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Message from the
Editor-in-Chief £#Rzaa8

Dear Readers,

Time sure flies! This time last year, the HKUST’s School
of Science published its very first issue of Science
Focus. The positive responses we got over the course
of last year served to be incredibly encouraging to
our Student Editorial Board and we are delighted to
be back with the fourth issue. With the experience of
existing members and fresh ideas from new blood, we
are excited to bring you even more interesting articles
and brighter designs.

Again, | want to congratulate Chan Hoi Yue
(Diocesan Girls” School) for winning the Article
Submission Competition. You can read her article, “The
Science of Hair”, on page 20. If you fancy having your
written work published in our magazine, send in your
science articles to us at sciencefocus@ust.hk today and
visit our website at http://sciencefocus.ust.hk! We look
forward to reading them.

Our success depends on your feedback and
suggestions. Send them in at sciencefocus@ust.hk.
Enjoy!
Prof. Yung Hou Wong
Editor-in-Chief
HERES !
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We are well aware of your busy exam schedules but all work and no play makes Jack a
dull boy! Check out some of these events and learn while you're having fun. IR ERIE
ARETHWBAEMEZERER NBRBOUERZSMTIER IZERE SRS RL -

Located in down town Sai Kung, The Volcano
Discovery Centre aims to give you an idea of what
it was like 140 million years ago when massive
volcano eruptions were common occurrences.

KIURMEURAETEELAE FHE THE—R
MFEFEa KIUEERERINFEZHORR TENHAR
BERWENBELERAR HXEBNREER

These eruptions resulted in the formation of #MKYEE. oJEFRALNAREEE . @ tho[:5ERKTEILEH
nexagonal rock coumns, which can be seen in o g s m@E Y ik | M TRESHE - HUEhttp//
Sai Kung. Find out the science behind volcanic .
structure and eruptions through their free guided ~ Www.volcanodiscoverycentre.hk/zh/
tours on a fun family day or pitch this to your
teachers for an exciting school trip! For more details,
please visit http://www.volcanodiscoverycentre.hk/en/
Volcano Discovery Centre Guided Tour REEEEE Time K5 Target Ef&
Every Monday, Wednesday and Friday ZEH— =5 (A) 14:30~15:15 School / NGO* AREEH
Every Tuesday and Thursday EEH Y (A) 14:30~15:15 Public ATREEE
Every Saturday, Sunday and Public Holidays ZZ75 B RARBRER (A) 14:00~14:45 Public AREEE
(B) 15:30~16:15

From March 7-20, experience the fun activities
brought to you by Science Alive. This year’s
theme is Chemistry — learn about why it 'matters'.
Activities range from fun workshops for the
family to open lectures and student debates.
Teachers can even get involved in the teacher
development workshops. Visit their website for the
full schedule now: http://www.britishcouncil.hk/en/

programmes/education/science/science-alive

The hustle and bustle of city life isn’t for
everyone and the Hong Kong lifestyle can become
a little overwhelming. Till March 30, get away from
it all at the Hong Kong Wetland Park for some
relaxing birdwatching and picture-taking.
Guided tours are available at Wetland
Reserve between November 12 and
March 30. Visit their website at
www.wetlandpark.gov.hk now!

w b
Photo: Hong Kong Wetland Park of the Agriculture, Fisheries & Conservation Dept
I REBEREEZNE RN E

R015EMRIE  BRAF=FtHE_+HET &
R EenRBEE - SEEMENEERTE
FEAR SREBEBESHERA R AR B EREIES
BEE B EREMBER® - BN SMAEN LIES - B
£ 2 0] 3 B DU 434« http://www.britishcouncil.hk/
en/programmes/education/science/science-alive
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By Jacqueline Nicole Aw ERiZ1E

AUStraIIa is a leading global

education hub, with an impressively large
international student body size. Australia
harbours top universities in areas of study
such as Natural Sciences & Mathematics, Life
& Agricultural Sciences, Clinical Medicine &
Pharmacy, and Physics. Among the top 50
universities in the world are Australian National
University, University of Melbourne, University of
Sydney and University of Queensland; as of QS
University Rankings 2014.

An undergraduate degree in Australia
typically takes 3 to 5 years to complete, with
an additional year for an honours degree.
Most universities have two academic
semesters, and the academic year begins in
March.

Applicants without an Australian education
qgualification do not apply through the
Australian central application system and

JRENELHBENRERL EFABFREE
MEBE HERBEERANBNHE - EmERERS
RARBBEMES  DIRYIES AR ARG R T
i - RIZ2014 F QS KB HER - JBIM A BN EE T2 AR
EWAARR TEAR RELTBAEMIZINE50%
e

M ARIBNRE—RAH3ESTF KE2LE
URBRBRINZE —F - SHARRBAEEHF . AE2
FOAEMESRH BEREF=HR%"-

BEAERBENEEMAENZBE N PR
AMIEREH -EEBE R N FEARTEE OENR
RMFRE  BEEOBBARRIHBEREFE - W ERE
BNER FoUPFRERRNBEBIZERER
% (OSHC) -

RN EFI LR B I A A LA LevelsiR R AIE
BSOBSRE (IB) AEHEAL - b5 SERNEES



MACFARLANE
RURNET

who

had won

the
Nobel Prize

physiology
research.

19604, S5—F R iBAF|

DER ANYIE—B KM
Sk4a 15

+ - MR GBS ENE
B iR E e 2 e
PSR . E

apply directly to the individual universities
of choice. An applicant must decide on a
preferred course of study before applying.
After receiving an offer letter, the prospective
student can then apply for a student visa and
the Overseas Student Health Cover (OSHC), a
required insurance.

