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This lecture is going to be about the intellectual interest of science. I am fully aware 

that the popular support for science nowadays is largely due to the way science is 

useful to us—to the way it serves our needs and wants for creature comforts, and 

gives us power to regulate nature for our own ends. I think the basis of this popular 

attitude is understandable. For most people personal contact with science is by way of 

its material results, with television, nylon, processed foods, and so on; newspapers 

and journals have also made us aware of the practical outcome of research on nuclear 

energy, radar, and rockets.  

 

Yet I have already indicated that people conduct scientific enquiries with different 

objectives in mind and that there is one sector of science where its ultimate social 

value is disregarded, at any rate during its pursuit. It is this field of pure science that I 

want to consider in this lecture. It is a human activity which must be considered as 

entirely justified by the knowledge it yields and as satisfying an intellectual need 

rather than a material one. I choose to interpret the word knowledge to mean not 

merely an appreciation of, say, the facts of nature but also an understanding of the 

way these facts are related. If we do this we can at once say that the objective of the 

pure scientist is that of finding out what nature is like and of acquiring insight into 

why nature is like what it is. Here, then, we may take it that the desire to know does 

not need any greater justification than the pleasure—the inward excitement—which 

attends its satisfaction. This means that pure science is a further example of the basic 

truth that man does not live by bread alone.  

 

I must pause here to mention that the motive of the pure scientist is the conviction that 

knowledge is its own reward. But experience has often shown his work to be of 

surprising utility. History teaches us that many of the outstanding achievements of our 

modern civilisation can be traced back, through technology, to basic scientific 

discoveries which at first gave no hint of their practical import. However, in this 

lecture we are going to disregard utility—even ultimate utility—and count knowledge 

its own end. The consideration of this theme will take us into fields where the aims 

appear remote from those of technology.  

 

In my first lecture, I referred to the foundation of the Royal Society in the seventeenth 

century as a landmark in the history of science, not only in Britain but throughout the 

world. Although the original members of the Society did not spurn the practical 

applications of science, it seems clear that their first interest was to seek a knowledge 

and understanding of nature. In the second Charter of the Society we find its objects 

stated as being the promotion, by the authority of experiments, of ‘the Sciences of 

natural things and of the useful arts, to the glory of God the Creator and the advantage 

of the human race’. Throughout its long history its own publications show that the 
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Society has been most concerned with the ‘Sciences of natural things’— that is, with 

what I have called science for its own sake.  

 

Three hundred years ago the pursuit of science or natural philosophy was a matter for 

the amateur. And it is a fact that most sciences have profited substantially from the 

work of amateurs—and my subject of radio is, notably, one of them. But the great 

bulk of recent scientific progress in Britain has been due to people who were either 

directly paid to do research or were given time and facilities to do it as part of an 

employment with allied duties. In Britain today, for example, what the Royal Society 

Charter calls ‘the science of natural things’ is largely the province of our university 

science departments. We have no large foundations, as America has, financially 

responsible for institutions which pursue science for its own sake. It is true that we 

have certain foundations, and even some enlightened industrial firms, which 

encourage research of this kind, but their support is usually expressed by way of 

grants to university scientists. 

 

I want you to note two things about university scientific research. The first is the 

freedom enjoyed by the university scientist in choosing a subject for investigation. As 

a university scientist myself I must confess that I was able to nibble at three or four 

research problems in physics before I settled down to work on the radio exploration of 

the atmosphere, a subject which has been my interest ever since. By contrast with this 

freedom of choice enjoyed by the pure scientist, the applied scientist, say, in industry, 

cannot move so readily to something else if a particular problem looks like being 

insoluble. He has to persevere. That is why I feel his work is more difficult.  

But a particular university research department usually concentrates on just one or 

two lines of research, even within a given subject like physics, chemistry, or geology. 

