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Similarly, the suggested uses are mere 
flights of fancy, and no claim is made 
for their practicality. It is hoped, how- 
ever, that they will stimulate the reader's 
imagination and lead him to look for 
uses of the anamorphoser in fields other 
than cartography (9). 
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In 1932, when I started my research 
career as an assistant to Nishina, Dirac 
published a paper in the Proceedings 
of the Royal Society, London (1). In 
this paper he discussed the formulation 
of relativistic quantum mechanics, espe- 
cially that of electrons interacting with 
the electromagnetic field. At that time 
a comprehensive theory of this interac- 
tion had been formally completed by 
Heisenberg and Pauli (2), but Dirac 
was not satisfied with this theory and 
tried to construct a new theory from 
a different point of view. Heisenberg 
and Pauli regarded the (electromagnetic) 
field itself as a dynamical system amen- 
able to the Hamiltonian treatment; its 
interaction with particles could be de- 
scribed by an interaction energy, so that 
the usual method of Hamiltonian quan- 
tum mechanics could be applied. On the 
other hand, Dirac thought that the field 
and the particles should play essentially 
different roles. That is to say, accord- 
ing to him, "the role of the field is to 
provide a means for making observa- 
tions of a system of particles" and 
therefore "we cannot suppose the field 
to be a dynamical system on the same 
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footing as the particles and thus be 
something to be observed in the same 
way as the particles." 

Based on such a philosophy, Dirac 
proposed a new theory, the so-called 
many-time theory, which, besides being 
a concrete example of his philosophy, 
was of much more satisfactory and 
beautiful form than other theories pre- 
sented up to then. In fact, from the rel- 
ativistic point of view, these other theo- 
ries had a common defect which was 
inherent in their Hamiltonian formal- 
ism. The Hamiltonian dynamics was 
developed on the basis of non-relativis- 
tic concepts which make a sharp dis- 
tinction between time and space. It 
formulates a physical law by describing 
how the state of a dynamical system 
changes with time. Speaking quantum- 
mechanically, it is a formalism to de- 
scribe how the probability amplitude 
changes with time t. Now, as an ex- 
ample, let us consider a system com- 
posed of N particles, and let the coor- 
dinates of each particle be r1, r2, 

..., r. Then the probability ampli- 
tude of the system is a function of 
the N variables rl, r2, . . ., rN, and in 
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addition, of the time t to which the 
amplitude is referred. Thus this func- 
tion contains only one time variable in 
contrast to N space variables. In the 
theory of relativity, however, time and 
space must be treated on an entirely 
equal footing so that the above unbal- 
ance is not satisfactory. On the other 
hand, in Dirac's theory, which does not 
use the Hamiltonian formalism, it be- 
comes possible to consider different time 
variables for each particle, so that the 
probability amplitude can be expressed 
as a function of r1 tl, ro t2, . .., r. tN. 

Accordingly, the theory satisfies the re- 
quirement of the principle of relativity 
that time and space be treated with 
complete equality. The reason why the 
theory is called the many-time theory is 
because N distinct time variables are 
used in this way. 

This paper of Dirac's attracted my 
interest because of the novelty of its 
philosophy and the beauty of its form. 
Nishina also showed a great interest in 
this paper and suggested that I investi- 
gate the possibility of predicting some 
new phenomena by this theory. Then I 
started computations to see whether the 
Klein-Nishina formula could be de- 
rived from this theory or whether any 
modification of the formula might re- 
sult. I found out immediately however, 
without performing the calculation 
through to the end, that it would yield 
the same answer as the previous theory. 
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This new theory of Dirac's was in fact 
mathematically equivalent to the older 
Heisenberg-Pauli theory, and I real- 
ized during the calculation that one 
could pass from one to the other by 
a unitary transformation. The equiva- 
lence of these two theories was also dis- 
covered by Rosenfeld (3) and by Dirac, 
Fock, and Podolsky (4) and was soon 
published in their papers. 

