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Message from the 
         Editor-in-Chief 

Dear Readers,

Welcome back to the second issue of Science Focus.

In this issue, we have provided current, relevant and 
well-researched articles which will hopefully stimulate your 
scientific interest. Some of our articles are aligned with the 
current DSE science curriculum, which teachers may find 
useful for classroom instruction. In addition, I want to bring 
special attention to the article, Bee Pheromones, which 
was written by a group of secondary school students who 
participated in the HKUST Dual Programme – well done.

I wish to take this opportunity to encourage proactive 
participation from student readers who are interested 
in science writing. Readers may recall that the Science 
Focus Article Submission Competition was created in the 
last issue. The competition is open to Form 4 to Form 6 full-
time students and submissions related to any discipline 
of science will be judged on originality, creativity and 
rhetoric. The winning article will be published in the next 
issue of Science Focus and the author will be awarded 
an Apple iPad. The new deadline for the competition will 
be in late August 2014. Student readers are also invited to 
join our mailing list to enter a lucky draw for an Apple iPad 
mini. Registration and more information can be found on 
the Science Focus homepage. 

I sincerely hope that you will enjoy this issue of Science 
Focus and we welcome your suggestions

Prof. Yung Hou Wong 
Editor-in-Chief



Happening In 
Hong Kong ?What’s   

By Yi Qi 

Want to have an exciting experience of 
science in Hong Kong? Then make good use of your 
spare time in the Astropark, Hong Kong Science 
Park and the Space Museum, where you won't 
regret your decision!

The Astropark: 3 zones for 3 levels
Located within Chong Hing Water Sports Centre, 

the Astropark is divided into three zones for visitors 
with different levels of astronomical background 
and interests. In the Naked-eye Observation Area, 
casual visitors may watch the beautiful starry sky 
at night; the Educational Zone enables visitors 
to appreciate the early Chinese astronomical 
technologies, and amateur astronomers can bring 
their own telescopes to the Telescopic Observation 
Area to watch the sky. The various options provided 
by the Astropark will certainly not disappoint you 
especially if you are interested in astronomy!

Hong Kong Science Park: Science Explorer
Should you be interested in the latest innovations 

in science, you cannot miss the Science Explorer 

interactive tour, including several ‘play-and-learn’ 
spots, Science Explorer displays the most updated 
science and technology breakthroughs covering 
environmental protections (Green Concepts), 

optics (Professor Charles K. Kao: The Father of Fibre 
Optic Communications Showcase) and everyday-
life technologies (Tech Universe). Experienced staff 
will guide you through the principles behind the 
innovations, making sure that the tour is a fun and 
informative learning experience.

The Space Museum: Astronomical 
Telescope Making

Want to do something interesting about science 
by the end of the school year? The Space Museum 
has launched the fun astronomical telescope 
making workshops for you to join! Participants 

principles behind telescope making before they 

telescopes. The workshops are scheduled to last 

from mid May to late July, with a quota of 30. Starting 
from April 1st, you may hand in the application form 
and receive a 50% discount if you are a full-time 
student! 
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Guide to

University
Applications:
United Kingdom
申請英國大學指南針

By Raphaella So 

Application to universities in the United 
Kingdom is done through an online system called 
“UCAS.” It is a centralized process where candidates 
can send their application information to, at most, 

Oxford and University of Cambridge have their own 
application procedures and are not included in this 
guide. 

Choosing Courses
The application fee is £12 if you only apply to 

one course and £23 if you apply to two to five 

courses. Hence, you might as well make the best 
use of your £23 and pick five courses. You can 
select your choices based on the probability of 
being accepted. Universities post recent applicant 
statistics on their websites. This information serves 
as a great indicator of the qualifications they are 
looking for.

two of these.
2. “Targets” are schools that are just around your 



level. They would be good places to end up in if 

3. “Safeties” are schools that are slightly under your 
level, but they would serve as great “safety nets” 
in case you cannot get any offer from the others. 
Having at least one “safety” is especially important 
if you are only considering UK universities in your 
application process.

Personal Statement
UCAS posts guidelines on how you should tackle 

the personal statement section of your application. 
In addition, it asks foreign candidates to explain why 
they choose to study in the UK. Use your foreign status 

knows what you can contribute as a student from a 
different cultural background.

References
Picking a teacher, advisor or professional to write 

your recommendation letter can be tough. Not only 
does he/she have to know you well in an academic 
context, but he/she also has to like you as a student 
and genuinely hope for your success. 

Deadlines and Important Dates
Applications typically begin from mid-September, 

with deadlines for majors in medicine, dentistry and 
veterinary science in mid-October. Applications for 
most other majors must be completed in mid-January 
for each cycle. 

Post-Application Procedures
Universities give out different types of decisions: 

1) unconditional offer where the place is yours 
or 2) conditional offer, where you must meet 
the university’s conditions upon graduation to 
be accepted. You may also get an interview or 
audition before receiving an offer. Candidates who 

be expected to attend. If the offer is conditional, 
candidates may pick a second choice as backup in 

All other institutions must be declined.

