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Discovery of radiation belts

Regarding the article “The Earth’s
Radiation Belts” that appeared in the
October issue of PHYsICs TopAY 1
would like to give you some informa-
tion that is not generally known and
might be of interest to you and your
readers,

The existence of a belt of moving
ionizing particles around the earth was
discovered already in 1935 by E. M.
Bruins, Its existence was concluded
from measurements of the intensity of
the cosmic radiation at sea level dur-
ing a voyage from Amsterdam to Cor-
ral (Chile) and was published in
Bruins’s doctor’s thesis “Cosmische
stralen in het aardmagnetisch veld”
submitted to the University of Amster-
dam. This thesis, written in Dutch,
was intentionally provided with a
rather long summary in English of
which I enclose a copy. I call your
attention to the sentences in the first
paragraph on page 87: “The ob-
served effects may be considered as
due to permanent ringcurrents in
space . . .. The currents are flowing
at a distance of 2-4 earth’s radii.”
The distance stated by Bruins checks
very well with that of the outer Van
Allen belt. Bruins is now Lecturer in
Mathematics at the University of Am-
sterdam. Further particulars could be
obtained from him.

W. J. Oosterkamp
Philips Gloeilampenfabrieken,
Eindhoven

ConrFmrmATION FROM Bruins: I can
give you some more detailed informa-
tion on the discovery of the radiation
belts,

In 1932, just having discovered the
Iyotropic numbers for colloid chemis-
try, I was asked by Jacob Clay to
assist in unraveling the geomagnetic—
cosmic-ray problems.

First of all I repeated Kr. Birke-
land’s experiment on the forbidden
spaces! of Carl Stgrmer, and that very
experiment suggested to me the fol-
lowing question: Are there currents
flowing in such toroidal surfaces in
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space? To answer this question it
was necessary to separate the exter-
nal and internal geomagnetic effects

and to study the interrelation of
cosmic-ray intensity and magnetic
storms.

Then I computed the residual mag-
netic field remaining after subtraction
of the eccentric dipole field, and I
extended Stgrmer’s computations up
to energies found in cosmic rays.

Study of the ring currents showed
me the “resonance effect”; that is, the
effect whereby the energy limit for
cosmic-ray penetration to the earth’s
surface is lowered—but considerably
lowered only if the current is flowing
at a distance of the Stgrmer length
unit corresponding to the energy of
the incident cosmic ray. Since the
direction of the current is uniquely de-
termined by the magnetic dipole, only
a lowering of the energy limit can be
effected by ring currents.

The residual field indicated to us
the Southampton-Capetown shipping
routes and the south Pacific line as
favorably passing through the field of
the six poles of the residual field. Be-
tween Southampton and Capetown
J. Clay, P. M. Van Alphen and C. G.
't Hooft discovered the “longitude ef-
fect” caused by the change of dis-
tance to the geomagnetic dipole.?
In 1935 I myself went by the south
Pacific line to Chile, and I discovered
there the “doubling of the equatorial
minimum”—contrary to the results of
Robert A. Millikan and V. H. Neher?
of the same year (!), 1935. The re-
sult was confirmed in 1937 by T.
Johnson and D. N. Read.?

During this expedition I was fa-
vored by the course of the ship, which
enabled me to find very accurate data
on the “distance effect.”

These measurements provided the
experimental data for rejecting S.
Chapman’s 1937 hypothesis® of a
“sphere filled with currents of which
the intensity varies by cos A, A the
magnetic lattitude, flowing very near
the earth’s surface and giving the re-
lation § M = (2a’* — a®) 3 H. o
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...around TRACOR you'll
need track shoes
to keep up.

We're on the move. Fast. Revenue
just under $10 million last year, up
at least 40% every year since '61—
net income up 19% or more each
year, and '66 just as bright.

We've been labeled “one of the
Southwest's finest and fastest-grow-
ing advanced technology firms.”

We could take exception to the
“Southwest” limitation; we base in
Austin but have operations and fa-
cilities in California, Maryland, Wis-
consin, Ohio, and D.C.

