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In January 2013, three people 

were appointed to be the new 

leaders of Natural Sciences 

Society; Jenni Visuri, Harry 

Jenkins and Fraser Boistelle. 

The society meets every Friday 

lunchtime in S4 for a range of 

different types of events. We 

have each given a speech in 

the last half term, the topics 

being exoplanets, explosives 

and evolution of whales, 

dolphins and porpoises. We 

also held a debate on the topic 

“should science interfere with 

nature?” In addition to this we 

have contributed to the global 

Zooniverse project which asks 

all people to register and help 

with scientific research and 

analysis which cannot be done 

by a computer. This features 

projects such as classifying 

parts of the Moon, mapping 

Mars, and classifying galaxies 

as well as helping sort images 

of cancer cells. On the last day 

of term we held a quiz on 

random scientific knowledge 

which was just for fun.  

 

The NSS has also been to visit 

many lectures at UCL this term 

which have featured a plethora 

of topics such as quantum 

computers, aliens and 

colonising space, the origins of 

asymmetry in the brain, mirror 

image molecules, and the 

science of invisibility. These 

have all provided a fantastic 

opportunity for members who 

have visited some of these. 

 

This term has been an 

extremely busy one for the 

society because we have 

released this journal, which is 

the third one released by the 

society but a first for us. We 

had a whole new host of 

members wishing to 

participate by writing articles 

in all three fields of science.  

 

We hope you enjoy reading 

this journal and learn a lot 

about different scientific 

topics. 

 

 

Credits: 
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What is chaos theory? 

When people think of chaos 

they think of random, 

unpredictable and unordered 

events. Chaos theory refers 

specifically to dynamic non-

linear systems. A system is 

dynamic if it evolves with time 

and non-linear if the equations 

which describe the system 

contain variables to the power 

of something other than 1 or 0. 

This means a Chaotic system 

can be described by differential 

equations (which mean the 

system changes with time) and 

non-linear variables. Chaos 

theory is a relatively new 

branch of science, maths and 

even economics which really 

only began to take hold in the 

1970s and 80s.   

The world around us can be 

modelled as systems with 

variables. Gravity can be 

modelled in a linear way with 

Newton’s law of gravitational 

attraction or more accurately 

with general relativity. Many 

systems are non-linear and 

usually cannot be solved and 

all of the variables are 

interlinked so that changing 

one variable  

affects another which affects 

the original variable. A simple 

example is with population 

growth. As the population of a 

species increases the resources 

become more limited to each 

individual so the population 

decreases so resources become 

less limited. Sometimes the 

values of the parameters in the 

non-linear system lead to 

stable population numbers 

which oscillates between highs 

and lows of annual population 

levels but sometimes the 

population can fluctuate 

annually in an unpredictable 

and seemingly random way. 

Another common example of a 

non-linear system is with 

turbulent flow in fluids and 

with the gravitational 

attraction between 3 or more 

massive bodies or even 

oscillating chemical reactions. 

Chaos theory describes 

dynamic, non-linear systems 

which follow set rules and are 

deterministic. However, they 

are highly sensitive to the 

initial conditions as  

 

illustrated in the next section. 

These kinds of systems appear 

through many disciplines of 

science from the flow of blood 

in the heart to the weather to 

the motions of stars in a 

globular cluster. 

 

The double pendulum 

The double pendulum or chaos 

pendulum is a good example 

of a simple system which 

displays chaotic behaviour. It 

is governed by the laws of 

physics so it is deterministic 

but it is practically impossible 

to replicate the behaviour of a 

particular pendulum swing. It 

is so sensitive to initial 

conditions that the 

gravitational pull of a raindrop 

50m away is enough to cause 

the path of the pendulum to 

diverge greatly after a while. 

 

Edward Lorenz and the 

weather: 

For those familiar with 

differentiation the following 

system of equations illustrate a 

non-linear system created by 

Edward Lorenz in the 1960s to 

describe convection in the 

atmosphere. It was one of the 

first investigations into chaos 

theory. These equations are 

simplified versions of the 

Navier-Stokes equations which 

describe fluid dynamics. 

 

 

 

 
 

The variables are x, y and z 

and how they change with 

respect to time depend on 

the values of x, y and z at 

that instant. , ,  are the 

Chaos 
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parameters of the system 

which can be changed before 

the system starts running but 

not during. They take on 

numerical values like constants 

A computer can be 

programmed to show how this 

system evolves with time for 

different input values of x, y 

and z recording their values 

when they change. For some 

inputs, the system may give a 

regular periodic behaviour or 

settle down into constant 

values of x y and z. However, 

for other input values, the 

values of x, y and z will change 

in a random seemingly 

unpredictable way with no 

long term periodic behaviour. 

Notice that if you put the same 

input values in with the same 

parameters then the values of 

x, y and z will change in 

exactly the same way as 

before. This means that the 

system is deterministic but if 

any of the inputs of x y and z 

are changed by the smallest 

amounts then the system may 

evolve in a completely 

different way. 

The input values of x, y and z 

which give rise to chaotic 

behaviour can be plotted on a 

3d Cartesian 

graph. The 

image below is 

the result of 

plotting all of 

the points 

where the 

system is chaotic with the 

values of ρ=28, σ = 10, β = 8/3. 

The resulting 3d shape is a 

Lorenz attractor which is a 

strange attractor.  

An attractor is a well-defined 

set of numbers that the 

variables in a system move 

towards over time. For 

example, when you set a 

pendulum in motion, it loses 

energy by friction and it is 

attracted to having a 

horizontal displacement from 

the pivot of 0 and a velocity of 

0 i.e. it is attracted to being at 

rest. A strange attractor is 

when the attractor is not just a 

point but it is a fractal and 

never intersects itself. These 

attractors are useful because 

they show where all the 

chaotic outcomes of a non-

linear system lie for all 

possible parameters as well as 

patterns and order hidden in 

chaos. 

 

Above is the reason why the 

metoffice is so unreliable. It 

shows how one of the 

variables of Lorenz’s 

simplified weather system 

changes with time. It is then 

repeated with the starting 

value of the input variable 

being ever so slightly different. 

This would correspond to a 

patch of warm air or the flap of 

a butterfly’s wings in the real 

world. After a while, the 

variable diverges greatly from 

the original. It doesn’t matter 

how sensitive the measuring 

equipemnt is as sooner or later 

it will diverge. Chaos is the 

reason why long range 

weather forcasting is forever 

doomed along with dreams of 

ever controlling the weather. 

We know we can drastically 

change the long term weather 

by adding a puff of air here or 

there but we cannot predict 

how it will change.   

 

The route to chaos: 

At first chaos theory seemed to 

be a discovery best left 

undiscovered. It ruined the 

Newtonian dream of being 

able to predict a deterministic 

system as it was impossible to 

know what the initial 

conditions were and even 

slight variations initially 

would greatly affect the 

system at a later point by a 

feedback mechanism. The 

slight deviations would be 

magnified to greater and 

greater scales as time 

progressed. However, hidden 

patterns within chaos 

eventually emerged. 

In fact, both order and chaos 

can be generated by altering 

the parameters of a system. It 

is as if they are two sides of the 

same coin. One way of seeing 

this is with the annual 

population variations which 

can be simplified into 

 
This model is very simple and 

was created by Robert May to 

model fish populations. It 

states that the population next 

year depends only on the 

previous population but both 

rate of reproduction and 

starvation are taken into 

account. As the population 

increases, the rate of 

Physics 
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reproduction also increases 

and this is proportional to the 

population size if it is initially 

small. Starvation is modelled 

by (1-xn) where the population 

will decrease. The parameter r 

can be increased and the long 

term values of x can be plotted 

to form a bifurcation diagram. 

The starting value of x is the 

ratio between 0 and 1 of 

existing population to 

maximum possible population. 

For low values of the 

parameter r between 2 and 3 

the population is stable and 

converges to a single value of 

x. However, from around 

r=3.15, the line splits into 2. 

This represents a population 

which oscillates between 2 

values each year. As r 

increases to 3.5, both lines split 

again leading to a period 

doubling so the population 

follows a 4 year pattern and it 

continues doubling from 8, 16, 

32 but then it descends into 

chaos with the population not 

settling into any routine. 

However, as r continues to 

increase through chaos there 

are small islands of order  

where there are brief gaps of 

order where the population 

fluctuates between 3 or 7 

values. Period doublings then 

occur and the x values return 

to chaos. This odd behaviour 

gets even more bizarre, as you 

zoom into the diagram past the 

first chaotic population 

fluctuations, sections resebling 

the initially diagram appear. It 

is fractal in nature. To top it all 

off the ratio between each 

period doubling converged 

towards a ratio: The 

feigenbaum constant (4.669 to 

3dp). This ratio is to chaos 

theory as pi is to geometry. 

These bifurcation diagrams 

also apply to other non-linear 

systems because ecology is not 

a real science. One example is 

with thermodynamics. If you 

heat something from the 

bottom then convection rolls 

will form. An experiment set 

up by Albert Libchaber. Liquid 

helium was contained in a 

small box and was heated from 

below so it fromed 2 

convection rolls. The 

increasing temperature 

difference was the changing 

parameter and the convection 

rolls began to oscillate at 

period 2 then 4 etc before 

descending into chaos and 

returning to order temporarily 

before reverting back to chaos. 

This was experimental 

confirmation of the 

feigenbaum constant which is 

universal and is linked to all 

non-linear systems.  

 

Applications of chaos theory: 

As Chaos theory can be used 

to describe any non-linear 

system which evolves with 

time, it has truly universal 

applications. In physics, chaos 

theory can be applied to the 

schrodinger equation in its 

nonlinear form which 

describes how a quantum state 

changes with time. It is also 

used in fluid dyamics with the 

navier stokes equations 

modelling turbulence . Some 

models of the multiverse also 

incorporate chaos. One of these 

is the eternal inflation model 

which states that new 

universes spontaneously and 

are unpredictably created from 

a false vacuum and inflate 

rapidly. This creates a fractal 

multiverse. 

Chaos theory can be used in 

economics to study how the 

values of commodities and 

shares vary in unpredictable 

ways. In biology, neurons 

follow relatively simple laws 

yet combine to form 

intelligence. The structure of 

the lungs and blood vessels is 

highly fractal and the flow of 

blood through the heart is non-

linear due to the elastic walls 

of the heart. When designing 

artificial hearts, care must be 

taken to make sure that there 

are no areas in the chambers 

where blood flows slowly as 

this will lead to blood clots and 

small changes in design can 

have a large impact on how 

blood flows through the 

artificial heart. 

In astronomy, chaos theory 

helped to solve the mystery of 

the great red spot on Jupiter. 

The great red spot is one of the 

largest storms in the solar 

system but weirdly, it always 

stays roughly in the same area. 

Moreover, the storm does not 

dieaway like regular storms do 

but small scale features in the 

spot such as eddies do. 

However, we have seen how 

the non-linear equations which 

give rise to chaos can also give 

rise to order. The same laws 

which give rise to the short 

term turbulence also give rise 

to the stable red spot. By 

putting in the non-linear 

equations which describe the 

flow of hydrogen and helium, 

it is possible to simulate the 

red spot. Chaos theory can also 

describe how stars orbit 

galaxies. When a star orbits a 

galaxy it does not orbit in a 

perfect elipse. As the star 

makes many orbits about the 

galactic centre, it deviates from 

its orbit each time. If a cross 

section or poincare map of 

these orbits is made then we 

can see that there may be 2 

points on the map indicating 

that the star takes 2 orbits to 

return to its starting position. 

More often than not the star 

will trace out a chaotic pattern 

Physics 
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with the cross section being 

fractal in nature. 

 

The Mandelbrot set: 

The famous mandelbrot set. It 

is a fractal generated by 

incredibly simple rules but is 

infintely complex but never 

repeats itself. It displays self 

similar properties with mini-

mandelbrot sets at smaller 

scales but each one is slightly 

different. The mandelbrot set is 

constructed on the argand 

diagram and the feedback 

equation zn+1 = zn2 + c. Choose a 

starting complex number C 

and start with z=0 and then 

run iterations. In some cases, 

zn+1 will oscillate between 

values, stay constant, converge 

or vary chaotically within 

finite bounds. If it does this 

then the point C is a part of the 

set and is coloured in black. If 

it diverges to infinity then it is 

not a part of the set. The rate at 

which the point diverges to 

infinity determines it colour.  

The Mandelbrot set is an 

example of how simple rules 

and feedback mechanisms can 

lead to complexity, just as with 

evolution in nature. However, 

it is very difficult to predict 

whether C will be a part of the 

set or not so the method of 

generating this fractal is 

chaotic. The feigenbaum 

constant can be seen along the 

negative real axis running 

from the centre to the right. 

Each circular ‘bud’ has a 

diameter 4.669… times less 

than the previous one. Whilst 

the Mandelbrot set exists as a 

mathematical object, it 

demonstrates how simple rules 

lead to complexity as seen 

through many of the fractals in 

nature. 