A-levels and International Baccalaureate
(IB) are the commonly accepted qualifications
for admission of students without Australian
education qualifications. In addition, all
universities require proof of English Language
proficiency, which can be obtained by
taking the International English Language
Testing System (IELTS), Test of English as a
Foreign Language (TOEFL), Pearson Test of
English (PTE) - Academic tests or Cambridge
English: Advanced (CAE). Universities may

in the same year of 1960
for his groundbreaking

%

AUSTRALIAvANI;‘SCIENEE g, y

BN AN R 22

SKIRRZHRFEKIFER - Al BIRRFBRES A RR
(IELTS) - 5Ef&(TOEFL) 152z zE=Z (PTE)
S RIEZREE R EF MR (CAE) FRIEAE - SR
OIREER AR A FE O - R KFEERINE H S
MREMAMEE, AU AR BREEURESRE
SKBBRIAMAE - R EERF NS FORBEDEE
K-EEEAERE:

R2RINBFEMHEZ B R F BRI KB
=

BEFEREIORRDBIMHMEETSX -1FRE
Z BIMABRME—2F (368 ) RaEEmBEARNE
£HK$121,000- HPEIRAREE -

BIRBERFBITRASZSKBERFFEIN  NIE
BARBREDD (UAC) HES B RAKERD B AR

3



Academic IELTS An overall score of 6.5 with at least 6 in each component of the test
BIPREREEEE S I RR(IELTS) #836.50 3 L; BREARDIL67

TOEFL paper based test A score of 577 with TWE score of 4.5
5E#&(TOEFL) #3577 A L; TWE 45354 £

Cambridge English: Advanced (CAE)
BItEZREE | B EEMUHR (CAE)

PTE Academic Overall 64, minimum score of 60 in each section
BB REEZ A (PTE) R26423E L; BRIERDL60

Table | &1

70

NOBEL LAUREATES

have different reqwremen}si as to which test /Elui“ %ﬂﬁ%,ﬁﬁlﬁﬁ*
should be taken. The minimum scores for
these proficiency tests vary among different
universities and are dependent on the course
to be taken; for example law and medical
degrees typically have a higher English
Language proficiency requirement. However,
as arough guide, we list the average minimum
scores in Table I.

The application deadlines and tuition fees ' K *ececne
for certain majors are listed in Table 2 for a few 1 o By ceceses
renowned Australian universities. '

Student living expenses depend on the
city of the university as well as lifestyle. As a
reference, University of Queensland estimates
comprehensive living expenses to be
approximately HK$121,000 for one academic
year (36 weeks), including on-campus room
and board fees.

Aside from applications to individual
universities, the Universities Admissions Centre
(UAC) processes international applications
for admission to most undergraduate courses
at participating institutions. However, only a
limited number of institutions adopt the use
of this application system, and participating
universities include the Australian National
University and the University of Sydney.

Should applicants need more help with
the application process or the application of
visas, they may seek help from the Australia RAZHBIBAERR -

Consulate at http://www.hongkong.china. ) . . .
embassy.gov.au/hkng/home.html, who can MERE BAEANOBERMNBESE  REUR
provide information regarding studying and MBBREFEN  DURS KB PHEZRBNEBE
living in Australia. =

2 - 28M - RAMEMNKE  E KEBFEBEARR
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Applicati li §
Institution 5 PP |cat|o1n deadslne EHHHBfﬂH Estimated fee examples (per academic year in HKD)
i emester emester £ BSR4 SR
TN T T LE(Z5RE)BHBN
The University of The tuition amounts to total courses enrolled. The cost of
Melbourne each subject is determined by its discipline fee band and
ERA AL Late study load. You can visit this website for more details on
31st May calculation of tuition fees:

December O ST e .

EE 5H31H RIFFIZME - sFHSTESINESS LTI
http://futurestudents.unimelb.edu.au/admissions/fees/ug-
intl/subject-fees

- Sciences RIZRF2 : $211,000

* Medicine (7 years total) 8822 (FX155F) : $201,000

« | The University of
. - Psychology I\ 2% : $201,000

« Computer Science and Technology

Sydney
. | = 3
: ';&Ej(?f ) *Course dependent
I O | R RIEME -
Sy = RIRE SHEHERIS : $214,000
L - Sports Science (3 years total)
. BRERS (H=5):$247,000
:. UQ tuition is based on the course load and course selection
s for each semester. A standard semester consists of 8 credit
. The University of hours (4 courses). A student’s actual annual fee may vary in
.:’ *. | Queensland y accordance with his or her choice of major and electives.
I it - RERESTRBENENE - SSINBHBIE - BE(
Novermber | 15th May E
v 58158 « Biotechnology %4441 : $200,000
1MR15H
« Life Sciences, Physical Sciences and Psychology
A\ N4 LEGRIE MR « INERE : $149,000
S * Medical Studies E&%2 : $360,000
. * Pharmacy Z&|%, Physiotherapy Z2 « ¥JIE8%E
. $232,000
* | The Australian
% | National
| University * Sciences, Biotechnology, Psychology, Medical Sciences
Y sEyi R A 12th 315t May RIE « EYERlT ~ INTEER « B2 $200,000
December 58316 * Flexible double degrees (Engineering and Advanced
128128 Computing) 2 [(TFERSHRETH) : $200,000
« Environmental Studies IE155 : $172,000

Table 2 &2
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THE BIOLOGY IN

BIOWEAPON
FEHa - RE

By Raphaella So # £

It was seven days after 9/11 when the
envelopes containing inhalational anthrax were
first mailed out. Victims experienced symptoms
similar to that of a common flu before the
impact escalated into difficulty in breathing,
high fever, and even death. From October to
November 2001, officials reported a total of 22
cases of anthrax infection, 5 of which were fatal
[1]. It was a bioterrorist attack.

