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Message from the Editor-in-Chief F4RHJEE

Dear Readers,

Have you browsed our Instagram lately? We have re-visited some of
our more popular articles in past issues and reproduced them in a short
format. Hopefully, these recent posts would intrigue you to dive deeper
info the original articles, which can be found on our website.

In this issue, we continue our scientific journey across the ages. Do
you know what is in common between the shape of a Swedish fraffic
roundabout and app iconse Do find out how they can be described
mathematically in the article on superellipse. Another shape that has
inspired scientists was that of a fortoise shell, which led to the design of
an ingestible capsule for the injection of insulin inside the stomach. For
those of you who use post-it notes often, have you ever wondered how
their not-so-sticky glue was formulated? How did they get the iconic
yellow colore We also explored the subject of attraction, based on visual
and odor cues, which led us to consider pheromone perfumes and an
oddly “cute” deep-sea fish. Finally, as you try to finish reading this issue in
one go, with the help of a bowl of spicy ramen, pause before you fetch a
glass of water to douse the fiery sensation in your mouth.

By the time this issue reached you, we would have concluded our
latest writing competition on Instagram. Please stay tfuned for more
interactive activities on our social media platforms in the near future!

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# 84787 H
Any plans for this summer? Check out these activities!

FTEIFERERIFERE T IS ? RhE BT &S !

Material Tales — The Life of Things

AER ] — iR 2 B 535

From prehistoric stones and bronzes to
the latest nanoproducts, the inventive use
of materials have propelled technological
advancements throughout the ages. This special
exhibition at the Science Museum features a
collection from the London Design Museum,
alongside innovative locally developed materials
and inferactive exhibits. You will discover the
fascinating connection between materials and
human civilization, explore the transformation
of materials into everyday products, and
be reminded of the potential catastrophic
consequences of over-consumption on natural
resources.

Period: May 19, 2023 - October 18, 2023
Venue: Special Exhibition Hall,
Hong Kong Science Museum

P.S.: This infroduction was generated by ChatGPT, and
edited by Deepl Write and human editors.

Mars Galling X = fti0¥ 0%

Now being dry and largely uninhabitable,
evidence suggests that Mars was once full
of water, and perhaps life. To prepare for
possible human exploration, NASA has sent five
rovers to record the red planet’s climate and
geology over the decades. Ambitious space
fravel advocates like Elon Musk and Jeff Bezos
are even exploring affordable ways to send
fravelers to Mars. Do you want to visit the large
volcanoes and canyons there one day¢ Watch
the show at the Space Museum to plan your
(grandchildren’s) grad trip!

Time: 3:00 PM and 4:00 PM on May 14, 2023 (Sun)
4:30 PM and 5:30 PM on June 18, 2023 (Sun)

Venue: Lecture Hall, Hong Kong Space Museum

Admission fee: Free admission.on a first-come,
first-served basis
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By Sonia Choy &3]

Any Marvel fan - or
even most people, really
— will know the Avengers
— six superheroes who
teamed up to save the world.
Mathematics, on the other
hand, always has fhe image
of being a rather soh’rory
affair. We have written :
about a modern-day =i
mathematical Polymath
Project on the Twin Prime
Conjecture in Issue 020,
but these collaborations
‘have been happening for
a while = almost a whole
century ago, in fact.

Meet Nicolas Bourbaki.

Assuming the name
of a French general who
fought in the Franco-
German war (1870-1871),
Nicolas Bourbaki, founded
1934-1935, was in fact a
collection of mathematicians
writing collectively. The name
. was chosen-in jest (founders of
the group had a distaste towards
hierarchy), and humor is a running
theme throughout the group. The
group’s founders were all ‘French [1] — although later
incarnations involved mathematicians of other
nationalities; they were admirers of the German
mathematician David-Hilbert, and the German
school's emphasis on precision and rigor of proofs,
as opposed to the French school's more handwavy
approach based on intuition.

; The group's membership would change
throughout the ages - there was an agreement
that the current members would be kept secret,
although former members discuss their involvement
with the group openly. This secrecy is to allow the
mathematicians to write as a collective without any

individual egos involved and
no chance ’ro claim copyright
= of any sort. Most
v members
~agreed to
i gradually
¥ drop out
after they
7 turn 50, lefting
tfhe younger.

over [2].
place, new members
are recruited through
invitation to ftheir
annual conference
as “guinea pigs”, and
are accepted into
the group once all the
- mathematicians agree to
let them join [3]. '

Bourbaki's main work
was a fextbook series on
- mathematics, known as the
Eléments de mathématique
(Elements of Mathematics).
Originally wanting to

: wrife-a new fextbook
for differential calculus [1],

the group eventually covered the major areas of

mathematics — analysis, algebra and geometry, as well
as including more modern areas of active research
in later volumes. The group was drawn to abstraction
rather than concrete illustration; most of the core six
texts (those published before 1954) consist of theorems
and proofs written out formally, with little diagrams or
examples to illustrate the ideas. The group also wrote
articles and hosted a lecture series known as Séminaire
Bourbaki (Bourbaki Seminar] in Paris since 1948, adding
up fo over a thousand lectures as of today. ;

