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ABSTRACT

This report describes the lunar parti'f::le shadows and boundary layer
experiments aboard the Apollo 15 and 16 subsatellites, and summarizes the
séientifi_c reduction and analysis of the data to date. The analysis has con-
centrated on for - main a'rea.s_: solar particles, interplanetry particle
phenornen'a, lunar interactions,and topology and &ynamit:s of the magneto-
sphere at lunar orbit, | |

| The studies of solar and interplanetary partlcles have concentrafed
on the low energy reglon which has been essentially" unexplored \ .

The studles of lunar interaction have pointed up the transition from
single partlcle to plasma character13t1cs Very recently the analysis has
concentrated on the electron angular distributions as highly sensitive
indicators of localized magnetization of the lunar surfacei |

In the.m.agn,etosphere the e_xpel;iments have provided the first
electric field méaétirements in fhe_ distant mag.netotail.as well as compre-
hensive low energy particle meésurements at lunar distance,.

It should be emphasized that the analysis is entering the phase
of definitive.and comprehensive results,

A substantial portion of the reduct-ién and analysis has been (é:ar'ried
out by a graduate student, Mr, R, E, McGﬁire. His Ph. D thesis will be

based results from these experiments.
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detect électron;s' and protons in the energy ranée 20-4000 keV,
The otner -telescope is identical except it has no foil.’ Thg_
foil has a very large effect on protons in the range éf in‘terlest,
and thus pa,rticlé identification is possible, |
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Si deteétor respénse to 'electron_s as a function of energy.

The largest electrostatic analyzer (C5) flown on the sub-
satéllite, It measures electrons in the energy interval

13. 5-_-‘1'5 keV wifh high sensitivity and is sectored by using
the"magn.etbmeter output asg reférence. " The othér analyzers
are sihi’lar, but they meésure electrons at lower energies.
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Sample 2 hour plot.
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'I‘h_e _func?:lon NA = f(NT)'__
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with N(4)," the_ point to be corrected. AVG is the average of N(1}
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Flow diagram of the correction logic. Input consists of an array
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L Particles and Fields Subsatellite

on August 4, 1971, the Apollo 15 astronauts launched a small
s.cientific spacecraft into lunar orbit, The Apollo 15 Partlcles and Fields
Subsatellite (PFS-1) prov1ded about 6 months of data coverage before two
successive EIecfrbnic failures in February, 1972 caused the loss of most
of the data channels. The surviving data chanﬁels were monitored inter-
mittently uhtil June, 1972 and more or less continuously after Vthat through
January, 1973, when ground support was tei'minated.

A second satellite (PFS-2) was launched b)f the Apollo 16 astronauts
-on April 24, 19?2 and prowded good data until May 29, 1972 when it impacted
on the back side of the moon.

These srnall scientific spacecraft have a mass of about 38 kg and a
1ength of 78 cm. The cross section is hexagonal and the distance between
opposite corners is about 36 cm. The satellxte has three deployable booms
hinged fro_fn ore of the end platforms. One of the booms carries the two-
axis fluxgate mégnétometer sensor, whereas the other two carry tip
masses to provide balance and a proper ratio of moment of inertié. to
avoid p-recession. The satellite has a short cylindrical section atfached
to the service and instrument module of the Apollo CSM. A 'compression
épring pushes fhe satellite away and at the same timel imparts a spin,
Precessional and nutational motions imparted by the launch and boom
deployment were removed by a wobble &amﬁer.' The spin axes of the
satellites were 1.:0 bé pointed normal to the ecliptic plane.l Very precise
pointing of the CSM by the astronauts resulted in an error of <1° in tlﬁe ‘
orientation of PFS-1; the PFS-2 spin axis was ~ 5.5° from normal, The

" spin period is 5 sec. Fach of the six sides of the satellite forms a solar panel.



The powér output of the array is about 24 watts. Averaged over an orbit
about fhe moon, the power is 14 watts. The power subsysfem also in-
cludes a battery pack of 11 silver cadmium cells.
The orbital peric;ds of both subsatellites are 120 minutes to within

a few seconds. The orbital inclination of PF§-1 with respect to the moon's
.équator is-N 280, that of‘ i:’FS—Z is 100. The sense of revolution abo;.lt
. the mooh is clockwise viewed from the north. ‘The geocentric ecliptic
longitude of the moon at the time of the PFS-1 launch w_a5 155° and '138-O

at the time of the PFS-2 launch. The initial aposelene of PFS-1 was

138 km and initial periselene was 100 kmm. The initial aposelene of PFS-2
was 130 km and ini'tilal periselene was 90 km Perturbations on the orbit
affect the periselene. The inclination of the orbit is not appreciably chang ed
by the perturbations. The periselene varies boi:h on a short term cycle

(~ 1 month). and 6n a ldnger term basis. The minimum periselene reached
by ‘PFS-’I was 25 km in July, 1972, Perturbations on the PFS-2 orbit
caused the spacécfaft to crash on the .bac.l_( side of the.moon on May'-29, 1972,

The particles andvfi'e;lds subsatellites were instrumented to make

the follc‘)wing'r'neas'urements (principall investigétors are indicated in paren-
theses): 1) plasma and energetic-particie intensities (K. A. Anderson,
University of California, Berkeley), 2) vector magnetic fields (P,lJ'. v
Coieman, .Jr. University of California, Los Angeles), | and 3)subsatellite
‘or'bital velocity to high precision in order to determine l.unar gravitational

anomalies (W. Sjdgren, Jet Propulsion Laboratory, Pasadena, California).

1L Plasma and Energetic Particle Experiment

The main objectives of the plasma and energetic particle experi-

A ment on the subsatellite are to describe the various plasma regimes in
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which the moan m.;'ves,‘gzt}b determine how the moon interacts with the plasma
: .

and magnetic fields of its environment, and to determine certain features of

the.earth's magnetospheric structure and dynamics.

The particlé detectors include several electrostatic lanalyzers and
two solid-étate 3le§c0pes {see Table 1). These instruments cover the
E;lectron kinetic energy range of 530-300, 000 ev in nine intervals and 40 keV
to 2 MeV for protons in six intervals.

A basic scientific requiferﬁeht blacéd on the subsatellite was that ‘
it prévide particle -énd fiéld data evéryu;'heré in the orbit about the moon,
This requirement demanded a data storag’el capability. Th_e magnetic-core
memory unit employed provides a capacity of 49, 152 bits. Dafa can be
read into the memory at a rate of 8 bits/sec, which allows lcoverage of
nearly the én_ti'r‘e orrbit (2-hour périod)._ Data can also be read in at
16 bits/sec if a better time resolution in the measﬁrgments, at the expense
of covering onljr about one-half the‘ orbit, is desix;ed. Real-fime data at
the rate of 128'bifs/sec can also be acquired from the experiments, but
in this mode battery power as. well as solar-cell power is being ‘used beyond
a certain point, ‘In normal operation the transmitter is commanded on
after the subsatellite app.ears from behind the moon. Real-time house-
keep;ng and scientific data are transmitted for a short time to ensulre
that "1:hf-3 recelving stations are locked onto the signal. Theq the data in
the memory unit are dumped in 512 sec ata rate. of 128 bits/sec.. The
' transmitter is thén turned off, and accumulation of data in the memory
unit begins agaih. A system block d-ia'gram of the fields and particles

subsatellite is given in Figure 1,



IIL ~Description of Particle Detectors

" A. Energetic-particle telescopes

Absoiute' intensities and energy spectra of electrons and protons in
the range from 20 to about 2000 keV are obtained from tw-d telescopes using
solid- state par't'Lcle-detectors (Figure 2). The te_lescopeé point along the
spin axis. FEach telescope contains a 25-mm silicon surface barrier detector
r~ 3;0 pm thick. In terms of particle kinetic energies, this detector has a
thickness th;t stops electrons b;elow ~ 300 keV and protons below 6 MeV,
Behind this détectorr is a second one of a 50~rnrn‘2 area. The output of the
back detector is placed m anticoincidence with the front .dete.ctor.

The front detector is a full.y depleted surface barrier detector
mounted with the active barrier side éwa'..y from the collifnator. Thus the
aluminum-coated ochmic contact surface is thé particle entrance surface.
This orientation minimizes radiation damage effects and light sensitivity
while"providing a thin (40 p.g/cmz Al) entrance wihdow;' ‘The su‘rface.c‘onAsists
.of 40 u.g/cm2 of barrier gold. The rear detector is oriented oppositely
so that the barrier surface of the two detectors directly face one another.
Electrical contact to the two detectﬁr_s igs made thréugh rings of gold-
plated, copper-clad fibergalss-epoxy board whi.ch are stacked immediately
adjacent to and in contact with the detector contact surfaces, which are
.also gold-plated, copper-clad epoxy boé,rd.

