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Message from the Editor-in-Chief E4RAJ5R

Dear Readers,

As you look forward to your summer holidays, we hope that
you will have time to explore ideas that are presented in this issue of
Science Focus. After all, we have articles that are related to one of
the biggest events this year, the World Cup.

Are you intrigued about the design of the football that will be used
in this year's competition? You may want fo take it info consideration
when you cry about incredible goals scored against your favorite
team. Interestingly, the tears you shed are going fo be quite different
from the ones triggered by pollutants. For those of you who are
interested in chemistry, we treat you with a story on chirality beyond
the textbook. Do you know what is in common between wine crystals
and amino acids? While none of us can live in “seas within the sea” in
the SpongeBob cartoon, can you imagine there are living things that
can? Finally, we return from deep ocean to the lab and consider how
organoids can be used fo advance research and medical freatments.

We would like to thank those of you who participated in
our recent “Science in Transportation” Design Competition.
We were very happy to see your creativity and artistry. Please
head over to our Instagram page to see the winning enfries.

Yours faithfully,
Prof. Ho Yi Mak
Editor-in-Chief
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“8cience in Transportation” Visual Explainer Ghallenge 2026
Result Announcement
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Champion BE

First Runner-Up EEE
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Visit our website for the winning entries.
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Fun in Summer Science Activities RA¥ 28 H
Any plans for this summer? Check out the following event!
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Hong Kong Science Museum 35th Anniversary Exhibition

SBHPHEISEFREES

To celebrate its 35th anniversary, the Hong
Kong Science Museum presents "Enjoy Science,
Infinite Fun," a special exhibition that takes you on
a journey through its history. Visitors can explore a
fime funnel of the museum's development, revisit
classic exhibitions, and see the museum's first-ever
robot. The exhibition also reveals the inner workings
of the iconic "Energy Machine." Through interviews
with special guests, you will hear precious memories
and gain diverse perspectives on science. Don't miss
the Al inferactive photo booth, where innovative
technology and playful experiences come together
to capture your joyful moments of encountering
science.

Period: Now -July 15, 2026

Venue: 1/F Lobby,
Hong Kong Science Museum
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& Organoicds 5822 B -
An Alternative to Lab Rats?
SZRPNBIRKHE?

The Problems of Using Lab Rats

People offen jokingly say "you are a lab rat" when
one is being experimented on something new. For
decades, early stages of clinical frials use rodents
like rats and mice before testing on human subjects.
However, there are still two major issues around the
use of animal models. First, the ethical dilemma: Does
the benefit of drug testing outweigh the cost of animal
suffering? Can we minimize the use of vertebrates in
researche Second, the scientific dilemma: Can rats
sufficiently represent human? Scientists have used
rats and mice for modeling complex mammalian
physiology and pathology. This is based on the notion
that the making of the human body is instructed by a
network of conserved proteins that are mostly found in
rats and mice. Nevertheless, it remains challenging to
accurately predict drug efficacy in animal models [1].

What if we can grow models of human organs,
using real human cells instead?

Organoids in a Nutshell

Enter organoids, self-assembling, 3D miniature
cell clusters that mimic aspects of the real organ.
The word “organoid” has two parts: “Organ” refers
to a collection of cells and tissues that work together
to perform specific functions, while the suffix “-oid"
means the resemblance of a specified object — in this
case an organ.

So ... is an organoid just an organ, with the same
geometry but just smaller? Not exactly. Organs, as you
may know, have a characteristic shape and internal
structures. For example, the small intestine is a fubular
structure. However, an organoid of a small intestine
does not look like winding tubes under a microscope.

In fact, the small intestine organoid, which is the first
organoid to be developed, appeared as spherical
hollow sacs, with small bud-like protrusions on their
surface. These buds mimic intestinal crypts, pockets
that house stem cells in real intestines, though the
overall structure bears no resemblance fo the winding
fube shape [2].

The Story of the First Organoid

It is well known that the absorptive and secretory
cells on the surface of our intestine are periodically
replaced by new cells that are derived from stem cells.
However, the exact identity of the stem cells remained
elusive until 2007, when Hans Clevers' group made
a pivotal advance [3]. They identified Lgr5, a marker
unique fo stem cells residing in crypts of small intestine.
With these cells now identifiable and purifiable, it begs
the gquestion: Could they be grown outside the body?
Toshiro Safo joined the lab as a postdoctoral fellow fo
answer precisely this question [2].

