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Imagine you're an astronaut, floating in the cold,
infinite void of space. The isolation is overwhelming,
the stars are your only company, and every pre-
packaged meal reminds you of the tether that fies you
to Earth. Bid a farewell to the crusty steak and crunchy
toast — nothing is worse than life without the delicious
Maillard reaction. Yet, an even more daunting scenario
could be the future of dining for astronauts as we
explore the possibility of furning asteroid material into
sustenance. None of the people on Earth would ever
think to ask, "Can we eat rocks or dirte" — unless you
are running out of money. However, always relying on
Earth-dependent resupply missions is impractical for
prolonged journeys to deep space.

Innovative approaches, such as bioregenerative
systems that grow plants, algae, mushrooms, or
even cultured meat onboard spacecraft, could be
promising. However, these systems require a significant
amount of resources, including water, light, and
nutrients [1, 2]. In comparison, applying the mining
concept to food is fantalizing. Could the vast resources
of space itself provide sustenance? Scientists are now
exploring the possibility of mining asteroids to create
food. The carbon-rich asteroids may hold the key,
offering a potential source of organic materials
that could one day be converted into food for
astronauts [2].

These carbon-rich asteroids, including the famous
Murchison meteorite that crash-landed in Australia
in 1969, contain organic substances in various forms,
such as aliphatic hydrocarbons and insoluble organic
matter (IOM) [2]. The food mining process involves
feeding relatively short hydrocarbons to bacteriq,
ideally with carbon lengths from 10 fo 40 [2]. Previous
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studies have idenftified bacteria that can convert
the thermal breakdown products of high-density
polyethylene plastic to human edible biomass [3].
Given the similarity in composition between the
breakdown products of the plastic and the asteroid
material, the microbial consortium is expected to
work like a feam of microscopic chefs, converting
raw asteroid material into food rich in carbohydrates,
protfeins, and other nutrients humans need to survive
[2-4].

In the following calculation, asteroid Bennu is
chosen to illustrate how much food an asteroid can
offer [2]. Bennu is a small, near-earth carbon-rich
asteroid with a mass of 7.329 x 10" g. It was also the
target of NASA's first asteroid sample collection mission
[5]. A few assumptions are made for the calculation:
First, the proportion of organic substances is based
on data from the more extensively studied Murchison
meteorite. Second, the maximum amount of food is
calculated by considering the fotal amount of insoluble
organic maftter (IOM) in the asteroid, assuming that
they can be extracted and converted intfo edible
biomass.

Let's first find out the mass of IOM in Bennu:

Mass of Bennu x Proportion of IOM
=7.329 x 10" x 0.096
=7.036 x 10" g

The extraction and conversion processes are
expected to be somewhat inefficient. Assume the
proportion of mass extractable for food production e
is 0.32 [3], the conversion efficiency by the bacteria

consortium kj is 0.2 [3], and the extraction efficiency
of carbon material from Bennu k2 is 0.008 [6]. The
estimated mass of edible biomass offered by Bennu is:

Mass of IOM in Bennu x e x ki x k2
=7.036x102x0.32 x 0.2 x 0.008
=3.602 x 10°g

Given that every 100 grams of edible biomass contains
a total of 442 Calories, the estimated total Calories
offered by Bennu is:

Mass of edible biomass + 100 x 442
=3.602 x 107 + 100 x 442
=1.592 x 10'° Calories

A NASA's standard diet provides 2,500 Calories for
one astronaut per day. How many years can Bennu
support the need of one astronaute

Callories offered by Bennu + 2,500 + 365
=1.592 x 10'°+ 2,500 + 365
= 17,447 years

So, the result is around 17,447 years for one
asfronaut (or 17,447 astronauts for one year). We're
talking about an asteroid with a volume of around
62.3 million cubic meters — equivalent fo about 25,000
Olympic-size swimming pools [7, 8]. To sustain just one
astronaut, the daily volume of material required would
be roughly the size of a quarter of a 19-seater minibus
in Hong Kong [9].

A sheer volume of asteroid material would need to
be processed daily to sustain even a single astronaut.

