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How do we see colour?
Professor Mohamed Sobhy
School of Engineering and Digital Arts
The University of Kent

At the Institute of Physics, London. 13 June 2012

oW LJoes a Buttertly Generate Colour? B

Professor Sobhy gave an interesting lecture on the mechanisms of
perceiving and interpreting colour, starting from the physical inherent
physical phenomena eventually leading to the aesthetic experience
and artistic applications. In the visual arts, colour theory is a body of
practical guidance to colour mixing and the visual impacts of specific
colour combination. There are also categories of colours based on
the colour wheel: primary, secondary and tertiary colour. Adjacent
colours are harmonic and opposite colours complementary.
Although colour theory principles first appeared in the writings of
Leone Battista Alberti and the notebooks of Leonardo da Vinci in the
15th Century, a tradition of colour theory proper commenced in the
18th century, plausibly following controversies around Isaac
Newton's theory of colour. Continued on page 2
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Continued from page 1

Colour cold be defined as a 'sensation’ (or an lllusion
in the phenomenological sense) that the brain
generates so that we humans can distinguish
between objects. In his way, this sensation could be
studied in the fields of physics, physiology,
psychology, arts and crafts such as visual arts, paints,
lighting and textiles for example.

At the physical level, we need a light source, with its
luminance, intensity and spectrum. Physiologically,
the eye is organ for the reception of colour. The
perception of colour begins with specialised retinal
pigments with different spectral sensitivities, known
as the cone cells (rod cells are involved in black and
white). There are three types of cones sensitive to
three different spectra (labelled according to the
ordering of the wavelengths of the peaks of their
spectral sensitivities: short (S), medium (M) and long
(T) cone types.This results in trichromatic colour
vision. Each individual cone contains pigments
composed of opsin apoprotein, which is covalently
linked to either 11-cis-hydroretinal or 11-cis-
dehydroretinal. Cones are concentrated around the
fovea in the central retina, whereas the rods are
located peripherally. From there, the signals get
transmitted to the lateral geniculate body in the
thalamus and then to the visual cortex in the brain
(occipital cortex). The brain then decodes, processes
and interprets these signals. Psychology is the
science of brain and behaviour and psychologists
endeavour to understand how the brain works
through observations and experiment. It this way, the
interpretation of colours by the brain is a
psychological phenomenon, linked to emotion and
cognition.

Tricolour theory

Maxwell demonstrated -by using a coloured top- that
any natural colour could be produced from the three
primary colours -red, green and blue (RGB) by an
Addition process. Maxwell produced the 1rst colour
photograph, which was a picture of a Scottish tartan
ribbon. For this, he took a black and white photograph
through three filters and then projected and
superimposed the results through the same filters.
More experiments followed to test the additive
process, such the Tristimulus. experiment by Guild
and Wright, 1925, where the stimuli (RGB) were also
added to the Test Colour to get a match throughout
the spectrum. The TV tricolour is also an example.
And, if if we add blue and yellow, we get white!.

The Subtractive process involves yellow, magenta
and cyan blue (using black as well). This means that
by this process, colours that we don't need are filtered
out (i.e. blue and yellow giving green). In the lecture,

we could observe this process by using filters in
the stained glass of Durham cathedral.

The Opponent Colour Theory

First proposed by Goethe in his book 'Zir

Far benl e hTher@areliBet Sets of
opponent colours: black/white, red/green and
blue/yellow. Wherever the brain receives one of
these colours, it also generates its opponent. Here
we have spectrums using lasers and spectrums
from broad-band filters.

Adaptation and Colour Constancy

In order to discriminate between objects, the brain
adapts to llluminant or Ambient Lighting, to its
background and to Flicker. The brain then obtains
colours without pigments by a colour algorithm
developed in the brain, one example being the
generation of colour in butterflies and
chequerboard photoshop. Hypothetically, this
algorithm could be traced back to humankind's
hunting days, thus helping to hunt at dusk. At an
industrial level, Titanium Anodisation applies this
principle. Its uses are in jewellery, machine parts
for medical instruments and The Guggenheim
Museum in Bilbao, Spain. Finally, Birefringence, or
the double refraction of light in a transparent,
molecularly ordered material that is manifested by
the existence of orientation-dependent differences
in refractive indices has its applications here, for
example by placing cellophane collages and
generating colours (delightfully a la Kandinsky in
Prof Sobhydés |l ecturel!).

The lecture was followed by a discussion which
suggested related topics such as colour blindness,
photographic techniques-for example- that could
not be covered due to time constraints.

Dr N M Calvo. Picture from Mike Quinton
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AWhat | did on
(Quote from dnteresting Timesdby T Pratchett)

During last summer my wife and | travelled to
Beijing. One of the places we visited was the
China Museum of Science and Technology,
an impressive building on the former Olympic
site near the O6Birds
walk from the Forest Park tube station. Itis
aimed at a younger audience with many
interactive displays; unfortunately very few
had English transliterations. Two exhibits
are of note however: The Shenzhou-1
capsule and the spacesuit worn on the first
taikonaut (Chinese cosmonaut) spacewalk
during the Shenzhou-7 mission. Shenzhou-1
was an unmanned mission to flight test the
Shenzhou class spacecraft which is similar to
the Russian Soyuz but larger and with
greater functionality. In October last year the
unmanned Shenzhou-8 spacecraft
successfully docked
station Tiangong-1. Shenzhou-9 will be a
manned mission that will dock with the
station.