Its members acquire a facility with certain techniques and the special apparatus for 

work in its selected fields becomes more generally available. When I was at the 

Cavendish  

 

Laboratory, Cambridge, in the nineteen-twenties, the main interest of the research 

student there, under the direction of Rutherford, was nuclear physics, a subject which 

he himself had founded. I know lie wanted me to work in this field, trio, and yet I 

wanted to work on radio science, for which there was not suitable apparatus at that 

time. I can remember, to this day, his listening to the plans I had in mind and how, at 

the end, he said ‘Go ahead. I’ll back you’. And this he did. This was a most generous 

thing for him to do; with money limited, it meant diverting funds to radio which might 

otherwise have supported experiments on the many nuclear problems be was anxious 

to see attacked.  

 

 

A Nursery for Research Workers  
So much, then, for the freedom of the university scientist in his choice of subject for 

research. I must also point out chat a research unit in a university is as much a nursery 

for young research workers as an implement of scientific enquiry. Things happen like 

this. The professor or senior worker usually has’ more ideas about problems for 

research than he can undertake himself. Moreover, the young graduate recruit to 

research is usually insufficiently informed about the frontier of knowledge to be 

aware of the places where a ‘break-through’ may be possible. It is, therefore, usual for 

a professor who is lucky enough to have found a fertile branch of science to see 
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progress made largely by way of his research students. But there is something more to 

be said. I believe the actual association of young and older people brings about its 

own contribution to scientific advancement As a research supervisor myself, I hope it 

can be claimed that the influence of the professor on his research students is a 

beneficial one. What 1 can claim as certain is that the influence of these young, eager, 

questing minds is both animating and stimulating for the professor.  

 

Yet there remains the question of financial support for research of this kind. Treasury 

funds reach our universities in Britain by way of the University Grants Committee, a 

body whose financial control is exercised with great restraint and whose operations 

are the wonder of other lands. But there is not a uniform incidence of good research 

workers in our universities and there is far from a uniform cost in different problems 

of research. In addition to normal university funds there must therefore be support on 

a personal, an individual, basis. This can be done only by a body—a national central 

organisation—that can call on the highest scientific opinion in an advisory capacity 

and support combinations of good people with good ideas. We cannot plan discovery; 

but we can plan the conditions in which discoveries can be made. But, even then, 

there is something of a gamble involved. We must cast our bread upon the waters and 

be prepared td wait many days.  

 

In scientific work of the kind I am discussing our task is usually that of asking nature 

the right question. And, often, formulating the question can be more difficult than 

asking it. Much has rightly been said about the stimulating effect of being obliged to 

use the simplest method with the simplest of apparatus. There is the famous remark of 

Rutherford’s, ‘We’ve got no money so we’ve got to think’. But, while economy of 

means is a good discipline in science, it can, on occasion, operate so as to reduce 

productivity. I do not myself approve of a research worker having to spend his time 

making a scientific instrument for his work when he can buy it, so to speak, off the 

shelf. And there is some scientific apparatus, like the giant telescope for Manchester 

University, which cannot be made in a university workshop and requires all the 

resources of skilled industry to construct it.  

 

 

The Hands of Technicians  
But, for research of this kind to be most fruitful, the scientist needs not only the 

availability of equipment but also the assistance of skilled hands—the hands of 

technicians. In industrial research it is usual for the scientist or technologist to have 

three or four technicians to help him; and in government research departments the 

staffing arrangements are somewhat similar; there are two or three assistants for each 

scientist. In university laboratories, by contrast, the ratio of technicians to research 

workers is entirely different: only about one technician to two or three research 

workers. We can understand why this ratio in universities tends to be low if we 

remember what I said earlier about a university research group being a nursery as well 

as an agency of discovery. It is most desirable that young research workers in training 

should learn the manual crafts of experimenting and apply them in building their own 

equipment, even if this tends to slow down the pace of their research, judged from the 

outcome of new knowledge. They must get the feel, so to speak, of tools and 

techniques, so as to appreciate their potentialities and limitations. But it seems to me 

that universities have here gone too far in acknowledging their responsibility for the 

training of the young. The research productivity of their senior, established, workers 
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could be greatly increased by further technical help. But to imitate industry would be 

wrong; an increase of 50 per cent. in the number of university fechniclans would be a 

realistic figure.  