The cost of tuition for international university 
students in the UK vary wildly. The average tuition 
fee for 2013-14 was at roughly £11,400 (HK$148,407) 
per year, not including living costs. For detailed costs 
please visit http://www.thecompleteuniversityguide.
co.uk /med ia/674 8 03/the_ redd in _ su r vey_of_
university_tuition_fees2013-14.pdf  

For more information on UCAS  :

http://www.ucas.com/how-it-all-works/undergraduate

3



Consumers rely on expiration dates to 
judge whether a perishable good has gone 
bad. However, the date calculation is often 
difficult to estimate and sometimes inaccurate, 
as the package may go through unpredictable 
condit ions th roughout the manufactur ing 
and delivery processes. Hence, opening an 
“unexpired” milk carton only to be greeted with 
sour or discoloured milk is a situation familiar to 
many. Wouldn’t it be helpful if an indicator could 
tell us the level of freshness before we even open 
the package to avoid the smell, or worse, food 
poisoning? 

Other than contamination, there are two 
main reasons for the spoilage of food: bacterial 
growth and biochemical degradation. These 

two factors are highly dependent on the storage 
temperature: at warm temperatures, bacteria 
multiply faster, and chemical degradation also 
occurs more rapidly. Therefore, we can attempt 
to resolve the problem if we can create an 
indicator that simulates the rates of these two 
reactions, and attach it to the packaging during 
manufacture so that it experiences the same 
temperature variations as the food. 

Engineering the tag is easier said than done. 
How do we programme the indicator to mirror 
the specific food inside the package? How do 
we make it easy for the consumer to understand 
the indicator? Perhaps most importantly, how do 
we make the indicator affordable for large-scale 
commercial use?

Tags
For Food Freshness

SmartBy Raphaella So 

Oxidation-reduction, or “REDOX,” is a type of chemical 
reaction involving the transfer of electrons from one element to 
another. Ascorbic acid is a potent electron-donor (also called 
“reducing agent” because the negative charge of electrons 
“reduces” the target), so it can react with positively charged 
silver ions to form neutral silver metal.

 oxidation-reduction

References
[1] Zhang C. et al. Time-Temperature Indicator for Perishable Products Based on Kinetically Programmable Ag Overgrowth on Au Nanorods. 

Retrieved from http://pubs.acs.org/doi/abs/10.1021/nn401266u

This article may be useful for classes learning about “Redox Reactions” 
based on the DSE Chemistry syllabus.
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Researchers led by Dr. Chao Zhang from 
Peking University seem to have found a solution. 
The group made use of an oxidation-reduction  
reaction between silver nitrate and ascorbic acid 
(a form of vitamin C) [1]. This reaction deposits 
a shel l of s i lver metal onto gold nanorods. 
Fi rst, researchers mixed gold nanorods with 
cetyltrimethylammonium chloride (CTAC). This 
colloidal solution is initially red in colour. As the 
reaction progresses and deposits more silver 
onto the nanorods, the mixture releases shorter 
wavelengths – orange, yellow, etc. – until the 
colour turns green. The team deliberately chose 
green as the final colour, as opposed to shorter 
wavelengths such as blue and violet, for easier 
identification.

By alter ing the pH and concentrations of 
chemicals, Dr. Zhang was able to program 
the mixture for use in different per ishables. 
Furthermore, adding weak acids such as acetic 
acid and lact ic acid could ensure proper 
synchronization between food spoilage and 
mixture colour change at a range of temperature 
condit ions.  Therefore, the chronochromic 
changes of the mixture serve as a true “time-
temperature indicator”: red means the food is 
very fresh, orange and yellow show varying levels 
of bacterial growth, and green means the food is 
no longer suitable for consumption. For simplicity 
in real-life applications, Dr. Zhang’s team solidified 
the liquid indicator into an agar hydrogel that is 
sealed from external oxidation.

“Hang on,” you may ask, “is the indicator 
both safe and affordable?” Gold is an inert 
metal. While silver nitrate can be corrosive, the 
addition of CTAC renders it harmless by forming 
a silver chloride precipitate. Other chemicals 
added have low toxicity and are often found 
in medicines, cosmetics and even food. As for 
affordability, gold and silver, though expensive, 
are used at very low concentrations and do not 
contribute much to cost. In fact, each smart tag 
costs less than HKD $0.20 to manufacture. 

The development of this smart tag has far-
reaching implications. Not only can it tell us 
whether food has gone bad, but it can also be 
applied to other industries with expiry dates such 
as pharmaceuticals and cosmetics. Hence, we 
may see little red gels on our perishables in the 
near future. 
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bio-printing
人類智慧和科技的一大突破－3D生化列印

2D printers are now ubiquitous in Hong 
Kong homes. Basic scanning and printing can 
be completed with an effortless click of a mouse 
button. Could this be the reality for 3D printing? 
3D printing is a relatively new technological 
process that does exactly what it describes – 
print 3D objects. Theoretically, any object can 
be  printed, including glasses, earrings, toys, car 
parts and potentially, even human organs.  

