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At the end of my last talk I suggested that our modern telescopes might be 
approaching the limit of man’s possible penetration into the depths of space. It would 
be natural to speak now about the nature and meaning of this vast universe which is 
revealed. Before I do this, I want to pause to consider a different question.  
 
Until the seventeenth century the idea that astronomical theories could be subject to 
detailed observational tests was not generally accepted. The relation of the astronomer 
to society, the survival of his theories, and his personal safety depended on the battle 
of the intellect. After Galileo and Newton the position changed entirely. In the over-
all progress of astronomy the intellectual strife diminished to the point of 
unimportance, and the practical life of the astronomer became more and more 
involved in the striving to obtain better instruments for observing the heavens.  
 
In the 300 years which separated Galileo’s small telescope from the telescopes on 
Mounts Wilson and Palomar the astronomer depended largely on private sources for 
the ever-increasing cost of his instruments. The state was an interested but not 
particularly benevolent onlooker. Today we have entered a new phase. As I said last 
week, the Second World War stimulated technical developments for military purposes 
which, as a by-product, made possible the evolution of new observational tools for the 
astronomer in the form of radio astronomy and earth satellites. The interests of the 
state have become deeply involved, at least in the techniques, and very often in the 
results.  
 
Although this situation is new, it is interesting to recall that official astronomy in 
Great Britain did owe its inception to the intervention of the state. The Royal 
Greenwich Observatory was founded in 1675 by King Charles II. Its purpose was to 
make such astronomical observations as would determine the longitude at sea. In the 
event the Observatory was not of much value to navigators until Harrison perfected 
the marine chronometer a hundred years later. In the meantime the first Astronomer 
Royal, Flamsteed, followed by Halley and Bradley, carried through an extensive 
programme of fundamental work in astronomy. The demonstration that it was 
possible to determine longitude at sea was, of course, of immense value to shipping, 
and the Royal Observatory came under Admiralty control in 1820, where it still 
remains to this day.  
 
This example may be thought to contradict my statement that the entwinement of 
astronomy with the state is of recent origin, but this is not so. Charles II asked Wren 
to build the Observatory at Greenwich and called Flamsteed to the post of Astronomer 
Royal. But Flamsteed equipped the Observatory with the help of benefactors and at 
his own expense. Herschel built his telescope privately, though indeed his famous 48-
inch instrument which he built in 1785 was assisted by royal patronage. The 
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distinction gained by British astronomy on the basis of individual initiative and 
private enterprise was even more firmly established twenty years after Herschel’s 
death when the Earl of Rosse succeeded in constructing his 72-inch telescope. At the 
time when Lord Rosse was already able to observe the spiral structure of distant 
nebulae there was no telescope of any significance on the American continent. In 
1825 John Quincy Adams spoke before Congress:  
 
It is with no feeling of pride as an American that the remark may be made that on the 

comparatively small territorial surface of Europe there are existing upward of 130 of 

these lighthouses of the skies, while throughout the whole American hemisphere there 

is not one.  

 
Adams turned from a scornful and derisive Congress to raise money by public 
subscription, and the foundation of the great American observatories in this wa was 
assisted by the fortunate appearance of Halley’s comet in 1835 and the great comet of 
1843 which roused people everywhere to the need for better telescopes. The 
American astronomical scene has, in fact, been dominated almost entirely until the 
last few years by private benefactions. The succession of telescopes of ever-increasing 
size by which American astronomers have captured the initiative in astronomical 
research were built because George Ellery Hale had the vision and ability to obtain 
very large sums of money, without state assistance. Yerkes, Carnegie, and Hooker 
responded to his requests, and then in 1928 came Hale’s greatest achievement when 
he obtained from the Rockefeller Foundation $6,000,000 for the construction of the 
200-inch telescope which is now in operation on Mount Palomar. Much of the 
contemporary picture of the universe has arisen from the operation of these wonderful 
instruments. The dominating influence of private benefactions in the field of large 
astronomical telescopes on the American continent has, in the past, been almost 
complete. In fact only one large telescope—the 120-inch at Lick Observatory which  
-is not yet in action—has been financed otherwise.  
 
A century after Adams’s abortive approach to Congress the relative position of British 
and American astronomy was almost completely reversed With relatively small 
private benefaction and even less state assistance no one in Great Britain Galileo’s 
telescope which he made in 1609 could build a successor to Lord Rosse’s  
telescope. It is indeed a mortifying thought that the largest telescope in Great Britain 
today is considerably smaller than the telescope which Herschel built in 1785 and that 
the majority of the telescopes at the Royal Observatory date from the nineteenth  
century. In a year when America has added to her astronomical riches by granting 
more than $2,000,000 for the creation of a new National Optical Observatory in New 
Mexico, and Russia has announced her intention of building a 236-inch telescope, the  
construction of a 100-inch British telescope has been postponed because of financial 
difficulties.  
 
