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L. INTRODUCTION

The JPL Solar Wind Spectrometers are part of the Apollo Lunar
Surface Experiment Packages operating at the Apollo 12 and 15 landing
gites, The data arenow avallable from the National Space Sclence Data
Center in several forms. There are plots of hourly average values for
anlar wind bulk apeed, direction, proton denalty, thermal speed, und
alpha particle to proton ratio. Positive lon data are avallable on mnr-
netic tape, both in the form of hourly averages and as unaveraged indi-
vidual measurements. Flots of unaveraged data and electron dats are
not available from KSEDC; requests for this information should be directsd

to the experimenters.



IT. IRSTRUMENT DESCRIPTION

The basic sensor in the solar vind spectrometer Lo a Faraday -uj
that measures the charged particle flux entering the cup. Hy colleeting
these ions and using a sensitive current amplifier, the resullant currest
flow is determined. Energy spectra of positively and negatively charged
particles are obtained by applying fixed sequences of FQuUATR wWave ac
retarding potentials to a modulation grid and measuring the resulling
changes in currant., Eilmllar detectors have been flown on & varlety of
space probes, and are described in Hundhausen (1968}, Further descriptions
of the solar wind spectrometer experiments are given in Snyder ot al.
(1970}, and Clay et al. (1972).

To be sensitive to sclar wind plasma from any direction (above Lhe
horizon of the Moon), and to ascertaln the solar wind angular distribution,
the solar wind spectroneter has an array of seven cups. Since the cupa
are identleal, an isotropic particle flux would produre equal currents in
each cup. If the flux Is not isotropic “ut appears in more than one up,
aralysis of the relative amounts of current in the collectors can provide
information on the direction of plasma flov and {1 anisotrapy. The centoal
cup faces vertically, and the remaining six cups ayEtetrlically surrcund Lhe
central cup (Fig. 1), facing 60° off verticul. The combined acceplunce
cones of all cups cover most of the upward hemisphere. Each cup has a
clircular opening, five clreular grids, and a clrcular collector (Fip. )
The functions of the grid structures are to apply an ac modulatin: . '
to lncomlng particles and to screen the modulating fleld frem the Lnputs
to the sensitive preamplifiers. The entrance apertures of the Cups wore

protected from damage or dust by covers that remalaed .n place untll after




the departure of the lunar module. The angular sensitivity of the Faraday
cup sensor Lo colllmated lon beams has been measured by laboratory placan

calibration. The result, averaged over a.! meven cups, ieg shown In Flr, 1

and for' posltlve lons, sagrees quite well with the messured optleal Lranse
parency.

The electronics for the solar-wind apectrometer la in n Lomporalure
controlled contalner that hangs below the sensor assesbly, The electronies

includes power supplies, a digital programmer that controls the voltagers In
the gsensors as required, current measuring cireuitry, and data conditloning
circults.

On the Moon, the instrusent is hung from a pair of knife edges
so that it is free to swing about an east-west horizontal axls and, hence,
iz self leveling in one dimension. Rotations about the north-south axis
and the vertical axls are determined from shadow patterns on photographs
and, for Apollo 12, froa the effect of sunlight on a sensor,

III. INSTRUMENT SITE, OFERATION, TA™A COVERAGE

The Apollo 12 Solar Wind Spectrometer is loeated 3° gouth and 3¢
west on the lunar surface. The Apollo 15 Solar Wird Spectrometer ls 2(Y
north and 4 sast. Orilentations of tne instruments st the local gites are
determined from photographs of instrument shaCow pacterns. The Apolls 12
orfentation is known within 0.5° and the Apolle 15 crientation within 1.%°,

Data coverage for the Apollo 12 Solar Wird Spectrometer bepins
on day 323 of 1969; the instrument is still (day €0 of 1973) eperntl. .1,
The Apollo 15 SWS began operatlons on day 212 of 1971 and failed on day
182 of 1972. During these periods data coverage was essentially complet e,
but the data supplied to NSSDC exclude times durlng lunar night when no

currents were moasurable,



Iv. DATA ACQUISITION SEQUENCE

The solar wind spectrometer operates ln an {nvariable aequence
in which a complete set of plasnc measurements is sade every 28,1 nec,
The sequence consists of b energy steps spaced a factor of /5 apart for
positive ions and seven energy steps spaced a factor of 2 apart for elec-
trons. A large number of internal callbrations are provided, and svery
eritical voltage is read out at intervals of 7.5 min or less.

