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Message from the Editor-in-Chief F4RHIEE

Dear Readers,

| hope you have enjoyed a great start fo the new school year. In
addition to keeping up with the regular curriculum, you may also be busy
with extracurricular activities that demand originality and teamwork.
Perhaps the stories we share will serve as inspiration.

Many of you must have done practice questions on statistics that
involve the student’s t-distribution. Do you know its connection with
beer brewing? How about the connection of Euler's number (e) with the
calculation of compound interest and radioisotope decay?2 Although we
don't carry an atomic clock with us all the time, it plays an indispensable
role in letting Pokémon Go know exactly where we are. Finally, we share
a tale that connects itchy sheep, cannibalism, and Nobel Prize. Read on
to discover the medical mystery about prions.

Some of you may be thinking about what to study after secondary
school. In our ongoing series of articles that feature HKUST alumni, you will
learn from four biologists on their paths of success. Hopefully, their stories
will give you broader perspectives on university studies and beyond. |
wish you the best in choosing your own path to success!

Yours faithfully,
Prof. Ho Yi Mak
Editor-in-Chief
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What's Happening in Hong Kong? & 8 fil B 3% #)
Fun in Fall Science Activities #B# 276 H

Any plans for this fall? Check out the following events!
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STARMAP to the Unseen Universe = &l fin

This Sky Show invites audiences to embark on
a captivating journey through the cosmos. This
immersive experience spans 13.8 billion years of
cosmic history, exploring the origins of the universe
and venturing beyond our solar system. Audiences
will witness the breathtaking beauty of the Milky
Way, the formation of stars in the Orion Nebula,
and the dramatic life cycles of stars, including
supernova explosions and the mysterious nature
of black holes. With stunning visuals and profound
insights, STARMAP reveals the hidden complexities
of the universe, inviting all fo gaze at the stars with
newfound wonder.

Show Period: Now - November 14, 2025

Time: 3:30 PM and 8:00 PM

(Mon, Wed to Fri)

2:00 PM and 6:30 PM

(Sat, Sun and public holiday)
Venve: Space Theatre,

Hong Kong Space Museum

Admission fee: Standard admission:
$40 (stalls), $30 (front stalls)
Concession admission:
$20 (stalls), $15 (front stalls)

Geminid Meteor Shower
December 14-15, 2025

This year, the Geminids are expected to peak
on December 14 (Sun). The Hong Kong Space
Museum has rated the local observation condition
as “excellent.” You may observe the meteor shower
during the entire night of December 14.

Places with wide view of the sky and low light
pollution are suitable for the observation, such as
the East Dam of the High Island Reservoir, Tai Tau
Chau in Shek O, and Tai Au Mun near HKUST. Please
observe the “stargazing etiquette"— use a red light
forch and don't point it to others. To take photos of
the starry sky, don't forget to bring a fripod and a
camera with a wide-angle lens!
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By Helen Wong E &%

Does project-based learning improve students’
academic performance? Which candidatfe is more
likely to win in an election? Is a new drug effective in

treating a certain disease?

While these scenarios may seem unrelated, they
all share a common thread: We need to collect
information from samples or to make an inference
about a population, whether it's all students, all
voters, or all patients. This process is formally known as
statistical inference. Assuming the sampling process
is random and unbiased, the quantities calculated
from these samples, such as sample mean or sample

variance, will vary from one sample to another.

Thus, sample means obtained from different
rounds of sampling follow a specific distribution.
Without going into the rigorous mathematical proof,
the central limit theorem tells us that the sampling
distribution of the sample mean will be approximately
normally distributed when the sample size is sufficiently
large, even if the underlying population is not normally
distributed.

But what happens when our sample size is small
and we have no idea about the population standard
deviation? Today, we take for granted that in such
cases, given that the underlying population is a
normal distribution, the sampling distribution of sample
mean follows the Student’s t-distribution, thanks to a

brewer named William Sealy Gosset (1876-1937) [1-3].

and

t-Distribution

o % 4]

Born in Canterbury, England, Gosset was educated
at the University of Oxford, where he earned a first-
class degree in chemistry in 1899. Around this time, the
Guinness brewery in Dublin recognized the need for
rigorous quality control in beer production and began
recruiting graduates from Oxford and Cambridge for

this purpose. Gosset was among those selected.