 

By James Teoh 

 

Sources: 

Chaos: Making a New Science, 

James Gleick 1987; 

From Calculus to Chaos: An 

Introduction to Dynamics, 

David Acheson 1997; 

Introducing Chaos, Ziauddin 

Sardar and Iwona Abrams 

2008. 

 

Physics 
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Why Do Baby Animals 

Appear Cute? 

Everyone knows something 

cute when we see it, but what 

is it about baby animals (and 

other things) that makes them 

appear cute? 

 

It is thought that animals that 

display paedomorphic traits 

(child-like characteristics) such 

as a large head with large eyes, 

cheeks and a small jaw, 

compared to a relatively small 

body make an animal seem 

cute as they remind us of baby 

humans and therefore create a 

desire to look after them. 

 

The idea of certain 

characteristics creating a 

nurture response isn’t only 

found in humans however, it 

has also been shown to exist 

with birds in whom a nurture 

response is made by 

characteristics of eggs. It was 

shown that these song birds 

preferred to take care of eggs 

that were larger, brighter blue 

and had black polka dots, 

tested by the use of 

polystyrene eggs. This nurture 

response occurred even when 

it became impractical such as 

when the eggs were too large 

for the birds to sit on and they 

routinely fell off. This is called 

‘supernormal stimuli’, and is 

shown that it can provoke a 

greater response than normal 

stimuli; this can explain why 

some people can like animals 

and not like human babies, as 

babies are associated with 

several baggages such as 

having to look after them until 

they leave home, it can make 

the animals appear cuter than 

the baby. 

 

It is shown that humans react 

to babies on an unconscious 

level; people viewed images of 

babies in a brain scanner, and 

it was shown that a region of 

the brain called the 

orbitofrontal cortex lights up 

within 0.13 seconds of 

viewing, even before the 

region of the brain that 

recognises faces, showing that 

it’s hard wired into our brain 

to love cuteness. Aural stimuli 

also show this effect, as it’s 

shown that a person who 

listens to babies crying and 

then performs an activity will 

have faster reaction times. 

 

However this nurture instinct 

for cute babies isn’t always a 

good thing, the effect of babies 

being not so cute has an effect 

on parenting. An example is 

the cleft lip, a relatively 

common condition where the 

baby is left with a gap above 

the mouth, and it is shown that 

due to parents connecting with 

cute things, it is harder to form 

an emotional connection to 

babies with cleft lips. 

Experiments show that 

relatively minor differences in 

cuteness could have major 

impacts on parenting. 

 

Why Did Cuteness Develop? 

 

Cuteness developed as cute, 

baby animals would have been 

more likely to survive as they 

would be more likely to be 

cared for by their parents, or 

other adults if they’d lost 

theirs. This means that the 

features that are considered 

cute are passed onto the next 

generations whilst the not-cute 

ones are not. The features that 

define cute exist for different 

reasons, such as the small jaw 

is due to the fact that baby 

mammals are fed milk and so 

don’t need to develop their jaw 

yet. This trait continues in 

adult pandas as their jaw is 

adapted to chewing tough 

vegetation. 

 

Cuteness 

Biology 
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Commercial Cuteness 

Cuteness is exploited all the 

time for the sake of business by 

using anthropomorphism in 

products. A good example of 

this is in the VW beetle, the 

headlights and grill form a face 

and it is shown that when 

human characteristics are seen 

in cars, an emotional 

connection is created, and this 

can be used to help sell more 

cars. 

Cuteness is factored in as 

when the ‘facial features’ of the 

car are enlarged to a degree 

that wouldn’t be consciously 

recognised but would be 

noticed subconsciously, it was 

showed that people responded 

more positively to cars with 

cuter ‘faces’. 

 

This is also shown, not just in 

inanimate objects, but also in 

dog breeding, as humans have 

selectively bred dogs that look 

and act in cuter ways, forming 

breeds that display a great deal 

of neoteny (retention of 

childlike traits in adults). This 

can especially be found in toy 

dogs which resemble baby 

wolves even when adult. 

 

 

Cuteness is irresistible to 

humans and has affected us in 

ways that we may never have 

imagined and will continue to 

do so for as long as we survive. 

 

By Harry Jenkins 

 

Sources: 

Focus magazine issue 240 

April 2012 pages 55-58 written 

by Dr JV Chamary 

http://www.npr.org/blogs/thet

woway/2013/01/10/169057467/

agreed-baby-pandas-are-cute-

but-why 

http://www.ncbi.nlm.nih.gov/

pmc/articles/PMC3260535/ 

http://en.wikipedia.org/wiki/C

uteness 

http://en.wikipedia.org/wiki/P

edomorphosis 

Biology 
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Nuclear Fusion is the driving 

force in creating the universe 

and all life. It relies upon the 

simple process of Nuclear 

Fusion and yet most people are 

unaware of it.  Nuclear Fusion 

takes place in stars and the 

breakdown of stars. It is the 

process by which all stars 

release the energy which they 

use and also the process by 

which all of the heavy 

elements are formed. 

 

Fusion is a fairly simple 

process; at its most basic it can 

be described as smashing two 

nuclei together very hard so 

that they join together.  

However, the process is a little 

more complicated than that.  

To understand fusion first we 

must know the makeup of an 

atom.  Atoms for a while were 

thought to be indivisible 

molecules from which 

everything is made. The word 

atom comes from the Greek 

atomos as the Greeks believed 

that everything was made of 

four elements, each of which 

was formed from differently 

shaped indivisible particles 

and for instance fire, one of 

their elements, was made of 

spiky atoms which is why it 

was painful to the touch.  

However in 1838 Richard 

Laming theorised an 

indivisible charged particle to 

explain the chemical properties 

of different elements which in 

1894 this was named electron 

after the Greek word for amber, 

which was the first material 

which people had noticed 

could be statically charged.  

Finally in 1897 J.J. Thomson et 

alii identified the particle using 

a Crookes Tube.   

 

After the discovery of the 

electron the subatomic world 

has become more detailed and 

intricate.  No longer is the 

atom regarded as a single 

entity but as a nucleus 

surrounded by an electron 

‘cloud’. However, for the 

purpose of this article we shall 

ignore the electrons as we are 

focusing on nuclear 

interactions.  The nucleus of an 

atom (the massive, positive 

core of an atom) was 

discovered to be a construct of 

more subatomic particles 

beginning with the discovery 

in 1917 (though only reported 

in 1919) by Ernest Rutherford 

(it had been theorised as early 

as 1815 but could not until this 

point be proven) of the 

positively charged proton.  

However there were still 

problems with the nucleus 

being made up of only protons.  

There appeared to be some 

missing mass and a neutral 

particle of roughly the same 

mass as a proton was theorised 

to explain this.  In the early 

1930s this was confirmed by 

James Chadwick who named 

the particle the neutron.  

 

We now had a model of the 

nucleus which comprised of 

positively charged protons and 

neutral neutrons (together 

known as nucleons). However, 

this is not the end of the story 

of the build up of the nucleus. 

In 1964 after the classification 

system known as the Eightfold 

Way was formulated by two 

physicists independently of 

one another Murray Gell-

Mann and George Zweig 

postulated that protons and 

neutrons and lots of other 

Hadrons known at the time 

could be described as being 

made up of three ‘quarks’.  In 

1968, point-like particles were 

discovered within the proton 

during deep inelastic scatter 

experiments at Stanford’s 

Linear Particle Accelerator 

(SLAC). These were later 

accepted to be the quarks 

which had been theorised.  

More quarks have since been 

discovered so that there are 

now six flavours of quark, 

however for this article we 

need only know about the ‘up’ 

quark and the ‘down’ quark 

Nuclear Fusion: the life giver 
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which are the two most 

common and most stable 

quarks.  The proton is made of 

two up quarks and one down 

quark whereas the neutron is 

made of two down and one up. 

We now have a complete 

model of the nucleus from 

which we can begin to explain 

the process of fusion.   

 

In order for us to say that two 

nuclei have fused they must 

remain together without any 

external force put in, however 

here we hit a problem.  If 

nuclei are all positively 

charged then they must all 

repel due to electrostatic 

repulsion (like charges repel) 

so how do we make the nuclei 

stay together?   If you have 

ever put two of the same pole 

of a magnet together and tried 

to make them stay you know 

that you have to put a lot of 

force in and even then once 

you let go they will just fly 

apart.  However, fortunately 

for us there is another force, 

much stronger than 

electromagnetism, the strong 

force. The strong force 

manifests itself in two forms 

(though technically the second, 

which we will focus on, is just 

residual from the first) it holds 

the quarks together in a 

nucleon, and it also holds the 

nucleons in a nucleus together.  

It does this through the 

exchange of pions (pi-mesons), 

which are themselves made up 

of quarks.  The pions transfer 

the first form of the strong 

force (known as colour force) 

between nearby nucleons and 

so the quarks in the nucleons 

are attracted to those in nearby 

nucleons. So, if the strong force 

is what holds nucleons 

together and is stronger than 

electrostatic repulsion, then if 

we can make the strong force 

take over and hold the 

nucleons in the two nuclei 

together then they will have 

fused.  Unfortunately, the 

strong force acts over very 

small distances, only a few 

femtometres (1 femtometre is 

0.0000000000000001m) so we 

have to get the nuclei very 

close together before the 

electrostatic force can be 

overcome, which means a lot 

of energy has to be put in.  

 

 In stars, the immense mass 

means that in the core, the 

matter is forced together by 

gravity and this provides the 

force needed to overcome the 

electrostatic repulsion.  Stars 

therefore fuse nuclei 

continually for the entirety of 

their life. Our Sun, for example, 

fuses 600 billion kilograms of 

Hydrogen every second.  Stars 

are the single most important 

bodies in our universe for the 

creation and maintenance of 

life.  Since stars are constantly 

fusing nuclei, eventually they 

use up all of their Hydrogen 

fuel and so have to start fusing 

larger nuclei and so heavier 

elements are formed.  

However, stars can only form 

the elements up to and 

including iron as its nucleus is 

the most stable.  The heavier 

elements are formed in the 

extreme conditions which 

follow a Supernova explosion 

where the star collapses 

rapidly in on itself and then 

explodes.  The energy here is 

so great that even the heaviest 

natural elements (up to 

Uranium) are formed.  

However, ultimately, though 

this forms in the death of a star, 

this is still as a result of the 

stars.   

 

These elements not only form 

the planets and moons and 

every other astronomical body 

but also they form our bodies, 

our DNA and that of every 

plant, animal, bacterium as 

well as the air which we 

breathe and the food which we 

eat.  The fusion which takes 

place in the stars is certainly 

the driving force in creating a 

universe and in creating life.  

Were it not for the stars the 

universe would be cold, empty 

and lifeless.  It could be said 

then that the stars are the 

creators of the universe, the 

builders and the laws of 

physics are the designers. 

However the importance of 

Fusion in life runs deeper than 

Physics 
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just the creation of the very 

fabric of our beings.  The stars 

provide the energy, through 

fusion, needed for every single 

ecosystem to function.  At the 

base of every ecosystem on the 

planet are the autotrophs, 

organisms which synthesise 

their own ‘food’ simply from 

energy.  Plants are the most 

familiar autotrophic organisms 

and like most autotrophs they 

produce the sugars they need 

by photosynthesis.  

Photosynthesis is the 

conversion of carbon dioxide 

and water into glucose and 

oxygen.  Plants do this by 

using the light energy from the 

Sun in a very complex process.  

However this very light energy 

is released by the stars through 

Nuclear Fusion. 

 

Altogether, we have seen how 

Nuclear Fusion occurs by 

bringing two nuclei very close 

together so that the 

electrostatic forces are 

overcome.  Furthermore we 

have seen how this process 

drives the life of stars and 

through this all of the elements 

required for an alive universe 

are created, and, I believe, that 

this can be seen as something 

of beauty, that the stars and 

this one process provide not 

only the materials to create life 

but also the energy to maintain 

it.  Nuclear Fusion then truly is 

the giver of life. 

 

By Dominic Robson 

 

Sources: 

Particle Physics by Christopher 

Bishop 

Sci Show by Hank Green 
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We are all taught from a young 

age that symmetry is the state 

in which two parts, on either 

side of a dividing line, are 

equal in size, shape and 

position. We are also told that 

an object has mirror symmetry 

when the two halves of it are 

mirror images of each other.  

These may have seemed like 

irrelevant pieces of 

information at the time (and 

may still do now), but 

symmetry is very vital for how 

different substances react and 

behave with each other, and 

plays a very important role in 

how medicines are produced 

today. 

Mirror images can then be split 

up further into the terms 

super-imposable and non 

super-imposable. In chemistry, 

super-imposable means that 

one molecule could be placed 

on top of its mirror image and 

it would be a perfect fit. This 

therefore means that the 

atoms, with their relative 

positions in a molecule, can be 

twisted to make both sides of 

the mirror image the same. A 

non super-imposable 

molecule, on the other 

hand, is unable to act in this 

way, as both sides are 

completely opposite. Despite 

recurring movement of the 

axis within that molecule, their 

mirror images will never be 

identical to each other.  From 

the figure 1 top centre, it 

shows both a chemical, and 

non chemical example of this. 

