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5. TheSolar-Wind SpectrometerExperiment
at a "Conway W. Snyder, Douglas R. Clay, and Marcza Neugebauer a

The solar-wlnd spectrometer experiment was whether the Moon has any effect on the solar
designed for the Apollo lunar surface experi- plasma other than simply absorbing it

ments package (ALSEP) with the objective of (2) The properties of the lunar surface and
detecting whatever solar plasma might strike the interior - to determine whether there are any
surface of the Moon. Thus, the spectrometer was subtle effects of the Moon on the solar-wind prop-
required to be sensitive enough to detect the erties and to relate these effects to properties of
normal solar-wind flux at any angle in the lunar the Moon such as its magnetic field, its electrical
sky and to measure enough of the properties of conductivity, the possibility of the Moon retain-

the bulk solar wind to establish the nature of its ing an atmosphere, or the possible effect of solar
interaction with the Moon. In 1966, at the time corpuscular radiation on the lunar surface layer
the experiment was proposed, nothing was known by the mechanism of sputtering or eleetrieal
about this interaction. Subsequently, measure- charging

ments of the solar wind and the magnetic field (3) General solar-wind properties-to study
were made near the Moon by the lunar orbiter the motion of waves or discontinuities in the

Explorer 35 (refs. 5-1 to 5-6). No evidence of a solar wind by measuring the time intervals be-
plasma shock ahead of the Moon was discovered, tween the observations of changes in plasma
and the distortion of the solar-wind magnetic properties at the Moon and at the Earth

field by the Moon was observed to be very small. (4) The magnetospherie tail of the Earth - to
Both of these results imply that the solar wind make inferences as to the length, breadth, and
probably strikes the surface directly, but they do strueture of the magnetospherie tail of the Earth
not rule out the possibility of some more corn- from continuous measurements made for 4 or 5
plex type of interaction very near the lunar sur- days around the time of full Moon
face and especially near the terminator plane.

The Apollo 11 solar-wind composition experi- Instrument Description

ment (ref. 5-7) detected rare gas atoms depos- The basic sensor in the solar-wind spectrom-ited in an aluminum foil on the lunar surface
eter is a Faraday cup that measures the charged-

and demonstrated that the magnitude and diree- particle flux entering the cup. By collecting these

tion of their incident velocity was very roughly ions and using a sensitive current amplifier, theas would be expected for the undisturbed solar
wind. resultant current flow is determined. Energy

spectra of positively and negatively charged par-
The scientific objectives of the solar-wind tieles are obtained by applying fixed sequences

spectrometer experiment are as follows: of square-wave ac retarding potentials to a mud-

(l) The existence of the solar-wind plasma ular grid and measuring the resulting changes
on the Moon- to compare solar-wind proper- in current. Similar detectors have been flown on

ties measured at the lunar surface with those a variety of space probes. Such detectors are
measured in space near the Moon to determine described in reference 5-8.

To be sensitive to solar-wind plasma from anyaJet Propulsion Laboratory, California Institute of
Technology. direction (above the horizon of the Moon) and

t Principal investigator, to ascertain the solar-wind angular distribution,
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the solar-wind spectrometer has an array of 1.0
seven cups. Since the cups are identical, an iso-

tropic particle flux would produce equal currents .8
in each cup. If the flux is not isotropic but ap-

pears in more than one cup, analysis of the rela- _ .6
rive amounts of current in the collectors can '_

provide information on the direction of plasma
flow and its anisotropy. The central cup faces _ .4

vertically, and the remaining six cups symmet-
rically surround the central cup. Each of the six .2
cups faces 60 ° off vertical. The combined accept-
ance cones of all cups cover most of the upward _ i

hemisphere. Each cup has a circular opening, 10 2o 30 40 50 60 70
five circular grids, and a circular collector (fig. Angte,de9
5-1 ). The functions of the grid structures are to FzGu_ 5-2. -- Angular response of the Faraday cup.
apply an ac modulating field to incoming par-

ticles and to screen the modulating field from the plasma measurements is made every 28.1 sec. The
inputs to the sensitive preamplifiers. The entrance
apertures of the cups were protected from dam- sequence consists of 14 energy steps spaced a
age or dust by covers that remained in place factor of V_ apart for positive ions and seven
until after the departure of the lunar module, energy steps spaced a factor of 2 apart for elec-

trons. A large number of internal calibrations are
The angular dependence of the Faraday-cup provided, and every critical voltage is read out
sensor has been measured by laboratory plasma at intervals of 7.5 min or less.

calibrations. The result, averaged over all seven On the Moon, the solar-wind spectrometer is
cups, is shown in figure 5-2 and agrees quite hung from a pair of knife edges so that it is free
well with the measured optical transparency, to swing about an east-west horizontal axis and,

The electronics for the solar-wind spectrom-

eter is in a temperature-controlled container that hence, is self-leveling in one dimension. Leveling
hangs below the sensor assembly. The electronics about the north-south axis is indicated by a Sun

includes power supplies, a digital programer that sensor that peaks at the time that the Sun is 30 °
controls the voltages in the sensors as required, east of the axis of the central cup.
current-measuring circuitry, and data-condition-
ing circuits. Instrument Deployment