In the beginning of the study, Clevers and his tfeam
encountered a major problem - Intestinal
stem cells would die when

By Ian Cheng ZiBAf2

separated from the other cells in the intestine. Sato
tfried thousands of combinations of growth factors fo
arrive at the conditions suitable for "eternal growth."
They used a cocktail of three growth factors: R-spondin,
epidermal growth factor, and noggin [4]. Instead of
working on a 2D surface, they used a soft, porous
material called Matrigel, which provides the stem cells
with a 3D space to grow, just like inside of the body [5].

The results were shocking.

"[Toshiro] realized what he had created was
not just a lump of stem cells. It was a structure that
recapitulates the normal structure of a gut and
contains all the cell types of the epithelium, and even
the cell types would be in the right location,” Dr. Clevers
recalled [2].

The stem cells did not simply multiply; they
differentiated into multiple cell types and self-
organized into unique spheroid structures.

Sato and Clevers were not the first o use the term
"organoid." It had been applied without consistent
definitions to various 3D cultures since mid-1960s. But
their 2009 breakthrough launched a field explosion:
Stomach, colon, liver, and pancreas organoids were
created using the same principles — planting stem cells
on a 3D culture supplemented with growth factors
between 2010 and 2013 [5, é]. This rapid expansion
created a need for clarity. In 2014, Lancaster and
Knoblich formally defined an organoid as "a collection
of organ-specific cell types that develops from
stem cells or organ progenitors and self-organizes
through cell sorting and spatially restricted lineage
commitment" — a definition that captured what
Sato, Clevers and their colleagues had accidentally
discovered five years earlier [5].

Why Do We Need Organoids?

In 2013, the Clevers and Watanabe labs published
another pivotal research paper. They showed that
intestine organoids transplanted to an injured area
of the mice intestine could function normally [7]. The
transplanted organoids integrated so well that they
were indistinguishable from the host tissue when
examined under the microscope [2].

The discovery opened a window for scienfists to
ponder the possibility of organoids in regenerative
medicine. Patient-derived organoids enable
autologous transplantation — transplanting one’s own
tissues back to the body to replace the function of
failing organs - solving the host-versus-graft problem in
transplantation (the patient's immune system attacks
the transplanted organ from donor). In 2024, a group
of researchers fransplanted patient-derived organoids
of pancreas (islets) info a patient with type | diabetes.
Seventy-five days after the transplantation, the patient
achieved insulin independence [8], in a disease which
is otherwise lifelong, highlighting the potential of
organoids in autologous transplantation. The success in
this single patient warrants further clinical studies.

Beyond regenerative medicines, researchers use
animal models traditionally as an analogy to humans,
and it has indeed provided us with ample insights
about freating diseases. Yet there are features specific
fo humans that we cannot model with animal models
like rats and mice [9].

Organoids derived from humans can act as
a window fo these features. A prime example is
using organoids fo understand the human brain -
arguably the most complex object in the universe.
Brain organoids are a simplified version of the brain,
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making the task of understanding the organ more
manageable [10]. For example, some researchers
harness brain organoids to trace how brain cells
develop and migrate in the fetus, while others connect
a few brain organoids to investigate how pain signals
travel from our skin to our brain [10].

More importantly, to be able to model a disease
in rodents, scientists need fo know the cause of i, and
that takes about a year [9]. Patient-derived organoids
can speed up the process significantly, allowing
scientists to move faster when developing a model.
In brain organoid research, scientists have already
used brain organoids derived from patients to model
Alzheimer's disease and Parkison's disease [6].

Perhaps a more exciting is the application of
organoids in drug screening. For a long time, poor
assessment of drug foxicity in the preclinical stage has
been a major cause behind the failure of many drug
developments [6]. This is particularly true for cancer
therapies, which may have severe, sometimes lethal
side effects. To this end, drug efficacy and toxicity
can be better studied by comparing the response of
organoids that are derived from normal and cancer
cells from the same patients [4].

The End of Lab Rats?

