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Radiation Belts around the Earth

Instruments borne aloft by artificial satellites and lunar probes

indicate that our planet is encircled by two zones of high-energy

particles, against which space travelers will have to be shielded

expected result of man’s explora-

tion of the immediate vicinity of
the earth is the discovery that our planet
is ringed by a region—to be exact, two re-
gions—of high energy radiation extend-
ing many thousands of miles into space.
The discovery is of course troubling to
astronauts; somehow the human body
will have to be shielded from this radia-
tion, even on a rapid transit through the
region. But geophysicists, astrophysi-
cists, solar astronomers and cosmicray
physicists are enthralled by the fresh im-
plications of these findings. The configu-
ration of the region and the radiation it
contains bespeak a major physical phe-
nomenon in\'{)lving cosmic rays and solar
corpuscles in the vicinity of the earth.
This enormous reservoir of charged par-
ticles plays a still-unexplained role as
middleman in the interaction of earth
and sun which is reflected in magnetic
storms, in the airglow and in the beauti-
ful displays of the aurora.

The story of the investigation goes
back to 1952 and 1953, before any of
us could think realistically about the use
of earth satellites to explore the environ-
ment of the earth, Parties from our lab-
oratory at the State University of Iowa
spent the summers of those years aboard
Coast Guard and naval vessels, cruising
along a 1,500-mile line from the waters
of Baffin Bay, near the magnetic pole in
the far northwestern corner of Green-
land, southward to the North Atlantic
off the coast of Newfoundland. Along
the way we launched a series of rocket-

E“\u far, the most interesting and least

by James A. Van Allen

carrying balloons—"“rockoons.” (The bal-
loon lifts a small rocket to an altitude of
12 to 15 miles, whence the rocket car-
ries a modest payload of instruments to
a height of 60 to 70 miles.) Our objec-
tive was to develop a profile of the cos-
mic-ray intensities at high altitudes and
latitudes, and thus to learn the nature of
the low-energy cosmic rays which at
lower altitudes and latitudes are de-
flected by the earth’s magnetic field or
absorbed in the atmosphere.

Most of the readings radioed down
from the rockets were in accord with
plausible expectations. Two rockoons
sent aloft in 1953, however, provided us
with a puzzle. Launched near New-
foundland by Melvin Gottlieb and Les-
lie Meredith, they encountered a zone
of radiation beginning at an altitude of
30 miles that was far stronger than we
had expected. At first we were uneasy
about the proper operation of our in-
struments. But critical examination of
the data convinced us that we had un-
questionably encountered something
new in the upper atmosphere.

Significantly these measurements were
made in the northern auroral zone, In
this zone, which forms a ring some 23
degrees south of the north geomagnetic
pole, the incidence of visible auroras
reaches its maximum. Since rockets fired
north and south of the zone had revealed
nothing unusual, we speculated that the
strong radiation played some part in the
aurora. Showers of particles from the
sun, it was thought, come plunging into
the atmosphere along magnetic lines of

force and set off these displays [see “Au-
rora and Airglow,” by C. T. Elvey and
Franklin E. Roach; Screntiric AMERI-
can, September, 1955]. But the theory
underlying this explanation did not ex-
plain satisfactorily why the aurora and
the high-intensity radiation we had de-
tected should vecur in the auroral zone
and not in the vicinity of the geomag-
netic pole itself. Nor could it account
for the high energies required to carry
the solar particles through the atmos-
phere to such relatively low altitudes.

The mystery deepened when we
found in later studies that the radiation
persists almost continuously in the zone
above 30 miles, irrespective of visible
auroral displays and other known high-
altitude disturbances. More discriminat-
ing detectors established that the radia-
tion contains large numbers of electrons.
Our original observations had detected
X-rays only; now it turned out that the
X-rays had been generated by the im-
pact of electrons on the skin of the in-
strument package (as if it had been the
“target” in an X-ray tube) and on the
sparse atoms of the upper atmosphere
itself. Sydney Chapman and Gordon
Little at the University of Alaska sug-
gested that such a process might well
account for the attenuation of radio sig-
nals in the lower ionosphere of the auro-
ral zones.

rl‘he International Geaphysical Year

gave us our first opportunity to in-
vestigate the “auroral soft radiation” on
a more comprehensive scale. During the
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STRUCTURE OF RAIMATION BELTS revealed by contours of
radiation intensity (blaek lines) is shown sehematically by shading

summer and fall of 1957 Laurence Ca-
hill and I launched a number of vockoons
off the coast of Greenland and also got
off one successtul flight in Antarctica,
The latter flight established that the ra-
clintion exists in the southern as well as
the northern auroral zone. In February,
1958, Carl Mellwain fired a series of
two-stage rockets through visible auro-
ras above Fort Churchill in Canada, and
discovered that the radiation includes
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energetic protons (hydrogen nuelei) as
well as electrons.

