
72. The Solar- Wind Composition Experiment 

J .  Geiss,"t F.  Buehler," H .  Cerutti," 
P .  Eberhardt," and J .  Meister 

Measurements of the relative ion abundances 
in the solar wind give information on the dynamics 
of the solar corona and constitute an important 
method for investigating elemental and isotopic 
abundances in the outer convective zone of the 
Sun. Furthermore, solar-wind-abundance data are 
essential for a detailed interpretation of the trapped 
gases in meteorites and lunar material. Based on 
these investigations, the evolution of the lunar sur- 
face and a possible transient lunar atmosphere can 
be studied. Noble-gas studies of the solar wind 
may also help in tracing the evolution of the ter- 
restrial atmosphere. 

It has been known for several years that the 
helium/hydrogen (He/H) ratio in the solar wind 
is highly variable and ranges from less than 0.01 
to 0.25, with an average of approximately 0.04 
(refs. 12-1 to 12-5). During periods of low 
solar-wind-ion temperature, the elements oxygen, 
silicon, and iron have been measured by means 
of the high-resolution electrostatic analyzers on 
board the Vela satellites and, in some cases, even 
"He has been detected (refs. 12-6 and 12-7). In 
the Apollo program, a different technique is used 
for studying elemental and isotopic abundances 
in the solar wind. 

During the Apollo 11, 12, and 14 missions, 
aluminum foils were deployed at the lunar sur- 
face and used as targets for collecting solar-wind 
ions. The foils were returned to Earth, and the 
implanted solar-wind particles are being analyzed 
in the laboratory. The Apollo 11 and 12 solar- 
wind composition (SWC) experiments have so 
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far yielded absolute solar-wind fluxes of 'He, 'He, 
neon-20 ("Ne), and "Ne (refs. 12-8 and 12-9). 
In the case of the Apollo 12 experiment, an ap- 
proximate figure for the abundance of "Ne was 
also obtained. In this report, preliminary results of 
the first analyses on sections of the Apollo 14 foil 
are presented. 

Proton detectors and magnetometers have been 
used to establish that the Moon behaves like a 
passive obstacle to the solar wind, and no evi- 
dence of a lunar bow shock has been found (refs. 
12-10 to 12-13).' Thus, during the normal lunar 
day, the solar-wind particles strike the lunar sur- 
face with essentially unchanged direction and 
energy, except perhaps in a few places where local 
magnetic fields are unusually high (ref. 12-14). 
It was, in fact, shown from the Apollo 11 and 12 
SWC experiment data that He reaches the lunar 
surface in an undisturbed, highly directional flow 
(refs. 12-8 and 12-9). The Apollo 12 solar-wind 
spectrometer has recorded the plasma flow that 
arrives at the Apollo 12 lunar-surface experiments 
package site as a function of phase of the lunar 
day. The result is that, most of the time, the 
plasma flux is not affected by the proximity of the 
surface of the M0on.l Thus, the expectation is that 
experiments deployed on the lunar surface will 
yield solar-wind-abundance data that are valid for 
the undisturbed solar wind. 
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Principle of the Experiment 

An aluminum foil 30 cm wide and approxi- 
mately 140 cm long, with an area of approximately 
4000 cm”, was exposed to the solar wind at the 
lunar surface by the Apollo 14 crew on February 
5, 1971, at 15:16 G.m.t. The foil was positioned 
perpendicular to the solar rays in the azimuthal 
direction (fig. 12-1), exposed for 21 hr, and re- 
turned to Earth. Laboratory experiments have 
determined that solar-wind ions arriving with an 
energy of approximately 1 keV/nucleon penetrate 
approximately lo+ cm into the foil (ref. 12-15), 
and a large and well-known fraction is firmly 
trapped (refs. 12-16 and 12-17). In the labora- 
tory, the returned foil is analyzed for trapped 
solar-wind noble-gas atoms. Parts of the foil are 
melted in ultra-high-vacuum systems, and the 
noble-gas atoms of solar-wind origin thus released 
are analyzed with mass spectrometers for ele- 
mental abundance and isotopic composition. 
Further details of the principle and the procedures 
of this experiment have been discussed elsewhere 
(refs. 12-16, 12-18, and 12-19). 

