you ever wondered
where and how do vaccines originate?

"Vaccination” Before Dr. Edward Jenner

The earliest sign of *vaccination” was documented
in ancient China and India, in the 10th Century [1].
The idea was to collect smallpox samples from blisters
of a sick individual and inoculating minute amounts
on healthy individuals. This practice wasn't called
vaccination but *variolation” (after the smallpox virus
Variola major). It spread across some countries in Asia
and Africa, eventually reaching Britain and otfher
parts of Europe in 1721 [2]. While it was quite effective
at protecting people from smallpox and controlling
outbreaks, inoculated individuals still have a small risk of
developing smallpox or other diseases transmitted by
this procedure [2].

Dr. Edward Jenner: The
Pioneer of Vaccines

In the 1700s, some
milkmaids were reported
fo have immunity

against smallpox.

This was likely due to
prior infection with
cowpox, a disease

similar to but milder

than smallpox.

7

In 1796, English physician Dr. Edward Jenner proved
this observation by inoculating an eight-year-old
boy with cowpox. The boy only developed fever
and minor symptoms. After his sickness subsided, the
boy was exposed to smallpox samples but did not
developed the disease. After publishing the results
of the experiments, Dr. Jenner called this procedure
“vaccination” (derived from the latin word vacca,
meaning cow) and it became more popular than
variolation [2]. Countries in Europe began to enforce
vaccination and saw significant decline in mortality
rate [1].

Dr. Louis Pasteur: The Father of Immunology

While Dr. Louis Pasteur is well known for
pasteurization, a method to reduce the load of
microbial pathogens in food by heat, little attention
is given fo his other contribution: live-attenuated
vaccines. Inspired by Dr. Jenner's works, he suggested
that there can be vaccines for other diseases as well.

In 1877, positing that vaccines could be found
for all virulent diseases, Dr. Louis Pasteur attempted
to work on chicken cholera [3], a bacterial disease
that was devastating chicken populations. One time
before going on a holiday, he instructed his assistant
to inoculate chickens with fresh bacterial samples.
The assistant forgot and upon returning, he inoculated
the chickens with samples that had been sitting in the
laboratory for a long time. The inoculated chickens
survived, and remained healthy upon exposure to fresh
samples afterwards. It was later discovered that the old
samples were probably weakened due fo prolonged
exposure to oxygen, but could stillinduce immunity. This
is the first example of a live-attenuated vaccine.

Dr. Pasteur’s accidental discovery of the chicken
cholera vaccine inspired him fo work on other diseases.
In 1885, he worked on rabies, a fatal neurological
disease in dogs and

humans. It was discovered
that growing rabies virus
in other hosts like rabbits
where the microbe



does not normally propagate for more than several
generations (scientifically fermed serial passage), could
weaken their virulence to the original host [3]. Through
this method, weakened viral strains were collected
and fested on dogs. After they successfully induced
immunity in dogs, Dr. Pasteur tested the same strains on
a boy who was bitten by a rabid dog. The boy did not
show rabies symptoms.

Dr. Pasteur’s work shows that weakened pathogens
may induce immunity against the disease they cause.
This treatment was also named vaccination, which was
originally referring to only smallpox, to honor Dr. Jenner’s
previous work [3].

Modern Vaccine Development

Breakthroughs in microbiology and molecular
biology in the 20th century drove the development of
more vaccines. Not only there were vaccines available
for more diseases, but there were new methods of
creating vaccines and new types of vaccines as well.

It was discovered that pathogens carefully killed
by heat or chemical freatment can induce immunity,
creating inactivated vaccines. The first successful
inactivated vaccines were created in the 1890s against
typhoid fever and plague. This technique was expanded
fo viruses as well, and by 1936, a vaccine for influenza
was invented [4].

Inactivated vaccines and live-attenuated vaccines
are referred fo as first-generation vaccines. The second-
generafion vaccines are subunit vaccines. Unlike the
former generation, which uses whole pathogens,
subunit vaccines use components of the pathogen
that can be targeted by the immune system to develop
immunological memory [4]. With the recent advances
in genetic engineering, one variant of subunit vaccines
uses recombinant DNA fechnology to mass-produce
these components in other organisms or cells, such as
yeast, animal cells and insect cells [4].

Then is the relatively new, third generation of
vaccines. Instead of administering patients with whole
pathogens or their components, genetic materials
coding for those components in the form of DNA or
MRNA are used. These genetic materials will be read
by cells as instructions to produce viral components
for the immune system to target. Due to the COVID-19
pandemic, both DNA and mRNA vaccines are
receiving a lot of attention lately, which are the first
of their kind to be approved for emergency use in
humans. The development of DNA and mRNA vaccines
was spurred unprecedentedly by the race to develop
vaccines against COVID-19. Besides their application in
the pandemic, research is being done for the potential
use of such nucleic-acid based vaccines against
cancer and HIV [3].