One of Bourbaki's main activities was its periodic
conferences, usually held in a rural location, where its

generation take
In their



members met to draft com‘en’r on certain topics forthe

Elements. Members would then present those draffs in
~front of everyone, and ‘the material must be dgreed

- upon unanimously before it can be published under

the Bourbaki moniker. As a resulf, many draffs fook
years to complete, but they were also guaranteed
to be mathematically rigorous after being vetted by

all of its members. At these conferences, there were
also lively debates and often heated drsogreemeh’rs :

 Laurent Schwartz repor’red that André Weil once
oL 'slopped Henri Cartan on the head with a draft [3]. But
- almost mrroculously, peoce ‘was resfored within ten

LA "a'.:‘mrnures, and the group was able to stick ’roge’rher The. - i

group's very s’rrong belref in the culture of collaboration

- unhg The 19405 ond 50s; orﬂy one volume of

v for exomple cul’rur 3

e presen’r doy state. -

towards opphe, |

ds more superlor than applied md’rhemo’rrcs The
~group’s goal of mokrng mathematics more formal -

~and abstract has made French morhemorrcs

“sruden’rs and mcn‘hemorrcrons prrormze pure

morhemdhcs ‘over applied mo’rhemd’rlcs Qs

- the former is offen expressed in symbols and

» dbsrrdc’r orgumenrs whrle ’rhe Idﬁerrs iorgely

: Unr’red Srotes in S
Sy Fronce [3]"‘;"_ nte

~the field often relred on prc’rures and drdgroms in
~explanations; the members also scorned dgorns’r
~_any other mathematicians who drsogreed with
them on this issue. There was also an air of superrorr‘ry
~within the group, with some of the group's .
~_members thinking that they were be’r'rer 'rhon o‘rher 8
I -_',mdr‘hemofrcrons [T 7] - :

J\“ *”

i

- Lorand lively debore herd Them Togerher ’rhey wouid A

[2] Senechal, M. (1998) The Contrnurng Srle '

s has been publlshed in the 21st cem‘ury B
\ ‘ B _[6] Miller, J. (n.d.). Ear

y on syrhbols used in se’r ’rheory [5 6] The' ,: :
Iso hdd on rnﬂuence on French srruc’rurdlrsm -

: “'ShOUId be studred in ’rhe Com‘exr- =
Lok o‘rher cultures they explorred |n becomrng i

df emdhcrons in Frdnce ever srnce,_
rhelr ?oundo*fron as many see pure mqrhemohcs

‘However; it 'is'u_n‘.dehio.ble that Bourbaki ha
sizable influence on mathematicians, both French
further afield; the Elements remains an encyclopedia

of sorts for a number of mathematicians, with certain
volumes becoming the standard text for that area {3,
4, 8]. Furthermore, despite all the controversy, perhaps
_ their culture of lively debate and collaboration isone .~
we can all learn from - some of the best work con only o
; be produced after an argument.. :
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Thinking Out of the Box Bl A o] :
Oral Insulin Pill 1

Imagine the following scenario: You are required
to stab your abdomen with a needle up to four times
a day and seven days a week. Wouldn't this be a
nightmare for you? This is exactly what happens
to people with type | diabetes [1]. These patients
need regular insulin injections as their bodies cannof
produce enough insulin to effectively lower blood
glucose levels.

To liberate type | diabetes patients from the
nightmare, scientists and doctors have been searching
for reliable oral insulin delivery systems for decades.
However, extreme pH, the presence of proteases and
thick mucus layers along the gastrointestinal (Gl) fract
posed great challenges to such a quest.

In 2019, researchers at the Massachusetts Institute
of Technology reported a breakthrough study in which
they designed a novel ingestible device called self-
orienting millimeter-scale applicator (SOMA) only at
the size of a blueberry [2, 3]. While the concept of
SOMA is simple — a capsule that contains a hidden
needle, which would inject insulin once the device is
in contact with the stomach wall, it has a well-thought-
out design. Let's take a closer look at the challenging
but successful journey of SOMA along the Gl tract!

After being swallowed, a SOMA would pass
through the esophagus and enter the stomach. As the
first step, the capsule would localize and self-orient its
injection mechanism toward the stomach lining. This
ingenious self-orientation system was inspired by the
seemingly unrelated leopard tortoise (Stigmochelys
paradalis). This tortoise species has a shifted center
of mass and a steep-dome-shaped shell that allow

Ok S =% X

By Helen Wong E &7

it fo always self-orient to a preferred upright position.
Researchers applied computer models to optimize
SOMA's dome shape, and used a combination of low-
density polycaprolactone and high-density stainless
steel to lower its center of mass. Experiments showed
that SOMA self-orientation only fook one second.

