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Origin of synchrotron radiation
It is indeed unfortunate that the infor-
mative article on synchrotron radiation
in the July issue (pages 30-37) contains
no reference to the original discovery of
the effect, although, less relevantly and
somewhat accurately, it does mention
the "invention" of the betatron. Those
who predicted the existence of this re-
markable radiation and those who dis-
covered it deserve recognition along
with those who have since found inter-
esting uses for it, so well described in
your article.

The discovery of synchrotron radia-
tion is an interesting case history in the
nature of scientific discovery: It was
made possible by a trivial design change
and by a conscious disregard for the
rules of radiation safety. I was a par-
ticularly close witness to much of the
history; in fact, had I only been more
open-minded three years earlier, I
might have been a co-discoverer of what
would instead now be called "betatron
radiation."

Early attempts to use the induction
acceleration principle first described in
19221 were unsuccessful. D. W. Kerst
and R. Serber, therefore, made a thor-
ough theoretical study of the electron
orbits,2 leading to the former's inven-
tion of a pulsed injector and, with that
improvement, to his construction of the
first betatron to accelerate an apprecia-
ble current, a 2.3-MeV unit. Among
the subjects that had been considered
by Kerst and Serber was energy loss by-
radiation (it was an assigned problem in
the latter's course in electrodynamics).
Apparently having concluded that ra-
diation loss was not a significant factor
in the design of induction accelerators,
however, they did not mention this pos-
sibility in their published paper,2 nor
anticipate those properties of the radia-
tion that are so useful today. And,
since neither the original 2.3-MeV Illi-
nois machine nor the 20-MeV betatron
built by Kerst and W. F. Westendorp in
Schenectady produced appreciable
"synchrotron radiation," the subject
was forgotten.

Following summer participation at
General Electric and graduate work at
Illinois in the 20-MeV development, I
joined GE in 1944, when initial tests
were underway of the 100-MeV unit de-
signed by Westendorp after Kerst's re-
turn to Illinois. An interested observer
of our early experiments, slohn Blewett,

Synchrotron radiation from 70-MeV machine
at General Electric Research Laboratory
where it was first discovered in 1947.

who has since made many contributions
to the accelerator art, called our atten-
tion to a short paper by D. Ivanenko
and I. Pomeranchuk, which predicted
significant radiation losses in circular
accelerators,3 and he suggested a search
for radiation. Westendorp and I were
critical of this paper, pointing out that
it was based upon a single-electron
model, and that, when a large number
of electrons are distributed around the
orbit, their individual fields tend to in-
terfere destructively. As Westy put it,
"Direct current does not radiate!" It did
not occur to us (nor, apparently to Ivan-
enko and Pomeranchuk) to consider the
fluctuations and relativistic effects that
account for its remarkable spectral
properties, and which lead to an energy
loss exactly equal to that given by the
single-electron model.

Blewett nevertheless insisted upon a
test, so, with a sensitive radio receiver
we looked for radiation at the 57-MHz
orbital circulation frequency and at sev-
eral harmonics thereof—first, using an-
tennas external to the tube, and finally,
within the silver-coated doughnut—all

with negative results. That convinced
us, but not Blewett, who suggested that
we look for other evidence, in particu-
lar, energy losses. We knew, in fact,
that the orbit radius began to shrink
when the electron energy neared 90
MeV, so that the beam would contract
to target at about 106 MeV. We esti-
mated the orbit radius at each interme-
diate energy by measuring the deflec-
tion current required to bring the beam
to target, and found that it did indeed
behave in accordance with Blewett's
calculations4 based upon the Ivanenko-
Pomeranchuk hypothesis.3 Because an
alternative hypothesis (phase difference
between center flux and guide field)
also accounted satisfactorily for the
data, no radiation had been detected,
and our consultant, Marcel Schein,
agreed with our objections to the Ivan-
enko-Pomeranchuk paper, we remained
unconvinced.

Blewett correctly surmised that the
radiation would be found to be distrib-
uted over a great many harmonics4 and
found support for this belief from J.
Schwinger. But, with an opaque
doughnut coating, complete concrete
radiation shield, and closed minds, the
rest of us did not see the light, literally
or figuratively. We also were very busy
with other matters. It was the nuclear
age! Sources of longer wavelengths were
commonplace. The betatron had been
built to produce high-energy x rays; its
uniqueness was attested by a constant
stream of visitors to the Research Labo-
ratory, each suggesting new experi-
ments, but none that we look for syn-
chrotron radiation—except Blewett,
who kept faith. His paper, which
should have been cited in the PHYSICS
TODAY article, was both accurate and
prophetic.

Three years later, in the same labora-
tory, a 70-MeV synchrotron was com-
pleted under the direction of Herbert
Pollock. At its initial location, it was
not completely enclosed by a radiation
shield; even more significantly, the
doughnut coating was transparent, fa-
cilitating placement of electrodes for
beam extraction.

Knowing that Pollock was concerned
about breakdown, Floyd Haber, his as-
sistant, ventured a "very quick
glimpse" (with the aid of a mirror)
around the corner of the radiation
shield to be sure there was no spark-
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Introducing the Next Generation of
High Energy, Heavy Ion Tandem
Van de Graaff Accelerators

Future plans for many nuclear physics
faci l i t ies center on the acceleration of
heavy ion beams to high energies.

To meet these demands we have designed
a system named the folded tandem. This
concept is depicted in the accompanying
sketch of a 25 million volt accelerator.