A center contact ring, clad on both sides, is sandwiched between
the detectors and provides isolated bias contacts at ~ 120 Vdc The outér ,
contact rings, each clad on one surface only, provide signal contact to both
detectors. Subrhiniature, coaxially sﬁielded, low-~capacitance lead wires
are soldered to taps on the contact rings and run through slots in the tele-

scope housing to the preamplifiers,



The telescopes arecollimated by a set of 11 spaced aluminum wiper
rings which, with the housing edges, provide a carefully aligned series of
knife edges positio-sned along a 15° half-angle entrance cone. . The edge of
the front detector active area also lies on this cone. Since the front detector
is of finite area particles may enter at angles up.to approximately 20°
maximum. The design of t—his collimator minimizes the po'ssibility 'of colli-
mato;—scatfered particles entering the front detector and éubsta.ntially
reduces the reéuired mass, All internal éollifna;toi' surfaces are black-
anodized to reduce illumination of the detector surface .by' scattered sunlight.

One of the felescopes (the B telescope) has an org.a,nic (FParylene N)
| foil of a 375-u.g/'cm)2 thickness ahead of the front solid-state detector.
Parylene N (a proprietary organic from Union Carbide's Plastics Division)
is the trade name for poly-paraxylylene, a completely linear, highlyr
crystalline material. It has a carbon/hydrogen ratio of _unitsf and a densif}r
of 1.1 ¢ cm_% and can be vapor-deposited to form self—éupported pellicles
of €50 ;J,g/(:n:lZ to > 50.mg/cm2. This foil, uniform in tﬁickness to 10%,
stops incident protons with energy Lip'to 310 keV but reduces the energy
of a 26 keV electron by only 5 keV, Thus, éﬁcept fof a sr'nall-- energy shift,
a flux of electrons with energies in the 20 tor320 keV range would cause both
telescopes to count at the same rate. However, when pfotons are incident
on thé telescopes, the cour.ﬂ:,.i'ng rates wi.ll show large differences. In addi-
tion to this means of partic.le discrimination, we can also make use of the
fact that protons and electrons of the same energy are shadowed by the moon
quite differenfly.

Detector pulses are analyzed inf.o eight energy 'chann.els, whose
nominal fhresholds are given in Table 2. The upper two lchannels arelx

transmitted only in calibration mode when they are substituted for low-energy



pr;aton channels 5 and 6. A single PHA is time-stored between the two
teléscopes. The electron thresholds are .swi'tched when fhe analyzer is
switched from oﬁé telescope to the other, so that the chanﬁel edges corre-
spond to the same incident electron energy to compensate for the loss in
the foil (approximately 5 keV at the lowest threshold). The foil and the 320
and 520 keV thresholds are adjusted so that 40 to 340 keV protons detected
by the open telescope (the A telescope) are de:graded below the lowest
threshold of the shielded telescope and.340 to 520 keV protons detected by
the open telescope deposit zb- 320 keV in the shielded telescope. |

When the 340 to 520 keV proton fluxes detected by the telescope
covered by the foil are low, these coﬁstraints allow a ciirect subtraction .of
the proton and electron spectra.

Calibration of the telescope system for elect'rohs‘we_is performed at
Space Scié‘r.lces Laboratory at Berkeley using a 'simple_hig'h voltage accele-
rator for ehergies- <100 .keV.and a magnetic beta-.rayr 'spe.ctrom‘eter for
energies froﬁ 100 L_;éV to 2 MeV. Proton calibrations were performed on
' Vﬁn de Graff accelerators at the California Institute of Technology.

A weé.k radioactive source (plutonium 239) is placed near the front
detector in each telescope. The g particles from these sources provide
well-defined and known energ)-r losses as a check on detector and electronic
stability.

Two low-energy thresholds selectable by ground command were
providéd for the te"lescope: this feature was il;lcluded in order to operate
the Itelescope as near the thermal noise levels as possible, Because of
the s‘omewh‘atlhighgr temperatures than anticipated, the threshold was

 raised during the third week of operation in orbit of PFS-1,



After October 5, 197 1, the A telescope in PFS-‘I‘ suffered from
intermittent breakdown due to the hi.gh spacecraft tempé'ratures. Count
rates for these periods in channels 1 to 4 are high and unreliable, The
telescope apparently recovered in large measure during December, 1971,
In addition to the A telescope bréakdown, short periods. of high noise were
o_ccasionall'y se¢. in the B telescope. The telescopes ab.oard PFS-2, due
to thermai redesign of the spacecraft, remained cool and b’le'haved well

thro-ughdut their short lifetime.

Telescope signal processing, Each of the two telescopes has its own

analog signal progessor. Each telescope consists of two counters, with the
back counter in v.eto. The ana_log'outputs pass into a stacked-discriminator
pulse héight analyzer, The analyzer is switched from one telescope to the
other on spécecr_aft command, The analyzer levels aré also switched to
compenéate for energy loss in an absorber in front of telescope B. The
lowest threshold may be raised 5 keV on command.

A functio‘nal block diagram of the analog electronics is shown in
Figure 3. Signals from the front detector are é.mplified by a charge-sensitive
pl_'éa.mpliflelr fo'll'm.xmfd_bgf two shaping amplifiersl. The ‘seéond shaping
amplifier, called the amplifier offset gate, has a ciirrent output With' fixed
étable offset. This outp.ut is gated by a fast gate.

The outputldrives a resistor divider which attenuates the signal to a
le§e1 suitable to drive the 20 to 500 keV f)ulse height discriminators. The
“high-level discriminatoys-(z and 4 MeV}are ope.rated directly off th_e'pre—
a.mplifi.er. ‘

Potentiometer adjustments are provided to vary the lowest thresholds
and to adjust the higher energy channels to match proton edges. Other adjust-

ment are‘pr_ovided to allow for energy loss in the absorber foil.



Electron Straggling. FElectrons above 300 keV are still stopped with

some efficiency by the Si detectors due to electron straggling. Additionally,
electron detector efficiency is < 100% even at low enefgies due to electron
backscatter. Using.data from Berger et al. for 300 wm Si detectors, the
estimated effici acy of the detectors is plotted as a function of energy in
Figure 4,

Telescope pain shift. Analysis of data obtained during the PFS-1

lifetime indicates that at many times the B or shielded télescope was
countihg at rates significantly in excess of the A or open telescope. A
partial list of malfunctions which‘ mighf explain this behavior include:

' 1.. incomplete depletion of the A solid state detector;

2. failure or partial failure of the B telescope anticoincidence;

3. mis'matching of one or more of the energy thresholds on either

the A orB teléscope;

4, mismatching of the telescope geometry factors;

5., an upward gain shift in the B telescope or‘a. downward gain

shiff in the A telescope.

At certain times during the PF5-1 mission, when stable and sub-
stantial electron fluxes décur while the magnetic field is stable in an
appropriate direction and relatively few protons are present, electron
shadowing by the Md.on can be used to derive electron spectra separately -
for the two telescopes; -Analysis of selected electron spectra obtained
in the above manner indicate that the malfunction preserves spectral slope
for a powér—law spectrum, Sincé (4) is considered an unlikely possibili‘g}‘r,
only poséibility (5) then remains. Noise considerations éuggest that the

ghift in gain is in the A telescope. Analysis of selected electron spectra



indicates that the hypothesis of a gain-shift is also consistent with the.
differences between electron spectfa derived for each of the telescopes
which cannot be fitted by a Single power-law over the entire energy range
20 keV to 320 keV. The gain-shift is probably loosely temperature dependent.
The gair shift is apparently stable in magnitude fo'f times on the
order of déys Eut has apparently'changed over longer time scales. Due to
the rather _special' conditions required to make‘a,n independent measurement
of the ehange in gain. and due to the necesgsity for careful manual corrections
for the accumhiator conversion error {see the discussion later in the
report and Appendix A),' no survey has yet been completed of the quantitative
value of the gain shift as a function of time. | |
Values for the gain shift of 1. 00, 0. 86, 0.72, and 0. 43 (all values
iy 03) have been computed at various times in the mission. A gain- ghift
of 0. 72 means that a 100 keV electron as seen in the A telescope has been
,treated by the PHA as a 72 keV electron. Table 3 shows energy thresholde
for PFS-1 under the assumptmn of 0. 72 ga,m shift in the A telescope

Telescope. background considerations, Due to the geometrical

arre'ngement of the detectors, the telescopes are not completely anti-
coincidenced against high energy cosmic rays and the spacecraft secendary
partlcles produced by themn. There is also a small background count rate
in the low energy channels of the telescopes produced by the calibration
‘souUrces. Calculatmn and ground calibration yield est1mated background
contributions from primary cosmic rays and calibration sources in all
che,nnels. Because the_effec.tr_of spacecraft secondary perticles cannot

- be included, these calculations are_essentially lower lirmits to the back-
groend. Analysis of the actual fluxes seen under quiet ce_nditions in both

solar wind and magnetotail electron shadows yield upper limits to the true
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background in the low energy channels under quiet conditions. The back-
ground flux calculé,tibns and observational upper limits are summarized :
in Table 4,

The background fluxes observed for PFS-1 should also be approxi-
mately the samc as those of PFS-2. The PFS-2 upper linﬁts in Table 4
are probably high, because the}-r‘a.re based upon only one month of data
dur"_mg which no truly quiet periods occured. It should be noted that the
minimum ionization loss at high energies for silicon detectors of these
thicknesses is ~ 100 keV. Thus background in channels 1-and 2 is likely

due to spacecraft secondaries.