Handling such a volume in space, where every
kilogram of equipment and material must be carefully
managed, presents enormous logistical hurdles. For
a whole crew of astronauts, demanding storage and
processing capacities are almost unfeasible with
current technology. So to this day, even if asteroid-
based food production is an exciting concept, it is still
in its infancy.

Future advancements must focus on improving
the efficiency of extraction and conversion processes,
reducing the asteroid material required, and
developing compact, energy-efficient systems that
can operate in the unique environment of space [2].
The food will also need to undergo toxicology analysis,
animal studies and finally human trials to ensure safety
[2]. Only then can this vision become a practical
solution for long-term space exploration.

While the technology is still theoretical and faces
significant challenges, its potential to revolutionize
space fravel is undeniable. This approach could
reduce reliance on Earth’s resources, enabling longer
missions to explore the cosmos. Though far from reality,
the idea reminds us of humanity's ingenuity and
determination to adapt and thrive, even in the vast,
inhospitable reaches of space.
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It is fascinating to note that some of the most
groundbreaking scientific discoveries happened
by chance. Awarded a Golden Goose Award in
2022, one such “accident” in the medical field
led to the invention of “bladeless laser-assisted in
situ keratomileusis,” a laser corrective eye surgery
commonly known as bladeless LASIK.

What is LASIK?

LASIK is a procedure in which a laser is used
to reshape the cornea to treat a range of vision
problems, such as myopia (near-sightedness),
hyperopia (far-sightedness) and astigmatism [1].
Myopia is a condition where individuals struggle to
see distant objects, due to an excessive length of the
eyeball or excessive curvature of the lens, leading
to the formation of image in front of the retina. In
contrast, hyperopia allows individuals to see distant
objects but not close objects, due fo the short length
of the eyeball or insufficient curvature of the lens, so
the image forms behind the retina. Another common
type of refractive error, astigmatism, is caused by
the irregular shape of the cornea or lens. In these
conditions, images cannot be sharply focused on the
refina, leading to blurry vision. Through a corrective
eye surgery, the shape of the cornea can be altered
by precisely cutting off some part of the deeper
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cornea (corneal stromal), so that light can be correctly
refracted onto the retina.

From a technical point of view, the upper layers
of cornea have to be removed before reshaping the
stroma. This required a mechanical blade — until a
seemingly unrelated lab accident happened [2, 3].

From a Lab Accident to a Successful Startup

Back in 1985, physicists Gérard Mourou and
Donna Strickland invented a groundbreaking optical
technique called “chirped pulse amplification,”
which can produce ulfrashort laser pulses as short as
a femtosecond (10 second) with an intensity higher
than ever [4]. Mourou later founded the Center for
Ultrafast Optical Science at the University of Michigan,
and fook advantage of this technique to understand
chemical reactions [3].

In 1993, one of Mourou’'s graduate students
working in the center sustained an accidental laser
injury to his eye during an experiment [3]. Recalled
that he "must have been tired” that evening, Defao
Du accidentally lifted his safety goggles, and a
stray beam (fortunately not the main beam) of the
femtosecond laser produced circular burns to the
his retina. Upon examination by Ron Kurtz, a doctor
on duty at the University's eye center, the burns were
found to be perfectly circular and precise without
damaging any surrounding fissue. Du and Kurtz were
both fascinated by the perfect nature of the laser cut,
so they decided to collaborate and investigate further.

In an optics conference where Du and Kuriz
presented their findings, the duo meft Tibor Juhasz, a
previous member of Mourou's lab, who was seeking
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femtosecond laser applications in ophthalmology.
This was where the development of bladeless LASIK
began. Together they founded a successful startup
to commercialize bladeless LASIK, and the company
was acquired a decade later for US$808 million in
2007. Notably, Mourou and Strickland were awarded a
Nobel Prize in Physics “for their method of generating
high-intensity, ulfrashort optical pulses” in 2018.