In the reduced data records and the analyzed data that are
supplied to the NSSDC, this data acqulsition sequence does not appear,
slnce only a small fraction of the readings in the 186-measurement gejuence
represent meaningful data at any given time. For moat purposes of data
analysis the details of this sequence are irrelevant, but they do become
important when the precise time of a particular measurement is of intereat,
The following partial description of the gequence will cnable the deter-
mination of the time of a measurement to a precision of about one second.

The sequence begine with the positive loo seasure=~ris, the energy
steps proceeding from the lowest to the highest. At sach slep B meoasurements
are zade. The first 1s the sus of the currents in all 7 cups; thua ihe 7
Cups are sampied in sequence. There are 112 measurements in the positive
ion zubsequence, followed by 16 caiibraticn measurements and & Sh-measurcment
electron subsequence. The sequence ends with two data words which prov ide
& gequence counter, T~ the ground data processing each sequence is tamred
with & time corresponding to the earth receipt time of the end of b .ot
data word in the sequence, Application uf ‘a light-transit-time coirection
provides the time at which the scquence terminated on the Moon. In the

reduced data records the time is rounded off to the ncarest whole gecond.




The time at which the measurement of the plasma properties wan
actually made can be inferred as follows. Using the callbratinn data
presented in Table 1 and knewing the gain state of t,0 inatrument,
the proton bulk veloclty wlll lndlcate which onergy step provided the
largest current readings. (If the plasma was Lncident at & large angle
irom the cup, a correction by the cosine of the incidence angle will be
nocessary,) Then knowing which cun or cups and which energy atep or
steps were involved in the measurement, the measurement time ls abtained

by subtracting from the sequence-end time the function At:

At = 28.13 - 0.1509% x (STEP x B + CUP).
V. DATA ANALYEIS

For each proton spectrum the cup with the greatest total current
was found. The currents in the individual energy channels were then
lenst squares fit to the data model. This model assumed n convoected
Maxwell-Boltzmann proton distribution with unknown rarametors — hbulk
velocity, most probable thermal speed, and denalty. An alpha partlicle
distribution with the same velocity and thermal speed as protons was
assumsd with alpha partlicle density unknown., Fur these preliminary est.-
mates the velocity vector wac assumed perpendicular to the collector
plate. Due to the relatively broed energy channels it was difficult to
distinguish between alpha particles and energetic protons when the ratio
of most probable thermal speed to proton speed was greater than 0.75.
Thus & jump in alpha/proton ratlo across a shock might be ectisated,
The broad channels also prevented accurate measurement of thermal spoods

less than 10% of the bulk speed.
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The catimates as deacribed above are uncorrectied for amgtular
direction of the plasma. Angles were estlmated from exoaminatlon of cur-
rent in other cups as described later in this sectlon. After the angle
between the plasas benm and the cup axls was determined, corrcctlonan wers
made to all parameters to account for the angular response of the Faraday
cup and aberration effects.

Several definltions are required as a preliminary %o the deocrip=
tion of the angular analysis. BSide cups are all cups except cup T (Lhe
vertical cup). The side cup with the greatest current (summed over all
channels) is referred to as Cup A. The adjacent cup in the counterclock-
wise direction from Cup A (as viewed from above) is Cup B, the clockwise
cup ls Cup C, A nolse level was chosen based unon fluctuations in zero
level currents, If Cup 7, Cup A, and Cup B or Cup C are above noise, the
solar wind direction iz determined. Otherwlee, assumptions are required.

