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The Iowa Radiation Experiment

The primary purposes of the Iowa
experiment in Mariner II are to search
for charged particles magnetically
trapped in the vicinity of the planet
Venus and, if such particles are found,
to obtain preliminary measurements of
their spatial distribution and intensity.
These measurements, when taken to-
gether with measurements by the mag-
netometer equipment on the same ve-
hicle, should advance knowledge of
the planet’s internal constitution and its
magnetosphere. The radiation equip-
ment is also useful in monitoring the in-
tensity of low-energy particles in inter-
planetary space during the 3%2-month
flight from the earth to the planet.

At present only the planets Earth
and Jupiter are known to have extended
belts of magnetically trapped particles.
The belts of Earth have been studied by
a comprehensive series of in situ obser-
vations with satellite and space probe
equipment, those of Jupiter by radio-
astronomical observations with ground-
based equipment.

Current radar-astronomical evidence,
obtained independently from the Mill-
stone and Goldstone observatories, in-
dicates that the angular rotational rate
of Venus is of the same order of mag-
nitude as the angular rate of its orbital
motion around the Sun. Hence it is
widely believed that Venus, by virtue
of tidal friction during the evolution
of the solar system, is now revolving
about the Sun with its same hemi-
sphere continuously facing the Sun.
If this is indeed true, and if, despite
such a low rotational rate of the
planet, Mariner II finds a substantial
intensity of trapped particles and a
substantial magnetic field intensity (say,
of the order of 100 gammas) at the
expected miss distance of some 6.5
planetary radii from the center of the
planet, then it would seem that pro-
found revisions of general theories of
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planetary magnetism will be necessary.
The implications of other combinations
of conceivable outcomes of current
work may be considered.

In planning the experiment it was
thought most likely that the radiation
belt of Venus, if any, would have a
much lower intensity of particles than
that of Earth and that the energy of
these particles would also be lower.
Other general considerations were the
very limited weight, power, and teleme-
try allocations for this experiment and
the necessity for the highest possible
reliability. Our final choice of detector
was an Anton type 213 Geiger-Mueller
tube, which is a miniature tube having
a 1.2 mg/cm’® mica window about 0.3
cm in diameter. A number of such
tubes have operated successfully in or-
bital flight for over 16 months in Injun
1, throughout Explorer XII’s lifetime
of 4 months, and (as of the date of
writing) for over 6 weeks in Explorer
XIV. Some properties of the Mariner
II detector are given in Table 1.

The tube also detects soft x-rays effi-
ciently (~ 0.1 for 2-kev X-rays) and
ultraviolet quite inefficiently (~ a few
counts per second from a laboratory
mercury arc whose ultraviolet intensity
simulates that of the Sun). Although
the x-ray sensitivity of this detector has
valuable applications for studying x-
ray bursts from the Sun and has been
so used in Injun I, in the Mariner II
apparatus special care was taken to
shield it from both direct and reflected
sunlight. The physical arrangement is
shown in Fig. 1. No portions of the
spacecraft lie within or near the con-
ical aperture of the collimator. The
axis of the spacecraft is stabilized to
within less than 1 degree from the
probe-sun line. (This angle is also mea-
sured and telemetered.) The sunshade
of the tube’s collimator prevents any
sunlight from falling on any part of
the collimator if the error in this angle
is less than 10° in any plane; and the
collimator itself prevents sunlight from
falling on the window of the detector
unless the axis of the detector is tilted
toward the sun-probe line by more than
25 degrees, a situation which would
correspond to a gross failure of the
stabilization of the spacecraft. During
flight to Venus, the spacecraft is grad-
ually rolled around the probe-sun line
in a systematic and known way in order
to keep the directional telemetry anten-
na pointed toward the earth. The slow
sweep of the axis of our detector across
the celestial sphere may conceivably
provide a significant search for sources

Table 1. Properties of the Iowa detector.

Type: Anton 213 Geiger-Mueller tube
Weight of assembly: 60 g
Window thickness: 1.2 mg/cm? mica
Full angle of collimator: 90°
Directional geometric factor:
Efficiency for electrons:

1.0 for E > 70 kev

0.2 cm? sterad

0.35 for E = 40 kev
0.1 for E = 34 kev
0.01 for E = 29 kev
10-2 for £ = 27 kev
10-% for E — 5 kev (nonpenetrating)

Efficiency for protons: 1.0 for E > 500 kev

Side shielding: 0.35 g/cm? of stainless steel
and magnesium

Omnidirectional geometric factor: 0.2 cm?

Maximum - apparent counting rate: 50,000
count/sec

Maximum observable true counting rate by
use of laboratory calibration curve: 107
count/sec

of soft x-rays, but no analysis of the
data from this point of view has yet
been made.

The basic telemetry frame for the
Iowa detector is 887.04 seconds in
length. During each such frame the
counting rate of the detector is sam-
pled twice, at intervals separated by
37 seconds, as follows:

1) The number of counts during
an interval of 9.60 seconds (“long
gate”) is accumulated on a shift regis-
ter of seven binary stages. This register
“overflows” on the 256th count.

2) The number of counts during an
interval of 0.827 second (“short gate”)
is accumulated on a shift register of
15 binary stages. This register over-
flows on the 65,536th count.