LASIK vs SMILE

Bladeless LASIK is a well-established option
considered to be effective with more than 95% of
patients satisfied with the outcome of the surgery [1].
In the surgery, a femtosecond laser is used fo create a
thin, circular flap of the upper layers of cornea, after
which the underlying stromal tissue is reshaped using
an excimer laser [5]. The ultraviolet energy (greatly
amplified ultraviolet light) emitted by the excimer laser
functions fo break the organic molecular bonds in the
stromal tissue without causing any thermal damage [6].
After precisely removing the stromal tissue, the corneal
flap is flipped back to its original position and the
cornea is allowed to heal naturally.

Recently, a novel refractive surgery procedure
known as “small incision lenficule extraction” (SMILE)
has also gained popularity since ifs infroduction in
2016 [7]. This minimally invasive procedure adjusts
the refractive power of the cornea by carving out a
lenticule from the corneal stroma with a femtosecond
laser, followed by the extraction of the lenticule
through a small incision also made by a femtosecond
laser [8].

Primary advantages of SMILE come from.its small
incision size. LASIK requires cutting a 270 degree, 20
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mm circular flap [7], while SMILE involves only a 2-4
mm incision [7, 9]. This greatly reduces the transection
of corneal nerves, and hence lessens the experience
of dry eyes after the surgery [8]. SMILE also suits
contact sport players (e.g. soccer and martial arts)
more because it does not involved a corneal flap
which may move in some unlikely cases [8, -10].
Additionally, SMILE was also found to be more stable
in high myopia [8].

For the downside, LASIK allows touch-ups to fine-
fune vision after some years, but this is not possible for
SMILE [7]. If an enhancement procedure is needed for
an eye treated by SMILE, the options are fo perform
LASIK or an older PRK technique (foothote 1) on the SMILE
cap. In addition, SMILE has not been approved fo treat
hyperopia in the US, so LASIK remains the only choice for
people with far-sightedness at the moment [8].

While both procedures demonstrate efficacy
and safety, the choice between SMILE and LASIK
ultimately depends on individual patients and
specific eye conditions. Please seek medical advice
from your eye doctor if you are considering one of
these corrective eye surgeries.




Summary

While what happened to be an accidental
discovery turned into one of the most sought-after
medical procedures in modern-day ophthalmology,
many researchers, including Kurtz and Juhasz,
continue to explore novel applications of the
femtosecond laser for eye diseases such as glaucoma
and cataract [3]. This story shows the impact of
chance on scientific progress, standing testament fo
the fact that life-changing discoveries can occur any
time of the day - so keep an eye out!

1. PRK: Photorefractive keratectomy (PRK) is an older technique
which requires scraping off the upper layers of cornea (instead
of creating a flap which will be flipped back to its original
position). The tissue will then be allowed to regrow, but the
healing process can take several weeks [11].
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The Tiny Invaders
n Your Home:

DUST
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By Jane Yang 158 /%

When it comes to allergies, many people think of
pollen or pet dander. But did you know that one of the
most common culprits might be lurking in the dust?
Meet the dust mite, a finy creature that can wreak
havoc on your immune system. In this article, we will
answer some common questions about dust mites, why
they are so problematic, and how you can reduce their
presence in your home.

What Are Dust Mites?

Dust mites are microscopic creatures with a body
size as small as a quarter of a millimeter that you can
hardly see them without a microscope [1, 2].

Unlike insects, which have six legs, adult dust
mites are close relatives to spiders and ticks, so they
have eight legs [2]. Another key difference between
insects and arachnids also lies in their anatomy. Insects
have three main body segments — head, thorax
and abdomen, whereas arachnids only have two -
cephalothorax and albdomen (footnote 1) [3].

While dust mites don't spin webs like spiders or
suck blood like ticks, they are just as persistent. These
finy creatures thrive in warm, humid environments. A
relative humidity of 75% is ideal for their proliferation,
at which they can absorb sufficient water vapor with
their specialized glands, the supracoxal glands, above
the first pair of legs [2, 4]. The hypertonic sodium and
potassium chloride solution secreted by the glands
facilitates water absorption through osmosis. This
body feature enables dust mites to survive for 65-100
days and lay 30-80 eggs during their lifetime at room
temperature. At a higher temperature of 30°C, dust
mifes mature info adult and start reproducing much
faster (from 35 to 17.5 days for Dermatophagoides
farinae) [2, 5], making them a tough opponent in the
battle for a clean home.