The second step is insulin injection. The needle
inside the capsule has ftwo components: a tip made of
compressed insulin and a biodegradable shaft. Only
the dissolvable insulin tip would pierce the stomach
wall. To provide enough force for needle insertion
into the stomach wall, the team further attached a
compressed spring, which was initially fixed in sucrose
and isomalt, to the needle. During actuation, water
in the stomach would enter SOMA through its vents
to dissolve the sugar barrier. This would release the
spring and insulin would be injected into the stomach
wall. The whole process required one minute and
subsequent dissolution of the solid insulin drug lasted
for about an hour under experimental conditions. After
successful insulin delivery, the capsule would pass
through the remainder of the Gl tfract and eventually
be excreted in feces.

“The design of SOMA sounds cool, but what's the
point of injecting insulin into the stomach wall instead
of the abdomen? Needle
injection is always
painfull” You may
have the same
question in mind as
you are reading
through this




article. Please rest assured that patients would not feel
any pain as the stomach wall has no pain recepftors.
The effectiveness of stomach wall injection by SOMA
was also proved to be comparable to conventional
subcutaneous injection in pig studies.

In fact, insulin is just one of the many drugs that
could potentially be delivered by SOMA. To improve
the applicability of SOMA, the team reported a new
version of SOMA in 2021, the liquid-injecting SOMA
(L-SOMA). It could deliver monoclonal antibodies
in liquid form and at larger dosing volumes [4],
implying that it could potentially target cancers
and autoimmune diseases (e.g. rheumatoid
arthritis) besides diabetes. The scope of applicable
biomacromolecules further expanded to RNA in early
2022 [5, é]. As single-stranded RNA is susceptible to
degradation, researchers made use of protective
polymeric nanoparticles to produce RNA-nanoparticle
complexes. Results showed that SOMA was able to
deliver these complexes into stomach cells at an
amount comparable fo that in COVID-19 vaccines. We
are a step closer to oral MRNA vaccines now!

ABEUNRNRBEZEB LR BROREREETE
5 RERFERE B ERE —ARRREEMAHNE
1% (1] -BARBERAELECHRER ELREFTEES
TEHAOE Y SR PR AR MM AR IK S -

RTEPFE-ERERAETE NEXMBEL+FHRE
ESHURNORRERZM  J21BI% pH B 8L
FoBEBHER REE BRI R RE AN S -

£ 2019 F MEETERNMAAERR T—BR
WHHR MRt T —ERA—REEX/)N BREH
7E [@ 2 K 4] & % 25§ (self-orienting millimeter-scale
applicator- & # SOMA) WOl iR A& & [2, 3]- SOMA
fReEst/)\ - BREFAIERIEL — B —HESBEE:
—HEEEBNEINRERNBE - ERMATAEE
SOMA JaZHEE M EE X IR HRZNE !

BEERSOMAER BESLRBEABSH-
SOMAE—SEEBRBEIREKEREQSE - SEILGY
HEEERAABRREE MR BFALERI L PESE
(Stigmochelys paradali) - 15 & SRR E /0 M FEUERY
B R EEREZEHNREEUNRE - HEASLE
fEtETLEE SOMA Wit - T REZERCABENSZE
FEMmENAESKZESL - BRERBE T SOMA X%
—MWENEEREEM -




F_LEAFRER BEANEFT EEAMEEDHE
Bl B SR B AN BRI R ENERNHE ER
AUABRNHBERABE - BYRTEEHIRELER
ABE MRERRIHHNBRESER BEIEIN
ERNEEZFHRERE EXF - ZBMKHITEBL
SOMA BF O AN B LUR B BRI - 1L T B OB & %
REZIABE BEBERR —NIE BREERSR
ZYMEERKRG T RHERERN—NR - RIBERER
B PREZIFBHRMVELE SKBEEHFLIES -

'SOMA R ETIREERRE EREERERRERE
SRBEEMAZIEEE? 18t BB R ! L BRIREAIE -
o BIEENERE - BFHL ARBERERE
REH BRELAZREBEE EREETHNHRTER
SOMA BEEFEIFIE MK MEFMMEE -

EEL BREZRMRE SOMA TEHNRZEY 2
— RTEASOMAKEREEE  fTREKE 2021 £
BRTHRAK SOMA — &8 5 SOMA (liquid-
injecting SOMA - &% L-SOMA) - Bt EZE KRB EH
REBTENE [4] BREA ZAE B ERIER R IMIE
- Bl REFI B RS B B (R RREEIRS ) - ME
2022 F4]-RNA %7 SOMA BEiEEWENE D F2
— [5, 6]- AR EHE RNA B5HERE KX ASF AN
REMEHANREER KB EL RNA- FRKFEE
B - BR4AREPE SOMA BERFE 2019 Bk B S BB
EHEEHENESIAINSHAR ERERMEEOMR
MRNA BE X BE—F 7|
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By Sonia Choy Z75¥7

Among the world’s ugliest animals, the blobfish
will always be ranked near the top — one only needs
to look at a single picture of them to understand.
With their squashed flat bodies and bulging eyes,
any measurement of beauty would put them intfo a
disadvantaged position. Here are some facts about
the blobfish, besides ugliness, that may surprise you.