As an apprentice brewer, Gosset needed to
evaluate how the quality of barley and hops might
affect that of the beer. The quality of agricultural
products is known to vary throughout a year,
depending on factors such as climate and soil
conditions. Therefore, Gosset's goal was to maintain
a consistently high quality of beer while also ensuring
cost-effectiveness. This necessitated relying on small
samples to draw conclusions that could inform the

large-scale brewing process.

By the early 20th century, the cenfral limit
theorem had been established, and many were
familiar with using the normal distribution for statistical
inference with large sample sizes. Gosset conducted
experiments by sampling acidity values from beers
produced under various condifions, such as using
different batches of malted barley, to determine
whether there were significant differences in mean

acidity between these groups.

Through his calculations, Gosset discovered

that when the sample size was small, the sampling

distribution of the sample mean deviated noticeably
from the normal distribution. This finding prompted
his quest for a new distribution that would resemble
the normal distribution but suitable for small sample

observations.

Despite achieving a first in the mathematical
moderations examinafion during his time at Oxford,
Gosset was clearly not a professional mathematician.
The creation of the Student’s f-distribution was closely
tied to his extensive correspondence with many of the

leading statisticians of his time.

Karl Pearson (foofnote 1) was one of the key
influences on Gosset’s career. Pearson intfroduced
Gosset to nearly all the statistical methods known at
the fime and invited Gosset to visit his department atf
University College London from 1906 to 1907. During this
period, Gosset worked on his small-sample problem
and published the landmark paper “The Probable
Error of a Mean" in the journal Biometrika [4], where

Pearson served as editor, in 1908.

Some curious readers may have noficed that
the author of the paper is credited as “Student”
rather than William Sealy Gosset. This was due to a
policy at the Guinness brewery that prohibited staff
from publishing under their own names or using any
company data. To comply with this policy, Gosset
adopted the pen name “Student,” which is believed to
have been inspired by the cover of a notebook he was

using at the time — The Student’s Science Notebook [5].

Yet Gosset himself did not coin the ferm
“t-distribution.” In his 1908 paper, he sfill used the

symbol z in his derivation of the sampling distribution

Figure 1 Normal distribution (pink) and f-distribution
when the degree of freedom is 1 (blue). The f-distribution
is flatter at the peak and has “thicker” tails compared to
the normal distribution.

of the sample mean for sample sizes ranging from 4
to 10. The symbol t was later infroduced by Ronald
Fisher (footnote 2), a legendary statistician and close
friend of Gosset, in a 1925 paper [4]. In this work, Fisher
fully derived the values of the Student’s f-distribution
and demonstrated that it is a transformed normal
distribution. The shape of the t-distribution changes

depending on the sample size n, which is represented



by the degrees of freedom (calculated as n — 1). With
a smaller number of observations, the t-distribution is
flatter at the peak and has “thicker” tails compared
to the normal distribution (figure 1). As the sample
size increases, especially when n exceeds 30, the

f-distribution starts to resemble the normal distribution.

Perhaps contrary to Gosset's expectations, as
reflected in his letter to Fisher, "“you're the only man
that's ever likely to use them!” the t-distribution
has become one of the most famous statistical
distributions. It is widely applied in both everyday life
and academic research, and of course, a staple in
statistics courses. So, the next time you encounter the
Student's t-distribution (or find yourself grappling with
it in class), take a moment to appreciate the “Student™
behind it, William Sealy Gossetf, and the fascinating

story of its creation.

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

1. Karl Pearson (1857-1936) was a British statistician and a key
figure in the development of modern statistics [7]. His work laid
the foundation for many statistical methods and concepts sfill
in use today, including the Pearson correlation coefficient and
the chi-squared distribution. Notably, Pearson founded the first
university statistics department in the world at University College
London in 1911.

2. Ronald Aylmer Fisher (1890-1962) was a British statistician and
geneticist [8]. Hailed as “a genius who almost single-handedly
created the foundations of modern statistical science,” Fisher's
contributions to statistics include the significance test, analysis
of variance (ANOVA), and maximum likelihood estimation,
among many others. In genetics, he is regarded as one of
the three founding fathers of population genetics, a key
component of the modern synthesis that combines Mendelian
genetics with Darwin's theory of evolution.
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BRGSEZMAPNKE - It Gosset WHIFZERER
BAMENER SEEREEFESKE EMHEERL
NERTERERNRENBEBEEESTRE-
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20 LY ERFEFOBIRERE  FFEABKEATHE
BAHEEHAREMRIELD METH M - Gosset
BREBEEARRET (AINERAREREFKE)
BRI AR R R E1E - DUAIENA BHER A 2 &1 P19
METFHEBREEE-