Dust mites feed on dead skin cells shed by humans
and pets. This means they love to settle into places like
bedding, mattresses, carpets, curtains, and upholstered
furniture [1, 2]. If you've been sneezing or itching at
home, dust mites might be the hidden cause.

How Can Dust Mites Cause Allergies?

Despite their tiny size, dust mites can cause massive
problems for allergy sufferers. The trouble comes from
certain proteins found in their feces, urine and dead
bodies [6]. Inhaling these proteins, known as allergens,
may trigger an overreaction of the immune system
in some people. In these cases, your immune system
mistakenly identifies them as invaders and sets off an
allergic reaction, inducing the following typical allergy
symptoms [1, é]: sneezing, runny or stuffy nose, watery
eyes, itchy skin or rashes, and coughing. In severe
cases, it can frigger asthma attacks.

The allergens are microscopic, so they can easily
become airborne when you vacuum, sit on furniture,
or make your bed, which makes them hard to avoid.
However, there are still methods to reduce the threat of
dust mites.

How Can You Reduce the Level of Dust Mites?

1) Keep humidity low

Dust mites thrive in warm, humid environments.
Using a dehumidifier or air conditioner to keep indoor
humidity below 50% makes them harder to survive
and reproduce [6] because the water balance can't
be maintained at the supracoxal glands, so adult dust
mites will dehydrate and eventually die [2].

2) Wash bedding frequently

Since dust mites love to live in your bedding, make
it a habit fo wash your sheets, pillowcases, and blankets
in hot water every week. A water tfemperafure higher
than 60°C can effectively kill dust mites and their eggs
1, 2].

3) Dust regularly
Dust hard surfaces regularly with a damp cloth to
avoid stirring allergens into the air [6].

4) Minimize dust-collecting surfaces

Reduce clutter and avoid heavy fabrics like
curtains or upholstered furniture [1, 6]. Opt for washable
shades and hard flooring, such as wood or file instead
of carpefs. If this is not possible, vacuum your carpets
and rugs by using a vacuum cleaner with a HEPA (high
efficiency particulate air) filter, which can trap dust
mites and their allergens [6].

Remember, while you can't see dust mites, you can
certainly feel their effects — and now, you know how to
fight back!

1. Cephalothorax: The prefix “cephalo-" means head in Latin,
so “cephalothorax” refers to the fused head and thorax of
arachnids.
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What is Baking Soda?

Baking soda, scientifically known as sodium
bicarbonate (NaHCOs), can be found in almost every
household counter. Despite its name, most people
keep baking soda in their homes not because of their
baking passion, but due fo its wide applications. Sodium
bicarbonate is a weak base that has an alkaline pH
range of eight to nine when dissolved in water. This
article will explore some uses of baking soda within and
beyond your home.

Baking Fluffy Pastries

In baking, sodium bicarbonate serves primarily as
a leavening agent [1, 2]. When reacted with the acidic
ingredients in a recipe — such as cream of tartar, lemon
juice, or yogurt — baking soda undergoes an acid-base
reaction to produce carbon dioxide gas, causing the
dough or batter to rise and create the fluffy texture of
baked goods. The acid-base reaction alone can take
place at room temperature, but sodium bicarbonate
also undergoes thermal decomposition at temperatures
above 50°C to produce exfra carbon dioxide (fable 1).

By Daria Zaitseva

Acid-base reaction:
NaHCO,(s) + H*(ag) — Na*(aq) + CO,(g) + H,O(l)

Thermal decomposition:
2NaHCO,(s) = Na,CO,(s) + CO,(g) + H,O())

Table 1 The two reactions of sodium bicarbonate that
produce carbon dioxide during baking.

However, it is crucial to strike a balance between
the amount of acid and base in a recipe. An excess
of baking soda can lead to a bitter and metallic taste
due fo the unreacted sodium bicarbonate. In fact,
a product called baking powder aims to ease this
task, as it consists of both sodium bicarbonate and
powdered acids already mixed in a right proportion [1].

