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Summer is just around the corner! Don’t worry if you
have not made travel plans yet, because there are
just as many exciting events here in Hong Kong!

Gei Wai Harvesting

Gei wai harvesting is a shrimp culturing technique
brought to Hong Kong in the 1940's. On July 19, you can
explore this important coastal heritage for yourself by
participating in World Wide Fund'’s tour! This tour includes a
gei wai harvesting experience, an intfroduction to gei wai
culture, a visit to the Gei Wai Museum, and more! Tickets
go for $350 for the general public, and $290 for WWF Hong
Kong members, the elderly (aged 65 or above), and full-
tfime students (aged 18 or below). For more information
and booking details, please visit http://online.wwf.org.hk/
booking/en/info.htmletype=PT&st=Public#4.

Junior Science Institute

The Junior Science Institute is a year-round programme
offered to Form 4 to Form 6 students by the University
of Hong Kong. Students will be able to learn about
different science disciplines through hands-on 'workshops,
laboratory classes, and other interactive activities..The
following table shows the three programme periods and
their respective application dates. The application period
for the first semester of the upcoming school year is in
September. The workshops are offered free of charge, but
there is a commitment fee of $200 that will be refunded
upon successful completion. For more details, please visit
http://www.scifac.hku.hk/community/scienriprog/about.
You can also visit their Facebook page for programme
updates: https://www.facebook.com/jsi.hku.

Semester Application Period
September 2015
December 2015 - January 2016

May 2016

First Semester

Second Semester

Summer Semester

Hong Kong Museum of Medical Sciences

Interested in learning more about the medical history
of Hong Kong? Make a visit fo the Old Pathological
Institute. This 1906 building was originally designed to be
a bacteriology laboratory, and has been declared as a
historical monument in Hong Kong. Since 1996, it has been
home fo the Hong Kong Museum of Medical Sciences.
Students can gain an appreciation of Hong Kong's rich
heritage in traditional Chinese medicine as well as'the
history of western scientific medicine through visiting the
museum. For more information on current exhibifions,”
please visit http://info.hkmms.org.hk/en/home/.

HONG KONG?

ERRAT | MRRAZMERBLHFIRT FRELN &
B—RARSABNEHNEZARSN!

EHE R M IS 2 ik

BERHA0ERESIAZEBBNGE - W7H19HE - R
OLUEB2MERBAESEENNEEE RIBEEENE
FEGRITREFESHEWERAERE REEEL 2BEER
MEE - ARATHWEER $350 - B8 - 655U LHWEREM
BRI U T EHBIBLET=EEES$290 - R T REBELFHIE
KIEX  HBIB : http://online.wwf.org.hk/booking/tc/
info.html?type=PT&st=Public#4

DER BB LSRR SI)

JISIREBAREBSPNEPNHNBEMRNEIBIRRE
2 -BETPUEB TR BRR NEtMEEEES2BAE
BISHBEHE - ERAFTEFNRBRETRR TR - NLBG
REESERE  —EHRE BRFATRS200EE - T
RERIE -ER TREZHIE FHE : http://www.scifac.
hku.hk/community/scienriprog/about -

EETZBISINBESESHNENHER  https:/
www.facebook.com/jsi.hku

2] RS

F—2H 2015498

F_2H  2015F12HZF2016F1H
SHIRRE 2016458

e LD

MRMREBFEEEE LA R EZI TR "RE
WERFT . BE - ERAENRI6EER REFAHAEE
BR= RESEEHE BlI6FERABEEEFEY
EERVERLL - A2 E oM ER FEEEN B2 EH XK 611
BRIBERASBE REFBEUSZFENEEMER
I : http://info.hkmms.org.hk/zh/home-zh/-




AS of 2014, Canada is ranked seventh in the
world in most popular destinations for international
students, making up 8% of Canada'’s post-secondary
school student population. The University of Toronto,
McGill University and University of British Columbia
were among the fop 50 universities in the world, as
of QS University ranking 2014.

University System

Undergraduate degrees in Canada typically
require 3 to 4 years to complete. A majority of the
universities run on a bi-semester schedule, from
September to April with summer courses offered
from May to August. Others run on a full tri-semester
system, where semesters begin in September,
January and May.

Application Requirements for International
Students

Admission requirements vary between
institutions. Admissions are primarily determined
by a review of previous academic records.
Canadian institutions accept HKDSE/GCE A Level
or IB Diploma Programme for prospective students
from Hong Kong. Depending on the prospective
programme and institution, applicants must also
demonstrate their proficiency in either English or
French. Applicants who do not have an English
background are required to take the Test of English
as Foreign Language (TOEFL), the International
English Language Testing System (IELTS), or the
French equivalent tests. Table 1 shows the general
requirements for admission.

Requirements differ between institutions.

Applicants should confirm the test scores required
from their institutions of choice.

By Marco Wong =1&#5
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o . . Estimated tuition for Bachelor of
Lg;;t”tm“ l;[;plgéaggon Deadline Science (per academic year in HKD)
& AR B2 REEERE (BRFEE)
N Between start of January to March
Ué}i’;;g;ﬁ Toronto depending on programme $70,000 to 250,000
REAS —BHUE=R - BFHE
. Lo Between mid-January to mid-April
Mcj%g(r;;/ersny depending on programme $217,560
SRR —BhEMBh - RFRE
The University of British Opens late August and ends January 315t of
Columbia the next year $205,614
REFmLEKE NBTEREBEI1B3EELL
Last day for general applications: March 31+,
visit https://uwaterloo.ca/find-out-more/
University of Waterloo admissions/applying-waterloo/deadlines for $130,875
BEEAE a list of exceptions !
—RxEILLER - 3A315R - BB ERILER
BINERIZEILL -

Application Procedure

The application procedure for each Canadian
institution differs and no centralised system exists.
It means that the requirements as well as the
procedure may vary depending on the institution of
choice.