BBETE - Gosset RIREBRAERB/\H - R FI9E
ROR D M Z AR REE ERE D o - BEZIREEMRES
WRLIERD - BES/NMEEENFE S -

# Gosset BHEFRZABHNHEZHPESES N
B BMBARIFEXRBR RILBE t n MR ER

BEBMEAERZUBRRABINERHE -

Hh. Karl Pearson (5t ) ¥ Gosset W4 E
FLERIE - Pearson [a Gosset MAB T4 F A E R A
A ET 75 WA 1906 £ 1907 F5h1 Pearson
REBAARBERMENE - EIL IR Gosset B
MRNZEARBE WA 1908 F 7 Pearson x 4 9

(Biometrika) BRI E &3k 7T — R EIRF AR S (SFI91E
HTIBERRZ) (The Probable Error of a Mean) [4] -

AMONBEBEAFEZ IR ERBXNIFEERE
"Student., (24) - M3F Gosset WAZ - EERRABRE
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NTtEEME—RAE BIEEBTHUAZHEREMTR
SIHMBRRB -/ TETEIHEER Gosset BEFEH
£H "Student, BRB X BREKRKEMEREHN
STATHEIZE (BEWRIEZEEAK) (The Student’ s
Science Notebook)[5]
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ZOEETERTE, (B—) BERASIEM LEEn
AR 30t phERBEF/EOERS M-

B— [ERED M (04) MBEEES 1 BHt 2 (8) - AlEED
fioABEE - t D RIIEETEIE - FERER THH . -



Gosset HOEBER 4 Fisher WEFFmE: "RER
O EE——EERELERAMALL AM - ZE Gosset
BRARNZ t PHUNSERBEREZNRT IR Z—-
EHREZEARBEEENEMAFRP  EAMNRERT
BREPIULERITHNS - At TREREBEE
BEtoh AEREPHECRSESHKRRE B T7HB
fIEIEM "84 , — William Sealy Gosset: IR E %
NP E R

1. #Ri%: B4 t 51 (Student’ s t-distribution) ERZRIEESHE =
B TEETE t Doy e

. Karl Pearson (1857-1936) R =B AR h2HH R R E
BRMNBEREAY 7] - W IERFSESNMEEZERMA T HIER
MZEERE T ER 815 Pearson HEGKEN EADfi- BE—RHNE
Pearson iR 1911 EHEMBABERR I T2 ERE—(EHTESE

. Ronald Aylmer Fisher (1890-1962) 2 STENEEER (8]
Fisher 285 "&F S22 NBERAAARBEBNKT, - 5
FTENEREEEE MR HHH (ANOVA) FIRABISARET & -

=3
EEEELH R AHBEEBRN-—USEAY— HEEEERE

BREREBBRER ELHIIRRELLR (modern synthesis)
MEZHAMIY -
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? Prions:

By Daria Zaitseva

What could possibly link a sheep illness called
scrapie, a disease associated with cannibalism
called Kuru, and a neurodegenerative disease called
Creutzfeldt-Jakob disease? These fatal diseases
occur in different species, and yet share a chilling
commonality. More mysteriously, scientists could not
identify the pathogen - neither virus nor bacteria
were the culprit. Human's knowledge at that time
simply could not break the mystical curse. Let’s
explore the mystery and see how one of the most

obscure killers was discovered.

Scrapie: Affected Sheep Uncontrollably
Scratching Their Backs

We begin in 18th-century England, where sheep
farming was a cornerstone of the economy. But
farmers soon faced a disturbing problem: Some
sheep began scratching their backs against posts
uncontrollably, then stopped feeding and became
lame, and eventually turned emaciated and died [1].
The only way fo prevent the spread of the disease was
to isolate the sick animals from the flock. Nevertheless,
without the ability to investigate further, this eerie

disease was soon forgotten [1].

By the middle 20th cenfury, scientists took a
closer look [1]. They tried to
identify the underlying
pathogen. As the first

step, they succeeded

O

R Mysterious
Infectious Agent
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in experimentally transmitting the disease by
inoculating the brain or spinal cord tissue from a
diseased animal to a healthy one. The onset of
disease can take as long as one to two years, so it
left the scientists confused about the results of the
experiment at first. Then, scientists attempted to
identify the pathogen by freating tissue samples with
different standard inactivation methods at the time,
such as using a bacterial exclusion filter to remove,
if any, bacteria. They also applied a dose of ionizing
radiation that could disrupt, if any, nucleic acid
(including DNA and RNA) in a separate experiment.
However, the fissues remained infectious, so they
realized the pathogen could be unusual this
time. The only clues from brain dissections are the
signature vacuoles — described as “soap bubbles” -
in the cytoplasm of nerve cells, and the strange holes
- called spongiform —in the sheep’s brains, giving the

brain a sponge-like appearance.

