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In my last lecture I described how the British Government is responsible for the 

support and conduct of a large part of the field of applied science—some of it for its 

own needs and some for the general benefit of our industries. In this second lecture on 

‘Science for a Purpose’ I am going to deal with the scientific work which industry 

itself carries out, to sustain its own activities. Since the task of industry is to produce 

actual things for sale to consumers and users, you will readily understand that its 

concern with science is, above all things, practical and economic in outlook. As an 

exporting nation we have had to learn from experience that we must keep adjusting 

ourselves to the changing pattern of international trade. We must be constantly 

pioneering new types of goods and new and improved methods of production. So, if it 

is to be both efficient and progressive, industry must be constantly questioning the 

way it is making things as well as asking itself whether it should not be making other 

things than it is now doing.  

 

The work of the scientist in industry is extremely varied, and you must not think of it 

as being carried out entirely in laboratories, with test tubes, chemicals, galvanometers, 

and so on. People with a scientific training have proved their value in the factory as 

well as in the research department. These factory activities may range from 

quantitative studies, directed to improving existing operations or introducing new 

ones, down to some urgent tracing of troubles. The laboratory research carried out by 

industry must be relevant to the firm’s interests and directed towards the creation, 

sooner or later, of some appropriate end- product. To recall an example from my last 

lecture: government scientists might discover a new chemical principal for softening 

water, but it needs industry to develop, design, and manufacture the new type of 

water-softeners at a price people will pay. So, if we call a great deal of research done 

by industry ‘near-consumer’ research, we shall not be far wrong. But, as I shall 

mention later, really progressive industrial organisations support a great deal of 

longer-range research as well.  

 

Scientific research with an industrial objective costs money. It costs between £3,000 

to £5,000 a year nowadays to pay for the experimental work of one scientist and  

his small team of assistants. Here we must remember that British industry consists 

mostly of small firms: indeed, 97 per cent of them employ fewer than 300 workers.  

The very large industrial organisation can afford a substantial research department  

of its own—and the size of a research department is of some importance: its 

effectiveness tends to be more than proportional to its numbers. However, the 

problem of the smaller firm has been eased in this country by the growth of the 

cooperative research associations, each of which caters for the needs of its own  

industry. These are autonomous bodies, supported by the member firms  

according to their means, and assisted financially by the Department of Scientific  

and Industrial Research in proportion to the industrial subscriptions.  



 2 

It is the responsibility of each research association to work for the general good of its 

industry—for the large firms as well as the small firms—and this means not only 

carrying out research but also making known the results of that research to the 

subscriber, and in a way the subscriber can appreciate. This often entails the greater 

problem, for a well-established traditional industry may not feel it has much to learn 

from science, and some scientists—I must admit this—are not particularly clever at 

conveying the meaning of their results, or those of others, to the non-scientist. 

However, the research associations have paid great attention to this question of 

communication. Nowadays they have become expert in translating the scientific 

shorthand of the laboratory into the longhand of everyday practice in the factory.  

 

Research associations are as various as the industries they serve. There are now nearly 

fifty of them—all different: one for the iron and steel industry, another for 

shipbuilding, one for boots and shoes. for cotton, for fruit and vegetable canning, for 

flour milling, and so on. This diversity is a striking illustration of the breadth of the 

application of science in industry. We might take it for granted that scientific research 

will benefit the industries making aeroplanes or electrical machinery, but its 

application to things nearer home is not so obvious. There could be no more familiar 

article than a piece of furniture, the product of a craft industry. Yet science has 

already made its own special contribution to the design and construction of furniture. 

Twenty-five million pounds’ worth of timber is used in the furniture industry each 

year: 80 per cent. of this is imported, so economy in its use is important. As a result of 

basic research carried out under the auspices of the Furniture Development Council—

a form of research association—it has been discovered how to produce furniture of 

greater rigidity and strength with less actual material. I have dipped into one of the 

Council’s scientific reports, a highly mathematical investigation of the design of 

cabinet furniture. It contains one section dealing with what the scientist calls ‘the 

resistance of the structure to local distortion’ but which, in fact, deals with what 

happens when a man leans on a wardrobe!  

 

Each research association begins by becoming the scientific intelligence unit of its 

industry. As it develops it can subject both the materials and the processes of the 

industry to scientific scrutiny. Some of this work can be of the most fundamental type, 

such as trying to find the chemical and physical constitution of raw materials of the 

industry. During the early years of the war, the Flour Milling Research Association 

investigated the location of the various B-group vitamins in the wheat grain, and it  

was shown that, within each grain, the greater part of the vitamin B1 is to be found in 

a tiny pocket known as the scutellum which weighs less than one-fiftieth of the  

whole grain. This discovery was used in ensuring the high nutritional value of our 

war-time bread.  

 

Again, take wool: the Wool Research Association made a highly scientific 

examination of the structure of wool fibres; and this led to a method of overcoming 

a great defect of wool as a clothing material—its tendency to ‘felt’ after washing. By 

suitable chemical treatment and processing the felting of wool can be eliminated 

without affecting its other good qualities.  