So where does this leave us? Are organoids the
end of "you're a lab rate" Not yet. Model organisms
still have unique value in the scientific community.
With a large body of work and laboratory fechniques
already established, animal models allow a low-cost
way for fundamental research [9]. While the potential
for organoids in precision and regenerative medicine
is widely recognized, the field of organoids is sfill in
its infancy, with major technical bottlenecks ahead
and limited clinical outcomes. However, regulatory
progress has been made with the passing of the “FDA
(Food and Drug Administration) Modernization Act
2.0" in the United States. It authorizes the use of “new
approach methodologies,” including organoids and

Al-based computational models, as alternatives to the
compulsory animal testing to support an investigational
new drug application [11, 12]. This enables new drugs
to be fested in a more effective and human-relevant
way [12]. In April 2025, the FDA further announced a
roadmap to phase out animal studies in the next three

to five years [11]. The end of lab rats — in clinical frials -
might not be that far away, after all.
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The outer lipid layer can maintain the thickness of the
film by reducing the rate of tear evaporation. Only with
these structures can the tear film be firmly attached to
the eye surface.

Tear secretion is a carefully controlled-process
[4]. When sensory afferent nerves of the cornea and
conjunctiva detect dryness and irritants [5], they will
signal the efferent parasympathetic and sympathetic
nerves connected to the lacrimal gland (Figure 1), fo
induce secretion of electrolytes, water, and proteins to
the eye surface [4]. Notably, the sensory input can be
modulated by the lacrimal nucleus of the brain, which
infegrates input from other centers as well, including
emotional input, fo produce a graded output. A
stronger integrated input can induce the secretion of a
greater volume of tear by the lacrimal gland. This can
explain why fears overflow during emotional episodes,
or in response to environmental irritants fo flush away
deleterious substances. In fact, low levels of nerve
stimulation are already enough to produce basal tear
to maintain the normal thickness of the tear film.

Lacrimal gland

Meibomian glands

The uncomfortable sensations of eye dryness can
be distressing. Common causes of dry eye include
eye strain from prolonged computer use, specific
medical conditions, and exposure to smoky or windy
environments [4].

To alleviate this discomfort, lubricating eye drops,
often referred to as artificial fears, can be beneficial [7].
Most artificial tears consist of aqueous solutions with
thickeners such as carboxymethyl cellulose, hyaluronic
acid, hydroxypropyl guar, and polyethene glycol to
enhance lubrication and prolong their stay on the eye.
Natural tears are a non-Newtonian fluid whose viscosity
temporarily reduces during each blink to protect the
eye surface. Because of the resemblance to natural
tears in terms of physical properties, hyaluronic acid is
now under extensive research as a promising viscosity-
enhancing agent. Other ingredients of artificial tears
include electrolytes, pH buffers, anfioxidants, and
preservatives.

It is also worth noting that such aqueous-based
artificial fears work by replenishing the aqueous layer of
the tear film. However, lipid-based drops also become
increasingly common as they can target the outer lipid
layer, relieving dry eye symptoms in individuals whose
meibomian gland (Figure 1) cannot properly secrete
lipids to maintain the layer [7].

As a peripheral body fluid that can be collected
in an easy and non-invasive manner, tears have been
studied for their potfential use in disease screening. By
analyzing tear composition, it could be possible to
diagnose a disease by quantifying certain biomarkers,

in this case biological molecules associated with the
disease in question. Scienfists are exploring clinical
applications for various diseases, from eye diseases
like dry eye disease and allergic conjunctivitis, to
neurological diseases like Alzheimer's disease.

For instance, in a subtype of dry eye disease
caused by a deficiency in aqueous tear, inflammatory
cytokines are synthesized and released to promote
inflammation. Multiple studies reported that IL-6, IL-8,
and IL-17 are three inflammatory cytokines that could
potentially be the biomarkers for the diagnosis of
aqueous-deficient dry eye disease [8].

Tear test, if successfully developed, could also
help with the diagnosis of another eye disease,
allergic conjunctivitis (AC). Type IV AC is associated
with prolonged exposure to allergens, but it is often
mistaken for seasonal type | AC in clinical practice.
A quick test to quantify the amount of IgE in tear
fluid could reliably differentiate the two conditions
because low IgE levels are found to be indicative of
type IV AC. The test will enable physicians to administer
appropriate medication to the patients [9].

Non-invasive fear tests could also become an
easy screening method for various neurological
diseases because the elevated level of biomarkers
in cerebrospinal fluid is also observed in tears in
some cases. For example, TNF-alpha and alpha
I-antichymotrypsin are two such biomarkers for
Parkinson’s disease and multiple sclerosis, respectively
[10]. Scientists are also making efforts to identfify
reliable biomarkers for Alzheimer's disease. If tear-
based screening methods can be developed and
commercialized eventually, we will be able to promote
population screening in the community. Early diagnosis
and treatment can improve the quality of life for both
the patients and their caregivers [11].

