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For more than 300 years after Galileo first looked at the sky through a small 

telescope, man’s progress in astronomy was closely associated with the construction 

of larger and larger telescopes. The primary stimulus came from Herschel in the late 

eighteenth century. He began to make his own telescopes in 1773 when he was an 

organist in Bath. In the following ten years he is believed to have made more than 500 

telescope mirrors of various sizes. He caused a sensation by discovering the planet  

Uranus, the first planet discovered since prehistoric times; but his main interest was in 

the arrangement of the stars in the heavens.  

 

In a paper which he read to the Royal Society in 1785 on the ‘Construction of the 

Heavens’, Herschel explained why he found it necessary to build larger telescopes. To  

the unaided eye the Milky Way appears as a diffuse band of light across the sky. 

Through a small telescope it is seen to be a collection of stars, but many nebulous 

patches remain unresolved. Herschel said that as the power of the telescope is 

increased an observer ‘perceives that those objects which had been called nebulae  

are evidently nothing but clusters of stars. He finds their number increase upon  

him, and when he resolves one nebula into stars he discovers ten new ones which he  

cannot resolve’.  

 

In those words Herschel described his own experience and expressed the challenge 

which still faces astronomers today. The succession of telescopes of ever-increasing  

size which have since been constructed has continued to reveal more and more distant  

nebulae of stars. However, it seems likely that we have nearly reached the 

culmination of this line of development with the 200-inch telescope on Mount 

Palomar in America which began its programme of work about fifteen years ago. It 

seems possible that optical telescopes of this order of size may represent the largest 

that it is worth while building on earth. Even under the excellent atmospheric 

conditions which exist on Palomar, the unsteadiness of the atmosphere limits the 

realization of the maximum penetration of this telescope to a few dozen nights during 

the year.  

 

This telescope can photograph star systems which are so far away that the light has 

taken over two thousand million years to reach us, but when I discuss the problem of 

the origin of the universe you will realize that this distance is a most tantalizing limit. 

The desire to find out what lies beyond is very great: some knowledge of the star 

systems at twice this distance might well give us the key to unlock the secrets of the 

evolution of the entire universe. You will therefore understand that those of us who 

seek this knowledge seize with a particular passion any prospects of surmounting the 

hindrances of our earthbound environment. And indeed we have been born in a 

fortunate and exciting epoch: out of the cataclysm of a world war have emerged two 
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technical developments which are creating a revolution in astronomical 

observations—radio astronomy and the earth satellite.  

 

When I think of the enormous scientific and technological problems which had to be 

solved I still stand in awe when I reflect that at this moment at least four objects 

launched by man are relentlessly circling this earth. They have carried scientific 

instruments above the dense regions of the earth’s atmosphere and are sending back 

by radio information about the conditions in the environment of the earth which 

hitherto we have been able to probe only remotely and by inference. The astronomer 

whose interest lies in the problems of the solar system has already gathered a rich 

harvest of results about the complex of radiations and particles which exist in space 

and which are normally absorbed or transformed by processes in the upper regions of 

the atmosphere. Soon, telescopes will be carried into these regions and man’s vision 

will be freed from the disturbing effects of the atmosphere. Limitless possibilities are 

now emerging; indeed we seem to be on the verge of another epoch of discovery 

which may well parallel that of the radio telescope.  

 

In the ordinary course of events our knowledge of the universe comes to us because 

the sun and the stars emit light. Less than thirty years ago Jansky, an American 

engineer, discovered almost by accident that radio waves were reaching the earth 

from outer space. But although his proof that they were coming from regions of space 

outside the solar system was decisive, he could not find out much more about these 

radio waves. Radio waves and light waves travel through space with the same 

speed—186,000 miles a second— but are distinguished by the difference in 

wavelength. The light which reaches us from the stars has a wavelength measurable in 

millionths of a centimetre, whereas the wavelength of radio waves is measured in 

metres. To detect these radio waves we need a special kind of telescope, now 

commonly known as a radio telescope, which is, in effect, a large version of the 

common television aerial. The urge to build big radio telescopes is the same as the 

driving force behind the construction of large optical telescopes, namely the desire to 

penetrate far into space. Because of the long wavelength of the radio waves the radio 

telescopes have to be much larger than optical telescopes. Even with the enormous 

instruments now in operation the radio-astronomer’s view of the heavens is ill-defined 

compared with that given by a small optical telescope. This factor much increases the 

difficulty of correlating the universe which we study with radio telescopes with the 

stars and galaxies visible to our eyes.  

