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Dear readers , 

We hope you enjoy this issue of I,Science - the 50th in its history 
and the first of this academic year. The theme for this issue is 
‘Spectrum’, which draws upon the ideas of continuum, colour and 
light.  

In turbulent times, we want to begin the year with the idea of 
continuity. No matter what challenges we face, we all can and 
should continue pursuing our passions and cultivating valuable 
relationships.   

In dark times, we can still embrace and celebrate things that bring 
colour and excitement into our lives. We hope that this issue 
containing the best pieces of science writing Imperial has to offer 
is one of those things.  

Jacklin Kwan and Faye Saulsbury 
Editors-in-Chief 

I,
We are always looking for new contributors for both the 

magazine and online. If you would like to get involved as a 
writer, illustrator, or photographer, please get in touch.

Email us at i.science@imperial.ac.uk 
Follow us on Twitter and Instagram at @isciencemedia 

Like us on Facebook at I, Science 
We are looking for pitches for our upcoming edition, the theme 

for which is ‘The Rest of the World’. If you have an article or 
artwork idea relating to this theme, please get in touch.
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Coldplay X Imperial College: a 
collaboration we never knew we needed

Do you remember when Coldplay collab-
orated with Beyoncé on ‘Hymn for the 
Weekend’  back in 2016 and the world 
went crazy?  

In 2021, the band is going for a different 
kind of collaboration, and the end result is 
going to be much more than a dope tune! 
Now, Coldplay has teamed up with expert 
scientists at Imperial College’s Grantham 
Institute to slash their environmental im-
pact. 

And it sounds like they’ve done their 
research! 

The Grantham Institute is going to 
quantify the tour’s expected and actual 
carbon emissions, to find out how best to 

cut down on the environmental impact of 
events like these. 

The entire tour will be powered using 
renewable, low-emission energy. This will 
include using HVO fuel (hydrotreated veg-
etable oil) from waste cooking oils to power 
their buses and trucks, and installing a kinet-
ic dancefloor in and around the stadium, so 
that fans’ best moves can be converted into 
energy to help power the concerts. The stage 
will be built from low-carbon, re-usable 
materials like bamboo and recycled steel. 
They’ve really paid attention to even the ti-
niest details: wristbands and confetti will be 
100% compostable.  

The Music of the Spheres tour is set to kick-
off in Costa Rica next March, and to wrap up 

in Brazil in September, with stops in major 
cities around the world in between. Cold-
play, whose members met whilst studying 
in London, have committed themselves 
to making their tours as environmentally 
beneficial as possible. 

Dr Jem Woods, Reader in the Centre for 
Environmental Policy at Imperial College 
and lead researcher in the partnership, 
said, “On their last tour Coldplay had a 
staggering five million fans attending their 
concerts... They are able to reach huge 
numbers of people with their environmen-
tal messages.” 

The only question that we might all be 
asking ourselves is: “Does the collabo-
ration include a Coldplay concert at the 
quad anytime soon?” Well, as long as it 
stands by their sustainability commit-
ments, cheers to that! ■

Imperial College named ‘University of the 
Year 2022’

There might be a 
million reasons to 
be proud to be a 
student at Imperial 
College London. 
Here are  just 
three of them:   

• For its response to COVID-19, Imperial Col-
lege has been awarded the Queen’s Anniversa-
ry Prize, the highest national Honour awarded 
to higher education institutions in the UK. The 
prize celebrates excellence and innovation. 

Specifically, it recognises work that delivers 
benefit to the public. IC responded rapidly, and 
took a collaborative and multi-disciplinary 
approach. Work by IC researchers included 
constructive virus transmission modelling and 
vaccination development, as well as scientific 
collaboration on the international level. 

This outstanding response also resulted in 
Imperial College being named University of 
the Year 2022 by The Times and The Sunday 
Times Good University Guide. 

• Imperial College has been awarded Bronze 
status by Advance HE’s Race Equality Charter 
for its commitments to improve the represen-
tation, progression and success of minority 
ethnic staff and students and to address racial 
inequality. 

The Race Equality Charter provides mem-
ber institutions with a framework to self-assess 
institutional and cultural barriers for minori-
ty ethnic groups. Imperial College has been a 
member of the charter since 2018, and since 
then, the college has been developing its com-
mitments to fostering an inclusive environ-
ment for students and staff from various ethnic 
backgrounds. 

Some of the commitments include: an annu-
al review of all equality, diversity and inclusion 
related activities as well as improving recruit-
ment and career progression of underrepre-
sented staff.

 BY JOHN BADER News

• Transport decarbonisation is one of the many 
action points that need to be implemented to 
achieve net-zero carbon emissions. In No-
vember, the Grantham Institute and Energy 
Futures Lab at Imperial College consolidated 
a report that outlined the multiple aspects that 
need to be considered to decarbonise trans-
port.

Later in November, researchers and policy-
makers were brought to one table to discuss 
the complexities of such a step during an on-
line-workshop that was hosted by Imperial. 
This session came in timely, almost two weeks 
after the conclusion of COP26. The main take-
aways of the workshop were that in order to 
achieve net-zero emissions, we need to reduce 
the overall demand for travel, as well as decar-
bonising fuels for more environment-friendly 
trips. 

Finally, all participants concluded that col-
laboration across sectors is needed to achieve 
the final goal. ■



ART BY CELESTE DE KOCK
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HAVE YOU EVER STOPPED TO THINK ABOUT THE 
SMALL THINGS?  

Perhaps the furtive quantum world, or the tiny, busy pro-
teins whizzing around your cells… What about invisible men-
aces such as antibiotic resistant bacteria or dare I say it…vi-
ruses?  

Unless you have a chance to look for yourself into tiny worlds 
under the microscope, these scientific wonders can be strange 
to comprehend. Often, the things we cannot see or predict are 
frightening. You might call it a fear of the unknown. 

Science is all about the unknown. In the context of a new 
threat like a virus, this can be a frightening concept. Yet, there 
is a certain beauty in the unknown. Imagine the anticipation 
humming within as you enter a vibrant jungle, the prospect of 
discovering a new, wondrous species of flower playing on your 
mind. You see, through scientific discoveries, we can decipher 
the secrets of the universe. In this way, unknown scientific 
wonders just waiting to be discovered can be both ominous 
and intriguing. 

This dualism is reflected in how science is done – the pro-
cess of science. One day, a scientist may feel the thrill of piec-
ing together a puzzle. However, this thrill might be short-
lived, for it is often balanced by setbacks. New data gathered 
during research may challenge an existing theory, indicating 
that a different route must be taken – a different piece of the 
puzzle must be selected to proceed. Maybe that puzzle piece 
is never meant to be found. 

As much as we may try to unravel the universe, traverse the 
vastness of outer space, (or the minuteness of a cellular city) 
through microscopes, telescopes, and the meandering ‘scien-
tific method,’ perhaps we ought to just accept that the universe 
is an enigma. The writer D.H. Lawrence famously said that sci-
ence diminishes our “appreciation of art in nature.” Maybe the 
universe is not meant to be solved through science. 

Science is complex. Take the atom, for example. We can 
start with Dalton’s ‘billiard ball model’ (atoms as the small-
est possible units in the shape of solid spheres) and yet it was 
soon realised, after the discovery of the electron in 1897, that 
atoms are comprised of even smaller particles. This led to J.J. 
Thomson’s ‘plum pudding model’, in which negatively charged 
electrons float in a sea of positive charge. Following this, Ruth-
erford introduced the nucleus, a concentration of charge sur-
rounded by electrons, disregarding the plum pudding model. 
Next on the scene steps Bohr, proposing the circular orbits 
in which electrons travel, electrostatic forces attracting them 
to the positive nucleus. The Bohr model of the atom. Perfect. 

Sorted! Nope. One must only delve into the spooky, intrigu-
ing world of quantum mechanics to see the story doesn’t end 
there. 

 If the ways in which we use science to describe our world 
simply increase in complexity, how do we know that there is 
any truth to our findings? The definition of truth is something 
that has been pondered on throughout history. The various 
models of the atom are merely our attempt to approximate 
reality. As you can see, they changed over time. This reflects 
the nature of science itself. Whilst we may have that initial 
brilliant hypothesis, sparking a flurry of research, the scien-
tific theories which are derived from research are in constant 
flux, altered or rejected as new data is gathered. This pertains 
to the rigour of science, the constant striving for progress as 
we charter deeper and deeper into the unknown.  

This chartering into the murk of the unknown makes sense 
–if we go by the famous views of Einstein. After all, “the im-
portant thing is to never stop questioning.” To question is the 
essence of science. Questioning is founded upon uncertainty 
and is intrinsically linked to curiosity.  

Newton questioned why an apple fell from a tree. His 
uncertainty as to the reason lit a curiosity in his fantastic mind, 
ultimately leading him to develop the law of gravity. Uncer-
tainty is one of the roots of science, continuously generated as 
novel data emerges. Its alluring tendency to prompt curiosity 
can only be a good thing, right? In a fast-paced, changeable 
landscape such as the COVID-19 pandemic, the uncertain na-
ture of science, usually so disinteresting to the general eye, is 
ripped from the bounds of science, and thrust into the glaring 
light of the public sphere. Suddenly, everyone wants to under-
stand why a new rule – mask-wearing, social distancing, test 
and tracing – exists, considering it didn’t last week? So, you 
see, the concept of uncertainty in science can be a daunting 
prospect indeed. 

This brings us to another aspect which can be considered 
a part of the spectrum comprising science. Meaning. When 
does science mean something to you? Science can thrill, fasci-
nate, inspire. Science can also confuse, intimidate, scare. Over 
the past two years, we have seen much of the good and the 
bad. 

One thing is certain. Scientists will keep finding pieces 
to the puzzle and striving to make them fit. And yet, just like 
when you go to count the puzzle pieces in the box, there’s of-
ten that one piece that’s missing. An unknown, scientific-won-
der shaped piece. ■
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Magenta doesn’t exist. 

Here it is!

Magenta is made by combining red and violet – and if you 
know your visible light spectrum, one end dips into infra-red 
and the other into ultra-violet. Light travels in waves, and each 
colour has a different wavelength. Red and violet have such 
different wavelengths that they are on the very opposite ends 
of the visible spectrum, and because of that magenta is not on 
the visible spectrum at all! 

How is that possible? We can clearly see magenta, so 
why doesn’t it have a specific wavelength that we can find on 
the spectrum of visible light? 

If you take each end of the visible light spectrum and bend 
them around to create a ring, that’s where magenta lives: at 
where the opposite ends join. This may sound like a silly thing 
to say since quite obviously nobody alive is able to physical-
ly rearrange the fundamental order of visible light (I would 
hope), but it is actually closer to the truth than you would 
think. . 

At the risk of oversimplification, it makes sense for our won-
derful brain to make up much of what we ‘see’. It fills in blanks 

for our blind spots, filters the important information when 
our eyes move from one thing to another, and, importantly, 
makes up what the colour spectrum looks like. 

The human eye is made of up three types of photosensi-
tive receptor cone cells that sense colour – they sense what 
we consider the primary colours of red, blue, and green. We 
call this trichromacy. This opens up a host of possibilities for 
… well… every single other colour we can’t actually see. Like 
yellow, which is a combination of sensing red and green wave-
lengths of light.  

There are animals that have yellow-sensitive cones in their 
eyes. That means that when light with a wavelength matching 
that of yellow hits the back of their eye, they experience yel-
low; goldfish, for example. Other animals only have two types 
of colour receptor cones – dogs are missing red cone cells. The 
evolutionary king of colour receptors is the mantis shrimp, 
with 12 different cone types. 

Having 12 different types of colour receptors does not give 
the mantis shrimp as much of an edge as one may think. Re-
searchers from the University of Brisbane in Australia and the 
National Cheng Kung University in Taiwan  trained shrimp 
to distinguish between different colours in exchange for food. 
When the wavelengths of the colours were quite far apart 
this was not a problem; they could individually react to them. 
However, when the shades of colours became closer together, 
the shrimp could not tell them apart.  

A human would not have had the same issue though, be-
cause we don’t rely just on our colour receptor cones to expe-
rience colour: we rely on our human brains. 

When light hits the back of our eyes and has a wave-
length corresponding to yellow, our green and our red recep-
tors are stimulated, but our blue receptors are not – and our 
brain can then take the relative information to give us the sen-
sation of yellow. This is similar for all the different shades in 
between red, green and blue. 

It is not as if we can directly experience every single photon 
that hits our eyes – there are just too many and we would get 
very confused and distracted. Instead, our brains average out 
the signals they get and assign the signals with colour-experi-
ences. For example, if two photons from the rubber duck that 

The Strange 
Case of Missing  
Magenta 
And other impossible colours

BY SOPHIA HURST

IMAGE BY PHILIP RONAN, GRINGER; DISTRIBUTED UNDER CC-BY-SA-3.0 LICENCE. 8
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lives on my desk enter my eye at the same time and one 
is of 500 nanometres, stimulating the green receptor, and 
the next is of 600 nanometres, stimulating the red recep-
tor, my brain will average these out to an experience of 550 
nanometres corresponding to yellow. 