In addition to the solar-wind investigations, a 
search will be made for radon (Rn) emanating 
from the Moon by using a small portion of the 

FIGURE 12-l.-Apollo 14 SWC experiment deployed on 
the lunar surface (AS14-64-9199). 

Apollo 14 SWC foil. When Rn decays in the very 
thin lunar atmosphere, the recoil energy of the 
daughter nuclides is sufEicient that any such atom 
striking the foil becomes firmly trapped. In the 
foil, the Rn decay product lead-210 will be 
searched for and, if found, its concentration will 
be determined to derive the ambient Rn concen- 
tration in the lunar atmosphere. 

Instrumentation and Lunar-Surface Operation 

The experiment hardware was similar to the 
hardware used on the Apollo 11 and 12 missions 
(ref. 12-19). The experiment consisted of a 
metallic telescopic pole approximately 4 cm in 
diameter and 38 cm in length when collapsed. In 
the stowed position, the foil was enclosed in the 
tubing and rolled up on a spring-driven reel. The 
instrument weighed 430 g. When extended on the 
lunar surface, the pole was approximately 1.5 m 
long and a 30- by 125-cm foil area was exposed. 
Only the foil assembly was recovered at the end 
of the lunar-exposure period; it was rolled on the 
spring-driven reel and returned to Earth. The in- 
strument is shown deployed on the lunar surface 
at the Apollo 14 landing site in figure 12-1. For 
the Apollo 14 SWC instrument, the reel handle 
was color coded to give the exact angular position 
during exposure of the reel and the portion of 
foil rolled around it. Detailed analyses of this por- 
tion of the foil are intended to yield the angular 
distribution of the arriving solar-wind ions. After 
evaluation of a number of Apollo 14 photographs, 
it was concluded that the foil was standing verti- 
cally (within a few degrees) at the lunar surface. 

After retrieval, the return unit was placed in a 
special Teflon bag and returned to Earth in the 
interim stowage assembly. In the Lunar Receiving 
Laboratory (LRL) quarantine area, the foil was 
removed from the Teflon bag and found to be in 
good condition. No dust was detected on the foil 
with the unaided eye. The foil and reel were sub- 
sequently placed in a container and stored in the 
LRL crew reception area during the quarantine 
period. 

Preliminary Resu Its 

The Apollo 14 foil was made available for 
analysis after the lifting of the quarantine in early 
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TABLE 12-1. First Preliminary Results From the Analyses of the Foil From the Apollo I4 SWC 

Sample no. 

4-2. .................. 
4-3 a.. ................ 
4 - 4 a  .................. 
4-5. .................. 
5-1. .................. 

Experiment 

Area, cm * 

9.6 
10.0 
10.0 
20.7 
10.0 

*HePNe 

460 
520 
500 
480 
480 

*e concentratior 
K 1O'O atoms/cm 

27.6 
26.8 
26.5 
25.9 
24.5 

mNePNe 

13.2 
14.0 
13.5 
13.6 
13.9 

a Oxide layer removed on back side of foil. 

April. For the initial analyses, five small pieces 
from the upper part of the foil were decontamin- 
ated by means of the ultrasonic treatments that 
had proven effective during the Apollo 11 and 12 
SWC experiment analyses. The results of these 
first measurements are presented in table 12-1. 
The data given should be considered as pre- 
liminary, because recalibration of the gas stand- 
ards and reevaluation of the mass-spectrometer 
charts could lead to somewhat different final re- 
sults. Along with these measurements on the flight 
foil, numerous pieces that had been cut from the 
Apollo 14 foil before flight for the purpose of 
noble-gas blank measurements were analyzed. The 
blanks that had been determined in this way were 
subtracted from the noble-gas concentrations 
measured in the pieces of the flight foil, and the 
solar-wind-particle concentrations presented in 
table 12-1 were obtained. The foil blanks for He 
and Ne were 0.1 and 7 percent, respectively, rela- 
tive to the solar-wind-particle content. 