As for tear-based biodevices, a recent study
suggested the possibility for diabetic patients to
continuously monitor their tear glucose level with a
smart contact lens [12]. The previous challenge of
using fear glucose level as an alternative indicator
for blood glucose was that single measurement using
conventional tear collection methods, such as filter
paper strip and capillary tube, always undesirably
induce the generation of reflex tears, which will

- - 4 "
T " il
-

interfere with the results. By embedding an on’rehr_@; i

a glucose sensor and an NFC chip in the soft contact
lens, the research team could continuously monitor the
glucose level in basal tears, with the ability fo transfer
real-time data to a mobile device.

While tears may contain a wide array.of biomarkers
that can reveal our health status, there is still a long
way to go before relevant technologies can reocﬁ"‘>
the clinic. With extensive research efforts working on
the identification of biomarkers and the development
of smarter biodevices, tears can one day become a
powerful indicafor of our health.

One way to artistically study tears is to observe
them under a microscope - by observing the air-
dried salt crystals or the tear fluid compressed
between a microscopic slide and a coverslip [13]. A
photographer, Rose-Lynn Fisher, created a project
called “The Topography of Tears,” in which she
captured the diverse morphology of tears shed by
herself and her friends on various occasions.

More about the project:
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From Cartoon to Reality: The Mystery of

Underwater Lakes

In the cartoon SpongeBob SquarePants,

characters surf, sunbathe, and hang ou*.:_’r Goo

Lagoon - a beach where the “goo” looks and ac audi Arabia and Egypt [4, 5]. Locatec 0 meter
like a separate body of water inside the ocean ) surface, this site includes one large poo

[1]. But wait — If they are all sea creatures which
already live underwater, then why is there another
pool? Isn't the whole ocean already water? This
seems like pure cartoon nonsense...unfil you learn
that “seas within the sea” actually exist on the

ocean floor!

These strange underwater lakes are called
deep-sea brine pools. They're not made of cartoon
goo, but of extremely salty water. Because of this
density difference, the brine doesn’t mix with the
ocean above [2-4]. Instead, it sits on the seafloor like
a lake, with a visible surface you can even “float”
a robot submarine on [5]. Just like in the cartoon,
animals that wander too deep into the brine can die
- because inside, there's almost no oxygen, and the
water often contains high levels of hydrogen sulfide
and methane, causing immediate suffocation and

toxic shock for animals that enter it [2, 5, 6].

How Were Brine Pools

-
One of\q%e ofe
studied — the NEOM Brin

a 2020 expedition in the

obou’r’rhesizeo!’rwof ields, and three tin

ones nearby [5].

The discovery of brine pools was made using
a remotely operated vehicle (ROV) - basically an
underwater robot with cameras. What they saw
looked like something from another planet: a still,
dark “lake” with an orange-to-gray rim, surrounded
by shrimp and eels cautiously dipping in to grab

stunned prey [4, 5].

How Do They Form?

Brine pools aren't filled by salt dumped from
the sky. Instead, they form when ancient salt layers,
buried under the seafloor for millions of years,
dissolve into seawater that seeps down through
cracks in the ocean crust [5, 6]. These massive salt
deposits are leftovers from a time when the water

body was partially cut off from the ocean and

eafloor

the NEOM pools, the salinity withi

ormal seawater above
[5]. The oxygen levels crash to nearly zero within just
50 centimeters down the surface, killing most sea

creatures inside [3].

A Pool of Death or An Underwater Oasis?

While the center of a brine pool may seem
deadly, its edges are surprisingly alive. Researchers
found a novel species of clam, Apachecorbula
muriatica, in this mixing zone between normal
seawater and brine [5, 7]. Shrimp, eels, and sharks
also patrol the edges, using the brine like a frap:
They watch as small animals drift in, get shocked
and sink, then dart in to scavenge the easy meal
[2, 4, 5]. This is what the BBC calls a “brine pool
of death” — not because it's evil, but because its
edges support life by harvesting death from its

center [2].

By Jane Yang 158 1&

an also be found

obial communities vo

different depths [5 op

, including the rim of th obes

forming colo obes are

e deeper regions,

obes that can survive without
oxygen take over. Those microbes are equipped
with diverse metabolic capabilities fo generate
energy in low-oxygen environments, such as sulfate

reduction, methanogenesis and fermentation.