(Right and left hands; Generic 

amino acids) 

 

 

 

The term used to describe a 

molecule which has a non 

super-imposable mirror image 

is Chiral, whereas molecules 

that are identical to their 

mirror image are called 

Achiral. In addition, a Chiral 

molecule isn’t always 

necessarily asymmetric, as 

commonly thought, because it 

can take part in rotational 

symmetry too.  The two mirror 

images of a chiral molecule are 

said to be called enantiomers/ 

optical isomers (example of 

which is in figure 2 ). As they 

are molecules  

formed from identical atoms, 

they often have very similar 

properties, such as colour, 

density, and viscosity, as well 

as having the same nuclear 

magnetic resonance and 

infrared spectroscopy too.  

(Two enantiomers of lactic 

acid. (L-R)) 

However, in the presence of 

other chiral molecules, 

enantiomers act extremely 

differently. This has a huge 

effect on their use as drugs, as 

many molecules within the 

bodies of humans are chiral 

themselves. Hence, different 

enantiomers of a chiral drug 

molecule will bind differently 

to target receptors. This 

therefore means that whilst 

one enantiomer of the drug 

may be beneficial to the body, 

the other may not, and could 

cause very undesirable side 

effects.  

A well known example for the 

disastrous effects of 

enantiomers in drugs is 

Thalidomide. In the late 1950s- 

early 1960’s, this drug was 

given to pregnant women, as it 

was proven to reduce the 

symptoms of morning 

sickness. However, 

unbeknown to the 

pharmaceutical industry at the 

time, Thalidomide is a Racemic 

drug (has equal amounts of left 

and right handed 

entantiomers). One of its 

enantiomers is an effective 

treatment for morning 

sickness, whereas the other is 

teratogenic, meaning that it 

causes severe abnormalities in 

the physiological development 

of foetuses in the womb, 

inevitably leading to a 

widespread case of birth 

deformities, e.g. phomelia 

(congenital disorder of the 

limbs).  

 
The drug was withdrawn in 

the UK in 1961, after 3 years of 

it being licensed, and from the 

2,000 babies born with defects, 

only half of them managed to 

survive the first few months of 

life, with less than ¼ living till 

2010.  

The significance of symmetry in chemistry and drug 

development 

Chemistry 
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The main dilemma that faced 

the pharmaceutical industry 

was finding a way to make an 

enantiopure drug, which 

would only treat the desired 

illness/condition without any 

life threatening side effects. 

The process in which to 

accomplish this is called 

resolution, and Louis Pasteur 

was the first person known to 

have done this in 1849.  

He discovered that Sodium 

ammonium tartrate crystals 

came in two different forms; 

one which looked like right 

handed screws, and the other 

which looked like left handed 

ones, so with a lens and a few 

tweezers, he began to separate 

them manually. Chiral organic 

compounds rotate the planes 

on polarized light in opposite 

directions, so Pasteur placed 

both piles of differently shaped 

crystals into water, and tested 

the solutions in a polarimeter. 

The right handed screw 

shaped crystals turned the 

plane of polarised light one 

way, whilst the left handed 

screw shaped crystals turned it 

the other way. This method, 

however, is too strenuous and 

time consuming for the ever- 

growing pharmaceutical 

industry to use to efficiently 

produce drugs today. 

 

 

 

 

 

Now, thanks to the great 

advances in industrial 

chemical processes, better 

methods of resolutions have 

been developed, such as 

Kinetic resolution. In this 

method, the two enantiomers 

react with different reaction 

rates in a chemical reaction 

with a chiral catalyst, which 

results in an enantioenriched 

sample of the less reactive 

enantiomer forming. This only 

works because one enantiomer 

naturally reacts faster than the 

other. 

Due to the troubling effects 

different enantiomers can have 

in a racemic drug, now, before 

such drug is licensed, 

pharmacologists and chemists 

must have proof that both 

enantiomers are safe and, if 

only one is effective, they have 

to ensure that the other 

enantiomer within that drug 

molecule doesn’t cause any 

horrible side effects. 

 

By Doyin Agbonin 

 

Sources: 

Notes from the Chemistry 

lecture at UCL-'chemistry 

through the looking glass' by 

Dr.Mike Porter  

Wikipedia.org

Chemistry 

http://en.wikipedia.org/wiki/Reaction_rate
http://en.wikipedia.org/wiki/Reaction_rate
http://en.wikipedia.org/wiki/Chemical_reaction
http://en.wikipedia.org/wiki/Chiral
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The fight-or-flight response is 

the human’s primitive survival 

mechanism. In response to a 

perceived threat, a 

physiological reaction is 

triggered, in which the body 

prepares to fight or flee the 

immediate threat, thereby 

providing the greatest chance 

of survival. 

This response was once 

essential for human survival; 

primitive humans, whilst out 

hunting, may come across a 

tiger or a bear. To be in with 

the best chance of survival, 

they had to process this danger 

quickly, and generate the 

energy to either confront it or 

flee – fight-or-flight.  

Whilst this is not often the case 

now, the fight-or-flight 

response still remains. 

However, more often than not, 

the perceived threats are not 

life threatening, but rather are 

fears or stress. This has led to 

the fight-or-flight response 

often being referred to as the 

acute stress response. Any 

stimulus that leads to fear is 

thought of as an immediate 

threat to the body, triggering 

the response. Whether this is 

anxiety due to exams, or panic 

due to wind rattling against 

the door, fear results in the 

sympathetic nervous system 

activating, and over 30 

different hormones being 

released into the body.  

There are three stages involves 

in this response: 

 The stimulus: A fear, 

which is often in the 

form of stress 

 The response: A 

period of heightened 

activity 

 Exhaustion: A period 

of recovery 

Stage 1: The Stimulus 

Fear is the stimulus for the 

fight-or-flight response, but 

what is it and how does it 

work? 

Fear is an autonomic, 

unconscious, response, 

controlled by various areas of 

the brain, as shown by figure 1. 

There are thought to be two 

pathways involved in this 

response, both of which  

 

begin at the thalamus (the area 

of the brain that receives and 

relays sensory signals) and end 

at the amygdala (the area of 

the brain involved in 

processing emotions and 

memory).  

The short pathway begins with 

a sensory stimulus, such as a 

loud noise or a menacing 

figure. This stimulus is picked 

up by the sense organs, and 

relayed to the thalamus as 

neural impulses. The thalamus 

assumes the stimulus 

originated from a threat, and 

so relays the neural impulses 

to the amygdala. This initiates 

the fight-or-flight response, as 

the amygdala relays the 

information to the 

hypothalamus.    

The long pathway also begins 

with the same sensory 

stimulus. However, after the 

neural impulse reaches the 

thalamus, it is processed and 

relayed to the appropriate 

sensory cortex, for example the 

auditory cortex. This area of 

the brain, along with the 

hippocampus, interprets the 

information and sets it in 

context, to determine whether 

the stimulus is a threat. If the 

stimulus is deemed to be of no 

danger, a message is sent to 

the amygdala, which relays the 

information to the 

hypothalamus, and the fight-

or-flight response is turned off. 

However if the threat is 

deemed to be real, the fight-or-

flight response remains 

activated.  

 

Stage 2: The Response 

After receiving a message from 

the amygdala, the 

hypothalamus activates two 

systems simultaneously to 

produce the fight-or-flight 

response.  

The fight or flight response 

Biology 
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The first of these is the 

sympathetic nervous system, 

which sends neural impulses 

to various organs. Once this 

system is activated, it sends 

impulses to glands and smooth 

muscles, which cause them to 

activate. In addition to this, the 

adrenal medulla (part of the 

adrenal gland) becomes 

activated and secretes the 

hormones epinephrine 

(adrenaline) and 

norepinephrine, both of which 

enter the bloodstream.    

In addition to activating the 

sympathetic nervous system, 

the hypothalamus secretes 

corticotropin-releasing factor 

(CRF) into the pituitary gland, 

which activates the adrenal-

cortical system. This is 

followed by the 

adrenocorticotropic hormone 

(ACTH) being secreted by the 

pituitary gland and entering 

the bloodstream. The hormone 

travels to the adrenal cortex, 

where it triggers the release of 

cortisol, among approximately 

30 other hormones, all of 

which enter the bloodstream 

and travel to the relevant 

organs.  

 

The Effects 

The various hormones released 

during the fight-or-flight 

response cause changes in the 

body, which provides the best 

chance of survival. 

The most important of these 

changes are those which 

increase energy supply to the 

muscles, which allow fighting 

or fleeing to take place 

 Epinephrine binds to 

receptors on smooth 

muscle cells in the 

lungs, causing the 

muscles to relax. This 

dilates the bronchioles, 

increasing oxygen 

supply to the lungs 

and allowing more 

oxygen to enter the 

blood. 

 Epinephrine 

stimulates the sino-

atrial node of the 

heart, resulting in an 

increased heart rate. 

This increases blood 

flow to where it is 

needed. 

 Epinephrine causes 

veins below the 

surface of the skin to 

constrict, increasing 

blood flow to the areas 

it is needed most. 

 Cortisol increases 

blood pressure, 

resulting in more 

rapid delivery of 

oxygen and glucose. 

 Cortisol increases 

blood sugar levels. 

 Cortisol supresses the 

immune and digestive 

systems, conserving 

energy which is 

needed in the muscles. 

Furthermore, for protection in 

the event or physical harm to 

the body, the blood thickens, 

increasing platelet and white 

blood cell levels. This allows 

the body to reduce bleeding 

and fight infections more 

efficiently. 

In addition to this, senses 

become heightened. For 

example, pupils dilate to 

provide a clearer image and 

hearing becomes more 

sensitive.  

 

Stage 3: Exhaustion 

A large amount of physical 

and mental exertion occurs 

during the fight-or-flight 

response. This results in a 

stage of exhaustion, or chronic 

fatigue, as energy stores have 

become depleted. This is why 

after a traumatising event, 

despite no physical injuries 

being present, people can sleep 

for 16 to 18 hours.  

Furthermore, the fight-or-flight 

response leaves the body with 

hormone imbalances, which 

can damage cells and system 

functioning. For example, the 

white blood cell count 

becomes reduced, meaning the 

body becomes more 

susceptible to disease.  

 

Whilst the fight-or-flight 

response is advantageous in 

life threatening situations, 

when triggered regularly, as a 

result of stress or perceived 

threats, it has hazardous 

effects on the body. 

 

By Uroosa Chughtai 

 

Sources: 
science.howstuffworks.com/life/fear.ht

m 

thebrain.mcgill.ca/flash/d/d_04/d_04_

cr/d_04_cr_peu/d_04_cr_peu.html 

learn.genetics.utah.edu/content/begin

/cells/cellcom/Play-by-play.pdf 

www.s-cool.co.uk/a-

level/psychology/stress/revise-it/what-

is-stress 

Biology 

http://science.howstuffworks.com/life/fear.htm
http://science.howstuffworks.com/life/fear.htm
http://thebrain.mcgill.ca/flash/d/d_04/d_04_cr/d_04_cr_peu/d_04_cr_peu.html
http://thebrain.mcgill.ca/flash/d/d_04/d_04_cr/d_04_cr_peu/d_04_cr_peu.html
http://learn.genetics.utah.edu/content/begin/cells/cellcom/Play-by-play.pdf
http://learn.genetics.utah.edu/content/begin/cells/cellcom/Play-by-play.pdf
http://www.s-cool.co.uk/a-level/psychology/stress/revise-it/what-is-stress
http://www.s-cool.co.uk/a-level/psychology/stress/revise-it/what-is-stress
http://www.s-cool.co.uk/a-level/psychology/stress/revise-it/what-is-stress
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learn.genetics.utah.edu/content/begin

/cells/fight_flight/ 

http://learn.genetics.utah.edu/content/begin/cells/fight_flight/
http://learn.genetics.utah.edu/content/begin/cells/fight_flight/
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For as long as mankind has 

existed we have always had 

beliefs that after someone dies 

their spirit lives on and even to 

this day, there are some who 

believe in these ‘living dead’ 

manifestations. For thousands 

of years people have practised 

the art of necromancy.  

The modern English word 

‘ghost’ can be dated back to 

the pre-Germanic “ghoisdo-s” 

meaning ‘fury’ or ‘anger’, and 

to old Norse “geisa” meaning 

‘to rage’. The word ghost can 

be used to described any sort 

of undead spirit (animal or 

human), and their appearance 

can range from translucent 

hardly visible wispy forms to 

very life like beings that are 

completely visible. 

Every civilisation that has 

existed has had some sort of 

belief that after people die, 

their spirit lives on, and can 

appear to the living, whether it 

be the ancient Egyptians and 

their belief in Akh glyph 

(where soul and spirit reunite 

after death), or in Homer and 

Virgil’s epics where numerous 

ghosts appear in the Iliad, 

Odyssey and the Aeneid. Even 

in more modern times are 

numerous people training in 

psychic powers to contact the 

dead and the idea of ghosts, 

ghouls and monsters existing 

has received huge popularity 

after shows and movies like 

Scooby-doo, Ghost busters and 

Harry Potter. All this exposure 

to the seemingly undead has to 

speculation as to whether 

ghosts can and do exist. 