Blobfish and Where to Find Them

Blobfish, fish in the family Psychrolutidae [1], lives at
the bottom of the Atlantic, Pacific and Indian oceans
[1-3]. They live at depths of approximately 600-1200 m
under water, where the pressure is about 60-120 times
that of atmospheric pressure [2, 4]. At this pressure,
humans will surely be crushed to death, as our lungs
will be unable to expand to breathe [2]. Little to no
light reaches these depths; typically, beyond 200
meters, there is not enough light for photosynthesis to
occur, and no light reaches beyond 1000 meters [5].
A research expedition at these depths would be too
expensive, so very little is known about the blobfish and
its habitat [3, 4].

About Mr. Blobby

The current picture that we have of the blobfish
(Psychrolutes microporos) is from a deep-sea
trawl during a research expedition in 2003 [1]. The
researchers affectionately named the fish Mr. Blobby
[1], due to the (rather obvious) fact that it looks like,
well, a blob.

Despite Mr. Blobby's fame (or infamy), we don’t
even know whether Mr. Blobby is male or female, since
no one is going to perform an autopsy on arguably
the Internet’'s most famous preserved fish specimen
now [4]. Little is known about the blobfish's biology. For
example, how old can they get in general? Although
another deep-sea fish, rougheye rockfish, which lives
at depths of 150-450 m, can live for over 200 years!
One thing we know, however, is that they are mostly a

Photo credit: Kerryn Parkinson, Australian Museum
© NORFANZ Founding Parties

jelly-like mass with very little muscle. While most other
fish have a swim bladder fo maintain buoyancy, the
blobfish doesn’'t have one because gas-filled cavities
would collapse under such an extreme pressure. The
blobfish is instead a mass of mostly water and fat which
offers a density slightly less than that of water, allowing
it to float above the sea floor without much effort. The
blobfish can be an ambush predators when it comes
to hunting for snails, brittle stars, anemone and other
bottom dwellers. As for reproduction, they lay eggs
on rocks, thousands at a fime, and expectant
mothers would guard their nests together.

Despite multiple campaigns
striving to “Save the Blobfish”,
the fruth is that we don't
even have enough data to
conclude whether it is an
endangered species, and
how bottom trawling and
ocean acidification
could affect the
species [2, 7]. Whether



there are millions or hundreds of blobfish in the world,
nevertheless, one thing we must hold onto is to
care for all animals, no matter their appearance.
Just like humans, we can't judge an animal by its
cover, after all.

The Psychology of Ugliness ...
and a Misunderstanding

You might have seen videos of ugly animals around
social media, but have you ever thought about why
people even share theme At first thought, it seems like
humans are programmed fo appreciate beauty and
therefore repel ugly things, but there seems to be a
sort of "ugly-cute” that humans find endearing. These
"ugly-cute” animals are usually characterized by big
bulging eyes, large heads, and soft-looking bodies
[8]. If these sound slightly familiar, it's because things
we consider cute and lovable, such as puppies and
infants, also share the above characteristics. Ethologists
suggested that humans are naturally built to take
care of their offspring, so seeing these features causes
a rush of emotion in us which manifests as cuteness
[?]. So, it is no wonder that Mr. Blobby was voted the
world'’s ugliest animal by the Ugly Animals Preservation
Society in 2013 - it is ugly, yes, but still endearing in a
certain way.

Yet, some might sill argue that
Mr. Blobby is not ugly at all -
in its usual habitat, it just

looks like, well, a

regular fish. The pressure of the deep sea helps hold
the blobfish's body together in a fish-like shape, but
when it is dragged out of the water, the sudden drop
of pressure causes its body to expand into a balloon,
which looks very different from its usual appearance
— just as humans would certainly look a bit squashed
1,200 m underwater. It is no surprise that even the
photographer, Dr. Kerryn Parkinson, admitted that the
famous picture of Mr. Blobby was no decent scientific
image [6]. But seeing how loved Mr. Blobby is now
across the world, it might not be a bad thing after alll
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Understand Spiciness:

A Pain but
Not a Taste

#n""",\ Ti,ﬁ?