The oxide layer on the back side was removed 
from two of the investigated pieces of the Apollo 
14 foil before analysis. The expectation was that 
this procedure would reduce a possible residual- 
dust contamination. Examinations of contami- 
nated portions of the Apollo 12 foil have shown 
that, after ultrasonic treatment, 50 to 80 percent 
of the residual dust was located on the back side 
of the foil. 

For the He and Ne isotopes, the results from 
the five foil pieces are in good agreement. This 
agreement is further evidence that the He and Ne 
data given in table 12-1 are not appreciably 
aff "ccted by a residual-dust contamination. Further 

4HePHe 

2360 
2240 
2280 
2240 
2300 

mNe/*Ar 

34 
33 
38 
37 
40 

analyses will be conducted to substantiate this 
conclusion. In particular, measurements on a 
shielded portion of the flight foil and on the sec- 
tion of the foil that had been exposed on the back 
side of the reel (facing away from the Sun) will 
be used to demonstrate the absence of significant 
lunar-dust contamination. 

Neon-21 has been detected in the five foil 
pieces listed in table 12-1. Within the limits of 
error, the "Ne data agree with the results obtained 
from the Apollo 12 SWC experiment (ref. 12-9). 
By using larger portions of the foil, it is expected 
that the "Ne abundance can be determined from 
the Apollo 14 SWC experiment with good ac- 
curacy. To obtain the 'He/"Ne ratio in the solar 
wind, the data given in table 12-1 must be cor- 
rected for the difference in the He- and Ne-trap- 
ping efficiencies. A preliminary 'He/"Ne value of 
550 has been obtained. 

The argon (Ar) content of the solar wind has 
been determined for the first time. For "Ar and 
"Ar, the foil blank is actually higher than the 
solar-wind-particle content. However, in this case, 
the blank can be uniquely determined far each 
analyzed foil piece from the "Ar content. Virtually 
all the "Ar that was detected in the foil is of atmos- 
pheric origin, because the "Ar/"Ar ratio of 295 
in terrestrial Ar is much larger than the solar-wind 
40Ar/sAr ratio, which is estimated to be smaller 
than unity (refs. 12-20 and 12-21). The "Ar/"Ar 
ratios that were actually measured in the foil 
pieces range from 240 to 260 (Le., between 10 
and 20 percent of the "Ar was of solar-wind 
origin). ,The solar-wind "Ar concentrations ob- 
tained after blank correction are used to calcu- 
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late the We/"Ar ratios given in table 12-1. 
Argon-38 has also been detected in the five foil 
pieces that have been analyzed. Values between 
4.2 and 5.9 for the "Ar-"Ar ratio were obtained. 
This ratio will be determined more accurately by 
analysis of the Ar contained in larger pieces of 
the foil. 

The *Ne/"Ar ratios in the five foil pieces agree 
within -I- 10 percent. This variation corresponds 
approximately to the analytical errors. It should 
be noted in particular that the Ar concentration 
is not reduced by the removal of the oxide layer 
on the back side of the foil. On the basis of this 
observation, it is estimated that a possible 
residual-dust contamination has not greatly af- 
fected the five *We/"Ar ratios given in table 12-1. 
By taking the average of the measured *Ne/"& 
ratios for the five foil pieces, an estimated value 
of 37" is obtained for the "Ne/"Ar ratio in the 
solar wind during the Apollo 14 foil exposure. 
This value is much higher than the *Ne/"Ar 
ratios (between 5 and 10) found in unseparated 
lunar dust. In ilmenite samples that have been 
separated from the Apollo 11 lunar-fines mate- 
rial, "Ne/"Ar ratios between 25 and 33 have been 
found (ref. 12-21). The ilmenite values are fairly 
close to the values obtained from the Apollo 14 
SWC experiment and indicate that the composi- 
tion of the trapped solar-wind particles in ilmenite 
is much less affected by diffusion or other proc- 
esses than is the composition in the bulk material. 