That is all well and good, but yellow has a specific wave-
length on the visible light spectrum associated with it; 
magenta does not. We have just said that when we receive 
two photons of different wavelengths, we average them 
based on the stimulation of our receptors. This poses a 
problem when both our red and blue receptors are stimu-
lated simultaneously. 

Because the average of red and blue wavelengths is… 
green.  

But our green receptor is not stimulated when we see 
blue wavelengths and red wavelengths, and we don’t want 
to be seeing things as green when they’re decidedly not 
green. Humans have always lived amongst greenery, so it is 
essential that we recognise when something is not a plant: 
a tiger creeping through the bushes, a snake wrapped 
around a branch, a crop that has become diseased. 

Enter magenta. Magenta is our experience when 
something is giving us both red and blue signals: when 
light bounces off an object at both 400 and 700 nanome-

tres. Seeing it as green would be disastrous for us on the 
green planet we live on, so we experience it as a completely 
different colour: magenta. 

Magenta may be a quirk of how we decode light that en-
ters our eyes, but it is an important one – one that has al-
lowed us to make quick decisions and identify friend from 
foe in the wild, and, more recently, pick out very bright wall-
paper in modern times. But it is not alone. We can’t directly 
experience yellow either, yet we see it all the same using this 
same mechanism.  

i will leave you with one last thought, that of 
more impossible colours: how can a colour be just as dark 
as black but also blue? Or lighter than white but also red? 
Or indeed more orange than the most orange? I’ve just at-
tempted to describe stygian blue, self-luminous red, and hy-
perbolic orange, which are all ‘colours’ we can experience by 
overloading some of our receptors and playing with the re-
sult.  For the following, stare at the ‘fatigue template’ for 30-
60 seconds, then immediately look at the ’target field’. You 
should be able to see these three impossible colours that not 
only do not exist, as with magenta, but are also our attempts 
at hacking our own colour perception.  

From magenta to yellow, stygian blue to hyperbol-
ic orange, we can experience these hues all thanks to our 
brains giving us a very rich and colourful life. ■

ART BY NINA GONZALEZ-PARK

IMAGE BY ZOWIE; DISTRIBUTED UNDER CC-BY-SA-3.0 LICENCE. 
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T
he record for the most expensive painting ever sold is 
held by Leonardo da Vinci’s Salvator Mundi, which was 
auctioned off for $450 million in 2017. In 2019, the global 

art market - comprising art galleries, fairs and auctions – saw 
$64 billion in sales.  

Whilst most painters never sell works in the six to seven fig-
ure range, these events are becoming 
increasingly common.  

Generally, a painting is valued ac-
cording to its uniqueness. A print is 
never as vibrant as an original, and 
not even the artist can exactly repli-
cate their previous works. The value 
is even greater if the painter is criti-
cally acclaimed, or deceased.  

These days, paintings aren’t bought 
just to be admired. The super-rich 
buy art as an investment, perhaps 
finding this strategy desirable as un-
like most other investments the value 
is independent of the stock market.  

A New York City taxi tycoon fa-
mously bought a Rauschenberg painting for $900, which near-
ly two decades later, he auctioned off for $85,000.  

With such high valuations for works by brand-name artists, 
how can we be sure of the authenticity of a painting? 
Besides analysing the brushstrokes and artistic style of a 
painting, which can be subjective, experts analyse the chemi-
cal make-up of the paint. Paint is composed of two main com-

ponents: the pigment and the binder.  
The pigment is the compound responsible for giving paint 

its colour. It is usually a transition metal complex or a high-
ly conjugated organic compound. These compounds absorb 
wavelengths of visible light, resulting in their perceived colour.  

The binder (e.g. oil, acrylic and gum Arabic in the case of 
watercolour paints) is a transparent 
compound that adheres the pigment 
onto a surface of canvas or paper. 

The range of available pigments 
have expanded over the years. 40,000 
years ago, cavemen only had ac-
cess to five natural pigments; black, 
brown, red, white and yellow, which 
were obtained from soil, animal fat, 
chalk, charcoal and minerals. After 
the Stone Age, more and more nat-
ural pigments were discovered, such 
as ultramarine blue, made from the 
semi-precious gemstone lapis lazuli.  

Great advances in the field of 
chemistry produced synthetic pig-

ments, like Prussian blue (Fe4[Fe(CN)6]3), which was discov-
ered in the early 1700s. Even now, new pigments continue to 
be discovered. YInMn blue, an inorganic compound contain-
ing, Yttrium, Indium and Manganese was discovered in 2009. 

The pigments used on a painting can tell us much about the 
period in which it was created, and the access the painter had 
to certain resources. 

Is that painting valuable?
Depends on  the chemistry

 BY LARAS SOENARJO 

The pigments used on 
a painting can tell 
us much about the 
period in which it 

was created, and the 
access the painter 

had to certain 
resources. 
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In 1990, the National Gallery received a painting thought to 
be A Portrait of Martin Luther by Hans Holbein the Younger, 
a prominent 16th century portraitist. On closer inspection, 
the pigment used for the blue background was identified as 
Prussian blue – a pigment only invented two centuries after 
Holbein’s passing.   

The removal of the Prussian blue revealed the original brown 
background and a taller hat. It is now known as the Portrait 
of Alexander Mornauer, but the artist remains unknown. It 
is thought that the 16th century painting was modified in the 
18th century to resemble the style of Holbein.  

Such a prominent artist and subject would have made the 
portrait more valuable than that of an anonymous artist.  This 
example demonstrates the reliance on pigment analysis in the 
art world in authenticating the origin and justifying the valu-
ation of works of art. 

The most utilised technique in pigment identification is 
Raman spectroscopy. Spectroscopy is the study of light-mat-
ter interactions, yielding information such as composition and 
molecular structure.  

Raman spectroscopy is a non-destructive technique that 
provides information on the vibrational modes of a molecule 
– in other words, the different motions in which a molecule
vibrates. A non-linear molecule has 3N-6 vibrational modes,
where N is the number of atoms in the molecule. Each vibra-
tional mode corresponds to an infrared (IR) frequency, which
depends on the masses of the atoms involved and the strength
of the bonds between them.

The Raman spectrum of a molecule consists of peaks at a 

unique set of IR frequencies, which can be thought of as the 
fingerprint of a molecule. With the help of a database, the Ra-
man spectrum can be used to identify the molecular compo-
sition of the pigment. 

Raman spectroscopy works by exciting a molecule to a vir-
tual electronic state with a monochromatic UV or visible la-
ser light source. Most of the time, the molecule relaxes back 
down to the ground state and emits light of the same frequen-
cy as the incident light source – this is called Rayleigh scat-
tering. However, sometimes some energy is absorbed by the 
molecule, increasing its vibrational energy and decreasing the 
frequency of the emitted light. This is called Stokes Raman 
scattering. The difference in frequency between the incident 
and the emitted light depends on the vibrational modes of a 
molecule. 

The major disadvantage of Raman spectroscopy is that 
processes such as fluorescence, where molecules emit UV or 
visible light after electronic excitation, cause the Raman spec-
tra to be distorted with large, hilly backgrounds. Unfortunate-
ly, many organic pigments fluoresce. In recent years, however, 
people have started to use Surface Enhanced Raman Spectros-
copy (SERS), where a small sample of the pigment is placed on 
aluminium before performing Raman spectroscopy.  

This fairly recent development has enabled art histori-
ans to identify organic pigments that they were previously 
unable to confirm, filling gaps in knowledge of a painting’s  
provenance. ■

ART BY HEIYI TAM
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Looking at something coated in Vantablack is like staring into 
the void. It is not just “black,” like a cat is black, or like ink is 
black. It tricks your brain in ways that no normal paint, ink or 

dye does. In photos, it looks straight up fake.  
It is a pigment with huge visual impact – but it didn’t start out as 

art at all.  Its invention demonstrates how technology can become 
culture, but not without a cost to artistic liberty.  

Vantablack’s secret is in its name: VANTA – Vertically Aligned 
NanoTube Array. A Vantablack coating is like a super-microscopic 
shagpile carpet of carbon nanotubes. Light goes in and – like crumbs 
dropped on a shagpile carpet – it can’t get back out. The light bounc-
es between the tubes, eventually dissipating into heat. Vantablack ab-
sorbs 99.96% of all light that hits it.  It is the blackest substance ever 
made.  

Although it is visually striking, Vantablack was originally devel-
oped for purely technical reasons. Black as we see it isn’t really a co-
lour in the sense that red, blue or orange are. It’s a relative absence 
of reflected light.  There are many uses for completely non-reflective 
materials.  Vantablack was developed by Surrey NanoSystems for use 
on satellites, to calibrate their instrumentation. Something covered 
in vantablack approximates a “black body” – a physics term for an 
ideal object that absorbs all electromagnetic radiation.  Vantablack is 
therefore being used in a variety of scientific and technological con-
texts. For example, black bodies are used to calibrate infrared sensors 
on satellites, which are used for weather reporting. But it didn’t take 
long for the technology to be noticed by the art world.  

Vantablack caught the eye of Anish Kapoor, a sculptor and in-
stallation artist. It fit his style perfectly. A 1992 work of his, ‘Descent 
into Limbo,’ featured a hole on the ground, painted black on the in-
side and meant to resemble a pitch-dark void in the middle of the 
floor. Vantablack would allow him to achieve the same effect com-
pletely in 2D.  Anish Kapoor experimented with Vantablack for two 
years. Then he did something that shocked the art world. In 2016, 
he struck a deal with Surrey Nanosystems. Kapoor bought exclusive 
rights for use of the material in art.  

This was not the first time a colour had been legally restricted. Yves 
Klein patented his own blue in 1960 - you can see it at the Tate Mod-

ern. But unlike Klein, Kapoor did not create his colour. He bought the 
exclusive rights to someone else’s creation.  

Christian Furr, a painter, said in an interview: “I was displeased 
that an artist was apparently monopolising a material… On a meta-
physical level you could say it was like someone owning death.” 

Stuart Semple, another artist, started the hashtag #sharetheblack 
on Instagram in response to Kapoor’s monopolisation of vantab-
lack. Semple had been creating pigments for his own works for 15 
years, but the Vantablack situation changed his perspective. “I was 
making the pigments but I was just going to use them for my own 
work, but the Anish thing made me realize that hoarding stuff so you 
are the only person that can have it is not very nice…” Semple said. 
He subsequently released a pink pigment he had been working on to 
the public, but with one major stipulation on the product page:  

  “By adding this product to your cart, you confirm that you are not 
Anish Kapoor, you are in no way affiliated to Anish Kapoor, you are 
not purchasing this item on behalf of Anish Kapoor or an associate of 
Anish Kapoor. To the best of your knowledge, information, and belief 
this paint will not make its way into the hands of Anish Kapoor.” 

Naturally, it did not manage to stay out of Anish Kapoor’s hands for 
long – he posted a picture of his middle finger covered in Semple’s 
pink to his Instagram page.   

Kapoor’s exclusive rights to Vantablack have led to other art-
ists working to develop their own super-blacks that are accessible to 
all artists.  Stuart Semple has made Black 3.0, a matte black acryl-
ic paint developed collaboratively with other artists. Christian 
Furr worked with Imperial College researchers and the Science Mu-
seum to develop 7Black, a nanotube coating similar to Vantablack.

Neither of these are quite as black as Vantablack’s 99.96% light ab-
sorption. Nonetheless, they also have the unreal, eye-catching effect 
Kapoor wanted to keep to himself.   

Vantablack sits at the intersection of art and science. While 
the story around it can seem like petty drama (some of it undoubt-
edly was petty drama), it gives valuable insight into what the inter-
sections between art, technology – and a little bit of litigiousness – 
might look like in the future. ■
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I 
don’t know how good your karaoke is, but I’m sure you’re famil-
iar with the idea of musical notes. There are twelve of these in a 
repeating pattern, A to G, with some sharps and flats. Whether 

you’re belting opera, K-pop, or Dua Lipa, you’re hearing one of an 
infinite number of combinations and sequences of these twelve re-
peating tones. Get these notes wrong though and things start to 
sound terrible! If music is just sound, why do some melodies make 
us sing and others just make us cringe? Are notes built into our 
nature or are they something that we’ve decided? Is our under-
standing of notes imposed by musical training a nd is it required to 
make music at all? And how does Dua Lipa figure into this? Brace 
yourself, this is one mad journey into the science and philosophy 
of sound. 

Music consists of notes with specific frequencies. Each fre-
quency is an interval or change from a starting point (or base note), 
usually the middle-C (256Hz). Our modern scale, divided into 
twelve notes, uses a mathematical formula to calculate the size of 
each interval (In = 2n/12 , for the curious). It creates a scale which 
balances sounding ‘good’ with being mathematically convenient. 
But really, it gets some of our best notes wrong. 

Wrong? Best notes? How can this be? This is where sound gets 
stranger. Sound is a matter of perception. If I double the frequency 
of a note, I perceive the same note again, just at a higher pitch. 
This interval is known in western music as the octave, the point at 
which note patterns start to repeat. This the point at which every 
note system ever invented in human history starts to repeat. 