By Roshni Printer

You must have experienced the aftermath of a
bowl of spicy ramen, a dollop of wasabi, a bite of chili
pepper. Your tongue feels like it's on fire; your eyes
start watering, and you begin to sweat through your
clothes. No other sensation would come close to the
overwhelming sensory experience that comes with
spiciness. Here is an inferesting fact: Spiciness is not a
taste, but rather a sensation of pain. Then, why does
spiciness infrigue humans so much that we would
prepare food “so tasty it hurts"?2

Chili peppers contain an alkaloid compound
known as capsaicin, which can trigger the burning
sensation of spiciness. As we chew, capsaicin
molecules are released and spread across our tongue.
However, they bypass the taste pores and bind to
pain receptors instead [1]. Originally functioning as a
detector to alert the brain of high femperatures (>43 °C
[2]), these pain receptors, by the name of TRPVI, can
also be activated by capsaicin. As a cafion channel by
nature, TRPV1 receptors will open when activated, so
cations can diffuse into the nociceptive (pain-sensing)
neurons [3]. The increase in electric potential, known
as depolarization, will frigger the neuron to fire and
send a signal to the brain. Our brain will then interpret
the signal and think that our tongue is in contact with
a burning hot substance, giving us the false impression
that our mouth is on fire.

If spiciness truly is a sensation of pain, why will
we have the urge to go back for one last bite?
Here's where our body’s self-regulatory mechanism



comes into play. After perceiving that we are in pain,
hormones like endorphins, which are known as the
natural painkillers and the “feel-good” hormones of the
body, are released [4]. These hormones also increase
the level of a neurotransmitter, dopamine, making us
feel even more pleasant and euphoric [4]. Therefore,
the secret behind our addiction to spiciness is, in fact,
the “feel-good” chemicals that give us a light-hearted
rush.

If your first instinct when your mouth is “on fire”
is to grab a glass of water, think again! Capsaicin
is a hydrophobic (“water-hating”, or “fat-loving”),
non-polar molecule with a long hydrocarbon tail.
Drinking water will only spread capsaicin all over the
tongue, and heightens the burning sensation. You
should instead consume dairy products because it
confains casein, a non-polar protein which can bind to
capsaicin. Similar fo the cleaning action of detergents
to remove grease, casein molecules will surround
capsaicin molecules to form tiny droplets which can
then be washed away easily [5]. Hence a cup of milk,
or a cone of ice cream can likely “cool off” spicy food.

Some foods may confain other compounds that
can also activate TRPV1, and/or the “wasabi receptor”
TRPA1, another pain receptor under the TRP family.
Black peppers contain piperine [6], while mustard [7]
and wasabi [8] contain compounds belonging fo the
class of isothiocyanates. Isothiocyanates are volatile
small molecules that can be inhaled and stimulate
the receptors in the nasal cavity, so mustard and
wasabi can burn not only our mouth, but also our nose.
Notably, this will eventually lead to the secretion of the
“feel-good"” chemicals as well.

Alongside ifs ability to elicit a sensation of pain,
surprisingly, capsaicin is also used in pharmaceuticals
to provide relief to pain. It is commonly sold over
the counter in the form of topical ointments and
patches (the pain-relieving “hot” patches) [9]. In
addition, capsaisin was approved in Europe to treat
neuropathic pain [10], which is often described as
shooting or burning pain;, resulting from nerve injury [11].
Researchers have hypothesized how capsaicin works

in relieving pain, with the desensitization of TRPVI (i.e.
decreased responsiveness after repeated exposure)
being one of the possible mechanisms [9].

To conclude, the spicy capsaicin molecule can
give us pleasure and pain at the same fime. While
scientists confinue to unravel the working mechanisms
of capsaicin and other pungent molecules in our body,
we can, at least, take the lesson and keep a glass of
milk handy next fime when we feast on chili peppers!
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Post-it notes are undoubtedly easy and convenient
to use. Not only can they be placed anywhere without
fasteners (i.e. tacks, paper clips, or staples), they do
not easily fall off, nor leave any glue stains. Accepted
as part of our many modern day conveniences, one
rarely thinks about why this is possible in the first place.

History of Sticky Notes

Spencer Silver was a research chemist developing
adhesives strong enough for aircraft construction [1]. In
his attempts fo invent such an adhesive, Silver instead
discovered a weak adhesive that could be peeled on
and off without losing its “stickiness [2].” While many
may have thought this to be a useless invention, Silver’s
colleague Art Fry gave him the idea of using the
adhesive fo create removable paper bookmarks for
his choir hymn book. This moment in history led to the
invention of Post-it notes.

How to Describe the Strengths of Adhesives?

Adhesives have two kinds of strengths that make
up the adhesive bond: shear strength and peel
strength. As illustrated in Figure 1, shear strength is
measured by the forces pulling in a direction parallel
to the two surfaces joined by the adhesive. Peel
strength, on the other hand, is measured by the forces
perpendicular fo the two surfaces.

For a Post-it note to be useful, it should have
moderate shear strength to allow firm yet temporary
attachment to a surface, while also having low peel
strength fo allow removal without tearing [3].

By April Lam #iERA

Shear Strength

Peel Strength

Figure 1 Shear Strength and Peel strength.

Why Are Polymer Adhesives Sticky?