The angle between the plasza and the normal to Cup T le defined
as B. The plaima Iirection projected dewnmvard onto the .o-Lrument amd
measur.d clockwise from a line between cups 1 and 7 is deflned to be Lhe
aaimithal angle & (Fig. 4). If no current above noise is measwied in
Cup 7, the B angle required by assuming radial flow of the solar wind
from the sun is sssumed, If this assumption, however, impiles that cursent
should be measured in Cup 7, the assumed angle s limited to increasicply
larger wngles until the predicted current in Cup 7 decreases to the poise
level value, Similarly, no current in Cup A leads to assuming B or | L1t~
ing B to smaller values.

The o angle ls ai=llarly predicted, mecasured, or limited., IF

current is available only in Cup A, then the o angle for railal flow from



Prim the sun 1s assumed. If this requlren curronbe abows wolee (o g
ooy €, Lhe assumed o angle is limited closer Lo Lhe Cup A& dlreet . T
currents in Cup B or C are avallable, the o angle 1a meagured diroctly.
After argles vere determined, conversion was mzade to molar ecliptic courdi=
nates Laking into account the known orientstions of the Inotruments}
1.2., the direction of the bulk velocity is given by DELE and DELNE, ‘i
angle Ln the ecliptic and the angle north of the ecliptic.
VI DESCRIPTION OF VARIABLES N TAPE

The variables provided on the data tapes are listed here with
a brief definition. Refer also to the discussion of varliables in the

previous section.

g 1 Description
or Froton density Eprﬁtuml,"ﬂS'}.
AP Ratio of alpha-particle density to

proton density.
VEL Solar wind proton spead (km/mec).
THERMV Most probable thermal cpeed {(kr/fsec)

Thus, the fitted proton distribution funection, Ip. ie

o ___DP s 2
:‘P{v} 3.,.:'7.13‘ (v = VELa)"/THERMV" ,

where fi i3 a unit veetor im the solar wind directlics,

DELE: East-West angle in solar ecliptic coordinates in doproen;
no correctlon has been made for aberration due to orbital veloclty.
positive value means a plasma velocity component directed npposite to the

earth's orbital motion; l.e., an average +5° due to aborration iz typleal.
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DELNE: North-South angle ln solar ecliptlec coordinates [n degre
™is number 1o poaitive L the Plaasn velocily han n oo bhwamt ompege t
Loy y o)t ive valusas for flow coming froe south ol Lhe e gt de,

FLAG: FLAG Ls & 36 bit word, the definiiton of which lg given
in Table 2. Bits are numbered O to 35 with bit O beins the high-order bit,
Most of these bits will be of no interest to the users of the data} exnep-
tions to this rule are explained here. Bits 15 and 16 am TA which haz
values from zero to three; bits 17 and 18 are IS, Bit 19 iz IbIser,

IA is the ahgle code indicating how the angle o was derived as explained
in the previous section. If IA = 0, o is measured, If IA = 1, o is
assumed. If IA =2, o is limited, If IA = 3, then al 0 1B = 3 and the
cup observing the protons is too far f-om the sun directlon to be plaus-
ible. Similarly, IB is the angle code for the B angle. If IB = O,

B is measured, snd so on. IDISCP = 1 indicates a side cup not adjacent to
Cup A hed current above nolse and greater than current in Cup B or Cup C,
Bit 30 indicates the instrumert galn level thet letcrmunes %~ volue of
the energy steps; O is low gain, 1 is higk guin.

FM3: Percenlage error in current fitting program.

KIPA: Cup with the largest currant excluding Cup 7.

CURA: Current in picoamps in Cup A.

CURB: Current In plcoamps in Cup B.

CURC: Current in pleconmps in Cup €,

CUR?: Current in picoamps in Cup 7.

For definitions of A, By, and C, gie the section on Jata analysis.,

FACTD: Correction factor for Maxwell-Boltzmann least squures
estimates of density to account for decrease in transparency of cup with
increasing angle of plasma beam from cup normal; typical values range

between 1.2 and 3.5,
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D Le & product of the prelisinary density ectimate and the
correctlon factor. VEL is simllarly corrected for the cogine of Lha
angle between the plasms beam snd the Cup normal,

XNOISE: MNolse level in plecommperes used in estimating nngr laa,
VII. FORMAT OF FULL TIME RESOLUTION DATA TAFES

The resultant parameters from analysis of cach plagama apect rum
(each 28 seconds) are written onto these tapes. Several months of datn
are placed on each digital magnetic tape. These tapes are written in
BCD format on 7 tracks at 800 characters per inch and even parity,

All physical records contain 384 words which are blocked from
32 logical records of 12 words each. There are U typea of logical records:
(1) plasma data for one spectrum, (2) label information, (1) pseudo end of
File, nnd (4) 111 data.

