
MUSIC FESTIVALS are generally places where you 
can go to escape normality for a few days. �e last 
thing you would probably expect to �nd is a group 
of scientists demonstrating experiments. �is year I 
was part of a team of physicists who stepped up to 
the challenge at the Green Man Festival in Wales, by 
becoming ‘physics buskers’.

We were there as part of the Physics in the Field 
scheme, which is run by the Institute of Physics. Our 
goal was to perform physics tricks and raise awareness 
of physics amongst the festival goers, the majority of 
whom do not have scienti�c backgrounds and would 
not normally seek science out.

Our team of �ve was made up of four student 
volunteers and the coordinator Zbig. As an 
incentive to volunteer we were given free tickets 
for the festival and �ve meals a day. I met the other 
volunteers bright and early on the �rst morning, 
with no idea what to expect, as I had never taken 
part in physics busking before. We were all a little 
nervous, and the driving rain did not help! We were 
presented with a box full of balloons, bottles, �lm 
canisters, skewers, and a plethora of other common 
household artefacts. 

Who would we appeal to, if indeed we appealed to 
anyone? Or would we disappear into the backdrop 
of the festival, only visited by the odd drifter on a 
mission to �nd a clean toilet? After all, could physics 
buskers really hope to compete with the musically 
acclaimed folk-tronica that had attracted the visitors 
in the �rst place?

�e answer, to our amazement, was yes. We were 
at times overwhelmed by the number of people 

stopping by to catch a bit of science, in between 
the other amusements on o�er. �e response to 
our demonstrations was consistently positive from 
our onlookers, young and old. But our biggest fans 
were the youngest of our visitors. �ere were a large 
number of children at the festival and our magic 
tricks struck a chord with their imagination.

Our job as physics buskers was to demonstrate a 
physical principal by using basic everyday objects. 
We performed a little trick and then explained the 
science behind what we did. It was a real buzz to see 
the sheer bewilderment on the faces of our patrons 
as they pushed a skewer through a balloon without 
popping it, heard the drone of a vibrating coat 
hanger ampli�ed by a string, or set o� a rocket using 
just a tablet of alka seltzer. 

I really enjoyed my weekend of physics busking. 
I have yet to meet a graduate student that has 
not, at some point, become disenchanted with 
their research, if not science as a whole. Taking 
part in schemes like this not only promotes and 
popularises our work, but also helps to remind us 
why we became interested in science in the �rst 
place. If the opportunity arises to take part in 
anything like this, then I recommend you give it a 
try. You won’t regret it.

More information about the Physics in the Field 
scheme as well as a detailed explanation of all the 
tricks and example movies can be found at  
www.physics.org/events

WADING THIGH-DEEP through a murky swamp at 4 am, 
with reeds reaching far above my head and vegetation 
squishing through my waterproof walking shoes isn’t my 
ideal Sunday morning, but it certainly beats lab work! 

�is particular adventure took place in a small patch 
of mushitu forest in Kasanka National Park. As one of 
Zambia’s smallest national parks, it o�ers extraordinary 
diversity of bird life and unique opportunities to 
witness species that are rare in other parts of Africa. 
But I was there for di�erent reasons.  Every year, from 
a particular day in late October until the beginning 
of January, several million straw-coloured fruit bats 
(Eidolon helvum) descend on this small patch of 
mushitu forest within the park.  

�ese fruit bats are widely distributed across sub-
Saharan Africa, with easily recognisable colonies: it’s 
hard to miss a squabbling roost consisting of millions 
of individuals, especially since they are often found in 
the busiest parts of major cities.  It’s thought that they 
migrate seasonally to make the most of variations in fruit 
availability. �e colony at Kasanka is the largest known.

It’s an awe-inspiring sight to watch the bats leave the 
roost to feed. Shortly before dusk falls, black silhouettes 
pepper the African sky as far as the eye can see.

I was there to collect blood and genetic samples 
from a few of the vast population. Each morning, my 
guide Changwe and I waited for the colony to return 
from their night time feeding, before the heat of the 
day arrives and when the bats are weary from their 
night time activities.

I am part of a collaboration investigating the role of 
the fruit bat as a host for viruses that can infect humans. 
Lagos Bat Virus (a rabies-type virus) had been found in 
this species before, but in colonies in Ghana, Malawi 
and Zambia, we have also found a Henipavirus (a new 
genus of viruses in the same family as measles).  �ese 
viruses had only been found previously in Australia, 
Asia and Madagascar, where transmission from bats to 
humans has resulted in fatalities. Human cases have not 
been reported in Africa, even though the colonies are in 
close proximity to humans and are a common source of 
bush meat. However, this could be due to misdiagnosis 
and is an important area for future research.