Combating Foul Smell from Trash Bin

Another handy household application of baking
soda comes from its ability fo neutralize odors.
The offensive smells produced by the anaerobic
decomposition of organic waste in your trash bin can
be attributed to volatile fatty acids and ammonia [3, 4].
A study found that spreading 50 grams of baking soda
at the bottom of an eight-liter food waste bin could
reduce odors by 70% [3]. Baking soda can mitigate
the unpleasant odors by neutralizing odor-producing
acids, turning the volatile acids info involatile salts [5].
For example, as a volatile acid with a boiling point of
164°C [4], the vaporization of a small portion of butyric
acid can already give an odor like rancid butter.
Sodium bicarbonate can neutralize the acid fo sodium
butyrate, a solid with a melfing temperature of 250°C,
so it will require a much higher temperature to vaporize
[7]. This simple method showcases the practicality of
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the compound in maintaining a fresher environment
within kitchens, with a possibility of extension to local
food waste collection points.

Maintaining Dental Hygiene

Baking soda doesn't just shine in kitchens; it can
also safeguard our dental health. It is used as an
abrasive agent in dental air polishing by dentists fo
remove feeth stains [8]. Similarly, you might have seen
baking soda as an ingredient in a foothpaste formula;
it is added to polish and remove dental plaque and
stains with the help of a foothbrush [9].

While other common abrasives in toothpaste,
such as hydrated silica and calcium pyrophosphate,
rely solely on physical scrubbing, the alkaline and
bactericidal properties of baking soda can provide
additional profection against cavities (footh decay)
[9]. After the ingestion of sugary foods, oral bacteria
will metabolize the carbohydrates and produce
organic acids which lower the oral pH. It is known
that the solubility of enamel significantly increases
when the pH is lower than 5.1-5.5, causing the
demineralization (or the loss) of enamel [9, 10].
Research has shown that brushing teeth with a baking
soda-based toothpaste after a meal can prevent
cavities by restoring the oral pH. In addition, baking
soda was also found to have bactericidal effects
on various bacteria found in dental plaque, such
as Streptococcus mutans, especially when used in
combination with hydrogen peroxide [?].

Removing Graffiti and Stains by Soda Blasting

Akin to how dentists use baking soda as abrasives
to clean our teeth, soda blasting is a fechnique that
rids the streets from graffiti paint and other stains [11]. By
shooting fine particles of baking soda in compressed
air or water at a pressure as low as 140 kPa, paint or
rust on delicate materials like wood, masonry and
copper can be removed. It is a milder method than
sandblasting, which operates at 550-1,050 kPa and
opfimized for tougher surfaces like aircraft parts and
concrete. In addition, compared to other common
abrasive blasting substances, such as slags [12], soda
blasting poses less risk to the respiratory health of
workers, and is kinder to the environment as a non-toxic
compound.

The Versatile Baking Soda

Summing up, baking soda is a remarkable
compound with diverse applications in culinary,
cleaning, and many otfher fields. Nof only does it
produce fluffy pastries, but it is also applied to keep our
environment clean, our bins fresh, and our oral cavity
healthy. As researchers continue to look for broader
applications, baking soda will remain a versatile
compound for us all.
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The Pizza Tragedy

If you were to eat a pizza slice right now, how would
you do it2 Typically, it goes as such:

1) You grab aslice of pizza by its crust.
2) The pizza droops and dangles on your hand.

3) The topping falls on the table, and you sit in
despair as you struggle with the mess!

For centuries since its invention, this is how pizza
is tragically eaten. However, if you bend the crust to
vertically fold the pizza into half, it can be held straight
and easily eaten. | call this the "Gaussian hold,” inspired
by the mathematician Carl Friedrich Gauss!

The secret behind this trick — in the mathematical
point of view — relates to a concept called curvature.
The idea of curvature is not that foreign to us; it is simply
a value measuring how “curved” or “bent” something
is. For a one-dimensional curve, the more curved it
is at a certain point, the greater its curvature. To give
a numerical sense, a circle of radius r has curvature
1/r everywhere, so a large circle is “less curved” than a
small circle. It is also natural to say that any point on a
straight line has no curvature, i.e. zero curvature. Nofe
that it is more accurate to describe the curvature at
a certain point, because a curve can have different
curvatures at different points.