Though Dirac's many-time formalism 
turned out to be equivalent to the Heis- 
enberg-Pauli theory, it had the advan- 
tage that it gave us the possibility of 
generalizing the former interpretation 
of the probability amplitude. Namely, 
while one could calculate the probability 
of finding particles at points with coor- 
dinates r1, r2,. .., rx, all at the time t 

according to, the previous theory, one 
could now compute more generally the 
probability that the first particle is at 
r1 at time tl, the second at r,' at time t,, 

. ., and the Nth at rN at time tN. This 
was first discussed by Bloch (5) in 
1934. 

In this many-time theory developed 
by Dirac, electrons were treated accord- 
ing to the particle picture. Alternative- 
ly, in quantum theory, any particle 
should be able to be treated according 
to the wave picture. As a matter of 
fact, electrons were also treated as 
waves in the Heisenberg-Pauli theory, 
and it was well known that this wave 
treatment was frequently more conveni- 
ent than the particle treatment. So the 
question arose as to whether one could 
reformulate the Heisenberg-Pauli theory 
in a way which would be more satis- 
factory relativistically, when electrons 
were treated as waves as well as the 
electromagnetic field. 

As Dirac already pointed out, the 
Heisenberg-Pauli theory is built upon 
the Hamiltonian formalism and there- 
fore the probability amplitude contains 
only one time variable. That is to say, 
the probability amplitude is given as a 
function of the field strength at dif- 
ferent space points and of one common 
time variable. However, the concept of 
a common time at different space points 
does not have a relativistically covariant 
meaning. 

Around 1942, Yukawa (6) wrote a 
paper emphasizing this unsatisfactory 
aspect of the quantum field theory. He 
thought it necessary to use the idea of 
the GTF (generalized transformation 
function) proposed by Dirac (7) to cor- 
rect this defect of the theory. Here I 
shall omit talking about the GTF, but, 
briefly, Yukawa's idea was to introduce 
as the basis of a new theory a concept 
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which generalized the conventional con- 
ception of the probability amplitude. 
However, as pointed out also by Yuka- 
wa, we encounter the difficulty that, in 
doing this, cause and effect cannot 
be clearly separated from each other. 
According to Yukawa, the inseparabili- 
ty of cause and effect would be an es- 
sential feature of quantum field theory, 
and without abandoning the causal way 
of thinking which strictly separates 
cause and effect, it would not be pos- 
sible to solve various difficulties appear- 
ing in quantum field theory about which 
I will talk later. I thought however, that 
it might be possible (without introduc- 
ing such a drastic change as Yukawa 
and Dirac tried to do) to remedy the 
unsatisfactory, unpleasant aspect of the 
Heisenberg-Pauli theory of having a 
common time at different space points. 
In other words, it should be possible, 
I thought, to define a relativistically 
meaningful probability amplitude which 
would be manifestly relativistically co- 
variant, without being forced to give up 
the causal way of thinking. In having 
this exception I was recalling Dirac's 
many-time theory which had enchanted 
me 10 years before. 

When there are N particles in Dirac's 
many-time theory, we assign a time tl 
to the first particle, t2 to the second, 
and so on, thus introducing N different 
times, t,, t,, ..., tv, instead of the 
one common time t. Similarly, I tried 
in quantum field theory to see whether 
it was possible to assign different times, 
instead of one common time, to each 
space point. And in fact I was able to 
show that this was possible (8). 

As there are an infinite number of 
space points in field theory in contrast 
to the finite number of particles in 
particle theory, the number of time vari- 
ables appearing in the probability ampli- 
tude became infinite. But it turned out 
that no essential difficulty appeared. An 
interpretation quite analogous to the one 
discussed by Bloch in connection with 
Dirac's many-time theory could be given 
to our probability amplitude containing 
an infinite number of time variables. 
Further, it was found that -the theory 
thus formulated was completely covari- 
ant and that this covariant formulation 
was equivalent in its whole content to 
the Heisenberg-Pauli theory: it was 
shown, just as in the case of the many- 
time theory, that we could pass from 
one to the other by a unitary transfor- 
mation. I began this work about 1942 
and completed it in 1946. 

