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According to the classical theory, an electromagnetic wave is scattered
when it sets the electrons which it traverses into forced oscillations, and these
oscillating electrons reradiate the energy which they receive. In order to ac-
count for the change in wavelength of the scattered rays, however, we have
had to adopt a wholly different picture of the scattering process, as shown in
Fig. g. Here we do not think of the X-rays as waves but as light corpuscles,
quanta, or, as we may call them, photons. Moreover, there is nothing here of
the forced oscillation pictured on the classical view, but a sort of elastic
collision, in which the energy and momentum are conserved.

Fig. 9. An X-ray photon is deflected through an angle ϕ by an electron, which in turn
recoils at an angle θ, taking a part of the energy of the photon.

This new picture of the scattering process leads at once to three conse-
quences that can be tested by experiment. There is a change of wavelength

sn=+c(I  -cosqJ)

which accounts for the modified line in the spectra of scattered X-rays.
Experiment has shown that this formula is correct within the precision of our
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A series of experiments performed during the last few years* has shown
that secondary X-rays are of greater wavelength than the primary rays
which produce them. This work is too well-known to require description.
On the other hand, careful experiments to find a similar increase in wave-
length in light diffusely scattered by a turbid medium have failed to show
any effect2 5. An examination of the spectrum of the secondary X-rays shows
that the primary beam has been split into two parts, as shown in Fig. 8,
one of the same wavelength and the other of increased wavelength. When

* For an account of this work, see e.g. the writer’s X-rays and Electrons, Chap. 9, Van
Nostrand, 1926.

I
6’:

Fig. 8. A typical spectrum of scattered X-rays, showing the splitting of the primary
ray into a modified and an unmodified ray.
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knowledge of h, m, and c. The electron which recoils from the scattered X-
rays should have the kinetic energy

Ekin  = hv . k cos20
WlC2 (2)

approximately. When this theory was first proposed, no electrons of this
type were known; but they were discovered by Wilson28 and Bothe29 with-
in a few months after their prediction. Now we know that the number, en-
ergy, and spatial distribution of these recoil electrons are in accord with the
predictions of the photon theory. Finally, whenever a photon is deflected at
an angle ϕ, the electron should recoil at an angle θ given by the relation

approximately.

cot&=tanO (3)

This relation we have tested30, using the apparatus shown diagrammat-
ically in Fig. IO. A narrow beam of X-rays enters a Wilson expansion

Fig. IO. An electron recoiling at an angle θ should be associated with a photon de-
flected through an angle ϕ.
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chamber. Here it produces a recoil electron. If the photon theory is correct,
associated with this recoil electron, a photon is scattered in the direction ϕ. If
it should happen to eject a β− ray, the origin of this β− ray tells the direction in
which the photon was scattered. Fig. 11 shows a typical photograph of the
process. A measurement of the angle θ at which the recoil electron on this
plate is ejected and the angle ϕ of the origin of the secondary P-particle,
shows close agreement with the photon formula. This experiment is of espe-
cial significance, since it shows that for each recoil electron there is a scattered
photon, and that the energy and momentum of the system photon plus elec-
tron are conserved in the scattering process.

Fig. I I. Photograph showing recoil electron and associated secondary β− ray. (The
upper photograph is retouched.)

The evidence for the existence of directed quanta of radiation afforded by
this experiment is very direct. The experiment shows that associated with
each recoil electron there is scattered X-ray energy enough to produce a
secondary β− ray, and that this energy proceeds in a direction determined at
the moment of ejection of the recoil electron. Unless the experiment is sub-
ject to improbably large experimental errors, therefore, the scattered X-rays
proceed in the form of photons.

Thus we see that as a study of the scattering of radiation is extended into
the very high frequencies of X-rays, the manner of scattering changes. For
the lower frequencies the phenomena could be accounted for in terms of
waves. For these higher frequencies we can find no interpretation of the
scattering except in terms of the deflection of corpuscles or photons of radia-



Arthur H. Compton's speech at the Nobel Banquet in Stockholm, December 10, 1927

Your Royal Highnesses, Ladies and Gentlemen:

Several years ago I was reading Marco Polo's account of his experiences in the employ of the 
great Emperor of China, Kublai Khan. He was telling his incredulous Venetian friends of the daily 
life of the Chinese. "They take two baths daily", he wrote, "one in the morning and another in 
the evening. Not only this, but the baths are in warm water". The idea of daily baths was itself 
sufficiently difficult for the Venetians to believe, but that water could be warmed twice daily 
seemed to them to present an insurmountable difficulty.