Why Do Scientists Care?

Brine pools aren’t just weird — they're scientific
freasure chests. Because of its inhospitability to
animals, the seafloor remains undisturbed due to
the lack of burrowing animals. The sediments at
the bofttom stay perfectly layered, like pages in a
history book. In the NEOM pools, scientists pulled up
a 1,200-year-old sediment core that records flash
floods, underwater landslides, and even tsunamis
- including the one possibly linked to the powerful

1995 Nuweiba earthquake [4, 5].

So next time you watch SpongeBob surf at

Goo Lagoon, remember: The ocean is full of real



wonders stranger than fiction. The “sea within the
sea” isn't just a cartoon joke - it's a window info
Earth's hidden past and possibly life beyond our

planet.

REEBIRE  KE#NAZ

EB}E(BREE) D AEBEBEM, (Goo
Lagoon) @R BXEBGMRZE, BE—RBEHE HRE
BFHEREBATEUNKE [1]- 55 RAEMH
ARMEBEEKPHEEEY PBREEES—EE
ER? ARKBEARBKIBT? EFRABZENEN
. . BEERREHERGEERBRLN TEPZE, |

BLEFENKEHBER/REEN ML AEEE
ENBMERER MEEERSHEK - ARBEESE -
BLHEKARE EFHEKES [2-4] AtRMESZ
WA—REFBEBKR L BEE0MEETHBIN TKEH
FHE-RZZER 5] -MEHEE—K BRELN
FYuggta iR BAEYALTRIEER LES
SERRENMIEENF R ERNHNERSRME [2,
5,6]°

Bt 2 an(TH R BAY ?

RERMAWE N EENEOMEME EE2E
2020 ERWVFRAMBRIRE K Z BRI EEZET KR
EENR M EEIR [4, 5] #RAAIRKIE 1,770 K - B— B4
18 2 Bk 35 R B9 A - AN B 3 =18/ )t AR B [5] -

EHEWEZBRKEEZHBERRN THEwE
TR KERBA RBREBINERNGHRES —E
EX.FUEN TR AR ERHEBHENXE -

AR RS S/ O BB MR A B - 1§85 52 452 B 8
¥ [4, 5]
B jtb tn AT 72 R 2

BB WAZERMAR - BEERD BFH D EIK
FBUMKE BMZEEENERRIEE [4)- 5L
BREBATNEEAEFNHEER BREBKAEE .
WmFEh R RE S L AR EREM (5, 6] - ERLEM
& - MEBENN R ERARBFARNBE -

AIEELENEKEEFRES SGBERD MRS
BEREBRNZEMS - £ NEOM B A - th FE 15 B
KREREEL EA—RBKEHIE [5] Mt 50 E
RENERRERREZATE BEURTEREDBEF
&4 [5]-

FETZEEKABEM?

AP LOBELSERNIN BEGAESFthRmE
W-MRABE—RBKABEKRANREZIR 7—@
WU fEMtE — Apachecorbula muriatica [5, 7] ¢
iR BaMRRATEEZEN . LENZFETEEBY:
MEZ/NEYREEE  MEAE T MUREARE
BENEEREELEEFUSHNEY (2,4, 5] - BEmEH

TENASEHIR FOREELHPTEHENE
ERNBRARZ P AREMR [2]

3

BLABTHNE EENAMOERR £ - HMEY
ERREARSEREEE S RENMEYNEER
EEEN SFRY UEH  BeNMEYRERE
B AM BRANBRESHUERARE NFER
REMEVLE BELENEYVEEAFIEBRRET
EEREENTIARNHEESN AINMKESR Pl
MBEBIERSE-

ot
—+HH:

3
Aul 3

HBXBMEEHED?

BNAESE EERNBEE - ARAEBYELE.
BRERENESHYTETRE TRR MENIE
Mg —BEERLE K OETE NBRYE NEOM
BHMHEEN T —RE12008FEEN N BEYE T

E MR FFESE EME K JBIK B (underwater
landslides) - EZ£8@ — ®E0/AEHE 1995 FHEE
st B AHR B [4, 5] ¢

PR P RIRER BHREBEERENERE  BrcE
BERRELLEBHNEERSHNSTE - "BP 2B, AE
EHEENRE TE2EAMKBENED  tHERM
BROUBEFERKMER Z I EmRE -
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Moments Made for Slow Motion