Deadlines and Tuition

Universities encourage students to apply as early
as possible, typically nine to fwelve months prior to
commencement.

Tuition for international school students are
generally 2 to 4 times higher compared to that
of local Canadian students. Fees vary by the
popularity and ranking of the programmes, ranging
from around CAD 8,000 (HK$50,000) to CAD 36,000
(HK$220,000) per year, or an average of CAD 15,000
(HK$92,000) per year.

In addition, accommodation and food can
cost up to CAD 7,000 to CAD 13,000 (HK$43,000
to HK$80,000) per year, with books and insurance
adding significantly to that cost. Table 2 shows the
deadlines and tuition fees for several top ranked
universities in Canada.

Immigration Requirements

Prospective students from Hong Kong must apply
for a student visa to study in Canada. In addifion,
students admitted for programmes longer than 6
months require a study permit. Please visit the Visa

Application Centre for the necessary information or

the website of Citizenship and Immigration Canada:
www.cic.gc.ca/english/study/

Table 2 %2
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Th e fountain of youth is a quest that

has transcended time and cultures. Applying
modern technology to this mission has multiplied
the types of products available on the market
claiming to reverse aging. In the next few years,
the global anti-aging industry is expected to grow
info a US$346 billion market [1]. Most products
at the consumer level target the symptoms or
appearance of aging, but researchers may have
made significant discoveries toward understanding
the root of aging.

To tackle aging, it is important to understand
what aging is. Biological functions rely on a
cycle of cell division and cell death. This process,
however, is finite and cells cannot divide forever.
Every division involves cellular timekeepers, known
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P cell division stops.
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By Wing In Chau Bz8#

as telomeres, located at the end of chromosomes.
After numerous cell divisions, telomeres become
shorter and eventually reach their minimum
length, where cells will no longer be able to divide
and lose its original function. These dysfunctional
cells can confribute to the process of aging in
a negative way. In 2014, scientists Timothy M.
Tucey and Victoria Lundblad published a study
of a cellular on-and-off “switch” that confrols
the mechanism of telomere shortening [2].
The mechanism involves an enzyme known as
telomerase, which bears the ability to reconstruct
telomeres. They discovered that telomerase could
be switched on and off, which could prolong
the telomere shortening process and achieve
continuous tissue regeneration [2]. Harnessing this
technology has the potential fo regenerate vital
organs in old age, and lead fo the development of
tfreatments for aging related diseases.

Current anti-aging ‘remedies’ can be divided
info two main categories — in-vivo supplement
and appearance restorers. The former is carried
out by hormone replacement therapy, claiming fo
increase one's metabolic rate. However, no official
investigations have thus far been able to support
the claim that hormonal replacement therapy can
extend one’s lifespan or prevent age-related frailty
[3]. On the contrary, certain studies have reported
that this type of therapy may cause harmful side
effects, such as increased risk of breast cancer,
cardiovascular diseases, and stroke [4]. On the



other hand, appearance restorers mainly consist
of cosmetic tfreatments or skin care products,
dealing with the cosmetic aging and requiring
repeated treatments to maintain temporary
effects. According to Consumer Reports, the best
performing cream only brought about a 10%
reduction in the depths of wrinkles, suggesting that
these types of products are extremely limited in
their effectiveness [5].

Much work still needs to be done to make
significant confributions to reverse aging. Prof.
Thomas A. Rando pointed out that models used to
investigate aging, such as laboratory mice, may
not reflect the same results in complex animals
(read his interview on Page 22). In fact, the more
complex the biological organism, the less likely
age reversal would work. Studies like this, however
undoubtedly take a step in the right direction.
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MGking up 78% of the

atmosphere, nitrogen is the most abundant
gas on Earth. It was first isolated in 1772 by a
Scottish physician, Daniel Rutherford, and is an
essential substance that allows the possibility
of life. Yet, most of Earth’s higher organisms are
unable to directly utilise atmospheric nitrogen
and instead, obtain it from food in the form
of nitric compounds. In a process known as
nitrogen fixation, diazatrophs (nitrogen fixing
bacteria) are able to convert nitrogen gas into
ammonia, nitrite and nitrate. The existence of
these microbes casts doubt on the necessity of
the enormous amount of nitrogen present in air.
The fact that it occupies such a huge fraction

THE

of the gases present in the atmosphere calls its
origin intfo question.

A previous school of thought suggested
that nitrogen could have been deposited by
comets, since ammonia (NH3) is an abundant
compound in these interstellar rocks. One
method to trace the origin of an element is
to examine its isotopic signature or isotopic
composition and whether it matches its
hypothesised origin. For example, the most
abundant nitrogen isotope is "N with 7
neutrons, at 99.6% in the atmosphere. However,
N also exists as a stable isotope, with 8
neutrons. The isotopic signature would be the
rafio between the stable isotopes. In a research

HISTQRY QF

Artist’s Impression of a Baby Star Sfill Surrounded by a Profoplanetary Disc
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which bewildered scientists, it was found that
the isotopic signature of terrestrial nitrogen and
that of solar wind did not match, indicating
that comets are unlikely to be the source of our
planet’s nitrogen [1].