While anthrax may appear to be a modern-
day threat, it has, in fact, been described
in scholarly writings in Ancient Greece and
Rome. “Anthrax” refers to a bacterial infection
by Bacillus anthracis. The first clinical trial of
anthrax was performed in the 18" century.
By the late 19" century, Robert Koch made a
historical breakthrough in the study not only
of anthrax but also in medicine. After isolating
the bacteria and growing it in a culture, he
was able to show that the diseases in animals
manifest directly in response to the injection of
specific microorganisms. His experiments also
developed an understanding of the growth of B.
anthracis, leading to the first use of anthrax as
a biological weapon in the early 20" century.
One famous example of bioterrorism involving

THE

the disease is Japan’s attack on Manchuria
during World War Il.

B. anthracis lays dormant on soil in its
endospore form, resistant to extreme conditions
such as heat, acidity, alkalinity, humidity, or
even y radiation. With its exceptional resilience,
it can survive for decades on certain soil types.
The lethality and ability for B. anthracis to
survive in hostile environments are attributed to
the protein products of its virulence plasmids.
One plasmid codes for proteins that disrupt
major signaling pathways - in this case, lethal
factor and protective antigen. Another
virulence plasmid codes for a capsule that
protects the bacteria from phagocytosis by the
host’s immune system.

Given the bacterial association with soil,
anthrax understandably originated as an
agricultural disease infecting grazing animals
such as cows and sheep. The most common
non-deliberate human infections thus occur in
patients who have routine contact with farm
animals or produce. Endospores of B. anthracis
enter the human body through ingestion, open
wounds, and inhalation.
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A comparatively less threatening but more
common infection route is through the skin,
known as cutaneous anthrax. 80-90% of lesions
recover without causing systemic infection
or complications [2]. Anthrax can also enter
through ingestion of contaminated meat.
Endospores enter the body through breaches in
the mucous lining, causing systemic infection.
Systemic anthrax infection occurs when a
number of organs are infected: the toxins
cause large-scale edema and tissue necrosis in
the body, leading to organ failure, heavy loss
of blood, loss of fluids and electrolyte, as well
as shock.

Inhalational anthrax is, however, the most
lethal, even after diagnosis and antibiotic
treatment. According to the Centre of Disease
Control and Prevention (CDC), the rate of
fatality among the most recent eighteen cases
of inhalational anthrax was more than 85%.
Inhaled endospores enter the lungs and trigger
macrophages to surround the foreign body
and phagocytosis (an initial immune response
whereby phagocytes engulf the foreign

P The first clinical

body). Instead of dying, however, the bacteria
germinate inside the cells and are eventually
carried to lymph nodes and the blood stream,
hence, increasing the lethality of the infection

[3].

Antibiotics are the common course of
treatment for an anthrax infection, but it must
be administered in the early stages before
the bacteria are able to secrete enough
toxins when the infection reaches a point of
“no return”. Thus, its efficacy as a bioweapon
comes from the infection’s nonspecific initial
symptoms, causing misdiagnosis and delayed
treatment. Scientists have been investigating
the possibility of creating antibodies that
bind to and inhibit the three toxin-forming
proteins. Currently, they have successfully
targeted edema factor (one of the proteins
responsible for the production of toxins that
disrupt signaling pathways) with a drug called
Adefovir, originally designed for Hepatitis B. The
pursuit is however only at its infancy and much
more remains to be researched.

During the first World War
there is evidence that the

|+

i
a4

German army used anthrax to
secretly infect livestock and animal
feed traded to the Allied Nations by
neutral partners.

-~ ‘e 1 g 1 8

~=.= | descriptions of

- - cutaneous anthrax were
= given by Maret in 1752

and Fournier in 1769.

17008

1881

Louis Pasteur tried to fully prove
how anthrax was spread and how
it made people or animals sick.
Pasteur successfully created a
vaccine for anthrax.

Some scholars believe that
in Moses’ time, during the
10 plagues, anthrax may have
caused what was known as the
fifth plague, affecting horses,

cattle, sheep, camels and oxen.
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remains a medical mystery.

Treaty signed to prohibit
biological and toxic weapons,
including weaponised Anthrax.
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Anthrax attack on America. Letters

filled with a white powder containing anthrax
spores were sent to two U.S. Senators’ offices, the
Pentagon among others. 22 people were inflicted,
resulting in 5 casualties.
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By Thomas Lee FEE

Imagine if humans had the ability to teleport to any location at a press of a
button. Or better yet, teleport to the far-reaching boundaries of the unknown,
allowing astronomical advances in our understanding of the universe. The
allure of instantaneously appearing in a chosen location anytime, anywhere,
explicably makes teleportation one of the most desirable supernatural
powers to possess. Is teleportation simply limited to the supernatural or could
it become a real possibility in the future?

It is probably worth disclaiming that
This article may be useful for physics classes, based on tf teleportation is more than just faxing a sheet
DSE syllabus. 1R#% DSE RlH - EEXEBYIEFE - of paper from one fax machine to another.
A more accurate analogy is transporting the
original matter in its entirety, with the original
disappearing completely and appearing at
the receiving end.

In 2012, four physicists at the University
of Leicester brought the heartbreaking
conclusion that human teleportation is not

—__._.‘
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possible. They quantitatively calculated
the time and power required to teleport a
human to space to be 4.55x10%? bit (basic
unit of information), which took into account
the human genome sequence, mental data
and errors due to interference. For all of
this data to be successfully transferred, it is
believed that it would require 4.58x10% years
and 5.76 megawatts per hour to power the
signal communication between the two
points [1]. Sadly, the time necessary for this
communication would be more than sufficient
for the birth and death of the universe many
times over.