So what could actually be 

causing ghost sightings? Well 

one example gives us a clue. It 

all started in the 1950s when a 

robotics scientist Victor 

Gavreau noticed bleeding in 

the ears of one assistant. He 

investigated this strange 

phenomenon by holding a 

vibrating pipe next to or near 

the ear of his colleagues, his 

findings were incredible, the 

pipes were the right length 

and girth to cause unpleasant 

effects ranging from small 

irritation to severe nausea and 

pain. Gavreau had discovered 

infrasound; a frequency that 

one cannot consciously hear, 

but the ears are still able to 

pick up. The particular 

frequency ranging from 7 and 

19 Hz caused a sense of dread 

and panic. Gavreau and his 

colleagues did an experiment 

at a concert, by blasting out 

infrasound 22% of the crowd 

said they felt a sense of panic 

and felt chills at random points 

during the concert. But why 

would it have this effect on us? 

There are multiple scenarios in 

nature where this frequency is 

present such as volcanoes, 

earthquakes and even tigers 

can create the frequency in 

their roar to paralyze prey. So 

it turns out that that feeling of 

perpetual fear and anxiety 

when ghosts may be about is 

caused by nothing more than a 

certain frequency of vibrations. 

Buildings where ghosts are 

reportedly heard or seen have 

the perfect shapes and 

dimensions to create the 

frequency required to cause 

distress in people. The 

frequency can even be caused 

by faulty furnishings such as 

fans and generators. As for 

when people actually see a 

ghost it may be just 

hallucinations and coupled 

with the infrasound frequency 

can make for one scary and 

rather life-like situation.  

 

 

By Ghajhan Surenthiran 

 

Sources:  

http://www.cracked.com/articl

e_18828_the-creepy-scientific-

explanation-behind-ghost-

sightings.html  

http://customers.hbci.com/~we

nonah/history/gavreau.htm 

http://news.bbc.co.uk/1/hi/sci/t

ech/3044607.stm 

 Daniel Cohen 

(1994) Encyclopedia of Ghosts. 

Are ghosts real? 

General Science 

https://mail.saintolaves.net/owa/redir.aspx?C=e62d5bbf55a44b699837b41729ef404c&URL=http%3a%2f%2fwww.cracked.com%2farticle_18828_the-creepy-scientific-explanation-behind-ghost-sightings.html
https://mail.saintolaves.net/owa/redir.aspx?C=e62d5bbf55a44b699837b41729ef404c&URL=http%3a%2f%2fwww.cracked.com%2farticle_18828_the-creepy-scientific-explanation-behind-ghost-sightings.html
https://mail.saintolaves.net/owa/redir.aspx?C=e62d5bbf55a44b699837b41729ef404c&URL=http%3a%2f%2fwww.cracked.com%2farticle_18828_the-creepy-scientific-explanation-behind-ghost-sightings.html
https://mail.saintolaves.net/owa/redir.aspx?C=e62d5bbf55a44b699837b41729ef404c&URL=http%3a%2f%2fwww.cracked.com%2farticle_18828_the-creepy-scientific-explanation-behind-ghost-sightings.html
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https://mail.saintolaves.net/owa/redir.aspx?C=e62d5bbf55a44b699837b41729ef404c&URL=http%3a%2f%2fcustomers.hbci.com%2f%7ewenonah%2fhistory%2fgavreau.htm
https://mail.saintolaves.net/owa/redir.aspx?C=e62d5bbf55a44b699837b41729ef404c&URL=http%3a%2f%2fnews.bbc.co.uk%2f1%2fhi%2fsci%2ftech%2f3044607.stm
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Every star in our universe has 

a life cycle allowing stars to 

evolve with time. Each one 

begins its life in a nebula, a 

cloud of gas and dust which 

collapses under gravity to 

form a star. Despite their 

beginning being very much the 

same, their fate varies. In this 

article  we will specifically be 

looking at white dwarf stars, 

super-dense balls of nuclear 

matter with a sea of electrons, 

formed when a low mass star 

blows off its outer layers. The 

remnant is so dense that 

despite it having a similar 

mass to that of the Sun, it is 

still only about the size of the 

Earth. More massive white 

dwarf stars are also smaller 

because the force of gravity on 

the outer layers is greater 

giving it a smaller radius. 

Becoming one of these stars is 

the fate of our Sun, along with 

around 95% of the stars in our 

galaxy. Today, astronomers 

have catalogued around 10,000 

weighing about 0.6 solar 

masses, the largest of which is 

just under 1.4 solar masses.  

 

What is a star? 

The Universe is made up, 

almost completely of hydrogen 

and helium, the first two 

elements formed in the first 

few minutes after the Big Bang. 

After half a billion years, the 

Universe was cool enough for 

denser regions to clump 

together under gravity, the 

first galaxies, and within these 

were smaller clumps, the first 

stars. Within them, the gas 

became increasingly hotter 

during collapse due to the gas 

being compressed until the 

electrons cannot be kept in 

orbit so the atoms are ripped 

apart forming plasma. Protons 

should repel when they get too 

close together, however 

gravity is stronger and pulls 

them closer together when the 

weak nuclear force takes over, 

and this causes nuclear fusion 

which powers the stars. But 

once the hydrogen has been 

used up, fusion is halted and if 

the star is not massive enough 

to initiate helium fusion a 

strange event occurs. The star 

contracts because it has no 

more outward pressure 

provided from nuclear 

reactions, and heats up. Before 

the core reaches 100,000,000 

degrees, the collapse is halted 

which is the pressure of the 

electrons, due to the Pauli 

exclusion principle. 

 

The Pauli Exclusion Principle 

The Pauli exclusion principle 

states that no two electrons in 

an atom can be in the same 

energy state or configuration at 

the same time. This means that 

if two electrons are put too 

close together, then they 

would effectively be in the 

same energy state which is not 

allowed. In smaller stars the 

principle is enough to halt the 

collapse leaving the star in a 

stable state. However this has 

its limits because when a star is 

heavy enough, the electrons 

will move so fast due to the 

immense heat of the collapse 

that they will approach the 

speed of light and so the 

electrons simply cannot halt 

the collapse. We can calculate 

the point at which gravity 

wins. If gravity and quantum 

pressure balance, we get a 

white dwarf star, which is the 

aim of the calculation to 

compute the maximum mass 

of a white dwarf star. This is a 

very complex calculation and I 

have summarised a simpler 

version. Although the 

equations produced after each 

step may be too complex to 

understand, the principles 

behind some of them can still 

be understood which 

contribute to the 

understanding of the factors 

that affect the mass of a star in 

which nuclear fusion reactions 

no longer take place. 

 

Determining the pressure 

inside the star 

The pressure inside the star 

will vary; it will be larger at 

the surface and smaller at the 

centre. If we imagine a cube of 

star matter, it will be drawn 

towards the centre of the star 

by gravity but will also be 

countered by pressure from 

the electrons which acts on all 

six faces. We also know that:  

pressure = force x surface area 

If the bottom of this cube is 

closer to the centre of the star 

then the pressure on it should 

be a little bit bigger than on the 

top face which means the 

resultant force tries to push it 

away from the centre of the 

star. We need to find a way to 

balance these forces because 

although we can calculate the 

pressure, we must figure out 

how much gravity pulls in the 

opposite direction. For this we 

can use Newton’s law of 

gravity; every piece of matter 

Stellar limits: A maximum for white dwarf stars 
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within the star pulls on the 

cube by an amount that 

decreases in strength the 

further it is. This makes 

working out the force very 

difficult. A result we can use to 

aid us is Gauss’s Law which 

says that the gravity from 

pieces further out than the 

cube may be ignored and the 

net gravitational effect of all 

the pieces that sit closer to the 

centre is as if all those pieces 

were squashed together at the 

centre. Using the combination 

of Newton’s and Gauss’s laws, 

we get: 

 

where Min is the mass of the 

star lying in a sphere where 

the radius only reaches as far 

as the cube, Mcube is the mass of 

the cube, r is the distance of 

the cube to the star’s centre 

and G is Newton’s constant. 

 

We must now proceed to 

balancing the forces on the 

cube so that it doesn’t move 

because we want the star to be 

stable. Therefore 

 

where Pbottom and Ptop are the 

pressures of the electron gas 

on the upper and lower faces 

of the cube, and A is the area 

of each. In this step we are 

simply using pressure = force x 

surface area and equating it to 

the previous expression. 

 

We know from the Pauli 

exclusion principle that no two 

electrons are likely to be found 

in the same region of space. 

For the sea of electrons this 

means that effectively each 

electron sits in its own cube, 

although electrons come in 

two types; spin up and spin 

down which can be in the 

same space. This means that 

two electrons sit in the same 

cube. If they did not obey the 

Pauli principle they would 

spread out.  

 

Heisenberg’s Uncertainty 

Principle 

 Heisenberg’s uncertainty 

principle states that when we 

measure something, it creates a 

disturbance and so we cannot 

measure anything to an infinite 

degree of accuracy. He stated 

that: 
 

where  is the uncertainty in 

our knowledge of the position 

of a particle,   is the 

corresponding uncertainty in 

the momentum and h is 

Planck’s constant. This means 

that the more accurately we 

know the position of a particle, 

the less we know of its 

momentum and vice versa. 

This is significantly important 

to our star because the more 

we confine an electron, the 

more it hops, and therefore 

when a white dwarf collapses, 

the electrons become 

increasingly confined which 

makes them increasingly 

agitated and this pressure halts 

the gravitational collapse. If 

the electron is confined to a 

region of size  then it will 

hop with a momentum 

. This is actually an 

upper limit. As we are 

confining the electrons, they 

will jiggle more which means 

more pressure. We also know 

that momentum = mass x 

velocity we can say that 

velocity depends inversely on 

mass so heavier nuclei exert 

less pressure which means that 

we do not have to take this 

into account.  

 

We can now say that each 

electron cube has volume  

and as all of these must fit into 

the star, we can express this as 

the number of electrons within 

the star N divided by the 

volume of the star V. N/2 

cubes are required to 

accommodate all electrons 

because two electrons with 

opposite spins are allowed in 

each. This means that each will 

occupy a volume V divided by 

N/2 which is 2V/N. N/V will 

now be given the symbol n. 

 

 

We can then put this into the 

uncertainty principle to give: 

 

This gives us the typical 

momentum of an electron but 

does not say the actual 

momentum, but we can use 

the typical momentum and 

make the assumption that it is 

the same for all electrons. Now 

we need to imagine the 

electrons hitting the surface of 

the cube mentioned 

previously. We know that 

momentum is the product of 

mass and velocity and so if the 

electrons change direction, the 

change in momentum would 

be 2mv. We also know that 

F=ma but this can also be used 

to apply to momentum 

changes so we can say F=2mv 

x nv. However they travel in 

different directions: up, down, 

left, right, forward, backward 

so the pressure is actually less 

and therefore we can say (2mv 

x nv)/6 = nmv2/3. The v can 

now be replaced by what we 

just derived in Heisenberg’s 

uncertainty principle so we 

get: 

 

Although the full result is 

actually  but 
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this is much more difficult to 

calculate. This result says that 

the pressure at some place in a 

star varies in proportion to the 

number of electrons per unit 

volume to the power of 5/3. 

 

Mass density in stars 

The vast majority of a star’s 

mass comes from nuclei and 

not electrons because an 

electron has an extremely 

small mass. The electron 

number must also equal the 

proton number in a star to 

make sure that it is uncharged. 

The majority of a core of a star 

as it is about to reach white 

dwarf stage is helium-4 

because it has fused most of its 

hydrogen. The relationship 

between electron density, n, 

and mass density,  is: 

 

where the mass of a proton, mp 

is taken to be that of a neutron. 

This can replace n in the 

previous equation, and as n is 

proportional to  the pressure 

varies in proportion to the 

density and so  

 

Now we must consider the 

position of the cube in the star. 

A pure number, f, can depend 

on r, the distance of the cube 

from the centre of the star. We 

can say f is directly 

proportional to r so f=Br. The 

number f must remain 

dimensionless so we need the 

units of B and r to cancel. R is 

measured in metres and 

therefore B must be in m-1. 

Therefore we can express the 

mass of the cube of size L and 

volume L3 as Mcube =fL3 . With a 

lot of substitution and 

rearranging of the previous 

equations we get  

 

and  

The part of the equation RM1/3 

is actually a constant and 

depends on the properties of 

the star. It can then be 

calculated to give 

1.1x1017kg1/3m for a helium 

core but it changes depending 

on what the star is made from.  

