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The use of colour and colouring matter to add value is
obvious and well-established. It is hard to say how much
value was added to the caves at Cro-Magnon or to the Sistine
Chapel by painting the walls or the ceiling, but ane thing is
certain: the value of the materials used was multiplied
astronomically, and inventiveness was given unprecedented
scope. in an age when materials — whether for fuel,
hardware, or clothing — are likely to get dearer and scarcer,
while manpower becomes more readily available, the colour-
ist would seem to be one of those with most options for
survival. Only if he becomes or remains dependent on
continually expanding volume of goods will he hold himself
back. Accordingly, it seems worthwhile to look at the
methods whereby the colourist has added, or might add,
more value, so as to see which skills he should most
emphasize in the years ahead, In the past, he has not been
unwilling to take in quite new ideas and branch out into
quite new fields, This is one of our UK strengths, Perhaps |
ought to begin by indicating how well — despite all sorts of
other problems — we in this country seem to continue to
innovate and develop. Table T shows this.

TABLE 1

AGRICULTURE

Synthetic pyrethroids 1965
Non-persistent herbicides 1954
Systemic fungicides and insecticides
MEDICINE
EMI| Scanner 1967
Cephalosporins 1959
Semi-synthetic penicillins 1959
Propanolol (Beta-blocker) 1962
Tamoxifen treatment of breast cancer) 1966
Gastric ulcer drugs 1964
CONSTRUCTION
Float-glass process 1952
Alkali-resistant glass fibre late 1960
POLYMERS
Polychloroprene from butadiene 1950s
CHEMICALS
Procion dyes 1953
Phenol and acetone from cumene 1950s
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ELECTRONICS
Decca navigator system

Stereoscan 1950s
COMPUTERS

Computer development

{ACE, DEUCE, Atlas) 1950s

Biphenyls (liguid crystal displays) 1972

Distributed array processor 1972
PRINTING

Magnascan

Adding value of course means the understanding and
creation of tastes and markets. Sometimes the market is
there already — as for the cure of a prevalent disease.
Sometimes it is not; before the emergence of painters and
paintings, there were no art galleries, even though patronage
did grow in scope as art grew in power. Accordingly, | am
going to take the liberty, in this instance, of doing the
market survey after, not before, we talk about skills and
technology. It is true that in this country we often pay too
little attention to the understanding of market pu!l and too
much to the creation of ‘‘technology push™, but for once it
may be more important to ook at new kinds of push than at
recent trends in the pull. There are, for example, great
arguments about the reasons for the durability of the market
for ragged edged and patchily-indigo-dyed blue jeans. This
and other new market developments have dealt nasty blows
to the tidy view of the clothing and colouring market that
existed up till the 1950’s, So | will return to these matters
presently.

2. COLOURISTS AND CHEMISTRY

The alliance between colourists and chemists was doubly
appropriate and natural, and has been written about extens-
ively. First, the application and fixation of natural cofouring
matters — as used until the latter part of the last century —
called for the particular skills of the chemist. Secondly, the
synthesis of new colours and the development of chemical
theory and practice went naturally hand in hand. It was
particularly easy to see when things were right (by dye-test-



ing) or pure {by chromatography). The need for precision
{colour is an exacting taskmaster, since the eye is very
sensitive to minor differences) required dedicated work on
the identity and purity of intermediates. It is fair to say that
most of the theory and practice of benzene and naphthalene
substitution owed its strength to the incentives of the dyers
and colourists.

But, although dyes are effect chemicals, and a little goes a
long way, prosperity of the dyestuffs industry depends on
the production volumes and prosperity of the textile trade
(and, more recently, the paint trade). Economic growth in
textiles has enabled the colour-making industries to sustain
expensive R & D over 100 years, and to become the main
source of the colourist’s new technical strengths. The power
has been in the dyehouses of the dyemakers — not those of
the diverse and smailer finishers. It was here — not in the
laboratories directly connected with making the new fibres —
that the methods were found for dyeing the new fibres,

This concentration of R & D strength was good at first,
for it created singlemindedness and economies of scale. But it
now limits scope for value addition: the customers of the
dyemakers only buy a minor part of the total added value.
Bulk chemical production benefits from sophistication that
can be built into the molecule rather than its use — and
suffers if less molecules are needed because better use is
made of them.