Types of vaccine summarized:

. First-generation vaccine = whole pathogen (live-
attenuated, inactivated)

. Second-generation vaccine = pathogen pieces
(subunit, recombinant)

. Third-generation vaccine = DNA based; mRNA
based

The Future of Vaccine Research

Looking back at how vaccines developed,
we have come a long way in protecting people
from deadly diseases. In 1980, the W.H.O. declared
smallpox’s eradication, the complete removal of a
disease from the human population. More diseases
like malaria and polio may face the same fate in
the future. We have even managed to create a
vaccine against COVID-19 within a short period
of time. As more vaccines become available and
as more research is done, the containment or the
eradication of certain deadly diseases is now a
possibility, thanks to scientists like Dr. Jenner and Dr.
Pasteur.
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the Polymath Project
ErENREREDEHE

There are math problems that are thoroughly
incomprehensible to the layman — the Riemann
hypothesis needs a fair amount of sophisticated
math to explain, for example. And then there are
those that even a ten-year-old could understand.
The famous Twin Prime Conjecture (footnote 1) is
definitely in the latter category — conjectured by
Alphonse de Polignac in the 19th century, it states
that there are infinitely many pairs of prime numbers
that differ by two — hence the name "twin" prime.
For example, 3 and 5 are twin primes, and so are 71
and 73. As we get fo larger numbers, prime numbers
show up less frequently. However, we have also found
ridiculously big twin primes [1] — the current record
being 2996863034895 x 21270000 — 1 and 2996863034895
x 21290000 + 1 with 388,342 decimal digits — which leads
us fo believe that there might be an infinite number of
twin primes; no matter how large you go, you might
always expect a pair of twin primes ahead.

There isn't very much to say about the problem,
but more inferesting is how progress has been made
in recent years. People might think of math research
as a solitary affair, imagining a mathematician
locking himself/herself up in a room until they find
a solution. And certainly there are two remarkable
people involved in this story — Yitang Zhang and
James Maynard - but at the heart of a lot of progress
sits a huge collaborative project called the Polymath
Project.

Yitang Zhang's life story is certainly worthy of a
movie. He was born in China, and was sentf to a labor
camp with his mother during the Cultural Revolution,
which interrupted his education for about eight years
[2]. He later went to graduate school in the U.S., but
parted ways extremely unhappily with his supervisor.
Unable to find a job in academia after graduation,
he worked a number of odd jobs for seven years,

By Sonia Choy &7

including a stint as an accountant at his friend’s
Subway franchise, before becoming a lecturer at the
University of New Hampshire in 1999 [2]. No one had
heard of him before his breakthrough, which makes
his pioneering work even more remarkable. Before
Zhang's breakthrough and subsequent work built on
that by others, there was no real upper bound on
the maximum gap between primes; efforts were, of
course, made on the problem, but it largely refused
to budge. In April 2013, Zhang published his results,
showing that there were infinitely many primes with
a gap less than 70 million — a large number, but a
finite one. This was news that set the math community
ablaze. Amidst a flurry of interest in the new result,
Polymath8 began.

The Polymath Project was founded by
mathematician Timothy Gowers, who started the
first project on his blog in 2009 [3]. It is a massive
mathematical collaborative project, with a goal set
out at the beginning, and different mathematicians
contributing fo the goal through online discussions
open to everyone. Usually a mathematician
serves as a host, with their blog becoming the
project’s discussion forum, and allowing all people
to participate as long as they could chip in with
some insight [4]. The results were usually published
in academic journals under the pseudonym D.H.J.
Polymath. Polymath8, the eighth project in the series,
was started by Terence Tao, arguably the world’s
most famous mathematician, in June 2013 [5]. The
project set out to improve Zhang's work and give a
more accurate upper bound of the prime gap. A
good number of mathematicians joined in, and the
project generated a lot of excitement. The bound was
reduced every day, eventually falling to 4680 in July
2013, where the project momentarily came to an end [4].

In a dramatic development, James Maynard,
now a professor at Oxford, published another result in
November 2013. Fresh off a PhD, he had been working
independently of Zhang and the Polymath Project,
but gave a bound of 600 using an entirely different
method [7]. Had he published his result earlier, it
would have been him who made the headlines — 600,
after all, is a far more headline-worthy bound than
70 million. Maynard's result was a better bound than
that from the Polymath Project, and soon the project's



participants turned their attention to Maynard's new
methods, hoping that the conjecture could be solved
once and for alll.