Kuru: A Mystical Curse Associated with
Cannibalism

As scrapie refurned to the limelight, two medical
doctors, Daniel Gajdusek and Vincent Zigas,

reported firsthand in

1957 from Papua
New Guinea
a mysterious

disease that

o



some believed was associated with cannibalism [1,
2]. Kuru was first discovered in the Fore tribe, with
victims frembling, losing muscle conftrol, laughing
uncontrollably, and dying within months. The disease
primarily affected women, with a female-male ratio
of 14:1 in adults.

In 1959, William Hadlow, an American veterinarian
working on scrapie, happened to visit an exhibition
on kuru in a medical museum in London [3]. He
was shocked to find striking similarities between the
two progressive degenerative diseases, from the
signature “soap-bubbles” in the nerve cells, the
extensive incubation period, to the failure in isolating

a microbial agent [4].

After that, Hadlow wrote a letter to the editor
of The Lancet, and also reached out fo Gajdusek,
drawing scientists’ attention to the high resemblance
of the two diseases [5]. Later, Igor Klatzo, a
neuropathologist who studied the brains of 12 kuru
patients received from Gajdusek, also drew parallels
between kuru and another human spongiform brain
disease, Creutzfeldt-Jakob disease (CJD) [6]. In the
next decade, scientists were able to experimentally
fransmit kuru and CJD to chimpanzee by inoculating
infected human brain tissue, and later to laboratory

rodents [1].

For kuru, we now understand
that the disease spread through

cannibalism: Female relatives

would consume their relatives’ bodies as a mortuary
practice “to free the spirit of the dead [7, 8],” during
which they ingested the infected human brain

concentrated with the infectious agent.
Creutzfeldt-Jakob Disease: Lessons to Scientists

So, what was the infectious agent?2 Stanley Prusiner,
an American neurologist and biochemist, recalled
the bizarre observation in his CJD patients: There was
no immune response elicited — no fever, no increase
in white blood cell count, and no humoral immune
response — meaning that whatever caused the disease

might not be a foreign agent [9].

With his biochemistry background, Prusiner
decided to approach the problem differently by
attempting to purify the infectious agent from
affected mice inoculated with scrapie agent [9]. After
harvesting and blending the spleens and brains of the
mice, the homogenate was centrifuged for different
times and speeds to separate constituents with
different densities. After testing the infectivity of each
sample, a highly infectious fraction was recovered
despite the removal of over 98% of proteins and
polynucleotides. With this cleaner sample, scientists
demonstrated that infectivity could be reduced
by procedures that hydrolyze or modify proteins,
eventually leading to the discovery that the culprit

wasn't a microbe at all, but a misfolded protein.
Prion: The Misfolded Protein

Proteins are essentially amino acid chains, which
are folded into precise shapes to function properly.
Despite the lack of knowledge about its precise
function, prion (PRNP) gene encodes normal prion
protein which is active in the brain [10]. However,
the amino acid chain somehow misfolds, and these

deformed proteins, usually referred to as “prions”

(derived from “proteinaceous infectious parficles”),
can damage nerve cells [11]. Even worse, they can
convert the normal prion protein info more prions,
enabling them to multiply exponentially within
the body and transmit among individuals through
ingestion of affected tissue or direct contact of body
fluid. Some prion diseases, such as fatal familial
insomnia, are heritable; mutations in PRNP gene which
can induce the formation of the abnormal protein

were identified in those cases [12].