Polo replied that it would indeed have been impossible to heat the water for millions of Chinese 
if they had relied on wood for fuel. They had however solved the difficulty by finding a kind of 
black rock which would burn. This rock had the advantage over wood that it would hold its fire 
overnight and have the water warm for the morning bath. Then Polo described in accurate 
detail how this black rock occurred in veins in the mountains, and the manner in which it was 
quarried. If the idea of baths twice daily was marvelous, the story of the burning rocks was 
beyond the realm of possibility.

Marco Polo's stories read like the tales of a man who after visiting a highly civilized country 
returns to his semi-barbaric home to tell of the wonders he has seen. At that time, hardly 
seven centuries ago, China was far in advance of Italy, a land whose culture was the pride of 
our Western civilization.

Last year I had the privilege of visiting China, and I saw what, gauged by Western standards, 
was a primitive country. In seven short centuries the leadership has passed from the East to 
the West, until now we are as far ahead of the Orient as in Polo's day China was ahead of Italy.

Why this rapid change? Differences in native ability will not explain it. It was only a few 
centuries ago that a Mongolian ruler, Jenghis Khan, held sway over the greatest empire, with 
regard to both area and population, which has ever been united under one government. Nor 
have the Chinese been lacking in feats of engineering. The Great Wall of China, a massive pile of 
masonry extending over mountainous country for fifteen hundred miles, takes a high place 
among the wonders of the world. Is it doubtful whether either in individual ability or in aptitude 
for organization the European has any real advantage over the Mongolian.

Shortly after the days of Polo, however, there arose in various parts of Europe the scientific 
spirit - the eagerness to learn from Nature her truths, and to put these truths to the use of 
mankind. The rapid change in our mode of living since that time can certainly be traced to the 
consequences of the development of this spirit of science. When we seek the reason for the 
present preeminence of the European peoples, we find that it lies in the great power given to 
us by the search for truth and its application to our daily lives.

I verily believe that in the advancement of science lies the hope of our civilization.

The benefits of science are not only material ones. The truths that science teaches are of 
common interest the world over. The language of science is universal, and is a powerful force in 
bringing the peoples of the world closer together. We are all acquainted with the sharp divisions 
which religions draw between men. In science there are no such divisions: all peoples worship at 



the shrine of truth. The spirit of science knows no national or religious boundaries, and it is thus 
a powerful force for the peace of the world.

The prize which you have given me today I consider the highest honor that a man can receive, 
for Nobel prizes have been a great stimulus to the advancement of science. In thanking you for 
the high honor you have conferred, I want also to congratulate the Swedish nation for having 
men of the far vision of Nobel, who could see clearly the importance to the world of 
encouraging the growth of science, and for having men with the enthusiasm and ability 
necessary to carry out Nobel's ideas and to extend them. Sweden has thus made good use of 
an unusual opportunity for stimulating science and for the promotion of international fellowship. 
Through her encouragement of science she has given us a greater hope for the future of our 
civilization.

I thank you.

Prior to the speech, M. Söderblom, member of the Royal Academy of Sciences, addressed the 
laureate: My dear Mr. Compton. Your name is associated for the present and for the future with 
a curious phenomenon belonging to the radiation as seen by Science. Being superior to dead 
and living nature, the human mind proves its superiority not by trying to rule nature from above 
with sweeping suppositions and dogmas, but only by penetrating and observing again and 
again, by distrusting and revising its findings, with self-forgetfulness seeking truth. Let me 
quote a few sentences from that proud Song of Songs of Science written by one of your 
countrymen: "To be a scientist is a tangle of very obscure emotions, like mysticism, or wanting 
to write poetry; it makes its victim all different from the good normal man. The scientist is 
intensely religious - he is so religious that he will not accept quarter-truths, because they are an 
insult to his faith. He wants that everything should be subject to inexorable laws. He is the only 
real revolutionary, the authentic scientist, because he alone knows how little he knows. He lives 
in a cold, clear light. Yet he is not cold nor heartless. And he prays for unclouded eyes and 
freedom from haste, for a quiet and relentless anger against all pretence and all pretentious 
work and all work left slack and unfinished, for a restlessness whereby he may neither sleep nor 
accept praise till his observed results equal his calculated results or in pious glee he discovers 
and assaults his error". We pay our reverence for such human beings.
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The Curve of Binding Energy 
A Journey into the Awesome and Alarming World of Theodore B. 
Taylor 

