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SCIENCE

The Venus Mission

Mariner II is already a record-breaking success. The pre-calculated
flight trajectory has been followed, all interplanetary experiments have
functioned, and many engineering data have been acquired. Though
Mariner II is now more than 23 million miles away, data from 90,000
measurements a day are being received.

In this issue we are pleased to present scientific results obtained
during the interplanetary phase of the mission. Our pleasure con-
trasts with corresponding sadness at five consecutive fiascos in the lunar
program. The Venus shot is feasible for only a short period once every
584 days. Yet our first real lunar or interplanetary triumph has attended
the more difficult mission.

The prerequisite for a successful space flight is functioning of all
components. During launch phases, vibration and acceleration place
unusual stresses on the vehicle. Even partial failure of one of hun-
dreds of thousands of components can nullify the performance of all.
After ascent to a circular parking orbit 115 miles from the earth,
Mariner II was allowed to coast to a calculated point and was then
boosted to escape velocity. During the next eight days the space
craft was tracked to determine its path, and a slight corrective maneu-
ver was made. The magnitude of the guidance problem can easily
be seen. When Mariner II misses Venus by 21,000 miles on 14
December, it will be 26.3 million miles from Earth. The space craft
will have traveled 182 million miles at highly variable speeds. Starting
from rest with respect to Earth, the velocity rose quickly to 18,000
miles per hour. The vehicle was later accelerated to 25,503 mph, a
speed in excess of escape velocity. After three days the velocity had
decreased to 6874 mph. Then the space craft was moving about the
sun 6874 mph slower than the earth’s 66,000 mph, that is, about
59,400 mph. From that time the velocity of Mariner II increased
as it moved toward the sun. The craft will attain a velocity of 84,000
mph and catch up with Venus, which moves about the sun at
78,300 mph. These figures make evident the complexity of calculating
the trajectory and attaining it; this is only one facet of a successful
flight.

The experimental and engineering data sensors must operate, and
their information must be transmitted back to Earth. Hence the
space craft must be positioned so that the solar batteries can operate
and the antenna is directed toward Earth., Miraculously, all the
components of Mariner II have functioned.

Prospects are excellent that worthwhile measurements will be made
during planetary approach. At that time two additional instruments
will be turned on, a microwave radiometer and an infrared radiometer.
They should measure temperature distribution on Venus and tell
whether there are discrete clouds with breaks. Previous measurements
from Earth seem to indicate a surface temperature of 300°C, but this
value is not universally accepted.

The magnetic field of the planet will also be measured. If it is
comparable with that of Earth, the observation will be interpreted as
indicating that Venus has a hot molten core. Other similarities of
Venus and Earth such as a history of differentiation would also be
inferred.

The striking success of Mariner II is reassuring. We now have
grounds to hope that the Space Administration will ultimately shake
down into an organization capable of sponsoring and carrying out
solid scientific research.—P.H.A.






REPORTS

The Mission of Mariner II:

Preliminary Observations

Profile of Events

The interplanetary spacecraft Mariner
I, designed and built by the Jet Pro-
pulsion Laboratory of the California
Institute of Technology, was launched
from Cape Canaveral by an Atlas-
Agena propulsion system at 06h 53m
14s Universal Time on 27 August
1962. In addition to two radiometers
designed to make close-up measure-
ments of the electromagnetic radiation
from Venus in the microwave and in-
frared spectral regions, it carries seven
other scientific instruments to observe
various features of the interplanetary
medium. Preliminary results of some of
these experiments are discussed in the
papers which follow.

Mariner II is, by a large margin, the
most successful interplanetary space
probe which has ever been sent out
from the earth. It will pass closer to
another planet than any of its predeces-
sors. No other attitude-stabilized space-
craft has operated so far into space.
Rocket propellants have never before
been stored in space for so long and
then used successfully. This is the deep-
est penetration into space at which a
craft has been commanded and which,
in response, performed maneuvers suc-
cessfully. Far more data from translunar
space have been recorded on earth from
Mariner II than were ever received be-
fore—720,000 data bits per day for
more than 75 days (as of 20 November
1962).