B. Electrostatic analyzers

The electrostatic analyzeér assembly consists of four electro-
static analyzefs,' a.nalog electronics, high—voltage'b'éwer sxipplies, and
log ic circuits in the programming and.data handling subaésembly, Each
‘electrostatic aﬂalyzer consists of two concentric set;tioné of spherical |
copper plates. The outer plate in each pair is grduﬁded, while the inner
plate is raiséd to a positi*ée potential. The sectioﬁs are mounted ianel—F
insulator, Th-e plates a.rre shaped to provide a 1800 X. 190° Volux;ne Between

_Ithe'm‘ for the ele.ctro_n trajectories. One of the analyzers (A4) is shown ih
Figure 5.

The force experieniced by an electron éntering the analyzer is
directed toward the common center of the pair of plates. If the angle which
the \}elocity of the incoming electron makes with the ndfln;ial fo the aperture
is small enough and if the energy of the electron lies within an interval
determined by the plate radii and the bias on-the inner plate, then the electron

will traverse the entire 180° path from the entrance to the exit aperture,
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The maximum elevation angle accepted is determined by the radii of tﬁe plates,

At the exit aperture is placed an electron detector which consists of
one ’or several-Spifaltron channel multipliers (Bendix model #4210) or funnel-
mouthed Spiraltrons (Bendix #4219), which are connect_é& to preamplifiers
and discriminaters. The discriminators are in turn connected to the
spacecraft telemetry through the data handling logic. Thus each pair of
_plates operates to_rﬁeasﬁre the electron flux from within a certain sélid
angle and energy band, over an a.tr-ea determined by the active area of the
detector. | | |

The operation of the funnel-mouthed Spiraltrons (#34219 is in con-
ju.ncti-on with a pla s;:ic' scintillator and ‘photomultipliér tube. The 4219's
are mo:unted in the scintillator, as is the PMT, and the tube output is
logically arra'né;ed to veto any cloinc ide’ence' between the PMT and the 4219,
‘T-his antic{oincidence ‘i'sr needed in order to reduc‘e the cosmic ray background
.whep measuring anticipated low .electrop _fluxés in channels C4 and CS.
The PMT's are mounted oﬁ the scintillator as close as pKOls.sible to the
funﬁels, gince the events to be vetoed are primarily' thosé in which a
parﬁc:le passes through the 4219 near the fum;lel

Analyzers Al and A2 (detectors Cl and C2) are geometncally
.1dent1ca1 and employ a smgle channeltron (channel electron multiplier),
without funnel, to detect intense fluxes of low-energy elect rons, They differ
oﬁly in the plate voltage aﬁd hence in the mean detected energy. Detectors
C3 a,hd C4 use the sarﬁe set of plates (analyzer A3), but the output cAf C4 ig
derived from two 1 ecm diameter- funnel-mouthed channeltr,ons in para.llei.
The pgtﬁut of C3 is derived frﬁm one cﬁanneltron without funnel. This
arréng_ement permits a wider dynamic range. rThe funnel mouthed channel- 7

trons are surrounded by an anticoincidence plastic scintillator to eliminate
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'background from penetrating cosmic rays.

ﬁetectors C3 and C4 are mounted with an elecfrostatic shield
between them .so as to minimize electronic cross-talk. .Analyzer A4
(detector C5) contaiﬁs five f\unnel'—moufhéd multipliers in ﬁarallellto
detect low ratee .t high energies. These five multipliers are also surrounded
by a piastic anticoincidence shield. The plate radii and.éositive bias
on the inner pl#te are listed in Table 5 for the various analyzers. Also
included in Table 5 aré FWHM energy intervals, geometrical factors
G, ‘channeltron ef.fic_ienéies g, a'n_d flux factors 1/(_}8. for e-ach,of the
detectors. The analyzer energy respbnses and geometricai factors
were determined 5y a coordination of theoretical calculation and experi-
mental calibra.tion. in an electron beam. |

The electrostatic analyzers are oriented perpendicular to the spin
axis. To avoid spin biasing of the data due to directional anisotropy of
particle flux, data are accumulated for integral spin periods only in the
telemetry-store mode.

In addition, the oui:put of the C5 detector is time division multiplexed
such that particle intehsities from various séctors of sétel_lite rotation can
be obtained. -The sectoring is made with respect to thé transverse_ﬁagnetic
field direction as sensed by the tranverse ma.gnetomete;‘t-. For a given
fielc_i difection in the plane perpendicular to the spin axis, sector 1 oEserves
particles with 0 to 45° pitch angle particles, sector 3 observes 90 to 1350‘
pitch angle particles and sector 4 observes 135 to ISOGPi-tch-a,ngle particles,
The precision to which each serctor edge is determined is + 50.7 This
techniqﬁe of sectoring off the magnetometer qutput permits direct measure-
ments of particle pitch angle distributions and avoids costly and time-

consuming merging of magnetometer and particle data at a much later date.
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The absolute diréc}tion of the magnetic field in space is determined from a
sun pulse. When the spacecraft is in the moon's shadow, the sun pulse is
not available, and knowledge of the absolute direction .Of the magnetic field
depends on a precise knowledge of the ‘spin period, Howevér, at all times
the partiqie dat: from C5 are being organized by the maghetic field.

In the high bit rate or real-time mode, the automatic C5 sector-
ing is disabled alnd C5 data is stored at 0.5 sécond intervals. Cl, C2,

C3, and C4 data are also stored at interivals less tha{n one spin period
in real-time mode.

An important design requirement is the rejection of ultraviolet
light. This rleq‘uir.ement is met in a number of ways, First, a 180°
analyzer transmits a photon only after several reflections. The prob-
ability of this occﬁrrenf:e is minimized by serration and gold-blécking
of the inner surface of the outer plate. The serration promdtes photon
absorption. Furthermore, for the cases of Al andxAZ, only a small
aperture is made in a piece of groundea metal at the opening to permit
the élecfrc.)ns'-to enter, thus reducing the amount of light that can get in,
The combined procedure reduces the incoming photon.ﬂux by _ét factor
of > -1012. The whole aséembly must be mounted.so thé.t no light can
enter except th—rox..lgh the entrance aperture. Figure 6 illustrates the
serration design.

Despite these precautions, a low level solar UV contamina’tion
(o 5 cf:s/[nc:rn2 ster sec kevV]) is . present in the C5 output of PF5-1 when
'the!sub‘sate'llit'éris in sunlight. ‘Further, the C3 channeltron on PF5-1
malfundtioﬁ'ed' éhoi‘tly after launch and is not useable, .E'};e.‘ctlr'onic noi-se
from C3Aprobab1'y contaminated the C4 output at very low count rateé
w;lth some time and temperature dependence in the resulting background

‘lev‘els.-
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Analyzer construction. The Kel-F housing is the primary structure

holding the inner and outer hemisphere _plateé and the multiplier module in
position to receive the particles. The Kel-F is designed and machined to
position the hemispherical plates precisely while acting as the termination
for the electrostatic field along the 90° sector of the ané,lyzer.