The octave seems to crop up again and again wherever humans 
have made music, from the very first record of instruments around 
40,000 years ago to the most isolated indigenous communities 
today. These seems to be universal, perhaps innate, points from 
which we all map out the infinite spectrum of sound.  

The octave is not the only way to organise and make ‘notes’. 
There is the perfect fifth, at 1.5 times an original frequency, which 
seems to elevate any melody. There is also the major third, at 1.25 
times the original frequency, which universally implies pleasant-
ness and sounds especially harmonious with the base note and 
perfect fifth. The presence of these intervals seems to be universal, 
as is the way we interpret their meaning in a piece of music. But 
can we say the same for the rest of our note systems? 

This is the second weirdness factor. Apart from the three uni-
versal notes above, most cultures have a completely different set of 
notes. Or rather, the set of notes seems to reflect prevailing aspects 
of the culture itself. For example, the West is traditionally obsessed 
with a perfect God-given cosmic order of things. If something 
looks or sounds good, it should also be mathematically elegant, 

symmetric and easy to describe using simple equations. Hence, 
when that famous Greek mathematician Pythagoras decided to 
try and make a mathematical system of music, whole cities em-
braced it. They embraced it even though he completely botched 
the maths, it sounded terrible, was incredibly complicated, even 
predicting a phantom thirteenth note above the octave. Pythagore-
an tuning persisted for many hundreds of years despite being solely 
based on the reputation of his philosophy. It was also close to but 
not quite based on the third and fifth. 

The ancient Chinese also had a sophisticated system of math-
ematics and suggested our current system in around 1550. Prior 
to this, they had been quite happy using just ‘what sounded good’. 
Scholars who studied notes at the time preferred a more tri-
al-and-error approach, favouring feeling over mathematical beau-
ty. This is perhaps because there is more acceptance of change and 
ambivalence in Chinese culture. The situation is similar in India, 
despite some sages making fairly accurate scientific accounts that 
split an octave into 22 notes.  

Perhaps then, we are stuck in our ways. Would it be useful 
to consider alternative systems to the current twelve-note cultural 
norm? It might interest you that Dua Lipa has led the most re-
cent revolution against this musical mainstream. Yes, the queen 
of pop in her crass, catchy ‘Good in Bed’ brings into question not 
only whether dysfunctional relationships may have some purpose 
in our lives, but also the entire foundation of our modern music 
system. Good in Bed contains notes which are between the estab-
lished 12 notes of the scale. Specifically, it’s the “bad, bad, bad, bad, 
bad” part of the chorus. You can thank me later. 

Even more audacious than Dua’s use of these notes is that de-
spite breaking the 12-note scale that rules everything we are told 
in our musical training, it sounds good. It coveys sass, nonchalance 
and a feeling of resignation that says: ‘Urgh, okay, I’ll dump him 
next time’. Not only do these micro-tones work well, they actually 
convey meaning in the same way our conventional notes do too. 

So, thank you Dua for being one of very few artists to go beyond 
the fundamental idea of the note. Next time you hear the song, 
perhaps ask yourself, is she onto something? Should we free our-
selves from the clutches of the note and harness the cultural chaos 
of the spectrum of sound? Well, if it sounds good to you, it sounds 
good to me! ■

Listen between 
the lines BY ROB FOWLER

If  sound is  continuous 
spectra,  where are all the 
notes between notes? 
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S
itting among the five senses, sight feeds our mind with a 
near-endless source of stimulation during our journey from the 
cradle to the grave. These stimuli shoot down the optical nerve 

and across the brain to the occipital lobe, a relatively small section of 
the brain responsible for visual processes such as spatial reasoning, 
assessing depth, and determining colour. 

As part of a much greater whole, the occipital lobe transmits visual 
information and communicates with other lobes to assign meaning 
to specific shapes, patterns and colours. Focusing on the latter func-
tion, why do we seemingly associate colours with specific feelings 
and emotions? 

Aristotle proposed the first co-
lour theory, suggesting that colour is 
derived from white (lightness) and black 
(darkness) and that all other colours sat 
between the two. Yellow and blue are the 
primary colours that relate to the polar-
ities of life: sun and moon, female and 
male, stimulus and sedation. This theory 
remained hugely influential for the next 
2000 years. 

That was until the 1660s, when Isaac 
Newton famously split a beam of white 
light through a prism, establishing that 
white light is composed of a spectrum of 
seven visible colours. From this moment, 
the study of colour was viewed primarily through the lens of its phys-
ical properties, with little consideration given to the effect of colour 
on the human psyche.  

Unsatisfied with Newton’s clinical assessment, Johannes Wolfgang 
von Goethe in 1810 attempted to study the relation between colours 
and the emotional response they elicited. While his work predomi-
nantly influenced the arts, it is also believed to mark one of the earli-
est examples of the study of humanistic colour perception.  

The scientific community largely ignored colour psychology, rele-

gating it to sit alongside pseudo-sciences such as phrenology. Un-
fortunately, this general disregard also made colour psychology an 
easy target and breeding ground for unsubstantiated theories and 
ill-informed discussion until relatively recently. 

Scientific acumen aside, the marketing industry understands 
which colours we like and appreciates that colour preferences 
undeniably influence consumer behaviours and attitudes. Under-
standing and controlling the public perception of a brand is vital 
to creating and sustaining a successful business, and perhaps the 

most fundamental aspect of any brand 
is its colour. 

A brand’s colour must be instantly 
recognisable (Coca-Cola red, Cadbury 
purple, Amazon orange) and usually 
aims to exploit hard-wired (or socially 
constructed) colour preferences. 

The combination of yellow and red 
is used by fast-food restaurants (Mc-
Donald’s, Burger King) to create a 
sense of joy, increase appetite and ap-
peal to children as bold colours. Green 
is perceived as fresh and natural and 
is therefore often used by produce 
brands (Whole Foods) and outdoor 
and farming vehicle companies (Land 

Rover, John Deere). Blue is the most utilised colour in logos of ma-
jor companies and is associated with competence and loyalty, es-
sential attributes for technology companies handling sensitive data 
(Facebook, Twitter) or money (PayPal, American Express). 

Additionally, it was also found that blue shops and websites are 
more relaxing, less crowded and more trustworthy compared to 
other colours. Studies have shown that colour descriptions also 
influence our preferences. For example, products listed as ‘rust’ 
rather than ‘orange’, ‘chocolate’ rather than ‘brown’, or ‘moss’ rather 

Hue and your 
mind’s eye Why do we  see  red?

Or Feel  Blue?

BY OLLIE SYMES
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than ‘green’ often achieve higher sales and garner greater atten-
tion on retail sites – something to consider before you order that 
new device in ‘space grey’. 

Whilst most research into colour preference is fuelled by mar-
keting and focuses on determining which colours individuals or 
cultures prefer, recent investigations have been concerned with 
understanding why we have colour preferences at all. A prevailing 
and generally agreed upon theory in the academic space is that of 
ecological valence theory, which considers environmental and as-
sociative factors as essential influences on an individual’s colour 
preferences alongside evolutionary instincts. 

It is believed responses to environmental colours and situa-
tions associated with each colour mould a complex web of men-
tal connections. For example, blue and cyan colours are generally 
liked across many cultures, and researchers believe this is derived 
from their environmental association to universally appealing 
blues skies and clean water. 

However, not all make the same connection with a specific co-
lour; blue, for example, is commonly perceived as ‘trustworthy’ 
in Western culture and ‘evil’ in some East Asian cultures. Similar-
ly, researchers believe a female preference towards red and pink 
was driven by the selective advantage for female primates when 
searching for red and pink berries. This greater sensitivity to red 
and pink made them better gatherers and therefore preferred 
mates for male primates.    
Within the same theory, it is argued that some reactions to 
colour are hard-wired and cannot be changed by environmental 
association. For example, in a set of experiments, male and female 
researchers wearing red, blue, or green uniforms approached a 
wild male rhesus monkey, placed on the floor a slice of apple on 
a tray and stepped away from the tray to allow the monkey to 
approach the food. 
In most cases, the monkeys chose to take the apple from the re-

searcher dressed in a blue or green uniform rather than red. The 
gender of the researcher made seemingly no impact on the deci-
sions of the monkeys, suggesting the monkeys perceived red as 
stop or avoid, an association linked with red across many modern 
cultures to this day. 
Physiological evidence also feeds into this theory, such as how red-
light wavelengths have been shown to marginally increase heart 
rate and elicit a stimulant (fight or flight) effect, while blue light 
reduces heart rate and imparts a sedative effect.  

Despite the supporting scientific and marketing findings, it is 
almost impossible to confidently discern the true origins of human 
colour preferences and accurately evaluate the individual roles 
of evolutionary, ecological, biological and societal factors. Anya 
Hurlbert, Professor of Visual Neuroscience at Newcastle Univer-
sity, is a prominent figure in the field of colour psychology and 
argues that “the extent to which preference are hard-wired versus 
individually malleable is still an open question… it is difficult to 
disentangle the origins of universality where they (colour prefer-
ences) exist.” 

Over time, the study of colour has expanded from purely physical 
in nature to the consideration of our relationship with it through 
a psychological lens. Our renewed desire to understand why we 
have a psychological response to colours has been overshadowed 
by the marketing goldmine of understanding which colours we re-
spond to best. 

Add to this the intricate web of interacting factors and research 
into the origin of colour psychology may once again fall to the way-
side, deemed impossible to determine. However, as it grows ever 
stronger over the next century, modern psychology and neurosci-
ence could be the tools which help unravel this complex question. 
■
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O
ver the past few decades, the word ‘spectrum’ has been applied 
to everything from politics to sexuality. However, when Isaac 
Newton first introduced the term in the 1670s, he had a much 

more specific meaning in mind. Originating from the Latin verb, 
‘specere’, meaning ‘to look at’, Newton’s spectrum referred to the 
continuum of colours that he saw upon passing white light through 
a glass prism. Little did he know that, in the centuries to come, his 
spectrum of colours would be expanded to include the full gamut 
of electromagnetic waves, from the radio waves which facilitate 
our communication networks to the gamma rays produced in the 
supernovae of dying stars.  

Newton coined the term ‘spectrum’ to describe the results 
of one of his many experiments probing the nature of light and 
colour. In his experiment, sunlight shone through a small hole and 
was passed through a glass prism before projecting it onto the op-
posite wall. The prism caused the sunlight to undergo refraction, 
the process by which the path of a light ray is deflected as it passes 
into a medium of a different density. The amount of deflection is 
determined by the light’s wavelength, with shorter wavelengths be-
ing deflected more. 

The wavelength of visible light is also what determines its colour 
and so each colour is refracted by a different amount. For example, 
violet light, which has the shortest wavelength, will be deflected 
through a greater angle than red light, which has the longest. Since 
sunlight consists of a mixture of wavelengths and every wavelength 
is refracted by a different amount, Newton’s experiment resulted 
in a one-to-one correspondence between the light’s position on 
the opposite wall and its wavelength or, equivalently, its colour. By 
separating the colours in this way, Newton created a rainbow on 
his wall and gifted physics with one of its most visually appealing 
experiments.  

Newton’s work was significant as it demonstrated that colour is 

a fundamental property of white light and that an object’s colour is 
determined by which parts of the spectrum it absorbs and which 
it reflects. This insight disproved the theory that light was funda-
mentally colourless, and that colour arose only as a result of inter-
actions between objects and light – a theory which could be traced 
back to Ancient Greek thought.  

However, Newton was not the only one interested in the proper-
ties of light. Another significant contribution to the field was made 
by his Dutch contemporary, Christian Huygens. Whereas Newton 
believed that light was made up of particles, Huygens proposed 
that light was best described as a wave. Although Newton’s theory 
initially had more support, further experiments carried out in the 
early 1800s could not be easily explained by a particle-based theo-
ry. These experiments had a common theme - they demonstrated 
that visible light displayed one of the fundamental properties of 
waves – interference.  

Interference describes the way in which two or more waves 
interact when they meet at a point in space. Whereas our intuition 
would imply that having more of something at a given point should 
result in a greater signal, it is possible for waves to combine and 
for the result to be no signal at all. This is because a wave’s ampli-
tude can be positive or negative depending on a property called 
its phase. When two waves of the same amplitude but opposite 
sign meet, they are described as being in ‘antiphase’ and cancel 
one another out.  

The most famous experiment demonstrating the interference 
of visible light is Thomas Young’s double slit experiment, first 
described in 1803. In this experiment, a beam of light is passed 
through two closely spaced narrow slits before being projected 
onto a screen. The light passing through the slits gets diffracted 
-instead of going in a single direction, it propagates in a plane af-
ter the slits. When the diffracted light from each slit meet on the
screen some waves cancel each other out, and others don’t, de-
pending on the distance travelled from the slits to the screen. The
resulting pattern is a set of light and dark ‘fringes’, with spacing
that depends on the separation of the two slits and the light’s wave-
length. This interference pattern supported the idea that light is a
wave (see Figure 1). The results of this experiment and others like
it inspired the French physicist, Augustin-Jean Fresnel, to build on
the foundations of Huygens’ wave theory. He devised a coherent
mathematical description of light, which could account for all the
observed experimental data. The explanatory power of this frame-
work resulted in the widespread acceptance of the idea that light
is a wave.

