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I have chosen this subject of the scientist in war—time for two reasons. In the first 

place the Second World War taught us a great deal that was new about the various 

ways a scientist could serve his country; and we surprised our enemies, and even 

ourselves, by our successes in war-time technology. In the second place it was during 

the war that the nation, as a whole, came to realise the enormous power of applied 

science in promoting the tasks which were then on hand; and in many minds there 

arose the justifiable thought that, if science could render such useful service in war, it 

could yield no less a benefit in time of peace. It was not therefore surprising that, at 

the end of the war, a government committee recommended that the universities  

should be encouraged to double the numbers of their science and engineering 

students; and those university scientists who had joined government departments for 

wartime service were the first to be released in order to resume their academic duties.  

 

I want to recall, then, some of the outstanding features of the support the scientist was 

privileged to give to his colleagues, the sailor, the soldier, and the airman; and I want 

especially to try to disengage the machinery of this assistance so as to expose the true 

nature of its links. During the war, many people who had previously been engaged on 

pure scientific research in universities made their first contacts with applied science. 

Similarly many scientists in government service, who had been working on what I 

may call civil scientific research, dropped their normal work and turned their attention 

to defence problems. What was so striking about the discharge of these unfamiliar 

tasks was the success of the scientist with a sound knowledge of fundamental 

principles. There were many opportunities for the exercise of special skills and 

techniques; but, during a war, many problems arise for the first time, as for example 

in devising counter-measures to enemy activity. It was in the solution of these new 

problems that the intellectual resource of our scientists and technologists showed to 

such great advantage.  

 

In illustrating the war-work of the scientist, I am going to choose examples that are 

likely to be unfamiliar to you. You will know already of the fine work that had been 

done, even before the war started, on the detection of enemy units at a distance—the 

underwater detection of submarines by sound wave reflections and the detection of 

aircraft and surface vessels by radio wave reflections. This work provided a solid 

basis for further development in war-time when more people became available. There 

were, however, great gaps in our knowledge of other branches of war science. I well 

remember how, when the Civil Defence Research Committee was formed at the 

beginning of the war, we found our deliberations badly handicapped by the lack bf 

basic physical knowledge concerning the nature of explosions and the effects of 

explosions on building structures. It was, therefore, necessary to start both 

experimental and theoretical investigations on these topics at once.  
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There is no obvious connection between research on explosions and research on 

roads, and yet it was the road research laboratory of the Department of Scientific and 

Industrial Research which undertook this fundamental work on the physics of 

explosions. As a matter of deliberate policy, road research had been abandoned as a 

war-time measure. The road research organisation was, therefore, free to turn to other 

tasks; and, supplemented by other workers who, at first, were equally ignorant of 

defence research, It became the acknowledged authority on the nature of explosions 

and on the design of bombs for special purposes. Indeed, this station, which in peace-

time had become an expert in making concrete, became the war-time expert in 

destroying it!  

 

I have singled out this quality of adaptability as being - of outstanding importance in 

war-time, but it seems to me that we must set it high in our list of requirements in 

peace. We must, in this age of technology, expect constant change. There can, for 

example, be no permanent pattern of employment. Adaptability in scientists comes 

from a sound and broad education in scientific principles. Adaptability in workers 

must, likewise, be sought by way of broad technical education.  

 

I turn now to another lesson of war-time, namely that science can be fruitful in 

unexpected places. It had been recognised for many years that civilian scientists had 

much to contribute to the development of the weapons and instruments of war; and 

each of the three Services already had its own director of scientific research, with his 

sup— porting staff, long before hostilities broke out. But tactics and strategy were 

matters for the operational staffs of the Services. If I may call the scientist the 

‘provider’ and the operational officer the ‘user’, it was pre-war custom to regard their 

functions as separate, with little or no overlap. However, great profit followed when 

the scientist was - allowed not only to be the ‘provider’ of weapons and instruments 

but also to be the consultant to the ‘user’ on actual operational matters.  