As I mentioned a little while ago, 
there are many difficulties in the quan- 

tum mechanics of fields. In particular, 
infinite quantities always arise which 
are associated with the presence of field 
reactions in various processes. The first 
phenomenon which attracted our atten- 
tion as a manifestation of field reac- 
tions was the electromagnetic mass of 
the electron. The electron, having a 
charge, produces an electromagnetic 
field around itself. In turn, this field, 
the so-called self-field of the electron, 
interacts with the electron. We call this 
interaction the field reaction. Because 
of the field reaction the apparent mass 
of the electron differs from the original 
mass. The excess mass due to this field 
reaction is called the electromagnetic 
mass of the electron and the experi- 
mentally observed mass is the sum of 
the original mass and this electromag- 
netic mass. The concept of the electro- 
magnetic mass had already appeared in 
the classical theory of the electron by 
Lorentz, who computed the electromag- 
netic mass by applying the classical 
theory and obtained the result that the 
mass becomes infinite for the point 
(zero size) electron. On the other hand, 
the electromagnetic mass was computed 
in quantum theory by various people, 
and here I mention particularly the work 
of Weisskopf (9). According to him, 
the quantum mechanical electromag- 
netic mass turned out to be infinite, 
and although the order of the diver- 
gence was much weaker than in the case 
of the Lorentz theory, the observed 
mass, which included this additional 
mass, would be infinite. This would be, 
of course, contrary to experiment. 

In order to overcome the difficulty of 
an infinitely large electromagnetic mass, 
Lorentz considered the electron not 
to be point-like but to have a finite 
size. It is very difficult, however, to in- 
corporate a finite sized electron into the 
framework of relativistic quantum the- 
ory. Many people tried various means 
to overcome this problem of infinite 
quantities, but nobody succeeded. 

In connection with field reactions, the 
next problem which attracted the at- 
tention of physicists was determining 
what kind of influence the field reaction 
exerts in electron scattering processes. 
Let us consider, as a concrete example, 
a problem in which an electron is scat- 
tered by an external field. In the ordi- 
nary treatment, we neglect the effect of 
field reactions on the scattered electron, 
assuming that it is negligibly small. Then 
the behavior of the scattering obtained 
by calculation (for example, the Ruther- 
ford formula) fits very well with experi- 
ment. But what will happen if the in- 
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fluence of field reaction is taken into 
account? This theoretical problem was 
examined nonrelativistically by Braun- 
beck and Weinmann (10) and Pauli 
and Fierz (11) and relativistically by 
Dancoff (12). 

While Dancoff applied an approxima- 
tion method, the perturbation method, 
in his relativistic calculation, Pauli and 
Fierz treated the problem in such a way 
that the most important part of the field 
reaction was first separated out exactly 
by employing a contact transformation 
method which was similar to the one 
which Bloch and Nordsieck (13) had 
published a year before. Since Pauli 
and Fierz adopted a nonrelativistic 
model, and further simplified the prob- 
lem by using the so-called dipole ap- 
proximation, their calculation was espe- 
cially transparent. At any rate, both 
nonrelativistic and relativistic calcula- 
tions exhibited several infinities in the 
scattering processes. (The main purpose 
of the work of Bloch and Nordsieck, 
and Pauli and Fierz was to solve the 
so-called infrared catastrophe which 
was one of a number of divergences. 
Since this difficulty was resolved in 
their papers we confine ourselves here 
to a discussion of the other divergences 
which are of the so-called ultraviolet 
type.) 

The conclusions of these people were 
fatal to the theory. That is, the in- 
fluence of the field reaction becomes 
infinite in this problem. The effect of 
field reaction on a quantity called the 
scattering cross section, which expresses 
quantitatively the behavior of the scat- 
tering, rather than becoming negligibly 
small, becomes infinitely large. This 
does not, of course, agree with experi- 
ment. 

This discouraging state of affairs gen- 
erated in many people a strong distrust 
of quantum field theory. There were 
even those with the extreme view that 
the concept of field reaction itself had 
nothing to do at all with the the true 
law of nature. 

On the other hand, there was also the 
view that the field 'reaction might not 
be altogether meaningless but would 
play an essential role in the scattering 
processes, though the appearance of di- 
vergences revealed a defect of the the- 
ory. Heisenberg (14), in his paper pub- 
lished in 1939, emphasized that the field 
reaction would be crucial in meson- 
nucleon scattering. Just at that time 
I was studying at Leipzig, and I still 
remember vividly how Heisenberg en- 
thusiastically explained this idea to me 
and 'handed me galley proofs of his 
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forthcoming paper. Influenced by 
Heisenberg, I came to believe, that the 
problem of field reactions, far from be- 
ing meaning'ess, was one which required 
a frontal attack. 