The two concentric hemispheres‘vﬁhich aré the electrostatic plates
of tht.; analyzer are spuri from 0. 042-inch thick copper sheet. The inner
surface of the ou.ter hémisphere is serI:ated as shown in Figure 6 so that
’ a,n'y; light entering the analyzer will be reflected baék out or'-a'bsorbed into
the g-old-biacke'd firﬁsh. The flats of the sawtooth-type serrations are
normal to the ‘r.adius of the sphere through the centef of the analyzer. - The
inner plate (hemisphere) has a cone-.sha.tped br'ace soft- soldered to the
inner surface to ‘providé a mounting point and the electrical connection. The
_outerrplate is then assembled with the flats of the serrations toward the
particle entrance aperture. The outer plate is held in place with four
screws and is sealed all around the edges with epoxy to prevent light
leakage into the analyzer chamber, |

The Spiraltrons and PMT assemblies consist of the Spiraltron ﬁiodule
and the PMT, module.. The Spiréltrons are mounted in plastic scintillator
NE10Z. The scintillator is polishled to maximize reflections at the surface
and thus maximize the light collection efficiency at the photb—multiplier.
The PMT module is bolted to the Sprialtron module using an 0- ring inter-
face to prevent anyrlight leakage. Tﬂe assembly ig then bolted to the
Kel-F housing. An O-ring is é,lso used at this interface to maintain light-
tightness,

Analyzer signal electronics.  The analyzer signal electronics

consists of a charge-sensitive amplifier and a pulse height discriminator.
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Coincidenée operations are performed in t,he. logic unit. The CCEM
ampli'fier-discrimi-nator system features ve.ry wide dynamic range and
fixgd—deadtlme operation. A wide dynarnic range is necessary to prevent
counting losses caused by reduced CCEM pulse heights at high couriting rates.

| The éarrie .amplifier-discrirninator is used for the Véto phototube,

A simplified schematic of the amplifier-diécriminator circuit is
shown in Figu;‘e 7. The préamplifier may be either DC‘or AC coupled to
 the multiplier. AC cpupling compénents are located in the h1gh voltage
structure at the multiplier. Cable capacitance is riuliified by the feedback loop.
In the saturated mode, a spiral CCEM has a gain of about 4 x 108,

so that a single event produces an output charge of 6 x 10° 1}“C, or about
600 times the threshold signal. This signal causes the o.ve‘rlo ad loop to
operate and recover the amplifier in a fraction of a mic,rosecond.. A second
pulse following Within‘a néﬁdrosecond will be detected even though the CCEM
has recovered only a small fraction of its gain. Thi.s s.ys:t'ém allows accurate
counting with CCEM's at very high rates, in excess of 106 kHz.

"~ The same amplifier-discriminator is used to detect veto events in
the plé.stic scintillator, The low threshold sensitivity enablres the photq-—
multiplier torbe run at relatively low gain. A signal charge of about 50
_ photoelectrons is expected, corresponding to a photocathode inpuf of about

-18

8 x 10 C. For a signal-to-threshold ratio of 10, the photomultiplier gain

5 A substantial ﬁlargin is thus available,

need be only about 1.25 x 10
" Overload signals from protons stopping in the scintillator may
correspond to eKnergy inputs as large as 100 MeV. This input is about 600

times the threshold, a dynamic range easily accommodated by the overload

circuit. Hence, vetoes will not be missed as a result of ove rloads,
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The fixed deadtime, nominally 6 us for the CCEM discriminators, is
used to keep the spacecraft MOSFET accumulators from missing pulses, The
leading edge of the discriminator pulse starts a digital oneshot whose output
triggers the accumulator. The deadtime of the phototubé discriminator is set
at 3 us. Aftera 3 *5 ys, Afi;er a3+ 5us delay from fhe leading edge of
a CCEM disérirﬁina'tof pulse, the lo.gic transmits an outbut pulse if a veto was
no't.sensed during the delay interval. This fiming insqrés that the spacecraft
accumulators have sufficient time to recover b etween pulées.

C. Accumulator Conversion Error (ACE)

The subsatellite utilizes a compressed 8-bit floating point format in
storage and transmission of the 19-bit count accumulators for the analyzers
and telescopes. An é'ngineering oversight in the design of the logic of the
conversion from the 19 to 8 bit format caused readings of 16-31 counts per

‘accurnulator perio.d to be transmitted as 0-15 counts per accumulation period
on PFS-1. That is, for any single data point. representing a true number of
counts NT in a'given data channel during its accumulation period, a data

point N, was received on the ground according to the function fl(NT)

(
NT‘ for OSNTSIS
_NA = fl(NT) =JNT - 16 16 sNTs 31
Ny 32 < N,
\

.The. fundétion fl .is graphed in Figure 8. Every data point, tﬁken by itseld,
which lies in the range 0 to 15 inclusive is thus ambiguous by an ad-diti-.ve
factor of 16, The design problem was corrected on PFS-2. Computer
procedur_eé were constructed to attempt to correct this error by statistical
an’alysis of the count rate distribution. A detailed description of these

procedures is given in 'Appendix A,
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Examination of test data sii‘nulating the ACE and of actual data
indicates that, as ekpected, the correction procedures were not effective
during periods of rapid time variations. Data peoints which were increased
by 16 co.unts by the coi'rection procedure are indicated on.the plots by “tick
rﬁarks at the top »f the graphs. The plot format will be discussed in more
detail in a later section,

D, Time Correction Procedure

Memory store data taken after thé second telemetry logic failure
(dé.ta after March 1, 1972) on PFS-1 has no direct timing available with it.
The only time information available is the time of receipt on the ground of
the data and the known time properties of auto-cycle mod_e operations. As
discussed in Appendix B, it is possible to correct the timing to a high degree

of accuracy with this information, however, and the data has been so corrected.
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‘Outline of Experiment History

A. PFS-1

Launch

Ana,lyzersrturned on

PHA thr. shold raised from LO to HI

Intermittant breakdown of A telescope
begins

First telemetry failure
Second teleme_tryl failure
Termination of ground support

Calibrations longer than 1 minute
were run: '

B. PFS-2

Launch

Telescopes turﬁed on
Analyzers turned oﬁ
Irnpacf on backside of moon

Calibrations longer than 1 minute
were run: :
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August 4, 1971 2030 UT
August 5, 1971 2000 UT
August 19, 1971 2050 UT

~Qctober 6, 1971

February 4, 1972
February 26, 1972

January 22, 1973

November 10, 1971 1520-1525 U
January 20, 1972 1420-1450 UT

January 31, 1972 1731-1733 UT

April 24, 1972
April 25, 1972 1825 UT
April 27, 1972 0200 UT

May 29, 1972 2200 UT -

April 30, 1972 0608-0611 UT
May 10, 1972 1857-1859 UT
May 12, 1972 1525-1950 UT

May 23, 1972 0422-0456 UT



19,

V. Description of Materials Sent to NSSDC

A. Orbit Average Tapes
Three tapes are to be sent, each tape of one file and with one
record/or_lﬁit é,ssigned:

lst tape : PFs-1 . REVS 1-_-2195

Znd tape P¥s-1 REVS 2195-6459
3rd tape _ PFS-2  REVS 1-424

Fach record is 276 60-bit words aldng, with each word a CDC 6600
binary word.

The format of the records is as follows:

Word Parameter Mode
1 orbit no. integer
2 _ | orbit date CDC display code
3 fractional day (this and all subsequent words
of start _ are real)
4 ‘ active time of C1

| for entire orbit
5-16 , active time of C1l
| ' for 12 successive
10 minute averages
from orbit start
17-276 13 x 20 array stored

by columns
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The first row of the array consists of orbit averages for each
detector channel; each of the next 12 rows is a 10 minute average. Columnsg
are in otder  SA 1-4, SB1-4, SA2...SA6, SB6, SECI,

SECZ, SEC4, SEC3, SUMCS5, C4, Cl1, C2

1 Miss ng orbits have the rev number defined, but the

frac;.ti;:)nal day = -0 (all 60 bits on) |

2. The orbit date is in form MM/DD/YY

‘3.  Missing averages or active times are represented by a -0.