The mystery was not dug up again unfil
recently. Dennis Harries and his team at the
Friedrich-Schiller University Jena, Germany,
uncovered a clue within a natural time
capsule. Their research studied two ancient
meteorites, recovered in 1979 in Antarctica,
and found that a type of nitride crystal called
carlsbergite was encapsulated within. It was
also found that the isotopic signature of one
crystal in particular, had a close value to that

NMTRAGET
ARE SR

pa
Kl aEAREIS% SHMFELEN
Q17720 BREBGAEEESEEROR
AR AREEATRONNE ATIROSSE
Y SEREEENRARTNE MEKays
MBS MARNETE  BEETLiE8aE
SIERE R R BILRa S - TRy BRI
B ELMAEYNEE BEARESS
PEENABEABNAR  GEA
SPEBNES S BE—EET

515 7 WEAEBHIEL -

nitrogen

A

£

of terrestrial nitrogen [2]. What this suggests is
that the formation of nitrogen on Earth and
that of the meteorite may share a common,
origin — the protoplanetary disc, or the rotating
disc of dense gjos around a newly formed star
[3].

The nitrogen in carlsbergite is mysterious in
itself. Nitrogen is rarely found in crystals, and is
more typically found as a gas. The team posits
that the formation of carlsbergite involved thin
gas surrounding “freely floating dust grains
covered by ice with the presence of ammonia”
[3] that was interrupted by a large body, which
created a gigantic shock wave. The energy
from this occurrence raised the temperature

By Thomas Lee FiEE

This article may be useful as supplementary reading for
biology classes, based on the DSE syllabus.
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of the gas, and melted the ice shells to form
carlsbergite.

A similar process may have occurred for
the formation of the Earth. 4.6 billion years
ago, an astronomically large nebula (a cloud
of dust and ice), may have collapsed due
to turbulence, which heated up the centre,
increased the spin and condensed the dust
and gas into the protoplanetary disc [2]. Harries
and his feam propose that the primordial ice
(prehistoric ice) may have been dragged to
the inner portions of the Solar System in the
protoplanetary phase, during which ammonia
was evaporated and bombarded by small
bodies, forming carlsbergite-containing
bodies. As our planet is located in the inner
Solar System, it is possible that the primordial
ice may have accumulated on Earth during its
formation [4]. NASA's Dawn spacecraft
recently entered the orbit around
the dwarf planet Ceres, which
is located within the asteroid
belt. The team is expecting to
collect samples on asteroids for
further matching of nitrogen’s
isotopic signature to provide

EI’JIﬁEE

more support to these theories, among other
projects.

While the origin of nitrogen remains a
mystery, we can attempt to answer the
question of why there is so much nitrogen in the
atmosphere compared to other gases. One
theory is that when the Earth formed billions
of years ago, gases readily mixed with other
chemicals to form rocks or oceans. Nitrogen,
however, is a relatively inert gas, which
ended up settling in the Earth’s atmosphere.
Additionally, nitrogen is a diatomic molecule
and is unable to escape into space unlike
lighter molecules such as hydrogen.

Why is all of this important2 Discovering
the origins of nitrogen provides information
on the age-old question of how life began or
whether biomolecules can be synthesised. So
far, attempts to create biomolecules
based on the assumptions of the
Earth’s eorly days have proven

reliable. But with the help of
rapidly advancing technology,
we are able to unravel life's
mysteries little by little.

Chromium(lll)-nitride
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THE DITROGEN CYCLE

MR RN R - RIEFLMIK R B = TE[2] -
BRI APRRIBEAR —IRER 2R
TER EGEEFEERIVRERIREE]3]

RPN RATRTEASE -T—REURE
SRR MOERIEPLIR - T RARE RIRE
WIER  BEHREREREDE "KI 2 KERZ
E" 3] BRIEARKXE SIERANEGERK FREE

WEEERB rRENRE BBUKRBE FH /A
TR -

$8 0 1938 12 T BE 88 72 Mt IR T2 AR RO B 12 - KATE
M+7]EER - EANEE (—BEMELRKEE) T8
ALRRE - RINBLAUAR - PAOCEEFS - TR NE -
MEMREE R RARITER[2] - IBE B E KR -
ERITTENREER - [RIG K2 (SERIX)HRIE T E KB %
WA EEBRET aXRRETH/N\KEEE
MEERBIREKEE -BRMIKURAREZR R
7K B2 ol e B LD ) RS 7 72 Al TR B9 3th K [4] - SSEI B X A
EMRBRORIATR KZEMEA F REEINE -
EURNNMIET - HRBEEIIBEWE/NTE £/
B DFBEZHRRURMRECEAR  1EMAE
EIEmIE R E SRS -

FANRRNZ— @R AMBFHMoIUEHEE
ATEHRHEMRE EARTEEEEZNR -5
EREL T TESR - MIKEAYE - RERS
SEHEMEBYESEREaME* 22—

N2 |
|

&
A

BEBRENROARE - 2 ERE

et
FHTF BRGNS T HIMNERRE)

®R

Rz

AMTEELEMAESERIE? RRIMIKAE K
B-a LSO ENBERTEER BB /BEmit
BB EY D FEREIUATLER 2S5/ &
REBRMFHMIKIRBEMETHNED D F 5
fr BRRZAHM GRTAKXYE | ABEZERX
MR BE R E—RREREMmE -

[3] Brahic, C. Meteorite mineral named after beer is time capsule (2015). New Scientist. Retrieved from http://www.newscientist.com/article/
dn26836-meteorite-mineral-named-after-beer-is-time-capsule.html#.VUsn5l6ggkp

[4] Yirka, B., (2015) Researchers find levels of nitrogen in meteorites similar to levels in Earth’s atmosphere (Web). Retrieved from http://phys.
org/news/2015-01-nitrogen-meteorites-similar-earth-atmosphere.html




v
LAl
s

A
>
D TRE
= \
9 e\ 373t

CorporOTe espionoge , memaory

implantation and information extraction straight
from a person’s mind may sound like the familiar
synopsis to Inception, but scientists are making
progress toward bringing this treacherous fantasy
to real life.