To truly understand how the viruses circulate 
within and between colonies, more information on 
the migratory patterns and connectivity of colonies 
across Africa is needed. For example, little is known 
about where the individuals in the Kasankan colony 
come from, or how they manage to arrive with such 
remarkable accuracy year on year.  

My research addresses this by comparing genetic 
samples from colonies across the whole continent. 
Results so far point to one freely mixing population 
across continental sub-Saharan Africa. However, some 
isolated island populations in the Gulf of Guinea appear 
to be genetically distinct from the mainland population. 
Comparing the infection status of these colonies with 
those on the mainland could give us vital insight into 
the circulation of the viruses.

It appears that fruit bats have evolved with these 
viruses over millions of years and that ‘spillover’ 
transmission to other species, including humans, may 
result from an ongoing loss of their natural habitat 
and other man-made environmental changes. Further 
research will help us to understand the enigmatic 
lifestyle of these fascinating fruit bats, so that we can 
minimise human health risks, whilst maintaining the 
natural and crucial role that these bats play in the 
ecosystem.

Alison Peel braves the wilds of Africa 
to look at the spread of viruses in bats

Samuel Wright recounts his weekend as a 
magician at the Green Man Festival

Physics BuskingInto Africa

Alison Peel is  a PhD student in the Department of 
Veterinary Medicine

The colony of fruit 
bats at Kasanka 

(above) and Alison 
taking biological 

samples from a fruit 
bat (below)
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Samuel Wright is a PhD student in the Department 
of Physics
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ANTIBODIES are an astonishing 
product of the immune system. �ese 
Y-shaped proteins, which are made by 
a subset of white blood cells, are central 
to the destruction and removal of 
infectious diseases.

�e function of an antibody is 
simple: to recognise and stick to a 

speci�c molecular ‘label’ – called an 
antigen – on the surface of an unwelcome 

visitor in the body. �ese pathogens, which may 
be bacteria, viruses or parasites, are unlike human 
cells and each pathogen will have its own unique 
antigen. Once antibodies are stuck to the pathogen, 
it can usually be destroyed or neutralised by other 
components of the immune system.

Does this mean that our genes carry the code for 
every antibody we may ever need, to deal with any of 
the countless pathogens that we may encounter during 
our lives?

�e answer is no, because the immune system has 
developed a far better way to generate the antibodies 

it needs: evolution on a molecular scale. �is 
evolution, as we might expect, occurs through genetic 
mutation and promotes survival of the �ttest – but 
the process takes weeks rather than centuries. �e 
result is the expression of strongly binding, highly 
speci�c antibodies against any pathogen that has been 
detected.

�e �rst ingenious part of this antibody evolution 
comes from the requirement for diversity. For the 
most strongly-binding antibodies to be preferentially 
selected, there has to be a massive range of antibodies 
to choose from, each with a slightly di�erent antigen 
shape preference. 

B lymphocytes (B cells), the cells that make 
antibodies, are indeed created in a way that means 
each expresses one of an enormous repertoire of 
antibodies. �is is achieved by the unique design 
of the DNA sequences that code for each di�erent 
antibody protein.

�e DNA sequence for every antibody is identical 
except for the small part that determines the antigen-
binding region found at the tips of each Y-shaped 
protein molecule. �is section, called the ‘VDJ’ unit, 
is formed by selecting three units from three di�erent 
regions along the gene (called V, D and J). In humans, 
there are around 65 V units, 27 D units and 6 J units 
and any combination is possible – a sort of genetic 
pick ‘n’ mix. But that’s not all; the complete antigen-
binding site is constructed from two separate protein 
chains whose antigen-binding regions are coded for by 
di�erent VDJ units – in other words, a combination 
of two already random pick ‘n’ mix selections! 
�e number of possible sequence combinations is 
enormous. It is estimated that B cells express as many 
as 100 billion di�erent antibodies, with each cell 
rearranging its DNA to randomly encode one unique 
antibody with its own unique binding site.

Following an infection, a selection process takes 

place. �e B cell initially expresses its antibodies on 
its surface where they act as receptors. �is allows the 
cell to �rst �nd out whether its antibody is of any use, 
by seeing if it will recognise any of the pathogenic 
antigens. �is initial step takes place in the spleen and 
also in the lymph nodes.

Antigens from invading pathogens are carried by 
cells, conveniently named antigen-presenting cells 
(APCs), from infection sites to these locations. APCs 
display antigens to the antibody receptors on vast 
numbers of B cells, in the hope that a small number 
have antibodies with a good �t. 