B. O%‘bital Summaries

The processing program producés_ ten plots on microfilm for eac'h
orbit of the s;ubsatellite about the moon. A sample plot is éhown in Figure 9.
Particle flux in units of,cts/(cmzsec ster keV) is plotted vertically ona
logarithmic scale of 6 decades from 10_1 to 105.. Time is'plotted horizontally
étafting at the closest approach of the subsatellite to the subsolar point on
the moon. Universal time in the form HR. MIN. SEC is ,lal:..\elled every
30 minutes. The date is marked at the bottom of each plot in the form
MONTH/DAY/YEAR and the day number of the year is indicated in the upper
right hand corner (DAY I = Jan 1), The orbit number is given in the upper
left hand corner and thé subsatellite number in the ].ow.er left corner. Two
traces 'ar.e'plotted within each grid, with one of the traces marked with
periordic a‘sterlsks (*). The traces are labelled at the top of each grid

(note that labels SA1 and SB1 should be SA1-4 and SB1-4) along with a

" gcale factor required to convert from fluxes as plotted to true flux, i. e.,

true flux = plotted flux =~ scale factor. Table 6 contains a list of the traces
in order by plot and the scale factors. Two asterisk symbols are plotted

along the top of each grid indicating from left to right respectively sunset
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and s_‘.unrise. The plot symbols (— and *) also appear at the upper right
corneAr. Small veftical bars appearing horizontally across from these
symbols indiqate’ the times (if any) at which ACE corrections have been
'ma.de in. each of‘the two traces. The plot symbols also appear further
down along the * ght margin of the grid to indicate the flux level of "trhe
orbit averages of the gi\_{ren traces, It should_ be noted that although an
editing prdce&ure has been used to delete points with bi't.errorrs, not all
such poihts have been d_elet.ed and these points ma.jr cause Vszpurious'ly high
fluxes to appear in 10 minute or _orb'it averages. | |

The data accumulation periods for the various channels (real=
time [RT], teleme.t_ry— store fast [TSF], telemetry-store normal [TSNTJ)
in the three data moaes are summarized in Table 7. The points plotted
are either av.era;ges over 2 spin periods'(NIO.‘l seconds) or éingle data
points, with the averages used where the data point intervals are smaller
than 10 seconds. The £elescope data is not continuous because the tele-
metry switches between the A and B teléscopes; e.g, in TSN mode, the
outpﬁt is 48 seconds from the A telescope, then 48 secoﬁds from the B
telescope, then 48 seconds from the A telescope, etc.. Datal gaps are
plotted as straight lines between adjacent data points. No explicit indication
on tﬂe plots exists of the data rﬁode. RT -'data can pgenerally be distinguished
on the plots by the much finer éppearance of the timé resolution in the upper
channels of the teiescopes. The point is significant because the automatic
C5 sectoring is disabled in the RT mode and the separé.te ._secfor_s as plotted

are not significant.
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Daily and 10 day plots, The daily and 10 day plots are generally

gimilar in format to the orbital summary plots. 10 minute averages are
plotted on the daily plots, orbit averages (2 hours) on the 10 day plots.
Samples of éach are shown in Fugures 10 and 11, Associated with each

plot in addition ‘ » the regular plot symbols are plotted diamonds (O) and
squares ([J)) which indicate the start time of each orbit and the average flux
in the given detect_c;r over the orbit, On the 10 day plofs the time labels are.
in the format DAY/HR, The lﬁnation number is labelled to the right of the"
grid. Plots with lunat;mnr numbers ending in . 00 start at’the subsolar peint of
the moon on its orbit about the earth, plots with numbers ending in .33 or . 67
start 1./3 01.*' 2/3 around the orbit. Lunations with , 33 generally contain the
geomagngtic tail data. The 10 day plots are intersperéed on the film with

daily plots.

VL Maior Computer Processing Programs

The following is a brief description of the rnaj‘or computer programs
used to process Apollo Subsatellite data. Several of the brief discussions in
‘this section’ afé_ supplemehted by other Appendixes describing in more detail
tﬁe algorithms used in thg calculations. Ali. programs have 'beén modified to
c.ompile on the RUN"EE) corniaiéler and run on the CDC 7600 at the Lawrenc-:'e,
Berkeley Lab’bratory.

1.  PRNT

The PRNT progfam dumps in a readable. and decoded format the

raw counts and engineering parameters from the_JSC data tapes.

2. DIST

DIST, a modified version of PRNT, is a special purpose program to

-prinf count averages and count distributions as an aid to detailed manual

correction of the ACE (where such manual correction is necessary). -
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3, MAGDP

Two vlerlsions of the prbgram MAGDP have been useé, the later
version in conjunction with the program BRWTE. The first ver-
sion of MAGDP was again a modified version of PRNT, this
modiiica“ién producing a readable and decoded dump of magneto-
mefer.da-,ta from the JSC tapes. The current version c;f MAGDP

' prod:uces a dump of tapes ﬁrbduc'ed at Berkeley by the program
BRW‘T.E from despun and a'veragéd subsatellite magnetometer data
tapes supplied by the UCLA group. MAGDP is also capable of
making plots of magnetiqlfield energy densiti'es as é. function of

_- true and"mergin'gl eph.emerils tape data with the magnetometer

data to ihdicatg intersection of the field line on whiéh thé Sub-
l;.'aatellite lies with the earth's bow shock.

4.- EPHM - | |

EPHM prbduc‘es dumps of the JSC e‘phem;eris tapes. .It can also |
produce card outputs or orbit start times fdr input to other pro:'
grams é.nd can make plots of the subsatellite track in GSM or NS
coordinates as the moon traverses the geomagnetic tail.

5. PFSPLOT

P'F.SPLOT is themain prod_ui:tion program.whichr produc.es, from the
JSC experimenter fapes, brl:;it sum.marj} plots of flux iﬁ all the detector
channels in'all data modes and output 1.:apes containing iO‘min'ute and
2 hour avérages;. PFSPLOT includes subroutines for attempted
correction of i;he accumulator con\}ersion error (ACE) and for editing
of bit errors on the tapes. Two versions of the program now exist: |
a large version (PFS-LARGE) for PFS-2 data and PFS-1 data from
August, 1971 to March, 1972 and a smaller ve rsion (PFS-SMALL)

for data taken after the telemetry failure on PFS-1,



6. AVMRG

AVMRG merges the tapes output from the separate runs of the
PFSPLOT program onto the tapes which will be supplied to the
NSSDC. These merged tapes are also used as input for the

pfog ram . ORBAV and SPEC.

7. ORBAV
ORBAV produces the 1-day and 10-day summary plots from tapes

output by AVMRG,

8. IMPAC |

IMPAC is a program for making printed Iistings.ahd)or plots of
subsatellite impact paramete rs. These impact parameters are
essentially theoretical estimates for each ol.rbit of eléctron and
prbton shadowing by the rﬁoon based on merged UCLA magnetb-
mefer data and JSC ephemeris data. The impact parameter defi-

nitions and plot formats are described in detail in Appendix C.

9. E‘_LP_EE_

SPEC is the basic program for ﬁalculating and plotting proton
and_ electron spectra from the subsatellite detectors. Two ver-
sions exist: (l) the original SPEC which accepts either card
input of the fluxes or the AVMRG produc;ad tapes of 10 minute
and orbit averages, and (2) SPEC2 .which reads data from the
JSC experimenter tapes, The detailed procedures used in cal-

culating telescope spectra are discussed in Appendix D.

10, PITCH
PITCH is é_ program for computing and plotting directional flux

distributions from re.al-time analyzer data and the UCLA

24,
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magnetic field data. It can-be used not only to derive inteplanetary
flux distributions but also to look for remanent lunar surface
magnetic fieid mirroring on the front side of the moon in the high
latitude magnetotail. A detailed discussion of the methods and

data parameters used in the program is contained in Appendix E.

l]‘..r TPFIX

TPFIX is a program which correcté the timing of PF5-1 MRO
data taken after March 1, 1972, using fhe_ procedures of
Appendix B in this report. TPFIX generates a new tape in fhe
JSC foi'matlwith timing and mode indicators res_ef. Con-
siderablé manual plotting and calculafion were required to set

up the data cards which controled TPFIX, however.

12. PRAN

PRAN is a program used in the early a_l.nalysis of lunar remanent
magnetic field mirroring. PRAN calculates C5 Séct_or ratios and
gatellite positons using the JSC experimenter and JSC ephemeris
tapés-. |

13.  MAGMAP

This program combines magnefic field, eleci:ron,_ and orbital data
to produce a map of regions of electron scattering on the lunar
surface a\f.'era.ge over many orbits, F01; each electzjdn measure-
ment, the simulta‘neous'ly measured magnetic field direction is
projected to the surface and the presence or absence of scatterea'
electrons from this surface location is noted. The prog.ra.rn also

produces listing. MAGMAP is discussed in more detail in Appen-

dix F,
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REPRODUCIBILITY OF THE
ORIGINAL PAGE IS POOR

_Type

TABLE 1.

Summary of Detector.Characteristics

- Energy Range

Protons, Mev 'Electrons, kev

*Geometric
. Factor

'hngular

Angle to

Minimum Detectable

Jesignation

‘84 1-6

SB 1-6
1

c2

C3

Ch

Cc5

Open solid;étate
detector with

~ anticoincidence”

detector in back.
(Six-channel pulse

‘height analy;er.)