Implantation of memories is not, by any
means, a new idea. In the 1990s, one famous
formal study on memory implantation involved
a participant’s family members to narrate
tfrue events that occurred in the participant’s
childhood, but to insert a false event that did
not take place. The false event in each case
was about getting lost in a shopping mall. The
participants were then asked to recall each
event in more detail and to rate how well they
remembered the events. It was found that 5 out
of 24 participants incorrectly recalled the false
memory as an event that actually occurred
[1]. While not overly exciting, it does show that
memories are malleable even with very little
coercion.

Memories can be classified into two
categories — explicit and implicit memories.
Explicit memories or ‘declarative memories’
are formed and temporarily stored in the
hippocampus. These are memories that can
be recalled, such as facts, knowledge and
information about particular experiences. Implicit
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memories, on the other hand, are procedural,
referring fo skills that are learned. The ability to
swim or to ride a bike are examples of ingrained
implicit memories. Memory manipulation is
potentially possible for explicit memories, and
has become a prime target for research in
neuroscience. This is because, unlike the coercion
technique mentioned in the “Lost in the Mall”
experiment, memories can be tweaked through
knowledge of the hippocampus’ mechanism.

Most of the large, pyramidal neurons in the
hippocampus have been demonstrated to
possess a causal role during navigation. These
neurons are known as place cells and they fire
when an animal enters a specific area of its total
environment. This helps the animal to acquire
information about when it moves info a certain
place [2]. There is also a second type of cell in
the hippocampus; these are small cells known
as granule cells. Granule cells are more active
during the day while pyramidal cells come awake
during sleep [3]. The previously mentioned place
cells are thought to “replay” wake-experiences
during sleep for memory consolidation.

French researchers applied this mechanism
fo ‘manipulate’ memories in mice. They allowed
mice to explore an open field environment and
recorded the spike patterns created from place
cells during this exploration. During sleep, these



memories would be ‘replayed’, mimicking the
patterns observed during wakeful exploration.
Whenever these patterns were observed,
either during awake or sleep time, the scientists
‘rewarded’ the mice by stimulating the medial
forebrain bundle (MFB) to cause release of
dopamine (the feel-good hormone). To the mice,
this was the same as being rewarded with food.
The reward signal merged with the memory to
connect one specific part of the total open field
with a sense of happiness. It was found that when
the mice awoke, they spent 5 times more time
at the location connected with the place cells*
which were linked with being rewarded, thus
effectively creating a new memory in the mice -
that a particular location was met with reward [2].

Memory manipulation has far-reaching
implications. For one, it can potentially be
applied in therapy where traumatic memories
can be altered to become less so. The research in
this area, particularly in coercion and suggestion,
also provides ample warning in relying on witness
testimonies in legal settings. For now, however, we
can be thankful that memory manipulation at
this level has only been attempted on animals.

The importance of the discovery of place
cells by John O'Keefe in 1971 was recognized
this past year by the award of the Nobel Prize
in Physiology or Medicine. The prize was
shared with Edvard and Mary-Brit Moser for
their discovery of a second type of memory
cell known as a ‘grid cell’
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GENETICALLY MODIFIED
MOSQUITOES

AS residents of Hong Kong, we are all foo
familiar with the infuriating little pests that feed on
our blood through their tube-like mouths. Not only
do they suck our blood, but they also leave behind
unwanted signatures in the form of itchy rashes on
the exposed skin of victims. Itchy welts are not even
the end of it. Mosquitoes are carriers of a number of
devastating diseases such as dengue fever, yellow
fever, and malaria. While some of us are busy
swatting away these nasty creatures in the summer
heat, others remain unfazed and unaffected.
Could it be that these pests are selective of their
victims?

With the large number of compounds to
examine, researchers have yet to pinpoint exactly
what factors mosquitoes use to determine their
ideal feeding target. There are, however, several
factors that may attract mosquitoes, including
carbon dioxide output, body temperature, and
body odour related chemical compounds [1].
We are more likely targets when participating in
physical activity, which increases our CO, output
and body temperature. In addition, expectant
mothers exhale 21% more CO, than the average
person and have a higher body temperature
around the navel, and is reported fo be more
attractive targets for mosquitoes [2]. Another
study suggests that among humans who secrete

blood type substances on their skin
(approximately 76%
of the

Did you know:

While there are more than 3500 species
of mosquitoes which feast on blood from a
range of hosts, including mammals, birds, reptiles,

amphibians, and fish, only female mosquitoes bite, primarily to
acquire protein for egg production. Male and female mosquitoes
feed on nectar or other forms of plant sugars for food.
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population), mosquitoes seem to have a significant
preference for individuals with blood type O than
for people with blood type A, possibly due to the
release of chemical odourant markers [3,4].