Thus began Polymath8b, a continuation of the
previous project, which now involved James Maynard;
together, the mathematicians tried to push the gap
down further, but this time they were met with other
forms of resistance. After all, one could only improve
bounds for so long — nevertheless, the results were quite
encouraging. In April 2014, just one year after Zhang
published his results, the bound stood at 246; assuming
an additional result on the distribution of primes,
known as the Elliott-Halberstam conjecture, the bound
can be reduced to 6 (footnote 2) [8, 9]. However, to
lower the bound to 2 for the Twin Prime Conjecture,
new methods have o be invented in order for further
progress.

The Polymath Project has always been an
interesting exposition in mathematical research — the
open-sourced nature of the project causes results to
come exiremely quickly, at a speed far greater than
regular mathematical collaborations, which often
involve just a few mathematicians corresponding with
each other. It is often likened to drinking out of a fire
hose — the speed at which breakthroughs happen is
simply thrilling. On the flip side, some may be hesitant
fo participate, as all their mistakes will be left open on
the discussion forum permanently; others argue that
the speed doesn't allow mathematicians to dwell
on some things for a longer period of fime, perhaps
yielding more results [10]. The question is, in this age of
the internet, are Polymath Projects the way forward in
mathematical research?

Perhaps fime will tell. The Polymath projects so
far have tackled tasks that were easily divided info
parts, so different people could work on different
components before piecing the details fogether. But
if there is one moral from the story of the Twin Prime
Conjecture, it is that breakthroughs come in different
forms, from a lone mathematician working alone for
years, to the rapid-fire breakthroughs of a group think
tank. There are still numerous mathematical questions

Interested and mathematically

waiting for us to solve, and you, dear reader, might
solve one of those some day!

........................................................

1 Conjecture: A proposed statement waiting to be proved. A
proved conjecture becomes a theorem.

2 A small aside: primes that have a difference of six are, somewhat
hilariously, known as “sexy primes” (“sex” is the Latin prefix for “six”,
so the label is as in twin primes).

As is now customary for these articles, we will end with
a problem, this time about prime numbers [11]:

Letn be aninteger= 4.

Our goal is to arrange the numbers 1, 2, ..., nin a
circle, so that any two neighboring numbers add up
to a prime number. For example, (1, 2, 3, 4) is a valid
arrangement forn = 4:

4+1=5 1 1+2=3

4 2

3+4=7 2+3=5

3

However, this proves to be impossible for odd n. Why?

(As a bonus question, if n + 1 and n + 3 are twin
primes, then can you construct an arrangement for
ne)

Solution &%

advanced readers may wish to
read Terence Tao's blog (but be
warned that you will need a lot of
mathematical background!):
MRRE D ERE R EER  XEB
—HARBHEBEWE UE—ERE
AR (B2t EMNRALEER
EAEMAZRD):
https://terrytao.wordpress.com/

Terence Tao'’s blog
F8 35 BT Y 48 55

Timothy Gowers, the founder of
Polymath, also has a blog, which
is more accessible to the layman:
HEESEIMAIMATimothy Gowers
tTERHER EEAAVEERESEEN
A
https://gowers.wordpress.com/

Timothy Gowers’ blog
Timothy GowersHI#8E

James Maynard, one of the main
contributors to this problem,
also talks about the Twin Prime
Conjecture on Numberphile:
RERETSRE ARIER James Maynard
A EZEE Youtube #ENumberphile £
MERREEEHIFE
https://youtu.be/QKHKD8bRAro

The Numberphile video on
the twin prime conjecture
Numberphile £ B HBERF A
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J\SREERE (Polymath8) J IETUFL A -

B2 E G2 2 — @R 2 R Timothy
Gowers BT KRB ESEE & Y&
2009 FREMFER 3] BUEINEES
FHEMRHNER REBRAEHBREARMAE L

AP EREFECHBANMEAER  BOHAMETR—
T—LOBERHE - BEAIBESHR—UHBEREAE
WA WL BECHAFFEAENT®E TOHEEER
BAF O MENRPEMBECHRE (4] RBEELL
% D.H.J. Polymath % 75 2 2 {ig #8 7 - Polymath8 2
EEZRMNE/ETE HOERHR LEBEZHNHER
PEEE 2013 & 6 ARER [5] FtEINEREHF LY
SRRENFRERMMUNE  SH—EEERNEHER -
AVHBERESE TEREE EPER—EE—E BR
—REE—XK@ - £ 2013 £ 7 B Polymath8 i 52 44 5
24PE2] 4680 [6]
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Anonymous
Polymath 13-a oT  Jusk
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llllllllllll b You
over Gowers's Blog & Aote The
15 May, 2017 Uil oo
ta's Bass ) e
Conjecture: Polymi 200 0111 L dont think you can 7
12, post 35 May, cbhiy ey getto {under EH)
2017 James Maynard o just Remark 1 and