Thus, after coming back to Japan 
from Leipzig, I began to examine the 
nature of the infinities appearing in scat- 
tering processes at the same time that 
I was engaged in the above mentioned 
work of formulating a covariant field 
theory. What I wanted to know was 
what kind of relationship exists be- 
tween the infinity associated with the 
scattering process and that associated 
with the mass. If you read the above- 
mentioned papers of Bloch and Nord- 
sieck, and Pauli and Fierz, you will see 
that one of the terms containing infinite 
quantities is first separated out by a 
contact transformation and this term 
turns out to be just the term modifying 
the mass. Besides this kind of infinity 
there appeared, according to Pauli and 
Fierz, another kind of infinity char- 
acteristic of the scattering process. I fur- 
ther investigated a couple of simple 
models which were not realistic, but 
could be solved exactly. What was un- 
derstood from these models was that 
the most strongly divergent terms in 
the scattering process had the same 
form as the expression giving the 
modification of the particle mass due to 
field reactions, and therefore both 
should be manifestations of the same 
effect. In other words, at least a portion 
of the infinities appearing in the scatter- 
ing process could be amalgamated into 
the infinity associated with the particle 
mass, leaving infinities proper to the 
scattering process alone. These turned 
out to be more weakly divergent than 
the infinity associated with the mass. 

Since these conclusions were derived 
from nonrelativistic or unrealistic mod- 
els, it was still doubtful whether the 
same thing would occur in the case of 
relativistic electrons interacting with the 
electromagnetic field. Dancoff tried to 
answer this question. He calculated rela- 
tivistically the infinities appearing in the 
scattering process and determined which 
of them could be amalgamated into 
the mass and which remained as in- 
finities proper to the scattering process 
alone. He found that there remained, in 
the latter group of infinite terms, one 
which was at least as divergent as the 
infinity of the mass, a finding which dif- 
fered from the conclusion based on 
fictitious models. 

Actually, there are two kinds of field 
reactions in the case of the relativistic 
electron and electromagnetic field. One 

of them ought to be called "of mass 

type" and the other "of vacuum polari- 
zation type." The field reaction of mass 
type changes the apparent electronic 
mass from its original value by the 
amount of the electromagnetic mass as 
was calculated by Weisskopf. On the 
other hand, the field reaction of vacuum 
polarization type changes the apparent 
electronic charge from its original 
value A, as was discussed in further 
papers by Weisskopf (15) and others; 
infinite terms appear in the apparent 
electronic charge if the effect of vacuum 
polarization is taken into account. 
However, in this talk, for simplicity, I 
will mention only briefly the divergence 
of the vacuum polarization type. 

In the meantime, in 1946, Sakata 
(16) proposed a promising method of 
eliminating the divergence of the elec- 
tron mass by introducing the idea of a 
field of cohesive force. It was the idea 
that there exists an unknown field, of 
the type of the meson field, which inter- 
acts with the electron in addition to the 
electromagnetic field. Sakata named this 
field the cohesive force field, because 
the apparent electronic mass due to 
the interaction of this field and the 
electron, though infinite, is negative and 
therefore the existence of this field could 
stabilize the electron in some sense. 
Sakata pointed out the possibility that 
the electromagnetic mass and the nega- 
tive new mass cancel each other and 
that the infinity could be eliminated by 
suitably choosing the coupling constant 
between this field and the electron. Thus 
the difficulty which had troubled people 
for a long time seemed to disappear in- 
sofar as the mass was concerned. [It 
was found later that Pais (17) pro- 
posed the same idea in the United 
States independently of Sakata.] Then 
what concerned me most was whether 
the infinities appearing in the electron 
scattering process could also be removed 
by the idea of a plus-minus cancella- 
tion. 

