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HIS is a preliminary report of investigations
made with the satellite Injun I of the artificial
radiation belt produced by a nuclear device recently
exploded at a high altitude. The officially available
information on this burst is contained in the inter-
national AGIWARN message of July 9, 1962, ““. . . a
megaton yield range device was detonated in the
ionosphere at an altitude of hundreds of kilometers in
the vicinity of Johnston Island in the Pacific at
0900 v.T. on July 9, 1962°. The geographic position
of Johnston Island is 16.7° N.. 190.5° E.

For every kiloton fission explosion in the device,
there were produced about 102% fission nuclei the
radioactive decay of which yielded some 5 x 102
electrons?! having, presumably, a differential number
energy spectrum approximated by 3-88 exp (—0-575F
—0:055 E?), for the range 1<E<7 MeV, where E is
the @-ray energy in MeV, and the spectral expression
is in units of B-rays per fission per MeV (ref. 2).
Somie of these electrons were injected at such pitch
angles to the geomagnetic field vector that they were
temporarily trapped, executing oscillatory motion in
latitude along magnetic field lines and drifting
eastward in longitude to form an artificial radiation
belt encircling the Earth. This is the first reported
case of a significant, artificial injection of durably
trapped particles into the geomagnetic field since the
Argus tests of 195834,

Experimental Details

The present article is based on observations made
with the State University of Towa satellite Injun I
(1961 omicron 2) which was designed for study of the
naturally occurring radiation belts. It was launched
at 0423 v.T. on July 29, 1961, into an orbit with
apogee altitude 1,010 km, perigee altitude 890 km,
inclination 67° and period 104 min. The satellite
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Table 1. PARTICLES DETECTABLE BY DIRECT PENETRATION

Electrons Protons
Detector 1 Energy E 2 40 keV E i 500 keV
Detector 2 E 7 6MeV E 7 45 MeV
;>
Detector 3 ( EL 1MV ) g5 < B <15MeV

order of 1 per cent efficiency

transmits real-time data from its array of radiation
detectors on command from several ground stations,
distributed around the world®. For the present
purposes the telemetry data from the following
stations are of significance: Quito, Lima, Salisbury
(Southern Rhodesia), Iowa City and several Pacific
Island stations.

There are three particle detectors on Injun I the
outputs of which are used in this preliminary inves-
tigation, but in a more detailed analysis now being
undertaken another seven detectors will give useful
information.

Detector 1. An end-window Geiger tube (Anton
type 213) with shielding of 1-2 mg em-2 over a
conical field of angular diameter 30°, and 4-5 g cmm—?
of lead elsewhere (L. Frank, private communication).

Detector 2. A similar Geiger tube complotoly
encased in a shield of 3:5 g em~? of lead and a further
1 g cm-? of stainless steel.

Detector 3. A p-n junction detector with an
electronic bias of 1 MeV and a conical field of view of
angular diameter 30° shielded by 2 mg em-2. Shield-
ing elsewhere is =3 g cm-? (G. F. Pieper, private
communication).

An abridged summary of properties of the detectors
is given in Table 1.

It is tentatively estimated that the responso of
Detector 2 to the fission electron spectrum is due
dominantly to direct penetrations of the shield by
energetic electrons (K> 6 MeV) and not to the brems-
strahlung of the more abundant non-penetrating
ones. 'This estimate is being re-examined by further
laboratory examination. The following investigations
of the spatial extent and the time-decay of the
artificial radiation zone are ecssentially independent
of the validity of the foregoing working hypothesis.

Detectors 1 and 3 are directional, and their response
depends on the angle at which they point with respect
to the magnetic field vector. Both have associated
background detectors which measure any penetrating
contaminating radiation. Detector 2 is an omni-
directional detector and provides the simplest means
of mapping out the natural and artificial radiation
zones, since its response is independent of the
orientation of the satellite.
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A fuller description of the Injun I system is given
in the previously cited paper of O’Brien et al.®.

Some General Considerations on Geomagnetic
Trapping

The dynamics of geomagnetically trapped particles
as recently reviewed by Van Allen® are applicable to
the particles injected by the Johnston Island burst.
In particular, it is necessary to use the fully detailed
properties of the real geomagnetic field in order to
make a systematic study of spatial distribution and
time-decay. The co-ordinate system of MclIlwain? is
used here to replace the three geographic co-ordinates
longitude, latitude and altitude with the two ‘natural’
geomagnetic co-ordinates B and L.