Nevertheless, in our original question, we are
dealing with a surface (well, strictly speaking, a pizza
is not exactly a surface because it has thickness, but
we can view it as one). So how does the concept of

curvature relate to the laws of bending surfacese The
answer relies on a remarkable result related to a specific
kind of curvature called the Gaussian curvature.

Enter the Gaussian Curvature

Let's discuss how we describe the curvature of a
surface. Think about the surface of a three-dimensional
object such as a piece of paper, a ball, a cylinder, a
pringle chip, or even a donut. For a certain point on the
surface, notice that you will get a different curvature
depending on the orientation of the surface you are
considering. To get a more concrete example, fake a
look at the surface in figure 1 and find the curvature at
the center (origin) of the graph.

Figure 1 A surface with both a positive (red) and a negative
(blue) normal curvature at the center (origin) (footnote 1).

Depending on which orientafion of the surface
we fake (red or blue), we have a different curvature
with the red curve going upward on both sides, while
the blue curve going downward on both sides. In this
case, at the center point, we can say the red curve
has a positive curvature, whereas the blue curve has
a negative curvature (the definition of positive and
negative curvature depends on the convention we
use). Note that even though the curves span across the
surface, we are considering only the curvature at the
center point.
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We call this the “normal curvature” — the curvature
at a certain point on the surface with respect to a
curve passing through the point (footnote 2); in our
example, the surface has a positive normal curvature
with respect to the direction of the red curve, and a
negative normal curvature with respect to that of the
blue curve.

Now imagine we take all possible normal curvatures
at a point by drawing every curve with respect to all
possible directions. From all such possibilities, there
has to be the greatest normal curvature and the least
normal curvature (footnote 3), multiplying these two
curvatures gives the Gaussian curvature.

Let's look at the three examples in figure 2. The first
surface has a positive Gaussian curvature at the labelled
point because both the maximum and minimum normal
curvatures are positive, hence their product is also
positive. The other two shapes have zero and negative
Gaussian curvature respectively for the same reasoning.
While there are other ways to describe the curvature of
a surface at a point, such as mean curvature, Gaussian
curvature is the way relevant to our question.

+

Figure 2 The Gaussian curvature is obtained by multiplying the
maximum (blue) and minimum (green) normal curvatures at
a point of a surface. The three surfaces have a (a) positive, (b)
zero and (c) negative Gaussian curvatures respectively af the
labelled point.

By Devandhira Wijaya Wangsa

The Remarkable Theorem

Then why is Gaussian curvature importante We have
to understand the “Theorema Egregrium” established
by Gauss, which is Latin for “remarkable theorem”.
The theorem states that the Gaussian curvature is
an intrinsic measure of a surface, meaning that the
Gaussian curvature at every point of the surface does
not change by bending the surface, as long as you do
not stretch it.

4

Figure 3 A flat piece of paper (left) and a cylinder resulted
from rolling the paper (right). Both have a zero Gaussian
curvature, with a minimum (= 0) and maximum normal
curvature of the cylinder at the black dof labelled in green
and blue, respectively.

To demonstrate this idea, imagine rolling a piece of
paper intfo a cylinder. Since a flat piece of paper has
a zero Gaussian curvature everywhere (with normal
curvatures being zero in all directions), by the Theorema
Egregium, we know the cylinder also has a zero
Gaussian curvature everywhere. And in fact, it is frue as
you can see in figure 3. The minimum normal curvature

is always zero, so multiplying zero always gives zero.
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A significant consequence of Theorema Egregium
is that a ball cannot be completely laid flat since the
Gaussian curvature of a ball is positive while a flaf
plane is zero. In particular, it isimpossible to create a flat
map of the Earth without any stretching, so the world
map must be distorted to compensate for the Gaussian
curvature. More interestingly, although there is no area-
preserving map, there are still maps which preserve
angles, such as maps on the Mercator projection
(figure 4). These maps are crucial especially for marine
navigation to ensure that one can reach the destination
by heading fo the angle shown on the map.