Prion accumulation then destroys brain fissue,
creating the sponge-like holes seen in scrapie, kuruy,
and CJD. Unlike most other pathogens, such as
bacteria or viruses, prions have no DNA - so perhaps
they are not “programmed” to infect the host, but
rather a tragic mistake of nature, simply a mistake in
the folding process. Yet, they cause incurable, fatal

diseases across species.
Conclusion

The history of prions is a testament to the power of
scientific curiosity, perseverance, and collaboration.
What began as a radical and controversial idea
challenged a fundamental biological dogma and
ultimately reshaped the understanding of multiple
fields. As scientists continue to confront new mysteries
in biology and medicine, this story serves as an
inspiration: Truth is not always obvious, but with rigor,
collaboration, and intellectual courage, even the most
unconventional ideas can shed light on the darkest of

nature's secrets.
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Daniel Gajdusek # Vincent Zigas M fiI 28 4 i
1957 FHEHEHMENTE -—SRE T — BRI AHHE
BEABBHBROSRER [1, 2]  E8REREBIRNE
BEE BREAEZHEANRRZEHNANEN BEF
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NEE B -ttt EEEMmEETHRIEERZ
BEZWBANELUZE M@ ThrREE  EE
B REBRY URBEERINBRUENS (4]

5% -Hadlow [@ (R &t ) (The Lancet) B9 %% 8
BiE NEEHE Gajdusek FEMREREBRETE
MIEEFR S EARMME [5]- R EREER Igor
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Every time you launch Pokémon Go or other

Why Do We Need Perfect Time?

games that require the Global Position System (GPS),
your phone's GPS determines coordinates and shows
your location. What if your avatar is teleporting across
town or refusing to register the two kilometers you've
walked to hatch an egg - frustrating, right2 That's
exactly what happens when GPS timing drifts even for
a small error.

Radio signals travel at the speed of light, which is
approximately 3 x 108 m/s. To determine the distance
between you and a GPS satellite, the travel time
of the radio signal emitted by the satellite to you is
needed. By the simple velocity formula, we know that
an uncertainty of just one nanosecond (107 seconds)
in a clock corresponds to about 30 cm of range error
[1], so a timing drift can misplace your avatar enough
to miss a rare resource in game. Without atomic-level
precision, our smartphones’ “blue dot” on the map
could drift wildly from reality.

Nature of Time

Let’s start with a fundamental question: What
is time? Philosophers have long debated whether
tfime “flows" like a river — an ever-moving present

[ — C———— W

that carries us from past to future — or
whether all moments exist equally, with
past, present, and future represented as slices
in a four-dimensional space, and many other
competing perspectives [2]. While no one knows what
exactly time is, one pragmatic point of view is that
we can define the length of time by counting some
repeatable, periodic processes.

The most common periodic processes are sunrise
and sunset, caused by Earth's rotation. We can also
use gravity-driven swinging pendulums, which provide
a near-constant oscillation period and form the basis
of early mechanical clocks. Albeit less notably, even
your body counts: You wake up refreshed and feel
sleepy at night, which marks one full day (assuming
your circadian rhythm stays on track). However,
given that the Earth does not rotate at a perfectly
uniform speed, and that the duration of one swing
is slightly different from pendulum to pendulum due
to manufacturing error [3], a new definition of time
is needed. In 1927, a Canadian engineer, Warren
Marrison, found that quartz crystals vibrate at a
remarkably consistent frequency under an electric
field [3]. When carefully cut info a proper shape and
size, a standard quartz crystal in a clock vibrates at
32,768 Hz [3, 4]. By counting the duration for which
32,768 oscillations take, we can define that one
second has passed.

Core of Cesium-Beam Atomic Clock

However, from 10 seconds per year for a
mechanical clock to only one second in three

By Sam Fan #i#i&

years for a quartz clock [3], there was still room
for improvement for the timekeeping accuracy.
As a result, scientists developed more advanced
fimekeeping fechnologies. Cesium-beam clocks are
just one member of the atomic clock family: Others
include rubidium-beam standards, hydrogen masers,
compact chip-scale clocks, and the newest optical
lattice clocks. Cesium-beam designs remain the most
widely used standard worldwide. In fact, the Hong
Kong Observatory has been relying on cesium-beam
atomic clocks to provide official time service since
1980, with an accuracy kept within 0.01 microsecond

(108 seconds) per day [5].

At its core, the clock does not “tick” atoms but
counts the cycles of a microwave signal precisely
locked to an atomic reference. The cesium atoms act
as a built-in tuning fork; cesium only resonate to the
frequency at 9,192,631,770 Hz within the microwave
band to change between two very slightly different
energy states. This happens when cesium atoms pass
through a microwave cavity [6]. If the microwave
frequency is above or below 9,192,631,770 Hz, fewer
atoms undergo a change in energy levels. The
irregularity can be detected, and the oscillator will
be steered back onto the exact cesium resonance
frequency, ensuring the microwave oscillator stays
locked to atomic standard. Once the oscillator is held
exactly at the resonance frequency, every single cycle
becomes one "tick” of the clock. By simply tallying
9.192,631,770 of these ticks, the device measures one

second [6, 7].