The value of L is constant for a given line of
magnetic force along which a charged particle
oscillates in latitude. It also labels a unique magnetic
shell on which the particle drifts in longitude.
Numerically, L is such that if the geomagnetie field
were that due to a simple dipole, then the equatorial
radial distance from the centre of the Earth to a
given magnetic shell would be L Earth radii. The
strength of the magnetic field at a point in space is
B gauss.

In a time-stationary state, at any two points in
space with the same values of B and L the intensity
of trapped particles is the same. In the equatorial
regions at Injun altitudes of ~1,000 km there are
trapped the particles of the inner radiation zone
which is relatively stable with time. During the
first year of observations by Injun I, some ten million
measurements were made in the inner zone. Hence
the counting-rates of all detectors due to naturally
occurring trapped particles are well known and are
tabulated in B, L co-ordinates. The intensities of the
natural inner radiation zone as it was before the
burst are used in this article as reference-levels. As
will be seen in the following, the intensities due to
the artificially injected particles are much greater
than normal intensitics in the inner zone, especially
at the lower altitudes. This fact must be clearly
recognized by those conducting flights in this region
during 1962. Furthermore, because of it, we do not
treat in this article any possible effects of the burst
on the former inner zone particles themselves.

The dependence on B and L of particle intensity
in the inner zone is shown in Figs. 5 and 6 of ref. 7
using data from detectors on the satellite Explorer IV,
which also observed the artificial belts of electrons
resulting from the three Argus burstst. The shielded
Geiger tube on Explorer IV had shielding significantly
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Comparison of the intensity of the new artificial radiation belt and the natural
inner radiation belt measured with Detector 2 in the same region over Southern Rhodesia.
In calculating the intensity, the assumption is iade that the detector is efficiently count-

ing only fission electrons with ¥ i 6 MeV (see text)

less than that of Detector 2 above and had an effective
area about five times larger than that of Detector 2.

Before the Johnston Island burst, the counting-
rates of Detectors 1, 2 and 3 in the equatorial region
were dominantly due to inner zone electrons, protons
and protons, respectively. After the event, there are
three possible contributions: (a) from penetrating
electrons from fission decay; (b) from decay products
of neutrons produced in the explosion; (¢) from a
redistribution in space of naturally occurring trapped
particles. The observed spectrum in equatorial
regions is in crude accordance with the assumption
that the dominant contribution is from penetrating
fission-deeay electrons.

As to contribution (b), according to Latter, Herbst
and Watson! about onc neutron per fission escapes
from a nuclear burst. The subsequent neutron-decay
injection process yields a more-or-less uniform
‘source function’ of electrons with E <780 keV and
energetic protons mostly with E~1 MeV over an
immense region of space. By contrast, there is a com-
parable number of fission-decay electrons, which come
from a localized ‘source function’ and are much more
energetic and penetrating. In this article we con-
sider only the equatorial regions where the localized
‘source function’ of fission-decay electrons is large.
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In this region it can be shown that neutron-decay
products would have had less effect on Detectors 1.
2 and 3 than would the naturally occurring particles
of the inner radiation zone.

As to contribution (c¢), the pre-burst peak counting-
rate of Detector 2 at Injun altitude was only about
700 counts sec-!, and its extrapolated rate in the
heart of the inner zone was only about 1,200 counts
sec-l. Yet it reached rates of more than 11,000 counts
sec-1 after the burst, and it seems clear that such
rates could not have resulted from any reasonable
redistribution of naturally occurring trapped particles.

Therefore, it is tentatively assumed that the
dominant contribution to Detectors 1, 2 and 3 in
equatorial regions after the burst was from pene-
trating electrons from fission decay. The validity of
this assumption and its applicability at higher
latitudes are being further examined.

Early Effects of the Explosion

Injun I was at longitude 224° E., latitude 36° N.
and altitude 886 km and was moving north-east at
the nominal explosion time of 0900 v.T. on July 9,
1962, We call this time (=X h. Injun was not
transmitting at the time.