Traditionally, the creation of objects from 
tools to engine cylinders would require either 
cutting or shaving of an initial block of material 
or the casting of a mold. This is unnecessary in 3D 
printing. 3D printing involves building the object 
from the bottom up. Prior to printing, the 3D 
printer reads an object template in the form of 
computer aided design files (CAD) and converts 
the design into isolated 2D cross-sectional slices. 
The material used for the object is initially melted 
and then heated upon deposition, layer by 
layer until the object develops. Design patterns 
can become quite complex depending on the 
desired end-product. Templates are controlled 

by parameters that can be altered by loci to 
generate different geometric patterns. Iteration 
and recursion are also methods to generate 
highly complex and interesting patterns. For 
example, the design of a hollow ring can be 
enhanced by using these parameters to indicate 
the number of holes or the size of the hollow area. 

The medical industry has seized advantage 
of this technology by attempting to print human 
tissue for medical investigation, in a process 
called bio-printing. Instead of printing layers 
of metal or plastic as in the printing of other 
objects, bio-printing involves the layering of live 
cells, to form human tissue. While the technology 
to print actual human organs is currently out 
of reach, the printing of tissue is a significant 
stepping stone toward that direction. Part of 
the hurdle to overcome in this process is to be 
able to create tissue with a functioning vascular 
system possessing the ability to provide essential 
nutrients and oxygen to sustain the life of cells. 
Furthermore, organs require many different 
cells to function properly in combination, thus 

By Oi Ying Wong 



printing tissue composed of one particular cell is 
inadequate. 

Another part of the puzzle is to be able to 
create CAD files for bio-printing. Non-living 
objects can be easily designed, altered on the 
computer and still perform but printing biological 
tissue requires knowledge of cell location and 
vascular structure. Imaging technology such as 
magnetic resonance imaging (MRI) is unable 
to pinpoint exact cell locations and there is 
no computer software that can handle the 
complicated structures of an organ. In addition, 
there is no telling what it is that makes an organ 
functions. Cornell engineer Hod Lipson, who 
attempted to print a meniscus (the cartilage that 
cushions joints) explained that “You can put the 
cells of a heart tissue in the right place together, 
but where’s the start button?” [1] 

It might still be at least a decade before the 
technology will be advanced enough to print 
on small enough scales for a functioning organ. 
Simplified structures that are printed so far, 
however, are still useful for medical research and 
pharmaceutical testing. Most oral drugs take 
years of testing to be available on the market, 
and testing on printed tissue can potentially save 
time and money by screening out certain drugs 
before they reach human trials. 

Further Reading
3D (2013,5 30 ) http://www.ettoday.net/news/20130530/214521.htm

3D ( ) (2013,6 26 )  http://big5.nikkeibp.com.cn/news/mech/66547-20130624.html
 http://www.cs.npue.edu.tw/jour/pdf/vol4isu1/08.pdf

References
[1] Leckart, Steven. “How 3-D Printing Body Parts Will Revolutionize Medicine”. (2013) Available at http://www.popsci.com/science/

article/2013-07/how-3-d-printing-body-parts-will-revolutionize-medicine (3 October 2013)
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By Yang Yang

Bit 
Coin
比特幣
Virtual is not new: it’s a surging 
norm. Most of the known virtual products are 
derived from tangible concepts affecting only 
certain segments of a market. Virtual video 
games like Nintendo Wii target gamers, 
simulation tests cater for training pilots, and 
virtual medical programmes such as Karlsruhe 
Endoscopic Surgery Trainer1 assist surgeons to 
perform minimally invasive surgeries. What 
about a bigger virtual idea derived from a 
commodity that everyone uses: a virtual 
currency like bitcoin? How does it operate, 
what would transactions be like, and how would 
it orient our daily lives? What is bitcoin ?  

虛擬並非新聞，而是當下的新潮。已知的虛

擬產品大部分是從實體概念衍生，影響細分市場。

例如虛擬遊戲 Nintendo Wii 針對遊戲玩家、 飛行
模擬測驗用於培訓飛行員、虛擬醫藥程式 Karlsruhe 
Endoscopic Surgery Trainer輔助醫生進行微創手
術。若將廣泛使用的商品轉化為虛擬概念，例如虛擬

貨幣「比特幣」，又會怎樣呢？比特幣究竟是怎麼運

作的？虛擬貨幣的交易是怎樣的呢？對於日常生活又

有何影響呢？什麼是比特幣？ 

The idea of this virtual currency was conceived 
in 2008 when a research paper named “Bitcoin: 
A Peer-to-Peer Electronic Cash System” was 
published. Perhaps in response to the financial 
recession in 2008, this paper proposed an alternate 
digital transaction where payments are sent directly 
from transacting parties without going through an 
established financial institution [1]. 