Last time we looked there were
more than 1000 of us —over 5%
Ph.D.'s, about 11% MS/MA's and
more than 20% BS/BA’s, We're ex-
pecting a total of about 3000 by
1970. Maybe 4000.
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What's new in
photomultiplier
geometry?

The PM400Flat-Formisa good example of what's
new in photomultiplier geometry at Amperex.

Rectangular cross-section e Unique, through-
the-wall-dynode connections ® Rugged ladder
of overlapping hemispherical dynodes on rigid
ceramic supports e 3/4 inch end-on cathode o
For new applications in new environments,
from outer space to deep sea, there's no other
photomultiplier quite like the PM400,

From Amperex you can expect what's new in
photomultiplier design: From the Flat-Form
PM400 and the fast-response XP1020/XP1210 fo
the industry-standard XP1110 and its big
brother the XP1180, Amperex photomultiplier
tubes lead the field— as they have for ten years.

The super-rugged PM400 is rectangular in
cross section; with it you solve packaging
problems that once defied solution. Its dynode
connections are instrument-type screw
terminals that feed directly through the tube
walls; there's no conventional base at all.

This design greatly reduces leakage currents,
even at overvoltages and produces near-perfect
freedom from inductive pickup. For extremely
critical applications, we can offer the PM400 in
an all-ceramic envelope.

If you're working with
what's new in electro-opti-
cal instrumentation, if those
same old photomultipliers
just haven't kept pace with
your discipline's latest re-
guirements, if you want to
know what’s new in photo-
multipliers, ask Amperex.
Amperex Electronic Corpo-
ration, Nuclear Products
Division, Hicksville, Long
Island, N. Y. 11802,

Amperex

TOMORROW'S THINKING IN TODAY'S PRODUCTS
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is radius of the current sphere; a that
of the earth; § M the change in mag-
netic moment caused, and § H the
change in horizontal intensity. The
relation is valid for @’ ~ a. Accord-
ing to the “distance effect” in the
Atlantic Ocean such currents had to
flow at 3 earth radii—and then the
basic assumptions for Chapman’s ap-
proximation are not valid any more.
This is stated in my thesis, pages 79
and 80.

Diminution of cosmic-ray intensity
occurring during magnetic storms can
be due only to a diminution or van-
ishing of ring current! As early as
1935 we started in Amsterdam a con-
tinuous registration of cosmic-ray in-
tensity, and very soon it was clear that
some magnetic storms influence the
hard rays but not the weak rays—a
seemingly absurd result that is easily
explained by the resonance effect and
a decrease of permanent ring currents:
Only a decrease of the current flow-
ing at the Stgrmer length for the inci-
dent cosmic rays can influence them
and cause a diminution of intensity. I
prepared my thesis for the doctorate.
My statement on permanent ring cur-
rents met with skepticism. So I post-
poned presenting my thesis to the
Amsterdam faculty until T should find
a storm in which all rays showed a low-
ering of intensity. This storm oc-
curred on 25 Jan. 1938. Immediately
afterward I presented my thesis and
obtained the DSc¢ cum laude on 30
March 1938.

From the energy of the influenced
rays the radius of the current influenc-
ing them can be computed. They
varied from 2 to 4 earth radii.

As to the particles forming the ring
currents, the normal cosmic-ray inten-
sity of rays in the range 4-60 x 10°
eV did not seem to provide the neces-
sary current intensity. This problem
was solved easily by indicating that
particles of all energies contribute to
the ring current. Moreover if they are
not following some periodic orbit (as
in the nonperiodic trajectories in a
nearly isotropic radiation at great dis-
tances), the radial components of the
trajectories must cancel magnetically,
and for all charges and all particles the
azimuthal effects are added, and the

stream always corresponds to a current
of the same sign (thesis page 3).