The solar-wind spectrometer operates in an The solar-wind spectrometer was deployed
invariable sequence in which a complete set of without difficulty by Astronaut Charles Conrad,

Jr. Figure 5--3 shows the spectrometer on the
lunar surface. From the pattern of the shadow

Aperture _ _ on the radiator (left side of the instrument), it
grid has been determined that the east-west axis of

M_ulat0rgrid _., "-_ the instrument is actually alined approximately

screen grid _ _ 2.8 ° north of east. The data from the Sun sensor

Screenplate _ _ N _ _ _ L_.\\'_ indicate that the axis is off level by approxi-

Suppressorgrid II-- .... _|_1 mately 2.5 °, with the west edge low. Both these

c011ector _, _/ values are well within specified limits. The levelabout the east-west axis cannot be determined

from the photograph but should be insured by
the self-leveling suspension.0 i 2

cm Shortly after deployment, the spectrometer
was turned on to provide background data with

FxGtra_5-1.--Faraday-cup sensor, the sensor covers in place. Approximately 1 hr
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550 km/sec. The bulk of the remaining currents
is in the two adjacent energy windows, and a

small (4 to 10 percent) current is in the second
higher energy window. Figure 5-4 is a histogram
of a typical spectrum of this type. This type of
spectrum would be expected for the unperturbed

(normal interplanetary) solar wind.
(2) The second type of spectrum has a peak

current in a window corresponding to a proton

velocity of 250 to 450 km/sec and has significant
currents in several adjacent windows on either

side of the peak. Such spectra typically have
positive-ion densities of approximately 5 par-
ticles/cm 3, and adjacent spectra (spaced 28.1

sec apart) often show _large velocity changes r
Double-peaked spectra occasionally appear;
probably indicating rapid velocity fluctuationsi
Figure 5-5 is a histogram of a typical spectrum

of the second spectrum type. Such spectra areFIou_E 5-3.- Solar-wind spectrometer experiment de-
ployed on the Moon. typical of the transition region between the

Earth bow shock and the geomagnetosphere.
after Iunar module ascent, the covers were re- However, other sources of perturbation, such as
moved by command from Earth, and detection solar conditions at the time the solar-wind pars
of solar plasma began, ticles left the Sun or lunar interaction with the

solar wind, cannot be ruled out until further
Instrument Performance information is available.

During the first month, the solar-wind spec- (3) At times, detectable currents appear in
trometer has operated as expected. All functions only one energy step or in two adjacent steps

so that certain plasma properties, such as veloc-
have performed properly. The thermal control ity distribution, are not calculable for these
has proved adequate with temperatures ranging
between -16 ° and + 63° C inside the electron- positive-ion spectra.

its package and between -134 ° and +63 ° C (4) During most of the lunar night, there is

inside the sensor assembly. Comfortable margins no detectable flux of solar-wind particles within
for possible future degradation exist, because the 100- to 900-km/sec range of the solar-wind

spectrometer.thermal vacuum tests have demonstrated no
A further type of spectrum for positive ionsadverse effects of electronics package tempera-

was observed early on November 27, 1969, buttures from +1{)8 ° and +100 ° C or of sensor
for only a few hours. This special type of spec-temperatures from -147 ° to +1]_1 ° C.
trum had characteristics that were highly vari-
able in time. Many such spectra were of the per-

Types of Spectra Observed turbed solar-wind type except for increased
The data discussed in this report have been fluxes in all windows from 180 to 900 km/sec

obtained from the high-speed printer in the (and perhaps beyond, since the spectrometer
ALSEP control room at the NASA Manned was in low modulation gain, and higher velocities

Spacecraft Center. The data consist of intermit- were not measured) and except for significant
tent samples of data from 1 to 8 rain in duration, fluxes detected in other cups facing as far as 60°
The positive-ion spectra observed have been of from tile Sun angle. One of these spectra is
the following general types: shown in figure 5-6. These spectra are not typical

(1) The peak current is in an energy window and do not seem to fit easily into the general
corresponding to a proton velocity of 400 to types listed previously.
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FietraE 5-4. -- Typical positive-ion spectrum obtained in the interplanetary solar wind. The back-
ground reading of each cup is slightly dependent upon modulation voltage, which
is caused primarily by pickup in the electrometer inputs. Until all the data become
available and are analyzed, this baekgrotmd is only estimated, giving an uncer-
tainty in readings in tho higher velocity windows. The magnitude of this source of
uncertainty is indicated in each spectrum as a dashed line labeled "baekgrotmd."

The electron component of the solar wind has Earth. This type of solar-wind data continued,
also been detected. However, since this type of with large fluctuations in bulk velocity and den-

plasma probe typically does not completely dis- sity, until approximately 03:00 G.m.t. on Novem-

tinguish between plasma electrons and photo- ber 21, 1969, when a region of no plasma was

electrons, interpretation of the data is difllcult, observed. For the next 5 days, there were only

Analysis of the complete data from magnetic occasional sampling periods of spectrometer

tape will be required before conclusions can be printout that indicated plasma was present (al-
drawn from the electron data. The times of ap- ways of the second type). The magnetometer

pearance and disappearance of photoelectrons indicated that the Moon was in the magneto-

gave clear indications of sunset and sunrise, spheric tail of the Earth (fig. 5-7).