You must have seen the highlights: Lionel Messi's
free kick curls around a wall of players as if it were
being pulled by an invisible hand, bending perfectly
into the top corner of the goal. This is the classic
“banana kick.” On the volleyball court, Japanese star
Yuji Nishida strikes the ball with spin, causing it to bend
sharply just before it reaches the receiver, often forcing
a mistake in receive, or even scoring a clean ace. Then
there are float serves, shots hit with almost no spin that
can suddenly drift sideways in midair.

mics Of

¢ Sporl Arend

By Sam Fan #j&i%

These tricks may seem very different, happening
on different courts and fields, but they are all driven
by the inferaction between a moving ball and the air
surrounding it. Whether a ball spins rapidly or barely af
all, subtle changes in airflow can dramatically alter its
path. This raises an interesting question: What exactly
determines how a ball fliese Of course, the player's
technique matters: the power of the kick, the angle
of contact, and the amount of spin they apply. How
about a ball that is perfectly round and completely
smooth? Would it be easier to control and more
predictable in flight? Uncovering what lies behind
these factors reveals how players can control a ball’s
motion by changing the way it interacts with the air.

The Magnus Effect

Balls used in sports are
rarely a perfect sphere but
often with stitching and
surface texture. When a
ball is spinning, the friction
drags the surrounding air
along with the rotation, setting the nearby airflow into
motion [1-3].

As shown in Figure 1, on the side of the ball where
the surface motion works against the airflow, the air
struggles fo stay attached and breaks away from the
surface much earlier (point A). On the opposite side
where the surface rotation is aligned with the airflow,
the rotation helps the air remain attached for longer
and follows more of the ball's curved surface before
it separates (point B). As a result, the airflow behaves
differently on the two sides of the ball; the air on the
side where the rotation is opposite to the direction of

air mofion is deflected more strongly than the other
side [2, 4].

By Newton's third law, when the ball deflects the
surrounding air more strongly to one side, say fo the
left, the air molecules push back with an equal and
opposite force (Figure 1). This reaction force acts
sideways on the ball causing the ball to curve in flight,
an effect known as the Magnus effect. The direction of
the curve depends on the direction of spin [2, 3, 5].

A

Direction
of flight

Figure 1 A diagram showing the airflow surrounding a ball in
motion. Air separates from the ball surface at points A and B.
On the side of the ball where the motion works against the
airflow, the air struggles to stay atfached, whereas the air
remain attached for longer on the opposite side.

The Knuckleball Effect

How about Cristiano Ronaldo's signature
knuckleball free kick with almost no spin? When
such a ball moves through the air, it pulls some of
the surrounding air along with it, but this air cannot
always follow the ball’s curvature all the way around.
Eventually, it will separate from the surface. Without
spin to stabilize this separation, the ball no longer
experiences the smooth sideways force seen in the
spinning case. But that doesn't mean it will fly straight;
its motion actually becomes harder to predict [6, 7].

Ideally, if the airflow separated evenly on all sides,
the wake would remain balanced and the ball would
fly straight. In reality, without spinning to stabilize the
flow, even small disturbances due to the seams on the
ball [3], tiny changes in air speed, or furbulence in the
surrounding air can cause the airflow fo break away
earlier on one side than the other randomly, with the
separation point shifting from side to side during flight.
When this happens, the force acting on the ball also
becomes unbalanced and constantly changing [6-8].

e

This may cause the ball fo wobble, dip, or suddenly
veer off course while it is in the air, making it difficult
for opponents to judge where it will go next. This is
commonly seen in volleyball float serves that suddenly
drop just before the bottom line and football knuckle
shots that seem to hang in the air before dipping
unexpectedly.

In the 2010 FIFA World Cup, the extra smooth match
ball called “Jabulani” drew widespread criticism
for its erratic flight. When a ball's surface texture is
too smooth, it cannot “grip” or effectively drag the
surrounding air by friction, making the airflow harder to
maintain attached fo its surface. As a result, the airflow
tends to separate more easily and unpredictably,
pushing the aerodynamics foward the knuckleball
effect rather than a stable Magnus effect.
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The Aerodynamicist's Toolkit:
Applications Across Industries

To understand aerodynamics of
"Jabulani,” scientists conducted wind
tunnel experiments, mounting the ball
on a support rod and blowing air past
it at controlled speeds to measure drag and lateral
forces directly. The measured data were then applied
to computer simulations, to predict and analyze its
flight paths by solving complex equations of fluid
motion [6]. These methods are not limited to sports but
also applied to investigate aircraft wings to improve
liff and control, vehicles to reduce air resistance, and
buildings to understand how strong winds act on tall
structures. In the 2026 World Cup, it will be interesting fo
see what new surprises the next generation of match
balls may bring.