Before looking info the unique properties of
sticky notes, let's try to understand why they can
stick to surfaces in the first place. Polymers are
used as adhesives in the making of Post-it notes.
These are large, long-chain molecules formed by
repeating monomer units through a process called
polymerization. When polymers come into contact
with a surface, van der Waal's forces will form
between the polymers and the molecular surface of
the object, causing them to stick together. AlImost alll
polymer adhesives work using these interactions [4].

When producing polymer adhesives for a specific
purpose, scienfists typically mix different ratios of
monomers to modify the properties of the resulting
polymer. This process results in a copolymer, defined
as polymers formed from more than one type of
monomer. To produce the adhesive mixture to be
sprayed on sticky notes, Silver found the ideal ratio to
be 95 fo 99 percent of acrylate monomer, and 1 to 5
percent of mixtures confaining ionic monomers and
maleic anhydride [5]. In other words, small amounts
of acrylate monomers are substituted with ionic
monomers and maleic anhydride to form long, cross-
linked chains. Such modifications can improve the
elastic properties of the copolymer, and allow the
adhesive to be produced as an aerosol spray [5].

How Do Sticky Notes Work?

But why can you stick and unstick a Post-it
effortlessly? The copolymer is actually produced in
the form of microspheres with diameters as small
as 50 to 75 um [é]. A single layer of sparsely spaced
microspheres are sprayed on the paper of the Post-
it note, which looks like the bumpy surface of a
basketball under a microscope, with little glue bubbles
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protruding from the flat surface [7]. As illustrated
in Figure 2, when force is applied to stick a Post-it
note onto a surface, the elastic microspheres are
flattened and cling to the surface. The flattening
of microspheres temporarily provides an increased
surface area for adhesion, and hence greater van
der Waal's forces for attachment [8]. But these
interactions are sfill not very strong, so the Post-it
can be peeled off just as easily. Conveniently, re-
sticking of the Post-it is allowed without adding extra
adhesive because no significant levels of adhesive
will be lost on the surface after removal [7]. The
deformed microspheres are known fo regain their
spherical shape for another round of sticking [5].
However, Post-it notes do have a limited life span.
With every attachment and removal, dust and
dirt accumulate onto the sticky microspheres. This
diminishes the contact area with the surface, and
hence reduces van der Waal’s interactions. Therefore
the Post-it note will gradually lose its stickiness.

©0 ) ) ) .
\o® g [£35) g ) J Polymeric
ey ee/ e/ —\oa .
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Surface
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Paper
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Figure 2 Representation of the forces responsible for
polymeric adhesion of Post-it notes.

Believe it or not, Post-it notes have been
sticking around for 43 years since its invention!
From bookmarks to annotating documents and
brainstorming in meetings, Post-it notes have served
as an indispensable addition to our daily life,
boosting productivity. The next time you grab a Post-
it note to mark down a thought, be sure to remember
this eureka moment of Silver and Fry's discovery.

Fun Fact:

The iconic canary yellow of Post-it is

actually chosen by chance as the lab
next to Silver's only had pale yellow scrap
paper to use during development [9].
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Superellipse: Turning a Lircle into
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“In the whole pattern of civilisation there have
been two tendencies, one toward straight lines and
rectangular patterns and one toward circular lines.
There are reasons, mechanical and psychological,
for both tendencies. Things made with straight lines
fit well together and save space. And we can move
easily — physically or mentally — around things
made with round lines. But we are in a straifjacket,
having to accept one or the other, when often some
intermediate form would be better.” — Piet Hein [1]

Draw a line, any line, and it will have to be either
straight or curved. Extend a curved line far enough
and it closes to become a circle. Cross two straight
lines and you get a corner; straighten the corner and
you get a right angle. “Straight vs. curved” is a very
natural paradigm that shows up all around us, and
from its beginning mathematics has been built on the
study of their differences. Euclid's Elements, the most
famous geometry textbook of all time, begins with the
assumption that straight lines, right angles, and circles
can always be drawn. The idea of translating these
geometric shapes and problems into algebra, which
was first described by Descartes only about a century
after the beginning of algebra in its modern form,
unified those two main areas of mathematics. It is the
reason we still learn about Cartesian graphs (graphs
drawn with the coordinate system that we are all
familiar with) in school.

On the usual x-y plane, the equation for a straight
line is familiar: y = mx + c. Linear equations, where the
highest-order term is x or y, always produce straight
lines. Quadratic equations, with x? or y?, will produce
one of the curved conic sections — circles,€llipses,
parabolas, or hyperbolas [1]. Consider x?/a%+ y?/b? =
the general equation for the ellipse, which becomes
the equation for a circle when a = b: the equation
x2 + y2 =1 should look familiar. By 1818, all this was
well known to mathematicians. In a geometry book
published that year, Gabriel Lamé decided to take
things further by thinking about what happens with
exponents n other than 2 [2].

The generalized curve x* + y" = 1 comes in many
varieties depending on n [3], but the most interesting
one for us isswhat happens when n is a fraction p/
g, with p even, and g odd and greater than 1. These
fractions for n include all the even integers 2, 4, 6, 8, ...