Injun was transmitting over Salisbury. Southern
Rhodesia, at X +45 min. Thus it raced the slow
electrons eastward around the world, and only
electrons with energy E>500 keV would have drifted
around from the explosion to Salisbury by the time
of the pass (Figs 1.2 and 1.3 of ref. 6 for longitudinal
drift period as a function of energy).

By X + 45 min there was a shell of trapped electrons
extending out to at least L~ 1-9 over South Africa
(Fig. 1).

Table 2. EARLY MEASTREMENTS OF PARTICLE INTENSITIES (ASSUMIN G
THAT ONLY ELECTRONS ARE PRESEXNT)

Detector 1 Detector 2 Detector 3
Intensity Intensity Intensity
eleetrons clectrons electrons
E >40 KeV E =6 MeV E=1MeV
particles particles particles
(em? sec sterad)! (cm? see)? {cm® sec sterad)-?
X 445 min
(@) Normal to BB
at L=1-32 3x10? 35 x 101 ~107 (order of
magnitude
estimate)
(b) Peak intensity
at L=1-26 — 85 x 10* —

(see Fig. 1)
X+100 min _.
(¢) Normal to B

at L=1-35 2 x10* 2% 10* —
(D) Peak intensity
at L=1-13 - 2:5 x 10 —



The satellite was also transmitting over Johnston
Island at X + 100 min and so it arrived there ahead
of any electrons with energy E <500 keV which were
drifting around the world, but it would have started
to overtake lower-enocrgy electrons after passing
Johnston Island.

In these two passes, the directional Detectors 1 and 3
were not pointing at right angles to the magnetic
field at the timies when the omnidirectional Detector 2
indicated that the particle intensity was at its
maximum. In the iIntensity measurements listed
in Table 2 we quote :

(@) Intensitics measured by Detectors 1 and 3
when they were pointed perpendicular to the magnetic
field. that is. when they werc measuring the peak
directional intensity of particles at that place and
time. The intensity measured by the omnidirectional
Detector 2 at the same place and time is also given.
From such data the electron energy spectra may be
obtained. Then:

(b) The peak intensity observed by Detector 2
during the samo pass is listed. The spectral data of
(a) may then bhe normalized to the peak intensity of
(b) if it bo assumed that the electron spectrum is the
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Fig. 2. Comparison of the observed particle intensity after the
P

explosion with the normal zone intensity for a pass over South
America. The locations shown are in geographic eo-ordinates
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Fig. 3. Variation of particle intensity on the magnetic shell 1. = 1-25 Earth radii as a
funetion of magnetic field strength (B) aud the elapsed tiie since the explosion. The
intensity decreases most rapidly at large values of B, that is, at low altitudes. A measure-
ment obtained very recently and not plotted was an intensity of (4-3 x 10%) particles
em-? sec! at B = 0-192 gauss at (X + 459) h. Note that this was after the moderate

magnetic storm of July 26

same at the two locations. This matter is being
investigated in detail.

The lower intensity over Johnston Island than over
Salisbury is due presumably to the fact that a given
geographical altitude over Johnston is equivalent,
geomagnetically, to one several hundred kilometres
lower over Salisbury. The decay of intensity in both
the short term and the long term is dominated by the
atmospheric density at the longitude at which the
mirror points of particles are deepest in the atmo-
sphere (see later). The dependence of particle
intensity at a given value of L and at low altitudes is
an oxtremely strong function of B for both the
natural and artificial radiation zones for LZ1-5. For
example, in the normal inner radiation zone the
particle intensity changes by an order of magnitude
over an altitude change of less than 100 km.

In Fig. 1, the enhancement after the explosion of
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Fig. 4. Contours of constant counting-ratc of Delector 2 in the polar co-ordinate system

discussed by Mellwain (ref. 7) for the ncrmal inner radiation zone on the left and for the

artificial radiation zoue on the right about 6 h after the cxplosion. The dashed lines

indicate the maximum excursions of the Earth’s surface in these co-ordinates. An omni-

directional intensity of about nine penetrating particles cm-2 sec-! will cause 1 count
sce~! in the detector

the intensity of particles which could penetrate more
than 3-5 g em~2 of lead is clearly shown for Salisbury
at X +45 min. The enhancement is about one
~ hundred-fold around L~ 1-2. Over Johnston Island
the enhancement near the peak of the artificial zone
around L ~1-13 was more than one thousand-fold.
From data such as those shown in Figs. 1. 2. 3 and
4. it i3 estimated that there were of the order of 102t
freshly injected and trapped electrons of energy
£ 71,500 keV in the geomagnetic fieldat X'+ 1 h. The
total mass of theso particlos which have created this
intonse radiation belt is therefore only of order 1 mg.