As a mathematically-based protocol, bitcoins 
are generated at an approximate rate of 50 coins 
per 10 minutes through a process called “mining”, 
where a computer solves complex algorithms. 
A bitcoin is mined at the arrival of a solution. This 
decentralized system is structured so that ultimately 
only 21 million bitcoins could be mined by 2140 in 
the Bitcoin system, making supplies limited. The 
problems are increasingly difficult to solve and 
require more powerful computer systems as the 
remaining number of solutions diminish. To put 
the difficulty into perspective, finding a solution is 
analogous to ‘finding a grain of sand from all the 
grains of sand on Earth’ (Ken Shirriff http://www.
r ighto.com/2014/02/bitcoin-mining-hard-way-
algorithms.html). Like most commodities, bitcoins’ 
value is determined by supply and demand. As 
demand rises, so does the price of bitcoin. In fact, its 
demand has risen as high as USD$637 per coin as of 
June 2014 and continues to fluctuate. 

Transactions using bitcoins are transparent and 
neutral. A digital ledger called “block chain” logs 
every single transaction that occurs within the Bitcoin 
system so that accounts are available for real-
time verification. Transactions occur between user 
addresses without revealing personal information 
(though this anonymity may be a double-edge 
sword depending on the purpose of transaction). 

Usage is convenient and easy. So long as a user 
is connected to the internet, obtains bitcoins either 
directly through a miner or purchases them with real 
money and is able to find another bitcoin user willing 
to accept bitcoins, a transaction can take place. 
The transaction process is similar to e-payment 
using Paypal with a user identifying an amount to 
pay and transferring it to the recipient’s address. 
Without going through an institution, payments 
using bitcoins are cheaper with a lower transaction 
cost  than Paypal. 



Feb.6 2014 Feb.11 2014 
Bitcoin
Timeline
比特幣
時間線

1 A virtual medical procedure that help surgeons work 
on tiny surgical procedures on a larger scale. For more 
information, see http://www-kismet.iai.fzk.de/KISMET/
docs/UKMITAT.html

2 It’s important to discern between “Bitcoin” and 
“bitcoin.” Bitcoin with a capitalized “B” refers to the 
entire system and is used in the same way as words like 
Spanish, Science, and Solar System. “bitcoins” refers to 
the actual virtual currency used in exchange. 

3 0.0001BTC is the lowest transaction fee.
4 For more information, see http://www.scmp.com/

news/hong-kong/article/1448009/three-companies-
set-launch-bitcoin-atms-hong-kong-within-days.

5 Economists have yet to acknowledge bitcoin as 
currency despite the fact that it portrays attributes of 
an economist’s definition a currency.
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Is bitcoin here to stay? High risks and fluctuation 
are associated with Bitcoin. Many have lost money 
exploring it, making it more of a risk than a trend. 
However, more and more startups as well as online 
retail stores are beginning to accept bitcoins as 
payment. In fact, bitcoin ATM machines have been 
installed in Vancouver, New York and even here in 
Hong Kong  since October 2013. While there are 
various unknowns related to bitcoins’ value and 
stability as a reliable form of currency  and even 
more legalistic issues that require exploration, virtual 
currency is riding on the 21st century technological 
bloom. Bitcoin may be a prototype with an enormous 
untapped potential. 

2 0 0 8
Bitcoin: A Peer-to-Peer Electronic Cash System

2008

10 50
2140 2,100

(Ken Shirriff, 
http://www.righto.com/2014/02/bitcoin-mining-
hard-way-algorithms.html)

2014 6 637

Paypal

2013 10

21

References
[1] Nakamoto, S. (2008) A Peer-to-Peer Electronic Cash System.  

Retrieved from https://bitcoin.org/bitcoin.pdf

Further Reading 
http://www.nytimes.com/interactive/technology/bitcoin-timeline.html?_r=0#/#time284_8165
https://www.khanacademy.org/economics-finance-domain/core-finance/money-and-banking/bitcoin/v/bitcoin-

overview
https://bitcoin.org/en/faq#who-created-bitcoin
http://profit.ndtv.com/news/your-money/article-bitcoin-explained-in-laymans-terms-376029
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By Flora Ng 

On 19 September 1991, a 5,300 year 
old naturally preserved mummy was discovered 
in the Ötzial Alps, near the Similaun Mountain 
and Hauslabjoch on the Austrian-Italian border. 
The mummy was named Ötzi after the location 
of discovery and is the oldest and most well-
preserved prehistoric human ice mummy. Cold 
temperatures, strong sunlight as well as dry winds 
made sure that very little decomposition occurred. 
Fo r  nea r l y  t wo decades ,  bas ic  compute r 
tomography (CT) scans and magnetic resonance 
imaging (MRI)  were the on ly technolog ies 
available for the analysis of his stomach contents. 
Recently, however, scientists were able to learn 
much more by examining Ötzi’s gastric residue, 
now known as the “Iceman’s last meal”. 