 

It is hardly surprising that Jansky and those who followed him were unable to relate 

their radio signals with the stellar objects perceived by our normal senses, and for a 

long time the idea existed that these radio waves were coming from the hydrogen gas 

which fills the space between the stars. For years Jansky’s discovery remained almost 

unknown, and this unexpected gift of nature to man lay disregarded by the world’s 

astronomers. My own introduction to this work was accidental—a casual remark by a 

colleague during the endless war-time discussions on how to get a few more miles of 

range out of our radar. Yet within four years I was wanting most desperately the 

telescope which now towers over the Cheshire plain. The war-time developments In 

radar had placed in our hands equipment of a sensitivity and excellence far greater 

than anything previously available. As soon as these new techniques were used to 

study the radio waves from the sky one realized that Jansky’s discovery had opened 

an entirely new avenue for the exploration of space.  
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The improved definition and sensitivity of the equipment soon showed that some of 

the radio emission was concentrated in particular parts of the sky. The Idea that the 

interstellar hydrogen gas emitted the radio waves turned out to be only a small part of 

the story. The real situation was much more exciting. The concentration of the  

radio emissions into localized sources does not seem to occur in any regions of  

the heavens in which there are prominent visible objects. On the other hand, if we turn 

our radio telescopes The solar corona observed towards the bright stars like Sirius or 

Capella we cannot record any radio waves from them. Indeed we face a paradox 

which has sometimes made us reflect on those heavenly bodies of Lucretius ‘which 

glide devoid of light for evermore’. However, we do not now believe that these newly 

discovered radio sources are dark stars. Our difficulty in relating them to the universe 

of our ordinary vision arises, we think, partly because the objects which emit radio 

waves are very faint and generally peculiar, and partly because the radio waves come 

from distant regions which are beyond the range of the optical telescopes.  

 

Before I discuss this situation further, it would, I think, be helpful if I described the 

results of our attempts to detect radio emissions from the more common stars and 

galaxies: To begin with, the sun is a strong radio source—so strong indeed that it 

sometimes hinders the observations of the more distant signals, in the same way that 

its Light blocks out stars from the ordinary telescopes. One of the earliest of the post-

war surprises was the discovery by Appleton and Hey that the sun spots and flares 

which occasionally appear on the solar surface are associated with large and irregular 

increases in the solar radio emissions. These solar eruptions are often accompanied by 

disturbing terrestrial events, such as the appearance of the aurora borealis and the 

fade-outs in transatlantic radio communications. When the sun is quiet, or undisturbed 

by spots, then the radio waves from the sun are much less intense. They are generated 

in the solar corona, that highly tenuous region of the sun extending far outside the 

photo- sphere which is the disc of the sun that we see normally. For the radio 

astronomer the size of the sun depends on the wavelength which he uses to study it. 

At a radio wavelength of a few centimetres we find that the sun is about the same size 

as the sun which we see with our eyes, but as the wavelength we use increases so does 

the size of the sun as seen by the radio astronomer. At a few metres wavelength its 

radius is several times greater than the optical radius. If our eyes were sensitive to 

these radio wave lengths the sun would, indeed, appear to be enormous and probably 

flattened, not spherical as it now appears. The subjective basis of our knowledge of 

the sun introduces a nice point for philosophical argument.  

 

Of the planets in our solar system Jupiter at least behaves abnormally as far as the 

radio astronomer is concerned. About four years ago scientists in Washington 

obtained some unexpected deflections on the chart connected to their radio telescope. 