BB T AR R

MR—EEBWESIBE: 287 (Lionel Messi) B
Sk NEW —ERENFAL—EINE TEMEBA
BERIKFI EHEA — EEME "Bk, - TEHEEK
5 L BARIKEFAHBE (Yuji Nishida) B K i 5 A0
e SIKEBOERERRAELD E8EFEFHS
BERR BEXREESS ERALT AT REBMNEZIK.
EEXEPRABEQRAE -

ELERIREARESS ENBRAEBELUKREBERE B
FERERRITINIKEBEE R 2BNELIER - 8w
KESERBEZLTAE [N MYECEEE KRR
WEKMWRTEN E5I18 7T —RBAEBNEE . RER
BEEATRNART?KENRMEARAEZE . BIKHN AN
E-BXNAE DURENEENZE - NRA E—B5%
ZEBEE BREXBHNKRXNEERE?KGEEESE
il ROBKLEIFRRAB 2 RATRELERZEENER
B BB ERNMEBNERETaNEE S
EEZEKHEE) -

BRENUE

HREEAXRIZENKE BEFTEERNR
EAGE HILEXREER ERNSTFTHFEEZREZ
By ENOERRE [1-3]-

WmE—Ffi~ EXRESRERAERN—R/- 2R
REANERE AL ERERREOB(AR) -ME
S—f - HNRELSEARR —B REFHZ=REME
KEEA MUZERELGERNEHRREARDERT DB
(BR) AL AR EMKMANRIBELAMEE - £l
HREZERRBAHEERN—F ERETHRREE (KE)
BEE—RES [2, 4]

RBFEE-—FEF SKEEP-—AICEEEZRER
FRER  ENRES ZERH0 FERMANEEMTS
BERNRIERAD(B—) RIEAADSREMRMREK L
KLU RIT — SRREE D FBEIUE - RITE
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RITAM
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SEEEA 6, 7]
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From Grapes to Diamonds:
The Fascinating World of Wine Crystals

emBEES

Wine Crystals Explained

At the bottom of some wine bottles or on the cork,
you may notice small, clear crystals that winemakers
call "wine crystals” or “wine diamonds (Figure 1)."
Though they can resemble shards of glass, which
sometimes surprise consumers, these crystals are
completely harmless. They are a natural salt that forms
from tartaric acid, an acid naturally present in grapes.
In fact, crystals like these once helped unlock one of

the most profound ideas in modern science: chirality.

Figure 1 Wine crystals on a cork.
Photo credit: Francesco Santini [1]

- FRBGRAGVER

By Roshni Printer

The Process of Crystallization: From Grapes to
Diamonds

Let's first examine how these crystals form.
Grapes contain several organic acids, but tartaric
acid is the signature acid of grapes and wine [2].
During winemaking, depending on the wine's pH,
tartaric acid can lose a hydrogen ion (H*) and
become bitarfrate, also known as hydrogen fartrate.
Meanwhile, wine contains potassium ions (K*)
derived from grapes as well. When potassium ions
meet bitartrate, they combine to form a salt called
potassium hydrogen tartrate (KHT).

Due to its relatively low solubility in water, KHT
can “drop out” as crystals under certain conditions
[3, 4]. Firstly, ifs solubility decreases with temperature,
so chilling wine in a cold room, fridge, or cool
climate encourages crystallization. Also, its solubility
in aqueous ethanol drops as the ethanol content
rises during alcoholic fermentation, causing KHT to
precipitate during the winemaking process.

To avoid consumer's concerns about food safety,
wineries use different ways to prevent post-bottling
crystal formation [3]. A common technique is “cold
stabilization,” where the wine is chilled on purpose
so that the salt crystallizes in storage tanks and
can be filtered out before bottling. Other methods
include the removal of compounds that involve KHT
precipitation, and the introduction of additives to
inhibit or decelerate the crystallization process.