Some of the significant events in the
voyage of Mariner II are listed below;
the times are given in days after launch
and the distances from the spacecraft
to the earth in gigameters (1 Gm = 10°
meters = 1 million kilometers = 621,-
370 miles).

1) 2.39 days, 0.72 Gm: The inter-
planetary experiments were begun.

2) 8.73 days, 2.41 Gm: The orbit
was corrected in response to radio
command from earth.

3) 38.73 days. 9.96 Gm: The space-
craft stopped falling behind the earth
and began to overtake it (that is, earth
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and spacecraft had equal angular ve-
locities about the sun).

4) 65.40 days, 19.10 Gm: The
spacecraft passed the earth (that is,
heliocentric longitude of earth and
spacecraft were the same).

5) 65.57 days, 19.23 Gm: The in-
terplanetary experiments were turned
off by radio command from earth be-

‘cause of the malfunction of one of the

solar power panels.

6) 73.61 days, 23.56 Gm: Inter-
planetary experiments turned on again
by radio command from earth after
solar power returned to normal.

7) 81.0 days, 28.5 Gm: New dis-
tance record was attained for the trans-
mission of telemetry data, and sur-
passed that set by Pioneer V in June
1960. The Pioneer V record for one-
way transmission of a radio signal
(36.15 Gm) will have been surpassed
at 90.18 days if Mariner II is still oper-
ating at that time. -

8) 109.33 days, 57.70 Gm: Mariner
II will pass by Venus at a distance of
0.04 Gm from the center of the planet.

Solar Plasma Experiment

Abstract. A preliminary summary of the
data received from the Mariner II solar
plasma experiment for the period 29
August through 31 October 1962 is pre-
sented. During this period there was always
a measurable flow of plasma from the di-
rection of the sun. The velocity of this
ion motion was generally in the range
400 to 700 km/sec. Time variations, plas-
ma density, and ion temperatures are also
discussed.

The Mariner II solar plasma ex-
periment is made with a single elec-
trostatic spectrometer which always
points to within less than %2 degree of
the center of the sun. Positively
charged particles of kinetic energy
per unit charge, E/Q, within a certain
range, and of near-normal incidence
are allowed to pass through the spec-
trometer to a Faraday cup. The cur-
rent to this cup is measured for each
of ten ranges of E/Q, 3.7 minutes be-

ing required to obtain a complete
spectrum,

Data were received from the inter-
planetary experiments on Mariner II
almost continuously from 29 August
through 31 October 1962. In this peri-
od, approximately 23,550 spectra were
received from the plasma experiment;
of these, approximately 20,200 have al-
ready been made available for analysis.

One of the principal results of the
Mariner plasma experiment is the find-
ing that there was always a measurable
flow of plasma from the direction of
the sun. The data are summarized in
Fig. 1, which contains eight plots of
the logarithm of the collected current
versus time—one plot for each value
of E/Q between 516 and 8224 volts.
Each bar represents the total spread in
measured current for the time cor-
responding to 256 spectra, or 15.77
hours.

The lines in Fig. 1 marked 130 and
140 correspond to approximately 10™
and 10™ ampere, respectively; thus,
the vertical distance between these
lines is equivalent to one decade of
collected current. The largest current
observed during the 63-day period was
about 4 X 10 ampere. Measure-
ments were also made at values of
E/Q = 231 and 346 volts; however,
the currents in these ranges of E/Q are
not plotted because they were always
below 10™ ampere.

From Fig. 1 it can be seen that
there was almost always a plasma flux
at values of E/Q = 1664 and 2476
volts (corresponding to proton veloci-
ties of 563 and 690 km/sec). Only
occasionally during this period did
E/Q become as low as 516 volts (314
km/sec) or as high as 8224 volts
(1250 km/sec).

Table 1 is a summary of the per-
centage of time the peak of the mea-
sured spectrum fell in each of the
windows of E/Q.

There were eight geomagnetic
storms during the period 29 August
through 31 October. The geomagnetic
storm which started at 2025 hours
universal time, on 7 October has been
studied in some detail. A sudden in-
crease in plasma flux and energy oc-
curred at about 1547 on 7 October,
when the spacecraft was 8.55 X 10° km
closer to the sun than the earth was.
If one assumes that this plasma front
was advancing with spherical sym-
metry and constant velocity from the
center of the sun (at least for the
region of space containing the space-
craft and the earth), then the velocity
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Table 1. Distribution of E/Q of the peak of
the solar plasma spectrum.