 

While a number of great scientists have undoubtedly been outstanding manual 

craftsmen, I often think that the value of pure technical skill in experimental research 

is greatly overrated, at any rate so far as the controlling experimenter is concerned. I 

know no one who had greater experimental sense than my old professor, Sir J, 3, 

Thomson, at Cant- bridge. And yet he was hopeless with his hands. But his famous 

assistant, Everett, could carry out all the experiments which ‘3.1.’ first performed, as 

it were, in his head. Between them they made a most effective combination. It was by 

that famous partnership that the subject of electronics was founded. In my own case, I 

think I can claim that, by taking lessons from Everett, I became a little more proficient 

in soldering and glass-blowing than my professor; but always ft has been my 

experience that my assistants could beat me easily at both.  

 

However, the progress of pure science does not all’ depend on the efforts of the 

experimenter. Many workers use mathematical methods— pencil and paper—to 

investigate scientific problems. We must also acknowledge the advances made by the 

comprehending mind—the mind which appreciates the unity among the odd 

disjointed bits of the evidence. Scientists themselves especially appreciate the 

aesthetic appeal of the unifying theory, such an appeal being a measure of the extent 

to which it has replaced discordance by harmony. I digress here for a moment to 

mention that, although a great deal is known nowadays about experimental nuclear 

physics, there is still no completely adequate theory of the nucleus itself. The subject 

awaits the advent of a genius, who will most probably be young.  

 

 

Saying the ‘First Word’  
Let me tell you a story: again it is about my old professor, Sir J. J. Thomson. At a 

meeting in Trinity College, Cambridge, at which Fellows were being elected, Sir J. J. 

Thomson, who was then Master, was in the chair. One of the College Fellows, 

pressing the claims of a particular candidate, concluded his commendation by saying 

Master, I think I can best indicate the standard of this man’s work by saying that, 

when he has written on a subject, the last word has been said’. To which the Master 

replied ‘That may well be, but perhaps we are looking for the young man who says 

the first word’. Yes, that is the situation; the university scientist, with his freedom of 

choice of subject, can continue to say the ‘first word’ on many things.  

 

In order to illustrate the kind of scientific investigation in course of progress in our 

universities, I have selected a single example for rather detailed comment, instead of a 

number for brief mention. It relates to one of the most fundamental enquiries ever to 

engage human attention, namely that of trying to read the history of the universe. 

Assuredly this must he a case of science for its own sake, for it is concerned with 

what men think about their environment rather than what they can do about it.  

 

Just as the historian is obliged to go back to old records in order to learn about the 

past, so the scientist must examine the oldest things be can find in trying to unravel 

the history of the earth and the universe. In the case of the earth he can examine old 

rocks and fossils; in the case of the external universe he has only, as evidence, the 
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light waves and the radio waves which reach him from the most distant objects in 

pace. It would not be at all misleading to call such radiations fossil light, and fossil 

radio, for in most cases they originated many millions of years ago, and only in the 

last 300 years of that period have we developed methods of unravelling their meaning. 

The older kind of astronomer, with his powerful optical telescopes, has discovered 

that, as far he can see, the individual stars in space are not distributed uniformly. They 

are grouped in star colonies—island colonies—like our own galaxy, the Milky Way. 

In whatever direction we look, these stellar colonies can be seen, millions of them, at 

all distances up to the limit of observation. Another thing astronomers have 

discovered, this time with their spectroscopes, is that all the island colonies, viewed in 

any direction, appear to be travelling away from us; and, perhaps most important of 

all, the further away they are the faster they seem to be retreating.  

 

Today, there are two rival theories advanced to account for these remarkable 

phenomena. One, called the evolutionary theory, is based on the assumption that, at 

some point in time long ago—the evidence suggests 4,000,000,000 years ago—at 

some point in distant time all these island colonies or galaxies were congregated close 

together, and, in their separation outwards since that time, the race has been won by 

the swiftest. You will readily see that one important consequence of this theory is that 

the average distance between the galaxies in this expanding universe must have been 

steadily increasing with time; just as a group of steeplechasers, starting off in a bunch 

together, get more and more spaced out according to their speeds during the course of 

a race. Another essential feature of the evolutionary theory of the universe is that all 

the galaxies are assumed to be of the same age— that is, as old as creation. The rival 

theory of the universe assumes that, far from evolving in the way I have indicated, the 

universe has always looked like what it is now. That is why it is often called the 

steady-state theory. The expanding character of the universe is accepted as a basic 

element in the theory and, again, galaxies are pictured as travelling outwards and 

disappearing from the reach of our view.  