�ose B cells fortunate enough to meet this 
requirement receive an activating signal from another 
type of lymphocyte, called a T cell. �ese signals 
promote the survival, growth and division of the 
B cells to create more copies of only those that 
express the correct antibody in a process called clonal 
expansion. �e army of activated, antigen-speci�c B 
cell clones forms a cluster called a germinal centre, 
where they use a further trick to generate even better 
�tting antibodies.

Somatic hypermutation occurs in germinal centre B 
cells that have already proven their worth by activation 
upon binding to an antigen. Within these cells, the 
activation initiates a process in which the DNA is 
broken in two, at the V regions described above. 
�e join is then repaired, but in an error-prone way, 
which leads to point mutations in the DNA sequence. 
�ese tiny sequence changes alter the shape of the 
antigen-binding region in the encoded antibody – 
some changes improve binding, while others make the 
antibody worse than it was before. 

�e thought of mutation occurring in our bodies 
probably brings about images of cancer or deformities 
– far from desirable consequences. Yet evolution has 
encouraged high mutation rates in B cells to provoke a 
rapid natural selection process. 

B cells �ght amongst themselves in a competition 
for survival signals, with the lottery of somatic 
hypermutation adding even more variation to their 
antibody repertoires. �e few whose antibodies have 
been improved by this process are preferentially 
selected. Only the �ttest cells survive, and in just 
a couple of weeks after an infection, this induced 
natural selection process results in long-living B cells 
which secrete their speci�c antibodies into our blood, 
sometimes for the rest of our lives.

It is this antibody generation that provides us 
with life-long protection against potentially life-
threatening pathogens and is the process that is 
stimulated by vaccinations. It is amazing to think that 
the process of evolution through natural selection 
not only underlies the adaptation of species to their 
environments, but is also the mechanism used by our 
immune system to keep us alive.

Robert Williams looks at the incredible feat of B Lymphocytes 

Evolution Inside Us

Robert Williams is a PhD student in the Babraham 
Institute

The process of 
selection to produce 
highly speci�c 
antibodies against 
the antigen (above)
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The structure of an 
antibody showing 

the location of the 
variable region 

coded for by the 
VDJ units (right)
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NO CHEMISTRY TEXTBOOK or laboratory wall would 
be complete without a prominently placed periodic 
table. �is seemingly simple arrangement contains 
information about the atomic elements and is the 
culmination of the work of many scientists over 
more than a century. �e table’s discovery is usually 
attributed to Dmitri Mendeleev, but he was not 
the only one to puzzle over the periodicity of the 
elements, nor the �rst to look for a way of arranging 
them. Indeed, Mendeleev’s table bears only a passing 
resemblance to the current form as subsequent 
discoveries have initiated changes. 

�e periodic table contains over 100 elements, 92 
naturally occurring, the others produced in nuclear 
reactors or particle accelerators. �e elements are 
listed in ascending order of atomic number, that is 
the number of protons contained in a single atom, 
but arranged ‘periodically’ with elements of the same 
valence (describing their bonding power), which 
exhibit similar properties, being grouped together. 

�e �rst accepted periodic table was developed 
before the con�guration of the atom was known; so 
how did we arrive at this design? It began with the 
concept of an element – a substance that cannot be 
broken down into any simpler substances by chemical 
reaction. Aristotle believed there were just four: earth, 
air, �re and water, but this idea was surpassed when the 
�rst chemical element was recognised. 

Many of what we would now call elements, were 
known from pre-history. We cannot know who �rst used 
gold for ornamentation, or who ushered in the Iron Age 
by identifying iron. We do know that German alchemist 
Hennig Brand was the �rst to discover an element by 
experimentation in 1649. Whilst searching for the 
Philosopher’s Stone, a mythical object that would turn 

other metals to gold, he instead isolated phosphorus.
During the next 200 years, a vast body of knowledge 

concerning the elements was acquired and by 1869 
a total of 63 had been discovered. Scientists began 
to recognise patterns in the physical and chemical 
properties that the elements displayed. �e atomic 
weight of the element (how heavy its atoms are in 
comparison to an atom of hydrogen, the lightest 
element) came to have particular signi�cance. 

�e German chemist Johann Döbereiner noticed 
that strontium’s atomic weight (88) lies midway 
between those of calcium (40) and barium (137); 
elements that possess similar properties such as high 
reactivity with air and hydrogen gas production on 
contact with water. In 1829 after discovering two 
further groupings: the alkali metals lithium, sodium 
and potassium and the halogens chlorine, bromine and 
iodine, he proposed that nature exists in triads, with 
the properties of the middle element being an average 
of the other two - the Law of Triads.