An example of a computation of how 
the field reaction influences the scat- 
tering process was already given by 
Dancoff. What we had to do was just 
to replace the electromagnetic field by 
the cohesive force field in Dancoff's 
calculation. I mobilized young people 
around me and we performed the com- 
putation together .(18). Infinities with 
negative sign actually appeared in the 
scattering cross section as was expected. 
However, when we compared these with 
the infinities with positive sign which 
Dancoff calculated for the electromag- 
netic field, the two infinities did not 
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cancel each other completely. That is 
to say, according to our result, the 
Sakata theory led to the cancellation of 
infinities for the mass but not for the 
scattering process. It was also known 
that the infinity of vacuum polarization 
type was not cancelled by the introduc- 
tion of the cohesive force field. 

Unfortunately, Dancoff did not pub- 
lish the detailed calculations in his pa- 
per, and while we were engaged in the 
above considerations, we felt it neces- 
sary to do Dancoff's calculation over 
again for ourselves in parallel with the 
computation of the influence of the 
cohesive force field. At the same time 
I happened to discover a simpler meth- 
od of calculation. 

This new method of calculation was 
to use the technique of contact trans- 
formations based on the previously 
mentioned formalism of the covariant 
field theory and was in a sense a rela- 
tivistic generalization of the Pauli- 
Fierz method. This method had the 
advantage of separating the electromag- 
netic mass from the beginning, just as 
was shown in their paper. 

Our new method of calculation was 
not at all different in its contents from 
Dancoff's perturbation method, but had 
the advantage of making the calcula- 
tion more clear. In fact, what took a 
few months in the Dancoff type of cal- 
culation could be done in a few weeks. 
And it was by this method that a mis- 
take was discovered in Dancoff's calcu- 
lation; we had also made the same mis- 
take in the beginning. Owing to this 
new, more lucid method, we noticed 
that, among the various terms appear- 
ing in both Dancoff's and our previous 
calculation, one term had been over- 
looked. There was only one missing 
term, but it was crucial to the final con- 
clusion. Indeed, if we corrected this 
error, the infinities appearing in the 
scattering process of an electron due to 
the electromagnetic and cohesive force 
fields cancelled completely, except for 
the divergence of vacuum polarization 
type. 

When this unfortunate error of Dan- 
coff's was discovered, we had to re- 
examine his conclusions concerning the 
relation between the divergence of the 
scattering process and the divergence of 
the mass, in particular, the conclusion 
that there remained a portion of the 
infinities of the scattering process which 
could not be amalgamated into the 
modification of the mass. In fact, it 
turned out that after correcting the er- 
ror, the infinity of mass type appearing 
in the scattering process could be re- 
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duced completely to the modification of 
the mass, and the remaining field reac- 
tion belonging to the scattering proper 
was not divergent (19). In other words, 
the most divergent part of the infinities 
appearing in the scattering process, in 
the relativistic as well as in the non- 
relativistic case, could be attributed to 
the infinity of mass. The reason why 
the remaining part became finite in the 
relativistic case was due to; the fact 
that the order of the highest divergence 
was only log co, and after amalgamat- 
ing the divergence into the mass term, 
the remainder was convergent. The 
great value of this method of contact 
transformations was that once the in- 
finity of the mass was separated out, 
we obtained a divergence-free theoreti- 
cal framework. 

In this way the nature of various in- 
finities became fairly clear. Though I 
did not describe here the infinity of 
vacuum polarization type, this too ap- 
pears in the scattering process, as men- 
tioned earlier. However, Dancoff had 
already discovered that this infinity 
could be amalgamated into an apparent 
change in the electronic charge. To state 
the conclusion, therefore, all infinities 
appearing in the scattering process can 
be attributed either to the infinity of 
the electromagnetic mass or to the in- 
finity appearing in the electronic charge 
-there are no other divergences in the 
theory. 

It is a very pleasant thing that no 
divergence is involved in the theory ex- 
cept for the two infinities of the elec- 
tronic mass and charge. We cannot say 
that we have no divergences in the 
theory, since the mass and charge are in 
fact infinite. It is to be noticed, how- 
ever, that if we reduce the infinities ap- 
pearing in the scattering process to 
modifications of mass and charge, the 
remaining terms all become finite. Fur- 
ther, if we examine the structure of the 
theory after the infinities are amal- 
gamated into the mass and charge 
terms, we see that the only mass and 
charge appearing in the theory are the 
values modified by field reactions-the 
original values and excess ones due to 
field reactions never appear separately. 