 

We have already said that 

P=2mv x nv but we can replace 

mv with momentum, p. The 

speed of the electrons is close 

to the speed of light, so v is 

now c. We also, as previously, 

divide by six due to the area so 

we can write, after simplifying  

P=pnc/3. We use Heisenberg’s 

uncertainty principle to say 

that the momentum of the 

electrons is h(n/2)1/3  so: 

 

 

This can be expressed in terms 

of mass density to give: 

 

 

We can then use this and a 

previous equation to give  

 

 

which does not depend on the 

radius of the star. If we 

substitute in we can finally get: 

 

 

which is where we end the 

calculation. 

 

The Chandrasekhar Limit 

The calculation we have 

attempted was first done by 

Subrahmanyan Chandrasekhar 

in 1930. The original equation 

was based upon the equation 

of state for an ideal Fermi gas. 

The currently accepted value 

computed by Chandrasekhar’s 

equation is about 1.44  

(2.864 × 1030 kg). He found out 

that the maximum mass is 

determined by the ratio: 

 

This depends on Planck’s 

constant, the speed of light, 

Newton’s gravitational 

constant and the mass of a 

proton. Essentially he 

compares the Planck mass, 

 which is roughly the 

mass of a grain of sand to the 

mass of a single proton, which 

strangely enough produces the 

result for the maximum mass 

of a white dwarf star. His 

result is very similar to the one 

that we have obtained from 

our calculation, although his 

contained more complex 

mathematics than what is 

displayed here. When we use 

actual values to compute the 

result we find out that the 

maximum mass of a white 

dwarf star is 1.4 solar masses.  

This means that if we look at 

the mass of each individual 

white dwarf star in the 

universe, we would never find 

one with a mass more that 1.4 

times that of our Sun.  

 

By Jenni Visuri 

 

Sources: 

“The quantum universe: why 

everything that can happen 

does happen” by Brian Cox 

and Jeff Forshaw 

http://en.wikipedia.org/wiki/U

ncertainty_principle 

http://en.wikipedia.org/wiki/C

handrasekhar_limit
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In this article, I am going to 

discuss different types of acid 

and their functions and uses 

around the world today.  

 

 

What is an acid? 

Before I can truly get down 

and dirty with the acids, I first 

must define an acid. An acid is 

a species that is a proton 

donor. This means that when 

aqueous, it will release H+ ions 

that will react to form H3O+ 

ions (the oxonium ion). This 

can then go on to react in 

many different ways. The 

word ‘acid’ is thought to come 

from Latin acidus, meaning 

sour. This is because common 

aqueous acids tend to taste 

sour, such as acetic acid and 

citric acid.  

 

Classes of acid 

Acids, like most things in life, 

are split into groups. A 

Mineral Acid is an acid that is 

formed of inorganic groups, 

such as Hydrochloric acid, 

sulphuric acid and nitric acid. 

These are all very common and 

have a variety of strengths. 

They are all water soluble and 

insoluble in organic solvents. 

An Organic acid is an acid that 

has is an organic compound 

with acidic properties. They 

include carboxylic acids and 

nucleic acids. They are 

generally weak acids that do 

not dissociate completely 

(donate all possible H+ ions). 

As the size of the acid 

molecule increases, its 

solubility in water decreases. 

 

Weak acids 

In some ways, the idea of a 

‘weak acid’ is bad because you 

can change the apparent 

strength of an acid simply by 

varying its concentration. 

However, weak acids are those 

that do not disassociate 

completely. This is a simple 

measure that allows the 

distinction between strong and 

weak without any issues about 

concentration come into play. 

That said, an arbitrary 

concentration of a weak acid is 

generally weaker than the 

same concentration of a strong 

acid. Weak acids include acetic 

(ethanoic) acid (CH3COOH) 

and citric acid (C6H8O7).  

 

Strong acids 

Strong acids are those that 

dissociate completely when 

aqueous. These are the 

‘common’ acids, such as 

hydrochloric and nitric acids 

(HCl and HNO3 respectively). 

They are able to decrease the 

pH of a solution rapidly by the 

release of H+ ions.  

 

Sulphuric acid (H2SO4) 

This is a very common acid in 

the lab. It is, perhaps, the most 

widely used acid 

internationally. It is a strong 

mineral (i.e. non-organic) acid 

that is able to disassociate 

completely when aqueous. It 

can be manufactured through 

a variety of processes. The 

most widely used is the 

Contact process, which 

involves burning sulphur and 

converting it into sulphur 

trioxide. The sulphur trioxide 

is then mixed with sulphuric 

acid to form fuming sulphuric 

acid, which is then diluted. 

Although sulphuric acid is 

required for this process, more 

is produced than is used up. 

Alternatively, instead of 

mixing the sulphur trioxide 

with sulphuric acid, it can be 

mixed with water. The 

previous method is preferred 

as this reaction is highly 

exothermic (i.e. it evolves a lot 

of heat). Sulphuric acid has a 

variety of industrial uses. 

Firstly, it is an important 

catalyst and is involved in the 

manufacture of phosphoric 

acid (see below). It is also used 

in the production of hydrogen 

in the sulphur-iodine cycle, as 

a cleaning agent and in lead-

acid batteries in cars. In its 

concentrated form, sulphuric 

acid can be devastating. In 

concentrations of 98%, it is able 

to burn through paper and 

fabric, which poses serious 

health and safety issues. 

Fortunately, sulphuric acid is 

rarely used in such high 

concentrations.  

 

 

 

The secret lives of acids 
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Phosphoric acid (H3PO4)  

Phosphoric acid is another 

strong mineral acid. It is very 

rarely used in the lab due to its 

strength and cost. It is 

manufactured in the 

nitrophosphate process. This is 

where sulphuric or nitric acid 

is mixed with a calcium 

triphosphate, which can be 

found in apatite ore. This 

produces phosphoric acid 

when the mixture is cooled 

below freezing. Phosphoric 

acid appears as a colourless 

liquid that is slightly syrupy in 

viscosity. It can be used to 

remove rust, during hydrogen 

halide production and as a 

food additive. Its use as a food 

additive, usually in drinks like 

cola, is controversial as it can 

reduce bone density but there 

is no conclusive evidence of 

this. It is continued to be 

added under the guise of E338. 

 

Superacids 

A superacid is an acid that has 

a greater acidity than 100% 

sulphuric acid. The first was 

called magic acid (a mixture of 

flourosulphonic acid  (HSO3F) 

and antinomy pentaflouride 

(SbF5)) and was created by 

James Bryant Conant in 1927. 

It was found to be able to 

dissolve candles, which 

normal acids are unable to do 

due to their inability to break 

the lipid molecules down. This 

is so far the only superacid in 

existence. However, there are 

many different variants of this, 

simply by altering the ratio of 

flourosulphonic acid and 

antinomy pentaflouride. This 

group of acids are generally 

called Flouroantimonic acids. 

The strongest is by far the 1:1 

ratio, which is about 1016 times 

stronger than sulphuric acid.  

 

By Fraser Boistelle 

 

Sources: 

http://en.wikipedia.org/wiki/A

cid 

http://www.hpa.org.uk/Topics

/ChemicalsAndPoisons/Compe

ndiumOfChemicalHazards/Sul

phuricAcid/ 

http://chemistry.about.com/od/

factsstructures/ig/Chemical-

Structures---

F/Fluoroantimonic-Acid.htm 
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Drug abuse is a stubborn, 

costly problem in the world 

today and with 1 in 20 people, 

between the ages 15 to 64, 

estimated to have used an 

illegal drug; it’s little wonder 

why.  

In Britain alone, it currently 

costs £10 billion per annum to 

treat the medical problems that 

result from drug use such as 

contracting HIV, hepatitis B 

and C, poisoning from 

contaminants, as well as 

addiction. 

Yet if drug addiction itself was 

better treated in a more 

humane way then fewer 

people would relapse, thus 

lowering treatment costs and 

the current statistics. So if 

improvements are urgently 

required, well, what about 

increasing the use of the drug 

methadone in treating drug 

addiction to heroin? 

 

The problem 

In this article, I will be looking 

at treating heroin addiction 

which, although not the most 

popular drug on the market, 

does cause addiction in the 

majority of its users. 

The opioid heroin is derived 

from morphine and labelled as 

a narcotic due to the effects it 

produces such as a feeling of 

release from pain, euphoria, 

lethargy and a dreamlike state 

as well as slower breathing 

once the morphine leaves the 

brain. An overdose of heroin 

results in respiratory failure 

and since heroin is especially 

addictive; an overdose is a 

common occurrence. 

So why is heroin so addictive? 

The answer lies in its structure 

as shown: 

 
 

 

 

Compared to morphine: 

 
As you can see, morphine is 

chemically modified to make 

heroin and the properties of 

the heroin molecule can be 

used to explain why heroin is 

more addictive than morphine 

despite the fact they cause 

similar effects once in the 

brain. 

Firstly heroin can cross the 

blood brain barrier more 

quickly than morphine which 

is why users feel an immediate 

effect after taking the drug. 

Secondly heroin leaves the 

brain quickly, within 4 to 6 

hours, resulting in a “low”. 

This makes it more likely for 

users to become addicted since 

they crave the instant “high” 

the drug brings and are likely 

to retake the drug once they hit 

the “low”. 

When in the brain, heroin (like 

morphine) attaches to the 

neurotransmitters that 

endorphins usually attach to, 

which suppress pain and give 

a feeling of pleasure. Whereas 

you can’t be addicted to 

endorphins, you can be 

addicted to heroin since users 

take much higher quantities of 

heroin than there are 

endorphins in your brain to 

get a better effect. 

 The receptors in your brain 

eventually become used to 

these large quantities and so 

become less sensitive. This is 

known as drug tolerance when 

the naturally occurring 

endorphins no longer produce 

any effect and more heroin is 

needed to reproduce the 

original effect.  

Once this stage is reached the 

person is deemed an addict 

and will experience 

withdrawal symptoms such as 

anxiety, insomnia and flu like 

symptoms, making it almost 

impossible for the addict to 

quit. So much so that 

approximately 80% of heroin 

addicts never stop using the 

drug. 

 

The solution 

Methadone is a synthetic 

opioid, in the form of a pill, 

and is the preferred treatment 

for opioid addiction. 

The theory behind it is that 

addicts given methadone 

won’t experience withdrawal 

symptoms, since it works in 

the same way as other opioids, 

and the fact that it lasts longer 

makes it useful as a drug since 

it doesn’t need to be 

administered often. Therefore 

properly dosed methadone 

patients can stop using heroin 

and other opioids which put 

Treating drug addiction with methadone 
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them at risk of serious health 

problems. 

This is the primary goal of 

treating addiction however the 

secondary goal is to take the 

patients off the methadone as 

soon as possible without 

bringing about a relapse. 

The way in which the 

secondary goal is brought 

about differs from country to 

country. In the US for example 

the patients are started on a 

low dose of methadone which 

they gradually increase 5mg at 

a time until the right dosage is 

reached where the patient no 

longer feels withdrawal 

symptoms or until they reach 

the maximum dose allowed by 

the clinic. Over time this 

dosage is adjusted to suit any 

tolerance changes of the 

patient’s and decreased 

gradually, weaning them off 

the drug. 

Whilst this method is in theory 

effective, in practice it isn’t. 

This is because many clinics 

maintain a 100mg a day 

threshold for patients even 

though they may require as 

much as 325mg a day. And 

whilst higher doses than 

required have been proven to 

block the euphoria felt when 

using an opioid as well as 

preventing withdrawal 

symptoms, lower doses are 

ineffective and may result in a 

relapse. 

However there have been 

changes in the practices of 

clinics, especially in Europe. 

They have now abolished the 

so called glass ceiling many 

clinics have in place, 

prohibiting patients being 

subscribed more than a certain 

dose, and while they’re risks 

involved in prescribing high 

doses, if the clinic has followed 

all the steps to correctly 

determine the right dose, then 

the benefits far outweigh the 

risks. Clinics are also 

encouraged to prescribe the 

drug, at the right dose, for as 

long as necessary to make sure 

that the patient has been off 

the drug for some time and so 

less likely to relapse when they 

start the reduction 

programme. 

At the moment in Western 

countries patients are required 

to come in daily to receive 

their dose from a nurse in an 

open clinic, with no thought of 

the patient’s confidentiality or 

gaining their trust. Yet many 

more clinics are adopting a 

different and more humane 

attitude towards treating 

patients, especially those on 

the reduction course, in order 

to encourage them to go along 

with the treatment. One way in 

which this is done is that the 

patients on the reduction 

course are allowed to take a 

week’s prescription of 

methadone home and 

administer it themselves rather 

than having to come into the 

clinic everyday, thus showing 

the patients that they are 

trusted not to relapse. When 

they do need to come in for 

their weekly or monthly check 

up or for dose adjustment, 

some clinics in Australia have 

adopted a more confidential 

approach where patients are 

given a one to one private 

appointment with a doctor to 

discuss their progress, give 

them encouragement and 

support whilst also preserving 

their anonymity.  

Although there is still a long 

way to go in managing heroin 

addiction, its treatment has 

greatly improved with the 

invention of the drug 

methadone and the proper 

administration of it and the 

future looks set to see more 

improvements in this field.  