highar symmatric polynomials (this seems to get
only about half way numernically). That said, thare
are vanous possible small modifications (such as

wnough of an impravemaent
470 ®Rate This
wpty
a0 a2 Did you try
VR Tutek e

Thare i1 s0me work done on Symmetnic
erthogonal polynomials on the standard
simpiex. See 0.9 the section 3.3 of
REERS | fwww, SCHINCETInRct £OM, SCience / articly
/PiIS0021904504002199 and

REtps. / fwww. sciencedicect.com, science/ article
[PIIS0IT 042700005045

4070 ®Rate This
Raply

0 Arelated ides is [
eraleny to use the
Yt P transtormation
to have the weight function over the

EEEENE EEE 11 A RER/FEREHEN
James Maynard XS 7 HRIRAE - thE R 2B IB L
REAR ERERBENREENEEEFTISENER T
A T—EERAERZAESL Y 600 EE&ZARER [7] -



1R Maynard SEE R R REERWANEE - & LHRARTR
HRHN—EEZ2M £% 600 5 7000 B2 —EESAEIE
A EFREF -Maynard WAEREZLEEENERE
i RAULE 22 R ERKBEREB R Maynard B
7305 REAUBAEANRE BEE—SRBRELEEEE
BREE -

RZ  thPRELEE E—EEtE - RF Polymath8b -
ERETEITMBAES James Maynard 28 - iMERX &1
£ ERBREE cIEA BRI EME D - &% - #AMMAR
REIC LIRBREE—F BEEKEE tOWENME - &
RRERRERE—FN2014F 48 LREFIEFETE
246, R S — RN EH 2 Y Elliott-Halberstam
R IERNER T ERTLKEZE6(FE2)(8, 9]°
o2 MREBFHSEEHER RMPUBLLREZ2.
R B M AR AT BEEBBERPIER -

HERBEAI —BEE2EMREE—EEEBNRE -
HRESHUAFEESERNFRIR (open-sourced) 5121
EUE— R ERGRR  ERFFEEBEBE SR EEA
HNEBHBEMRAMLEZ FRES - RIABKLIT B —ELE
i - SR NSRRI 75 2 IS /K M AERIK B EE - B IE R E T &
MFLEER B EEISK  FABRBBIRMEZ 8 A]
PIRR-Z—hH AL AERRNEELARNRERS

GBUE—R U8/ BB TGRS SRIH
BEREHAR [11]:

AR N BARRIFR 4 -

HMWBERZIEHF1 2, .., n BE—EERE <B4
HRBIF IR Z —EE R - B8 n = 4 B9RE - FffIT]
PR 1, 2 3 4) EEES :

1

4+1=5 1+2=3
4 2
3+4=7 2+3=5

3

oI MR n 2R RS BB AT -RHE?

(MPB:WMRn+ 1Fn + 3HSLEEH RIUME
Fn BH—EAHIITER?)

Solution &%

MABRZHE AB2MEBLBNABEREZ KA MK
BEOKE L, tBEAREIEREEZRIARBETL L
BRNBENREBEREFNHEER MBS K RMAES
REBZHR [10]- EBFER EEERXCBITHNERA
i BEEFETATZHEMARRABRE?

EEE CHFELBRBNTETERE -ERIR
- BEEFTEEERR —LEEN SRR ZHA/NE D
WHEBBE FSEEBIUN TR ARED  HEE
RES - A8 SLEHFRNUESH I RHMA—H4S:
RIEIUREABRERENFN - K BEEBEZFAHF
NWREHERIKREHEEENCRRE - EEEF RS
BEGNHRRE - R EBEERIVBHAESTEARE
REMEE JeEBEHP—H RMENEE NI 2R
RABLEEHBENEF—AIRE!

1 B8 BRARIERNHERL, MRBRSEERM T EMERE -

2 BEINE AR Z E RN E BB AR ER Tsexy primes (ERVEE) 4 -
MEEEBHRES "twin primes, — 1 BFHEREER "sex, TEHI T
XhEHER 780 RIS - TS Tsexy primes s REFFEEIIUIE NE
. WWRAETMARTES -
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