This situation gives rise to the follow- 
ing possibility. The theory does not of 
course yield a resolution of the in- 
finities. That is, since those parts of the 
modified mass and charge due to field 
reactions contain divergence, it is im- 
possible to calculate them by the theory. 
However, the mass and charge observed 
in experiments are not the original mass 
and charge but the mass and charge 

as modified by field reactions, and they 
are finite. On the other hand, the mass 
and charge appearing in the theory are, 
as I mentioned above, after all the 
values modified by field reactions. Since 
this is so, and particularly since the 
theory is unable to calculate the modi- 
fied mass and charge, we may adopt 
the procedure of substituting experi- 
mental values for them phenomenologi- 
cally. When a theory is incompetent in 
part, it is a common procedure to rely 
on experiment for that part. This proce- 
dure is called the renormalization of 
mass and charge, and our method has 
brought the possibility that the theory 
will lead to finite results by the re- 
normalization even if it contains defects. 

The idea of renormalization is far 
from new. Many people used explicitly 
or implicitly this idea, and we find the 
word renormalization already in Dan- 
coff's paper. In his calculation it ap- 
peared, because of an error, that there 
still remained a divergence in the scat- 
tering even after the renormalization of 
the electron mass. This error was very 
unfortunate; if he had performed the 
calculation correctly, the history of re- 
normalization theory would have been 
completely different. 

This period, around 1946-1948, was 
soon after the Second World War and 
it was quite difficult in Japan to ob- 
tain information from abroad. But soon 
we got the news that in the United 
States, Lewis and Epstein (20) had 
found Dancoff's mistake and gave the 
same conclusions as ours, Schwinger 
(21) had constructed a covariant field 
theory similar to ours, and he was prob- 
ably performing various calculations 
making use of it. In particular, little 
by little, news arrived that the so-called 
Lamb shift had been discovered (22) 
as a manifestation of the electromag- 
netic field reaction and that Bethe (23) 
was calculating it theoretically. The first 
information concerning the Lamb shift 
was obtained not through the Physical 
Review, but through the popular science 
column of a weekly U.S. magazine. 
This information about the Lamb shift 
prompted us to begin a calculation more 
exactly than Bethe's tentative one. 

The Lamb shift is a phenomenon in 
which the energy levels of a hydrogen 
atom show some shifts from the levels 
given by the Dirac theory. Bethe 
thought that the field reactions were 
primarily responsible for this shift. Ac- 
cording to his calculation, field reac- 
tions give rise to an infinite level shift, 
but he thought that it should be possible 
to make it finite by a mass renor- 
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malization and a tentative calculation 
yielded a value almost in agreement 
with experiment. 

This problem of the level shift is 
different from the scattering process, but 
it was conceivable that the renormaliza- 
tion which was effective in avoiding 
infinities in the scattering process would 
be workable in this case as well. In fact, 
the contact transformation method that 
Pauli and Fierz devised to solve the 
scattering problem could be applied to 
this case, clarifying Bethe's calculation 
and justifying his idea. Therefore the 
method of covariant contact transforma- 
tions, by which we did Dancoff's cal- 
culation over again would also be useful 
for the problem of performing the rela- 
tivistic calculation for the Lamb shift. 
This was our prediction. 

The calculation of the Lamb shift 
was done by many people in the United 
States (24). Among others, Schwinger, 
commanding powerful mathematical 
techniques, and by making thorough 
use of the method of covariant con- 
tact transformations, very skillfully cal- 
culated not only the Lamb shift but 
other quantities, such as the anomalous 
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magnetic moment of the electron. Af- 
ter long, laborious calculations, less 
skillful than Schwinger's, we (25) ob- 
tained a result for the Lamb shift which 
was in agreement with that of the 
Americans. Furthermore, Feynman (26) 
devised a convenient method based on 
an ingenious idea which could be used to 
extend the approximation of Schwinger 
and ours to higher orders, and Dyson 
(27) showed that all infinities appear- 
ing in quantum electrodynamics could 
be treated by the renormalization proce- 
dure to an arbitrarily high order of 
approximation. Furthermore, this meth- 
od devised by Feynman and developed 
by Dyson was shown by many people 
to be applicable not only to quantum 
electrodynamics, but to statistical me- 
chanics and solid state physics as well, 
and provided a new, powerful method 
in these fields. However, these matters 
will probably be discussed by Schwinger 
and Feynman themselves and need not 
be explained by me. So far I have told 
you the story of how I played a tiny, 
partial role in the recent development 
of quantum electrodynamics, and here 
I would like to end my talk. 
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University of Montreal: 
Where the Two Canadas Meet 
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University of Montreal: 
Where the Two Canadas Meet 