The steady decay of British influence in astronomy has fortunately been arrested by 
remarkable developments in the technical field. In my last lecture I described the new 
epoch which we have entered through the science of radio astronomy. The radio 
telescopes which have made possible these developments are expensive to build and 
operate. Great Britain has spent more than £1,000,000 on such instruments during the 
last few years. In America, after a reluctant start, $15,000,000 (or more than 
£5,000,000) have already been invested in similar radio telescopes, and by 1962 a 
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single radio telescope built by one of the American armed services will have cost 
£36,000,000. Indeed, a survey of the international scene in astronomy gives me 
excitement and pleasure as an astronomer, but as a citizen I am filled with dismay. 
The American enterprises in this new subject are being pursued with such vigour that 
they seem likely to establish precedence over our own efforts within a few years. In 
fact the history of the developments of optical telescopes in the two countries may 
soon be repeated in these new fields of endeavour.  
 
Neither is it possible for me to derive any sense of patriotic satisfaction from a study 
of the development of astronomy in the U.S.S.R. For more than 200 years the 
Academy of Sciences has played a prominent role in the encouragement of astronomy 
in Russia. The famous Pulkovo Observatory near Leningrad, established in 1839, was 
frequently regarded as the astronomical capital of the world in the nineteenth century. 
But Pulkovo and the other large observatory at Simeiz in the Crimea were razed to the 
ground during the battles of the Second World War. Thirteen years ago, when the 
American telescopes were in the full flood of discovery, not a single coherent group 
of astronomers with any worth-while equipment existed in Russia. When viewed 
against this grim background the recovery of the astronomical sciences must be 
regarded as phenomenal. Pulkovo and Simeiz have been rebuilt and extended and at 
least six other major observatories have been created during the last decade. During 
the years when Great Britain has cast on one side the construction of the 100-inch 
telescope, the U.S.S.R. has proceeded with the 100- inch in the Crimea, and has 
announced its plans for building a telescope even larger than the 200-inch at Palomar. 
Radio telescopes of great size are now coming into use, and the determination with 
which these new techniques are being pursued by large teams of technicians and 
astronomers is a clear indication of the concern of the U.S.S.R. with the fundamental 
problems of science, at a time when, indeed, it might well justify the use of its 
resources for other purposes of more immediate human concern.  
 
Whereas the recovery of Soviet astronomy from such disasters is a matter for 
admiration, the development of a completely new technique of astronomical 
observation in the form of an earth satellite has made the world gasp with 
astonishment. With the interest centred on the American - proposals to launch an earth 
satellite as part of its International Geophysical Year programme the Soviet Union 
scored a major triumph by the successful launching of Sputnik I on October 4, 1957, 
followed a few weeks later by the even greater accomplishment of orbiting Sputnik II 
weighing over a ton and packed with scientific instruments. Now the avowed purpose 
of earth satellites is for geophysical and astronomical observations, and only those of 
a conservative outlook would deny the enormous advantages of astronomical 
investigations made above the absorbing and disturbing regions of the terrestrial 
atmosphere. However, the cost of such enterprises is, by any standards, very great, 
and it is now well known that the launching rockets of the satellites, which represent 
the main cost, are military weapons of most devastating potential.  
 
It seems very unlikely that without the practical and military urge behind these 
developments the scientists of Russia and America would today be in a position to use 
these new astronomical tools. It is almost impossible to form any reliable estimate of 
the cost of the satellite programmes, because so much of the work is borne on the 
defence budgets. The ill-fated Vanguard programme in the U.S.A. has cost about 
$120,000,000. Less than a quarter of this sum has gone into the actual satellite part of 
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the programme, such as the manufacture of the satellite and its instruments, with the 
associated tracking and computing systems. But this must be a small part of the sum 
already spent in the U.S.A. on the programmes which led to the successful launching 
of the ‘Explorer’ satellites and lunar probes. The only guide we have is the statement 
that in the fiscal year 1959, expenditures for missiles procurement are estimated at 
over $3,000,000,000, which is five times the rate of expenditure for this purpose as 
recently as fiscal year 1955. After the successful test of the British experimental 
ballistic weapon known as ‘Black Knight’ in September, which is capable of forming 
only one part of a satellite launching rocket, the cost of its development was given as 
£5,000,000 sterling, and that of the associated rocket range at Woomera as 
£50,000,000. It is therefore clear that in these new fields of work we are dealing with 
an expenditure on an unprecedented scale, in which an experimental test of only a few 
minutes may cost more than the largest telescope yet built.  
 