Previous analyses of Ötzi’s stomach content 
revealed no storage of food, concluding that 
he had not eaten prior to his death. However, 
Albert Zink, along with fellows from the Institute 
fo r  Mummies  and the Iceman i n  B o l zano, 
Italy, conducted an axial CT scan of Ötzi and 
discovered that the organ originally thought to 
be his stomach was in fact his colon, and that the 
actual stomach was pushed beneath his rib [1]. 
The food residue samples taken from his stomach 
revealed critical information about the last few 
hours of Ötzi’s life. 

A large amount of Einkorn, a type of primitive 
wheat abundant in the Neol ith ic E ra (ci rca 
10,200 BC to 4,500 BC), was found in the sample 
that weighed only 0.004 ounces (1.134 mg). 

This is in line with the hypothesis that during the 
Neolithic Era, people lived in semi-permanent 
settlements and survived on plant and animal 
agriculture. The remnants of his last meal also 
contained muscle fibres and small fragments of 
burnt bones, identifiable under a light microscope 
[2]. Researchers determined that these muscle 
fibres most likely belonged to a wild mountain 
goat known as an ibex. Ötzi’s gastric residue also 
revealed the presence of pollen [3].

The implications of these f indings confi rm 
several hypotheses. Due to the finding of pollen 
in his stomach residue, Ötzi’s time of death was 
mapped to be around pollination season, between 
March and June. His last journey was made 
through a coniferous forest to his final destination. 
Additionally, contrary to previous beliefs, Ötzi’s rich 
stomach contents revealed that his demise was 
not preceded by an empty stomach indicating 
starvation. In fact, he met his death in the form of 
an arrow to the shoulder, just 30 – 120 minutes after 
consuming his last meal. 

The exciting discover ies of Ötzi’s stomach 
content  b r idge the d i sc ip l i nes  of  sc ience 
and history. These f indings aid to portray the 
environment in which the Iceman lived and died. 
While many facts may never be any more than 
pure speculation, science and technology has 
provided a better understanding of what life may 
have been like for our ancestors in the Neolithic 
Period. 

Please join our mailing list to receive future electronic versions of Science Focus. Members will be entered  
into a lucky draw for a chance to win an Apple iPad mini! Registration on the Science Focus homepage!

http://sciencefocus.ust.hk
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In 1602, A Spanish fleet began their expedition to the New 
World. During the long voyage across the Atlantic Ocean, the 
entire crew of the ship developed symptoms of bleeding gums 
and spotting of the skin, with many cases leading to death. 
Nearly two decades later, a British military surgeon John Woodall 
suggested the consumption of lemons, limes or oranges as a cure 
for this mysterious disease. However, for more than three centuries, 
the cause of this fatal disease was unknown. It was eventually 
discovered to be a disease known as scurvy, which is caused by 
a vitamin C deficiency. Vitamin C is abundantly present in citric 
fruits. We, as humans, are unable to synthesise our own vitamin 
C.  Consumption of vitamin C is thus necessary for human survival. 
During the prolonged voyage, the fleet did not have access to 
fresh foods containing essential vitamins and thus resulted in such 
tragedy.

To attempt to answer the question of why we are unable 
to synthesise vitamin C, we must examine the mechanism of 
Vitamin C synthesis in organisms that are able to do this. Vitamin 
C synthesis in vertebrates involves a complex pathway. Specific 
protein factors are required, and the absence of any single 
protein will result in the failure of the entire pathway. In the 
human genome, a mutation at the coding region of a gene 
known as L-gulonolactone oxidase (GULO) renders this pathway 
dysfunctional. Thus, humans are unable to synthesise vitamin C on 
their own. Interestingly, similar defects were found in guinea pigs, 
gorillas, chimpanzees and other primates, none of which are able 
to self-synthesise vitamin C.

It has been shown that ancestral mammals, living some 100 
million years ago, were actually able to synthesise vitamin C. 
Therefore, the hypothesis is that humans have lost the ability to 
produce vitamin C for evolutionary reasons. Yet, natural selection 
should highlight the traits that positively contribute to survivability 
and individuals possessing the gene mutation should have a lower 
chance of surviving and reproducing. Why then, would natural 
selection continue to include the gene mutation, blocking such a 
vital biosynthesis capability?  

One school of thought suggests that the reason may be 
attributed to the fact that humans have included vitamin C-rich 

Why Humans Are Unable to Synthesise Vitamin C
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By Yi Qi 

Further Reading

Tullio, M et al. (2010). The Mystery of Vitamin C http://www.nature.com/scitable/topicpage/ 
the-mystery-of-vitamin-c-14167861

foods in our diet for a very long time and that 
the mutation in vitamin C synthesis related genes 
have not proven to be a lethal or severe functional 
defect in most cases. After all, fruits with readily 
available vitamin C have been part of the human 
diet for as long as anyone can remember. This led 
to the mutated genotype being passed on to future 
generations, resulting in permanent loss of vitamin 
C biosynthesis in humans. 