For a long time they thought it was some local interference, but after a few months the 

same kind of interference began to appear in the middle of the night, and eventually 

they realized that the signals were coming from the planet Jupiter. These results are 

surprising since, unlike the sun, Jupiter does not have, the kind of hot atmosphere 

conducive to the generation of radio waves. In fact it now seems possible that these 

signals come from the planetary surface, and recent work has indicated that if this is 

the case only a few places on the surface are responsible. It is interesting to speculate 

on the events which might generate these signals since the energies involved are 

enormous. In fact it is difficult to establish a parallel with anything which might 

happen on earth; one has to think in terms of the energy of ten or more hydrogen 
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bombs, or giant volcanic eruptions like the explosion of Krakatau. We may well have 

to wait for the close approach of a space-probe to Jupiter before this problem can be 

settled.  

 

After these remarks about at a total eclipse of the sun the radio emissions from By 

permission of the Astronomer Royal the sun and Jupiter, you may be somewhat 

puzzled by my earlier reference to the difficulty of detecting radio waves from the 

common visible objects in the universe. The sun is a common star, and one might 

therefore expect other stars in the Milky Way to emit similar radio waves. Indeed they 

might well do so, but even the nearest star is more than 200,000 times further from us 

than the sun. If the sun was at that distance, its radio waves would be fifty thousand 

million times more difficult to detect, and that presents us with an almost insuperable 

problem. Actually, if these distant stars also have occasional great outbursts, then the 

radio waves emitted on these occasions might just be detectable by a large instrument 

like the telescope at Jodrell Bank. Such a search is in progress, but whatever the result 

it is clear that any radio emissions of this kind from common stars do not make any 

significant contribution to the radio waves which are emanating from the regions of 

the Milky Way.  

 

When we turn our radio telescopes in the direction of the Milky Way we are studying 

radio waves which have been on their journey for many thousands of years. The 

Milky Way is an assemblage of ten thousand million stars arranged in the form of a 

flattened disc across which light would take 100,000 years to travel. As for the radio 

waves from the Milky Way, the only conclusive statement I would be prepared to 

make is that they certainly do not originate in these stars. In fact the Milky Way as 

revealed to the radio telescopes is not such a flattened disc. It is surrounded by a halo, 

or corona, of radio emission. The existence of this corona was inferred a year or so 

ago by the Russian astronomer Schlovsky, whose idea was confirmed by the 

measurements of the radio astronomers in Cambridge; and this summer two of my 

colleagues using the Jodrell Bank telescope have found evidence for similar haloes 

round the distant extragalactic nebulae: that is to say, nebulae outside the Milky Way.  

 

We do not yet know how to interpret these discoveries, because there is nothing 

visible in the optical telescopes outside the main stellar structure of the nebulae. 

Hoyle and Gold are convinced that the radio waves in these regions are emanating 

from high-energy particles moving in extensive magnetic fields, and that these  

same particles are the source of the cosmic radiation. If this linkage can be 

substantiated a most important step will be made in our understanding of some  

fundamental astrophysical processes.  

 

When we consider the radio emissions which come from the regions of the Milky 

Way defined by the assemblage of stars, we find a complicated situation which is not 

yet fully understood. Two features are of particular interest. Between the stars it has 

for long been realized that there must exist clouds of hydrogen gas, but this gas is in a 

neutral state and does not emit light and so cannot be seen with ordinary telescopes. 

However, the neutral hydrogen atom emits radio waves on a particular wavelength  

of twenty-one centimetres, and these interstellar hydrogen clouds can be detected and 

measured with the radio telescopes. The story of the detection of these twenty-one 

centimetre emissions is an epic of modern science. Under the terrible circumstances  

of the German occupation, Van de Huist, a young research student in Holland, made 
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the calculations which led him to predict the existence of these radio waves. He 

showed that although for any one hydrogen atom the process of emission is only 

likely to take place in eleven million years, the numbers of atoms in the interstellar 

clouds are so great that the emission should be detectable. Years of peace were 

required to develop the right equipment, and then, in 1951, these weak radio waves 

were detected—an event which represented a triumph of technical skill and a brilliant 

vindication of Van de Huist’s prediction.  