References:

[1] Roberts, D., Nelms, J., Starkey, D., Thomas, S. (2012). P4_4 Travelling by Teleportation. Journa
http://physics.le.ac.uk/journals/index.php/pst/article/download/558/380
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The impracticalities of teleporting a living
object does not end there. In addition to
the impossibility of this estimated timeframe,
the teleported object must be digitised and
dematerialised prior to teleportation. If the
object is a human, any error that occurs during
dematerialisation and reconstruction of billions
and billions of cells in a destination hundreds
of thousands of miles apart would cause
irreparable damage. Another huge problem?
In essence, dematerialisation of a living object
means death.

Scientists have been exploring the
possibility of teleportation since the late 20th
century but not with physical matter. Rather,
instantaneous teleportation of information is
achievable through quantum teleportation.
Quantum teleportation transfers a piece of
information instead of an atom or molecules.
In 1998, physicists at the California Institute of
Technology (Caltech), along with two research
groups from Europe, successfully teleported
information carried by a photon across a
coaxial cable, 1 metre in length. The original
photon no longer existed in the aftermath of

the creation of the replica [2].

Quantum teleportation is possible
due to a phenomenon called quantum
entanglement. This is when two or more
particles interact in such a way that
they are connected, without physical
contact. If the state of one particle
changes, the other particle is instantly
affected, and knowing the information
or state of one particle will tell us the
state of its companion particle [3].
While quantum entanglement occurs

naturally, scientists can also create forced
guantum entanglement, but it is difficult
to maintain. Teleportation relies on the
maintenance of entanglement and once
the entanglement is broken, teleportation
of quantum information is not possible.

Recently, quantum teleportation has
covered even more ground. In September
2014, a group of physicists from Switzerland
were able to teleport the quantum state of a
photon to a crystal port over 25 kilometres in
length of optic fibre. They created the scenario
of quantum entanglement by using a powerful
laser to thrust photons. Once entanglement
between two photons was achieved, one
photon was deposited at the crystal port and
one was propelled along the optic fibre. The
group pumped another photon toward the
propelled photon causing them to collide
with each other, destroying the two travelling
photons. Interestingly though, the information
from the third photon appeared in the crystal

[4].

Improvements in this novel technology
can potentially create powerful quantum
computers that operate at much faster rates
than that of our current computers. In addition,
information transmitted would be safer,
allowing added security to banking and online
businesses. Perhaps quantum teleportation
wasn’t what you quite had in mind and it is
safe to say that teleportation of anything in
the classical sense (including you) is by and
large, impossible! Supernatural powers of
teleportation will have to remain as fantasies,
for now, but the implications of quantum
teleportation are still incredibly exciting for
technological advancement.
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Clrca U Ian rr_lythm, or circadian

clock, is an internal biological clock that regulates
sleeping and feeding patterns, as well as a whole
host of other biological functions in all living
organisms. Organisms most active in the daytime
are diurnal, humans included, whereas nocturnal
organisms come alive at night. With heightened
senses most appropriate for nighttime, nocturnal
organisms enjoy a multitude of advantages — most
importantly a reduction in the direct competition
for food. What biological factors administer to
the internal clocks and what are the differences
between diurnal and nocturnal circadian
rhythms? x

Nocturnal organisms typically possess
enhanced eyesight, hearing and smell to
compensate for the lack of light. Saucer-like
eyes that allow maximum light are distinctive in
characteristic nocturnal organisms such as owls
and loris. Bats on the other hand, emit constant

1

. N

streams of high-pitched noises that bounce off
objects to assist them in navigation in the dark.
Meanwhile, many nocturnal organisms spend
the daytime catching up on some shuteye or
grooming. The activity levels of both diurnal
and nocturnal organisms are governed by the
circadian rhythm.

A self-sustaining oscillation, the circadian cycle
in living organisms has a period of roughly over 24
hours. In addition to regulating sleep, it also affects
the physiology, endocrine system and behaviour
of organisms. Together, organisms make use of
the circadian rhythm to derive maximum benefit
from temporarily available resources. For instance,
they are able to anticipate daily food availability
and pressure from predators ahead of time; cycles
are typically not 24 hours exact. External timing
cues known as zeitgebers assist in synchronising
the cycle with geophysical time by “resetting” or
changing the phase of the circadian clock. The
most powerful zeitgeber is light stimulation [1]. In
addition, scheduled voluntary exercise or food
shortages are also capable of shifting the phase.

Although nocturnal and diurnal organisms
exhibit an almost antiphase in physiology,
metabolism and behaviour; the main

characteristics of their circadian metabolisms are
largely parallel. In both cases, the master clock
in the circadian cycle is the suprachiasmatic
nucleus (SCN), located in the hypothalamus
[2]. The SCN receives light stimuli and “resets”
the cycle in order to be synchronised with

the environment. The hormone responsible



¥ x

for the regulation of the circadian rhythm is
called melatonin, and its synthesis and release is
controlled by the light-dark cycle. This hormone
then regulates other biological processes to reset
the clock depending on whether the animal is
nocturnal or diurnal.

SCN is also responsible for the release of a
hormone known as vasopressin. The main target
of vasopressin is the neuroendocrine system (the
hypothalamus-pituitary-adrenal (HPA) axis), which
regulates numerous biological processes, such as
digestion, immune system and stress levels. Recent
studies have shown that most activity from the HPA
axis happens when light diminishes in nocturnal
organisms, whereas the opposite is true for diurnal
organisms [3]. This allows the organism to adjust to
the demands of the day’s actions.