The "Ne/"& ratio of 37 is considerably higher 
than solar-corona values and cosmic-abundance 
estimates. Measurements on forbidden lines and 
ultraviolet analysis (ref. 12-22) indicate that a 
"Ne/"Ar ratio of 3 would be expected for the 
solar corona. Cameron (ref. 12-23) estimates a 
"Ne/"& abundance ratio of 11 for the solar sys- 
tem, and the earlier Suess-Urey abundance com- 
pilation predicted a higher value of 67 for the 
"Ne/"Ar ratio (ref. 12-24). The results from the 
Apollo 14 SWC experiment seem to indicate that 
an intermediate value for the "Ne/"Ar ratio 
might be appropriate. However, in the solar-wind- 
acceleration process, fractionation between "Ne 
and "Ar might occur. Both "Ne and the much 
heavier "Ar are most likely eightfold charged in 
the solar wind. Separation processes caused by 
quasi-static electromagnetic fields or dynamical 

-5 

friction could thus deplete "Ar in the solar wind.* 
The average 4He flux during the Apollo 14 ex- 

posure period can be calculated by using the data 
given in table 12-1. The trapping probabilities of 
the foil for noble-gas ions depend only slightly on 
energy in the general solar-wind-velocity region. 
For He with a velocity of approximately 300 
km/sec, the trapping probability is 89+2 percent 
for normal incidence and approximately 9 percent 
less for an incidence angle of 65". 

The angular distribution and the average angle 
of incidence on the Apollo 14 foil have not yet 
been determined. Thus, for the purpose of this 
report, the average angle of incidence is estimated. 
The average solar elevation during the foil expo- 
sure was 19 ". By taking into account the effects of 
aberration and corotation, an angle of incidence 
on the foil of 68" is obtained for the undisturbed 
solar wind. At the present time, it is not known 
whether the Moon had already passed through the 
shockfront of the Earth during the Apollo 14 foil 
exposure. If such were the case, the angle of inci- 
dence would be further lowered by 5" to 7" (ref. 
12-25). The assumption is therefore made for 
this report that the average angle of incidence of 
the solar-wind particles on the foil was approxi- 
mately 65". With this assumption, the 'He flux 
during the Apollo 14 SWC foil exposure can be 
calculated and is given in table 12-11, together 
with the "He fluxes previously determined for the 
Apollo 11 and 12 exposure periods (refs. 12-8 
and 12-9). 

The flux obtained for the Apollo 14 exposure 
period is definitely lower than the flux determined 
during the Apollo 12 mission. However, the 
He/Ne and 'He/'He ratios are closer to the re- 
sults of the Apollo 12 SWC experiment than to 
those of the Apollo 11 mission. It will be interest- 
ing to compare the Apollo 14 SWC experiment 
data with proton fluxes measured simultaneously 
by the Apollo 12 solar-wind spectrometer or by 
instrumentation on unmanned spacecraft to deter- 
mine whether the flux for all ion species was gen- 
e r d y  low during the Apollo 14 exposure time, 
or whether the heavier ions were all depleted 
relative to H by a similar factor. 

J. Geiss: On Elemental and Isotopic Composition of 
the Solar Wind. Proc. Asilomar Conf. Solar Wind, Mar. 
1971. 
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Mission 

Apollo 11. ................ 
Apollo 1 2 . .  ............... 
Apollo 1 4 . .  ............... 

TABLE 12-11. Comparison Between the Preliminary Average 'He Flux Obtained From the Apollo 14 
SWC Experiment With Solar-Wind Fluxes Obtained From the Apollo 11 and 12 SWC Experiments 

Exposure date 

July 21, 1969 
Nov. 19, 1969 
Feb. 5, 1971 

1 I I 

Time of exposure Exposure duration, Average solar-wind 
initiation, G.m.t., hr:min 4He P u s  

hr:min x 10 6 cm-8 sec-l 

03:35 
12:35 
15:16 

01:17 
18:42 
21 :oo 

6.2& 1.2 
8.144.0 
4.2&0.8 

I 
I t 

The 'He/'He ratio that was obtained from the 
Apollo 14 SWC experiment is again significantly 
lower than the ratios found in ilmenite separated 
from lunar fine material (ref. 12-21) and in the 
returned Surveyor 3 material (ref. 12-26). It 
appears that the "He/"He ratio varies, even when 
averaged over times of one or several years, and 
even a secular change in the 'He/'He ratio in the 
outer convective zone of the Sun cannot be ex- 
cluded. 