Commencing at approximately 10:00 G.m.t.

Observations on November 26, 1969, the solar-wind spectrom-

At the time of solar-wind spectrometer dust- eter entered a region wherein the majority of

cover removal ( 15:25:30 G.m.t. on November 20, spectra were of the second type (perturbed).

1969), the positive-ion spectra observed were of From approximately 12:00 G.m.t. on November

the second type (perturbed solar wind), and the 28, 1969 (when the magnetometer indicated pas-

lunar surface magnetometer indicated that the sage out through the bow shock into interplane-

Moon was behind the plasma bow shock of the tary space), until sunset on December 3, 1969,
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FzGov_ 5-5.--Typical positive-ion spectrum obtained in the magnetospheric tail (perturbed
solar wind) of the Earth.
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Fz_-zrea_5-6. -- One of many unusual spectraobtained on November 27, 1969.

the spectra were mainly of the first type (inter- short periods of type (2) spectra were tenta-
planetary solar wind); althoug h fairly frequent, tively identified.
the flux density became low enough to make As indicated by the cessation of photoelectrons
classification according to spectrum type dit_- detected in the cup nearest the solar direction,
cult. Later during November 28, 1969, several the speelxometer was in darkness beginning a_
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15:22:20 G.m.t. on December 3, 1969. For sev- be required to resolve this uncertainty. Data

eral hours preceding sunset, the density of the samples for December 22 to 24, 1969, also show
solar-wind plasma had appeared to decrease no detectable plasma, probably because the
steadily, but this apparent behavior may be instrument was once more in the magnetospheric
partially caused by reduced detector sensitivity tail of the Earth.
at angles near the horizon. The plasma signal TypicaIly, the preponderance of flux entered
continued to decrease until between 19:00 and only one cup- the one most nearly facing the
20:00 G.m.t. on December 3, 1969, when the Sun. However, during the time when the solar-

instrument threshold of sensitivity was reached, wind spectrometer was most sensitive to angular
In the following 14 days of lunar darkness, no variations, from 12:00 G.m.t. on November 28,

times of plasma detection have been observed in 1969, to 8:00 G.m.t. on November 29, 1969,
the limited data scanned, there were indications that the direction of bulk

The first photoelectrons of sunrise were de- velocity varied as much as ±10 ° from the mean
tected at 11:38 G.m.t. on December 18, 1969, angle 2° to 4 ° east of the optical direetion of

and within 20 rain the first telemetry indication the Sun. This is the only time span for which

of warming of the sensor assembly was received, angular information is now available.
However, by sunrise, protons of the solar wind

had been observed for nearly 12 hr. Several large Summary and Results
fluctuations in proton flux occurred, varying
from a high flux approximately 18 min before This report is based upon examination of the
sunrise to no detectable plasma as late as 15 printer output of the data for the first 35 days
min after sunrise. These fluctuations may be after deployment of the solar-wind spectrometer.

caused by changes in the solar-wind flux or flow These data are only a small percentage of the
direction or by a lunar interaction effect. Com- data that will ultimately be available for this

pariso n with interplanetary solar-wind data will period.
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The solar plasma at the lunar surface is super- 5-5. LYON, E. F.; BnmcE, H. S.; and BINSACK,J. H.:
ficially indistinguishable from that at a distance Explorer 35 Plasma Measurements in the Vicinity

from the Moon, both when the Moon is ahead of the Moon. J. Geophys. Res., vol. 72, no. 23,
Dec. 1, 1967, pp. 6113-6117.

of and when the Moon is behind the plasma bow 5-6. SlscoE, G. L.; LyoN, E. F.; BINSACK,J. H.; and
shock of the Earth. No detectable plasma BRIDCE,H. S.: Experimental Evidence for a De-
appears to exist in the magnetospheric tail of tached Lunar Compression Wave. J. Geophys.
the Earth or in the shadow of the Moon. Res., voh 74, no. 1, Jan. 1, 1969, pp. 59-69.

Times of passage through the bow shock or 5-7. BUEHI_ER,F.;_E_EmJARDT, P.; GEISS, J.; MEIST_R, J.;
and StoNER, P.: Apollo 11 Solar Wind Composi-

through the magnetospheric-tail boundary, as tion Experiment: First results. Science, vol. 166,
indicated by the solar-wind spectrometer and no. 3912, Dec. 3_9,1969, pp. 1502-1503.
by the lunar surface magnetometer, are in agree- 5-8. HUNDHAUSEN,A. J.: Direct Observations of Solar

ment when comparison of data has been.possible. Wind Particles. Space Sei. Rev., vol. 8, no. 5/6,

These times are given more accurately in the 1968, pp. 690-749.

lunar surface magnetometer experiment section
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