 

Other research associations have carried out severely practical investigations  

which we should now class as ‘operational research’ to use the language of war-time. 

The Boot and Shoe Research Association has applied statistical methods to the fitting 
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of shoes. By measuring some thousands of pairs of feet—men’s, women’s, and 

children’s—the Association has been able to devise a new system of last-sizes which 

gives the maximum number of well-fitting shoes for the minimum number of stock 

sizes.  

 

Some research associations have now invaded industrial fields which previously were 

considered the sole concern of management. The Cotton Research Association has 

made statistical studies of its own industry which exposed the great differences in 

efficiency between mills making the same kind of products with the same processes. 

This led to suggestions whereby the practice of all mills could be brought up to that of 

the best. Work of a similar operational nature has led to the formulation of a new 

wages system for the textile industry; while the Cotton Research Association’s own 

original developments in textile machinery are now being marketed by a new 

commercial company which has been specially founded for the purpose.  

 

As I have said, the big industrial firms, as well as the small ones, support the research 

associations even if they have their own research laboratories as well. Indeed, (he 

larger firms are notably well placed to benefit from the work of the research 

associations, for they have their own scientists who can readily give it practical 

application. Nevertheless, the big firms have also their own particular problems; and 

for these they employ their own staff. I, personally, do not think that the big 

companies do research because they are large: I rather think they arc large because 

they did research when they were smaller; and they have found it profitable to keep 

on doing so. At present, we people in universities are conscious of the importance the 

big firms are now attaching to the recruiting of further scientific staff. Every year we 

have visits from their representatives—talent scouts, we call them—who want to 

interview and engage the interest of our young scientists, even before they have 

graduated.  

 

An industrial firm is naturally concerned with translating the results of its own 

research into its own production: and most research units tend to throw up far more 

ideas than can possibly be developed all the way to the manufacturing stage. So 

managements must select those that look to be commercially attractive. Obviously the 

economic value of an idea at the research stage cannot easily be assessed; but, as 

development proceeds, financial criteria can be applied with greater and greater 

precision. Often, as in the case of new processes, the laboratory findings are 

insufficient to warrant the immediate design of factory equipment; so what are known 

as pilot plants have to be built and their operation studied to fill the gaps in 

knowledge. It is here and later that the work of the technologist becomes so important. 

His task is different from that of the academic scientist whose objective is simply that 

of discovery: here in industry the objective is fixed, and it is for the technologist to 

reach it in the most economical and convenient fashion—which also means in the 

most elegant fashion. This requires not only wide theoretical knowledge and stubborn 

determination but also creative qualities of the highest order.  

 

But an industrial research team must look outwards as well as in- wards, and it must 

be able so assimilate quickly new knowledge that comes from fundamental scientific 

research and to adapt it for the benefit of the particular industry or firm it serves. I 

mentioned last week the problem of the disposal of ‘fly-ash’ from modern electric 

power stations. Although the nuclear power station does not use coal, it still has the 
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problem of the disposal of its ash—the radio-active ‘ash’ which can be separated from 

the uranium fuel rods. However, researches carried out by the Atomic Energy 

Authority have shown that the strongly radio-active caesium and strontium—these are 

the ‘ash’ components with the longest radio-active lives—are likely to have important 

and varied industrial uses. Both organic and inorganic materials axe found to be 

altered in their properties—often for the better—when placed in the neighbourhood of 

these radio-active sources. For example, potatoes and onions can be prevented from 

sprouting. The mutation rate in plants can be increased many-fold by the radiations, 

and so the plant breeders obtain more material for develop-. lag new strains. Penicillin 

and other anti-biotics, which are damaged by high temperatures, can be sterilised by 

the radiations without ill effect A plastic like polythene, which inconveniently melts 

at temperatures just over the boiling point of water, has its melting point usefully 

raised when radiated by the ‘ash’ from a nuclear power station; while, as we should 

expect, the same radio-active sources can be used for medical diagnosis and 

treatment. Evidently we have here a new and extensive field of industrial application 

in which research may yield many surprises. Indeed, one nuclear authority has 

forecast that such developments may well be regarded by future generations as the 

greatest product of the nuclear age.  

 

Automation is another subject in which scientists in industry have a continuing 

interest, especially in view of our national concern with manufacturing processes and 

increases of labour costs. Many of our industries have been using automation for 

years, so the only new thing seems to be the name. There is a good deal of confusion 

about the use of the word; although some people would not agree with me, I prefer to 

think of automation as something more subtle than mere mechanisation. Just as 

mechanisation is used to replace manual dexterity or even human physical effort, it 

seems to me we can think of automation as replacing human mental effort; 

particularly in what I may call the mental taking of decisions. James Watt’s steam-

engine is an eighteenth- century example of automation, for it was fitted with an 

automatic regulator for controlling its speed—a regulator which is still used. If the 

speed of the engine tends to be too high the regulator operates a linkage which 

reduces the steam supply, bringing back the speed of the engine to the desired 

amount.  