Since the maximum apparent count-
ing rate of the 213 detector is 50,000
per second the “short gate” system
always gives a unique reading. At
counting rates less than 26.6 per second
the “long gate” reading is unique and
has, of course, much better statistical
accuracy than the “short gate” read-
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Fig. 1. Schematic diagram of the detector
on Mariner II.

SPACECRAFT _ROLL AXIS
kY

1097



RADIAL DISTANCE FROM CENTER OF THE EARTH
30 20
T T
VENUS PROBE
(MARINERTI)
213 G. M. DETECTOR

T

[EENET -
x
x

il

T

Il Ll

COUNTS/SECOND

T

NI

1

gl

PRI S TN SEU SO OO S R S0 0 K SO SO SO R

14
SEPTEMBER

ek dedd

21 28

Fig. 2. Data reported in September 1962.
(Top) Counting rate. (Bottom) Magnetic
A indices. )

ing. At rates in the range 26.6 per sec-
ond to about 60 per second the “short
gate” system gives the approximate
rate, indicates the number of times
(one, two, or three) which the “long
gate” register has overflowed, and, with
some reservation, makes it possible to
use the “long gate” reading for obtain-
ing a more accurate rate, if it appears
that one is entitled to assume substan-
tial constancy of counting rate over a
time period of some 47 seconds.
The upper portions of Figs. 2 and 3
show data observed in interplanetary
flight during September and October
1962. Each point corresponds to an
average over five sampling periods. The
expected minimum counting rate is
about 0.6 count/sec because of galac-
tic cosmic rays, whose interplanetary
intensity in the general vicinity of
Earth’s orbit is about 3 particles cm™
sec™ during the present period of re-
duced solar activity. Such a minimum
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Fig. 3. Data reported in October 1962.
(Top) Counting rate. (Bottom) Magnetic
A indices.
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counting rate is indeed seen to have
been approached during portions of the
period covered by Figs. 2 and 3. In
general, the data attest to a remark-
able “cleanliness” of interplanetary
space in respect to the types of radia-
tions to which this detector is sensi-
tive (see 7). Marked increases of count-
ing rate are noted on the following
dates: 3, 8, 9-10, 15-19, and 25-28
(?) September, and 8-9, 12-15, and
23-24 October 1962.

No proper interpretation of these
peaks has yet been made. The follow-
ing general lines of interpretation are
being investigated: (i) changes in di-
rectionality or intensity and/or energy
spectrum of particles in the solar wind;
(ii) solar cosmic rays; (iii) galactic
x-rays (see above). It is expected that
the following other lines of evidence
will contribute to an understanding of
the significance of these peaks:

1) Mariner II magnetometer mea-
surements.

2) Mariner II plasma probe data.

3) Data from the ionization cham-
ber and two other (thick-walled)
Geiger-Mueller tubes in Mariner II.

4) Data from a set of thin-window
213 detectors in the Iowa equipment
in Explorer XIV, particularly near apo-
gee (which is at 16.4 earth radii).

5) Data from the magnetometer in
Explorer XIV.

6) Terrestrial data on geomagnetic
and auroral activity.

7) Data from rocket, balloon, and
low-altitude satellite equipment near
Earth.

8) Radio and optical observations
of the Sun.

Pending completion of a thorough-
going study, we have plotted the daily
average Fort Belvoir magnetic A in-
dices from the weekly Boulder reports
(2) in the lower portions of Figs. 2
and 3 with the idea of testing whether
or not our counting rate peaks have
any correspondence to geomagnetic
effects which are presumably caused by
changes in the solar wind. There is
some indication of correspondence, but
the relationship to this crude index of
geomagnetic activity does not appear
to be intimate, and no conclusions are
proposed at this time.

The planetary encounter, now ex-
pected on 14 December, continues to
represent the observing period of great-
est interest for this experiment (3).

JAMES A. VAN ALLEN

Lours A. FRANK'

Department of Physics and Astronomy,
University of Towa, Iowa City
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Cosmic Dust

The objective of the cosmic dust ex-
periment on Mariner II is to make a
determination of the flux of dust par-
ticles in interplanetary space by direct
measurement techniques similar to those
used in recent satellite experiments.
Prior information concerning distribu-
tions of dust particles in interplanetary
space has been obtained from analyses
of photometric studies of the zodiacal
light and the solar corona. Dubin and
McCracken (I) have compared the
measurements from the satellite experi-
ments with these photometric observa-
tions and have demonstrated that the
spatial density of cosmic dust may be
greater near the earth than in inter-
planetary space by at least three orders
of magnitude. The cosmic dust detector
on the Mariner II spacecraft is at pres-
ent extending the direct measurements
to interplanetary space.

The experiment consists of one metal-
lic sensor plate (3.5 X 10 m? with an
acoustical transducer bonded to it (2).
The electrical signal from the detector
is proportional to the mechanical im-
pulse received by the sensor plate from
an object impacting on its surface. The
electronic instrumentation is capable of
differentiating two momentum ranges
differing in magnitude by a factor of
10. The minimum threshold sensitivity,
as determined by low-velocity calibra-
tion techniques (3), is 7.4 = 1.7 X 10™*
dyne-sec.

At both momentum levels the sys-
tem is capable of counting and stor-
ing three events until they are tele-
metered to earth, whereupon the sys-
tem is reset for more data. An in-flight
calibration signal occurs after each tel-
emetry readout and thus repeatedly
demonstrates the operation of the elec-
tronic section of the experiment. The
solid viewing angle of the system is
approximately » steradians.
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