The plasma data have the following format for each logleal
record, There are 72 BCD characters i{n the 12 words,

Character Pararater
l1=-6 Fot significent (used by input fout put of

specific computer)

T BLANK

8-16 TIME DDI{HMMES
17 - 20 DP*10

21-22 AP*100

23 - 26 VEL

27 - 29 THERMY

30 - 33 DELE®*10

- 37 DELME* 10



Character Parsmeter
38 - 49 FLAG

¢ - 51 RME

92 KUFA

53 - 56 CURA

5T - 59 CURB

60 - 62 CURC

63 = 66 CURT

67 - 69 FACTD*100
70 - T2 XNOISE® 10

The 9 characters of TIME have the day-hour-minute-second of
year at the end of spectrum measurement in form of (DDDHIMMSS). The
first day of the year ls Day 1. The 12 characters of FLAG are an octal
representation of the 36 bit word,

One can use FORTRAN format controlled READ, and the following
example could be successfully used:

READ (Urit, 10) ITIM, DP, AP, VEL, THERv, DELE, DELNE,

SFLAG, RMS, KUPA, CURA, CUNB, CURC, CURT, FACTD, XNOLISF

10 PORMAT (6X, 1£, I9, Pi.1, F2.2, Fh.0, F3.0, 2Fk.1, @12,

8§2.0, I1, F4.0, 2F3.0, FL.0, ¥i.2, 7i.1)

MOTE: The format supplled decloal polnts reduce the
appropriate variables by factors of 10 to yield correct
values,

The label records are used to identify the {nformation contained
on the tape and can be lgnored by the general user. The first loglical

record will aivays be a label and may be followed by other label record. .



- 13 =

Each label record has the same format as the plassa data with certaln
paraseters redefined. Label records are ldentiflable by the 11legal

time of DDDHHMMMES = 000999999, For this record, DP*10 ia the space-

craft number (12 indlcates Apollo 12 In.trument and 15 indicates Apolln

1%) ,"AP*100 18 the year for the first data (e.g., 70 indlcates year 1970),
VEL Is the starting day for processing, THERMV ls the starting hour of
processing, DELE®*10 is the last day of processing, and DELNE*10 lo the

last hour.

The pseudo-end-of-file record is a logleal record vith the
illegal time of DDDHHMMSS = L9QOO0O0O, A1l 15 remaining varisbles con-
tain fill data. This record always follows the last plassa data and
precedes the two hardware produced FOF marks on the tape.

Fill-data may be used at any time Lut its primary use iz to
complete the end block. Fill data bas the 1llegal time of +0, -0 or all
blanks. All other 15 variables also contaln values of +0, =0, or blanks.
VTII. FORMAT OF DATA TAFES OF HOURLY AVERAGER

The averaged values of parameters from analysis of plasma spectra
are placod on & digitel magnatic tape, This tape is written [n AOD frrma
on 7 tracks. at 800 characters per inch and even parity. The sveraged
values are the result of combining i{adividual spactral results lnto
hourly averages.

There are 4 sets of criteria to determine which spectra to com-
bine. The first set allcws all spectra where results from nnalysin give
an answer. The average valuss of 6 basic parameters (proton density,
alpha-proton ratlo, plasma velocity, plasma thermal speed, and plaoma
angle from the sun's direction In and out of ecliptic plane), their & S

deylatlions and the nusber of spectra are Included.




The second set of hourly averages are similar to the Flrst SBR[,
that each spectrum has been screened to pass the requirements of small 845
error on curve fitting (M8 < 20) and that thermal speed be less than 1/2
bulk veloclty. This set ls & subset of set T T

The third set i{s a subset of set two, and has the further require-
ment that one and only one of the angles be measured (as compared to merely
consistent with assumed solar plassa direction).