In the latest of his inimitable  works of reportage, John McPhee has written the 
story of the life and career of Theodore B. Taylor, a relatively unknown man 
who has been one of the most inventive nuclear  scientists of our time. Ted 
Taylor is a theoretical physicist who was for many years a  conceptual designer 
of atomic bombs. At Los Alamos Scientific Laboratory, he conceived and  
designed the largest-yield fission bomb ever exploded by any nation. Another of 
his bombs  was, in its time, the lightest and smallest ever made.

Taylor later became the leader of a secret scientific  effort, financed by the 
federal government, to make a spaceship the size of a sixteen-story building. The 
ship was of his invention and was to be called Orion. Powered  by two thousand 
atomic bombs, exploding one at a time, it would move very rapidly to Mars, 
Jupiter, Saturn, and Pluto. The Limited Nuclear Test Ban Treaty of 1963 ended 
the project  (but if human beings ever achieve travel much beyond the moon, 
some such vehicle will  carry them).

For many  years now, Taylor has spent most of his time trying to effect 
improvements in the  protection of certain nuclear materials that could be stolen 
or "diverted" from  companies that handle nuclear fuel. Uranium-235 and 
plutonium-239--the materials that destroyed Hiroshima and Nagasaki--are now 
privately owned in quantities sufficient for the  making of many thousands of 
bombs, and these amounts will prodigiously increase as the nuclear-power 
industry grows. So much declassified information is available that the  
fabrication of a homemade atomic bomb would be, in Taylor's view, relatively 
easy. A bomb  could, in fact, be made by one person working alone.

The course of Taylor's own career--beginning in 1949 in  Los Alamos, 
continuing through Orion, and eventually coming round to the attempt to  protect 
millions of kilograms of bomb material from catastrophic misuse--closely follows  
the perhaps boomeranging history of the use of atomic energy.



The Curve of Binding Energy

Book Description
Theodore Taylor was one of the most brilliant engineers of the nuclear 
age, but in his later years he became concerned with the possibility 
of an individual being able to construct a weapon of mass destruction 
on their own. McPhee tours American nuclear institutions with Taylor 
and shows us how close we are to terrorist attacks employing 
homemade nuclear weaponry.

Reviews

Amazon.com
 Theodore B. Taylor was among the most ingenious engineers of the 
nuclear age. He created the most powerful and the smallest nuclear 
weapons of his time (his masterpiece, the Davy Crockett, weighed in 
at a svelte 50 pounds) and also spearheaded efforts to create a 
nuclear-powered spacecraft. But in his later years, Taylor became 
increasingly concerned that compact and powerful bombs could be 
easily built not just by nations employing experts such as himself, but 
by single individuals with modest technical ability and perseverance. 
McPhee tours American nuclear installations with Taylor, and we are 
treated to a grim, eye-opening account of just how close we are to 
witnessing terrorist attacks using homemade nuclear weaponry. The 
Curve of Binding Energy is compelling writing about an urgently 
important topic. 

Wall Street Journal
 Thoughtful dwellers in the nuclear age should ponder this book, as 
much for its intellectual excitement as for its warning. 

The Cleveland Plain Dealer
 A book holding, with pretty good authority, that tens of thousands of 
people know enough about the bomb and are close enough to what 
they don't know to produce a bomb at home that might fizzle a little 
but still have the verve to knock down, say, the two great towers of 
the World Trade Center.... The reporter's art at its difficult best. 
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The Superheavy Elements
104 Rutherfordium (Rf)

105 Dubnium (Db)

106 Seaborgium (Sg)

107 Bohrium (Bh)

108 Hassium (Hs)

109 Meitnerium

110 Darmstadtium

111 Roentgenium

112 Copernicium

113 ununtrium

114 ununquadium

115 ununpentium

116 ununhexium

117 ununseptium

118 ununoctium

137 Feynmanium

The Next Expected Elements
120

126
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