Several chemosensory receptor families are
related to the ability of mosquitoes to sense odours.
Orco is an obligate co-receptor for one such family.
A recent study at The Rockefeller University used
genetically engineered Aedes aegypti mosquitoes
that lack the orco gene to study the effects of these
proteins on mosquitoes’ odour-sensing abilities.
Mosquitoes naturally feed on nectar to satisfy their
metabolic needs. However, the ones with mutated
orco genes lost their odour-sensing abilities and
were unable fo distinguish between honey and
glycerol (glycerol has a similar viscosity fo honey
but is odourless). In addition, certain species
of mosquitoes (Aedes aegypti and Anopheles
gambiae), which have a natural fendency toward
selecting human blood over other warm-blooded
vertebrae lost their evolutionary preference even
in the presence of CO,. Modified mosquitoes were
not attracted to human scent when no CO, was
present [5].

Research into mosquito preferences are
essential for curbing diseases such as dengue,
yellow fever, and malaria,

which are more devastating

in developing countries.

The abovementioned

research does not aim to

release genetically
engineered

0=C=0
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mosquitoes with no sense of smell. Instead, it is
to apply their findings to help formulate next-
generation insect repellents that target the
orco gene. Another possibility is fo reduce the
population of mosquitoes that are attracted
to humans, such as A. aegypti, by genetically
modifying male mosquitoes fo produce non-
viable offspring. The ultimate goal is not to kill off
mosquitoes once and for all, but fo divert their
appetites from humans to other seemingly more
delicious options on the menu.
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| n the 1940s, three scientists namely,
Hermann Bondi, Thomas Gold, and Fred Hoyle
put forward the now obsolete, Steady State
Theory. The theory stated that the universe is
continuously expanding through the creation
of new matter at the same rate as old matter
becomes unobservable, suggesting that the
universe is space- and time- homogeneous.
In other words, the universe does not change
at any place or tfime with neither a beginning
nor an end. However, with the advancement
of radio astronomy in the 1950s, evidence
piled up against the Steady State Theory. In
particular, it was found that extragalactic
radio sources (signals from outside of our
galaxy) scatter differently from closer galaxies,
contradicting the space-homogeneous
property of the universe suggested by the
Steady State Theory. Today, scientists generally
accept that our vast and expansive universe
came to be through the Big Bang.

Unlike the term insinuates, the Big Bang
was not, in fact, an explosion of any kind.
Instead, the theory offers the explanation
that, approximately 13.7 billion years ago,
our universe began as a singularity — an
infinitesimally small, hot and dense zone that
defies the laws of physics and consisted of no
matter. It then underwent a sudden, dramatic
period of expansion, where matter was able
to be formed, and continues to expand today
(albeit less dramatically). What this means
is that all the matter within the universe is
moving away from each other, since the
space between is getting larger. In
1964, evidence supporting the
Big Bang was accidentally
found in the form of
what is known as the
COosmic microwave
background. It
is explained
as the

HE BIG BANG THEORY
UNDER SCRUTINY

leftover radiation during the early stages of the
universe where expansion was happening faster
than the speed of light, during which atoms
were formed after the universe cooled and were
unable to absorb the thermal radiation.

While widely accepted, it should be noted
that the Big Bang theory is a model for the
evolution of the universe and not the only
plausible theory. In a recent paper published
last year, two physicists, Ahmed Farag Ali and
Sauya Das, constructed a new model by revising
the quantum equations and tfrajectories [1]. In
this new hypothesis, the universe is said to be
filled with a quantum fluid possibly consisting
of hypothetical particles called gravitons. The
model eliminates the potential existence of part
of the Big Bang theory — that is, the singularity. It
concludes that the age of the universe is infinite
and possesses no beginning or end. The
problem with the Big Bang theory is the
inclusion of the singularity. The Big
Bang does not take into account
anything that happened
before or during the
formation of the
singularity.

While
this new




hypothesis provides a twist on the well-known 9?@.
Big Bang theory and seeks to identify some of A V.
the missing pieces, it may turn out to be missing B \gt\\ »
some pieces of its own. For now, the Big Bang éﬁ"
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the cosmic microwave background or O@‘é’
galactic redshifts. ©F
Find out more info on Qy\/\e\ qﬁj\g
evidence for the Big Bang 604 <@
theory on our website at = . N
http://sciencefocus. < @ . 7 5&
ust.hk. \Yﬂ)\\\ @? B =
O EYE = LU
\Q@ \% -
Ové\ O $ RESH: EEE
& \O %uzmam Ik - B E
OO @PO ) B ERA Y B BE = 2= B ER
\\/ ﬁ'ﬁmﬁi%ﬁﬁm 19644  BHNRIRT
@ FEHMEE =S (cosmic microwave back-
V\OGJ % ground) - N AXFHFEHABEFERNBNRE - BH
‘;\/” \fb ’ AELSRNFEMUILGRERIERE - FTEE R X
Q\S?)\O E WA E PR IR UL B R ER B8R 5 -
\)«@Ov\ . 20240 E HARARIFERMEZES  BEIENEZIERRE
v\g, KR.HES . 0o Hop— ¥ FHEBE(CBIEROME - MIFME—ol1ThE R
(Hermann Bondi)- 5 5 l:ﬁﬁi%i@ BxR VIRERE AN - [ (Ahmed Farag Ali)
HT . X = (Thomas Gold) 3 FMER - ZH (Sauya Das) - BEREEFERR—BEXE &
BENEFHENMGBEEZRE—ERER[L] - SEMR