Since this shift in energy levels is a fundamental
property of cesium atoms, every clock built anywhere
with cesium atoms can reproduce the same resonance
frequency of 9,192,631,770 Hz signal, ensuring that time
is uniform around the world.

Importance of Time Synchronization

Every GPS satellite carries multiple atomic clocks
and broadcasts signals with an accurate timestamp
of when the signal is emitted, so that receivers on the
ground can determine their distance fo the satellite
by multiplying the signal’s fravel time and the speed
of light [8]. Without the cesium or rubidium standards,
minute timing drifts would quickly lead to substantial
positional errors in just a few minutes due to the
cumulative fime error of the onboard clock.

Summary

In just a few decades, we've gone from pendulums
and quartz crystals to atomic clocks and optical
lattices that keep time to within a quintillionth of a
second (108 seconds), so precise that they can sense
minuscule shifts in Earth’s gravity or hunt for hints of
dark matter in the cosmos [?]. Although the principles
behind atomic precision may seem complicated, the
technologies they enable are integral to our daily lives.
Every time we check our phones, play a game, look
up our location, or simply glance at the clock, we fap
into nature's steady rhythmes.
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What Is Euler's Number?

Have you ever come across a number that seems to
connect math, science, and the world around us2 One
of the most fascinating is Euler's number, written as e,
special constant approximately equal to 2.718, central
to countless natural and scientific phenomena. It's the
foundation of the natural logarithm, a tool that helps us
understand how things grow or shrink over time. From
bacteria multiplying in a lab fo stars fading in the sky, e
appears in countless natural processes [1]. Surprisingly,
this number was first uncovered not in a science lab but

in a puzzle about money. Let’s explore how e came to
be and why it's so extraordinary.

A Mathematical Gem Discovered in Finance

The story of e begins in the 1600s with Jacob
Bernoulli, a mathematician curious about how small
changes add up [2, 3]. Imagine you have $1.00, and
you're offered an unrealistic 100% annual growth
rate. If this growth is added once at the year’s end,
your $1.00 doubles to $2.00. But what if the growth is
calculated more often?g

Suppose it's added twice a year. Every six months,
you gain 50%, so your $1.00 grows to $1.00 x 1.5 x 1.5 =
$2.25 by year's end. If it's calculated four times a year,
each period adds 25%, turning your $1.00 into $1.00 x
1.25 x 1.25 x 1.25 x 1.25 = $2.44. Monthly calculations
yield $1.00 x (1 + 1/12)A12, about $2.61. The pattern is
clear: More frequent additions mean a larger result.

Here's the exciting part. What if the growth is
calculated every day, every minute, or even every
second? The formula becomes $1.00 x (1 + 1/n)An,
where n is the number of times the growth is added.
As n grows larger — approaching infinitely frequent
additions — the result doesn't climb endlessly but
settles around 2.718281828459045... . This number
is el Bernoulli discovered this constant, revealing a
mathematical gem that would resonate far beyond
his original question.

The Power of e in Our World

Why is e so important? Named after Leonhard
Euler, who further explored its properties in the 1700s,
this number became a universal key to understanding
exponential change, appearing in fields like biology,
physics, medicine, and engineering. Its unique
properties make it ideal for describing processes that
speed up or slow down, like a snowball growing larger

EXHEXE

or a whisper fading away. It also simplifies complex
problems, making it a go-to fool for scientists and
engineers.

In biology, € models population growth. Picture a
colony of bacteria doubling every hour. The smooth,
acceleratfing curve of their growth uses e to predict
how many bacteria there will be after a day or a week
[4]. In ecology, e helps track how animal populations
expand or how resources, like fish stocks, shrink when
overharvested. For example, conservationists use e
fo estimate how quickly a threatened species might
recover if protected [4]. In physics and chemistry, e
describes decay, such as how radioactive elements
like uranium lose energy over fime. Scientists rely on e to
calculate a substance’s half-life, the fime it takes for half
of it to break down, which is crucial for safe handling in
medical freatments or power plants.

In daily life, e shines in engineering and technology
that makes our life easier. It models how a capacitor
stores charge in a circuit, essential for designing devices
like your phone or computer. In medicine, e helps track
how drugs are absorbed or cleared from the body,
helping doctors determine safe dosages. In technology,
e underpins algorithms for signal processing, ensuring
clear audio in your earbuds or smooth video streaming.