The fourth set is also a subset of set two, and has the require-
ment that both angles are measured, This set is quite small for Apolln
12 data and is disjoint with subset three,

The hourly average taps has two logical records of 18 words for
each hour of data analyzed, and is blocked 2 loslcal records per physical
record of 36 words. There are two types of records: 1) data and 2)
pseudo-end-of-file,

Gata records have the following format for the 108 BCD characters

of each Iogloal record:

1 Record
Char. ranat nts
1 -6 ot significant Input/output control for eomputer used
T Dlank
B -9 I8¢ Spacecraft number
10 = 11 IYR YEAR
12 - 18 TIME Day-Hour-Min DDDHHMM
19 = 21 N8I Number of mpectra in average set one

22 - 25 DPI*I0 Ten times average proton density (P/cs)



39 - b2
b3 - L

&
—
L]

&

23 = 55

. 60 - 63

., Char.

l=6

8-18
19 - 62

logical Record One (cont.)

‘arassiar
A'1*100
VELL
TVl
DE1*10
DNE1*10
DDP1*10
DAF1
DVELI
DTHV1
DDE1%10
DDNEL*10
SAME 13 variables for

Average set 2

Logical R.cord w0

Parameter
Not significant

Blank

Blank

Same 13 variables for
averages set 1.

Game 13 varlablea for

averages set U4,

Comments

IGO0 Limes alpha-to-proton density ratio,

Velocity of protone (km/sec)
Thermal velogity (km/nec)
Ten Limes DELE (degrees)

Ten Times DELNE (degrees)

Ten times the RMS deviation of DP1.

RME deviatlon of AP1*100

M8 deviation of VELL

RMS deviation of THV1

Ten times FMS deviation of DEY

Ten timee FME deviatlion of DNEL

nts

Used for I/0 control
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If one uses format control for resding each logical record, a
FORTRAN READ statement to place data Into ISC (Spacecraft), IYH (year),
ITIM (Time = DDDIBOMM) , NS(4) (number of spectra in each of L averages),
and AVE(2,6,4) (average values of parameter, its MG deviatlon for &
variables and for 4 average sets ) s

READ(UNIT,10) ISC, IYR, ITIM, (NS(X), ((AVE(I,J,K).J=1,6),

= Is=1,2),Kk=1,4)
10 FORMAT(6X, 1X, 212, 2(13, 2(Fb.1, F 2.2, 4.0, F3.0, 2FL.1)),
* 1, X, 12.X, 2(13, 2(F4.1, F2.2, Fb.0, F3.0, 2Fi,1)) )
NOIE: The format supplied decimal point reduces the
appropriave variables by factors of 10 to yield correct
values.

The last physical record has the same format but is s psuedo
end-ocf-file and has the illegal time of DDDHHMM = LOS0000. ISC and IVR
are the same as for data, but all 52 variables which follow have i1l data
of blarks. Following the psvedo end-of-flle are ¢ hardware 0P marks.

TX. FORMAT OF PIOTS

Flots provided to RSSDC show hourly averages of selected dat. (the
second set of data described in the sectiun on hourly average data tapes).
Proton veloclty is in km/sec. Most proballe thermal speed, v = ﬂﬂﬁp
iz in km/sec. Density s weasured in protons cm -. The angles DELE and
DELKE are discussed In the aection "Description of Variables on Tape,"
and are measured in degrecs. Alphs/Proton ratio is the ratio of alpha
particle number density to proton number d;lnlu;.r. January 1 is Day 1.
Figure 5 ir a sample plot that illustrates the available informatlon.
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X. INE OF DATA

Uners should reject all fitted parameters for which HMI « 'r), ,
IA= 3, or DF = 0,0, A somewhat stronger set of criteria for reject ing
bad data is PM8 > 20, IA = 3, IDISCPF = 1, THERMV > 4 VP, or DP = 0,0,

Changes in assumptions involving anglec can cause unrealistic
discontinuities in plasaa direction, speed, and density. The user iz
advised to study the section on data analysis. FACTD, CURA, CURB, CimcC,
CUHT, and XNOISE are provided to allow the user to remove the effects of
changes in estimnted angle if he so desires.