 

The astronomers in Leiden under their director, Jan Oort, seized on this unparalleled 

opportunity of piercing the secrets of the structure of the Milky Way. The large 

optical telescopes are powerless to penetrate the interstellar dust clouds which obscure 

the structural details of the system—and we are placed in an unprivileged position on 

the edge of the galactic disc. However, the dust presents little handicap to the passage 

of the twenty-one centimetre waves, and during the last few years Oort and his staff 

have produced results of almost unbelievable detail and elegance describing parts of 

the Milky Way which man will never see.  

 

The second feature of the radio waves which come from within the confines of the’ 

Milky Way is that the smooth background of radio emission is punctuated by. strong 

sources which stand out for the radio telescope in the same way that the bright visual 

stars stand out from the diffuse light of the Milky Way. I have —already emphasized 

that the common bright stars do not emit radio waves—at least, they have not yet been 

detected—and the solution to the origin of these strong sources of radio waves cannot 

be found in the common stars. There are a few cases where these radio sources have 

been identified with unusual objects which can be seen in the optical telescopes. The 

most spectacular is the Crab Nebula, four thousand light years away. This nebula is 

the gaseous remains of an exploding star or supernova outburst, seen by Chinese 

astronomers 900 years ago in A.D. 1054. The millions of tons of hydrogenous 

material of the star disintegrated in a catastrophic explosion, and at present we see the 

gaseous shell of the explosion still moving out through space at the rate of seventy 

million miles a day. This gas is at a high temperature and in a great state of turmoil, 

and we believe that these conditions are responsible for the radio emission. There are 

two other well-established cases of supernova outbursts in the galactic system: those 

observed by Tycho Brahe in 1572 and by Kepler in 1604. The visible remnants of 

these are difficult to see in the telescopes but both have’ been identified as radio 

sources.  

 

The most powerful of the radio sources in the Milky Way lies in the constellation of 

Cassiopeia, and this was extremely difficult to link up with any visible object. A few 

years ago, after protracted research, the American astronomers on Palomar succeeded 

in photographing a strange object coincident with the radio source. It is a diffuse and 

faintly luminous region of gas covering an area of sky which is much larger than that 

occupied by a star. The object contains filaments of gas in extremely violent motion. 

Recently, less intense sources have been associated with similar regions of diffuse gas 

in Gemini and Auriga. No one yet knows where these stand in the sequence of stellar 

evolution; they may be old supernovae or, alternatively, the beginning of the 

concentrations of gas which ultimately form stars. One thing seems certain, they are 

so faint and diffuse that they are unlikely to have been recognized as significant stellar 

objects but for their strong radio emissions.  
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Complex Origins of Radio Emissions  
You will see that the radio emission generated in the Milky Way system has complex 

origins; the diffuse regions of turbulent gas which give us localized radio sources, of 

which some at least are supernova; the clouds of neutral hydrogen gas; the corona 

round the system where no matter can be seen; and probably emission from ionized 

hydrogen which contributes to the background radiation. But when we inspect our 

records we find many thousands of radio sources which seem to be distributed 

uniformly over the sky. Most of these are much weaker than those which I have just 

described in relation to the Milky Way, and their uniform distribution leads us to 

believe that they are external and lie at great distances from the local galaxy. The 

extragalactic star systems, of which there may be a hundred or even a thousand 

million in the field of view of the large optical telescopes, have an overall uniform 

distribution in space—at least within the two thousand million light years to which the 

telescopes penetrate. It would therefore be natural to look for a close association 

between these nebulae and the radio sources.  

 

When this is done only a limited number of associations can be found. The great 

spiral nebula in Andromeda, at a distance of two million light years, is one, but until a 

few months ago not more than a dozen out of all the millions of these normal 

extragalactic star systems had been related to the radio sources. This is entirely 

consistent with the strength of the radio waves emitted by the Milky-Way system. If 

the extragalactic systems radiate in a similar way then, on account of their great 

distances from us, only a small number would be detectable. The consistency of this 

picture has recently been firmly established by Hanbury Brown and Hazard using the 

new Jodrell Bank telescope, with which they have been able to make detailed studies 

of several dozen of these normal extragalactic nebulae. Amongst all the confusion 

which still exists we can say that the spiral nebulae in the universe emit radio waves 

in the same way as our own spiral Milky Way system, but that few of them can be 

detected with present-day radio telescopes.  