Time (in %)

Time (in %) during which

during which measured
E/Q measured current in
(volt) current in two adjacent
E/Q was the channels of
maximum E/Q was ap-
proximately
equal
516 0.0
0.2
751 18.3
2.0
1124 22.5
1664 30.5 22
) 4.0
2476 19.9
0.1
3688 0.3
Total 91.5 8.5
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Fig. 1. Summary of plasma flux as a func-
tion of E/Q and time for the period 29
August through 31 October.
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Fig. 2. Selected
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plasma spectra.

of the front was 504 km/sec. This
velocity corresponds fairly well to the
measured plasma spectrum, in which
more current was measured at the
value of E/Q which corresponds to a
proton velocity of 464 km/sec than at
379 or 563 km/sec.

This discontinuity, or plasma front,
passed the spacecraft so quickly that
the instrument, with its 3.7-minute
time resolution, could not resolve its
structure, which must therefore be less
than 112,000 km thick. The Mariner
magnetometer data -for this period
could be interpreted as showing a front
of thickness of the order of 50,000 km.

Another interesting feature of the
plasma spectrum for this period is
that the energy of the jons in the
plasma kept increasing for approxi-
mately one day after the passage of
the initial front. The plasma density,
however, increased very rapidly, by a
factor of about 5, and then returned
to below its prestorm value about 5
hours after the storm front passed.

The plasma associated with the
seven other geomagnetic storms ex-
hibited similar behavior, although it is
more difficult to identify the storm
front for these other storms.

A few selected spectra are given in
Fig. 2. An outstanding feature of
many of the spectra is the presence
of two peaks, the lower-voltage peak
being the higher of the two. Due to
the relatively wide spacing of values of
E/Q for which the flux was measured,
it is not possible to prove whether or
not two peaks were always present.
The most probable explanation of the
presence of two peaks is that the
lower-voltage maximum is due to pro-
tons while the higher-voltage maxi-
mum is due to alpha particles with
approximately the same velocity away
from the sun as the protons (and thus
twice the value of E/Q).

Another consequence of the wide
spacing of values of E/Q is the diffi-
culty in determining the density and
temperature of the plasma. Estimates
have been made for only a few spec-
tra so far. The values for spectra a
and f of Fig. 2 were estimated on
the basis of a model in which the
plasma flows directly from the sun
with a bulk velocity v., density n, a
proton temperature T in the direction
of motion, and zero proton tempera-
ture perpendicular to the direction of
motion, with results as follows: For
spectrum a—v. =460 km/sec, n=
25 cm™®, T=19x%10° deg K; for
spectrum f—v, = 810 km/sec, n=

4.5 cm™, T'="7.4 X 10° deg K. These
figures were based on the further as-
sumption that the currents at the three
lowest values of E/Q were due to pro-
tons only.

Another model which we hope soon
to be able to compute has equal proton
temperatures parallel and perpendicular
to the direction of motion. In this
respect, it should be noted, the plasma
flow observed by Explorer X was con-
sistent with ion temperatures of 4 to
8 X 10° deg K (1).

If we assume that the values of v.,
n, and T given above are approximately
correct, and if we further assume an
average value for the interplanetary
magnetic field of B = 5 gamma = 5
X 10° gauss, we can compute the fol-
lowing important parameters for spec-
trum a, which appears to be fairly rep-
resentative of quiet, non-storm condi-
tions during the period of observation:
Plasma flux = nv. = 1.2 X 10° cm™
sec™; plasma energy density = n(%2
mvo®+ WBkT =~ nmv®=4.4 X 10°
erg cm™; magnetic field energy density
= B°/8r = 1.0 X 10™ erg cm™; Alfvén
velocity = va = B/ (4 = mn)* = 69 km
sec™; vo/va=6.7.

From these computations, conclu-
sions can be drawn as follows:

1) The plasma flux is in good agree-
ment with the values found by Explorer
X (2) and by the ion traps on the Lunik
satellites (3).