 

Let me say at once that I do not think this development of close collaboration between 

the scientist and the service—man came from an immediate mutual attraction. My 

own view was that each, at the beginning, was a bit suspicious of the other. But, in 

time, it was realised that the scientist could be really practical in outlook and could 

also keep secrets. Also the scientist found that his most powerful advocate was one 

job well done. The service-man, he discovered, was ready to judge matters on results.  

 

One notable expression of the war-time aid rendered by the scientist to his Service 

colleague was in connection with numerical thinking on operational matters. During 

the war each of the three Services had its own operational research group. The 

objective of each group was to provide officers in executive charge of operations with 

quantitative arguments for employing the units under their command in the most 

effective manner.  

 

Let me give you an example—one in which the scientist was able to suggest a change 

in tactics which improved operational results. In the autumn of 1942 our losses of 

merchant shipping were high, and it was a matter of supreme moment to decide how 

to allocate our limited shipbuilding resources between the building of merchant ships 

and the building of anti-U-boat an analysis of U-boat attacks on during the years of 

1941 and 1942 someone noticed an entirely unexpected result, The merchant vessel  

losses seemed to be pretty well the same whatever the sine of the convoy. In other 
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words, the proportion of merchant ships sunk decreased as the convoy size increased. 

As a result of this recognition of the unexpected—for it was pre-war naval doctrine 

that small convoys were best—convoys were increased in size with profitable results. 

The doctrine of large convoys, as expounded mathematically in the text-book of 

today, is now generally accepted.  

 

So far, I have been referring to the war-time function of the scientist in applying his 

knowledge to the development of weapons and to the analysis of warlike operations.  

In many cases these exercises consisted in fairly straightforward applications of 

scientific principles, intelligence and zeal doing the rest. However, the war-time 

technical effort resulted also in a number of remarkable inventions, some of which 

were responsible for rapid surges of progress in their respective fields. Many people 

nowadays arc inclined to think that, because of the rapid development of technology,  

the day of the inventor is over. I do not agree. It is true that the technologist of today 

can often achieve, by scientific reasoning alone, some practical result which,  

fifty years ago, would have been classed as an invention. To that extent, then, the 

world of the inventor is being invaded by the technologist; and this is a process which 

we may expect to continue. But, happily I think, there is still scope for the people who 

will not allow their objectives and ambitions to be influenced by the theoretical 

limitations of the day—people who are sceptical when they are told that something 

cannot be done.  

 

Since material inventions have provided the essential germs of so many important 

developments in technology it is worth while at least attempting to identify the 

characteristics of the inventive step. As I have already indicated, such a step should 

nor consist of deductive reasoning alone. My personal view is that the impact of a true 

invention on the mind of others, skilled in the art and science of the subject, should 

cause surprise. The highest type of invention is understood only after the way it works 

has been explained.  

 

Of the major inventions of war-time, I select one that measures up well to my 

specification. I refer to the outstanding radio invention of the war, the cavity 

magnetron, a radio oscillation generator which brought about the wave-length 

revolution in radar, when wave-lengths as long as the height of an adult person were 

replaced by wave-lengths as long as his fingers. This radar wave-length revolution—

its importance cannot be stressed too highly—introduced a new era of precision in our 

radar detection of enemy units, both from the land and from the air. It also brought 

about the possibility of what I may call radar-television, by which our own airmen 

could provide themselves with a rough radio picture of the type of country over which 

they were flying. On their own radar-television screen they saw depicted in outline the 

configuration of the coast-lines and built-up areas below them, even in darkness or 

above cloud. All these benefits followed directly from the shortness of the wave-

lengths generated by the cavity magnetron.  