 

But the original and startling suggestion is also made that, owing to. the creation of 

matter in empty space, new galaxies are continually being formed, and these join the 

outward race with the rest. Moreover, this continuous creation of new galaxies is 

pictured as taking place at a rate which just keeps the spacing of the galaxies constant. 

It is as if, in our steeplechase, the spacing between the runners did not increase as the 

race went on, because new runners, popping up from nowhere, kept joining the race 

all along the route.  

 

The essential differences between two theories are these. According to the 

evolutionary theory the galaxies are all of the same age, and, ever since a point in time 

4,000,000,000 years ago, they have been getting farther apart from one another. 

According to the theory of continuous creation, on the other hand, galaxies can be of 

all ages but their average population in space has always been the same as we see it to 

be now.  

 

Up to the present, there has been no evidence from the older branch of astronomy, 

using optical telescopes, to allow us to distinguish between these rival theories, 

although one or two investigations that might serve to do this have been proposed. So 

far as optical evidence is concerned it is true that the spacing of the galaxies looks 

uniform, an essential feature of the steady-state theory though not an essential 
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ingredient of the rival theory. However, in recent years, scientists have started to 

survey the universe using a radio-telescope instead of an optical telescope. And they 

have succeeded in detecting some thousands of distant radio sources which are often 

called radio stars though, in fact, it is most probable that these sources are larger than 

the ordinary stars we can see through an optical telescope. And most of them do not 

seem to be identifiable with visible galaxies. Nevertheless they are members of the 

population of space, so their distribution, like that of the bright galaxies, can be 

examined and compared with what our rival theories predict.  

 

The radio-astronomers at Cambridge, using a giant radio-telescope, have examined as 

many as 2,000 radio stars, measuring the strength of their radiations and also their 

grouping in different directions. And they make out that the population density of 

radio stars is not uniform throughout all space. It is uniform near us, but at the furthest 

reaches it increases with distance. In other words, there are too many faint sources to 

be explained on a theory of uniformity throughout the universe. The other exciting 

conclusion is that these very distant radio stars, which are in excess, are most 

probably situated beyond the range of modern optical telescopes. In other words, it 

looks as if we can see further by radio than by light.  

 

I am sure that these Cambridge radio-astronomers would be the last to be dogmatic 

about the significance of their results. Nevertheless their observations, so far, are 

clearly in favour of the evolutionary theory rather than the steady-state theory. And, to 

keep you really up to date, I should mention that some radio-astronomers in Australia 

tell me their results do not tally at all with the Cambridge ones. So we have a situation 

which frequently arises in science. We want more and more data before we can be 

quite certain of their meaning. But what does seem certain is that the kind of 

investigation started at Cambridge may well have a powerful bearing on the important 

problem of what the universe was like when it was much younger than it is now.  

 

Some of you may feel surprised at the assurance with which a scientist may appear to 

speak, as I have been doing, about the behaviour of things so distant in time and 

space. So I want to admit the assumption which the astronomer—and indeed any 

scientist—makes about the universe he investigates. It is this: that the same physical 

causes give rise to the same physical results anywhere in the universe, and at any 

time, past, present, and future. The fuller examination of this basic assumption, and 

much else besides, belongs to philosophy. The scientist, for his part, makes the 

assumption I have mentioned as an act of faith; and he feels confirmed in that faith by 

his increasing ability to build up a consistent and satisfying picture of the universe and 

its behaviour. Indeed, if difficulties were ever encountered in applying terrestrial laws 

to non-terrestrial places, the scientist would not be inclined to abandon those laws. 

No, he would be inclined to conclude that a terrestrial being—that is, himself—was 

not applying the laws properly. 

 

 