2) However, the plasma velocity
ve appears to be greater than that ob-
served close to the earth by Explorer
X. The measured velocity agrees fairly
well with the value predicted from
Parker’s “solar wind” theory (4) but
is higher than the value predicted from
the observation of comet tail orienta-
tions (5) and much higher than the
values predicted by “solar breeze”
theories (6).

3) The plasma energy density is
much greater than the energy density
of the magnetic field. Thus we may
conclude that the magnetic field in
interplanetary space is carried along
by the plasma, the field giving little or
no hindrance to the plasma flow.

4) The flow of plasma about the
earth and its magnetosphere is super-
sonic in the sense that the flow velocity
is greater than the Alfvén velocity; this
is probably a necessary condition for
production of the predicted bow shock
wave (7).

Marcia NEUGEBAUER
CoNwAY W. SNYDER
Jet Propulsion Laboratory, California
Institute of Technology, Pasadena
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The Yowa 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
I, 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
IT 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: 0.2 cm? sterad
Efficiency for electrons:
1.0 for E > 70 kev

0.35 for E = 40 kev
0.1 for E = 34 kev
0.01 for E = 29 kev
10-3 for E — 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-

I

SMCECRAFT _ ROLL _AxS

Fig. 1. Schematic diagram of the detector
on Mariner II.
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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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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 ijonization 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 Jowa 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

Louis A. Frank

Department of Physics and Astronomy,
University of Iowa, 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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So far, 950 hours of data have been
studied, and all information indicates
that the experiment is functioning prop-
erly. During the portion of the flight
represented by these data, the detector
plate was approximately perpendicular
to the ecliptic plane and facing in the
direction of flight. Thus, it was primari-
ly sensitive to particles in retrograde
heliocentric orbits, although impacts
from particles in direct heliocentric or-
bits with low relative collision velocities
were a possibility.

During this period, one definite hit
was recorded on the more sensitive
momentum channel. Some of the data
will be re-examined in order to check
several possible hits which are classified
questionable at the present time.

However, an estimate of the flux can
be made by computing the flux neces-
sary for a 0.9 probability of at least one
impact for the time of the measure-
ment.

With an area-time product of 1.2 X
10° m® sec, a flux of 6 X 10 par-
ticles/m* sec srad is obtained. If an
average collision velocity of 55 km/sec
for this retrograde flux is assumed, the
mass of the minimum detected particle
is 1.3+03 X 10" g.

A few brief remarks can be made
concerning the direct measurements
from earlier satellites and the prelimi-
nary results from the cosmic dust ex-
periment on Mariner II. If an assump-
tion is made that the flux of the dust
particles in interplanetary space is om-
nidirectional, the flux of dust particles
measured by satellites near the earth
(see 3, 4) is found to be about 10* times
greater than the preliminary mea-
surement from the Mariner II experi-
ment.

From a similar experiment on Pio-
neer I, Dubin reported a measurement
of dust particle flux in cislunar space
(see 5). The flux obtained from this
measurement is 10 times greater than
the preliminary Mariner II flux value.
These direct measurements are showing
a concentration of small dust particles
near the earth.

The spacecraft has completed its
scheduled 180-degree roll around the
sun-probe axis. The detector plate is
now primarily sensitive to particles in
direct heliocentric orbits. A more effec-
tive comparison of the dust-particle
flux in interplanetary space with that
near the earth will be possible with the
analysis of these data.

W. M. ALEXANDER
Goddard Space Flight Center,
Greenbelt, Maryland
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Interplanetary Magnetic Fields

Abstract. Preliminary analysis of Mari-
ner II magnetometer data indicates a per-
sistent interplanetary field varying be-
tween a least 2 and 10 gamma (1y = 10
gauss). The interplanetary field appears to
lie mainly in the ecliptic plane, although
there is a substantial, fluctuating, trans-
verse component. The Mariner II data
agree reasonably well with the prior Pio-
neer V observations. Typically, variations
as large as 5 to 10 gamma in the field
component radial from the sun are mea-
sured. Correlations with the Mariner II
plasma measurements have been observed.