Those concerned with the astronomical sciences are therefore faced with an entirely 
new situation. It is understandable that some astronomers, brought up in the tradition 
of the peaceful isolation of the observatory dome under the starlit sky, do not receive 
with enthusiasm these new developments in which their instruments are launched 
from the rocket range under the glare of publicity. Others are happy to join in the 
initiation of this new era of observation which would be impossible but for the 
political and military divisions of the world which have forced the governments to an 
expenditure which would never be borne as a budget for fundamental scientific work 
alone.  
 
The brilliant successes of the U.S.S.R. in this work contrasted sharply with the initial 
difficulties of the U.S.A., and it is indeed a question of much importance to determine 
why the roles of these nations both pursuing the same ends were so unexpectedly 
reversed. In this connexion one is struck most forcibly by the relative positions of the 
scientists and engineers in the U.S.S.R. and the West. During the vital years of the 
development of these projects American science was under the shadow of a Secretary 
of Defence who could see little value in research which had no immediate foreseeable 
economic or commercial value. The relevant branches of American science were 
understaffed, uncorrelated, and without the necessary finance to such an extent that 
General James Gavin and others resigned in protest. By contrast the power of the 
Academy of Sciences in Russia is very great. The essential factor appears to be that 
the initiation of scientific projects is determined by the desire of the scientists of the 
Academy and that the financial restrictions which place such grave handicaps on the 
Western scientists do not exist. The single-minded purpose behind such 
developments, which are carried through with human welfare taking second place, is a 
feature which has no parallel in Western life. The direct and continuous 
communication between the Council of Ministers and the senior Academicians 
determines that no human frailties or vacillations shall interfere with this unity of 
purpose. As a result we see today a scientific and technological nation in the early 
stages of development which already has great ability and power. In all the events of  
the past year I find few things more symbolic than the ease with which the U.S.S.R  
launched Sputnik I, weeks ahead of schedule.  
 
It is ironical that the precedence which Russia established in this way appeared to be 
the one factor required to transform the American scene. At last money became of 
secondary importance, the divisions were at least partially healed in a fanatical drive 
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to establish parity, and the recent creation of the National Aeronautics and Space 
Administration within actual budget this year of $300,000,000, and a projected budget 
of $1,000,000,000 in two years’ time, gives a new and refreshing sense of wellbeing 
and unity to the American astronomical space projects. The deplorable nature of the 
competition which has led to this transformation has hastened the development of 
space research beyond anything which was conceivable a few years ago.  
 
Why are the Great Powers willing to spend so much money on these astronomical 
projects, so that a few privileged scientists can study the regions of space outside the 
immediate environment of the earth? The answer to this question is certainly not 
obvious as it would be, for example, in the case of the investigations of an atomic 
scientist. There the easy answer is in terms of national survival, economically in terms 
of power resources, and militarily in terms of- bombs. No one today would deny that 
the most recondite investigation of the structure of atoms might some day influence 
the development of atomic power or bombs. On the other hand, it may be difficult to 
see why the study of the structure of a remote nebula could have any relation to the 
practical business of the state.  
 
The fundamental answer to this general question is written large in history. It is a 
matter of deep concern that succeeding generations have so often had to rediscover it 
for themselves — often by bitter experience. The technical devices which form the 
basis of the present economic and cultural strength of the Great Powers can be traced 
back within a few generations to fundamental scientific investigations which were 
carried out in the abstract, supported without thought of direct practical benefit. 
Without pause, one thinks of the classical linkages of the investigations of Faraday 
with electrical power, Clerk Maxwell with radio communications, and Rutherford 
with atomic power.  
 
Now it is not part of my daily job to seek any possible practical outcome of my work; 
and the large sums of money which have been given for radio telescopes in this 
country were invested in faith for the free investigation of the universe. But the very 
first use of the telescope which was conceived and built to study the universe was the 
detection and tracking by radar of the launching rocket of the Russian sputnik. I do 
not think one could wish for a more dramatic answer to the question which I posed 
just now.  
 