The human body i s a complex biological 
environment in which accidental mutations are 
common but only those that are innocuous are 
likely to remain. This does not mean that seemingly 
harmless mutat ions such as the incapabi l i ty 
to produce v i tamin C may not p rove to be 
problematic when unpredictable circumstances 
take place. The deaths of some crew members 
on the Spanish f leet represented one of such 
unfortunate circumstances. 
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Being afraid of thunder and lightning is 
a relatively common fear. Loud claps of thunder 
and blinding flashes of lightning amidst a backdrop 
of darkness can be understandably intimidating. 
Being struck by lightning is perhaps not an often 
occurrence, in fact, the statistics indicate that the 
chances of being struck is close to one in a million. 
However, unfortunate victims can suffer serious 
injuries and potentially fatal consequences. The 
good news is that l ightning sometimes gives us 
warnings before it strikes, allowing time to seek 
cover. 

One such precursor is a bone-chilling effect that 
causes a lighting strike victim’s hair to stand on end 
(Figure 1). The 1975 photograph shows two brothers 
on a family trip at Sequoia National Park, California, 
seemingly amused at this strange phenomenon 
and oblivious to the danger of the situation. Shortly 
after the photograph was taken, the younger boy 
(left) was struck and suffered third-degree burns on 
his back and elbows. In a report after the incident, 
the older brother on the right explained the urgent 
situation at the time, “[He] collapsed and huddled 
on his knees. Smoke was pouring from his back. 
I rushed over to him and checked his pulse and 
breathing… He was still alive. I put out the embers 
on his back and elbows and carried him down the 
path towards the parking lot, with the rest of the 
group following.” 

The fr ightening phenomenon can be better 
understood with an explanation of lightning itself. A 

Hair-Raising Effects of Lightning
By Sunjung Lim 

lightning strike is a naturally occurring electrostatic 
discharge. Tiny ice particles in the air, forced by 
warm air currents, collide with each other, causing 
charges and creating electric potentials within the 
thundercloud. With a sufficient charge separation, 
the positive charges and the negative charges try 
to neutralise. The existence of opposite charges on 
the ground strengthens the electric field, which is 
strongest on objects nearest to the thundercloud. 
These objects are often trees and sky scrapers. 
A pathway of least resistance is formed, led by 
‘streamers’ and charge is neutralized once the 
pathway is complete, creating lightning. 

But sometimes the closest ‘object’ to this 
pathway of least res istance is a person. The 
precursor to an imminent lightning bolt is exactly 
the effect of hair standing on end. The principle 
is similar to the familiar experiment of rubbing a 
balloon on fabric and placing it next to someone’s 
head allowing their hair to defy gravity. The ions in 
hair respond to the electrical potential difference 
between the thundercloud and the Earth, making 
the victim part of the discharge path 
of thousands of volts, when the 
ions eventually neutralise. 

Hong Kong’s tall 
co n c rete  j u n g l e 
la rge ly  p rotect s 
u s  f r o m  b e i n g 
struck by lightning 
since those objects 
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are closer than we are. However, Hong Kong’s 
mountainous regions and summits are also perfect 
areas for lightning to strike. The best action to take 
if your hair starts standing on end is to evacuate 
indoors. Standing under natural lightning rods such 
as trees or metal umbrellas is equally dangerous 
because you can sti l l be part of the discharge 
pathway. In the case that you are completely 
isolated, crouch low and hope that you are not that 
one in a million! 

( 1)

( )

…

This article may be useful for classes learning about 
“Electrostatics” based on the DSE physics syllabus.

DSE

Figure 1 1

Photo permission obtained from Copyright © 1975 by Michael 
McQuilken.



It may sound audacious to state that the 
fate of humankind is closely intertwined with bees, 
and yet there might be a certain amount of truth 
to this statement. Over a third of the world’s food 
production depends on pollinators, and the honey 
bee is a key player. Wild bees alone contribute 
at least $57 billion US dollars per year to America 
by plant pol l ination [1]. Industr ial agr icultural 
farms often supplement the wild bee’s work with 
bumblebees or honeybees reared by commercial 
bee-keepers.  However, over the past few decades 
both entomologists (scientists who study insects) and 
bee-keepers have reported a significant decline in 
bee populations. Bee-keepers in the US and Europe 
have reported up to 50% lost in bee hives over a 
matter of days, a phenomenon known as Colony 
Collapse Disorder [2]. This rapid decline in global 
bee population could threaten food production.  

The alarming decline in bee populations could 
be attributed to multiple causes including parasites, 

BEE PHEROMONES

diseases, changes in habits and food sources, and 
the use of pesticide [3].  In 2013, the European 
Commission enacted a ban on neonicotinoids 
pesticides. Early use of this pesticide was linked 
with being harmful to bee health. For example, in 
Oregon, USA, neonictinoids was used on trees to 
control the population of aphids; instead 50,000 
bees were killed in the process, which is the largest 
mass bee poisoning to-date.