E - F® (Fred Hoyle) E=fUR B X
RUIR 2B RIEEEIER (Steady State
Theory) - Z3Emist - FHEAEMBIZEHNY

B wUERKNERERK FEYEEF AR - Bt
MR AFEERZE—(space-) MREE (time-) 9S4
(homogeneity) - RO - FHERZE EWRBHEE -
LA - A BEE 201 4250 FE R E R XX (radio
astronomy) B3 & - H AR 2 B9 F8 18 i R AR 18 AR 38 R
A0J47 - JUSNH EE R (extragalactic radio sources) w2
HpRRWERE RACHE FBRSRERMELNT
HEBMEIIGY ERONELXE LRS- 015 BNERM

EiRESEHTFHIRRAIRLE-

FEHARE BEHS UFREERA—ERE-HR:
ZIEREIREARNII7TRER  HANFEIZ—ESE
(singularity) — A& - ERAEYIEEEZ/0ERA
N ERMBENEE - A% BRBT—REANMBEIZN

HiEFHEHE F M (quantum fluid)FTEBRK - 28
REBIESIAF(gravitons) - EE T FEABETTE
HEFE 2R TFHAXKANED  FHUERER
n EAEELE SEMELME 7 AR EIERE SR
BFHERAEABEMRRNEL - BFEE(CIRR RN
Bigh -

#E R E BT R A FEARFER SRS - 2
RYKBFERAEZE BENosERRRE - ZIBAA
It AABFEMKES RUABSEEZE NREE

iR BB T FHARBNAERE -

BEBEEZHANFEANREIERNFAZN 3B
BMAAEIL http://sciencefocus.ust.hk:

References

[11 Ali, A. F., Das, S., Cosmology from quantum potential (2014).
Elsevier, Physics Letter B. DOI: 10.1016/j.physletb.2014.12.057

15



Why do W@RLAS
HUQ Trees?

KOO |OS are adorable and that

alone makes them a worthy topic to write
about. These animals spend approximately 20
hours each day sleeping or gripping frees and
have evolved specialised features for climbing
") and tree-hugging. However, it
© g is unlikely that koalas hug trees
00 4 just to be adorable. So, why do
they spend so much time hugging

. trees2 More specifically, what are
the evolutionary advantages of tree-

hugging?

Australian summers are brutally
hot. Some terrestrial animals maintain a stable
body temperature by migrating to cooler
subterranean areas, or by losing heat to the
ground through conduction. Other animals
such as dogs and kangaroos lick themselves
and rely on evaporative heat loss. When
water molecules evaporate off of the animal’s
skin, latent heat of vaporisation is absorbed
by the water, i.e., the heat is absorbed from
the surroundings when liquid is converted
to gas, leaving the surface temperature
cooler than it was before. Humans also use
this mechanism of thermoregulation through
sweat evaporation.

Koalas, on the other hand, are arboreal
animals, meaning that they are adapted
to living on trees. They are physically tied
to their habitats and cannot easily migrate
to cooler areas during Australia’s extreme
summers. These summers are also incredibly
dry and water sources are scarce. Wild

By Wai Lam Raphaella So #Z5%

koalas rarely drink, instead they
obtain most of their water .- °
intake through the eucalyptus "Q
leaves they eat. The scarcity of ~
water therefore limits the koala's
ability to thermoregulate through
evaporation.

Tree bases and tree trunks are significantly
cooler compared to the air, presumably
because the xylem (transport tissue) stores
large amounts of ground water. The surface of
the trunk provides a conductive heat sink for
koalas in the summer. A recent report showed
that under hot conditions, koalas were more
likely to adopt a tree-hugging posture, which
exposed more of their body surface area to the
cool surface. During the experimental period,
koalas most frequently hugged a non-food
tree species, Acacia mearnsii, which had the
coolest temperatures.

Is this tree hugging method effective?
On a 35°C day with a wind speed of 0.1 m/
s, a completely shaded 11.3 kg male koala is
required to lose 10.33 watts of heat in order
to maintain a constant body temperature (a
koala's body temperature ranges from 35°C
to 37°C). The koala can lose up to 7.07 watts
of heat by hugging the lower trunk of an A.
mearnsii alone. In other words, it only needs o
lose an additional 3.26 watts of heat through
evaporation — 68% less than no hugging!

Evaporative heat loss is a costly
thermoregulatory mechanism for it exhausts
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the scarce water storages of koalas. Tree trunks
provide a conductive heat sink for koalas,
and hence, the act of tree-hugging serves
as an alternative means of thermoregulation,
minimising the need for evaporation. Tree-
hugging koalas are therefore more capable
of conserving their scarce water resources. This
thermoregulatory strategy greatly enhances
the survival of koalas in hot and dry climates,
providing an evolutionary advantage for the
species.
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This article may be useful as supplementary reading for physics classes, based on the DSE syllabus.
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This article may be useful as supplementary reading for
mathematics classes, based on the DSE syllabus.

RIBEER SRS REMNE - KX ERBERIHTED

M USIC has been part of

human culture since the dawn of symbolic \\
human communication. Flutes made from fthe N
bones of birds and mammoth tusks from 42,000 years \\
ago represent the earliest reliable archaeological N
evidence. To date, online music databases hold tracks NN
in the millions — for example, the cross-referencing music
database Discogs holds an impressive 151 million tracks on
its site. However, there are a finite number of tones that can
be distinguished by the human ear. Taking into consideration
the rate at which tunes are being created, it is no wonder artists
are getting sued for copying funes. Is it possible that it is just a
coincidence? Could we actually be running out of music?