The orbit of Mariner II will take the
spacecraft from its injection point just
outside the earth on 27 August 1962 to
the vicinity of Venus on 14 December
1962. The scientific instruments aboard
the spacecraft are designed to provide
observations in the vicinity of Venus
and to measure several properties of
the interplanetary environment over
the range of heliocentric distances be-
tween 1.5 X 10°® and 1.1 X 10° km.
Among these instruments is a triaxial,
fluxgate magnetometer with three or-
thogonal sensors. Readings of the X-,Y-,
and Z-field components are separated
by 1.9 seconds, and a complete set of
triaxial readings is relayed to earth
every 36.96 seconds. The accuracy of
each reading is about 1 gamma (10
gauss). However, the observed field is
the super-position of the interplanetary
magnetic field and a nearly constant
spacecraft magnetic field. Thus, only
changes in the interplanetary field can
be measured unless the spacecraft field
can be independently determined. The
two components of the spacecraft field
perpendicular to the sun-spacecraft di-
rection have been determined as de-
scribed below, but not the radial com-
ponent parallel to this direction. The
results described herein were obtained
in interplanetary space during late
August and early September 1962, far
enough from the earth to be unaf-

fected by the earth’s presence. No mag-
netic measurements were obtained
either inside the geomagnetic field or
in the region of the transition to inter-
planetary space.

Preliminary analysis of data from the
earlier portion of the Mariner II flight
has verified a number of widely ac-
cepted beliefs and confirmed the main
features of prior, less complete obser-
vations. Probably the most important
result is the convincing evidence that
interplanetary space is rarely empty or
field free. Magnetic fields of at least a
few gamma are nearly always present,
except perhaps for occasional, transient
nulls. The fields usually vary irregu-
larly with characteristic periods ranging
from an observable lower limit of 40
seconds to several hours. The magni-
tude of the field component transverse
to the sun-spacecraft direction (see B L,
Fig. 1) agrees reasonably well with the
Pioneer V observations (7). The mag-
nitude is typically 5 gamma during
times of small magnetic activity, rising
to values of 20 gamma or more during
magnetic storms, and falling to about
2 gamma during very quiet times. Oc-
casionally, all three components of the
field show almost no variations for
periods of an hour or two. Such inter-
vals appear to be of shorter duration,
and to occur less frequently, than was
indicated by Pioneer V data obtained
in March and April 1960.
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Fig. 1. Magnitude and direction of the
interplanetary field. ABz is the variation
in the radial field component. The abso-
Iute magnitude of this component is not
known at this time because the Z-com-
ponent of the spacecraft magnetic field is
unknown. The -Z-direction is radially
outward from the sun. B is the compo-
nent of the interplanetary field perpendic-
ular to the Z-direction. B = (b.,? + b,?)#
where b. and b, are derived from the
X- and Y- measurements by subtract-
ing the X- and Y- spacecraft magnetic
field components. The angle ¢ = tan™
(by/bs). During the period shown, the
X-axis was nearly paralled to the direc-
tion of the north ecliptic pole. ¢ is a
counter-clockwise angle in a view toward
the sun. The values of each variable are
hourly averages obtained during the 7
days after the spacecraft was stabilized.
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Fig. 2. Interplanetary magnetic field mea-

surements before and after the stabiliza-
tion of the spacecraft 3 September 1962.
The data preceding the gaps in the curves
were obtained while the spacecraft was
rolling about the Z-axis. The ambient
field was relatively undisturbed. Bz was
nearly constant, while Bx and By showed
sinusoidal variations produced mainly by
the rolling motion. The curves that fol-
low the break in the data were obtained
after the spacecraft was stabilized. Bz
was virtually unchanged. Bx and By were
also nearly constant after the spacecraft
stopped rolling. Note that Bx and By are
approximately equal on both sides of the
break; the spacecraft orientation cor-
responding to the data taken just before
the break was within 10 degrees of the
stabilized orientation.