I intentionally avoided the term
“trapping of low-energy particles” be-
cause also in a unipole field the trajec-

tories show the same “optical illusion.”
One

sees the particles as being
attracted toward the unipole, The
trajectories are, however, geodetic

lines on a cone of revolution with its
vertex at the unipole. And nobody
would agree if one said that a particle
moving along a straight line in a plane
is attracted by a fixed point in the
plane; the distance is simply decreas-
ing and increasing again., There are
no orbits—periodic trajectories—in the
unipole field! It is well known that in
the dipole field, orbits—periodic tra-
jectories—are possible but only if the
Stgrmer integration constant v satis-
fies 0 > > — 0.78856, and the per-
iodic trajectories known in the dipole
field are all unstable. So in this case
too one should be very careful with
the picture: “trapping of low-energy
particles.”

The instruments that I used to
prove the existence of permanent ring
currents were photographed, and the
photographs were printed in the Pro-
ceedings of the Royal Academy of
Amsterdam, 26 Feb. 1938. As you
can see from this, it is not necessary at
all to have expensive satellites to
measure “on the spot”; three cylinders,
costing a few dollars, filled with argon
and a few tons of scrap steel of the
artillery works were all I needed—in
addition to patience.

This research was interrupted by
the second world war. But in the
time of no light, no electricity, no
coal, no gas and hardly any food, I still
could continue my studies on the his-
tory of mathematics. These caused,
immediately after the war, a contact
with the Mission Archéologique en
Iran, Paris, which asked my codpera-
tion for the edition of the Susa mathe-
matical cuneiform texts. They were
published after 12 years in 1961, and I
went to Baghdad as a unEsco expert
for the organization of the University
of Baghdad. There I could also con-
tinue the cuneiform studies, and on my
way back in 1954 I started the studies
of a Greek mathematical codex in Is-
tanbul (edited 1964). These studies
led to a nomination with the Acadé-
mie Internationale d’Histoire des Sci-
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New source
of precise
ion optics

Chances are you can get precise ion opti-
cal systems for less money from Alpha
Scientific. We've taken five years' experi-
ence building research magnets, added
people who pioneered ion optics over a
decade ago, and now produce magnets
for focusing, switching, and analyzing
beams with unsurpassed precision.

Alpha can deliver quadrupoles whose
magnetic axis lies within ==2 mils of the
geometric axis, switching magnets with
mass x energy products to 275 at +=45°,
analyzing magnets with 0.1% or better
resolution. We perform basic design for
entire systems, given only the input con-
ditions and the required characteristics
at the output. And because Alpha is o
comparatively small, flexible, fast-react-
ing organization, we can usually deliver
at substantially lower cost.

Focusing magnet, quadrupole doublet,
field gradient of 3600 gauss per inch over
21/,-inch aperture.

MName.

Title.

Address

I
|
|
|
|
|
} Organization.
|
|
|
|
|

I Alpha Scientific Laboratories, Inc.

| 940 Dwight Way, Berkeley, Calif. 94710
Phone (415) 848-5355

| A subsidiary of Systron-Donner Corp.

)
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The Glaring Difference:

OCLI'S NEW CONDUCTIVE HEA® COATING

Conductive HEA is a new product that solves
an old problem.

It simultaneously eliminates static charges
and glare from windows and lenses made of
glass or plastic by combining the character-
istics of two of OCLI's vacuum deposited
multilayer coatings—the High Efficiency Anti-
reflection (HEA®) Coating and a superior new
Conductive Coating.

Reflectance is decreased by a factor of
more than ten across the visible spectrum,
making the window or lens nearly invisible.
Buildup of static charges is permanently elim-
inated by the Conductive Coating feature so
that the functioning of static-sensitive devices

is not affected. Average resistance is 300,000
ohms per square.

A typical application for the coating is to
eliminate static charges and glare from glass
faces of sensitive electronic instruments. No
longer distorted by static charge on the glass
cover nor obscured by ambient light glare,
accurate readings can be made instantly.

Conductive HEA is extremely stable envi-
ronmentally. It meets the environmental re-
quirements of MIL-C-675A and will withstand
temperatures ranging from —260° C to +200°
C. The coating can be deposited to various
types and sizes of optical materials.