Same type as
S5A 1-6 except with
375-ug/em?® foll
cver detector.
Chanrel electron

.multiplier in )
hemisphexrical plate

analyzer. ‘
Channel electron
multiplier in -

hemispherical plate

electrostatic ana-
lyzer.

Channel electron

multiplier in

hemispherical plate

electrostatic ana-
lyzer.

. Funnel-mouthed

channel electron
multipiier hemi-
spherical plate

electrostatic ama-

lyzer.
Funnel-mouthed

channel electron

muitiplier in

0.04-200

0.34-2.0
No response

No response

No response

" No response

No response

hemispherical plﬁteﬂ

electrostatic ana-
lyzer.

- 20-300

. 20-300

-0.52-0.58

1.87-2.08
5.9-6.4

5.8-6.5

13.6-14.8

‘ 0.0Aycmzster :

0. Olycmzs ter

5.6 X.107°

cmlster kev

1.9 X 10°%
cnlster kev

2.4 X 107"
emPster kev

0.046 cmzstetf

kew

0.071 cw’ster
kev -

Aperture Spin Axis, deg Flux, cm 2sec—l!ster-!

‘400 cone

40° cone

20° by 60° .

FWHM

20° by 60°

15° by 60°

18% by 60°

-13° by 60°.

0

g0
90

90

- 80

96

0, 01

~0.01
A 104

~10Y

~104

~041

0.1

* Geometric factors for Cl-(5 inciudel.channeltroﬁ efficiences.



TABLE 2. Nominal Telescope Energy Channels {(in keV)

Apollo 15 Subsatellite (PFS-1)
' A Telescope

B Telescope

Chaﬁnel _
‘ : Flectrons Protons Electrons Protons
1-4 LO 18.4-331.5 32-343 18.4-331.5 342-538
HI 121.4-331.5 36-343 21.4-331.5 345-538
2 40,2-83.3 56-99 40,2-83.3 356-377
3 83.3-153.4 99-167 83.3-153.4 377-416
4 153,4-331.5 167-343 153.4-331.5 416-538
5 331.5-528 343-537 331.5-528 538-596
6 5282000 537-2000 528-2000 696-2000
7* e 2000-4000 ——— 2000~4000
'_8* — ) >4000. -— >4000
" apollo 16 Subsatellite (PFS-2)
Acﬂannel | . ' A Telescope ‘ B Telescope —
: Electrons Protons Electrons Protons
b0 32.5-322 39-334 22.5-322 333-519
CHI 25.7~322 42-334 25.7-322 ©335-519
2 *43.6-56;5  62—105 43.6-86.5 344-367
3 © 86.5-157 105-171 - 86.5-157 367-406
4 /:;157;322 171-334 157-322 | 406-519
\5 | 322#508 334-518 322-508 519-670
6 508-2000 518-2000 508-2000 . 67022000
7* —- 20004000 - 2000-4000
g" — © >4000 —- ~4000

* channels 7 and 8 are transmitted only when in calibration mode, when
their output is substituted for channels 5 and 6 in the data format.

46,
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TABLE 3. PFS-1 Telescope Energy Channels with 0.72 A Telescope Gain Shift (in keV) 7

Channel A Telescope B Telescope
Electrons Protons Electrons Protons
1-4 10 25.6-460 N 39-472 18.4-331.5 342-538
BT | 29.7-460 | 42em2 21.4-331.5 . 345-538
2 56-116 72-132 40.2-83.3 356-377
3 16213 | | 132-227 83.3-153.4 377-416 .
s | 213-460 | 227-472 153.4-331.5 416-538 -
5 460-735 ' | 472-744 ,  331.5-528 538-696
6 735-2800. |  744-2800  528-200 696-2000




TABLE 4. Telescope Background Fluxes® [in (cmz—ster—sec—kev)’;]

Upﬁer Limits to

.- Julet Time Bagkground-

Lalculated Telescope Background Due to Penetrating Cosmic RayS'Iéalibration Source Background

PFS-1 PFS-2 ' PFS-1 PFS-2 PFS-1 PFS-2
= , With Nominal. With 0.72 A
Channel Energy Thresholds - - Telescope Gain
SAL-4 1.7 x 1073 2.3 x 1073 1.6 x 107% | 2 x 1074 2 x 10-* _ — ——
5A2 00 o0 0.0 " " —— —-
SA3 0.0 - 3.5x10°3 0.0 " — -
SA4 3.1 x 10-3 3.6 x 1073 3.0 x 1073 " " — ——
SAS 2.8 x 10-3 1.3 x 10-3 3.0 x 10-9 " 1" —- ———
SA6 3.4 x 10™% -1'.7 X 10-‘*-' 3.6 x 10~* " " —_— —
SB1-4 2.1 x 1077 2,0 x 107 ) " 1.7 x 1072 6 x 1072
_8B2. O;QlM | SAME 0,0 i " E,Q‘x 10™2 2o 102
583 0.0 o as 0.0 o 3y 1.7 x 10-2 1 x 102
SB4 3.8 x 1073 oN 3.8 x 1073 " 1.0 x 10-2 .é x 10-2
SB5 2.6 x 10-3 . LEFT 2.7 x 1077 " " — —
$B6 3.0 x 107% 3.0 x 107" " - ————

% Normalized to channel widths_in e1eétron‘energy

‘8b



TABLE 5

Analyzer Specifications

Ehergy Interval

Geometrical Factor .

1.

. Bias Plate : Channeltron Fllux Factor
alyzer Volts _ARadii (cm) Detector FWHM (keV) G (cmz_-ster-keV)' Efficiency 1/GE (cm®-ster-keV)
Al joo._ mﬁ.ZSinner Cl .52l - .584 5 273{10-5 1.9- 1,93c154
2.75 outer #4210 ’ - S
A2 1000 2.25 inner Cc2 1,87 -2.08 2.13x 107% 0.9 5.2x 10°
2. 75 outer  #4210(2)
A3 3000 4.5idner  C3 - 5.90- 6.38 2.38x 107 0. 55 7,64 x 10°
5.5 outer . #4210 | | | |
| C4  5.85- 6,48 0. 083 055 21.8
#42}9(2{
4.625 inner  C5 13,6 - 14,8 0,41 141

A4

5000

'.5. 5 outer

#4219 (5)

0,172

o



TABLE 6. ; Traces and Scale Factors by Plot Number

Plot No. Sxmbdl . Detector Scale Factor
1 i . SECT1 01
| *  SECT2 | 10+
2 e ' R l sacral | 10~}

* ~ SECT3 o 1o+
| 3 —— SUMC5 10-1
s "' Ch ' 10-1

4 | - a 10-%
* | c2 10-3
s ' - SAl-4 10+2
* CsB1-4 BT

6 , [— - sA2 | 1072
. © $B2 1ot

7 B | 7 Tush

| * : SB3 - L1t

8 . = a SA4 103

| ‘*; _ SB4 , ‘ C1ot?

'9 ., L : Sa5 o iO"'a
% " SBS | 10+2

10 — ~ sa6 I TR

* . SR C 10+3



TABLE 7. Accumelation Periods

st
Detector , — ‘
' TSN TSF . o wr
C1 _. 2 sping * 1 spins * 1.0 sec
c2 s x L N 2.0 "
Ch - 4 " * 2z "o 2.0 "
C5-SECT1,2, 3,4 o0 F goonoox 0.5
| SAl-4, SBl-4 " 4.0 sec 2.0 sec 0.5, 0.25 sect
sa2, sB2 | 260 " 12.0 2.0 v
sa3, sB3 | 480 " 26,0 " 4 4.0 ™
SA4, SB4 48,0 " 240 " - 4.0 "
A5, SBS | 43.0' " 24,0 " | 40 "
$A6, SB6 48,0 " 26,0 " | 4.0 "

Spin period = 5.06 sec for PFS-1

n

Spin period 5.12.9ec for PF§-2

- F Défa readotts for SAl-A,-SBl-& in RT mbde alternate between
0.25 sec and 0.5 sec accumulation periods. '



TABLE 8. Phase 2 Correction Loglc

LE N(&) > 32 set N (3) = N(4)