Along with features made optimal for night
vision and sensitive hearing, nocturnal organisms
are well-adapted to lightless environments with
the help of nature’s custom designed biological
clocks. Intricate and complex systems in both
nocturnal and diurnal animals, circadian rhythms
are regulated by a whole host of factors and can
influence sleep-wake cycles, body temperature
and important biological functions. Recent
research on this topic focuses a lot on identifying
the genes which dictate how nocturnal and
diurnal animals react to light stimuli, but much has
yet to be done to fully decipher these intricate
biological codes.
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This article may be useful for chemistry classes, based on the DSE syllabus. 8% DSE &1 § -

O n e of the four great inventions of

ancient China, paper, as we know it, made
its first appearance around 105 AD. Since this
revolutionary invention, much of human history
has been recorded on paper; but the frazzled
yellow colour of old books, dated photographs
and ancient documents serves as evidence of
the unforgiving effects of.time. However, paper
discolouration is ascribed to more than just time,
as it involves chemical reactions with specific
conditions.

A closer inspection of the composition of
paper is 'necessary in understanding paper
discolouration. Paper manufacture involves the
separation of individual fibres from wood, mixing
of water and wood pulp, colouration (depending
on application) and drying. The main components
of paper are the same as that of wood fibres
— cellulose, hemicellulose and lignin. Cellulose
and hemicellulose are white polysaccharides
(chains of glucose molecules), whereas lignin is

a q.ark complex organic compound. To produce

white paper, lignin is removed in the pulping and

fbleaching process.

. In lignin-free paper, discolouration'is mainly
attrlbuted to the oxidation of cellulose and
hemlcellulose These compounds do not have
_delocalised electrons to absorb visible light. This

" means that the electrons are associated within

the electron cloud of a specific atom (metallic
bondlng for example exhibits delocalised

ctrons) However, oxidation of hydroxyls forms
carbonyl and carboxylic groups. The newly
formed double-bonded functional groups

BERXEBHICERE -

(C=0 and C=C) are chromophores, which are
responsible for giving the colour of the organic
compound. The reaction occurs in the presence
of oxygen, which is also why the exposed edges of
the pages in a book turn yellow more rapidly than
the interior.

Not all paper is created equal either:
l\]ewspaper discolours much faster than does
white paper, due to the former having a higher
content of lignin. In addition to increasing the
rigidity of paper, lignin also gives paper a rough
and dark appearance. Removal of lignin in paper
production is an e>'<pensive procedure and is
skipped to lower newspaper costs. A study done
in 1996 showed that UV light possesses enough
energy to break down the ether linkage in lignin,
producing phenyl radicals and ketyl radicals.
The latter continues to breakdown lignin to

yield, more phenyl radicals. Oxidation of phenyl

radicals produces phenyl acids, giving the aged
newspaper a yellow appearance and a brittle
texture.

Since oxidation and photooxidation are the
main culprits responsible for paper yellowing,
slowing down this process preserves the natural
colour of the paper. The reactions are possible
under the presence of heat, light and oxygen.
Avoiding unnecessary exposure to heat and light
would slow this process down considerably. In
addition, there are certain coatings that-claim
to contain chemicals that are able to absorb UV
light to prevent yellowing due to photOOX|dat|on
or reducihg ‘agents, which protect the
polysaccharides from being oxidised. - ° v

.
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Can Yellowed Paper be Restored?
AYAR REMRIERHR ?

Yes! But it depends on how heavy the
damage is. It is possible to de-acidify
aged paper by creating a bath of milk
of magnesia and soda water. Leave for
8 hours, soak the paper in the bath an
then dry completely. However, be carefui _ !
that the ink does not run!
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Does glossy paper turn yellow?

SEAE th B LIS ? &8
Glossy paper is typically coated with
polymers or other compounds that
protect the paper against UV radiation
or water, making it much more difficult to
age.

— R EAEEEZE RS Y EMNESY
BEFIPLERIMNRER YA MK - T E PR AR SRAVE
k- . \

& X PN
SERATCRSEE %za»w@%gﬁgp$éfﬁ
BURS MR RAEE B LR ERER HAERNE.
GETRE BREEEFLENREERARZT AL S
MEBRRBE - R 25 2 FREBOEBIEE 8
BERNSET— BLREZERESATREENE S
B91L 2B TR LE S EE R 43R 2EASE
BRE  MesmRa-

=

r PN

fHlEAE
E z

e

=4 =ty
BE-;

iy T Ty | S
) oy -l
« Jhuid o i
Ve
YT Gl

NS

0Y ‘ﬂ _}.
v . .--b
R - U
\v_z__"c "r’.i' 7 3‘"\ < e
J &% ) e b

o F %



PICtu re a model of

immortal female and male rabbits
that are only able to reproduce
one female and one male rabbit
at one time. A month into their lives
they will be able to mate. At the end
of the second month, they will give
birth to a new pair of immortal rabbits
with the same reproduction limitations. Now
there are two pairs of rabbits. The new rabbits also
mate a month after they are born; meanwhile the
old pair gives birth to a new pair of rabbits for a
total of three pairs of rabbits. With me so far? In
other words, the number of pairs of rabbits is now 0,
1, 1, 2, 3 and in the next month, 5. How many pairs
of rabbits will there be in the month after? How
many pairs will there be in a year? These were
qguestions posed by the Italian mathematician,
Leonardo Fibonacci, in the 13th century.