Wi

One day we had a few free hours and
decided to visit a local aircraft museum. | am
very glad we did, the China Aircraft Museum
is the largest aircraft museum in Asia,
certainly on a par with IWM Duxford and the
San Diego Air and Space Museum. It covers
a large area and has many aircraft, missile,
radar and artillery exhibits. | found the
childrenbds
of surface to air missiles rather surreal. One
exhibition hall is inside a mountain, a
cavernous space that could not have been
excavated just to house an aircraft exhibition.
| can only assume the site was once an
operational air base (it is located north of
Beijing towards the Russian border) and the
space was an underground hanger protected
by the surrounding mountain. Continued page 4
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Kent Representative Published Again

Dr Cyril Isenberg has had his 1976 Article

The Soap Film: An Analogue Computer

republished in the May-June 2012 Volume 100, Number 3
of American Scientist, a rival to Scientific American in the
USA.
http://www.americanscientist.org/issues/id.96/past.aspx

This year is the centenary of the magazine. They have
decided to celebrate by reprinting a few articles from the

past 100 years; one for each decade.Dr | senber ¢
article is amongst them. Described as a classic by the
magazine

Soap films provide a simple visual method to solve
mathematical minimization problems. This is due to the
free energy which is proportional to the area of the soap
film at constant temperature.

In particular soap films can be used to solve minimum path
problems, for example linking four towns by the shortest
road. Problems involving curved surfaces and the
introduction of barriers, for example a lake between the
towns can also be considered.

on Dr |l senberg
series concerning soap films that has toured both nationally
and internationally.

On 5 December at 18:30 Dr Isenberg will be presenting
d he magic of bubbleséat the IOP. Free talk but registration
required. Email londonsoutheast@physics.org See Also: -

http://www.kent.ac.uk/campusonline/campusnews.html?id=
amercian-scientist-articles-isenberg.txt

E a siuneR0la nc h
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Continued from page 3

It is impressive engineering and looks as if it could
have protected the occupants from a nuclear
detonation

There is an exhibition
the Peopleds Liberation
of the PLAAF in providing relief after the 2008
Sichuan earthquake is shown. Other
achievements are less laudable such as the
Chinese copied Tupelov strategic bomber used in
atmospheric nuclear testing. There is also an
exhibition of reconnaissance aircraft shot down by
the Chinese. On display were parts from a RB-52
(a reconnaissance variant of the B-52 bomber),
RF-8A Crusader and five U2s operated by the
Republic of China all shot down in Chinese
airspace.

h

a
A

While | was in China there was an incident where a
Taiwanese U2 was seen off by two Chinese Su-27s
which pursued the spyplane across the dividing line
that runs down the Taiwan Strait.

One of the items on display was a vehicle | was
unfamiliar with: The Lockheed D-21 unmanned
reconnaissance drone. | later learnt this was a Mach
3+, high altitude photoreconnaissance UAV with a
titanium delta wing airframe and ramjet engine. It was
designed to overfly heavily defended airspace and at a
recovery point jettison its film cartridge before self-
destructing. It was air launched originally atop an A-
12, a precursor to the iconic SR-71 Blackbird, but
following an accident where both vehicles were lost
and a crew member killed it was given a rocket
booster and drop launched from a B-52. The program
was cancelled in 1971 when equivalent imagery could
be obtained from satellites.

Unless you have young children and can read
Chinese | would advise giving the China Museum of
Science and Technology a miss. If however you are
interested in aircraft or military history then | would
strongly recommend the China Aircraft Museum even
though it is 40 km outside Beijing city centre.

Len Lewell
L&SE Branch Honorary Secretary

China Museum of Science and Technology

http://60.247.10.155:8008/portal/findportal.do?portalid
=orgab4d636e0815e

China Aircraft Museum

http://www.aviationmuseum.eu/W orld/Asia/China/Beiji
ng/China_Aviation _Museum.htm

At the time of going to press Shenzhou-9, carrying China's
first female taikonaut Liu Yang, had successfully docked with
the Tiangong space station - Ed
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Professor Chris Budd
Maths and the Modern World

University of Hertfordshire in Hatfield,
April 25 2012

Nearly all of modern technology relies on maths
but its applications can sometimes be a bit
hidden away. This talk opened the lid on this
technology and showed some of the maths
behind Google, the Internet, Mobile Phones,
Credit Cards, FACEBOOK and SAT NAV
devices.

Professor Chris Budd was introduced to industrial
mathematics through the European Study Group
with Industry while studying at Oxford University
and he continues to play an active role in this
organisation. He took up his present position as
Professor of Applied Mathematics at the
University of Bath in 1995, where he co-directs
the interdisciplinary Centre for Non-linear
Mechanics. He is a passionate populariser of
mathematics, is currently Professor of
Mathematics at the Royal Institution of Great
Britain and gives frequent talks to schools and
local societies.