" AVE < 6,0 and; = .' R 1f N(4) > 16 set N (J) = N(4) -16
" .6.0_5_5§G < 8.1 ": 1£ N(4) = 0 set N, (J) = N(4) +16; B o 17 "
"ogl " 98T AN <1 M s 18
"9.8 M 10.7M: v 2 " ; T 19 "
v10.7 " 1wnem o v 3 " | 5o 20 o
T TI RC AT 4 noooe PR PR
"12.6 " 136" " 5 " ; "o 22 "
"13.6 M Lh7 M 6 v ; " 23 "
“147 " 158 v 7o B 24 "
™15.8 " 168 ": " 8 " ; " 25 "
"16.8 M 17.9 "¢ " 9 " Lo 26 :
"17.9 " qs9Ms " w0 v N YA
"18.9 ", 19.9": " 11" ;oo 28 v
"19.9 " 210" " 12 * o " 29 "

a0 M 22,07 M 13 . ;o 30 .
"22.0 " 230" " 14 "o 5 iEN@y =3
" 23.0 < AVG and: " 15 " , |

Otherwise set Nl(J} = N(4)

‘es



TABLE 9
Cosmic Ray and Spacecraft Secondary Background

Fluxes Used in the Program SPEC

- PFS-1A Telescope.Withbut'Gain-Shi'ﬂ_:, PFS5-1 B Telescope, PFs-2

A and B Teles.opes

Channel Background (ct [cmz—sec— ster-lkeV])
14 o 1.4 x 1072
2 . Lgx1072
3 |  Lsx 1072
4  8.5x107°
5 ' 2.6 % 1073
6 30x107%

. PFS-1 A Telescope with 0. 72 Gain- Shift

Channel o . Background (ct [crnzwsec-stef-kev:l) :
1-4 ‘ 8.4 x 1077
2 . Lex107?
3 o 1.0 x 1072
4 3,6x 1073
5 © L3x107°

6 S 1.7x 10"
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TABLE 10 54,

Analyzer Orientations and Magnetometer Timing

— _ . L]
8 = (t Tm.) X 360 /TS +
rI|m = t +t,+(4+X)x T _ -22.281 seconds
m d : s -
B = i_s the angle at time of the given detector from either the

sun direction (take td = sun delay fime tsd) or the magnetic

field direction (take t'd = magnetometer delay time tmd)
.Ts = Subsatellite spin period = ~5, 062 for PFS-1
' = ~5, 125 for PFS-2
t, = {rame time on UCLA magnetometer tape closest to t
t ., t ., and T are all available on the UCLA tapes)
m sd 8 )
X = angular offset factor = .0 for sun orientation
0. 372 for magnetic field orientation
i) = angular offset de;';endent on the detector (see below)
Start = - End _
Detector Accumulation ~ Accumulation P
cl t; - 0.5 sec t, + 0.5 sec -15°
te + 0.5 ‘ te + L5 . |
c2 ot - L1250 ot + 0,875 | 135°
%C4 te - 0.125 | t. + 1.875 90°
c5 1 te - 0.25 te + 0.25 - -90°
11 t, + 0.\25_ t,. + 0.75
I St + 0,75 t, + L.25
w0t + 1,25 | te + 1.75
t,. = frame time on the JSC tape

£ ,
.. *Data analysis indicates these accumulation times for C4 (taken from JSC

and TRW documentation) are incorrect, but no accurate corrected accumu-~

1atinn times have vet heen derived.
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TABLE 11
Plot Symbols Used by MAGMAP
For total observations in a bin <SYMLM, an integer number is |

plotted = ratio of scattered to incident flux times 10,

For total observations in a bin >SYMLM,

— r.atio scattered to incident flux 0.0to 0.2
+ A ' 0.2 fo 0.4
= . _ ' 0.4 to 0.6
£ | 0.6 t0 0.8

$ | | - 0.8 to 1. 0
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APPENDIX A

- Detailed Procedures For Correcting the Accumulator Conversion

Error (ACE)

To "correct" the data for the ACE, we must determine for ench
data point Na which is in the range 0 to 15 if it corresponds to an
= - + . v v E . .*‘l r 5 3
NT NA or an NT NA 16. BSince every data poinl in this range is

ambiguous taken singly, the only manner by which the further informa-

tion needed to make the choice of N, can be derived is by examination

T
of the data points which surround the point in question, either in time
(Sequential innts from t_.he data channel at the same bit rate) or in |
someﬁﬁ:her fashion {e.g., simultaneous points from data channels
.covéring adjacent energy ranées). The latter approach is difficult to
develé_p as an aﬁ‘tbmated procedure without making a priori agsumptions
about rthe relation between count rates in the various channels. The !
former appro_ach is tractable, if we make the necessary but drastic _
_’assumption that the true particle count rates change only slowly as a
function of time.'_'

If the .ccﬁ.irllt rates are _'sufficientiy stable, the ci_istribuf;ion of thé

T

g(N ) of obtamlng N, counts in an accumulation period given by

g(N ) —(N ) o NT

T

- N,, would be expected to be a Polsson d1str1but1on with probablhty

- REPRODUCIBILITY OF THE
ORIGINAL PAGE IS POOR
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N.., is the average of the N The top row of [Figure 12 illustrates

T

gsome sample calculated Poisson distributions for relevant ﬁT while

Tl

the bottom _i'ow shows the distributions of apparent counts N A produced

by the ACE. Note that for given NT' where g(NT) is ;.:.Lppréci.a‘:ile,

g'(NT + 18} is typically small., Therefore, given N.., we can construct

T

with subétantial certainty the mapping NA - NT and thus. correct the

individual points in the sequence. The distributions of N, defined by

.ﬁT. yield an apparent averagé -ﬁA ac_cofding to a function

Ny = -_f2 (NT)

The function £, is graphed in Figure 13 Note that for N, < 6.5 or

ﬁA > 9.5, the function fz_l(ﬁA) = ﬁT can be uniquely defined and thus

- the critical mappirig of NA hack to NT can be defined. For NmT between

6.5 and 24.0 (-I;]-A between 6.5 and 9. 5), the relation f -1 is triple-

2

A
determine the branch of f2"1 involved (i.e., N..e[6.5, 11.5], [11.5, 19.0],

valued and the distribution of the N, themselves must be examined to

Nep
or[19.0,24.0] .
In broadi terms, the recognition tests to distinguish the branches

will consist of noting the presence or absence in the distribution of

'NA =z 32 and determining the presence or absence of points in ranges of

N, where one or the other of the branches has a maximum or minimum.

The specific structure of the tests and their interpretation depend on

Ny

If -m'anjf points are taken and ﬁT ig in fact constunt, recognitions can

and on the number of data points uséd to determine the distribution.
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be made highly reliable and the problem is solved. However, the

. more points 'that."are taken to form distributions [tonm: the actual data,

the more likely that variations of ﬁT with time will occur and the entire

process will break down. The correction procedures were therefore

constructed to use a minimum number of points consistent however with
a reasonably high probability of success in identify ing hranches of f?"
" Calculations and a series of tests on sequences of points simula'ting

Poisson distributions indicated that a total of seven points, three points

on either side of a given point in question, is optimal in determining

-ﬁA and the distributions. With a seven point procedure, ﬁfx- is determined

for -1\-1',1, < 27 to an accuracy + 0 of better than 2. 0. This kind of accuracy

is consistent with defining ﬁA < 5.1 and HI;II-A > 12.5 as the regimes of

well defined fz—l, and dividing the range of T\]—A where distributions
must be tested into the three test ranges: | .

N, ¢ (5.7,7.3) or N, ¢ (5.1,7.3), (16.1,21.7)

1. W, -
2. N, ¢(7.3,8.9 or N, € (7.3,9.3), (14.7,16.1), (21.7, 23.5)
3. N, e(9.3.12. 5) or N, ¢ (9.3,14.7),(23.5,26.0)

The process ofl.recognition lin the final form adopted is summarized
_in the form df'a flow diagraml i.n Figuré i4. 'Included in this diagram
are the S-peciifiél tests applied.
Two prdblems have not been dealt with in the TCE cc;‘:rrection
scheme as outlined to this point: (1) isolated, statistically unlikely

points will confuse the correction logic for adjacent points; {2) fast

REPRODUC]ZBILITY OF THE
ORIGINAL PAGE I8 POOR
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time variations will confuse the correction logic. 'To minimize to at

S

least some extent the effects of these two problems, certain additional

tests have been built into the correction logic. Values of N 64

2
A

will inhibit corrections on adjacent points since NT < 32 will cccur next

to N’I‘ 2z (4 statistically only if a time variation in ﬁ,r has occurred.