For further information, please write:

P.0. BOX 1599, 2789 GIFFEN AVE. * SANTA ROSA, CALIFORNIA 95401 = TELETYPE 510-744-2083 « TEL. 707-545-6440

% OPTICAL COATING LABORATORY, INC.
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ences, and in its turn this nomination
led Edward Penkala to trace my sci-
entific work.

Penkala discovered last year that E,
M. Bruins of the history of mathemat-
ics, the Assyriologist, the mathemati-
cian of the theory of invariants, the
editor of Greek manuscripts, the col-
loid chemist and he who wrote his the-
sis on results of a cosmic-ray expedi-
tion to Chile, proving in his work on
magnetic storms the existence of per-
manent radiation belts at 24 earth
radii, was one and the same man.

I can only say that in 1938 I did
nothing to keep secret my answer on
the question I put to myself in 1932
concerning the radiation belts. I sent
about 400 copies of my thesis all over
the world, many of them to the United
States, to libraries and scientific work-
ers on cosmic rays. Since 1938 it is
only a tolle lege (“take up and read”):
Currents can only lower the energy
limit. A decrease of cosmic-ray inten-
sity correlated with magnetic storms
must be caused by diminution of nor-
mally existing currents. For nothing
can diminish that did not exist before.
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How long to live

I was delighted by the intrusion of the
physicist, Gerald Feinberg, into the
domain of the life sciences with his
provocative article in the November
issue on the prolongation of life.
Such behavior for natural scientists is
fortunately not unprecedented in the
history of medicine. I, as a physi-
cian, also find his reasoning compel-
ling. The preservation of complex bi-
omolecular structure at low tempera-
tures has not only important practical

medical advantages but even more
profound biological implications, so
well expressed by Feinberg. The
point not emphasized enough by him
is that, with a concerted effort, in-
cluding those of physicists, this fasci-
nating problem might be solved
within our lifetime.
Peter Gouras
Washington, D. C.

I read with interest and dismay Gerald
Feinberg's article “Physics and Life
Prolongation.” 1In reply, I wish to
caution Feinberg and the members of
a small but growing movement that
(1) cryogenics as a way to suspended
animation and (2) suspended anima-
tion as a way to death postponement
(the semantic invert of life prolonga-
tion) may prove, in the long run, to
be unwise. I do not wish to argue
the scientific plausibility of the cryo-
genic approach to suspended anima-
tion—though I doubt that salvage
from the frozen state will not leave
scars—but I do wish to point out the
dangers of an idea that involves cry-

ogenics, suspended animation and
unreasonable optimism for the fu-
ture—especially if it should gain

widespread acceptance by the public.

Although Arthur Clark’s law is a
very interesting bit of wisdom, it can
be a semantic “foot-in-the-door” to jus-
tify a great deal of mission-oriented
research, The issue is not whether
the goal of that research can be ac-
complished, but, rather, whether it has
a potential application in the world of
the public. At this point the origina-
tor of the idea under study faces, in
addition to a scientific responsibility, a
moral responsibility.

I think Feinberg has not only pre-
empted a field that should be left
mainly to the analytical biologist but
irresponsibly suggested that, “Success-
ful methods for freezing, storing and
reviving humans would evidently have
widespread application.”

It would not be hard at all for the
civil-minded scientist to think of sev-
eral sociological and economic reasons
why widespread freezing of humans
should not be encouraged. It is possi-
ble that eventually large numbers of
perfectly healthy persons may wish
just to travel to the future to benefit
from what they believe will be a bet-
ter life. So far no one has considered

ANNOUNCING
NEW VACUUM
EQUIPMENT
PRICE LIST

Over 1100 Items
Listed in New 40-Page
Bulletin!

Write for Bulletin 10

Bulletin includes high-vacuum pumps, gauges,
valves, fittings, accessories, thin-film equip-
ment, electron beam equipment, and high-
vacuum furnaces.

HERAEUS -
ENGELHARD
VACUUM, INC.

SECO RD., MONROEVILLE, PA. 15146
]

PHYSICS TODAY e FEBRUARY 1967 e

13