May I give another example? One of my young research students, John Evans, was 
assigned the task of studying the surface of the moon by radar. He sent out a pulse of 
radio waves every few seconds, and measured their strength when they were reflected 
back to the radio telescope after their two-and-a-half-second return journey to the  
moon. Although the transmitted signal was always the same strength, the signal which 
came back from the moon varied very rapidly in strength. He made a mathematical  
analysis of these variations and reached the surprising conclusion that his signals were 
being reflected only from a small area on the face of the moon. We did not start this 
investigation for any immediate practical purpose, but the result implied that the 
moon could be used as a space relay for transatlantic radio communication; this would 
be a way of overcoming the severe hindrances caused by radio fade-outs in the more 
conventional method.  It would be unwise to oversimplify the complex issues at stake 
in these matters, but it is obviously easier, on the one hand, to present the case for 
expenditure on fundamental scientific research, and, on the other, for the state to  
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justify the expenditure to the taxpayer when the techniques, and possibly some of the 
results, have close associations with a wide range of activities outside the scientist’s 
laboratory.  
 
The expenditure of large sums of money by the state on fundamental scientific 
research, although inevitable, is full of long-term dangers. In my second lecture I gave 
an example of the restriction of free astronomical inquiry in Russia today. In Great 
Britain the dangers are enhanced by the difficult and peculiar situation which exists in 
the universities. The great scientists of the past were able to achieve their tremendous 
successes with so little expense that the university organizations have grown up 
without difficulty on the basis of reasonable equality of expenditure as between arts 
and science. The problem of absorbing the vast new instruments of science in 
conventional university departments is exceedingly difficult, and in fact the very 
desirability of doing so is in question because of the fear of destroying the traditional 
balance of activities. It seems to me that those charged with the administration of the 
universities in Great Britain are today faced with a delicate and perilous situation 
which is without precedent. A failure to absorb these great new scientific projects into 
a framework where the traditional university freedom of inquiry can flourish will be 
fraught with grave dangers to scholarship and scientific education.  
 
In America the dangers at present are of a different kind. The finance of the radio 
astronomical projects is already heavily biased by the investments of the armed 
services, and early in the next decade when the 600-foot telescope is available, it 
seems likely that these investments by the military authorities will dominate the 
American radio astronomical scene. At present the demands of the services for 
specialized work from these groups of scientists is small There is, indeed, no reason 
for it to be otherwise, since the lines of work likely to be pursued with these 
telescopes by the free volition of the scientists is of great fundamental interest to the 
services. However, this may not always be so. I am unable to discover any safeguards 
which would enable this vast fabric of fundamental astronomical research to survive a 
change of emphasis or opinion in the armed services concerned. It is indeed fortunate 
that so far in Great Britain these new developments have been contained within a 
university framework where freedom is a prized and jealously guarded possession.  
 
The main concern of the astronomer is with highly abstract and remote topics. Some 
of this work can still be pursued by the astronomers working in isolation from the 
daily turmoil of existence. But we are moving into a new epoch in which even the 
study of the remote parts of the universe demand a close partnership between the 
astronomer and the state. The instruments which are destined to solve the problems of 
the origin of the universe may well rise from the rocket range. The pursuit of the good 
and the evil are now linked in astronomy as in almost all science.  
 
In so far as Great Britain is concerned I have tried to show that the recovery of our 
heritage in the astronomical sciences is in acute danger, and that the peril lies deep in 
our national well-being. The pessimists say that we cannot compete, and that within 
the next decade the scientific and technological superiority of the U.S.S.R. over the 
West will be complete. I do not believe that this will necessarily be the case because I 
think that the restraints on freedom, which I discussed earlier, may reduce the 
effectiveness of Russian science, and may counteract to some extent their enormous 
superiority in scientific manpower and finance. On the other hand, one thing seems 
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beyond contention: fundamental research in astronomy or any other subject is an 
essential component in the welfare of modern civilization. Unless the West overcomes 
its present parsimonious attitude to science and technology, then the relative quality 
of our civilization will decline, and our influence will pass to other peoples. I have 
referred to the great sums now being spent, particularly in the United States, but in so 
far as they support research, these represent a quite negligible proportion of the 
national budget. Neither in Great Britain nor the United States have we yet provided 
the facilities to saturate our existing scientific manpower. Therein lie my grounds for 
personal pessimism. Moreover, our danger rests not in our limited potential but in 
those among us who think of science and astronomy in terms of the sacrifice of a 
television set or motor car today so that our grandchildren can get to the moon. Alas, 
the issues at stake are of a different order of gravity. The fate of human civilization 
will depend on whether the rockets of the future carry the astronomer’s telescope or a 
hydrogen bomb.  
 
 
 

 
 