In this gloomy scene, pheromones, a chemical 
s ignal secreted by bees may save the day. 
Pheromones are secreted by organisms to influence 
the physiologies or behaviors of their conspecifics. 
In an active bee hive, several types of pheromones 
are secreted by different members to maintain 
the health of the colony. The queen mandibular 
pheromone (QMP) is, perhaps, one of the most well-
known set of pheromones. Composed of carboxylic 
acids and aromatic compounds, it is secreted by 
the queen bee, the only bee in the entire hive 
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capable of reproduction. QMP affects behaviors, 
including hive maintenance, swarming, mating, 
and even the ovary development of worker bees. 

A n ot h e r  t y p e  o f  p h e r o m o n e  t h a t  c a n 
signif icantly affect hive dynamics is the brood 
pheromones produced by larvae. This pheromone 
assists nurse bees in recognizing the gender, type, 
and needs of larvae, so that the most appropriate 
food and care can be provided. A recent study 
suggested by adding a low concentration of brood 
pheromone to a hive, the “division of labour” can 
be altered such that worker bees spend more time 
foraging and be enlisted in the “work force” at 
an earlier age. Increase in foraging effort, in turn, 
boosts colony growth [3]. Brood pheromone is not 
used in commercial bee-keeping yet, however, 
it could potentially be a new tool to combat the 
decline in bee populations.

Can pheromones alone 
be the solution to the decline 
of  the bee popu lat ion? 
Probably not. Though, the 
engineering of pheromones 
may be able to he lp the d i re 
s ituation, along with responsible 
and proper use of pesticides. The 
exponential growth of the human 
population has caused exceeding 
disturbance to the ecosystem in 
many aspects. An estimated 100,000 
species become extinct each year, 
affecting food chains and causing 
turbulence in intricately balanced 
biological systems. It is high time that 
we learn to leave room for other 
animal species, especially, bees.

http://www.xerces.org/wp-content/uploads/2008/09/economic_value_insects.pdf
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Peptic 
u l c e r  i s  a  f a i r l y 
common digest ive 
condit ion, and was 
widely accepted to be 
caused by stress and poor 
diet. This was disproved in 
1982, when Prof. Barry James 
Marshall and his col laborator, 
Dr. John Robin Warren successful ly 
identified the true cause for peptic ulcers and 
cancer - Helicobacter Pylori, for which they were 
awarded the 2005 Nobel Prize in Physiology. 

Prof.  Marsha l l  was exposed to anatomy, 
physiology and biology dur ing his chi ldhood, 
being influenced by his mother, a nurse.  In 1975, 
he obtained his Bachelor of Medicine and Surgery 
from the University of Western Australia, and began 
his internship and residencies in internal medicine 
at the Queen Elizabeth II Medical Centre shortly 
afterward. He began his training as a specialist 
physician in 1978, and was appointed as a registrar 
in medicine at the Royal Perth Hospital in 1979. In his 
third year of training, Prof. Marshall was encouraged 
to perform a clinical research project, and it was 
during this time that he met and collaborated 
with Dr. Robin Warren, a pathologist at the time. 
Together, they began their research on helical 
microorganisms. 

Prof. Marshall took an interest in understanding 
the role of bacteria in stomach diseases after 
meeting Dr. Warren, who had already begun 
studying curved stomach bacteria. Together they 
scrutinised the medical literature for any mention 
of stomach bacter ia. Numerous attempts to 
culture spiral gastric bacteria were unsuccessful. 
Fortunately, they struck gold one Easter weekend, 
in 1982, when the slow-growing bacteria were 
left to incubate in their Petri dishes. The pathogen 
is now known as Helicobacter pylori (H. pylori) - 

A Gamble
  with Life 

curved bacteria closely related 
to a bacterium called Wollinella 

succinoges, which survives in one 
of the four stomachs of cows. 

Despite this finding, much of Prof. 
Marshall’s work was met with criticism 

and d i sbel ief amongst the scient i f ic 
community. There was pressure to recreate his 

results by infecting an animal model with bacteria 
and attempts were unsuccessful; H. pylori is well-
adapted to the stomach environment of humans 
and animal stomach environments are different. 
Desperate to demonstrate the causative role of H. 
pylori, Prof. Marshall drank a beaker of the culture 
himself. Within the next few days, he fell seriously ill 
with symptoms of nausea, vomiting and exhaustion, 
precursors to a peptic ulcer. His stomach biopsies 
confirmed that he had successfully infected himself 
with a peptic ulcer, and perhaps more significantly, 
he was able to cure himself with antibiotics. 

Although the ground-breaking discovery caused 
great reverberation, his hypotheses were still met 
with scattered doubt. Much of it stemmed from the 
disbelief that bacteria could survive in the strong 
acidic environment of the stomach and the deep-
rooted theory that stomach ulcers were caused by 
stress. Prof. Marshall explained that normal day-to-
day stress has little to do with ulcers but some ulcers 
such as ‘stress ulcers’ are caused by severe trauma 
‘stress’ such as injuries sustained from motor vehicle 
accidents. Nevertheless, Prof. Marshall was able to 
cure all peptic ulcer patients simply with antibiotics. 
With the suppor t of the National Inst itutes of 
Health (NIH), the medical community was finally 
convinced; the discovery revolutionised the entire 
treatment process of peptic ulcers. 