In parallel with these developments in the field of optics, 
an increasing number of experiments were being done to inves-
tigate the nature of electricity and magnetism. From Alessandro 
Volta’s invention of the first battery in 1800, the field progressed 

A brief history of light
BY LUCY HART
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rapidly. By the early 1830s, Michael Faraday had devised a series 
of experiments which demonstrated that the two phenomena were 
intimately related - a changing magnetic field generated an elec-
tric field and vice versa. This link was the key which allowed James 
Clark Maxwell to develop his theory of electromagnetic fields, 
most elegantly summarised by the four equations which bear his 
name.  

These equations had profound implications for physics. When 
Maxwell considered them in a region of empty space, he could 
easily show that the solutions take the form of an electromagnetic 
wave which propagates at a fixed speed. Furthermore, his equa-
tions predicted the value of this speed, which was comparable to 
those recently measured for the speed of light. This led him to sug-
gest that visible light corresponds to the subset of electromagnetic 

waves which our eyes can detect. It followed that a whole spectrum 
of other electromagnetic phenomena should exist, corresponding 
to all the wavelengths which humans are unable to perceive natu-
rally. 

The truth of this was first demonstrated in 1887 by Heinrich 
Hertz. He successfully generated radio waves, which have wave-
lengths of several metres as opposed to the nanometre wavelengths 
of visible light. Hertz then measured the radio waves’ properties 
and showed that they behaved as predicted by Maxwell’s equa-
tions. Crucially, the radio waves travelled at the speed of light. This 
discovery opened the door to the exploration of the entire electro-
magnetic spectrum, revealing a range of properties and potential 
applications far beyond anything Newton could have imagined. ■

ART BY MARK BURDEN
ISAAC NEWTON. 1 = 7. WHITE LIGHT CONTAINS THE SPECTRUM OF 
COLOUR. 
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L
ight is powerful. Light fuels plants, which in turn fuel the 
world’s ecosystems. It powers generators in solar panels, 
which in turn power our modern lives.  

We have even harnessed light as a tool to carry information. 
The WhatsApp messages and voice notes that kept us connect-
ed throughout multiple national lockdowns all travelled through 
the medium of light, along fibre optic cables woven across the 
seabed and in the ground under our feet.  

Light is powerful. 
Without it, we would not be able to see. Light quite literally 

illuminates the world around us. 
And now, paradoxically, we’re beginning to think that light 

might even have the ability to do the opposite: to render ob-
jects invisible. Welcome to the rain-
bow-tinted world of plasmonics. 

Plasmonics is the study of 
light at the nano-metre scale – 
the scale of sub-atomic particles. Plas-
mons are the protagonists in this field 
of study. 

Plasmons are free-moving electrons 
with unique properties and a lot of po-
tential! When light hits the interface 
between a metal and a nonconductive 
material such as glass, electrons at the 
surface of the metal are energised. We 
call these energised electrons “plasmons”, and they ripple in 
waves along the boundary between the metal and the noncon-
ductive material. The plasmonic waves cling to the electromag-
netic field around them, matching their shape. 

This effect occurs best in conductive metals like gold, since 
their electrons are not strongly bonded together, and thus can 
move quite freely. This same property that allows some metals to 
conduct electricity also allows for optical colour tricks. 

If you’ve seen a stained-glass window, you’ve been witness to 
the visible results of plasmonic waves. 

Tiny pieces of metal are embedded within some types of glass. 
As light hits the glass, electrons in the metal start to vibrate, cre-
ating so-called plasmonic waves. The plasmonic waves in turn 
affect which wavelengths of light are absorbed, and which pass 
straight through. (We should remember here that visible light 
is a form of radiation, made up of a spectrum of wavelengths. 
Different wavelengths appear as different colours to the human 
eye). 

The shape of the plasmonic waves differs from metal to metal. 
So, the colour of the stained glass is determined by the type of 
metal contained within it. 

To add further complexity, when two or more metal particles 
are very close to each other, their plasmons will oscillate col-

lectively, amplifying the plasmonic waves. This can dramatically 
alter the colour that we see. 

Whether we called them plasmons or not, these vibrant par-
ticles have coloured cathedrals and ceremonies for much of our 
past.  

Their uses in the future, however, could be far more surreal. 
Perhaps the most mesmerising possibility is the invention of an 
invisibility cloak.  

Harry Potter’s treasured family heirloom relied simply on 
magic, but a real-life invisibility cloak would probably require 
something more like Griffin’s invention in The Invisible Man. In 
H. G. Wells’ story, published in 1897, Griffin discovers how to 
make his own body’s refractive index equal to that of air, which 
makes him invisible. 

If an object’s refractive index was equal to air’s, then the speed 
of light would not change as it went through the air and hit the 
object. This means no wavelengths of light would be absorbed 
and reflected from the object. We would not be able to see it. 

Despite the idea’s outward logic, even after 100 years, no one 
has succeeded in producing invisibility in this way. 

Engineers at Stanford and the University of Pennsylvania 
have however made an object appear invisible through different 
means. They built a device made of silicon wires coated in a thin 
layer of gold.  

By carefully adjusting the ratio of sili-
con to gold, the engineers capitalised on 
the oscillating movement of plasmons, 
finding a sweet point where the plasmon-
ic waves from the two different materials 
cancelled each other out. Since the object 
was only made of these two materials, it 
could not be seen. 

However, the name of this process, “de-
structive interference”, hints at the fact 
that this was not ‘true’ invisibility. Rather, 
it was dependent on the precise interrela-
tionship between two materials with spe-
cific optical properties which were able to 

interfere with each other. 
Researchers at Imperial College have a theory that would get 

around this hitch:  the invention of a material which could alter 
the electromagnetic field around an object to such an extent that 
light waves would bend around the object, and it would become 
invisible. This material, of course, does not yet exist. 

But if it did, it would take the place of the gold coating from 
the US experiment -with one critical difference. Its optical prop-
erties would not be dependent on the optical properties of the 
material inside it.  

Only a material which could hide another object uncondition-
ally could be called a true cloak of invisibility.  

You might wonder why anyone but a criminal would need or 
even want to be invisible. H. G. Wells’ character, Griffin, certain-
ly comes to lament his invisibility.  

But in the already obscure realm of the nano-world, the phys-
ics behind invisibility may hold unique potential. The promise of 
plasmonics is already reaching eagerly into the fields of micro-
chip processors, laser technology, cancer treatment and chem-
ical sensing.  

One thing is clear: light is not only the key to visibility. It has 
the power to govern invisibility, too.  ■

Plasmonics
BY FAYE SAULSBURY
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Gender is such a controversial subject and approaching it in 
this article filled me with anxiety. It is something that is very 
polarising and something that everyone is likely to have ex-

periences or opinions on. So, I decided to start an exploration 
of gender and see whether science has any answers for such a 
complex idea.  

I am not starting this from a clean slate, and I want to make 
sure that you, as the reader and myself as the writer, are on the 
same page. Sex is biological and is present in DNA. Gender is 
societal, cultural and outwardly expression. 

My background is in bioarchaeology, so I thought I would start 
there. Perhaps an investigation of gender in the past could be 
used to explore the ways in which we view gender in the present?  

A study that immediately came to mind was that of a 
Viking burial in the Swedish town of Birka. The body of BJ581 
became infamous in archaeological spheres, not because of the 
prominence of their burial or for the evidence of an eventful life 
but for the assumption of their sex.  

BJ581 was buried with a range of artefacts relating to war and 
a variety of weapons; thus, initial publications assigned BJ581 
to a male Viking warrior. This was despite a wealth of similar 
female Viking warrior burials in Europe.  

Later, osteological analysis and ancient DNA analysis came 
into the picture and concluded that the remains were female. 
Interestingly, this resulted in a number of prominent archaeol-
ogists either disputing the evidence that the remains were of a 
female warrior or denying that they were a warrior’s remains at 
all. Some would go on to argue that the presence of the weapons 
alongside the burial did not mean that she would have used them 
in life.  

I wonder whether this argument would have been made so 
openly if the remains were identified as male? There are clear bi-
ases in the investigators mind, linking war to masculinity, linking 
sex and gender.  

If, as outlined at the beginning of this article, sex is biological 
and gender is rooted in our personal expression, how are they 
perceived to be linked to each other? Perhaps it is societal.  

What is clear is that the investigation of gender in the past is 
still massively shaped by our own views of gender in the present. 
This case study led me to wonder why there were such muddy 
lines between sex and gender. Why is it that the biological sex of-
ten interferes with the societal expression of gender? Why does 
gender matter so much to science?  

Perhaps then, it would make sense to strip back to the ‘natu-
ral’ and look at how gender is related to biology. It is a common 
occurrence in popular culture: the idea of the male brain and 
the female brain. The male brain that is good at spatial aware-
ness and physics, and the female brain that is good at caregiving 
and emotions. How much evidence is there for this biologically 
speaking? Well, it’s complicated.  

There is a huge variation between individual brains, making 
differences between male brains and female brains a complex 
topic. At the end of the day, most brains have a mosaic of male 
and female qualities, with some mostly female or mostly male 
brains sitting at either end of the spectrum.  

Despite this, some avenues of science have helped to perpetu-
ate the binary construct of gender. Studies have looked into how 
male and female brains may perceive things differently at birth. 

One particular psychologist and neuroscientist, Simon Bar-
on-Cohen, argues that the testosterone exposure in the womb 
affects the male foetuses brain resulting in spatial awareness and 
natural dispositions towards physics, while the absence of tes-
tosterone in the womb for female foetus results in dispositions 
towards caregiving and emotions.  

Indeed, another study of female monkeys showed that, after 
an injection of testosterone on the day they were born, they 
showed more male behaviour than female behaviour. But how 
did they decide what was male and what was female behaviour? 
Did the testosterone injection have another effect that the re-
searchers were unaware of? This is a simple taste of the minefield 
that is sex and gender in the scientific space.  

What about looking into society to find some answers? 
Gender expression is at the forefront of young people’s minds. 
TikTok is filled with positive conversations about what gender 
means. Even Instagram is more inclusive to a diversity of gen-
der expression, allowing users to add their preferred pronouns 
to their profile.  

There is also huge discourse online surrounding issues with 
the spectrum of gender. JK Rowling controversially tweeted: “If 
sex isn’t real, there’s no same-sex attraction. If sex isn’t real, the 
lived reality of women globally is erased. I know and love trans 
people, but erasing the concept of sex removes the ability of 
many to meaningfully discuss their lives. It isn’t hate to speak the 
truth,” after a discussion sparked about using the term ‘people 
who menstruate’ instead of ‘woman’.  

Clearly, the mixing meaning of biological sex and gender is 
alive and well and we have far to go in this discussion. Of course, 
there are people who do not identify as women who menstruate. 
There are biological females who do not menstruate. Menstrua-
tion does not come hand in hand with gender expression.  

The concept of using the term ‘people who menstruate’ is ex-
plaining biology. Sex is real. The female gender is alive and well 
and many are able to discuss how their gender relates to their 
experiences. I also would pose the question of whether anoth-
er individual’s personal gender expression can affect my, or any 
other woman’s lived reality?  

This is a huge topic, and I have merely touched on a few small 
case studies on how the spectrum of gender is a key component 
of how we interpret lives in the past and navigate our own lives 
currently. It is a sensitive subject that some may take offence to 
discussing, but this should not stop us from engaging in these 
topics and educating ourselves.  

Archaeology as a discipline is constantly rewriting how they 
investigate sex and gender in the past and is opening up to the 
concept of a ‘third gender’ in their investigations.  

Critical responses to studies on the categorisation of male 
and female brains are being published, questioning the binary of 
these studies. JK Rowling continues to tweet about trans rights 
sparking heated discussions online. While this may cause anger 
for some, it has created meaningful discussion on these topics 
and led many to question what their own views are surrounding 
gender expression.  

I hope this article has also led you to question your own un-
derstanding of gender and led you towards considering the idea 
that it. may lie on a spectrum, separate from biological sex ■

Beyond the binary
BY CLARE BAKERHow gender was constructed 
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Why we need to rethink 
neurodiversity BY LIA HALE
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Y
ou have undoubtedly heard someone say “they must be on the 
spectrum” before, most likely referring to awkward behaviour. 
But what neurological conditions does the phrase actually in-

dicate, and has it overstayed its welcome in our vocabulary? 
Autism spectrum disorder (ASD) is a neurodevelopmental dis-

order, arising from abnormal development of the nervous system 
and altered brain function. Autistic disorder and Asperger’s syn-
drome both fall under the umbrella of ASD. These are character-
ised by social and communication deficits, as well as patterns of 
repetitive or stereotyped behaviours and thought processes.  