From the circle at n = 2, you can see the shape
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become progressively closer to a square as n increases
through the even integers (Figure 1). By adding absolute
values, we allow n to be any;number; now the Lamé
curve |x|"+|y|" =1 varies confinuously for all n >2 from a
circle at.n.= 2 to a square in the limit as n goes fo infinity.
So does the general Lameé curve |x/a|"+|y/b|" =1, which
turns into a rectangle instead when the same limit is
taken. If you never knew the equation for a square or
rectangle, congratulations! Now you do.

Figure 1 Transition of Lamé cumvés'as nincreases (n=2and n= 4
from left fo right).

Thanks te the visudl fool and shorthand provided
by algebrd, we have an intermediate shape between
squarefand circle that can be described in a simple
form. This simplicity is the reason for the sudden revival
of this obscure curve in some unusual applications.
Here are a few of them.

In 1959, Swedish architects wanted to build a
roundabout that could fit info a rectangular space
between the buildings of downtown Stockholm [4].
Roundabouts tend to be circles, of course, but a
circle would leave part of the space unused. An
ellipse has pointed ends that would be harder for
traffic to navigate. The city planners also fried @
combination of eight arcs, but that would create too
many points where the curvature would suddenly
change. A Danish designer and scientist, Piet Hein,
came across this problem when it was announced as
a design challenge, and leaned on his mathematical
background fo find a compromise shape between
ellipse and rectangle. He came across the Lamé curve
and experimented with the value of n for an ellipse
of width 6 and height 5 (i.e. a = 6, b = 5), eventually
deciding on n = 5/2 or 2.5 (Figure 2) [5], which he
called a “superellipse™:



a Square

Figure 2 Piet Hein's solution to the roundabout at Siockholm.

Piet Hein decided that this was the ' most beautiful
shape possible for the roundabout. In an article he
wrote afterward, he remarked that [1]:

“To draw something freehand — such as.the
patchwork traffic circle they [other architects] tried
in Stockholm — will not do. It isn't fixed, isn't definite
like a circle or square. You don't know.what it is. It isn't
aesthetically satisfying. The super-ellipse solved the
problem. It is neither round nor rectangular,;but.in
between. Yet it is fixed, it is definite — it has a unity.”

Between iOS 6 and iOS 7, the design feam at Apple
also decided to make use of this safisfying.aesthetic.
Up until then the shapes ofithe app icons in iOS had
been squares with rounded corners (Figure 3) [6]. This
is a problem for thessame reason as the Stockholm
roundabouti. The fransition from straight line fo tightly
curved circle is visually jarring even if we don't notice it
consciously.

So, Apple'ssdesigners based their new app icons
on the Lamé curve. They adopted the curve where n
= 26/5 or 5.2 with slight modifications [7], which results
in a shape that has a smooth flow that is meant to feel
more natural. (Nofe that the four sides of a superellipse
are not straight lines, but curves, even if n equals to a
relatively large number like 5.2.)

Figure 3 App icons in iOS 6 (square with rounded corners) and
iOS 7+ (modified superellipse).

Xiaomi may have thought along the same lines. In
2021, the electronics company also changed its logo
from a rounded square to an obvious Lamé curve
(Figure 4).

Figure 4 Shapes of the previous (left) and new (right) logos of
Xiaomi.

Kenya Hara, the leading Japanese designer who
oversaw the initiative, went through the same process
as Piet Hein did and decided that n = 3 would look
the most aesthetic [8]. But Piet Hein did something
that Xiaomi didn't. Piet Hein had a definite purpose
in mind when he chose the superellipse. On the other
hand, Xiaomi reportedly paid Hara two million yuan to
change the shape of the logo and almost nothing else;
the consensus on the Internet was that there was no
real purpose fo the redesign [9]. Xiaomi already had an
iconic logo. Did the redesign really have a purpose?
The answer was affirmative according to Hara; the
new logo was said to be “an encapsulation of Xiaomi's
inner spirit” and “essentially a reflection of the concept
‘Alive [8]."

The Lamé curve strikes a balance between straight
and curved, useful fool and purposeless curiosity. So
does much of mathematics — it may be hiding out
of sight; it may take 200 years to find an application;
it may occasionally be mocked on the Internet, but
somehow it is there, if you know where to look.
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Pheromone Perfumes: Beyond Advertisements
BEEER BERAEFNRN=ZF

By Charlton Sullivan 8%

The cosmetics industry has long been promoting
pheromone perfumes for their power to attract the
opposite sex. They claimed that such products can
enhance a person’s charm and sexual attractiveness.
Therefore, some believe that pheromone perfumes
can make the one you love fall for you more easily. Is
this myth true or not?

What Are Pheromones?