Aside from the discovery of H. pylor i, Prof. 
Marshall has since devised the Helicobacter breath 
test for diagnosis. He now devotes his time on 
investigating the epidemiology, genomics, and 
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By Kwan Shu Tse

treatment of Helicobacter pylori in the Helicobacter 
Research Laboratory, with the hopes of involving H. 
pylori as possible carriers for vaccines. His incredible 
story of self-belief and determination against a 
tide of doubt has not only transformed the way 
peptic ulcers are treated but has also impacted the 
scientific community to be more receptive to novel 
ideas.
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Failure – 
    The Essential Stage to Becoming 
              an Outstanding Scientist: Henry Tye

A piece of inspiring and enlightening wisdom 
imparted to me by Prof. Henry Tye, Director of HKUST 
Jockey Club Institute for Advanced Study (IAS). His 
heartfelt enthusiasm and optimism in the promotion 
of scientific research in Hong Kong and Asia was 
apparent throughout the interview. 

Prof. Henry Tye was born in Shanghai, raised in 
Hong Kong, and completed his secondary school 
studies in La Salle College. He developed a keen 
interest in physics in secondary school, and decided 
to further his studies in physics after graduation. 
During this period, Hong Kong was sti l l a British 
colony and he felt that the social development of 
Hong Kong was hindered. Subsequently, he went 
on to obtain a bachelor’s degree in science from 
the California Institute of Technology in 1970, and 
received his PhD in Physics from the Massachusetts 
Institute of Technology(MIT) in 1974. Before joining 
HKUST as the Director of IAS in 2011, he held the 
position of Horace White Professor of Physics at 
Cornell University since 1987. His research interest 
includes theoretical particle physics, string theory 
and cosmology.

Modeled on the international ly renowned 
Institute for Advanced Study at Pr inceton, the 
IAS was founded in 2005 by the former president 
of HKUST, Prof. Paul Chu. The mission of IAS is to 
promote scientific research in HKUST, Hong Kong 
and Asia, and become a premier research center. 
Currently, there are four directions of development: 
recruiting international outstanding scientists to 
lead research teams; promoting interdisciplinary 
collaboration of local, national and international 
researchers;  ho ld ing d i s t inguished lectures, 
workshops, programs and conferences regularly, 
and in-depth study of specific research topics.

When it comes to the current status and future 
prospects of scientific research in Hong Kong, Prof. 

By Kwan Shu Tse

Tye unabashedly admits that government funding 
is inadequate.  Singapore, for instance, dedicates 
much higher GDP per capita to research funding 
when compared with Hong Kong.  While the three 
economic pillars in Hong Kong, finance, logistics 
and tourism, are easi ly influenced by external 
factors, scientific research is less so, making it a safe 
avenue for government resource investment.  Hong 
Kong’s relatively conservative society may also be 
a factor that contributes to the lack of adventurous 
spirit in research.

Prof. Tye believes that this dearth in enthusiasm 
may also suppress students’ passion toward and 
scientific research, with the stigmatism that a career 
path in research may be unfruitful or uncertain. 

The negative opinion associated with scientific 
research is largely untrue, because as with any 
career path, success does not come easily and the 
ability to face hardships and failures are essential 
qualities. Prof. Tye advocates that possessing and 
maintaining a positive attitude can be developed 
through experience. That is not to say that failure 
should be embraced. A successful researcher, 
as much as possible, should weigh out al l the 
factors that may affect project completion before 
making a go or no-go decis ion. However, a 
professional decision can only be made when one 
possesses strong observation skills, creativity and a 
broadened horizon, none of which are acquirable 
alone through books or lessons. “You can search 
the web if you don’t know the materials written 
on the books, but critical thinking and analytical 
power can only be cultivated through experience.” 
It is vital to maintain a positive and healthy attitude 
towards failure. 

The most important quality of 
success is the ability to face failure 

courageously and learn from it.

If there were companies 
willing to support Charles Kao 

in the research on optical 
fiber, Hong Kong may have 
been dubbed the original 
birth place of optical fibre.



21

The Institute of Advanced Studies spearheads collaborative projects across disciplines and institutions, 
establishing relationships within the academic, business and government communities. 



Which of the following materials exhibits the strongest 
tensile strength?

a. Spider silk 
b. Human hair 
c. Piano wire 
d. bamboo  

The rarest element in the world is known to be Astatine. 
How many grams of Astatine are currently estimated to 
be present on Earth?

a. 10 grams 10
b. 28 grams 28
c. 57 grams 57
d. 122 grams 122

Which of the following types of cells have no nucleus?

a. Mature Red blood cells 
b. Nerve cells 
c. Epithelial (skin) cells 
d. Adipocyte (fat) cells 

What are the values of *** based on the pattern?
*** 

7 2 8 9 8 4 3 8
3 7 4 1 9 0 7 1
2 1 1 0 2 7 1 7
2 0 3 * * * 1 6

Test Yourself!
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Answers a, b, a, 0 9 1
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