Scientists soon found that group extended beyond 
triads and began to look for ways to arrange the 
elements. Lexandre-Emile Béguyer de Chancourtois, 
a French geology professor, used their atomic weights 
to plot the elements as a continuous spiral around a 
cylinder. His ‘telluric screw’ had some success in lining 
up elements of similar properties but on publication 
in 1862 his contemporaries found it di�cult to 
understand. Scientists in other countries only became 
aware of his work years later. 

One year later English chemist John Newlands 
noticed that when arranged in order of increasing atomic 
weight, elements separated in the list by an interval 
of eight had similar properties. Comparing this trend 
with the octaves of music, he referred to it as the Law 

of Octaves. However, this law broke down for elements 
with atomic weights higher than that of calcium and 
when presented to the Chemical Society (one of the 
forerunners to the Royal Society of Chemistry) his work 
was criticised and his contribution was not recognised 
for another two decades.

Building on the foundations of these scientists, the 
competition came down to two men: German chemist 
Julius Lothar Meyer and Russian chemistry professor 
Dmitri Ivanovich Mendeleev. Both men produced 
remarkably similar results at the same time, while 
working independently of one another. 

Meyer constructed a table listing elements in 
increasing weight order, with those of the same valence 
appearing in the same column. �e periodic nature 
of the elements was clearly demonstrated by plotting 
a graph of atomic volume against atomic weight. 
Unfortunately for Meyer, when he published his table 
in 1870 it was a year too late.  Available to the scienti�c 
community since 1869, Mendeleev’s table claimed 
priority, leaving Meyer’s to only con�rm the discovery.

Mendeleev’s table listed the elements in the same 
arrangement but with some superior features. 
Knowing atomic weights were not always accurate, 
he placed certain elements out of order to preserve 
group properties. As more accurate weights became 
available, his order proved to be correct. He had 
such con�dence, that he used his table to predict the 
properties of missing elements and was proved correct 
with gallium, germanium and scandium all discovered 
within his lifetime.

One thing Mendeleev did not foresee was the 
existence of a whole new group of elements; the 
noble gases. Sir William Ramsey and Lord Rayleigh 
published their discovery of argon in 1895. �ere was 
no space in the periodic table for this new element, but 
after Ramsey went on to discover neon, krypton and 
xenon, group ‘zero’ was added to the table, so-called 
due to the zero valencies of the elements.

Mendeleev’s table was still not quite perfect. 1914 
English physicist Henry Mosley determined the number 
of protons in an atom of each element by bombarding 
them with X-rays. Arranging the elements in order of 
increasing atomic number rather than atomic weight, he 
eliminated the remaining inconsistencies. 

�e last major changes to the periodic table 
resulted from the work of Glenn Seaborg. Beginning 
with plutonium in 1940, he discovered all the 
transuranic elements from 94 to 102 through neutron 
bombardment of uranium. Element 106 is named 
seaborgium in his honour. Bombardment experiments 
continue to produce new elements; in June 2009 the 
heavy element 112 was o�cially recognised and will 
most-likely appear with the name ‘copernicium’ after 
the astronomer Copernicus. �e German team who 
made the discovery already have their sights on �nding 
element 120.

�us we arrive at the modern periodic table. 
�e elements are the building blocks of matter and 
knowledge of them is fundamental to understanding 
everything from the stars and planets to life on Earth. 
�e periodic table represents a complete map of the 
elements and is an indispensable guide to the universe 
around us.

Lindsey Nield tracks the evolution of the periodic table

Bringing Elements to the Table

Flame colours 
produced by the 

compounds of 
various elements 

when burnt in 
methanol. From left 
to right: potassium, 

copper, cesium, 
boron and calcium.

Mendeleev painted 
by Russian artist Ilya 
Ye�movich Repin 
(left).
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Lindsey Nield is a PhD student in the Department 
of Physics
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“Very impressed with both the content and quality”  
- TCP Innovations

Summer Placement Scheme 2009

Studying for a first or higher degree in Science, 

Engineering or Maths and not sure what to do 

afterwards? Interested in a job where you will  

use your degree and analytical skills daily?  

Ever considered becoming a Patent Attorney?

Working as a Patent Attorney requires not only an 

excellent technical and academic background but  

the ability to draft comprehensive documents and 

defend complex legal arguments. It is a unique, 

challenging and rewarding role enabling you to  

be involved with leading edge research as well  

as understanding and assisting the commercial 

objectives of a whole range of clients worldwide.