References 
12-1. SNYDER, CONWAY W.; AND NEUGEBAUER, MARCIA: 

Interplanetary Solar-Wind Measurements by 
Mariner 11. Space Res., vol. 4, 1964, pp. 

12-2. WOLFE, J. H.; SILVA, R. W.; MCKIBBIN, D. D.; 
AND MASON, R. H.: The Compositional, 
Anisotropic, and Nonradial Flow Character- 
istics of the Solar Wind. J. Geophys. Res., 
vol. 71, no. 13,  July 1966, pp. 3329-3335. 

12-3. HUNDHAUSEN, A. J.; ASBRIDGE, J. R.; BAME, 
S. J.; GILBERT, H. E.; AND STRONG, I. B.: 
Vela 3 Satellite Observations of Solar Wind 
Ions: A Preliminary Report. J. Geophys. Res., 
vol. 72, no. 1, Jan. 1967, pp. 87-100. 

12-4. OGILVIE, K. W.; BURLAGA, L. F.; AND WILKER- 
SON, T. D.: Plasma Observations on Ex- 
plorer 34. J. Geophys. Res., vol. 73, no. 21, 

12-5. ROBBINS, D. E.; HUNDHAUSEN, A. J.; AND 
BAME, S. J.: Helium in the Solar Wind. J. 
Geophys. Res., vol. 75, no. 7, Mar. 1970, pp. 

12-6. BAME, S. J.; HUNDHAUSEN, A. J.; ASBRIDGE, J. 
R.; AND STRONG, I. B.: Solar Wind Ion 
Composition. Phys. Rev. Lett., vol. 20, no. 8, 
Feb. 19, 1968, pp. 393-395. 

12-7. BAME, S. J.; ASBRIDGE, J. R.; HUNDHAUSEN, A. 
J.; AND MONTGOMERY, MICHAEL D.: solar 
Wind Ions: SBFe+a to "Fe'", ?!3i+', 28Si+B, 
and ''0'". J. Geophys. Res., vol. 75, no. 31, 
Nov. 1970, pp. 6360-6365. 

89-113. 

NOV. 1968, pp. 6809-6824. 

1178-1187. 

12-8. 

1 2-9. 

12-10. 

12-1 1. 

12-12. 

12-13. 

12-14. 

12-15 

12-16. 

12-17. 

BUHLER, F.; EBERHARDT, P.; GEISS, J.; MEISTER, 
J.; AND SIGNER, P.: Apollo 11 Solar Wind 
Composition Experiment: First Results. 
Science, vol. 166, no. 3912, Dec. 19, 1969, 

GEISS, J.; EBERHARDT, P.; BUHLER, F.; MEISTER, 
J.; AND SIGNER, P.: Apollo 11 and 12 Solar 
Wind Composition Experiments: Fluxes of 
He and Ne Isotopes. J. Geophys. Res., vol. 75, 
no. 31, Nov. 1970, pp. 5972-5979. 

LYON, E. F.; BRIDGE, H. S.; AND BINSACK, J. H.: 
Explorer 35 Plasma Measurements in the Vi- 
cinity of the Moon. J. Geophys. Res., vol. 72, 
no. 29, Dec. 1967, pp. 6113-6117. 

NESS, N. F.; BEHANNON, K. W.; SCEARCE, C. S.; 
AND CANTARANO, S. C.: Early Results From 
the Magnetic Field Experiment on Lunar Ex- 
plorer 35. J. Geophys. Res., vol. 72, no. 23, 
Dec. 1967, pp. 5769-5778. 

SISCOE, G. L.; LYON, E. F.; BINSACK, J. H.; AND 
BRIDGE, H. S.: Experimental Evidence for a 
Detached Lunar Compression Wave. J. Geo- 
phys. Res., vol. 74, no. 1, Jan. 1969, pp. 59-69. 

FREEMAN, J. W., JR.; HILLS, H. K.; AND 

BALSIGER, H.: Preliminary Results From the 
Apollo 12 ALSEP Lunar Ionosphere Detector 
I. General Results. Trans. Amer. Geophys. 
Union, vol. 51, no. 4, Apr. 1970, p. 407. 