Montreal, Quebec. The Canadian 
Confederation, established in 1867 with 
the political union of several formerly 
separate British colonies, has been 
called a marriage de convenance be- 
tween French- and English-speaking 
Canadians. The marriage may prove 
lasting, but it has been far from bliss- 
ful, and, while relatively few Canadi- 
ans actively seek a divorce, many fear 
for the future of the confederation. 
Nowhere in Canada are the problems 
of cultural, economic, and hence politi- 
cal compatibility be'tween Canada's two 
founding "races" so important as here 
in this burgeoning metropolis where 
some million and a half French-speak- 
ing Quebecois and about 500,000 Eng- 
lish-speaking Quebecers live together. 
Montreal stands squarely at Canada's 
cultural interface, and it is largely be- 
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cause of this fact that the fast-growing 
University of Montreal is virtually cer- 
tain to become one of Canada's most 
important universities. 

Indeed, the influence of this young 
French-speaking university, which a 
few years ago began to emerge from 
a state of financial misery and intel- 
lectual isolation, ultimately may be crit- 
ical to confederation. In the decades 
just ahead, tens of thousands of French- 
Canadian students, eager and im- 
patient members of the rapidly develop- 
ing Quebec middle class, will receive 
their intellectual training at Montreal. 
Moreover, research done at the uni- 
versity and its affiliated institutions 
may have a profound effect on the so- 
cial, political, and economic develop- 
ment of Quebec. 

Historically, Laval University, in 
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Quebec City (the provincial capital), 
has been Quebec's most important 
French-speaking institution, and Laval 
has important ambitions for the future. 
However, from the standpoint of in- 
fluencing Quebec's development and 
the province's relations with the rest 
of Canada, Laval will lack the Uni- 
versity of Montreal's strategic advan- 
tage of being at the heart of Quebec's 
ethnically diverse and dynamic metro- 
politan center. 

In Montreal the hard problems as- 
sociated with the French presence in 
North America are quite visible. As a 
member of a French-speaking minority 
of about 5 million, the Quebecois's all- 
important problem is that of maintain- 
ing his cultural identity while sharing 
the benefits of a continental social and 
economic system dominated by more 
than 200 million English-speaking Ca- 
nadians and Americans. In Quebec 
City, relatively few of the 350,000 or 
so inhabitants are English-speaking, 
and business is usually done in French. 
The Quebecois living there can avoid 
acquiring the "minority complex" typi- 
cal of the French Canadians of Mon- 
treal, who deeply resent the domina- 
tion of industry, finance, and much 

SCIENCE, VOL. 154 

Quebec City (the provincial capital), 
has been Quebec's most important 
French-speaking institution, and Laval 
has important ambitions for the future. 
However, from the standpoint of in- 
fluencing Quebec's development and 
the province's relations with the rest 
of Canada, Laval will lack the Uni- 
versity of Montreal's strategic advan- 
tage of being at the heart of Quebec's 
ethnically diverse and dynamic metro- 
politan center. 

In Montreal the hard problems as- 
sociated with the French presence in 
North America are quite visible. As a 
member of a French-speaking minority 
of about 5 million, the Quebecois's all- 
important problem is that of maintain- 
ing his cultural identity while sharing 
the benefits of a continental social and 
economic system dominated by more 
than 200 million English-speaking Ca- 
nadians and Americans. In Quebec 
City, relatively few of the 350,000 or 
so inhabitants are English-speaking, 
and business is usually done in French. 
The Quebecois living there can avoid 
acquiring the "minority complex" typi- 
cal of the French Canadians of Mon- 
treal, who deeply resent the domina- 
tion of industry, finance, and much 

SCIENCE, VOL. 154 