To some extent it is remarkable that the dyeing of
synthetic-polymer fibres, dealt with so illogically, went so
well. The development of new methods and machinery for
applying colours does little more for the dyemaker once the
first methods are in. But it can do a very great deal for the
overall value addition. Hence such technologies as ink droplet
printing do not find it easy to win support and backing. Nor
does the development of machinery for more highly product-
ive textile finishing receive the thrust that it might. So it may
be that a point has been reached at which the R & D thrust
needs to come from a new quarter, Can the colourist once
again mobilize the new forces, and what are they?

Part of the answer might be thought to emerge from the
understanding that physical chemists have brought to dye
functioning, Dye designers are manipulators of electronic
transitions, the separation between whose levels determines
shade, and is affected reasonably predictably by molecular
substitution. So colourists are already concerned with elect-
rons and their behaviour.

3. COLOURISTS AND ELECTRONICS

Coloured patterns do not have to be laid down by the
printing of coloured materials, but can also be generated
permanently on colour photographic film or temporarily on
a TV screen. The principle is similar in both cases: atoms or
molecules are changed by light or electrons so as to become
appropriately light-absorbing. It is at this point that the
colourist, if he so wishes, can now become involved in more
of the value-addition process.

Table 2 goes beyond any traditional or even adventurous
view of the role of the Society, and indicates the basic
differences between the different methods for seeing (for
example) one’s heloved in glorious technicolor. Until 50
years ago, one only had the beloved herself or a painted
image: photographs were black and white. So both decora-
tion and enhancement themselves {garments, suntan, cosmet-
ics) lent themselves to the alliance between colourists and
chemistry, and so did representation in colaur, which meant
paint, The same was true of colour in one's house or
furnishings. And the commercial promotion of coloured
curtains, clothes, or doors and windows, involved inks and
printing. So, whether as an embellisher or a presenter, the
colourist used chemicals and physico-chemical tricks for their
application. Table 3 shows the points already made about

colouring by physical application and aids the further point
that design is carried out quite separately from the science.

TABLE 2
How to Colour

1. Apply chemicals physically (paint, dye, print).

2. Modify chemicals permanently by patterned simult-
aneous irradiation (photography): display or project.

3. Activate chemicals momentarily (TV screen) by
scanning (direct from camera, or analogue or digital
store).

TABLE 3
Applying Chemicals Physically

The science has mostly been done by the colourmaker,
and thus depends strongly on production volume.

The design has been done separately, adding value by
separate, non-scientific activity.

The two do not meet,

Thirty-five years ago, the second technique — photo-
graphy — really seriously entered the area of representation,
although photographic methods did not come into embellish-
ment. The chemist’s skills were not quite equal to the
challenge of fastness set by textile printing for garments,
furnishings, or paint, so that the decorative colourist stayed
with physically applied chemicals, while the photographic
colourist became massively invoived, primarily in response
speed and immediate colour fidelity, but now more and more
in fastness. People want colour pictures to last. The two
skiils, hitherto united by chemistry, now became separated
into different areas of chemistry, and the Society stayed
mainly in the old field, Table 4 indicates how, in photo-
graphy, the design and coloration are alike dependent on the
science and how each flow is less dependent on volume
production: one can generate cash by running a cinema and
using very few material resources.

TABLE 4
Making Permanent Coloured Images by Photography

The science is now involved in more of the production of
the coloured design, and thus with more of the value
addition. But volume is still important.

Projection is independent of sales volume of carrier
material.