 

Although the cavity magnetron was responsible for the radar revolution and was 

employed to great advantage by all three Services during the war, it could not be said 

that the theory of its operation was fully understood until well after the war. Indeed, to 

describe the antics of the vibrating electrons inside an operating cavity magnetron 

involved extremely complicated mathematics, the difficulty of which was not 

contemplated when the instrument was first invented. However, the important thing 
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for war-rime was that the invention worked, although only a kind of outline theory of 

its operation was then available. The great mathematical genius, Oliver Heaviside, 

once pointed out that it was not necessary to know all about physiology in order to 

have a good digestion. While admitting the frequent relevance of that remark in the 

practical use of scientific developments, however, I would add the rider that it is 

useful to know ‘all about physiology’ if the digestion goes wrong.  

 

One great advantage of the development of the closer association of the operational 

chiefs and the scientists during the war was that the latter were encouraged TO proffer 

their own suggestions about what might well be possible in the way of new weapons 

and instruments, after appropriate research. In this way the Services were prompted to 

accept, as operational requirements, devices with performances greatly exceeding 

what they themselves would have thought feasible. One British scientist, for example, 

was struck by the enormous average expenditure of antiaircraft ammunition to bring 

down one enemy bomber. He realised that a major limitation here arose horn the error 

in setting the time- fuse of the shell, which determined the distance from the firing 

point at which it exploded. This led him to advance the bold—almost extravagant—

suggestion that the shell might be made to explode automatically when it arrived at 

the spot where it could do most damage. For this purpose he suggested that tiny radar 

equipment should be accommodated within the shell itself, the radio waves reflected 

by the target being responsible for telling the shell, so to speak, when it could do most 

damage.  

 

The idea of—such a proximity fuse was revolutionary; it was realised that it involved 

building a complete radar sender and receiver which was small enough to be housed 

in the nose of a shell and yet sufficiently rugged to stand the accelerations of firing 

and of spin in flight. Nevertheless this daring conception was, in due course, 

embodied in a practical form, the V-T fuse, its use proving of sensational effect in 

several theatres of war. It became available, for example, in the latest stages of the VI 

flying-bomb attack on London and enabled our gunners, over certain periods, to bring 

down nearly 100 per cent of their target.  

 

There were many instances of the Services identifying their own needs and turning to 

the scientists for help in meeting them. I choose a particular instance, partly because it 

illustrates the great variety of war-time problems, and also because it illustrates how 

the solution of a war-time problem has had a peace-time application.  

 

In 1940, the Fuel Research Station was asked by the Admiralty if it could suggest tow 

the smoke from coal-fired merchant ships could be reduced. The reduction of smoke 

was required in order to cut down the distance at which the presence of merchant 

ships could be detected by enemy submarines. The Fuel Research Station, suspecting 

that smoke emission was connected with the incomplete burning of gases leaving the 

fuel bed, sought a solution of the problem by an increased supply of air in the right 

places. For this purpose they devised a new type of furnace door—a smoke eliminator 

door—which allowed the inflow of the extra air necessary. But, as so often happens in 

these things, the Fuel Research Station’s work on the subject brought to light a new 

result. It was found that the new type of furnace door not only reduced the smoke but 

also increased the efficiency of the boiler. This was traced to the more complete 

burning of some invisible gases which were always found to accompany the smoke. 

In other words, the smoke was found to be the indication of inefficiency rather than 
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the cause of it. Since the war, the same method of reducing smoke and achieving fuel 

economy has been applied to certain types of boilers in factories and large buildings.  

 

 

Useful Conclusions  
Even from these few examples of the work of the scientist in war-time it is possible to 

draw one or two important and useful conclusions. One general lesson is that the 

scientist can render his most significant assistance in meeting a practical requirement 

only when he is given the fullest information about the way in which the need itself 

has arisen and been identified—when he is told, in fact, not only what is wanted but 

also why it is wanted.  