Figure 4 The world map on Mercator projection, which
preserve angles but not area. Regions atf high latitudes are
largely distorted.

Photo credit: Daniel R. Strebe [1]

How to Eat a Pizza Decently?

Finally, we go back to the Gaussian hold of pizza. A
pizza slice has a zero Gaussian curvature everywhere
since the dough was rolled out flat before baking. By
bending the crust to fold the pizza slice sideways and
not in any other direction, we preserve a zero normal
curvature everywhere of the pizza slice to maintain its
zero Gaussian curvature (refer to figure 2(b) again), in a
way that keeps the pizza “straight” so that the tip of the
pizza can safely arrive at our lip.

Congratulations! Now you know not only how fo
eat a pizza elegantly, but also the reason behind the
techniqgue. This problem regarding the curvature of
surfaces is in the field of differential geometry, which

deals with the geometries of smooth shapes and
involves mathematical techniques from calculus and
linear algebra. Now fry it yourself, the Gaussian hold for
pizzas!

1. Fun fact: By rotating the surface around the center, you should
also be able to find a curve with a zero normal curvature, i.e. a
straight line. Can you find it2

2. Technically, there is a specific way fo find out the normal
curvature with respect to a certain direction, that is to create
a perpendicular plane along that direction, and the normal
curvature at that point is exactly the curvature of the point on the
line of intersection between the plane and the surface.

3. Thisis possible due fo the extireme value theorem. Since the
surface is smooth, rotating it to consider every direction is a
continuous process so the normal curvature must attain a
maximum and a minimum each at least one.
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What inspired you to major in physics?

EERRREEEENE?

Minnie
| was a self-taught student before entering HKUST. This gave me the freedom to explore a
wide range of subjects. Initially, | was interested in biology, and later, | also delved into English

literature. However, what truly sparked my inferest in physics was an accidental encounter with a
physics-related video on YouTube.

| still remember the first topic that deeply fascinated me was the double-slit experiment. It
infroduced the concept of wave-particle duality, which | found utterly mind-blowing. At the
time, | simply couldn’t comprehend how such a phenomenon could exist. This sense of curiosity
and my eagerness to understand it better motivated me to start studying physics, beginning
with IGCSE-level content. Over time, my interest in the subject grew stronger, and ultimately, this

passion led me to choose physics as my major in university.
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| wanted to better comprehend the world, and what makes physics special is its ability to use
simple and elegant mathematics to describe complex phenomena and even make predictions.
Through deep thinking and hard work, it's possible to explain many seemingly complex
phenomena, which | find incredibly cool. In fact, I've been determined to become a physicist
since | was a child, so choosing physics as my major in university was a natural decision for me.
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Actually, there wasn't a particularly special reason why | chose physics. When | was in
primary school, | already had a strong interest in mathematics, especially in the process of
™ logical deduction, starting from the basics and deriving different results. However, mathematics
itself is quite abstract. It wasn't until | encountered physics in secondary school that | realized it
could establish a connection with reality. | particularly enjoy using equations and mathematical
models to explain phenomena in the actual world. Then the results were no longer just numbers

but were linked to everyday life.

Additionally, I loved reading science fiction as a child, particularly stories about time travel.
This sparked my strong interest in physics. | was always curious to understand the principles
behind things that seemed magical, and that curiosity ultimately led me to physics.
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How do you see the role of physics graduates in today’s job
market/society?

RREYMEREREEAANMERTRENREPN REEENAR?

Minnie

| am aware that there is a general lack of understanding in the society about what qualities
physics graduates hold. Beyond that, through my involvement in sports and business-related events,
I've noticed three common reactions when people ask about my major: The first one is no reaction at
all, as if they don't see how physics relates to their world. For the other two, they would either be "Wow!
That must be hard!" or they mistake my major for physical therapy.