It incorporates both sets of accelerator
tubes in the single column structure.
Negative ions are injected from below
the tandem. These ions are stripped in
the terminal. The resultant multiply-
charged heavy ions are bent through 180°
onto the high energy tube axis and are
then accelerated down the column system.

For terminal voltages 25 MV and higher,
the folded tandem offers advantages over
the conventional double-ended tandem
including:

• Smaller volume accelerator tank
• Less insulating gas
• Smaller building for accelerator
• Injector easily accessible
• Higher degree of charge state

selection in terminal

Included in this new tandem wil l be a
novel charging system, the Laddertron,
developed at the Daresbury Laboratory
in England. It offers the highest charging
current capability of any of the inductive-
conductive methods available. In addi-
tion, the low terminal ripple wil l meet
the exacting demands of today's physi-
cist.

We are able to confidently propose such
systems based on our past successes.
As an example, we have operated the

• column of our 16 MV in-house tandem to
21 MV, and have accelerated heavy ions
at terminal voltages up to 16 MV.
High Voltage Engineering is committed
to meet tomorrow's requirements today.
For more information call or write: High
Voltage Engineering Corporation, Science
Division, South Bedford St., Burlington,
Mass. 01803 U.S.A. Tel: (617) 272-1313.

HIGH VOLTAGE
ENGINEERING
CORPORATION

Physics Show—Booths 401-402

Circle No. 10 on Reader Service Card

m:

i~\t



letters

over, and on 24 April 1947 he became
the first to observe man-made synchro-
tron radiation.5 Haber reported an in-
tense "arc," which, to everyone's
amazement, persisted after beam de-
flection voltage was turned off!

Word passed rapidly throughout the
laboratory, and it became quickly ap-
parent to the throng who gathered that
they were actually seeing the electron
beam. But by what mechanism? Bob
Langmuir was the first to suggest that
this must be "Blewett radiation," al-
though the majority favored a gas dis-
charge or Cerenkov origin, despite the
low tube pressure. I suggested that, if
the light were indeed fundamentally re-
lated to electron circulation, it should
be polarized. Polaroid quickly settled
the question.

Pollock's group subsequently under-
took a detailed spectroscopic study6 in
collaboration with analysis by Schwing-
er.7 This paper should also have been
cited in the PHYSICS TODAY article.
But John Blewett deserves full recogni-
tion as the true discoverer of the phe-
nomenon, having correctly interpreted
experimental observations that demon-
strated not only its existence but its
spectral characteristics, three years in
advance of its direct observation by
Pollock's group. Ivanenko and Pomer-
anchuk deserve credit for stimulating
his thinking on the subject, but they did
not anticipate the spectral properties,
its most distinctive characteristic.

There seems to be an unfortunate
tendency among non-industrial mem-
bers of the scientific community to
overlook or denigrate the many signifi-
cant contributions, not only to accelera-
tor development and applications, but
also to basic science, by the General
Electric Research Laboratory in those
early post-war years. I trust that his
footnote to your article will furnish an
improved perspective.
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KERST COMMENTS: There are some
interesting historical matters that indi-
cate much more awareness of the cen-
trifugal-acceleration radiation problem
than George Baldwin has indicated; for
example, it is remarkable that in 1912 a
complete book was written on it with
relativistic electrons grouped in many
ways in orbits. It is the Adams Prize
essay of. Cambridge University written
by G. A. Schott, and this was one of the
three treatments of the problem that
was examined at the University of Illi-
nois before it was considered reasonable
to try to make the betatron. The other
two treatments were one by Harold
Mott-Smith and a treatment by Robert
Serber demonstrating that randomly
spaced electrons in a continuous ring
would radiate individually just as much
energy as an isolated electron would
lose. Fortunately this loss was small
enough so that there was no obstacle to
the first betatron but that fact should
have been published in our first papers.
It was however seriously taken into ac-
count when 100 MeV was chosen by
Maurice Goldhaber and me as an ener-
gy of possible interest for meson pro-
duction in the early days, and because
the radiation loss was tolerable, the de-
sign was worked up for the 100-MeV
betatron.

Also there was communication with
the MIT radiation laboratory during
the war about the possibility of pur-
posely bunching the betatron beam to
make microwaves, but the power was
too small.

Leonard Schiff, at Los Alamos during
the war, demonstrated that an evenly
spaced ring of electrons radiated just as
much per electron as a single electron
but that it radiated especially strongly
in particular harmonics, and of course
Schwinger did the complete job for the
whole spectrum a little later. At that
time there had also been attempts at
Los Alamos to detect the loss of energy
of the beam by clamping a 22-MeV
beam and letting it coast to a small ra-
dius. It didn't work. The beam radius
grew and hit an exterior target in one-
tenth of a second. It remained for the
quantitative determination of the
amount of radiation to be made later.

DONALD W. KERST
University of Wisconsin

Madison
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BNC now offers six digital delay gen-
erators for precise timing applications
in radar, lasers, sonar, shock wave
physics or flash x-ray analysis. For ex-
ample, with the Model 7030 shown
above, you can select delays in 1 ns
increments with an accuracy of 0.1 ns.
Jitter between an external trigger and
the delayed pulse is less than ±100 ps.
Delays extend to 100 ,u,s (longer with the
Model 7033 Extender).
Other BNC delay generators offer time
increments of 1, 10 or 100 ns with de-
lays extending to 10 s. All models are
remotely programmable.
For catalog on our Digital Delay Gen-
erators, phone (415) 527-1121 or write:

B N C

Berkeley Nucleonics Corp.
1198 Tenth St.
Berkeley, Ca. 94710