Symptoms include strong fixations on specific topics and/or 
repetition of certain physical movements or sounds. Every per-
son on the autistic spectrum presents a different combination of 
symptoms. From the point of diagnosis to lifelong symptom man-
agement, it is therefore both challenging and impractical to make 
generalisations about the autistic community. 

Defining and diagnosing ASD has never been straightfor-
ward. Following the hypothesis that various autistic disorders 
would eventually be linked genetically, autism was reclassified 
from a distinct disorder to a whole spectrum of disorders in 1994, 
50 years after it was first described. To understand why we now 
think of autism as a spectrum, we first need to understand the idea 
of neurodiversity. 

Sociologist Judy Singer first introduced the concept of neurodi-
versity in the late 1990s to change the narrative concerning neu-
rodevelopmental disorders. Singer suggested that disorders such 
as attention deficit hyperactivity disorder (ADHD), dyslexia and 
ASD are not disabilities at all, but natural variations in the func-
tioning of the human mind. This idea, perhaps unsurprisingly, has 
had mixed reactions. 

Moving away from the ‘disability’ label encourages us to ac-
knowledge the strengths of neurodiverse individuals rather than 
focusing solely on their behavioural deficits. This helps to prevent 
disability discrimination and ensures that people are not defined 
by their disability but by all aspects of their personality.  

However, there are also negative connotations to this reframing 
of neurodevelopmental disorders. John Elder Robinson, a passion-
ate voice for the autistic community says: “One thing that troubles 
me is what I see as the growing dismissal of our very real and varied 
disabilities thanks to our success promoting our exceptionalities.” 
By attributing some behaviours to natural variation rather than to 
pathology, we risk understating the severity and profound impact 
of ASD on a person’s life.  

It can also prevent individuals from receiving the help they need 
to manage their condition. “Autism has a medical side too and I’m 
concerned that it is getting overlooked in some circles,” notes Elder 
Robinson.  

A single gene or chemical abnormality has not yet been identi-
fied in connection with ASD. The lack of a known biological cause 
exacerbates this disregard for the medical aspects and challenges. 

The NHS has adopted the neurodivergent rather than medical 
standpoint on ASD, stating that “autism is not a medical condi-
tion with treatments or a cure”. With diagnosis most commonly 
occurring in childhood, it is of course important to be sensitive 
and careful about labelling a child as autistic.  

Accurate and positive representations of ASD in television and 
film are also important to reduce such stigmas. However, many 
representations have received a negative response from the autistic 

community. 
The 2021 film Music, directed by singer-songwriter Sia, was 

panned by both critics and the autistic community for its artificial 
and insensitive depiction of ASD. Worse than the portrayal of ASD 
itself was the strong use of flashing lights and colours in the film. 
This may seem immaterial, but epilepsy is in fact common within the 

autistic community, so that the film was alienating and inaccessible 
to the very people it should have benefited.  

This is just one of many examples of how media depictions of ASD 
have created a negative misconception of the disorder and this is 
further reinforced by the association between any socially awkward 
behaviour and being ‘on the spectrum’. 

Both the coining of the term ‘neurodiversity’ and the redefini-
tion of autism as a spectrum disorder are recent developments. The 
spectrum approach can much better account for the wide range of 
symptoms and heterogeneity of ASD. As a result, the phrase ‘on the 
spectrum’ has infiltrated our vocabulary to imply that a person sits 
somewhere on the autistic spectrum. As questionably defined by the 
Urban Dictionary (online), ‘on the spectrum’ is a “phrase used to de-
scribe a person with social tics and/or awkwardness usually associ-
ated with autism or Asperger’s syndrome.” An example given on the 
site for how to use the phrase is:  

“That kid seems a little off to me.” 

“Yeah totally – I think he’s on the spectrum.” 

Comments like these will almost certainly sound familiar. The 
phrase ‘on the spectrum’ is used almost exclusively to refer to ‘socially 
awkward’ behaviour, ignoring the other symptoms of ASD such as 
repetitive or stereotyped behaviours. This creates a very narrow view 
of how individuals on the autistic spectrum behave and reinforces 
the negative stigma surrounding the disorder.  

Time to phase out the phrase ‘on the spectrum’ from our vocabu-
lary: it has indeed overstayed it’s welcome. Although it may not be 
plausible to completely remove it from our societal lexicon, educat-
ing people on the nature of ASD and spectrum disorders is a step in 
the right direction. Don’t be afraid to call your friends out if you hear 
them using this phrase in a derogatory way – there are much easier 
ways to get a few laughs out of them that aren’t at the expense of the 
autistic community.  ■

The spectrum approach can 
much better account for the 
wide range of symptoms and 
heterogeneity of ASD
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In 1928, an event which occurred by mere chance revolution-
ised the course of medicine. Sir Alexander Fleming returned 
from holiday to his lab at St Mary’s Hospital in London to 

find that bacteria had not grown on one of his agar plates. Un-
knowingly, he had discovered the first ever antibiotic: penicillin.  

But it was more than a decade later before penicillin was in-
troduced as a treatment for bacterial infections. And it was not 
until the 1950s that half of the antibiotics we use today were dis-
covered.  

Half a century ago, antibiotics seemed like a miracle which 
could treat fatal infections such as bubonic plague, cholera and 
pneumonia, which had plagued previous generations.   

But in recent years, antibiotic resistance has become a global 
health threat. In 2015, the World Health Organization declared 
antimicrobial resistance as one of the top 10 global public health 
threats facing humanity. How did such a miraculous drug go 
from saving millions of lives every year 
to threatening them?  

The answer lies in the way that the 
misuse of antibiotics has so often led to 
antibiotic resistance. 

Antibiotics can be classified as 
either narrow-spectrum or broad-spec-
trum. Narrow-spectrum antibiotics are 
limited to acting on a selected group of 
bacteria, whereas broad-spectrum anti-
biotics can act on a wide range of bac-
teria.  

Broad-spectrum antibiotics have be-
come crucial in the control of various 
disease-causing bacteria by acting on 
both Gram-positive and Gram-nega-
tive bacteria. These two classifications 
of bacteria can be differentiated by the 
shapes and thicknesses their of peptidoglycan layers and out-
er lipid membranes. Gram-positive bacteria possess a thick 
peptidoglycan layer, yet this group of bacteria were found to 
be more susceptible to cell wall targeting antibiotics due to 
their lack of an outer membrane. Conversely, Gram-negative 
bacteria with a thinner peptidoglycan layer, which are bounded 
by an outer cell membrane in addition to a cytoplasmic mem-

brane, were found to be more resistant to antibiotics. An in-
creasing abundance of studies have also proposed that the outer 
membrane of Gram-negative bacteria has evolved as protection 
against antibiotic selection pressure.   

The most widely used broad-spectrum antibiotic is 
amoxicillin, which is prescribed for infections ranging from ton-
silitis and pneumonia to skin and ear infections. The wide range 
of bacteria that broad-spectrum antibiotics can target makes it 
an ideal drug for clinic practitioners to prescribe. Unsurprisingly, 
amoxicillin was found to be commonly overprescribed by den-
tists. However, it is precisely because of the indiscriminate use of 
broad-spectrum antibiotics that gives rise to unfavourable con-
sequences.   

Inappropriate intake and overuse of antibiotics give bacte-
ria a chance to develop mechanisms to overcome the antibi-
otic. The antibiotic acts as a selection pressure, causing bac-

teria to evolve via two mechanisms: 
spontaneous mutation and horizontal 
gene transfer. Spontaneous mutations 
are defined as errors in natural biologi-
cal processes, one example being errors 
in DNA replication. Meanwhile, hor-
izontal gene transfer is the movement 
of genetic material between bacterium, 
enabling bacteria to respond and adapt 
to their environment quickly. Therefore, 
with the inappropriate use of antibi-
otics, resistant strains of bacteria can 
swiftly outnumber non-mutant strains, 
meaning resistant bacteria strains sur-
vive and divide further. Eventually, the 
antibiotic is rendered as ineffective 
against the dominant strain, giving rise 
to antibiotic resistant strains.  

Conventionally, broad-spectrum antibiotics have 
been used to treat unknown bacterial causing infections, but 
what happens when they become ineffective?  Aggressive an-
tibiotic strategies may be associated with a higher mortality 
rate compared to a more conservative approach. Overuse of 
broad-spectrum antibiotics for pneumonia was even reported 
to lead to even worse conditions such as longer hospital stays, 

Broad spectrum 
antibiotics 

 BY WEN XIN KANG

A response to structural Problems?
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greater costs of care and increased rates of Clostridium diffi-
cile, an infectious type of diarrhoea associated with the side ef-
fects of antibiotics.   

Despite the imminent threat of increasing antibiotic resistant 
bacteria strains, the use of broad-spectrum antibiotics contin-
ues. There are a range of reasons why. 

Firstly, in many countries, poverty drives individuals to wait 
until they are in a critical condition before seeking healthcare. 
This makes the use of broad-spectrum antibiotics seem neces-
sary, as they can quickly combat severe infections.   

Secondly, many people still believe that antibiotics are a 
magic bullet for everything.  An EU survey reported that 67% 
of respondents did not know that antibiotics do not treat virus-
es. This is worrying, as it suggests a high level of misuse. 

 A typical mechanism in which antibiotics fight infections 
is by attacking bacterial cell walls, however viruses have a pro-
tective protein structure that cannot be targeted by antibiotics. 
Hence, a lack of public knowledge surrounding antibiotics may 
also drive the use of broad-spectrum antibiotics. Fortunately, 
there have been many legal frameworks put into place, mak-
ing over-the-counter sales of antibiotics illegal in all Member 
States of the European Union.    

There are also individual factors impacting the overuse of 
broad-spectrum antibiotics. Although aware of antimicrobial 
resistance, doctors know that broad-spectrum antibiotics are of-
ten effective very rapidly. They are seen as a quick solution when 
doctors are fearful that the patient’s condition might detoriate 
before the cause of the infection is found. 

This is further driven by the fact that doctors are pressured by 
stewardship goals. Let’s say a doctor did not decide to prescribe 

a broad-spectrum antibiotic when it was needed, they could po-
tentially lose the ability to attract future patients, putting their 
career under threat. Using the broad-spectrum antibiotic satis-
fies the patient, and secures the reputation of the doctor and the 
hospital they work in. Additionally, the use of broad-spectrum 
antibiotics in public hospitals is also due to limited resources, 
such as exceeded capacity. This results in the constant pres-
sure for doctors to discharge patients, making broad-spectrum 
antibiotics prescription incredibly attractive.   

A new movement known as “Antibiotic Stewardship” pro-
motes the use of the right antibiotic for the right infections. 
This puts narrow-spectrum antibiotics at the focal point of anti-
biotic prescription. Increasingly, healthcare institutions world-
wide have realised the detrimental effects of the overuse of 
broad-spectrum antibiotics. Therefore, more focus is put on the 
prescription of narrow-spectrum antibiotics to target specific 
strains of bacteria directly. Physicians are encouraged to moni-
tor each patient on a case-to-case basis, in order to prescribe the 
most suitable antibiotic based on the patient’s profile.   

The over-prescription of broad-spectrum antibiotics is 
driven by factors at the individual, social and structural level. 
To minimise this problem, policy makers, education providers 
and professional organizations must address the issue of anti-
biotic resistance and enforce developmental standards, as well 
as providing guidance and training for clinical practitioners. 
Antimicrobial stewardship efforts should recognize the need for 
collective and organization wide collaboration to successfully 
solve the issues driving reliance on broad-spectrum antibiot-
ics.  ■ 

ART BY SHUQI YANG

23

medicine



F
rom genome sequencing to the use of antibiotics and vaccines, 
modern biomedicine has undergone vast developments in the 
last few centuries. Having risen to such a high level of success, 

these advancements mean that some of the most debilitating con-
ditions affecting even the most isolated communities can be treat-
ed or managed through (Western) biomedical practices. However, 
we must consider that within these isolated communities, human 
life has prevailed for just as long, without a whisper of biomedical 
practices – pills, surgeries, or even hospitals – nor any outside in-
fluence in sight.  

In isolated or rural communities, the management and treatment 
of health conditions is often conducted using non-conventional 
medical practices.  Many communities have masters who possess 
detailed knowledge on a wide range of health-related issues, which 
has often been passed down for generations, or between experts. 
These experts range from midwives to herbalists, as well as those 
called ‘witch doctors’ or ‘shamans’ by Westerners, who can also be 
considered spiritual healers. People go to these healers when they 
are ill or require personal spiritual guidance. Although they take 
very different approaches, both Western biomedicine and tradi-
tional medicine have the same core value: to heal people.  

But what does it mean to ‘heal’ someone? And what is used to 
heal, and by whom? Attitudes towards these questions is where the 
two approaches begin to diverge. 

when thinking about illness or disease, the biomedical 
approach to healing views the patient experience as universal. In 
other words, when a medical professional from a biomedical-ed-
ucated background treats a patient, the assumption is that the pa-
tient suffers the same way any other patient would from the same 
disease. 