However, | believe that physics students possess valuable soft skills, including analytical thinking,
data processing, logical reasoning, and the ability to learn new concepts quickly. These skills are
highly relevant in fields like technology, finance and data analysis — areas where strong problem-
solving abilities and quantitative reasoning are essential.
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From my point of view, physics students have a unique attitude: Even if we don't know something initially,
we are able to learn it as we go and quickly apply it to real-world problems. Physics training also feaches
us how to use mathematics and data to model and describe a system. This quantitative modeling skill is
incredibly valuable in many modern professions. For example, developing new drugs requires simulating
molecular interactions, policymaking involves understanding societal dynamics, and financial market
modeling shares many similarities with the methods used in physics research — using data, math, and
models o analyze and explain phenomena.

Studying physics cultivates a distinctive way of thinking, enabling us to approach problems and the
world from unique perspectives. It's precisely this perspective and these abilities that allow physicists to play
a special role in the workplace and society.
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Physics majors are highly competitive in the job market. The fraining provided in physics equips
students with a unique skill set that is highly transferable to a wide range of fields.

In addition, physics graduates are known for their adaptability. They excel at analyzing problems
and finding practical solutions, quickly understanding work contexts and applying their skills
effectively. This makes them well suited for roles that require problem-solving or analytical expertise.
That's why a physics degree is highly valued in North America where | currently reside.
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What are some stereotypes surrounding physics majors/
physics that you would like to dispel?

BE-LERARMEXMERHZREDIKRERTR?

Minnie

Many people stereotype physics students as bookish, rigid, and lacking creativity. However, physics
itself is a highly imaginative and creative field — without these qualities, it would be impossible to
truly grasp its concepts. Because of this, | find that physics students are often far more interesting than
people assume. Their way of thinking is unique, allowing them to see the world from entirely different
perspectives and offer unexpected insights.

Rather than viewing physics as merely a collection of numbers and equations, many physics
students appreciate the elegance and beauty within it. Sometimes, when deriving formulas, the steps
may initially seem unrelated, but when the result emerges, it reveals unexpected connections. This
element of "unexpected connections" is one of the most captivating aspects of physics. The idea that
a single equation can elegantly describe and explain multiple complex natural phenomena is simply
breathtaking.
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In universities in Hong Kong, the gender ratio in physics departments is highly imbalanced,
with significantly fewer women than men. However, as a female physicist, | believe it's a complete
misconception to think that women are not good at physics or are unsuited for the field. More
often than not, it's a matter of perception of the environment. When you're a high school girl and
see that physics appears to be dominated by men, the lack of female representation can make
the field seem less appealing or even intimidating. When | pursued my PhD in United States, |
noticed that the proportion of women in physics was relatively higher compared to Hong Kong.
Through interactions with my male and female peers, | observed no fundamental differences in
thinking or research capabilities between genders. Most of the differences | noticed stemmed from
individual personalities rather than gender itself.

From my experience, there is no inherent gender barrier when it comes fo studying physics.
My motivation for choosing physics was simple: | was fascinated by it. As long as someone has a
genuine interest in physics, regardless of their gender, they can and should pursue it. That said,
it's undeniable that societal stereotypes and the current gender imbalance in the field still make
women a minority in physics. | hope this phenomenon will change over time, inspiring more
women who are passionate about physics to step into the field and thrive.
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Many people might think that physics students are introverted or even a bit bookish, but that'’s
not necessarily tfrue. The field of physics is incredibly broad, encompassing individuals with a

wide range of personalities, backgrounds, and traits. While some may indeed be more reserved, i
e —p—

there are also many who are outgoing and excellent communicators. Having atfended countless
conferences and met a diverse range of colleagues, I've come to realize that succeeding in the
academic world of physics requires more than just technical research skills. Strong communication
and presentation abilities are equally essential. Many top physicists excel in social interactions,
public speaking, and writing. They can deliver clear and engaging falks, breaking down complex
ideas info simple, accessible terms — this is a crucial skill for anyone aiming to make an impact in
the field.

Some may assume that physicists spend all their time calculating or conducting experiments
in isolation, but communicating and promoting one’s research is just as important for success.
The academic world is highly competitive, and if you can't articulate the value of your research,
collaborate effectively, or share your ideas in a compelling way, it becomes much harder for your
work to gain recognition and make a broader impact.
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