 

By Caterina Hall 

 

Sources: 

http://www.drugs.com/metha

done.html 

http://en.wikipedia.org/wiki/H

eroin 

http://alcoholism.about.com/o

d/heroin/a/effects.-LvN.htm 

http://methadonetreatment.co

m/Home.aspx ; 
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Situs inversus is a rare 

condition, which only affects 

about 1 in 10,000 people, 

where the placement of the 

organs of the chest and 

abdomen (like the heart, 

stomach and spleen) is altered. 

This condition is normally an 

autosomal recessive genetic 

condition (A mode 

of inheritance of genetic traits 

located the first 22 

chromosomes). 

 

The internal body has an 

asymmetrical arrangement of 

organs. Typically, the heart lies 

on the left side of the, the liver 

lies on the right and the lung 

on the left have two lobes 

while the lung on the right has 

three lobes. However, in 

people who have situs 

inversus, the organs of the 

chest and abdomen are 

arranged in the exact opposite 

position: the heart is on the 

right, as is the two-lobed lung, 

and the liver and three-lobed 

lung are on the left. This 

arrangement tends not to 

cause any functional problems 

as it is a perfect mirror image 

therefore most people with 

situs inversus have no medical 

symptoms or complications as 

a result of the condition. 

However about 3-5% of people 

with situs inversus have a type 

of functional heart defect. 

Furthermore, approximately 

20% of people with situs 

inversus have Kartagener’s 

syndrome (PCD). This is an 

autosomal recessive genetic 

syndrome that is characterized 

by sinusitis (Inflammation of a 

nasal 

sinus), bronchiectasis (widenin

g and inflammation of the 

bronchi), dextrocardia (heart 

on the right side of the chest), 

and infertility. Also it increases 

susceptibility to respiratory 

infections due to the abnormal 

movement of cilia in the lungs. 

Kartagener’s syndrome is 

usually due to mutation on the 

9th chromosome. 

By Aarushi Khanna 

Sources: 

http://science.howstuffworks.c

om/life/human-

biology/reversal-of-

organ1.htm Right Hand, Left 

Hand: The Origins of 

Asymmetry in Brains, Bodies, 

Atoms & 

Cultures by Professor Chris 

McManus 
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For thousands of years people 

have selected the healthiest 

plants and animals to breed in 

order to try and produce the 

healthiest offspring. As a 

result, the crops and farm 

animals of today are larger, 

healthier and grow faster than 

their ancestors. In a sense, 

selective breeding is a form of 

genetic modification and even 

before humans; animals have 

spent time and energy 

selecting the best mate in an 

attempt to have the best 

offspring. So why is genetic 

modification such a current 

issue? 

The answer to that lies in 

recombinant DNA technology 

developed in the 1970s. Using 

this technology, genes that 

code for desired traits can be 

isolated using restriction 

enzymes and then inserted 

into a genome using phage 

vectors or plasmid vectors. The 

recombinant DNA codes for a 

particular polypeptide chain 

that gives the organism a 

desired trait. This technology 

has given humans 

unprecedented control over 

the genomes of living 

organisms and unlike selective 

breeding, the effects are 

greater and can be seen 

instantly rather than over 

generations. 

 

Genetically Modified Plants 

The first genetically modified 

plant developed with this 

technology was tobacco in 

1985. The tobacco was 

engineered with a gene from 

bacteria called Bacillus 

Thuringiensis (Bt). Bt bacteria 

are toxic to many insects and 

are used as an organic 

pesticide. The Bt tobacco 

developed the insecticide itself 

so that there was less need for 

chemical pesticides to be used. 

The first food crop to be 

produced with this technology 

was a tomato with a longer 

shelf life in 1994. Soon after, 

large biotechnology companies 

like Monsanto introduced 

more genetically modified 

plants such as maize, cotton 

and soya beans. Another 

promising food crop is golden 

rice. This was developed in 

2000 and it contains a daffodil 

gene which makes it produce a 

vitamin A precursor and since 

2 million people each year die 

of vitamin A deficiency it 

could save many lives, but 

opposition from 

environmental groups has 

meant that golden rice is not 

commonly grown.  

There are a number of groups 

that oppose the use of 

genetically modified (GM) 

foods. Greenpeace condemns 

these “Frankenfoods” and 

there have been a number of 

studies suggesting negative 

effects of GM foods. In 1999 a 

study suggested monarch 

butterflies died when they ate 

the pollen of Bt maize, but 

despite the hundreds of 

thousands of hectares of Bt 

crops grown across North 

America the monarch 

butterflies still thrive.  

Food safety does not seem to 

be an issue as millions of 

Americans have eaten GM 

foods for over a decade 

without any adverse effects 

but environmental impacts 

may exist; British field trials 

have shown that herbicide-

resistant crops can have a 

negative impact on 

biodiversity. The only way to 

judge a GM crop’s safety is to 

study them case-by-case. The 

regulations are strict and 

safety testing is very thorough; 

one example is when a gene 

from the Brazil nut was 

inserted into soya the nut 

allergen for Brazil nuts was 

also inadvertently transferred. 

This was detected before the 

crop was marketed and 

demonstrates the importance 

of safety testing.  (for more 

information on GM crops please 

read the next article) 

 

Genetically Modified 

Animals 

Rudolf Jaensich first inserted 

foreign DNA into a mouse 

embryo in 1974 and since then 

billions of GM rodents have 

been bred for medical research. 

Researchers can now order 

mice genetically engineered to 

have certain traits or to suffer 

from certain diseases. Some 

mice like Onco Mice have 

genes added so that they suffer 

from cancer, some suffer from 

Alzheimer’s disease and others 

have genes silenced so that 

scientists can examine the 

effects. People may see the 

testing of GM animals as cruel 

as they are deliberately 

inflicted with certain diseases 

and suffering is caused. Others 

would argue that it’s justified 

because they are used in 

clinical trials of potential 

drugs, vaccines and other 

products to assess their 

efficacy and safety so they save 

human lives 

Another use of GM animals is 

animal pharming. An example 

Genetically modified organisms 
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of animal pharming is using 

goats that have been 

genetically modified to 

produce spider silk proteins in 

their milk. Spider silk has great 

tensile strength and could 

become a useful material in 

industry, but spiders produce 

too little. Using goats, spider 

silk can be collected more 

easily and quickly. 

GM animals are becoming 

more common, such as 

Enviropig or “Frankenswine” 

as critics call it, a pig 

genetically modified to digest 

phosphorous better so that 

when its manure is used as 

fertiliser eutrophication does 

not occur. In 2007, South 

Korean scientists created cats 

that glow in the dark. In 2003 

zebrafish have also been 

genetically engineered to glow 

and were the first genetically 

engineered animals to be sold 

as pets. 

Another exciting aspect of 

genetically modified animals is 

the creation of GM mosquitoes. 

These mosquitoes are 

genetically modified to 

produce a protein which 

makes it immune to infection 

from the malaria parasite. 

Malaria kills around one 

million people each year. It is 

hoped that the GM mosquitoes 

will have an advantage over 

the regular mosquitoes, as 

malaria affects the mosquitoes’ 

ability to reproduce, so they 

will outcompete regular 

mosquitoes. No GM 

mosquitoes have been released 

into the wild yet as replacing a 

natural species with a 

genetically modified variant is 

controversial to say the least.  

  

 

The Future 

Genetic modification is a new 

and exciting field of science 

that offers many opportunities, 

but with these come potential 

threats. In the future scientists 

may be able to create 

miniature variants of animals 

that are traditionally too large 

to be kept as pets, or modify a 

species so that it is a whole 

new species altogether, or we 

could use genetic engineering 

to create “designer babies”. 

The possibilities are almost 

endless. 

There are many ethical 

concerns over these 

possibilities particularly over 

“designer babies”.  Francis 

Fukuyama of Johns Hopkins 

University coined the phrase 

“post-human future,” in which 

genetic engineering changes 

the human essence. His belief 

that human moral and ethical 

systems will be changed by 

genetic engineering is shared 

by many others. Another 

problem is that these 

technologies may be 

disproportionately available to 

the wealthy so the rich-poor 

divide will only be amplified. 

Children may also question 

whether their achievements 

are their own or the result of 

the genome that their parents 

selected or it could widen the 

generation gaps as children 

may be seen and feel like 

commodities rather than 

children. 

Supporters of genetic 

engineering believe that we are 

morally obliged to help others 

if we can and if the technology 

is available we should take 

advantage of it. They also 

argue hard work and 

dedication will be rewarded 

more if everybody was limited 

by the same genetic makeup, 

people will have the capability 

to be anything they want and 

it is their effort and 

determination that will shape 

their lives.  

 

Conclusion 

Overall it is clear that 

genetically modified 

organisms have many benefits 

but since it is a very new 

branch of science there are 

many unknown effects that 

must be considered. Even 

though genetic modification is 

a controversial subject it is 

difficult to object to the fact 

that they have great potential 

in benefiting humans in a wide 

variety of ways. We should not 

let our fear of change stop us 

from exploring this promising 

field of science.  

By Anthony Cheuk 
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The possibility of GM crops 

causing changes within human 

bodies is one of the main GM 

scares. Supporters of GM claim 

that there is no evidence that 

GM crops cause health issues. 

They say that the crops have 

already been tested and 

proven safe to eat so only the 

GM part needs to be tested and 

this is already done. They also 

point out that no two samples 

of crops are the same so there 

is some variance between GM 

and non-GM. Whilst detractors 

say that there are examples 

where GM crops have been 

shown to cause harm. An 

example of this is the Italian 

mouse trial where mice were 

fed Roundup ready soya over 

a long time period (up to 24 

months). These mice showed 

changes in the liver, pancreas 

and testes. The cellular 

changes in the liver suggested 

that RR soya (Roundup Ready 

soya) causes an increased 

metabolic rate. 

The implication of this that 

there are health risks 

associated with them has risks 

associated to humans because 

it could lead to changes within 

our body that may cause 

health problems in the longer 

term. So what is currently 

being done to test GM crops? 

Currently aspects of GM crops 

which are the same as the non-

GM equivalent are not 

required to be assessed for 

safety but rather focused on 

what is different and has been 

changed. The GM crops also 

has to be analysed to check the 

are substantially equivalent to 

a non-GM counterpart to check 

that they have similar 

concentrations of components 

such as proteins, 

carbohydrates, fats, fibre, 

vitamins etc. Although  there is 

natural variation in these 

components, substantial 

equivalence means that the 

ranges of the components for 

the GM crop falls within the 

typical range for their non-GM 

equivalent. DNA in GM crops 

currently does not need to be 

tested for safety because DNA 

is present in all foods except 

those which are highly refined 

like oil or sugar and contain no 

cell material. Therefore DNA 

and any resulting RNA can be 

seen to be non-toxic. The safety 

of the new protein which has 

been introduced does have to 

be assessed. Usually this is 

done through the use of 

animal testing; animal testing 

requires high doses of the test 

substance to be given. These 

doses are much higher than 

would ever be consumed by 

people. In the GM crops are 

their products the protein 

levels are too low for them to 

be used in testing, so purified 

version of the proteins are 

used in the studies.  

However, some people say 

that these assessments are too 

narrow and do not assess all 

the possible issues with GM 

crops. However, in the Soil 

Association’s document “GM 

crops- the health effects”, they 

say that research has shown 

that the new genes in the 

plants can move out of the 

crops when they are eaten and 

enter the bacteria in the gut, 

this is known as horizontal 

gene transfer. This has led to 

concerns that there could be 

instances where the bacteria 

may produce the protein that 

they have obtained leading to 

issues such as antibiotic 

resistance or other health 

issues such as toxin 

production. 

The other issue that has also 

been raised is that the 

introduced gene is unstable 

and leads to the plants’ 

genome rearranging itself. In 

2003 a French laboratory 

analysed the inserted genes in 

five GM strains and found that 

the genetic sequence were 

different to those that the 

companies producing them 

had described earlier. 

 

By Maggie Hicks 
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In this article we aim to 

explore the history and 

scientific significance of the 

recent announcement of a 

Higgs-like candidate boson 

discovered with mass in the 

range 125-126 GeV/c2 and 

review the general methods 

used in high-energy particle 

physics to collect meaningful 

results. 

Introduction 

On July 4th, 2012, a seminar 

held at CERN, the prestigious 

nuclear research organisation, 

announced that they had 

gained enough data from two 

of their particle accelerators 

(ATLAS and CMS) to 

announce the discovery of a 

newly found sub-atomic 

particle. The particle was 

described as a boson with a 

mass region in the range 125-

126 GeV/c2 (slightly below the 

mass-range expected for the 

Higgs boson), and the 

discovery had been made with 

a statistical significance of 5σ 

(i.e. with a 0.00006% chance 

that the data was simply a 

statistical anomaly). 