A final varning is that plaswa velocities and densities measured
at the Apollo 12 site are often perturbed from solar wind values, Veloclity
decreases of 50 km/sec and density lncreases of 30% due to the 3By field
At the Apolln 12 site have been observed. Thir tople is discussed by
Neugebauer et al. (1972). At present we have no reason to believe that
Flasea parameters at the Apollo 15 site differ significantly from the

values in the unperturbed solar wind,
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TABLE 1

Posltilon and Width of SW8 Energy Steps In Terms of Proton Velocity
for Normal Incidence (Velocitles expressed in km/acc).

WS APOLLO 12 =
GAIN HIGH GAIN
STEP MEAN WIDTH MEAN WIDTH __ STEP
1 62 20 112 21 1
2 91 18 143 25 2
3 120 22 175 30 3
k 156 28 216 T b
5 191 32 259 L3 5
6 235 Lo 31k 53 6
T 285 La TT 62 T
B 337 57 Lké Th A
9 Loo 67 527 87 9
10 LBo 79 €29 104 0
11 569 92 Thl 122 11
12 682 114 893 149 12
13 8ot 132 1055 172 13
14 o968 157 1266 206 14
W8 AFOL.D 15
i '

o B | wew b
1 66 13 105 20 1
2 90 17 115 25 2
3 120 20 169 28 3
L 151 26 208 s b
5 188 31 252 b2 5
6 230 38 305 - | &
7 280 Lé 370 (] T
8 333 55 439 71 8
9 395 6k 519 83 9
10 Lfa 77 616 103 10
11 557 91 * T30 119 11
12 666 109 87k 1k 12
13 791 130 1039 170 13
14 b 154 1235 218 14




Bit

o

E od RS e

5
6,7
B
9
10
11
12
13
1k

15,16 0,1,2,3
17,18 0,1.2.3

19

Values

0,1

0,1
0,1

0,1,2,3

O;4i
0,1
0,1

0,1
0,1
0.1
0,1
0,1
0,1
0,1
0
0
0
0
0,1
0,1
9,1
0,1
0,1
o

TABLE 2 - SIGNTFICANCE OF FLAG WORD

— e —

Blﬁntrlcln:r

Unused

Unused

1 = no current detectable

Unused

1 = peak current too small to determlne spectrum

1 = peak current la cup mot near sun

Number of cups witi measurable current (0 = U cupa)
= no proton analysis (see other bits for reason)
« gpurlous negatlve currents at low cnergles

= spectrum too broad (hot) for meaningful analysis
current in analyzed cup marginally small (<7 pa)
1 = M3 fit worse than 25%

1l = peak current in lowest or higheat eneygy level
1 = proton energy levels 13 and 14 unused

Angle code for alpha (see text)

Angle code for beta (see text)

1 = dsgrepancy in cup curren.s {m;ﬂcj

1 = RMS fit worse than 60%

1 = plekup current from modulator higher than normal
1 = value of DELE vi' DELNE > 30

1 = electrometer zero level shifted by > 0.8 pa

1 = no electron data for this tize

1 = electron currents marginally small

Unused

Unused

Unused

Unused

O = low gain, 1 = high gain

Ho proton data for this time

No proton 2ata for this time (bit errors)

1 = no electron data for this time

1 = no electron data for this time (bit errors)

Unuged

e il i e
L



FIGURE CAFTIONS

EIGURE L
Orlentation of Apollo 12 S5WE on the lunar purface. The

Apollo 15 SWS Lls rotated 1807,
FIGURE 2:

Faraday-cup sunsor.
FIGURE 3:

Angular response of the Faraday cup.
EIGURE b:

Illustrations of the & and B angles.
EIGURE 5:

Sample plot of hourly averaze:.

Lunation is the number of lunations following Apollo 12
turn-on in November 1959, Year and Day are the tirs for local moon at
Apollo 12 site. Therzal speed ir located below the bulk velocity in
velocity graphs and Alpha/Proton density ratic ls located below Proton
density in Denslty graph.

Data are plotted only for wours which contain 25 or more

spectra,
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