Long-Term Observations
There is considerable interest in a dotailed obser-
vational study of the time dccay of the artificial
radiation belt over a period spanning both mag-
netieally quiet and magnetically disturbed conditions.
Such a study is in progress. 'T'he moderate magnetic
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storin of July 26, 1962, did not have any pronounced
effect, but further studics with other storms must be
made. The results may be expected to be of value in
determining the loss rates of naturally injocted
particles and hence the source strength for such
particles. Hopefully, some of the uncortainty con-
cerning the origin of the inner zone can bhe dispolled.

In this preliminary report. the rate of loss of
eloctrons of E7 6 MoV only is considercd and this,
briefly. Data from a single pass are shown in Fig. 2.
From many such passos, the particle intensity on a
given magnetic shell, say L=1-23 as in Fig. 3, is
plotted as a function of B. The time-dependence of
intensity at chosen sets of values of B and L ean be
examined with the help of such graphs. For the
magnetic shell L=1-25, the minimum altitudes at
which B=0-20, 0-22 and 0-25 gauss are respectively
about 540, 350 and 140 k. Henco from Fig. 3 it
appears that, for this magnetic shell and this
phenomenon, the intensity of eloctrons with K26
MeV which mirrored as low or lower than 140-km
altitude became negligible (that is, becae undetect-
able with this instrument) within a few hours. The
intensity of those mirroring at or below 350 km was
greatly reduced within a few woeeks, awhile high
intensities of those mirroring above 500 kilometers
will persist for months. A proper treatinent of tho
problem using transport theory and the combined
results from all detectors is being undertaken.

Comparison with Argus Series

Three fission devices of about 1 kiloton yicld were
detonated by the United States at high altitudes in
August-September 1958. The resulting artificial
radiation belts were less than 0-1 Earth radius thick
at the equator and had pecak intensitios at about
L=1-7, 2-1 and 2-2 Earth radii respectively”.

A proliminary comparison of the shiclded Geigoer
tube data (Kuplorer IV) on the Ariyus shells with tho
present data from Detector 2 in [njun shows that tho
initial intensity in the Johnston Island shell was of
the order of one Lhousand timoes as great as that
observed by Explorer IV on the Argus shells. Boecauso
Eaxplorer IV sampled the Argus shells only at altitudos
less than about 2,000 km and so considerably below
their equatorial altitudes, it did not measure the peak
Argus Intonsities. Howover, Injun samples tho
artificial radiation belt near the equator and hence
near the peak intensities. A detailed comparison of
the phenomena is being made.
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Discussion

It appears likely that the electrons artificially
injected by the Johnston Island burst will continue
to be present in measurable numbers for many
months on the higher-altitude shells.

As a consequence, the electron spectrum and
intensity at high altitudes for magnetic shells with
L2 will differ from those of the previously studied
inner radiation zone for some months. A short
tabulation in terms of B and L of the electron
intensities now in this region has been prepared and
circulated privately.

Perhaps the best overall view of the artificial
radiation belt as available at present is obtained by
examination of Fig. 4. One should note in particular
the low altitudes to which the belt extends, and the
counting-rates very much higher than those observed
in the natural inner belt with the same detector. For
comparison also, a similar detector has a peak
counting-rate of only about 100 counts sec-! in the
heart of the outer radiation zone.

Invaluable telemetry reception at equatorial
stations was obtained through the co-operation of
Roger Tetrick of the Goddard Space Flight Centre,
Rolf Dyce and George Johnson of the Stanford
Research Institute and W. 8. Carey of Salisbury,
Southern Rhodesia.

This work was supported in part by the Office of
Naval Ressarch under contract N90onr93803 and by
the National Aeronautics and Space Administration
under grant Nos. J233-62.
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