In the interest of this question, Plus Magazine examined the possible
number of melodies available, taking the following assumptions:

E ABERUGRIEERELER SE£MBRAABEX 82 - URENEBTH
R42,000FRINEF BIR{ISREMUENELEEFZ R[] - BESH EESLEEBER
FRREEME EfEDiscogsEHEBEECFALSIEHE -2 AREBREDWMAIRNEN - IREL
HEIFRE MEFEARE LDEZG -HESLEHAZISB ?RMEE FrEENER?

B YRV ERERE - BREFE KB LR L BB "Plus, [2] - = FAIRAIFHE ol BieEVE
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A melody will only be considered as a single combi-
nation of sequential notes. Chords, counter-melodies
or bass lines will be disregarded.

MERF% - BINEEFIEEEL - E—EFMNETT EHBIE
=

\ 2.
. Melodies are within one octave (from C to C’).

L REsE—{E (ECEHC) \EERA -
G

Within the octave, any of the 13 chromatic notes can be used.
IEREORN\ESEANIESGHER - 61F : C, C# D, D#, E F, F# G, G#, A, A# B, C'; IE#iF
NN

4.

We are interested in relative melodies so D to D or E to E are not included because it is already
includedin Cto C.

RRHERFAERHES - AL - BG# - FHIE- ABSEAEREEA - ARELHEEHES - AESE -
#MC-C~D-DHG-GHSE - HFREHEA -
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Going up in pitch &M@ L

Going down in pitch &M@ T

| JN

\Q

First note Second note Pitch difference First note Second note Pitch difference
feRpE—@E | EEPE_E (semitones) e oh 5 —1E et s — {& (semitones)
R =L *EE =K B FEE

C C 0 C C 0

C C# 1 C B -1

C D 2 C A# -2

C D# 3 C A -3

C E 4 C G# -4

C F 5 C G -5

C F# 6 C F# -6

C G 7 C F -7

C G# 8 C E -8

C A 9 C D# -9

C A# 10 C D -10

C B 11 C C# -11

C C 12 C C -12

From the assumptions and the table
above, we obtain 25 notes of two-note tunes
(eliminating C' to C' because it is the same as
Cto C).

Listing out all the combinations is a tedious
and fime-consuming ftask. Therefore, we
employ the use of permutations or an ‘ordered
arrangement’. If we only had 2 notes, C & D
to choose from and are limited to a two-note
melody, then we would obtain 4 combinations:
CC, CD, DD and DC. If we had 2 notes to
choose from and are limited to a three-note
melody, we would obtain 8 combinations:
CCC, CCD, CDC, CDD, DCC, DCD, bDC and
DDD. The formulae for these two scenarios
would be 22 possibilities and 23 possibilities
(number of starting notesnumber of notes in the melody) |
our more complicated scenario, the first note
can be any of the 13 notes; the second note
is similar and so on. If nis the number of notes
in our melody, then the possible combinations
of notes is given by 13 x 13 x 13 x..x 13 =13". To
find the duplicates, we apply the same thought
process. For a duplicate sequence that does
not contain a C, there are 12 choices for the

starting note, 12 choices for the second note
etc. We obtain 12 x 12 x .. x 12 = 12". Thus, the
combinations we can obtain from a melody
with n notes without duplicates is 13"-12".

We can easily generalise the above
discussion to find the number of melodies in
any scale. Let “s” be the number of possible
chromatic notes we can use. We obtain s" —
(s-1)"=s" [ 1-(1-1/s)"].

A song consisting of six notes has
approximately 1.84 x 10® combinations and
a song consisting of ten notes provides
a whooping 7.5 x 10" possibilities! We've
eliminated rhythms, but to account for that,
a rough approximation brings us to 8.25"
possibilities, or 2.6 frillion years' worth of
material. Not to mention that this is without
harmonisation, tempo and all the other
variations possible in music.

Although popular songs tend to gravitate
tfoward certain patterns of melodies, it is mostly
due to what we find to be pleasing to listen fo.
In conclusion, it is safe fo say that we will not be
running out of music any time soon.
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ENREEEE MERTHRMWEIE -BAMm=s 2 MK
HAIUEMS R EATETORPASE - Gy =sesoEiSAeES.

SHUANE[FE MERBHs" - (s-1)"=s"[1-(1-1/5)"] -

References and further reading 2 HREN:E :

[1] Higham, T., Basell, L., Jacobi, R., Wood, R., Ramsey, C. R., Conard, N. J., (2012). Testing models for the beginnings of the Aurignacian
and the advent of figurative art and music: The radiocarbon chronology of GeiBenkldsterle. Journal of Human Evolution. DOI:10.1016/
j.jhevol.2012.03.003

This article is based on How many melodies are there? By Oli Freke — Retrieved from https://plus.maths.org/content/how-many-melodies-
are-there for further reading
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DireCTO r of Glenn Laboratories

for the Biology of Aging and Deputy Director
of the Stanford Centre on Longevity at
Stanford University, Prof. Thomas Rando
obtained his MD and PhD in cell biology
from Harvard University and completed his
residency in Neurology at The University of
California San Francisco.

Prof. Rando’s team studies a whole host
of topics related primarily to muscle biology,
in partficular muscle stem cell biology, the
intersection between muscle stem cell bioclogy
and aging, muscular dystrophy as well as tissue
engineering. The topic of aging cropped up
a decade ago during the study of stem cells.
They questioned, “Why is it that when people or
mice get older and older, their stem cells don't
work as well as they do when they're young?”