Twenty years ago, colour TV arrived, and people paid far
more for transient coloured images on the screen than for
physical coloration, painting, or photography. Colour TV,
like photography, was of course representational only, But
even so, a rough estimate of the average annual expenditure
of an affluent Westerner on colour {including the deprecia-
tion and interest on capital equipment directly involved)
might be —

Enhancement
Physically applied colour £10
Photography £50
Colour TV £300

Representation
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Nor does the new technology end there, Although photo-
graphy has entered printing importantly, and thus played a
part in synthetic images as part of photogravure, TV and
computer electronics bid fair to raise the importance of
coloured synthetic images to a completely new level, With a
VDU screen and a computer one can, quite literally, paint by
numbers. What is more, holography can, if desired, make
these images three-dimensional, By a strange and delectable
stroke of good luck, my own career has spanned this entire
process: | entered the chemical industry in 1946 as a
dyestuffs physical chemist, and | now include among my
responsibilities the Computer Aided Design Centre in Camb-
ridge. Here, the synthetic imaging includes the following
digital techniques:

— Methods far designing coloured shoes, in three
dimensions, and looking at them quickly in any size
and from all angles;

— Totally transformed 'ldentikit’ pictures;

— Design techniques for coloured textile patterns,
quickly adjustable to any scale for the rapid
detection and elimination of error, or other purposes.

Instrument panels can now go on the windscreen in

variable colour (if one wishes, green for safety and red for
danger) and cartoon devices — whether for children at play,
adults at leisure {TV games), or artists seeking inspiration —
are legion. More importantly (and returning to my opening
point) none of these activities are fuel-intensive. It will be far
easier to hold contests on a TV screen than on a car racing
track. Table 5 shows how, in the world of colour by
electronic scanning, design and colouring are now completely
integrated in the technology which, however, unites many
sciences.

TABLE 6

TABLES
Making Transient Coloured Images by Scanning

The science is now deeply involved in the whole of the
value addition process, and colour production and design
are inseparable. Synthetic design, including cartoon
drawing, may be done by digital methods.

I could obviously spend a great deal of time in describing
actualities and possibilities in this vast new world of colour,
Should you fancy an excursion, it could become four or
more dimensional! It can be used in science, engineering,
civic design, traffic control and of course education, advertis-
ing, and entertainment. One could have a garment with
panels wired for design change, or even movies: | don't fancy
the idea myself any more than | like ties that light up, and it
is of course a long way from frayed blue jeans. Instead,
however, | want to ask you the question “where daes your
Society fit into all of this?"" Your options are many. First,
you can stick to the field of applied colour that you know so
well and dominate with such distinction. Secondly, you
could move outward into chemical electronics, and become
involved in photography, and thirdly, you could go the
whole hog and become involved in digital computing and
electronics — both recording and synthesis. | have indicated
something about the economic incentives, and now turn to
the technical consequences. Table 6 summarizes the overall
technical and business characteristics of the three colouring
methods.

The Three Methods of Designing Coloured Appearance

Carrier Cash Design Engineering
Source Store
Physical Garments Sales to Final Large-scale
application Furnishings carrier object factory
Houses makers, masks/ equipment
Cars printers, screens
Canvas or designers
Permanent
photography
(a) Projection Screen Sales of Film Large-scale
photographic Microfilm factory
material, equipment (films &
cameras & cameras)
cinema Equipment
equipment owned by
to public public
(b) Display Paper Sales to
printers
Transient Screen Sales of Analogue Sophisticated
scanning projection  tape; mechanical
equipment, Digital devices;
information, tape or Sophisticated
storage chip electronic
equipment, devices (no
stored info. moving parts);
(tapes), TV Factory
licences to equipment
pubtic. for making
Sales of
advertising
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4. COLOURISTS AND ENGINEERING

The newer technigues for colour, and their use, involve a
remarkably broad assembly of skills, technigues, and
scientific disciplines. Chemistry is not set aside, but it has
added to it electronic engineering, applied physics, systems
engineering, numerical analysis, mechanical engineering and
design, A convenient word to bracket this portfolio is the
undervalued word “‘engineering”’. It, like your Society, brings
together all the elements in your title so, whether you know
it or like it, you are really engineers (in the continental sense)
in disquise!