 

We are therefore still left with this problem of the thousands of radio sources which 

are detected by our radio telescopes, and we now believe that the solution of this 

puzzle may lie in one of the most remarkable of all the, discoveries in radio 

astronomy. Some years ago Ryle and his colleagues in Cambridge made a very 

accurate measurement of the position of one of the stronger of these unidentified 

sources which lies in the constellation of Cygnus. These measurements were 

sufficiently accurate for the American astronomers to use the 200-inch telescope on 

Palomar to make an exhaustive search of this region of the sky. They found there a 

remarkable event in which two great extragalactic nebulae seem to have collided with 

one another. This collision, which is at a distance of seven hundred million light 

years, is nearly at the limit of clear definition of the world’s biggest optical telescope, 

and yet the radio waves are relatively strong—so strong that even if the nebulae were 

ten times further away we could still detect them as a radio source. We do not yet 

understand why two nebulae in collision like this produce radio waves which are far 

more intense than those they would produce separately. For our present argument the 

important fact is that the strength of the radio emission is out of all proportion to the 

visibility of the nebulae in the optical sense.  
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Is the Collision likely to be Unique?  
The relevance of this event to the problem of our unidentified radio sources depends 

on the question as to whether this collision of galaxies is unique. If one surveys the 

space round the Milky Way system then it is very empty—there is not another galaxy 

of stars closer than a million or so light years, and this is a fairly average distance 

between galaxies. In this case the chances of collision are negligible. On the other 

hand, in the great clusters of galaxies which exist far out in space one might find a 

thousand galaxies separated by a mere thirty thousand light years. This still gives a 

separation of a million million million miles between the galaxies, and that, by 

ordinary standards, is a safe distance. But the galaxies in the clusters are moving 

about at a speed of more than 2,000 miles a second, and this makes the chance of 

collision a substantial one.  

 

We believe that the majority of these radio sources which lie outside the Milky Way 

may be colliding galaxies—a belief which has been strengthened by the discovery of 

a few more similar associations. We believe also that our failure to identify more of 

these radio sources with visible events arises because the collisions are taking place at 

immense distances, beyond the range of the optical telescopes. This view is now 

being freely discussed, but the precise interpretation of the current results from 

Cambridge and Sydney, where so much of this work has been done, is hotly disputed. 

The problem is of the very greatest significance to cosmology, and I must reserve 

further discussion until we consider the question of the origin of the universe.  

 

 

American and Russian Interpretations  
On the issue of the collisions of galaxies I should perhaps say that I have adopted the 

interpretation which the American astronomers place on their own photographs. In the 

case of the two best examples, in Cygnus and Perseus, the photographs show the 

entwinement of two galactic systems. However, Ambartzumian, the distinguished 

Soviet astronomer, has argued that these are not collisions but cases where the nucleus 

of a single galaxy has divided to form two separate systems, and that the photographs 

show the galaxies in process of separation. He believes that the parts of the divided 

nucleus are receding from one another with a speed of many hundreds of miles a 

second, and that violent processes continue for tens of millions of years. The radio 

emission he believes to be a result of these violent processes involving the collision of 

masses of interstellar matter and the ejection of high- energy particles from the 

atmospheres of young stars.  

 

Earlier in this talk I referred to the great desire to find out what the universe is like 

beyond the present two thousand million light year limit of the optical telescopes, and 

it is natural to inquire if our present-day radio telescopes have yet penetrated to these 

remote regions of space and time. Unfortunately it is a question to which at present 

there is no decisive answer. One can, however, say this: if the interpretation of the 

unidentified radio sources which I have given in this talk is correct, then some recent 

measurements of the strength and size of a few of those sources which have been 

made at Jodrell Bank imply that we are dealing with events at distances of many 

thousands of millions of light years. Indeed we may now be in the process of probing 

the ultimate depths of space and time. 

 

 