Stem cells function in two main ways. Stem
cells in muscle tissue activate in response to
injury and divide until the fissue is repaired.
Their other function is a normal, stem cell-
mediated mechanism, where stem cells in
the skin or in the gut continuously make new
cells to replace old ones. These processes
seem to deteriorate as a person ages — for
example, wounds in young children heal
much quicker than they do in older adults.
“It's really a declining function over the
whole life course”, Prof. Rando explained.

Their studies in this area involves whether
the deterioration is reversible. “If it's genomic
- meaning if it is related to damage or
mutations in DNA, then it unlikely to be
reversible”. But if it’s anything else, then it

The Possibility of Age Reversal -
Prof. Thomas A. Rando

fiE
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By Cherry Chow B£ &

is probably reversible to some extent”. The
approach to studying age reversibility in the
perspective of stem cells is analogous to
genetic switching. During cell development,
differentiation of the cells takes place to
determine the function of the cell and
portions of the DNA to become inactive.
The idea of age reversibility is analogous to
turning one kind of cell to a different kind of
cell, for example a liver cell fo a brain cell, by
controlling the genes expressed and masked.
“In theory, if that is partly what aging is, you
could take an old cell and make it a young
cell”. Prof. Rando’s group has already made
aged stem cells function like a younger
cell by intervention. “At this point, we can't
conclusively say that we've reversed aging
as opposed to enhancing the function of
these old cells. But we have ideas on how
to study that”. However, he explains that
no molecular definition for aging currently
exists, and is a fundamental difficulty that
needs to be addressed.

Another challenge is limited time.
Science is a slow process and sftudies
on aging is particularly difficult since
experiments cannot commence until a
batch of test subjects (such as mice) age.
Clinical trials in humans would naturally
be even more challenging in length and
complexity, not fo mention the ethical issues
that would accompany such experiments.
Studies on aging are, nevertheless, ongoing
and significant progress is currently being
made in understanding the fundamentals of
age reversal.
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Role Model in Science -
Prof. Donna M. Ferriero

—JEh- 2

Prof. Donna Ferriero
is Professor of
Neurobiology and
Pediatrics at University
of California,

San Francisco,
Physician-in-
Chief at UCSF
Benioff Children’s
Hospital and
Principal
Investigator of
UCSF’s Neonatal
Brain Disorders
Centre.
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PrOf. Ferriero knew very early on in

her formative years, that she was cut out to be
more than what many women chose for careers
back then. Her prolific journey began in science,
something that she had loved since high school.
Equipped with a bachelor’s degree in zoology
and a master’s in immunology from Rutgers
University, she then obtained a degree in
medicine and pursued her postdoctoral studies
at the University of California, San Francisco. Not
only did she manage to overcome obstacles
that accompanied choosing a career in a male
dominated industry, but went on to achieve
much more. Prof. Ferriero now balances her tfime
between being Chief Physician at UCSF Benioff
Children’s Hospital and a researcher at the UCSF
Neonatal Brain Disorders Centre.

Over the past 20 years, Prof. Ferriero has
focused her research efforts primarily on the
pathobiology of hypoxic-ischemic injury in the
developing nervous system (in newborns). This
type of injury is mainly an effect of insufficient
blood flow to the brain to maintain its normal
functions and lowered oxygen concentration in
arterial blood due to stroke in the brain. Many
cases result in motor or cognitive disabilities,
and birth asphyxia related injuries as a whole,
accounting for 23% of all neonatal deaths
worldwide [1,2]. While experts are uncertain
on the causes of hypoxic-ischemic injuries in
newborns, Prof. Ferriero provides several theories.
Overly-reactive protective mechanisms during
birth, trauma, infection, or genetics are likely
culprits. Uterine rupture and placenta abruption
in pregnancy can also separate blood supply
from the mother to the fetus.

Much of her current research seeks to find
innovative freatment for hypoxic-ischemic related
injuries in newborns, in the form of signaling and
repair by growth factors. These growth factors



are proteins made by the body that promote
healing and growth, not only in the brain, but
also in the liver, kidney and heart. One such
growth factor is called erythropoietin (EPO),
and is already a commonly prescribed drug for
anemia patients or cancer patients undergoing
chemotherapy, to promote red blood cell count.
Her research investigated the effect of EPO on
oxygen deprived cells from the hippocampus (a
common injured area from newborns afflicted
with stroke) and returned promising results.

Her successful career is perhaps even more
pronounced at a time when there were very
few women role models for anything. “It never
happens anymore but when | was a resident |
went to my first academic meeting in neurology.
Neurology is a very male dominated specialty
and still is. | was standing there, | was standing
close to this big hall and the coat check room
was right over there. Some guy came up to
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References

me and handed me his coat because he
thought | was the coat check girll” While gender
discrimination is not as marked as it was before,
she believes that there is still an unconscious bias.
“It will take your generation fo fix that but | think
we'll get there. We need more women in science
and medicine!”

The balance between being a physician
and a researcher is one that Prof. Ferriero fries
to maintain by spending 25% to 50% of her
time attending and performing research in her
remaining time. Her passion for both is evident —
“l really enjoy the science but it's almost selfish
in a way because it is intellectually stimulating, |
hope it will benefit mankind, but | get much more
immediate gratification from interacting with a
baby in the family or a child”. It is that passion
which she advises prospective science students
to look for in their own careers because “it's not a
job, it's just fun, it's your life”.
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