This assumption could include physical lesions or dysfunctions 
a patient suffers from, i.e. the ‘signs’ of the disease, such as bodily 
irregularities, which can commonly be measured by clinical or lab-
oratory procedures.  On the other hand, dysfunctions could refer 
to ‘symptoms’ (expressions of distress the patient feels) communi-
cated to the professional as an ordered list of ailments. 

The biomedical knowledge of disease, therefore, is a universal-
ized view of patient experience, often with little regard of other 
personal attributes that may affect a patient’s experience of dis-
ease. As such, the biomedical approach can be referred to as an 
‘internalising discourse’ of disease and is a discourse which differs 
significantly from that of a traditional approach. 

A traditional approach for example, views a disease – as well 
as any episodes of a disease – as unique from person to person. 
When a patient is treated by a traditional healer, their experience is 
viewed as something that affects them, and often only them in that 
way, compared to other patients suffering from the same disease. 

Traditionally, disease is commonly attributed to spiritual or cos-
mic order, or framed as a result of misfortune or chance. Signs of 
disease are often incidents removed from or occurring outside of 
the body that are seen as ‘meaningful’, such as social or physical en-
vironments and behaviour of the individual and/or their relatives. 
These incidents are not able to be measured clinically or by using 
traditional laboratory-based methods. 

in this sense, the traditional knowledge of disease is a very 
specialized view of patient experience, with consideration of all as-
pects of the patient’s life – spiritual (external) as much as physical 
(internal). This is why the traditional approach can be referred to 
as being an ‘externalised discourse’ of disease. 

Ideas centred around biology and nature view both the body 
and disease as objective and universal, in contrast to ideas centred 
around history and culture, which view the body and disease as 
subjective and relative to individuals.  

Often, interpretation of these ideas condenses their nu-
anced meaning, transforming the contrasting ideas into a dichot-
omy considered to be ‘biomedical knowledge’ versus ‘medical be-
liefs’. We must think critically of these dichotomies surrounding 
interpretations of medical and health knowledge – not only is this 
a simplified view of these ideas, but a problematic one.  

For instance, it raises questions regarding interpretation of med-
ical knowledge: how can we interpret medical knowledge that ap-
pears, or is being interpreted as, false or misguided? Is it possible 
to interpret medical knowledge this way? These questions remain 
a contentious issue in medical sciences, but also one which health 
professionals are becoming more and more interested in investi-
gating. 

Regarding the perspective of ‘biomedical vs traditional knowl-
edge’, the primary issue is that medical education within the Global 
North is predominantly taught through a lens which champions 
biomedical knowledge and disregards less ‘measurable’ traditional 
methods. However, it is important for the advancement of Global 
Health that we put in effort to understand, accept, and possibly 
even implement some of these practices. In areas where access to 
biomedical care is expanding, it is already common for citizens 
to practice medical pluralism, i.e. to seek medical advice and care 
from more than one type of medical practitioner, (a biomedical 
doctor, herbalist, acupuncturist etc). 

There are many cases where this practice has been beneficial to 
societies, including in the Global North - how many times have 
you reached for a hot cup of chamomile tea when you need to re-
lax, for example? This ‘treatment’, along with some antimalarial 
medication (like Artemisia annua) or remedies for diarrheal ill-
nesses, are all examples of successful medicine which is rooted in 
the traditional rather than the biomedical. Further, the two systems 
of medicine have been able to coexist in certain societies. In Brazil, 
evidence suggests that medicinal plants and biomedical treatments 
targeting circulatory or nutritional issues/diseases were turned to 
at similar rates within some communities, even as access to ‘mod-
ern’ forms of medicine became more accessible. 
The medical establishment accepts that it has much to learn 
from traditional healing methods, but it is on the right track. Since 
2002, the World Health Organisation has acknowledged use of tra-
ditional medicines and prompted more research to be conducted 
into the topic.   

With the constant new challenges healthcare faces today, glob-
al health practices must rise above stigmas attached to traditional 
healing to facilitate cross-cultural education, improve organization 
of the health sector and ultimately, enhance treatments in health-
care globally. ■

The treatment spectrum
Why we shouldn’t discount Traditional Healing Why we shouldn’t discount Traditional Healing 

practices in favour of Western Medicinepractices in favour of Western Medicine
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L
ittle is known about the creatures of the deep. Rumour has it there is still 
90 to 95% of the planet’s oceans left to be explored. The funny thing is, we 
do not even fully understand the small proportion of marine life we claim 

to have discovered. 
Cephalopods are a fascinating sub-class of molluscs, better known by their 

colloquial names: octopus, squid, and cuttlefish. This cheeky trio has eluded 
scientists for centuries, if not millennia. Way back in 350 BCE, Aristotle ob-
served that the octopus “seeks its prey by so changing its colour as to render it 
like the colour of the stones adjacent to it; it does so also when alarmed”. This 
quote is regarded as one of the first reported findings of cephalopods’ ability 
to camouflage. 

Alright, big deal – we’ve all watched the Discovery Channel. But this is 
where it gets interesting. Cephalopods are in fact biologically colour-blind. 
Their retinas only possess one type of opsin, or photoreceptor, meaning they 
quite literally cannot see colour.  

Yes, you read that correctly. These creatures manage incredible feats of 
camouflage even though they are unable to perceive the colour of their back-
grounds.  

CRACKING THE PARADOX 
Faced with this apparent contradiction, a research team of father and son set 
to uncover the mystery of how cephalopods determine what colour to change 
their skin to. Alexander L. Stubbs (of University of California Berkeley) and 
Christopher W. Stubbs (of Harvard University) proposed a solution to the 
paradox in their 2016 PNAS paper, ‘Spectral discrimination in color blind an-
imals via chromatic aberration and pupil shape’.  

Their idea is that cephalopods indeed do not see colour, but they use a 
variety of other mechanisms to conclude spectral aspects in a scene. These 
mechanisms are off-axis pupil shape, accommodation  and range. 

OFF-AXIS  PUPIL  SHAPE 
Cephalopods possess an alien-looking pupil: semi-annular and off-axis, not 
unlike a smiley face at the base of their eyes. It has a much larger surface area 
than circular on-axis pupils – such as the ones humans have.  

In Fig.1, diagram A shows how a human pupil focuses light, while diagram 
B is an example of a cephalopod pupil. The latter transmits light with a larg-
er ray height (h), which means that each wavelength, corresponding to each 
colour on the visible spectrum, is focused at a specific point on the retina 
without interfering with other wavelengths.  

This phenomenon is rather counter-intuitively named ‘chromatic blurring’, 
or ‘aberration’. In essence, it means that colour can be distinguished by focus-
ing the rays of light at a shorter or longer distance from the lens. A downside 
to this is that visual acuity is impaired; it appears that cephalopods sacrifice 
sharp sight in favour of increased chromatic blurring.  

Humans, by comparison, have excellent visual acuity, but colours get mixed 
up on our retina. Luckily for us, we possess three types of light photorecep-
tors (red cones, blue cones, and green cones), which allow us to differentiate 
colours in post-processing. 

ACCOMMODATION 
So how exactly do cephalopods focus the rays closer or farther away? By a pro-
cess called ‘accommodation’, which all of us do daily without even realizing. 
The crystalline lens in the eye is held in place by two very small muscles that 

can change its curvature, or focal length. A thick lens will focus rays coming 
from an object up-close, while a thinner lens is used when looking in the dis-
tance.  

If you are looking at an object with the wrong lens curvature, it will appear 
blurred. Humans are unable to consciously control these two small muscles, 
but cephalopods can. 

When faced with a scene, these creatures perform a ‘scan’ through differ-
ent focal lengths. They modify the focal length of their lens, from smallest to 
largest, until they find the point where the image looks crystal-clear. Think of 
it as a film camera that ‘zooms’ in and out until the scene is in perfect focus.  

Knowing what focal length they used to obtain the sharpest image, cepha-
lopods can conclude what colour it corresponds to. Fig.2 shows the relation-
ship between range and accommodation for different wavelengths.  

However, a problem becomes evident: a focal length of 12.2mm might indi-
cate a blue object close to the animal, or a red object 4m away. How do cepha-
lopods know which one it is? Well, they have one final trick up their tentacles. 

RANGE 
Cephalopods possess an innate ability to determine the distance to an object. 
This is part of the reason why they are so good at projecting their tentacles 
to capture prey. It is also why they can overcome the ambiguity shown in 
Fig.2 – using this additional skill, they estimate the range and conclude if the 
object is indeed blue or red. The disambiguation range, or Rd on the plot, is 
the distance beyond which each wavelength is focused at a different accom-
modation value. 

V ERIFYIN G T H E H YPOT H ESIS 
The researchers make some interesting (if not ambitious) claims, so all that is 
left to do is test this hypothesis. Unfortunately, the paper is somewhat lacking 
in this regard, as the testing was not done on live cephalopods, but rather on 
a MATLAB model of an Octopus australis eye.  

The model was based on data from a 1999 paper and it generated a ‘hy-
perspectral image cube’, which sounds like something straight out of Doctor 
Who. In short, it is a superposition of all the images that the Octopus australis 
retina might see at different wavelengths and accommodations. 

The results of the test are rather promising, as they confirm the initial theo-
ry: cephalopods’ semi-annular off-axis pupils, in conjunction with the accom-
modation and range mechanisms, maximise chromatic blurring and allow 
them to distinguish colours. Three test patterns were used; it was found that 
cephalopods can differentiate between black and yellow, black and blue, but 
not yellow and blue. The reason appears to be that the very similar irradiances 
of these two confuse the animal. 

WH AT N EX T ? 
The ultimate conclusion of this paper is that although cephalopods cannot see 
colour in the traditional sense, they have evolved other mechanisms that al-
low them to understand what colours exist in a scene. This is why they possess 
unusually large optic lobes in their brains – they require a lot of computation-
al power to process all this visual data. ]

At the moment, this is the most widely believed theory on the topic. What’s 
more, the authors seem confident that other animals, such as dolphins and 
spiders, might be using similar techniques to achieve spectral discrimination. 
As this is still a disputed matter, the years to come could see new papers being 
published that disprove everything we thought to be true . ■ 

Colour blind, but colourful BY IOANA ESANU

Fig. 1: Comparison 
of small on-axis 
pupil and semi-an-
nular off-axis pupil

Fig. 2: Range-colour-fo-
cus relationship in a 
cephalopod lens. 
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F
astened, unhooked, floating, sinking. Victor Vescovo 
catches a last glimpse of the world above, the waves lap-
ping at the submersible portholes. The American under-

sea explorer is heading to the final frontier, the furthest reach-
es of our blue planet: Challenger Deep in the Pacific Ocean’s 
Mariana Trench. Aboard the Limiting Factor, a titanium cap-
sule specially designed for this expedition, Vescovo sets off to 
the deepest known point on planet Earth. 11 kilometres is no 
great distance on land – a short car ride to the shops. Vertical-
ly under water, however, the same distance separates worlds.  

Five minutes after diving down, the submersible crosses 
into the ‘twilight zone’. 200 metres down, light here is already 
too faint for algae to photosynthesise. These dusky waters are 
the realm of bioluminescent creatures – creatures that glow 
in the dark. Peering through the porthole, Vescovo marvels at 
their flickering light displays, like dancing specks reflected off 
a disco ball. 

Light does not reach far below the surface of the ocean. It 
is gradually absorbed and scattered in the water, decreasing 
in intensity with depth. This process is called attenuation and 
results in just one per cent of light penetrating beyond 100 
metres. Matters get more complicated because different wave-
lengths of light are absorbed at different rates. Attenuation 
is faster at the extreme ends of the visible spectrum than in 
the middle. So, longer wavelengths are absorbed first – red, 
orange and yellow are the first to go. Purple light disappears 
shortly thereafter. We are left with blue and green, which is 
why everything has a blue tinge under water. 

Light attenuation also explains why bioluminescence in 
the twilight zone is blue: other wavelengths would be invisible. 
Many ‘monsters of the abyss’ use this to their advantage. Take 
the anglerfish – the deep-sea’s champion of the weird. This 
species dangles a bioluminescent lure over its head, waiting 
for any prey to take the bait. Known as photophore organs, 
such lures host bioluminescent bacteria that produce a blue 
glow visible to other creatures of the deep. While some spe-

cies emit light to attract prey, others have acquired this skill as 
a defence strategy. The vampire squid, a bizarre tent-shaped 
animal which can turn itself inside out, ejects bioluminescent 
fluid when it feels threatened. This could simply distract the 
predator or, like a burglar alarm alerting the police, attract an 
even fiercer predator to deal with the first threat. 

Counter-intuitively, bioluminescence is used by some spe-
cies as an invisibility cloak. Some predators, like the bar-
rel-eyed fish, are sensitive enough to detect the shadows of 
prey swimming above. But the hatchet fish has mastered 
a vanishing trick to avoid the gaze of such hunters. It has 
evolved bioluminescent structures on its underside to match 
the down-welling light. Casting blue light instead of a shadow, 
it becomes invisible to even the most astute predator. 