Louis Pasteur and the Discovery of Chirality in
Tartaric Acid

Although we now have extensive knowledge
about tartaric acid and its salts, in the 1800s, tartaric
acid presented an intriguing puzzle to scientists.
To understand their early experiments, it helps to

first understand polarized light. In unpolarized
light — such as sunlight — the electric field vibrates
in many random directions perpendicular to the
light's direction. However, in plane-polarized light, the
electric field vibrates in only one fixed direction (or on
asingle plane) as the light travels forward.

In early 1800s, scientists have already discovered
that when plane-polarized light is passed through
the solution of natural tartaric acid or its salts, the
plane of polarization rotates clockwise [5]. One day,
an industrial chemist, Phillippe Kestner, discovered
a mysterious acid from the winemaking process [5].
The mysterious acid, later named paratartaric acid,
appeared to share the same chemical composition
with natural tartaric acid (at that time they didn’t know
the chemical structures) but showed no rotation [6].
This was perplexing because both acids should have
behaved the same way.

A French chemist (later known as “the father of
microbiology”), Louis Pasteur, approached this mystery
from a novel angle. He examined the crystals formed
by paratartaric acid under a magnifying glass, and
observed that crystals occurred in two shapes that
were mirror images of each other (Figure 2) [5, 7]. They
were almost identical - but like left and right hands
that could not be perfectly placed on fop of the other.
Pasteur separated these crystals with a tweezer and
dissolved them to make two solutions. He found that
one solution rotated polarized light to the left while
the other rotated it to the right. When mixed in equal
amounts, their rotations cancelled each other out.

Figure 2 The two types of chiral crystals observed by Louis
Pasteur [5].

This discovery introduced the concept of chirality
to chemistry. Scientists further deduced that the
chirality of tartaric acid crystals might stem from
the dissymmetric structure of the molecules [5]. The
hypothesis was not proved unfil 1940s; the structure
of tartaric acid was revealed with the availability of
rigorous X-ray diffraction analysis [7].

Why Chirality Matters

Intriguingly, chirality matters in nature. A classic
example comes from amino acids, the building blocks
of proteins. Most amino acids (except glycine) consist
of four different atoms or groups of atoms bonded to
the central carbon, so there are left-handed amino
acids and right-handed amino acids (Figure 3), which
rotate polarized light to left and right respectively.
Interestingly, almost all proteins in mammals are
constructed exclusively by left-handed amino acids [8].
This remarkable preference of handedness also applies
to other molecules, like sugars. Enzymes and cell
receptors bind strongly to their substrates only when
their molecular handedness matches. This explains
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why many modern medicines must be produced in a
specific chiral form: One version may heal, while the
mirror image could be ineffective or even harmful.

L

Figure 3 A left-handed and a right-handed amino acid with
the central carbon bonded to four different atoms or groups
of atoms.

Birefringent Beauty: The Artistic Inspiration from
Wine Crystals

Another interesting property of wine crystals
is their display of vivid colors when polarized light
passes through them under a microscope [9]. When
polarized light enters these “birefringent” crystals,
it splits into two light waves that travel at different
speeds and directions inside the crystal. The two
waves can become out of phase with each other.
When they recombine as they exit the crystal, they
undergo interference - constructively or destructively
depending on how their peaks and troughs align. This
produces a resultant wave with an altered amplitude
and wavelength — and therefore color. As the
interaction with light varies with different orientation,

the interference generates different bright colors that
shift as the crystal is rotated. Contemporary artists and
designers have occasionally drawn inspiration from this
phenomenon; for instance, installations using polarizing
films and birefringent materials create dynamic color
displays that change with viewing angles, echoing the
optical effects first observed in birefringent crystals.

From Observation to Insight: Pasteur’s Scientific
Legacy

Pasteur’'s work led to the discovery of the fact
that nature distinguishes between left and right,
and revealed the existence of a preference that
shapes phenomena ranging from light behavior to
the fundamental workings of living organisms. In this
sense, wine crystals serve as a gentfle reminder that
profound scientific ideas can emerge from just careful
observation of everyday life, and that even the smallest
structures may carry clues to the deeper organization
of the natural world.

Photo Gallery: The Art of Wine Crystals

These stunning photos of wine crystals were
captured by a Canadian photographer, Dr. Robert
Berdan, with a digital camera and a polarized light
microscope [9]. One can definitively turn a science

fopic info a creative art project!

Stoneleigh Chardonnay crystals by polarizing microscopy
50X. Note the lack of smooth curves in these crystals.
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Stoneleigh Chardonnay crystals by polarizing microscopy
50X. Nofte the lack of smooth curves in these crystals.
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