The view of colour and its application, that has hitherto
represented the market for members of the Society, is that of
mainly industrial customers, who have interpreted the wishes
of shoppers buying garments, houseware, ar paint. The new
view would demand a closer approach to, and understanding
of, a wider range of ultimate purchasers. These might include
car drivers, shoe buyers, policemen, customers for a wide
variety of plastic objects, engineering ¢ontractors and design-
ers, and indeed most of the population in several different
guises, And your view would be one that people would
immediately recognize. The company for which | worked,
ICI, decided, in the 1960s, to stop colouring itseif a discreet
dullish blue, and instead coloured itself orange. It had quite
an effect — mostly, | think, good. Design and colour are
closely linked, and design has been the secret of a lot of
Japanese, American, and German success. Aesthetic and
engineering design used to be separate; now they are much
less so; people work with greater pleasure in places and with
machines that are agreeably coloured. You have participated
in the colouring and decoration of people; why not go
further?

Engineering skilis are not only of importance to the
photographic and electronic applications of colour; increas-
ingly, initiatives are likely to pass to those who introduce
new engineering into the physical application of colour.
Thus, if you embraced engineering, you would involve
yourselves more with those who may well increase their share
of the added value in your traditional field. Are you content
to have contacts with engineering only as buyers of machin-
ery that increasingly dominates your trade and increasingly
may, with neglect on your part, have to be brought in from
outside UK, just as has happened to other textile machinery?
Moreover, if you became skilled in electronics and control in
connection with synthetic images, TV and computers, may
these skills not also be suitable for upgrading and perhaps
further revolutionizing dyeing, printing, and finishing? The
ink-drop printer (which is TV scanning gone material and
mechanical} may only be a first step.

5. THE NEW OPTICS

Just in case you are not convinced by my arguments, | can
now disclose my nuclear weapon. The electronic generation
and storage of information for the synthetic video-image
depends an very large amounts of storage if the image is to
be a movie. It is a shame to have to use the mechanical
complication of the very ingenious video recorders of today.
Phitlips and others are developing optical storage and laser
playback. So, even if you don't like the SDC hecoming
involved in electronics, how are you going to avoid the

responsibility of involvement in the far more powerful
techniques — still in the cradle — for using coherent optics as
the information machine for synthesizing and manipulating
optical images? Storage density can be truly impressive, and
not limited by the 3u line separation in chips, Again, a review
of the science and technology cannot be fitted in here, but a
separate paper should be prepared for you, fly's eyes and all.

6. COLOURISTS AND OVERALL DESIGN

One might suppose that design is a well and coherently led
subject in which colourists might not be especially welcome
or regarded as necessary. Perhaps the Royal Society of
Engineering Designers, or the British Association of Aesthet-
ics, might wish to look after colour themselves? Let me
reassure you. The field of coherent design, in UK, is by no
means overcrowded, and of course the two organizations just
mentioned, do not exist. But engineers and industrialists
themselves are taking an increasingly insistent view that
design is a neglected field in which others are over-taking us,
or have done so. The Design Council could well be anxious
to join hands with your Society in taking the broadest
possible view of colour and its use. It, too, happens to be
one of the agencies that | have the pleasant task of serving.
Their concerns are the items enumerated in my title. Can |
perform any useful introductions? Want to come my way?

7. CONCLUSIONS
We may sum up as follows:

{i)  Your Society has served, enriched, and dominated the
field of the physical application of colour, which until
fifty years ago was the only means for colour embellish-
ment or depiction and representation.

(ii} In this role, it has especially embraced chemistry and
the science of understanding and making excellent
colours,

{iii) Prosperity has depended partly on increasing volume
production of materials, yet current trends may require
more value addition with less material volume expan-
sion,

{iv) Qver the last 50 years, colour depiction and representa-
tion has been transformed, first by photography and
then by TV electronics and laser optics.

(v) Electronic colour generation is now also used synthetic-
ally for an expanding range of lucrative and important
new uses, Optics generated by coherent optics from
optical store will follow.

(vi) The economic significance of the new colour techniques
is already over ten times that of the old, and the ratio

“will grow further,

(vii) There is thus a base far the Society to move toward the
tields of engineering and design, for which there is
plenty of room and receptiveness.

{viii} Such a move would link the Society members more
directty with value addition and liberate it from
possibly dangerous dependence on volume of chemical
and material production.
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