Enormous Impact of the Seemingly Small Number

What makes e truly special is that it connects these
diverse phenomena. Ifs value, about 2.718, may seem
small, but its impact is enormous. Next time you hear
about a virus spreading, a species recovering, or a
cup of fea cooling, think of e — a quiet number with a
massive role in unlocking the secrets of our world.

A Practical Archeological Question:
Carbon-14 Dating

Carbon-14 dating is a method used to
defermine the age of organic archeological
specimens from the age of 500 to 50,000 years
[5]. Carbon-14 is an unstable radioisotope, which
undergoes decay into nifrogen-14. Living plants
incorporate naturally occurring atmospheric
carbon-14 into their fissues through carbon fixation,
and pass it on to animals through the food chain.
The ratio of carbon-14 in living tissues is relatively
stable because living organisms constantly take
in air and food despite the constant decay of
carbon-14, but once the organism dies, there will
be a net reduction in carbon-14 content.

The decay process can be expressed by the
exponential decay function: N = Noe*, where
N is the number of undecayed nuclei, No is the
inifial number of undecayed nuclei, k is the decay
constant, and t is the time lapsed [6, 7]. The half-life
fi2 of carbon-14, or the time needed for half of the
radioisotope to decay, is roughly 5,730 years. If we
have a piece of ancient wood whose carbon-14
contfent has four tenths of that in living trees, find:

1) the decay constant k (to four decimal places).

2) the age of that piece of wood (to the nearest year).
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What is your plan at this stage of your career? How different
would your career path be if you did not study life science?
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Coby

| already had a passion for teaching since my time in primary school, but what truly sparked
me is a course here in HKUST. It was about promoting science in the community. | really liked
that course because | think nurturing youngsters is especially important. In the coming year, | will
study for a postgraduate diploma in education and hopefully become a biology teacher soon. |
believe that teaching allows me fo have a more immediate and meaningful impact by nurturing
and inspiring young minds.
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Charles

Looking back, | feel like | never had to choose the program. Yet | remember when | declare
my major at the end of the first year, | was debating between mathematics and economics,
and biology. The former would make money; people around me thought it was popular and hot.
Biology, on the other hand, was more my true interest. You know, in Hong Kong, there's a very
strong business culture. Under that environment, it makes sense for someone to wonder whether
you should pursue a career path that feeds into that big field. But at the time, | was lucky to
have good mentors, like Professors King Chow and Tom Cheung. They encouraged me to pursue
research, so | ended up in the first cohort of the international research enrichment track. Then
everything just fell into place - | went for PhD, did a postdoc, and hopefully, one day I'll be a
professor somewhere.
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Nathan

My major at HKUST was biology. After graduation, | enrolled info another undergraduate
program, which is a medical degree at CUHK. I'm now working in the hospital authority as a

™ resident doctor. My specialty is oncology. Back then my first choice was not biology, but the

Bachelor of Arts program offered by HKU because | wanted to study Chinese. | cannof imagine
what | would be doing now if | enrolled in that program.
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% Brian

During my undergraduate studies, | explored neuroscience; in my master's program, |
delved intfo developmental bioclogy; and in my PhD, | shifted my focus to mechanobiology.
After graduation, | was fortunate to join the Department of Health to assist in the fight against
COVID-19. Now, | am back on campus pursuing medical studies, while actively parficipating
in psychiatric research. My dream is to become a clinician-scientist one day, bringing clinical
questions into the research laboratory. At this moment, my solid foundation in biology from
HKUST life science program provided me with a strong base to realize this dream. If | had
not studied biology, | believe | would have chosen philosophy. A life dedicated to exploring
questions and seeking answers is fruly wonderful and inspiring.
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How has your perspective on life science evolved during
your time at HKUST and beyond?
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Nathan

| wanted to study medicine and Chinese. My public exam results certainly wouldn't allow
me to study medicine, so my first choice was the Bachelor of Arts program. | didn't end up in
that program but the biology program at HKUST. | studied quite well in the first one or two years,
so | thought maybe | could try to apply for the medicine program. Therefore, | looked into the
non-JUPAS path for a medical degree. In HKUST, | had a chance to study the cancer biology
course taught by Dr. Eugene Hung, which eventually led me to work as an oncologist.