On closer inspection, each new term is
determined from summing the current and
previous term. At the end of the nth month, the
total number of rabbit pairs (F) is equal to the sum
of the number of rabbit pairs in the previous month
(F'y-2) and the new-born rabbit pairs (F-7). As an
equation, this is expressed as F, = Fj,.; + F,-2> with
the general term for the Fibonacci sequence as

1(1e43)" (1-45)

an = —

J5 2 2

Let’s take this a step further. When we divide
two sequential Fibonacci numbers, we obtain a
series like so:

1/1 = 1, 2/1=2, 3/2=1.5, 5/3=1.666..., 8/5 = 1.6,
13/8 = 1.625 etc.

This results in a new series of numbers that
converge into what we call the ‘Golden ratio’,
~1.618034, represented by the Greek letter @ (phi).

What is more interesting is that the numbers
of the Fibonacci sequence frequently appear
in nature, which is related to its property of
converging to the Golden ratio. For example,

many types of flowers exhibit numbers of petals

713 petal ragwort.
Photography credits to
Trish Steel.

that belong to the Fibonacci sequence. The
ragwort, for example, has 13 petals and daisies
with 13, 21, 34 or 55 petals are commonly found.
Another famous example of Fibonacci numbers
seen in plants is the arrangement of seeds in
sunflowers, which possess either 34 levo-spirals or
21 dextro-spirals.

While no explanations fully backed by scientific
evidence exist, some experts have suggested that
plants adopt the Fibonacci arrangement in order
to better utilise limited space for a higher chance
of producing more progenies. The number of
petals is decided based on the size of the flower
disc to produce as many petals as possible to
attract pollinating insects. Similarly, spirals in
sunflowers allow the maximum number of seeds
available for propagation.

Human beings may not be exempt from this
ratio either. Some studies have shown that phi
is intimately connected to how we perceive
aesthetics. Test subjects were asked to rate
the attractiveness of random faces. The results
indicated that the faces which received the
highest ratings were ones that exhibited ratios
between the width of the face and the width
of the eyes, eyebrows and nose, closest to the
Golden ratio. In fact, the Golden ratio may be
present even on molecular levels. A full cycle of a
molecule of DNA is approximately 34 angstroms
long and 21 angstroms wide. A coincidence?

Tell us what you think by e-mailing us at
sciencefocus@ust.hk! Can you find more examples
of the Fibonacci sequence or the Golden ratio in
nature?
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Sunflower seeds arranged in a Fibonacci arrangement.
Photography credits to Alvasgaspar.
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H U m an hair grows in different

lengths, colours and textures. Aside from our
heads, common areas of hair growth are
apparent on arms and legs, face and pubic areas
after we hit puberty. While hair on our heads
grows continuously, requiring regular grooming,
our body hair seems to stop getting longer after
reaching a certain length, suggesting that these
hairs are of dissimilar types. What exactly are the
differences exhibited in these types of hair and
what governs their growth and appearance?

There are generally three types of hairs,
namely vellus hair, terminal hair and scalp hair.
Vellus hair is short, delicate, not incredibly visible
and produced all over the body. It is most easily
observed on children and female adults. In
comparison, terminal hair is thicker, longer and
darker in colour, more visible on males than
on females. Finally, scalp hair refers to the self-
explanatory hairs on our heads.

To begin understanding the different types of
hair, it is noteworthy to understand the general
growth stages of hair. Our heads, alone, carry
over 100,000 hairs and each independent strand
undergoes stages of growth at a different rate.
The birth of a hair begins in a hair follicle, tucked

snugly beneath the skin. Three distinct growth
phases can be observed throughout the life cycle
of a hair:

1 Anagen (growth stage)

At the anagen phase, hair grows at about
just over a centimetre per month. The length of
this phase corresponds with the length of the
hair, and is predetermined by genetics, but also
depends on hormones and other environmental
factors.

2 Catagen (intermediate stage)

The catagen phase occurs at the conclusion
of the anagen phase. It is a short-lived
intermediate stage where the blood supply and
cells required in growing and producing hair is
closed off.

3 Telogen (resting stage)

Hair at this stage becomes stale and gradually
falls out. During this phase, the hair follicle is
inactivated for about 3 months, where no growth
occurs, before the cycle begins at the anagen
phase once again. Poor nutrition or illnesses can
force hair follicles to enter the telogen phase
prematurely, where problems such as hair loss
occur.

This article was edited to fit the needs of the Science Focus publication. XX "RIE | FrEEMmM# B -



When compared with scalp
hair, vellus and terminal hair
have much shorter anagen
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shorter than hair on our heads.
In addition, they exhibit longer
telogen stages, so that the rate
of new hair follicle activity is also lower. In particular,
terminal hair replaces vellus hair at the presence
of an increase in androgenic hormone levels at
puberty, such as testosterone, also explaining why
males tend to have more body hair than females.

The science behind hair tells us that the
commonly believed myth of body hair growing
back thicker and darker after shaving is largely
untrue. What does happen after shaving is that
the hair becomes shorter and less flexible to
the touch, giving the illusion that it becomes
coarser. However, body hair seems to serve the
evolutionary purpose of acting as a first-line
warning system for unwelcome threats. Perhaps
we should think twice before getting rid of them?
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Hong Kong is particularly susceptible

to emerging infectious diseases. The over-crowded
living environment and frequent migration of
people in and out of Hong Kong have facilitated
the spread of infectious diseases within the local
community, leading to devastating consequences.
In 1997, the first known human cases of influenza A
(H5N1) virus infection (commonly known as avian
influenza or bird flu) were found in Hong Kong. 6
out of the 18 infected succumbed to the virus and
1.5 million birds were slaughtered. In 2003, Severe
Acute Respiratory Syndrome (SARS) spread from
hospitals to communities, infected 1755 people
and caused 299 deaths in Hong Kong. Originating
from southern China, SARS rapidly spread to
37 other countries within a matter of weeks
before it reached Hong Kong. In 2014, large-
scale outbreaks of dengue fever took place in
Guangdong Province and across Southeast Asia.
As of 28 Nov 2014, 104 cases of dengue fever were
reported by the Centre for Health Protection, 3
cases of which were locally contracted. Aside from
frontline medics, many research experts behind
the scenes have made important contributions in
understanding these epidemics and protecting
lives from emerging infectious diseases. Prof. Yuen
Kwok-yung, the Chair of Infectious Diseases at the
Department of Microbiology of the University of
Hong Kong, is one of them.