With that being said, you may wonder what
exactly is a “pheromone”? First discovered in insects,
pheromones were defined in 1930s as hormones that

A are secreted outside

4 b,
y \ \
4;{ >

the organism's body
(ectohormones)

with effects on the conspecifics [1]. Although
consensus cannot be reached on how to define
pheromone beyond insects, most definitions agree
that pheromones should be species-specific chemicals
that have well-defined effects on the behavior or
endocrine system of another individual [1]. Pheromones
should also consist of one or just a few chemicals, with
the effects minimally affected by learning (that is, one
cannoft easily learn to resist those inherent reactions) [1].

How Do “Pheromones” Work in Animals?

Insects are well known to possess pheromones.
Female silkworm moth (Bombyx mori) produces a
pheromone called bombykol to attract males [2],
initiating and guiding the flight of the male moth to
the female [1]. Pheromones also play a crucial role in
regulating the honey bee society. The queen releases
"queen pheromones” as signals to stimulate various
behaviors of the worker bees, including cleaning,
building, guarding, foraging, and brood feeding, and
inhibit ovary development in workers to ensure that the
queen is the only fertile female in the hive [3].

Since 1960s,
scientists began
to investigate

whether mammals also

possess pheromones.

They observed that vaginal

secretions of rhesus monkeys seemed to elicit
copulatory behaviors in males, and agents in the tarsal
scent glands of male deer appeared to elicit licking by
females [1]. These observations led to the discussion of
whether mammalian pheromones exist. The androgen
derivatives found in boar saliva are considered a
typical example of mammalian pheromone by some
scientists [1, 4]. Boars are known to salivate profusely
and foam around the mouth when sexually aroused. It
is suggested that the volatile pheromones will diffuse in
the air and elicit lordosis, a posture in which the spine
of a sow benfs inward to prepare for mating. Some
scientists doubted that these agents are pheromones.
They argued that sows do exhibit mating preferences,
i.e. they do noft lordose for all salivating males; the
chemicals isolated from saliva cannot elicit the same
response in all sows [1]. Taken fogether, the results are



inconclusive because other stimuli, such as visual,
tactile and auditory cues may also contribute to the
sow's response. Given the much higher complexity
of mammalian nervous system, our social behavior
cannot be explained in the same way as insects’ [1].

Do Humans Possess Pheromones?

Androgen derivatives, namely androstenone,
androstenol and androstadienone, are externally
secreted hormones which were purported to be
the putative human pheromones by some experts.
Particularly, they found that androstenone and
androstadienone in sweat may contain a musk-like
scent to the ones who can smell them, reminding us of
the folklore that musk is a social attractant fo humans
[1, 5]. Androgen derivatives were hypothesized fo be
human pheromones also because of their effects on
the reproductive behaviors in other mammals, such as
lordosis in sows. Moreover, the facts that men have high
levels of these steroids than women, and that women
are more sensitive to these agents, imply the sexual
dimorphism in their production and perception [1],
and lend support to these agents as potential sexual
attractants.

Conversely, some scientists believe none of these
steroids are human pheromones, and think that even
if they are found in body fluids, it does not necessarily
mean that they serve as means of communication,
and have the ability to alter reproductive responses [1].
Androstenone and androstenol are quite ubiquitous:
They can be found in many animals and plants
[1], including the roofs of parsnip and celery [6]. In
addition, while some people find the odor of these
potential pheromones pleasant, others find it repulsive
or cannot smell them at all. Therefore, it may not be
logical to define all odorants as pheromones. In fact,
researchers found evidence showing that humans
have shifted the heavy reliance on olfactory senses to
sight and vision during evolution that we depend less
on smell for survival and reproduction [5].

As you can tell by now, the definition of human
pheromones is still a subject of active debate.

Do Pheromone Perfumes Actually Work?
So the ultimate question is whether or not such

perfumes work? The answer is: They neither have a
clear pharmacological basis, nor work magically like
“"Cupid's arrow”. To recap, many experts question
the existence of mammalian pheromones, although
the industry has already claimed and made the
assumption that related products can reproduce
the sexual response that occurs in other mammals.
An interesting fact is that many products do not
even contain the putative human pheromones,
and use animal “pheromones” from dogs and pigs
or plant extracts as the active ingredient. These
ingredients are unlikely to elicit similar effects on
humans, as pheromones should be species-specific
by definition [7]. Unfortunately, pheromonal products
are not regulated by the FDA because they are not
therapeutic drugs [8]. so the industry can advertise the
products with their own claims.

Another point to ponder is whether pheromone
perfumes can exert a placebo effect. Just like other
perfumes in general, they will make you smell better,
which may be sufficient to boost your confidence. As
a resulf, one may act in a manner that the opposite
sex finds more attractive. So, the beneficial effects
can stem from a change in self-perception, and not

from the chemicals of the spray. After all,
confidence is only a small part in the
pursuit of frue love. Empathy, hard
work, dedication and
patience are qualities
that we cannot
obtain from such
products if you
really want to
find the love of
your lifel
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