Another twenty minutes and the Limiting Factor reach-
es the midnight zone, 1000 metres below sea level. No traces 
of sunlight here, only darkness. This is the least known realm 
of the ocean, the huge expanse of open water surrounds the 
submersible like a limitless, moonless night. In the words of 
ocean explorer Jon Copley: “This is a world without walls, in-
habited by creatures of ethereal beauty.” 

 One such creature is the blood-belly comb 
jelly. Simultaneously menacing and dazzling, the 
blood-belly displays fascinating adaptations for 
life in the deep ocean. Its crimson stomach serves 
to camouflage the luminescent prey it con-
sumes, which could attract predators. Red 
light is completely absorbed at these depths 
and therefore invisible to most creatures. 
Less discreet are the rippling colours 
which run down eight rows of 
hair-like structures, beat-
ing rhythmically to pro-
pel the jelly through 
water. The psychedel-
ic display is not biolu-

Don’t be afraid of the dark
BY SASHA PARE
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minescent, but white light diffracting and refracting off these 
transparent hairs. As such, it is only visible when human op-
erated machines shine their torches on a specimen, or if a jelly 
ventures up into the twilight zone. 

 The midnight zone is also home to more frightening freaks 
of the deep such as viperfish and dragonfish. You may have 
grown tired of Googling species now, so let me assure you that 
the names are rather self-descriptive. Prey is hard to come by 
at these depths due to the unforgiving high-pressure condi-
tions and scarce food supply. Predators have evolved expand-
able stomachs and flexible jaws to tackle any prey that comes 
their way. Remarkably, dragonfish also have ‘headlights’ under 
their eyes to help them detect the next meal. These emit red 
light and go unseen except by the predator, whose colour vi-
sion is boosted by special eye pigments. 

 After a perilous four-hour descent into the abyss, it is 
official: on 28 April 2019, Vescovo has made history by record-
ing the deepest submarine dive ever at 10,928 metres. 
The last time someone made it this far down was 

in 1960, when Jacques Piccard and Don Walsh dove to 10,916 
metres aboard the Trieste. Vescovo now has four hours to ex-
plore the basin, the longest time spent by a person at the bot-
tom of the ocean. “It was an incredibly peaceful place,” he said 
in an interview after the exploit. “These are places that have 
never been visited by man, they’ve been isolated for hundreds 
of millions of years.” 

Hundreds of millions of years of evolution have given rise 
to some of the most absurd-looking species on this planet. 
Spanning from the folkloric myth of the Kraken all the way 
to children’s cartoons like Finding Nemo, the deep ocean has 
always been a source of inspiration. As we venture further into 
its unknown depths, we must ask ourselves what is spurring 
us on. There is a wealth of knowledge to be gained, including 
new medicines and clues on the origins of life. The seabed is 
also a reservoir of precious natural resources, the exploitation 
of which no longer poses a technical challenge. It is up to us 

to strike a balance: curiosity should be the 
driving force, not greed. ■

ART BY WILLIAM HORNBROOK
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Why the hierarchy of the sciences no 
longer serves us 
If covid-19 has taught us anything, it is that a 

multi-disciplinary approach is the best way to work at a 
problem. If this is the case, why are still viewing the sci-

ences in a hierarchy? Physics (and other natural sciences) 
is seen to be an extremely elite discipline in the sciences. 
While not everyone can study it and pursue a career in 
it, does it still hold value to be seen as one of the most 
essential sciences? It is clear that there is a hierarchy in 
the way we view science and the humanities, but should 
we continue this way? 

There are increasing examples to show that we cannot 
separate science from society. For the first time on such an 
urgent global scale, politics, social sciences and biological 
sciences have tried to work together to fight against this 
pandemic. This then begs the question, should there still 
be a hierarchy in the way we view science? But let’s first 
understand where this theory originated from.

the concept of hierarchy in science originated 
from Auguste Comte, a famous philosopher who intro-
duced positivism in the 19th century. His theory states 
that different sciences hold various levels of importance 
in society, and they can move up or down this scale of 
importance over time. 
The idea was to supply an encyclopaedic scale of the sci-
ences from the most complex to the most general (con-
sensus forming). Thus, the bottom of this scale would be 
sociology, astrology etc. The top of the scale would be 
mathematics and physics. When this theory was created, 
it supplied a structure for the sciences to grow, develop as 

independent fields of study and allow for some overlap. 
There were many benefits to such classifications. The the-
ory was created to supply a structure, but this led to soci-
etal changes in how the sciences were perceived.  

The hierarchy in the sciences is not only prevalent in the 
space where science is done, but it is also present in the 
space where science is consumed. The natural sciences are 
given more importance in the way they are taught, spoken 
about, reported on and celebrated. This may arise from 
the fact that natural sciences are based on consensus (as 
Comte suggested) and less on interpretation, thus being 
more strongly associated with ‘facts’ about the world, giv-
ing them more importance than the social sciences that 
are rooted in complexities.  

The classification of the sciences changed the way natu-
ral scientists viewed their role in scientific society. Robert 
Merton, an American sociologist, known for introducing 
norms to adhere to in science, said that scientists came to 
regard themselves as independent of society and consider 
science as a self-validating enterprise within society but 
not of it. 

Now, this may be a consequence of the theory of hier-
archy. Still, there is no denying that the separation of the 
natural sciences from social sciences had no role in the 
scientists’ view of their position in society and the impact 
of the science they were doing.  

We are seeing increased examples of where interdis-
ciplinary research and practices are better than separat-
ed disciplines. Though different scientific disciplines are 
not practised in the same exact way, applying this hierar-
chy among the sciences may not be helping the scientific 
method. Fundamentally it might not make sense to com-
bine, for example, politics and physics, but the structure 
of our society prevents us from keeping them separate.

 The natural sciences and the social sciences influence 
each other more than we realise. As C. P. Snow, a novelist 
and physical chemist said in his famous Two Cultures lec-
tures in 1959, there is a lack of communication between 
the two cultures of modern society – the sciences and the 
humanities. He called for a better understanding of the 
disciplines as the only way to consider solving world prob-
lems. As a member of both the sciences and humanities, 
he was appalled at the lack of collaboration. 

Snow found the educational system to be the root of 

BY VAISHNAVI MOHAN

THE HIERARCHY IN THE 
SCIENCES IS NOT ONLY 

PREVALENT IN THE SPACE 
WHERE SCIENCE IS DONE, 
BUT IT IS ALSO PRESENT 

IN THE SPACE WHERE 
SCIENCE IS CONSUMED. 
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this divide; he claimed that the Victorian-era education-
al system focused too much on the humanities and did 
not supply enough tools to prepare the British elites for 
the scientific world. Has anything changed in the past 60 
years? Clearly, the educational system is not still favouring 
the humanities, but have we moved too far into support-
ing science to create an imbalance again?  

We are moving away from the concept of science as sep-
arate from society. The connections between science and 
society are intimate, to say the least, and the sooner we 
acknowledge that the further we can progress with sci-
ence. One of the most classic examples of science existing 
in close connection with society is the Manhattan Project 
(USA’s effort to create an atom bomb during World War 
II). It was the epitome of collision between politics and 
science. Suppose this unknowing overlap and association 
have existed for years; why are we only now fully able to 
incorporate the two disciplines?   

We see it clearly in the discourse surrounding GM crops 
or gene editing. Science cannot exist in a vacuum within 
an impenetrable tower of ivory. These areas of scientific 
research need to engage critically with the social scienc-
es to better understand its societal implications. This is 
one of the main reasons for dismantling the hierarchy and 
promoting collaboration between all disciplines. 
The COVID-19 pandemic has seen a slight change in 
this connection, prompting scientific institutions to adopt 
interdisciplinary research methods. For example, the 
Cambridge Infectious Diseases (CID) is a virtual centre 
for interdisciplinary research that benefits innovation to 
all industries, government and society with collaborators 
from all sciences (physics, computer science to social sci-
ences and humanities). 

While there are institutions like CID and The United 
Nations Research Institute for Social Development work-
ing to ensure social equity and inclusion in policymaking, 
especially regarding COVID-19, there are still studies 
showing collaboration between multiple disciplines has 
been ignored during the pandemic.  

Science is fundamentally the pursuit of knowledge but 
is our quest for progress in knowledge supported by re-
stricting the definition of knowledge? Although the con-
cept of subject separation and hierarchy is helpful for the 
purposes of controlled academic research, a multi-disci-
plinary approach may be more applicable to real-world 
problems, as showed by the rise of institutions working 
on interdisciplinary research. ■

ART BY DEBORA  POLLARINI



Can you imagine going on a road trip or doing the dishes 
without today’s top hits or your favourite radio show on in 
the background? We take this entertainment for granted 

but prior to the 19th century, the idea of everyday wireless radio 
communication was nothing more than a fantasy. Even after the 
development of the radio in the late 1800s, decades went by before 
radio sets became common fixtures in cars and homes. Radio has 
changed how the world communicates over distances both near 
and far, and its history is more recent than we might think. 

THE DISCOVERY OF RADIO 
TECHNOLOGY 
It all began in the late 1880s with the German physicist Heinrich 
Hertz, who proved the existence of electromagnetic waves. These 
are vibrations formed when electric and magnetic fields collide. 
His name was immortalised in the unit Hertz (Hz), a measure 
of the frequency of waves. In his experiments, Hertz used a fre-
quency within what later became known as the radio spectrum, 
ranging from 30 Hz to 300 GHz (Gigahertz: 1 billion Hz). In the 
wake of his discovery, many of Hertz’s contemporaries identified 
electromagnetic waves as a navigation tool and as a means of com-
munication. 

While no one argued over the potential for widespread use of 
Hertzian waves, the question of who invented the radio – a de-
vice able to transmit and receive Hertzian waves carrying sound 
messages – remained contentious. The first historical record of 
such an apparatus goes back to Nikolai Tesla, who demonstrated a 
wireless radio in St. Louis, Missouri in 1893. To this day, however, 
it is Guglielmo Marconi who is generally referred to as the father 
and inventor of the radio. Not only was Marconi awarded the very 
first wireless telegraphy patent in England in 1896, but he also be-
came the first person to transmit radio signals across the Atlantic 
Ocean, securing his place in the history books. 

STORMY SEAS: RADIO WAVES IN 
WORLD WAR I 
At the start of the 20th century, the primary use of the radio was 
to contact ships out at sea. However, radio communications re-
mained largely unreliable as the transmission signal was weak. 
Radio operators often used Morse code messages instead. This 
was particularly valuable to vessels and critical in emergency sit-
uations. With the beginning of World War I, the importance of 
the radio became indisputable, and its usefulness increased sig-

nificantly. Throughout the war, the military used it extensively to 
send messages back and forth between armed divisions in real 
time, without having to rely on physical messengers. 

INCREASING THE VOLUME 
The Roaring Twenties saw broadcasting stations emerge across 
North America and Europe, prompting people to purchase radi-
os for private use. In 1920, the electrical manufacturing company 
Westinghouse received the first commercial radio license on re-
cord. Westinghouse was also the first company to advertise the 
sale of radios to the public, making them a staple in the American 
household. Home-built radio receivers posed a problem for radio 
manufacturers, however, as they constituted a viable alternative. 
As a result, the US government introduced regulations under 
which only some companies were approved to build transmitters 
while others could make receivers. At the same time, broadcast-
ing companies such as the Columbia Broadcasting System (CBS) 
and the National Broadcasting Company (NBC) surfaced. Both 
adopted so-called ‘toll broadcasting’, which allows anyone to use a 
licensed radio station for a given fee. 

In the UK, radio broadcasting started in 1922 with the formation 
of the British Broadcasting Company (BBC) in London. Thanks 
to regular broadcasts across the country, BBC radio became the 
leading source of information for the public, even trumping the 
newspapers. In both North America and Europe, radio also be-
came a source of entertainment. Gathering in front of the radio 
with family or friends was soon considered a fundamental part of 
the Roaring 20s identity and thereby became a cultural practice. 

FROM NEWS TO ENTERTAINMENT 
During the Second World War, the radio served to directly inform 
the public of events on the battlefield. Governments used radio 
technology to rally public support for war operations. This was 
particularly prominent in the UK as the newly created television 
stations temporarily shut down, making radio the main source of 
information. After the war, the primary focus of radio changed 
back to entertainment. Serial programs were gradually replaced 
by shows playing popular songs of the time, with formats like the 
‘Top-40’ in music increasing in popularity. Radio stations also ex-
perienced a major shift in their target audience, away from fam-
ilies and towards specific age groups, from children to adults in 
their mid-thirties. 

In time, the terms ‘music’ and ‘radio’ became interchangeable, 

From Marconi to mainstream

ALEX HÄUSER EXPLORES THE HISTORY OF RADIO TECHNOLOGY, FROM THE DISCOVERY OF 
RADIO WAVES TO A STAPLE OF MODERN LIFE. 

How radio waves changed the world
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which was reinforced by the large-scale switch from frequency 
modulation (FM) to amplitude modulation (AM) radio. FM works 
along a greater bandwidth of frequencies than AM and can there-
fore cater for more sound pitches and produce better quality. This 
development guaranteed a consistent relay of different songs and 
blazed the trail for various new musical genres over the following 
decades – from rock and roll and jazz, to country, R&B and disco. 