Preliminary analysis of the Mariner
II magnetometer data has also pro-
duced some new information. These
results, including correlations with the
plasma data, do not agree in an ob-
vious way with any simple model of
the interplanetary medium (2). Aver-
aged over almost any period of several
hours, the transverse component of the
interplanetary field appears to lie more
nearly in, rather than normal to, the
plane of the ecliptic (the plane of the
earth’s orbit). However, there is a
substantial, fluctuating component per-
pendicular to the ecliptic plane. Fur-
ther investigation should establish
whether or not its average, over periods
of days, is zero. During the first ten
days of the flight, the transverse com-
ponent was usually directed toward the
east, opposite to the direction of plane-
tary motion (see ¢, Fig. 1). Our earlier
speculation (I) that in very quiet pe-
riods the transverse component might
be mainly perpendicular to the ecliptic
plane is inconsistent with the Mariner
II data for this period. During this
same period the range of variations in
the radial-field component, ABz (Fig.
1), was typically 5 to 10 gamma.

When the plasma density and ve-
locity increase during magnetic-storm
intervals, the interplanetary field be-
comes larger and more irregular. Many
of the changes in the field components
correlate in detail with simultaneous
changes in the plasma flux. Often, how-
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ever, the plasma and field variations
cannot be readily correlated. A con-
sistent pattern has not yet been identi-
fied that can be ascribed to simple
structures or to waves. No correlations
have been noted that correspond to the
plasma-field correlations observed by
Explorer X (3) near the earth in which
regions of intense plasma flux and in-
tense magnetic flux alternated.

The orientation of the spacecraft,
and therefore of the magnetometer, is
controlled so that the Z-axis points to-
ward the sun. The orientations of the
other two orthogonal axes, X and Y,
depend upon the mode of operation of
the spacecraft. From 29 August to 3
September the spacecraft was allowed
to roll about the Z-axis, so that the
X- and Y-magnetometer sensors, al-
though remaining perpendicular to the
spacecraft-sun direction, also rotated
about the Z-axis. On 3 September the
orientation of the X- and Y-axes was
stabilized with the Y-axis lying in a
plane defined by the sun, earth, and
spacecraft.

The magnetometer measurements
obtained immediately preceding, and
immediately following, the stabilization
of the spacecraft about its roll axis are
shown in Fig. 2. Since the scientific in-
struments were inoperative during stabi-
lization, there is a gap in the measure-
ments. The variation in the X- and Y-
components during the period pre-
ceding the stabilization is attributable
principally to the rolling of the space-
craft. The contribution from the trans-
verse interplanetary field, when aver-
aged over many complete revolutions,
is zero. The average field values repre-
sent the X- and Y-spacecraft field com-

ponents. Fortunately, the interplanetary
field was relatively undisturbed during
this period.

The center-to-peak amplitude of the
variations in the X- and Y-components
is a measure of the transverse com-
ponent of the interplanetary field. Dur-
ing the period shown in Fig. 2, the com-
ponent was approximately 3 gamma.
The spacecraft made almost one com-
plete revolution (approximately 350°)
about the Z-axis between the end of
the rolling period and stabilization.
Thus, components measured just be-
fore, and just after, stabilization are
approximately equal. Since the orienta-
tion of the Z-axis was not affected by
stabilization, and since conditions were
magnetically quiet, the measurements
of Bz show very little change (4).
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Lysergic Acid Diethylamide: Its Effects on a Male Asiatic Elephant

Because of his remarkable intelli-
gence, his extended life span, his ca-
pacity for highly organized group re-
lationships, and his extraordinary
psychobiology in general, the elephant
is an animal of great interest to the
zoologist and the comparative psychol-
ogist. It has only been in recent years
that the physiology of the elephant has
received the attention of scientists (7).
There is now a growing interest in this
animal on the part of psychiatrists (2).

One of the strangest things about
elephants is the phenomenon of going
“on musth.” This syndrome, a form of
madness which occurs almost exclu-

sively in the males, begins with early
adulthood (when the elephant is be-
tween 12 and 20 years old) and con-
tinues to occur once or twice a year
until after the involutional period
(around age 45 to 50). As he enters
a period of musth, the bull elephant
begins to show signs of restlessness and
irritability, his eyes water, and the slit-
like bilateral temporal gland (located
midway between the eye and ear)
starts to excrete a brown, sticky fluid.
Within 48 to 72 hours there is a vio-
lent change in the animal’s behavior.
Normally cooperative and tamable, the
elephant now runs berserk for a period
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