Ranked at one of the top 1% researchers in
the world by the Essential Science Indicator, Prof.
Yuen has published over 700 papers in prestigious
peer-reviewed journals with over 15,000 citations.
His career as a microbiologist began in 1988. Over
the years, he and his team have made important
discoveries of novel microbes and disease agents,
such as the SARS coronavirus, Human Coronavirus
HKU1 and the bat SARS coronavirus. He published
the first clinical and laboratory diagnostic paper
on Influenza A H5NL1.

Prof. Yuen graduated from the Faculty of
~ Medicine at the University of Hong Kong in 1981
~ and originally trained as a surgeon. He then made
the switch to become a physician and eventually

eYo:




to a microbiologist. He believes that his knowledge
as a physician has helped him immensely in his
research and that both roles are interesting and
rewarding. He explains that research establishes
long-term benefits, whereas treatment is mostly
immediate, making both equal in importance.

Seemingly somewhat spontaneous in nature,
Prof. Yuen’s career path and decisions in the
choice of research were largely coincidental. His
reason in selecting microbiology as opposed to
other fields was simply that “only microbiology
was open in HKU at that time”. But what he
originally just “fell into”, would become a fruitful
and significant career of success and contribution
to society.

The HKSAR government has awarded him
with the Silver Bauhinia Star for his contributions
in containing infectious diseases with his
leadership and expertise in this field. His success
as a microbiologist, a surgeon and a physician
is acknowledged by numerous Fellowships at
distinguished institutions from all over the world.
He continues to plough forward in identifying
emerging infections, specifically in avian influenza
and MERS coronavirus. Despite being hailed as
a hero, Prof. Yuen simply responds that “we only
want to get our job done - this is our responsibility”.

éfﬁ%—@%%%ﬁﬂ%%’%ﬁ@%ﬁ@iﬂﬁ" BENE
FRE RSNEARKE  BAVRERBERMTE
B ERXKBMNER-1997F BBEIEZKERA
FRRCREPERBAHSN1 S AR S (XAEHSN1Z AR ) R91E
£-18BRHEP  GALFELT FBEUFEZERLS0
BEXB-2003F BEBBRRBRESUTRARKSIE
(AR L) EFHERERE(E  B1755A Hoh
29T - RRFPEREGIDTEBATBEHBEA - #
MEBIEREHA37E R - 2014F - SR HMERRENE
[EREaaihiE NARIE R - FBHEEMEPOE20145F

11828H A EFHRBL04RBEZHBA  HP3IRAARK

LR EZE - PR T BIARBHEABS  HRBXDBEB LLH
HERRFEENREEMFLERER HP—UZEEE

REBERMEVNBRBEARRREABHE -

R TEHARIEIFIZ | (Essential Science Indicators)
HEE RUBETRRIKG1I%EEZENINEEY— &
FERBNERETIERAERTO0ZRER W5IH
#83815,000R -1988%F - RHE MBI IR M ENERT
BRETHRIE T2WRMEERRE - ZHER - MM
HBERERADIRENMEYFREIRS - WD LAk
mE MEASERBEEHKUIRIRED TERES -3
A INEE R T RIRE—REARHINIP A RENRR R E
ERERZET IR -

RAREIBIFREFBABEEREE  RYEZ
REARIRIBE BREHAREE 28 EMS—RM
EVBER - RPERRBEENNEBE M EBEBARE
B BENMRAENBBHEZEBNEREN - gL
REEBLRRE MARBANZREBZS MEREE
=

g o 2

ERESFEBOESMERAL REFADRERKK
2hE - EREREE THMENENRE  REENE
R BEEEERBREARTMENER, - SHW "
VAR B REENSE BUSFLEZER-

B3 W

RIRBEFERBHABRRRZMNES KRG
REFTEMBEMNBHNERAAELER - BURKTEME
Y2 SN Z L ER T - 22 RS RN 2R
WENHE R - RBREEH L ROMRHMEERR -
FRZBRRMPRTREECAAS BABEIHES
WERBTVERIARELE  BITRBERAOE : AR
HAD  EEHMNEE - 7 \\



»

* Dr.

11 .
* 1 really can’t guess,

Nobel Laureate has been mterested
.scrence since he was a ‘child. “My-* parents

_took me to the natural hrstory museum and |; saw
dinosaur bones and the planetarrum show and |-

was hooked 'immediately. My parents also: read
out loud to me and my sister from brographres of

"Darwin and Galileo), When'l wds about 8 years

old: It was obvious'that scren_ce was excrtlng, very
important, and a little dangerous. How coUld you
not warnt to do it?” His undying passron seems to
be the key for his success.

o

Observatronal Cosmology Laboratory at the

U.S. space agency S (NASA) Goddard Space .
Flrght Center. After obt‘arnrng his Ph.D. in Physrcs i
at the Unrversrty of Calrfornla Berkeléy in 1974

he'became an NRC Postdoctoral Fellow at the
Goddard Institute for- Space Studres (New York

and working groups for prolects from NASA and

‘the National Scrence Foundatron among others "
He has also recerved numerous awards and honors
inr recognition of his contributions, partrcularly n .
infrared astronomy and cosmology In 2006 Dr. *