THE PRESENT AND FUTURE OF RADIO 
Nowadays, the use of Hertzian waves has become more wide-
spread than Tesla or Marconi could have possibly imagined. While 
traditional radios remain a relic of the past, radio has evolved to 
keep pace with technological advancements – take satellites and 
streaming internet stations for example. Today, not only do we 

consider radios a staple in homes, but also in vehicles. As well as 
music, we tend to enjoy the educational value of radio talk shows. 
New digital short-range radios have made the workplace more ef-
ficient, and handheld radios are essential in TV production, sports 
and commercial airline operations. Recent trends have shown that 
the use of radio is bolstered rather than challenged by new tech-
nology. The growing prevalence of voice-activated speakers such 
as Amazon Echo or Google Nest raise the profile of all forms of 
radio entertainment, encouraging people to listen to them as part 
of their daily routine. 

If you want to learn more about the wonders of radio, I warmly 
recommend I, Science’s weekly radio show on Mondays, 6-7 pm. 
Every week there is a different theme coming from the world of 
science! Tune in via the IC Radio website: https://icradio.live/ ■

ABOVE: ART BY RUIAN FU
LEFT: ART BY LUCY DUKES
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“3…2…1…” 

The muffled soundscape of clanking stopped, and a deaf-
ening quiet settled over the spaceship. 
We had arrived. 

In a series of over-practiced motions, which have become 
as ritualistic to us as breathing, we each execute the pro-
cedures as the spaceship’s gate opens with an insistent 
whirring. 

My suit stiffens as I step out. I eye my crew members and 
we nod to each other.  

Mountains with towering spikes like lone sentinels bisect 
the horizon in mystical layers of emerald on emerald. An 
abundance of chromium which has carved itself into stra-
ta of viridescent minerals. 

“Breathing support not required,” the voice of Inanna, 
my suit’s AI, sounds through my earpiece. “Safety levels: 
green. Oxygen: 22%. Carbon dioxide: 0.03%. Nitrogen: 
79%. Hospitable conditions similar to Planet Earth.” The 
words end with a flat line of muted silence.  

There is a tingling sensation in my fingertips; I want to 
touch something belonging to this vivid world, with its 
sky’s bold bricks of yellow and pink colour blinking in and 
out of existence. 

A humming grows louder. “Object approaching. 97.7 ki-
lometres per hour,” Innana announces. 

I instinctively glance at the crew. 

“Attention!” The voice of Andiana, our Commander, 
reaches my ears. The seven of us spread out into a star-
like formation, with Andiana at the front. 

The object, a dark grey hovering carrier, halts in the air 
and lands. Its sides shimmer like a glass screen collapsing 

into infinite blocks, re-arranging themselves into disap-
pearance. It delivers five slender figures, tall and dressed 
in a reserved grey and airy ensemble. 

“Welcome to Planet Dius,” one of the figures says. 

 My composed expression falters at how human the voice 
sounds. Andiana takes two steps forward at a measured 
pace and bows her head in respect. She lays her palms out 
in front of her, each of them facing skywards.  

 “Thank you for hosting us.” 

 A Diusian comes forth from behind his companions. 
With his index finger, he draws a circle in the air. Between 
us Earthlings and Diusians, a large circular table and 
stools materialise. I swallow nervously. 

 “Let’s be comfortable, shall we?” The Diusian offers, ex-
tending his hand. His long face, nearly elf-like, glows with 
an iridescent purple sheen. 

 “My name is Anu,” he says as everyone sits down. We 
each proceed to give our names.  

 “We are glad to have Earth visitors here.” Anu holds our 
gaze, an impish smile playing on his lips. 

 “We have come, young and curious, to seek answers Diu-
sians would perhaps hold the knowledge to,” I state. 

 “There isn’t much we know that Earth hasn’t already ex-
plored.” Anu replies softly. 

 I edge forward on my stool. Next to me, my crew mem-
ber’s voice rings out with clarity and poise: “For the longest 
time, Earth has been investigating the statistical paradox for 
the existence of far more advanced intelligent species in the 
Universe. When we connected with your message ‘we have 
watched over you since the beginning,’ it sent shockwaves 
through Earth’s human population. We were humbled. And 

Spectrum
BY QIU XIA 
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we would be honoured to learn more.” 

 The Diusian sitting across from me raises an eyebrow, her 
long silvery hair catching the dancing reflections of Dius’ twin 
suns. “I sense a large retinue waiting not too far from Planet 
Dius, ready to land. They must be equally curious about his-
tory.” 

 I freeze. Our two hundred and fifty spaceships are waiting at 
a safe distance, near undetectable. This was to be humanity’s 
largest mission in our exoplanet-bound trip to date. 

 “We were hoping that this exchange would be fruitful in op-
portunities for us to share knowledge and culture. We come as 
friends, bearing utmost respect and gratitude for you welcom-
ing us on Dius.” Andiana smiles warmly, each word weighted 
with genuine sincerity.  

 “That is all well and good,” interjects the child-like Diusian, 
Neith, as he smiles back at Andiana with crushing innocence. 
“It is true that we have watched humans for a long time. We do 
not like to intervene for it offers space for peace.” 

 “Perhaps it is us who are too curious to know how long we 
have shared bonds with you.” Andiana acknowledges. 

 “Time is a concept refined by humans.” Neith’s gaze meets 

each of ours. “We originally created it to offer a sense of pur-
pose.” 

 Created. For the first time, I feel mounting distress as I furtive-
ly lock eyes with my closest crew members. 

 “Then, to which reality do we belong?” I ask. 

 “It isn’t necessary to know which simulation you belong to. 
We were simply curious that we, the Creators, meet our cre-
ations. We wanted to know: what would happen to the primal 
drive of humanity if they were given a chance at the universe? 
What would happen to humanity’s ego and the collective hu-
man consciousness?” 

 Thoughts of our waiting fleet of warcraft flash in my mind. 
There would be rebellions on Earth right now. My heart drops. 
Will they fail our simulation? 

 “It was a pleasure to meet you.” Neith’s smile is transfixed on 
her delicate childlike face. 

 In front of us, the Diusians vanish. Time slows. 

 A spectrum of humanity’s collective light sears into my ret-
inas. Half a thought starts and then dissolves in the same in-
stant. ■ 

ART BY CELESTE DE KOCK

This academic year, I,Science introduced a short sci-fi story writing competition. Stories had 
to depict science of the future (the good, the bad, or the ugly), and relate to the theme of this 
issue. Qiu Xia’s story ‘Spectrum’ was the winner of our inaugural competition. It is simply out 

of this world! Second place was awarded to Kantaphat Pinaree for ‘The Starless City’ and third place 
to Hana Isphani for ‘Selfish.’ Find all of our fantastic entries on the online features page of the I, 
Science website!
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A
n unstoppable force of nature, un-
touched and unscathed by prejudices, 
only moving higher and forward – this 

was Ben Barres. A highly influential neuro-
biologist, a promising advocate for women in 
science, Barres lived a rather unusual life. To 
the members of Stanford University School 
of Medicine, he was a transgender scientist. 
To the rest of the world, a hero who became 
a pioneer in the field of gender activism and 
empowerment for science.  

Published posthumously, Barres’ memoir, 
The Autobiography of a Transgender Scien-
tist narrates his remarkable life story. Born 
Barbara Barres in 1954 in New Jersey, Barres 
was a science-loving child, who chased every 
academic opportunity. The brightest of all, 
they said.  

But from an early age, Barres was never 
comfortable being treated as a woman. “In-
ternally I felt strongly that I was a boy,” he 
writes. Very soon during his academic years 
as Barbara, Barres recognised that gender 
too could become a reason to limit some-
one’s opportunity.  

He narrates an incident in which he solved 
a difficult maths problem. His professor said 
that he must have had a “boyfriend,” who 
must have helped him. This was because the 
professor thought that women were never 
capable of solving any problem alone. The 
accusation of cheating made Barres angry. 
Sexism was rampant at school. As Barres 
was exposed to it, he felt a need to do some-
thing about it.  

Barres transitioned completely in 1997 and 
began living as a man. He observed the idio-
syncrasies existing in the society: pervasive 
sexism, gender bias, everything that contrib-
uted to believing women are lesser than men 
in society. Although his talent and self-con-
fidence always propelled him personally, he 
knew he had to instil lasting change. 

Thus, an advocate was born. Barres got 
into a top-notch medical and science train-

ing program. He did his undergraduate from 
the Massachusetts Institute of Technology, 
a medical degree from Dartmouth College, 
a doctorate from Harvard University, and a 
postdoctoral position from University Col-
lege London.  

All through his academic life, he advocat-
ed gender equality, volunteered for countless 
selection committees, editorial boards, and 
grant-reviewing panels. He spoke his mind 
on every occasion and even got combative 
if needed. His effect was impressive and in-
spiring! Despite feeling like a man, Barres 
understood what it meant to be living like a 
woman.  

Notably for me, Barres also dedicates an 
entire section of his autobiography to detail-
ing what a true egalitarian future in science 
could look like.  

His sensitivity towards the need for diver-
sity in science extends beyond the challenges 
women and transgender people face today. 
He calls for greater efforts to bring down 
barriers faced by ethnic minorities, as well 
as low-income and first-generation college 
students.  

Following his scientific journey – from 
finding a way to culture and maintain CNS 
neurons, to describing the role of glial cells 
in synapse formation – demonstrates that 
Barres’ scientific endeavours were entwined 
with his advocacy. The two were not, and did 
not need to be, separate. 

Perhaps even more beautiful is the 
way Barres mentions the contribution of 
his trainees and interns he has ever worked 
with. He knew each one of them personal-
ly. He strongly encouraged independent 
thought and allowed his trainees to advance 
in their own lines of inquiry. He writes, “I 
did not realize when I started my own lab at 
Stanford that this was going to be, by far, the 
most rewarding part of the job… it is even 
more exhilarating to watch young people de-
velop into independent scientists and to play 

The Autobiography of a 
Transgender Scientist
ben barres

REVIEW BY ANJANA NAIR 

some role in guiding that process.” 
The final section of the book is person-

al and poignant; it gives a detailed insight 
into the author’s character. This section in-
cludes letters written to family, friends, and 
colleagues explaining his intention to tran-
sition. He writes there were moments when 
he considered killing himself, a situation that 
is alarmingly common among people with 
gender dysphoria. He felt he was faced with 
the choice of either his career or his personal 
happiness.  

Despite his hesitation to transition, he re-
ceived tremendous support, and his career 
continued to flourish. He went on to become 
the first transgender scientist to be elected at 
the National Academy of Sciences (NAS) in 
2013. The way he describes how his ability 
to cry reduced after he transitioned was both 
funny and sensitive. 

Not only has Barres served as a role model 
and mentor for all the LGBTQ scientists ex-
isting today, but he also fiercely championed 
women in science. He deserves all respect, 
and as one of his obituaries reads, he left 
nothing but “a towering legacy of goodness” 
in his public and private life.  

Barres is as open in his memoir as 
he was in his real life. The book teaches 
simple yet important lessons. He stresses the 
basics – “Be yourself, be happy, do not ever 
apologize for who you are. Be respectful but 
be honest and express your opinion even (or 
especially) if it’s not popular”.  

Science is hard, and we, as people in so-
ciety, have a responsibility to do it well. The 
Autobiography of a Transgender Scien-
tist shows the right way. ■



Chestertons: Helping Imperial 
Students with Accommodation
London has one of the most complex and competitive property markets in the world, which means 
that many students fi nd it di�  cult to fi nd a suitable property when they move here.

Every year, I,Science’s sponsor, Chestertons, – one of London’s largest and oldest estate agents – 
helps thousands of students from all London universities, including Imperial, fi nd rented accommodation.

If you have any questions or would like any help with 
renting a property in London, please contact Cory on 
020 7368 3042 or cory.mcnally@chestertons.com

Local South Kensington manager Cory McNally gives his 
top tips for renting a property in London:

– Consider searching ‘o� -season’: the rental market is busiest between July and September.
If possible, start your search outside of this period to get the best deals.

– Prepare to pay rent in advance: As students don’t have a guaranteed income, most landlords will ask 
for six months of rent in advance and the second payment due in the fourth month. Be prepared for this!

– Choose agency-managed: Some landlords manage their own properties but they are sometimes slow
to respond to maintenance issues. If you can, choose a property which is professionally managed by an 
estate agency.

– Consider longer term: Most rental tenancies are 12-months but consider getting a longer-term contract
with a break clause as this will save you the stress of having to search for a new property after a year.

– Know when to negotiate… and when not to: So competitive is the market that properties will often
come on and o�  the market within a matter of hours. If you try and negotiate on popular properties, 
you will miss out.

– Use video viewings: Many agents now allow you to view properties by video. This is a great option if 
you are not able to view physically due to time constraints or not being in the UK at the time.

To help students and their families understand the process and avoid making 
costly errors, Chestertons has produced a ‘A student’s guide to renting’ which 
can be downloaded for free at www.chestertons.co.uk/students
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