MIHALOV, J. D.; SONETT, C. P.; BINSACK, J. H.; 
AND MOUTSOULAS, M. D.: Possible Fossil 
Lunar Magnetism Inferred From Satellite 
Data. Science, vol. 171, no. 3974, Mar. 5, 

DAVIES, J. A.; BROWN, F.; AND MCCARGO, M.: 
Range of Xe13' and Ar" Ions of Kiloelectron 
Volt Energies in Aluminum. Can. J. Phys., 
vol. 41, no. 6, June 1963, pp. 829-843. 

BUHLER, F.; GEISS, J.; MEISTER, J.; EBERHARDT, 
P.; ET AL.: Trapping of the Solar Wind in 
Solids. Earth Planet. Sci. Lett., vol. 1, 1966, 

Ein Experiment zur Bestimmung 
der Zusammensetzung und der Isotopenver- 
hdtnisse des Sonnenwindes: Einfangverhalten 
von Aluminium fur niederenergetische Edel- 
gasionen. Ph.D. thesis, Univ. of Bern, 1969. 

pp. 1502-1503. 

1971, pp. 892-895. 

pp. 249-255. 
MEISTER, J. : 



226 APOLLO 14 PRELIMINARY SCIENCE REPORT 

12-18. SIGNER, PETER; EBERHAKDT, PETER; AND GEISS, 
JOHANNES: Possible Determination of the 
Solar Wind Composition. J. Geophys. Res., 
vol. 70, no. 9, May 1965, pp. 2243-2244. 

12-19. GEISS, J.; EBERHARDT, P.; SEGNER, P.; BUHLER, 
F.; AND MEISTER, J.: The Solar-Wind Com- 
position Experiment. Sec. 8 of Apollo 11 Pre- 
liminary Science Report. NASA SP-214, 1969. 

12-20. HEYMAN, D.; YANIV, A.; ADAMS, J. A. S.; AND 
FRYER, G. E.: Inert Gases in Lunar Samples. 
Science, vol. 167, no. 3918, Jan. 30, 1970, 

12-21. EBERHARDT, P.; GEISS, J.; GRAF, H.; GROGLER, 
N.; ET AL.: Trapped Solar Wind Noble 
Gases, Exposure Age and K/Ar Age in 
Apollo 11  Lunar Fine Material. Proc. Apollo 
11  Lunar Sci. Conf., Geochim Cosmochim. 
Acta Supp. 1, vol. 2, A. A. Levinson, ed., 
Pergamon Press, Inc., 1970, pp. 1037-1070. 

12-22. POTTASCH, S. B.: On the Abundances in the 
Solar Corona. Origin and Distribution of the 
Elements, L. H. Ahrens, ed., Pergamon Press, 
Inc., 1968. 

pp. 555-558. 

12-23. CAMERON, A. G. W.: A New Table of Abund- 
ances of the Elements in the Solar System. 
Origin and Distribution of the Elements, L. H. 
Ahrens, ed., Pergamon Press, Inc., 1968, pp. 

12-24. SUESS, HANS E.; AND UREY, HAROLD c.: 
Abundances of the Elements. Rev. Mod. Phys., 
vol. 28, no. 1, Jan. 1956, pp. 53-74. 

HEINRICH: On Acceleration and Motion of 
Ions in Corona and Solar Wind. Solar Phys., 

12-26. BUHLER, F.; EBERHARDT, P.; GEISS, J.; AND 
SCHWARZMULLER, J.: Trapped Solar Wind 
Helium and Neon in Surveyor 3 Material. 
Earth Planet. Sci. Lett., vol. 10, no. 3, Feb. 

125-143. 

12-25. GEISS, JOHANNES; HIRT, PETER; AND LEUTWYLER, 

V O ~ .  12, 1970, pp. 458-483. 

1971, pp. 297-306. 

ACKNOWLEDGMENTS 

Hardware construction and foil analyses were sup- 
ported by the University of Bern and the Swiss National 
Science Foundation. 