 

Another feature of the process of applying science, this time a constitutional one, is 

that the scientist does not normally occupy an executive position in the chain of 

authority and control of the operating organisation he is called on to serve. Standing 

on one side, so to speak, he makes his assistance available to people who might be 

counted both his seniors and his juniors. He can offer professional advice when asked  

—though, in my view, there are many occasions when he is justified in not waiting to 

be asked. But, in either case, he cannot compel people to accept his advice. It is the 

same in industry as in the Services.  

 

In this business of inducing people to accept what might be of benefit to them, the 

scientist gains enormously if, in addition to his professional competence, he also 

possesses the social qualities that make for effective human co-operation. Two things 

are useful for the scientist to remember here. One is that the man you are trying to 

help knows his own particular job better than you do and that you can only assist him 

to improve its performance in parts. The other is that it is possible to achieve almost 

anything in the world if one is prepared not to want the credit for it. But, clearly, the 

scientist has a right to expect that his advice will be examined with sympathy and 

imagination. Let me give a striking instance where this certainly happened. it is a fact 

that the idea of using radio wave reflections for the detection of distant objects arose 

independently, in a number of different countries, shortly before the war. But it was in 

Britain that the most rapid development of radar took place. This was due not only to 

the splendid development work conducted by Sir Robert Watson Wan and his team of 

young scientists, but also to the open-mindedness of British Royal Air Force Staff 

Officers, who were quick to grasp the potentialities of what was, for them, a novel 

technique. The outcome is well known. By 1939, while other nations could also be 

said to have radar, we had actual radar stations in full operation.  

 

However, all other scientific advances in war-time are dwarfed by the liberation of 

nuclear energy at man’s will: by the greatest technological achievement of all time, 

the nuclear bomb. 7 do not propose to recall now the details of that development, for I 

count it more important to point the moral lesson it teaches than to admire the energy 

and resource by which it was devised. For the nuclear bomb pulled the world up 

sharply and made us all, scientists and laymen alike, contemplate the stark 

consequences of a future war fought with such weapons; and, now, with their even 

more devastating successors. There are many people, and they include some of my 

scientific colleagues, who declare that the scientists only made the bomb and that it 

was the politicians who dropped it. I count that to be a totally false assessment of 

events; it seems to me that we scientists were all in it with Mr. Truman.  
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It can, of course, be claimed that the results of science and technology, as things in 

themselves, are neutral; they can be used for good or evil. One can imagine both kinds 

of uses even for a nuclear bomb. I remember that, after the first world war, large 

quantities of explosive left over were detonated, to make big bangs, for international 

experiments on the abnormal propagation of sound waves to great distances; and a 

nuclear bomb could certainly be used for the same purpose. You will therefore 

appreciate the difficulty I feel about calling any technological device a good or bad 

thing in itself. But where the objective use of the particular device is known, or can be 

reliably inferred, the person engaged in making it should not be indifferent to the 

outcome of his labours. And when it comes to a subject like weapon design, I think 

we must acknowledge, in this context, the right of a scientist to be a conscientious 

objector—even if we do not agree with him.  

 

In the case of the two types of nuclear bomb made and used during the war, the 

production of the essential materials required a vast industrial effort; and it may well 

have been that thousands of people, and especially those playing the lesser parts, were 

denied knowledge of the overall objective. But it is clear that the senior scientists 

engaged on the project, and particularly those whose task was the designing of the 

bomb itself, could have counted the operation only as one involving a weapon for use 

in war. When scientists were known to be so badly needed for other tasks, their 

preoccupation on this one, surely could not have been otherwise justified at that 

particular time.  

 

For a number of nuclear scientists, the full realisation of the Japanese devastation has 

made them bitterly regret their own share in the work which led to it. One can have 

only the most sincere respect for admissions of this kind. As for myself, I approved 

the nuclear bomb project, also its use, on overall humanitarian grounds, at that 

moment in history. After all, we were at war. What I deeply regret is that it has not 

been possible, so far, to organise the practical employment of nuclear power under an 

international controlling body, with full powers of inspection all the world over. 

 