Mather and Prof. George ‘Smoot shared the Nobel
Prize in: Physrcs for their discovery of the blackbody

form: and anisotropy of cosmic - microwave
backgraund radiation (CMB) during their work on .
; the Cosmic Background Explorer Satellrte (COBE)

L]

The COBE satellite was launched on November
18, 1989, to0 measure the spect_rum of the_CMB

; radiation; . and compare the 3peC‘trum"of the

. and his team found that CMB radiation has a'

CMB with a precise ,b‘lac'k_body. Dr.'Mather

blackbody speCtrum Wwithin 50 ppm, provrdrng

Rocket Smence W|th

“Dir. John: C. Mather

By Cherry Chow HE"‘*

K‘“ﬂohnc Mather answered, whef
he was asked what he would see,
|mself doirig if he had not become a’

Dr. M'ather is a Senror A'strophyslcist in the'

-_,.rmpossrble task,

Iight wanders through a dense fog, produces a

blackbody spectrum of photons. The data from :
‘the mstruments on the COBE showed a perfect

fit between the frequency spectrum of the CMB,
and the theoretical curve for g black body, “The

" fact that the measured’ spectr.um has the perfegt ~

blackbody form-rs ve-ry strong evrdence for the .

Big Bang Theory. None of the alternative the‘orres

include the high temperature equilibrium that

prpduces the: perfect spectrum Dr.’ Mather

_explarned

The m|SS|on proved to be a challenge from the b

get go. The biggest problem“was that hobody

. knew how ta desrgn the.: mrssron at first: We -

asked for extreme, sensrt|V|ty and preclsron and _‘

we needed instruments to work at quurd helium,

-temperatures around 1, 5 Kelvin.” 1n addltron ,

Dr. Mather. and the COBE team experrenced an
unexpect’ed crisis whrle Workjng en‘the pl’OjeCt

*When the COBE’ missidn was almost ready’to,
._be assembled ‘the ,Space Shuttle Challenger'
'tragrcally drsrntegrated after launch), Ieadrng to

Gity). Over the.years, he has served on advisory: d

'the deaths of seven crew, members. Thee: orrgrnal
plan to.launch the COBRE became a seemrngly

. W .
o b5 . . .

As the Senior Pro;ect, Scientist, Dr Mather now .
dedicates most of his time on the James Wepb
'Space Telescope (JWST) the planned suUCcessor . E
to.the Hubble_Space Telescope to be Iaunched-

'.in'2'018__. Due to its sensitivity to infrared radiation.*:
'from stats and from cooler objects below.rdom, " "/ .
temperature he'foresees' that the JWST will extend , '
the scientific, dlscovenes of the Hubble to * ‘greater TR
'drstances farther back in trme He'is also workihg‘
- on What telescope should be burlt after the JWS-T A
support for the* Brg Bang Theory. Accordlng _'
to the-Big Bang theory, multrple scattering .
photons |n the unrverse S 1nfancy, ]ust as optrcal"

‘It needs to-be even brgger and‘more powerful

-so that it,can detect srgns of Irfe on.p:lanets .‘
.around otherstars RN T -

. v “ . . § & ‘
PN 3 . - . . .
. . . i S T Cood TR

SLRR S &
2 B

“So we had to redesrgn the
; equr'pment for Iaunch oma Delta rocket Engrneers-

' and: techn|C|ans worked round the clock for; ;
_almost3years to do that,” Dr. Mather recalled “But -
it worked.” ! .
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Test Yoursel§! gli—ia

1. Whdt is the hdtme giveh to d bdcteriutm or 4. Which of the Followihg ihsects do hot require
virus thdt cduses disedse? sleep?
S| e RV E SR 0 i ? ITHiERSAERER ?
d. Abtibody e a. Cockroach VL
b T-cell T #fR b, Termite =]
c. Mdcrophdge ElEfHAE c. Bee R
d. Pdthogen RE 4. Ant IEES
2. The dlloy credted wheh tnixihg copper dhd tin 5.Chdlk is pritnd¥ily thndde up oF whdt chetnicdl
is cdlled? cotpouhd?
MMBZNEEETE? MEEXZRUATHECSMYSHE ?
d. Alutinutn &= d. Cdlciutn sulphdte il £5
b Brohze =il b, Cdlciutn cdrbohdte Tk i £5
c. Steel i c. Iroh oxide S
4. Iron 2] d. Alutnibutn oxide Stz
3. The Atndzoh RdihForest produces dpproxitndtely 6, Trye or Fdlse! Hutmdh sdlivd conhtdihs d
whdt percent of the world’s oxygen? pdinkiller cdlled opiorphih thdt is tmore powersul
DEEATMMEERNMIREBEIIVER? thdh tmorphine.
a. 10% EERE  NEERESS &N lopiorphiny gYIE
b 15% BYE  WRICISHEE R -
c 20%
4 25%

1 G P D G P EZ siamsuy

For detailed answers

Interested in science and writing? BRI B 2
and explanations,

Submit a science article for a chance to win e LARIELRREA I SCEL » KA H
please visit our website. an Apple iPad AND have it published in ~ EFRFSHHIPadZi | {8 RS EN(E
BIRES - g future issues of Science Focus! For more AR "#he i - FAH TIRE 2
S B FIR AR competition details, please visit: FEEENG - B TR ) RS -
http://sciencefocus.ust.hk

http://sciencefocus.ust.hk/sciencefocus-competition/
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