Meanwhile all of us had been pushing
a new development that great]y expand-
ed the possibilities for high-altitude re-
search. During the summer of 1955 the
President and other Covernment anthor-
ities were finally persuaded that it
might be feasible to place artificial satel-
lites in orbit, and authorized an 1. G. Y.
project for this purpose. In January,

(feft): dots (right) suggest distribution of particles in the two
belts. Contour numbers give counts per second; horizontal seale

1956, a long-standing group of high-
altitude experimentalists, called the
Rocket and Satellite Research Panel,
held a svmposium to consider how the
satellites could be most Iruitfully em-
ploved. At that meeting our group pro-
posed two projects. One was ta put a
satellite into an orbit nearly pole-to-pole
to survey the auroral radiation in both
the north and south auroral zones. Such
orbits, however, did not appear to be




shows distance in earth radii Cabout 000 miles) from the center
of the earth, Particles in the joner belt may originate with the

technically feasible in the immediate
future. For the time being we were
forced to abandon the use of a satellite
to probe farther into the auroral soft
radiation. We also suggested that a satel-
lite orbiting over the lower latitudes of
the earth might usetully be employed in
a comprehensive survey of cosmic-ray
intensities over those regions. This proj-
ect was adopted, and we were author-
ized to prepare suitable experimental

apparatus [see “The Artificial Satellite
as a Research Instrument,” by James A,
Van Allen; SciexTiFic AMERICAN, No-
vember, 1956]. It was planned to place
this apparatus on one of the early Van-
guard vehicles.

The difficulties and failures of the
Vanguard are now history., Sputnik I
stimulated some high government offi-
cials to accept a proposal that a num-
ber of us had been urging for more than

radioactive decay of neutrens liberated in the upper atmosphere by
cosmic rays; those in the outer belt probably originate in the sun.

a vear: to use the proven Jupiter C
rocket as a satellite-launching  vehicle,
As a result on January 31, 1958, Ex-
plorer 1 went into orbit carrying our
simp]e cosmic-ray detector and a radio
to broadcast its readings.

In the first reports from stations locat-
ed in the U. 8, the intensity of radiation
inereased with altitude along the expect-
ed curve. Several weeks later, however,
we began to get tapes from stations in
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EXPLORER IV AND PIONEER 111 gave the first detailed picture of the radiation belts,
The Explerer IV satellite (shert ellipse) monitored radiation levels for nearly two months
at altitudes up to 1,300 miles. The Pioneer 111 lunar probe (long ellipse) provided data out
to 63000 miles, Its orhit is shown distorted hecause of the ecarth’s rotation during flight,

EXPLORER IV ORBIT covered the entire region 51 degrees north and south of the equator;
the black curve shows a small part of its trace on the earth’s surface. More than 25 ohserva-
tion stations (colored dots) recorded data from several thousand of the satellite’s passes.

¢

/2
/\

COUNTS PER SECOND

30,000 40,000

RADIAL DISTANCE FROM CENTER QOF EARTH (MILES)

PIONEER 111 DATA gave the first confirmation of two distinet rings of particles. Counting
rutes on both the outhound (black curve) and the inbound (gray curve) legs of the flight
showed two peaks. The two curves differ because they cover different sections of the belts.

South America and South Africa which
gave us counting rates for much higher
altitudes, due to the eccentricity of the
satellite’s orbit. These records brought us
anew surprise. At high altitudes over the
equatorial region the apparent counting.
rate was very low; in some passes it
dropped to zero for several minutes. Yet
at lower altitudes the rate had quite

“reasonable” values—from 30 to 350

counts a second. Again we were uneasy
about the trustworthiness of the instru-
ments. The only alternative seemed to
be that cosmic rays do not strike the
uppermost layers of the atmosphere over
the tropics, and we were quite unable
to accept this conclusion,

Our uneasiness was increased by the
imcompleteness of our earlv data. The
Explorer 1 apparatus broadcast its obser-
vations continuously, but its signals
could be picked up only intermittently,
when the satellite came within range of
a ground station, Our original apparatus, -
designed and developed by George Lud-
wig for the Vanguard satellites, included
a magnetic-tape recorder which could
store its observations for a Unmplete orbit
around the earth and then report them in
a “burst” on radio command from the
ground,

By early February, working with the

Jet Propulsion Laboratory, we had
converted this apparatus for use in the
Explorer 11 satellite. The first attempt to
get it into orbit failed. A second rocket
placed Explorer III, carrying identical
apparatus, in orbit on March 26. This
satellite fully confirmed the anomalous
results of Explorer 1. At altitudes of 200
to 300 miles the counting rate was low.
When the satellite went out to 500 to
600 miles, the apparent rate ascended
rapidly and then dropped almost to zero.
One day, as we were puzzling over the
first tapes from Explover I1I, Melhwain
suggested the first plausible explanation
for their peculiar readings. He had just
been calibrating his rocket imstruments,
and called our attention to something
that we all knew but had temporarily
forgotten: A sufficiently high level of
rudiation can jam the counter and send
the apparent counting rate to zero. We
had discovered an enormously high level
of radiation, not a lack of it. As Ermest
Ray, a member of our group, inaccu-
rately but graphically exclaimed: “Space
is radioactive!”

During the next two months Explorer
ILT produced a large number of plavback
records. every one of which showed the
same effect. At low altitudes the count-
ing rate was reasonably attributable to


