Our Summer Placement Scheme is designed to  

show you what the job of a Patent Attorney really 

entails. During the few days you spend with us, you 

will receive first hand experience dealing with the UK 

Patent Office on high tech matters within your own 

field. You will be shown the basics of patent drafting 

and let loose on your own draft. Finally, you will handle 

a contentious matter where you use what you have 

learnt over the course of the placement to defend or 

challenge a patent against other placement students 

with an audience of patent attorneys.

We are looking for students who wish to start work  

on or before September 2010, therefore preference 

will be given to candidates who are in the penultimate 

year of their studies.

We are running a Summer Placement Scheme for a 

limited number of candidates in the week starting 3 

August 2009. The successful candidates will receive  

a salary of £200 for 3.5 days. You will be based in 

either our London, Cambridge Offices Applications  

are strictly by application form to be found on our 

website www.marks-clerk.com . There will be no 

interviews. The closing date for applications is  

30 April 2009.

Rewards for Graduates -  

Graduates looking for a  

career as a Patent Attorney

At graduate level we recruit from scientific and 

engineering disciplines particularly those completing 

Doctorate or Post Doctorate studies. Among other 

disciplines, we are currently seeking graduates with 

degrees in Pharmacology, Physics, Electronics, 

Mechanical Engineering, Electronic Engineering  

and Computer Science.

As a graduate entrant you will be provided with  

the highest quality training to meet the examination 

standards of both the UK and European qualifications. 

In addition, you will also gain a range of commercial 

skills, such as business development and client care, 

as part of our ongoing personal development 

programme. To succeed in today’s business world, 

our Attorneys need to be commercially astute as  

well as technically able.

Working as a Patent Attorney requires not only an 

excellent technical and academic background but the 

ability to draft comprehensive documents and defend 

complex legal arguments. It is a unique, challenging 

and rewarding role enabling you to be involved with 

leading edge research as well as understanding and 

supporting the commercial objectives of a diverse 

client base worldwide.

Our network of offices provides you with outstanding 

long-term career opportunities in both the UK and 

overseas. 

If you have the right qualifications, 

background, outlook and ambition we 

want to hear from you! For full details  

of all our current vacancies and an 

application form visit our website  

www.marks-clerk.com

www.marks-clerk.com

Marks & Clerk are the UK’s leading and largest firm of Patent and Trade 

Mark Attorneys with over 400 people across 12 offices in the UK.  

We have an associated law firm and are internationally recognised  

with overseas offices in Europe, Asia and North America.

Patent 

Attorneys

www.bluesci.org

Naturejobs

Naturejobs

Naturejobs
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For individuals passionate about advancing science and 

technology, there are few better places to build a career  

than AstraZeneca. One of the world’s leading pharmaceutical 

companies, we’re focused on turning good ideas into 

innovative, effective medicines that make a real difference  

in important areas of healthcare.
Research & Development plays a crucial part in our success. 

Every year we invest over $5 billion in this area and employ 

around 13,000 dedicated R&D professionals worldwide.  

As well as key centres in the UK, the US, Sweden, Canada, 

France and Japan, we have a strong and growing presence 

in China and India. We have a robust and expanding pipeline that includes small 

molecules, biologics and vaccines. What’s more, our access 

to global scientific expertise allows us to select the best 

technology to tackle disease targets and drive new medicines 

faster from discovery to market. We also have a culture of 

putting patient health first through ethical R&D and 

responsible practices and policies. 

We’re always looking for talented professionals to join us. 

You could work in a range of key therapy areas, including 

cardiovascular, neuroscience, gastrointestinal, oncology, 

infection as well as respiratory and inflammation. It’s an 

excellent opportunity to develop treatments for some of the 

most serious illnesses we face today such as Alzheimer’s 

disease, cancer, type 2 diabetes and chronic obstructive 

pulmonary disease. 

I want to  advance  science

AstraZenecaVarsity.indd   1

9/12/08   11:58:48

Whether recruiting top tier talent, raising your company’s 
profile or publicising new products; look no further  
than BlueSci.

BlueSci provides unparalleled targeted advertising in the University 
of Cambridge. It is uniquely poised with a loyal readership base 
in all the University Colleges and departments. The magazine is 
published once a term where 5000 copies are circulated free of 
charge. Contact us to secure your high visibility advertising space in 
the next issue.

Contact:

Jack Durkin
Pipeline Publishing
Finsbury Business Centre
40 Bowling Green Lane
LONDON
EC1R 0NE

Telephone: 020 7415 7057
E-mail: jack@pipelinepublishing.com
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