One reason for choosing oncology is that there is a constant advancement in freatment,
so it is a very exciting field to be in. On the other hand, it is a very humane field; you have to be
sympathetic because after all, you are seeing patients and their family, helping them face the
disease but not just using new technology or giving them drugs.
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Brian

During my time in secondary school, | was only interested in “microscopic” cell biology.

Only after entering HKUST did | realize ecology is also fascinating. The concepts | learned about

. | competition theory in ecology left a deep impression on me, and | also discovered that many

conflicts among humans seem fo reflect similar principles. Additionally, the time when | entered

HKUST coincided with the dawn of the gene-editing era. Being able to immerse myself in such a
vibrant and groundbreaking scientific world has truly been a wonderful experience.
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Do you have any advice for high school students
thinking of studying life science?
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The only way to find out whether you like something is fo get your feet wet. HKUST is quite
nice in this respect because, for example, they offer summer programs to high school students.
As a teenager, | would have loved to hear professors talking and have a taste of what classes
would be like if | studied life science. HKUST iGEM team also organizes workshops for high school
students. If you are interested, please follow our social media for more information!
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When | was graduating from high school or studying at HKUST, | asked for wise words from
senior people, but didn't really listen to them. So, | don't know if young people will listen to me
either, but | want to encourage students to follow what they like. If you love engineering, go for
it. Maybe other people don't see the joy in biology, but if you see it go for biology. Growing up
or around college years, there are a lot of voices around you, from your parents, from people
around, from the news, from the media, and all have different opinions. However, you have to
carve out your own path. After all, it is your own life that you live, right2 No one else lives your life.

There are just too many things fo worry about. You worry about your grades, about whether
you can get a job, about what's the next step in your life. When you have so many things to
worry about, it's really hard to enjoy and do what you like. There's a motto | heard somewhere
like secondhand wisdom: If there's something you won't worry about in three years, then don't
worry about it for more than three seconds. You might dread about your exam today, but in
three years, it wouldn't matter, right? So don't worry about it. In the grand scheme of things, small
worries don't matter. So just enjoy, have fun, and relax.
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Nathan

Be open-minded. What | meant by “open-minded” is that if you are committed to something,
you have to finish it. If you are unlucky like me that you fell info your second or third or fourth choice,
those are still your choices. You put them into your second, third, or fourth choice, not without a
reason, not only for a safety net. You still have to be determined, and during the period of study,
again, revisit your reason about why you wanted to study this, and why you wanted your first
choice. Then you can think about: Do | have a chance to get my path back to my first choice?
If the answer is no, then see things differently and take a different path. Biology was not my first
choice [but medicine and Chinese], but | treasure my undergraduate experience as it cerfainly
helped my career and my life. Even if things don't go as planned, you can still find your true calling
serendipitously.
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Nathan

Most people think that knowing biology is kind of knowing everything. Usually, my friends
would ask me random facts about a beautiful flower, or the meaning of their sfrange dreams,
even after | entered medical school. They asked me the name of a free because | had studied
biology as my first degree. | would reply, “No, no, no. | don't know all the trees and flowers.” This
is a tricky misconception — all of us are thought to be good at taxonomy or biodiversity — but |
don't think memorization matters that much in biology. It is more analytical.
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What are some stereotypes surrounding life science that
you would like to dispel?
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Many people might have the stereotypical idea that studying life sciences means you
can only pursue related careers. Looking back at my journey, | feel fortunate to have met

- C b "W classmates who have taken very diverse paths: some continue in research, academia, or
?. oby biomedical engineering, while others have advanced into medical fields. There are also
; There's one major stereotype from my family, relatives, and friends. They were probably classmates who have gone info finance, consulting firms, or even switched careers to become
influenced by movies in which scientists mistakenly released a deadly virus and that sort of barristers and pilot. | believe that the greatest benefit of studying science is the development of
| things, so they always think that | do dangerous experiments in full protective gear, but it's not logical thinking and problem-solving skills. Those who can effectively apply these abilities can
the case. Still, when | tell my friends I'm handling Escherichia coli, they tend to think about gut shine and make a difference in any profession they choose.
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Visit the following webpage to read the
Complete interview!
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@ Charles

A common one is that many people think biology or life science is all about memorization.
| have many friends in mathematics, business or engineering who hate bioclogy because they
don't want to memorize all the “random” facts. But once you get info biology or life sciences,
you start realizing things make sense, and the only difficulty is to go through the initial “activation
energy” to get familiar with the terminology.
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