The media, of course, instantly 

announced the discovery of 

the previously elusive “God 

Particle”, despite no official 

confirmation that the new 

particle was in fact the Higgs 

boson. This lead to a wide-

range of discussion with 

regards to the meaning of the 

discovery, along with various 

politico-economic debates, 

such as the expenditure 

involved in running such 

experiments as the LHC. This 

article is intended to help 

disambiguate some of the 

explanations surrounding this 

new discovery, whilst also 

providing a historic and 

scientific background 

surrounding the Higgs field 

and associated boson. 

Experiments in Particle 

Physics  

Experimentation in Particle 

Physics is rather unlike the 

experiments utilized by the 

rest of the scientific 

community. Due to the high-

energies and precision 

involved in experimentally 

verifying theories about the 

sub-atomic world, Particle 

Physics experiments are often 

large-scale, and as such 

expensive. Therefore, they 

often attract a great deal of 

media attention, most of which 

is misleading or designed to be 

polemic. 

Due to the random nature of 

Quantum Mechanics (QM), 

measurements in particle 

physics experiments are 

designed to collect as much 

data as possible to make 

statistically significant claims 

(i.e. a small number of 

observations is not enough to 

announce a discovery). We 

must always take into account 

both statistical fluctuations, 

along with the background 

processes. We estimate the 

background noise using 

Monte-Carlo simulation, and 

then normalizing it to fit with 

known datasets (e.g. Z0-

production). 

In Figure 1, we can clearly see 

a peak above the background 

cross-section at about 

125GeV/c2. This corresponds 

to the Higgs candidate boson 

discovered at a 5σ significance 

level above background events 

predicted by the standard 

model. 

 

Figure 1: Graph showing ratio 

of σ to σSM, where σSM is the 

significance pre- dicted by the 

standard model. Note that in 

particle physics we measure 

mass in GeV/c2. This is 

possible because of Einstein’s 

famous simplified mass-

energy equivalence: 

E=mc2 =⇒m=E/c2 

CERN and the LHC 

CERN (European Organization 

for Nuclear Research) is a 

widely known international 

research organisation whose 

primary objective is to extend 

understanding of nuclear and 

particle physics. CERN is 

known for operating one of the 

largest particle physics 

laboratories in Geneva, whilst 

also providing data-processing 

faculties for computational 

data analysis, along with 

facilities for sharing 

The discovery of the Higgs boson 
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experimental data and 

scientific publications amongst 

peers (indeed, CERN was 

responsible for the 

manifestation of the World 

Wide Web). 

The LHC has recently held a 

regular place in media 

attention as the largest and 

highest-energy particle 

accelerator, at 27km in 

circumference and capable of 

colliding opposing beams of 

protons at 7TeV. Indeed, it 

famously received attention as 

the place which was the most 

likely candidate in high-energy 

physics experiments to 

produce a mini-black hole, 

despite the fact that the 

probability of this eventuality 

occurring was near 0. 

The LHC is split into 4 main 

experiments: CMS, ATLAS, 

LHCb and ALICE. CMS and 

ATLAS are general-purpose 

detectors designed to look for 

new particles and interactions 

which have not been observed, 

indeed it was these from which 

the Higgs candidate data was 

collected. ALICE is designed to 

study a form of matter called 

QGP (Quark-Gluon Plasma), 

which is believed to have been 

the main form of matter soon 

after the Big Bang. LHCb is 

designed to determine what 

caused the symmetry break in 

the levels of matter and 

antimatter, which caused the 

universe to be as we know it 

(i.e. predominantly matter 

based). 

There are also three lesser 

known experiments: TOTEM, 

MoEDAL and LHCf. TOTEM 

is designed to measure the 

total cross section of scattering, 

LHCf is intended to explore 

the origin of UHECRs (Ultra-

High Energy Cosmic Rays) by 

measuring the energy and 

number of π0 mesons 

produced by the collider. 

MoEDAL is designed to search 

for the hypothesised magnetic 

monopole, along with other 

stable and pseudo-stable 

massive particles. 

The Higgs Field - What is a 

field? 

In order to understand what 

the Higgs field is, it is 

necessary to first understand 

what is meant by a ‘field’ itself. 

A field is simply a way of 

expressing a physical 

interaction as a function of a 

position in 4-dimensional 

spacetime, i.e. we can express 

some field F as a function of 

the properties of a system 

responsible for generation of 

the field. As a simple example, 

let us look at the electric field 

at a point (p ) generated by a 

point charge (of charge Q) at a 

point in space ( x): 

E( x, Q, p ) = 
4πε0 || x − 

p ||2 This equation allows us 

to find (and thus plot) the 

electric field produced by 

some point charge (i.e. a 

proton) relative to some co-

ordinate system (usually 3 

Q x−p  

we will use the point charge as 

the origin of the co-ordinate 

system to remove the −p  

terms from the equation). 

Figure 2 shows a contour plot 

produced in Mathematica of 

the electric field strength at 

various distances from the 

proton. Viewing a field in this 

way allows us to more easily 

visualise it and apply our 

intuition to it. 

 

Figure 

x,e, 0)||) 

This is, of course, a very simple 

version of a field; most fields 

have many more variables to 

consider. Indeed what we have 

described above is an example 

of a classical field; in QM we 

often encounter quantum 

fields, these fields have many 

of the same properties of the 

classical fields, but also have 

the property that its waves are 

comprised of particles. For 

instance, when describing the 

electric field as a quantum 

field, we find that the field is 

propagated by photons, which 

are a special type of particle 

called a gauge boson. 

What does the Higgs Field 

do? 

The Higgs field is a scalar field 

(i.e. it is a map from a space-

time position to a scalar, mass), 

which assigns mass to particles 

travelling through it. It was 

first proposed by Philip 

Warren Anderson in 1962, but 

was not extended to a 

relativistic model until 1964 by 

Peter Higgs. 

The Higgs model can be 

described as a type of 

superconductivity in a 
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vacuum, and its associated 

mechanism occurs when a 

charged field has a non-zero 

vacuum expectation value. 

This non-zero expectation 

value is important, as it is what 

assigns fermions and gauge 

bosons mass at their position 

in space-time. If the 

expectation value of the Higgs 

field was zero, these particles 

would either be massless, or 

extremely light; and thus, 

atoms and atomic nuclei 

simply couldn’t exist in the 

form they do in our universe. 

One commonly given analogy 

of the Higgs field is that of a 

viscous fluid (e.g. water), as 

objects pass through this 

substance they are slowed 

down (or, in the case of the 

Higgs field, assigned mass), 

and how much they are 

slowed down is dependent on 

the shape of the object; 

streamlined objects (i.e. those 

with a low drag co-efficient), 

are not slowed down as much 

as large bulky objects with flat 

faces. The Higgs field works in 

a similar way, assigning 

different masses to particles 

based on how strongly they 

interact with the field. Massive 

particles, such as the W± and Z0 

bosons interact strongly; whilst 

light particles such as νe,μ,τ (the 

neutrinos) and γ (the photon) 

hardly interact at all. 

However, much remains 

unknown about the Higgs field 

(aside from the fact that it 

must exist in some form); 

indeed, we are not even sure if 

the effect from the ‘Higgs field’ 

comes from a single field, or an 

amalgamation of the effects of 

multiple other fields. 

One of the aims of the 

experiments at the LHC is to 

determine the Higgs potential 

of the field that creates the 

Higgs boson. We can use the 

following simplified equation 

as a starting point: 

V (mH) = 2m4H − (1 − E2)m2H 

+ 
1 

8 

This equation describes the 

potential energy V of the 

Higgs field responsible for the 

creation of a Higgs Boson of 

mass mH after collision of 

energy  

Ec =⇒E = Ec 300 

And therefore, allows us to 

gain understanding about the 

field by measuring the mass of 

the Higgs boson. 

So why is finding the Higgs 

Boson important? 

Whilst the ultimate goal of the 

LHC experiment is to discover 

as much as possible about the 

nature of the Higgs field, most 

of the media attention has been 

on the struggle to find the 

Higgs boson itself. This is 

primarily because discovery of 

the Higgs boson (or equally, 

not discovering the Higgs 

boson at all), will allow us to 

determine various properties 

of the Higgs field (such as the 

Higgs potential of the field, as 

mentioned above). 

The Higgs mechanism is 

currently our best way of 

explaining a phenomenon 

known as electroweak 

symmetry breaking. 

Electroweak symmetry 

breaking is the assignment of 

mass to the W± and Z0 bosons 

through condensation (the 

production of particles by a 

field in order to lower its 

energy state) at standard 

temperatures, despite the fact 

that the standard model 

predicts that all elementary 

particles are massless. 

The Higgs boson must also 

have the properties which are 

predicted by the theory. For 

instance, it is a requirement 

that the Higgs boson be 

colour- and charge-neutral, be 

CP-even and be its own 

antiparticle (as the field is a 

scalar field with only real part, 

there can be no separate anti-

particle). If we cannot find a 

particle with these properties 

and in the mass-range 

predicted by the model 

(although this now looks 

unlikely), we will be forced to 

look at the alternative 

Higgsless models which 

explain electroweak symmetry 

breaking. 

Moreover, discovering the 

Higgs boson reaffirms 

confidence in the predictions 

made by the standard model, 

which is currently in serious 

jeopardy primarily due to the 

non-existence of a standard 

model of gravitation. 

However, as the standard 

model is currently the best 

approximation of the quantum 

world that we have, a great 

deal of current research is 

being done to rectify these 

issues. 

Current Findings 

At the present time, we are not 

sure that the Higgs boson has 

indeed been discovered. 

Indeed, the best that we can 

say is that a new boson has 

been discovered with 5σ 

significance, and mass ∼126 

GeV/c2, and that this boson 

has many properties in 

common with the 
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hypothesised standard-model 

Higgs boson. 

Figure 3 shows a plot of the p-

values as a function of the 

Higgs mass. Note that the 

dotted line is the standard-

model prediction, whilst the 

solid line corresponds to actual 

collected data by the ATLAS 

experiment. It is interesting to 

note the standard-model 

predicts 4.6σ in the mass range 

corresponding to the peak 

observed by the ATLAS 

experiment, which is 

beautifully consistent with the 

collected data. 

Undoubtedly, further data 

analysis will either disprove 

the assertion that this is the 

Higgs boson, or increase the 

statistical likelihood that the 

newly discovered boson is 

indeed the sought-after Higgs 

boson. 

Conclusion 

Whilst it is a very exciting time 

for particle physicists around 

the world, it is also important 

to note that the media is very 

quick to exaggerate results 

announced by the scientific 

community, and this is by no 

means a definite discovery of 

the Higgs boson. 

However, whatever this new 

boson turns out to be, whether 

the Higgs itself or some other 

as-of-yet unnamed particle, it 

is an important step in filling 

in the gaping holes in our 

knowledge of the universe we 

live in, and the rules governing 

it. 

Figure 3: Graph showing p-

values as a function of Higgs 

mass, mH, dotted line is 

standard-model prediction, 

solid line is ATLAS data 

By Thomas Russell 
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http://home.web.cern.ch/ 
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Following the success of 

locating what is believed to be 

the Higgs Boson Particle; the 

scientists at CERN have 

decided to shut down the 

Large Hadron Collider until 

late 2014.   

 

The Higgs Boson Particle is 

often nicknamed the “God 

Particle” due to the scientific 

hypothesis that it is the 

missing link in the Standard 

Model of the universe, linking 

together the four fundamental 

forces (gravitational, 

electromagnetic, strong 

nuclear and weak nuclear) and 

giving mass to all matter.   

 

Scientists have confirmed that 

despite the discoveries made at 

CERN, the LHC has been 

experiencing technical faults 

ever since it was first went live 

on 10 September 2008 and has 

never been able to run at its 

full capacity.  Of course, it was 

clear to the public that there 

were some difficulties as it was 

initially closed for fourteen 

months only 9 days after it was 

switched on for the first time. 

This was due to a magnetic 

fault (described as a 

“quench”), which was caused 

by an electrical fault, and led 

to a leak of liquid helium.  

 

Starting on the 14th February, it 

took roughly four days for the 

one thousand, seven hundred 

and thirty four magnets in the 

machine to return to room 

temperature (which is needed 

in order for repairs to take 

place) thus beginning the 

unforeseen period of closure 

affectionately duped “Long 

Shutdown One”.  

 

The hope is that the shutdown 

will enable the scientists to 

improve the accuracy of the 

recreation of conditions 

following the Big Bang by 

boosting the particle energies 

of the beams that the collider 

will emit from 8TeV 

(terra/trillion electronvolts) to 

14 TeV.  (One electron volt is 

the energy gained by a single 

electron as it accelerates 

through a potential of one 

volt).   It’s worth noting that 

even several teraelectron volts 

only have the same amount of 

energy as the flying of a 

mosquito.  However the LHC 

works by emitting hundreds of 

trillions of these at once, each 

travelling at very nearly the 

speed of light (99.99%)  

 

The shutdown period will also 

be used to upgrade many other 

aspects of the LHC.  These 

include its four detectors, 

which are used to collect data 

during collisions; its 

electronics shielding facilities, 

which are used to prevent 

problems such as those which 

occurred in late 2008; and the 

ventilation system of the main 

accelerator ring which is where 

the particle beams are fired.  