Stewards Academy, Harlow

From studentsdé evaluati
Taonga Chabra-Shoperai (Year 8) :
060This lecture sadly show

and my life would not be the same without my
phone or Googl e. 6

Jacob Juniper (Year 8):

6The | ecture was very in-
Google and many other things work. | learnt that
maths is used in almost everything and the world
woul d be a very differen-
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Maths formula leads researchers to
source of pollution

The leaking of environmentally damaging pollutants
into our waters and atmosphere could soon be
counteracted by a simple mathematical algorithm,
according to researchers.

Presenting their research
Inverse Problems, the researchers, from Université

de Technologie de Compiegne, believe their work
could aid efforts to avoid environmental catastrophes
by identifying the exact location where pollutants have
been leaked as early as possible.

In the event of an oil spill across a region of the sea,
researchers could collect samples of pollutants along
certain sections of the body of water and then feed
this information into their algorithm. The algorithm is
then able to determine two things: the rate at which
the pollutant entered the body of water and where the
pollutant came from.

This isndt the first ti
have been used to solve this problem; however, this
new approach is unique in that it could allow

me

researchers to 6tracko6 the
moving or changing in strength. Co-author of the
study, Mr Mi ke Andrl e, sai

of a pollutant spill, either by purposeful introduction
into our waters or atmosphere, or by purely accidental
fate, collaboration with scientists and engineers and
application of this work may save precious moments
to avert more envi

The algorithm itself is modelled on the general
transport of a pollutant and takes three phenomena
into account: diffusion, convection and reaction.
Diffusion is where the pollutant flows naturally from
high concentrations to low concentrations and
convection is where other factors cause the pollutant
to displace, such as a current in the sea. A pollutant
may also react with other materials in the water or

. settle on a seabed or lake floor: this is classified as
contii

6reactiond. Mr Andrl e
Erie, | heard of the previous shape it had been in
where industry resulted in much of the lake being
declared dead at one time. Though | was not alive to
see it at its worst, | did witness how lots of legislation
and new policies had turned its fate around. The

t
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paper6s second aut horBadidr of es
said: filnverse problems are v
engineering and bioengineering. It is very interesting

that wedve been able to apply
problem of pollution.o

This paper can be downloaded from
http://liopscience.iop.org/0266-5611/28/7/075009
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REMS Visit the Royal School of Needle Work and Hampton Court
14 June 2012

This proved to be a fine June day, important to those who In 1872 Lady Victoria Welby founded the

had walked to Hampton Court from the more distant car School of Art Needlework in London with the

parks or the train station. first students being registered on 5
November 1872. Within a month or two,

Princess Helena, Queen Vi
daughter became the President. By 1875 the
schoolhad the Queenébés Patron
became the Royal School of Art Needlework,

exhibiting internationally for the first time in

1876 in the USA. Royal patronage continues

to this day, and some of the work on the

Duchess of Cambridge's Wedding Dress was

carried out by the Royal School of

Needlework

Following the talk we were shown some of

the items in the Royal School of

Needl eworkdéds collection w
explanation about some of the items.

Japanese embroidery was also on display as

well as books of newspaper cuttings and the
school 6s order books.

The Royal School of Needlework was founded to revive the
beautiful art of embroidery which had fallen into disuse and
to provide employment for educated women who, without a
suitable livelihood, would otherwise find themselves
compelled to live in poverty. It has always had Royal
patronage. It commissions designs and takes on
commercial work. It runs a two year degree course as well
as a range of classes ranging from fun-day and weekend
courses to Certificate and Diploma Courses.

Lunch was in the Kings Arms just outside the
grounds and was followed by a visit to
Hampton Court Palace.

They moved to Hampton Court in 1987 from Kensington
Palace.

We were greeted by Dr Susan Kay-Williams, the Chief
Executive, who gave an introduction to the needlework
school and an opportunity to ask questions.

Continued page 7
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Cardinal Wolsey started building his palace about One advantage of an afternoon visit was that

1612 but Henry VIII confiscated it in 1620. He most of the school groups had left, so the

carried on building including his Great Hall with its buildings were reasonably quite, much less

magnificent hammer-beam roof. Most centuries crowded than later in the season allowing a

have seen more building, two notable architects leisurely stroll around the various themed

being Wren (William and Mary) and William Kent sections, for example The Tudor Kitchens, built to

(George I1). Kent rebuilt some of the famous west feed the Court of Henry VIII, these kitchens were

front and parts of the inside. Wren built the designed to feed at least 600 people twice a day,

Fountain Court and the south and east wings. and6 The Young Hemandgasyt he Ei ght

access to the various cafes and shops.

Within the palace were costumed staff portraying
the life in court.

One part of the exhibition, The Wild, the Beautiful

and the Damned, had portraits from various eras,
forexampleChar | es | | fplusamoted r es s e s
about adult content!

The meeting was organised by George Freeman;
Photographs page 7 from John Temple and those
on page 8, the top two by Bob Boutland and the
lower two by John Temple.

Further details of REMS events are available
from the REMS secretary: Contact John Belling
E-mail john.a.belling.secrems@gmail.com
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