 

We all have several delicate pieces of automatic equipment in our own bodies; for 

example, the mechanism which keeps the body temperature—in health, that is—at 

98.4 degrees Fahrenheit. The temperature-regulating element is situated in the head, at 

the base of the brain, and a little in front of a line joining the ears. It is this element 

that decides what action the body must take, at the surface of the skin, to rid itself of 

heat or to retain it, if external conditions tend to make the body temperature too high 

or too low. But I should add that physiologists do not know yet exactly how this 

temperature element works.  

 

 

Machines that Replace Human Judgement 
In certain of our industries—for example the chemical, oil-refining, and food-

processing industries—entire operations have already become wholly automatic. They 

only need attention when things go wrong or there is need to replace a worn-out part. 

In such processes the automatic equipment eliminates the necessity for human 

judgement. There is no need for someone to watch, say, a pressure gauge and decide, 
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from tine to time, that correcting action must be taken; the equipment takes over the 

reading of the gauge, the decision to take correcting action, and the action itself. For a 

machine does not become tired, or bored; also it is found that a math me can, in many 

performances, surpass a human being in speed, accuracy, and delicacy of decision.  

 

Another highly automatic piece of machinery is the so-called transfer- machine. Here 

a series of factory units are linked in a continuous production line by mechanical 

devices that transfer components from one machine operation, say boring and drilling, 

to the next. The operator does not have to carry and set up the component between 

operations; he just minds the machine. Some machine tools are nowadays being used 

not merely to repeat the same task—like drilling a hole of a fixed size—but to carry 

out a whole variety of different tasks according to instructions given on a magnetic or 

punched paper tape. I have seen an assembly that will produce complicated metal 

parts, correct in their dimensions, as specified .by the instructions given to the 

machine, to better than one thousandth of an inch.  

 

But it is not only in the factory that automatic devices can perform the work of men. 

Electronic computers are being used to carry out mathematical calculations that 

previously have seemed so lengthy and difficult that people have not felt like tackling 

them. Such problems arise, for example, in the study of queuing—the queuing of 

traffic both in the air and on the ground; and also in complicated design problems and 

even in weather forecasting. Electronic computers can now take over from clerical 

staff certain office tasks such as invoice calculations and the preparation of pay-

rolls—pay-rolls that involve many different items which vary for each employee. We 

often hear the term ‘electronic brain ‘ applied to this kind of equipment; and it is true 

that these machines can both memorise as well as calculate, as a brain does. But we 

must always remember this: no machine can do more than it is instructed to do by its 

designer, and asked to do by its operator. The real brain in the whole business is, after 

all, a human one.  

 

However, we must expect the use of automation, by industry and commerce, to 

increase, and we must recognise that it will have both economic and social 

consequences. There will be less need for the unskilled worker; so training schemes 

should be organised in advance of needs. Management will have to look ahead and 

see how much redundancy can tally with resignations and retirement. The social 

problem of automation is surely to avoid possible hardship to men displaced. It cannot 

be pleasant to be replaced in employment by a machine, even by a machine with the 

best possible motives.  

 

There is one further matter I must mention. With science contributing more and more 

to the efficiency and progress of our industries, it might be expected that scientists—

and especially technologists— would predominate in their senior administrations. But 

this is not the case. In the engineering firms of this country, it is known that only one 

director in five on the boards of those firms has a scientific or technical qualification. 

It is true that in the newer, scientific, industries, as I may call them, it is more usual 

for those who run the firm to be scientifically trained. Yet, looking at industry as a 

whole, it is remarkable how few of those in authority have had a university education; 

and, even more remarkable, how, among the graduates, those with an arts degree 

outnumber those with a science degree.’ It has been more than once claimed that this 
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situation is likely to discourage young people from embarking on a scientific career in 

industry, since the highest positions look like being denied them.  

 

However, I believe that the situation is altering—and for the following reasons. 

Because there are more scholarships and bursaries available, a greater proportion of 

our talented young people arc now reaching our universities than before the war, in 

any case our university populations have almost doubled. So we should expect to see, 

in due course, more graduates reaching the higher positions in all branches of national 

activity. Also we should not really be surprised to see more arts graduates than 

science graduates in positions of authority: there are far in ore of them; for one thing. 

However there is more to it than that. In the past it was customary for really bright 

school pupils to have their interests steered to the classics or other humane studies. It 

has been too lightly assumed that such an education was the best preparation for a 

position of authority in their later careers. Personally I cannot accept this. I believe 

that people rise to high places largely by way of their general ability, and only to a 

small extent by way of the particular discipline by which their minds have been 

sharpened and informed. When, for the first time, we see more of our best young 

people being attracted by science, then I think we shall certainly see more of them 

stepping up to the highest places in our national life.  

 

But such is the fascination of science that some scientists do not want to leave their 

laboratory, even for what to others might seem like promotion. Yet I am sure that 

there are, among the scientists, many people with those wider qualities and interests 

that are essential for leadership. Moreover, such a leader, because of his scientific 

training, possesses an additional qualification, for already he knows, and speaks, the 

language of industrial progress.  

 

 