 

Disappointingly, although all 

repairs should be finished by 

November 2014, normal 

service of the LHC is not 

predicted until early spring 

2015.  Scientists say that they 

will spend their newly found 

“free” time analysing the data 

from the 2012 run, which due 

to the improvements made to 

the energy of the beams etc. in 

2011, provided them with 

more than twice as much data 

as that of 2011.  

 

By Louise Selway 

 

Sources: 
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Two year break as scientists try to top the God 

particle 
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Etymology 

Albatrosses get their name 

from the Portuguese word 

“alcatraz” meaning “pelican”. 

This title arises from the days 

of frequent seafaring, when 

Portuguese sailors used this 

word to describe true pelicans 

which they were familiar with 

from the Mediterranean, but 

also any other large seabirds, 

including albatrosses, which 

aren’t even closely related to 

pelicans. 

 

Appearance and Adaptations 

Albatrosses are fairly variable 

in size, depending on the 

species. One of the most 

standard measurements of size 

when it comes to birds is the 

total length from the beak to 

the tail tip. In larger species of 

albatross this total length lies 

around 1.4m or just below this, 

as in the wandering albatross 

(Diomedea exulans) and the 

southern royal albatross 

(Diomedea epomophora). In 

smaller species the length lies 

more around the 90cm mark, 

as in the black-browed 

albatross (Diomedea 

melanophris). In terms of 

colour, albatrosses as a rule are 

either mostly white or mostly 

dark. If they are mostly white 

as in the wandering albatross 

they will always possess some 

dark colouration as well, 

especially on the upper surface 

of the wings. However, other 

albatrosses such as the black-

footed albatross (Phoebastria 

nigripes) are quite short of 

white in their plumage (this 

species is mostly chocolate-

brown).  

 

Albatrosses belong to the order 

Procellariiformes within the 

class Aves. They and their 

relatives share a particular 

distinguishing feature – a pair 

of prominent tubular nostrils 

on the beak, hence their more 

colloquial name of “tube-

noses”. The beak is made of 

horny plates, which are much 

harder than the more sheath-

like structures making up 

other birds’ beaks, leading to 

the theory that albatrosses may 

have come from the same 

common ancestor as penguins, 

which also have such horny 

beaks. As well as ensuring a 

good sense of smell, the special 

nostrils also have another 

quality. Each nostril houses a 

valve which fills with air as an 

albatross flies. Wind speed and 

speed of flight obviously play 

a role in how quickly air enters 

these valves. It is thought that 

these valves act as a sort of 

wind gauge, so that an 

albatross can detect changes in 

the pattern of the wind and 

thus remain airborne. This is 

important because albatrosses 

rely on the wind in order to be 

able to fly at all. Most other 

birds rely on muscle power to 

generate lift and take off by 

flapping really quickly. 

Albatross wings are perfectly 

adapted for gliding as they are 

slightly down-curved, 

meaning that as they glide the 

wind flows easily over the 

wing, leading to low pressure, 

but is hindered by the 

downwards curvature 

underneath creating high 

pressure which keeps the bird 

in flight. The high pressure 

escapes upwards at the wing 

tips, so for maximum 

exploitation of the wind in this 

kind of flying (dynamic 

soaring) it is best to have the 

wing tips as far as possible 

from the body. When 

albatrosses fly they use the 

wind deflected up off the 

waves to keep themselves at a 

constant height.  

 

All albatrosses have large 

wingspans, but the wandering 

albatross also has the largest 

wingspan of all birds, reaching 

perhaps 12 feet. However, 

wings of such a design are 

very difficult to flap rapidly 

enough to solve the problem of 

getting off the ground to put 

them to good use. For this 

reason albatrosses take off 

much like man’s aeroplanes, 

by using a designated path 

beside or even right through 

their colony for a runway. The 

birds run along the path as fast 

as possible, beating their wings 

as fast as possible. As the 

wings frantically flap the 

situation of low air pressure 

above and high air pressure 

below is even greater due to 

flapping as well as forward 

motion. Eventually enough lift 

will be created to take the bird 

off the ground. However, this 

method is limited to situations 

when there is at least a slight 

wind already existing 

naturally. If there isn’t then 

this method is useless, 

especially as albatrosses are 

ungainly on land due to 

having legs set far back on 

their bodies, perfect for 

paddling in the sea with 

minimum energy expenditure, 

but not for engaging in 

terrestrial pursuits, where 

potential running speed is 
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therefore reduced. The same 

rules apply when the albatross 

is already flying above the sea 

and the wind drops; it must sit 

on the water until the wind 

picks up again. Landing 

involves putting the feet out as 

brakes to slow down, but the 

birds may still be flying faster 

than they can run just before 

they make contact with the 

ground, so they end up 

harmlessly, but slightly 

comically, tumbling forwards 

onto the ground.  

 

The tail is used in flight as a 

rudder for steering to make 

maximum use of the wind. 

Holding their wings out 

constantly as albatrosses do 

raises the question as to how 

this can be done without tiring 

from stretching the wing 

muscles so much. The answer 

is a clever adaptation; a catch-

like mechanism has evolved 

inside the wing bones to 

automatically set the wings in 

the correct position without 

muscular exertion. Even the 

vital reliance on the wind is 

not often disadvantageous 

when the distribution of 

albatrosses is considered. 
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Black Footed Albatross 

 

Distribution 

Albatrosses live in some of the 

windiest places on Earth, and 

have a surprisingly wide 

distribution. Many do live 

close to Antarctica on 

surrounding islands, but some 

live even further north; the 

waved albatross (Phoebastria 

irrorata) has a colony on the 

Galapagos Islands, and the 

Laysan Albatross (Phoebastria 

immutabilis) lives in the North 

Pacific. However, it is very 

rare that any albatross in the 

far south manages to penetrate 

the North Atlantic or North 

Pacific because of the 

Doldrums, an almost windless 

region stretching around the 

Earth at the Equator. Long 

before the last ice age enough 

individuals across a handful of 

species managed to cross the 

Doldrums into the North 

Pacific, hence why a few 

albatrosses are at home there. 

However, no such success was 

had in getting to the North 

Atlantic in adequate numbers 

for the establishment of a 

permanent population. It is 

unusual to even have lone 

vagrants turning up there. One 

did memorably manage that in 

1860. It was a black-browed 

albatross, thought to have been 

following a fishing boat across 

the Doldrums when a 

surprising gust of wind 

managed to take the bird all 

the way across and into 

Europe, where it lived the rest 

of its life on and around the 

Faroe Islands. North Pacific 

albatrosses tend to nest in the 

Southern Hemisphere, but 

then venture northwards 

again, using the Pacific’s 

circular wind pattern which 

overcomes the Doldrums. 
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Laysan Albatross 

 

 

 

 

 

 

 

 

 

Global distribution of 

albatrosses plus estimated 

overall density at each location 

 

Diet 

Albatrosses will catch fish if 

possible and scavenge, but the 

main food items are squid and 

other molluscs found on the 

surface of the ocean, as well as 

crustaceans such as krill. 

Feeding on this food is most 

often done at night when squid 

rise to the surface having spent 

the daylight hours much 

deeper down. The squid rise 

because of upward currents. 

This way albatrosses need only 

reach down into the water and 

pluck food out rather than 

dive, for which they are not 

incredibly well adapted, but 

can manage depths of up to 1 

metre. All albatrosses have 

sharp beaks to help grip 

slippery prey such as squid, 

which also provide all of an 

albatross’ water supply. The 

sooty albatross (Phoebetria 

Biology 



 37 

fusca) has also been reported to 

attack and kill other birds. 

 

 

 

 

 

 

 

 

 

Sooty Albatross                                              

 

Breeding 

Albatrosses as a general rule 

mate for life. The only time this 

may not apply is when 

breeding fails repeatedly e.g. 

when one partner is infertile. 

Albatrosses only lay one egg as 

a scarcity of natural predators 

means that one chick fledging 

(leaving the nest) is enough to 

sustain the population. 

Albatrosses are big birds, and 

also long-lived, with all being 

capable of living to at least 30 

years of age and most seeing 

the other side of 50 years of 

age. For these reasons, once 

hatched the chick must stay in 

the nest for a very long time in 

order to complete its slow 

development. The incubation 

period for the egg alone can be 

80 days or more in the larger 

species, but between hatching 

and fledging the chick may 

pass an additional 9 months in 

the nest. As the total time 

spent tending to egg and chick 

therefore approaches an entire 

year, larger species only breed 

every other year so that there 

is time for the parents to make 

up their reserves after burning 

enormous numbers of calories 

looking after one offspring. 

Breeding only takes place in 

consecutive years if it failed 

fairly early in the first year, 

leaving enough time for the 

parents to try again in the 

following year.  

 

Chicks are fed on regurgitated 

food while in the nest. If they 

feel threatened by a predator 

while on the nest they vomit 

up a foul-smelling mixture of 

this food and stomach oil and 

aim it at predators to ward 

them off. When it comes close 

to fledging the chick is heavier 

than its parents. Its tissues 

contain more water because 

they are still growing, and this 

difference is large enough to 

lead to it being heavier. The 

chick will also have built up 

plenty of fat reserves over its 

many weeks and months in the 

nest being fed by its parents, 

all adding up to its superior 

mass. After fledging the chick 

takes to the open ocean, 

spending the next 7 to 10 years 

riding the so-called “Roaring 

Forties” and “Furious Fifties”, 

the relentless winds which 

batter all land masses in that 

part of the world. Its perfectly-

adapted wings mean that 

flapping is only of occasional 

necessity.  

 

During this best part of a 

decade the chick will gradually 

moult and mature into an 

adult bird with adult plumage 

to match. After this time spent 

at sea it returns to land and 

seeks its own lifelong partner 

with which to create the next 

generation of prolific avian 

fliers. From then on when both 

members of the pair reconvene 

after many months out at sea 

separated from each other they 

indulge in an elaborate 

courtship ritual. This includes 

sky-pointing, wing-stretching, 

tail-fanning, beak-snapping, 

and uttering yelping cries, all 

whilst facing each other. The 

male then repairs the nest 

while the female feeds at sea to 

give herself the necessary 

bodily resources to produce 

the egg. Both parents incubate 

the egg, swapping over every 

five or six days. 

 

 

 

 

 

 

 

 

  

Wandering albatrosses 

engaging in their courtship 

ritual 

 

Conservation 

Historically, albatrosses never 

had that many natural enemies 

due to mostly nesting on such 

remote islands that they were 

uninhabited by man. When 

sailors came into the equation 

more and more adults and 

eggs were taken from their 

islands to satisfy the sailors’ 

desires for “proper food”, but 

not at an alarming rate such 

that any species were in 

serious trouble. Warning sirens 

started sounding when all too 

many albatrosses were taken 

so that their plumage could be 

sold. It filled mattresses and 

pillows under the name of 

“swan’s down”, and whole 

wings were sourced for 

inclusion in women’s hats in 

the nineteenth century.  

Matters got out of hand when 

most of the albatross 

population on Laysan Island 

was purposely slaughtered. 

This won it and surrounding 

islands protection, but 

poaching was still rife. The 

survivors were spared by 

increasing public awareness of 

the dreadful circumstances 

and hence lessening demand 

for related products, leading to 

falling prices. During World 

War II the entire albatross 
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population of Wake Island was 

wiped out as the starving 

Japanese army sought food. 

 

On the Midway Islands, at one 

point before 1961, during 

daylight hours in the breeding 

season one in every six planes 

landing or taking off collided 

with an albatross, as the birds 

found it most practical in 

theory to use the same 

runway. This put human lives 

at risk, as albatrosses sucked 

into aircraft engines could 

have caused the planes in 

question to explode. A cull 

didn’t work, so the dunes near 

the runway creating the 

favourable updrafts were 

removed, cutting accidents by 

70%. More recently, the biggest 

danger comes as it always has 

done from doing something 

seemingly harmless – 

following fishing boats. This 

often brings rewards as 

fishermen toss scraps 

overboard for them and other 

marine birds and is therefore a 

valuable food source. 

However, there is a huge risk 

associated with this feeding 

strategy, namely mistaking a 

baited hook left on long lines 

used by fishing boats for a 

tasty scrap item and choking 

on the hook. Measures to 

combat this include 

suspending objects from these 

lines which swing in the wind 

as the boat moves along, and 

any birds coming in behind 

will be put off by these 

swinging objects, and so won’t 

go anywhere near the baited 

hooks close by. However, it is 

difficult to keep tabs on exactly 

how many of these boats 

actively take part in this 

protection scheme. There is 

still huge concern over 

albatross numbers worldwide, 

which have experienced 

massive declines over many 

years, partly due to the afore-

mentioned misfortunes, and 

the establishment of invasive-

species populations on the 

birds’ remote islands, mainly 

cats and mice. It is a disturbing 

fact that out of the 22 albatross 

species, 19 are listed as 

endangered in one way or 

another, with some being in so 

much trouble as to be critically 

endangered. 
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Seabirds riskily following a 

fishing boat 
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