If .1-\1_,1, has varied substantially, then too little information is available

to attempt a correction. Also, differences between adjacent points on

| _ either side of the point in question may be combined to form a cocfficient
| 3 ‘ 2 3 - .
5y (N, [T+1] - N, [1]) sy (N1 =N, [T-1])
=1 = ' =5 . o

Y
(o ! = : .
@) MIN 5 . , 5

which may then be compared to a theoretical standard deviation o =, fﬁ A
If

o' < 1.390
and the distribution reéognition- indicatés that a correction up sh.ould br—;
made on the pbipt in question, the upward correction is inhibited on the
rationale that.o' is-coml;batable with a low branch distribution of point-s

on at least one side of the point in question. Thus sharp changes in

-

count rate from say the low to the high branch of f,

~or vice-versa
should not confuse the logic.. Assuming constant f\i-T and a'ssumingrthat
the i)rexri'oﬁs steps in 1crhe correction have accomplished at least an
approximé.tely correct m;ppihg of ﬁA intd ﬁ'f’ a second pass is also
made through the array ,Of data points recorrecting individual points

" on the basis of their seven point averages. This logic is summarized

in Table 8 under the subroutine name of PHASE 2. All the previous
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logic is contained in the subroutine titled PHASE 1, Thé entire cor-
‘rection logi¢ is summarized in Figure 15 with x»ei‘gg-:ence to both Figure
14 and Table 8

| Several additional notes should be made on the application of

the correction routines to actual satellite data. Three points at the
‘beginning a;nd_ three points at the end of any given su-;quence of data points
were not corrfacted‘ / Data gaps of longer than 14 dala points in the sum
channel of the solid state telest:oﬁes or 10 data points in all other data
channels cause.d the correcti;on procedure to stop and restart on the next
stretch of data longer tha_n 7 data points. Chénges of data mode obviously
were defined as a restart éondition. For s.ectored data, daté points
from each sector were corrected separately as werc the data points
alternating between. two accumulation times in the real-time sm.n."_-channel
telescope data. The low cbunt rates in the sectored C5.data in TSF and
TSN data modes and the variability of these count rates forced use of a
_modified minifnﬁm correction procedure on this data {(only PHASE 1

through the test AVG > 12,5 in Figure 14.



APPENDIX B

Time Correction Procedure

One cycle of auto-mode data _consists of 256 seconds of standby,
192 seconds of real time (RT) data at 2 second/frame, 512 seconds of
inemory read-oﬁt (MRO) at 2 seconds/frame, am'i 6144 seconds of tele-
métry store operation at 24 seconds/frame. Timing of the RT data can
be directly derived from ground time to within 1 sacc-xn-:i, In peinciple,
the MRO data can also be timed from ground time if any of the following
“are known: (1) the precise time at which autoﬁ-cy.clca was initiated, (2) the
‘ precise start .of‘: the RT data stream, (3) the precise start of the MRO,
(4) lthe precise end of the MRO. Time (1) is available fairly accurately
from the command history 16g, but it has been pret‘err‘ed_‘not to place
‘too great réliancie on the precise times of the log enp'-rics. Also, any
' Sinall departure in the auto cycle period fr-onﬁ'its_ nominal 7104 seconds
- will cause large cumulatfve errors in MRO tixﬁ_ing for orbits sufficiently
long after the auté—cycle initiation. Time (2) cannot be obtuined unless
& ground .stafio,n is locked up on the subsatellité at the very beginning
of its tfansmiSsion, which is not ger_le_rally the case. Time (3) can be
deterrhined only; froxﬁ examination of the particle data to see the jump in,
particle counts /accumulation per.ioci at the change from RT to TSN data
and is probably not dependably derivab_le. Time (4}, however, is erly
- to.be a f_a-irly&accurate ti’me', coming as it does after approximately 113

minutes of subsatellite transmission in which good ground station lockup

REPRODUCIBILITY OF THE
ORIGINAL PAGE IS POOR
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should have been generally obtained, and which can be easily identified,
coming as it does generally before an apparent 1. hour gap in the data
stream. For each auto cycle, then, given the MRO end time tp (e,
the time of thé end of transmission from the subsateilite), ,my trans
missioﬁ tim.é t can be easily turned into a subsatel]_ite_ store time tl [5)%
fhe equation |

s

tS) (te - tb)/(tL - tS) tt, - (1)

where

512 seconds

o
1
o~r
1

7104 seconds

o
t_]ﬂ-

ot
1

o
|

960 seconds

The process is schemaéiéally illustrated in Figure 16. The initial

MRO after f:he auto~cycle command caﬁnot be timed ﬁ.his way and tends

to duplicate data ‘already transmitted in the current pattern of sﬁbsatellite-
Qperation. Therefore, this data has been discarded unless clearly
required.

The above procedure will be aegraded if even a few of the last
frames of a#y MRO are .Io‘st from the auto cycle. A solution is considér-.
ation of the méasured MRO end times from a se lries of cycles (duriﬁg
1vs.rhich no cém_rhands were sent to the subsétellite)- When graphed,. the
" times appear as in Figure 17. Assﬁming that the real MRO end times
- for each of the orbits is greater than or equal the measured MRO end

times, we draw a line through certain of the measured end times such
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that all measured end times fall éssentially on the line or below it. In
the figure, four ‘measured end times fall on a line which meets the cri-
teria. The line can then be'numerically determined by a least squares
procedure applied to the points which 'graphic.allly lie on it, Gencrally,
over the period'_between commands at least three measured MRO end

- times will be reél end times, i.e., with no frames at the end of the MRO
lost at the ground station. The least squares line will determine very
‘precisely both the exact length of the auto cycle and the true MRO end
Ptimes for each orﬁit. Equation (1) can then be used to assign store times
to the ‘indilvidual data fr-ames. As an example, for the data of Figure 17
the four points on the line fit within 1 secoﬁd of the least-squares fit

line and determined the length of the auto cycle to be 7104.7 £ 0.1 seconds.

-
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Appendix C: Irniaact Parameters

The i.nip.act parameters used in connection with Apollo subsatellite
particle data are intended as‘ a means of merging orbital and magnetic
field data in a Way _usefui to the interpretation of the particle data. The
parameters cover four basic categories: proton shadows, general sub-l
satellite electron sha.dow&, telescope electron shadows, and analyzer
el.ectron shadows. The impact parameters are described sequentially
in detail as folloWs. |

Protons at the energies (40 keV ~ 2 MeV) and pitch angles
(90° * 150.generally_) seen by the subsatellite particle telescopes have .
gyro'radiil r large compared to the lunar radius R and travel distances
L along the magnetic field in one gyroperiod. usually -la_.rgé compared
to Rm As a reasonable é.pproi:imation, the proton trajectories are
: straight lines 'near the moon and the shadowing of telescope protons by
the moon is proporticnal to tﬂe fractional of the telescobe aperture |
subtended by the ‘moon. The shadowing is esséntially independenf of
the magnetic field str:ength and direction, A theoretical intensity I of
protoﬁs seeﬁ b'.Y the teies'cdpes and normalized to the in.cident proton
flux may then be calculated as a function of orbital position of the sub-

j s_atellite and thus of time. This normalized flux is then plotted as a |
functio‘n of time. |

Lookilng at the actual formulas, let thé angular feéponée function
of the telescopes be approximated by

cos “118) (g7 9. 729 for 6 <15.3°

1) = (C1)

0 for 6 =15,3°
where © is the angle from the axis of the telescope (parallel to the

satellite spin aiis) to the trajectory of an incoming proton,
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Let
B = 1/2 of the detector response = 175. 3°
B, = 1/2 of the cone subtended by the moon at the |
‘. ‘satellite = sin ! (R_/R)
m
Bc; = angle from the detector axis to the moon's
center = cos-1 (— § - ﬁ)
where “
R = o_rbi-tal radi,u.s of the subsatellite
é =  unit véctor parallel to the satéllite spin axis
f_{ ' = unit vector in the direction from the moon's center:

to the subsatellite.

We then ha{;e'that--the normalized intensity I of protons seen

by the telescopes will be given by

(1 | - B, >8, * 8
1=ﬁ(11+12)/_10 _Bm+%_>3c >B -8 (C 2)
k 0 - .B.C <Bm -’Bd

where the definitions are made that

1. = 2n[Pa £(e) sin 6ds - . (c3)
.i1 | - 2m sgn (B -8 [ le, ‘j%‘f(é) sin 840 | (C 4)
L = ZJ‘l.gd | X(8) £(9 sin0de - ' (C 5)
x(8) = ‘cos -1 2Sln e +B -9sin r(B +6- B.) | (C o)

sin 9 sin B

Electrons present a d:fferent case from that of protons, since the

electron gyroradn satlsfy r <R -Then to first approxxmatmn, electron

shadows w111 be seen 1f the magnetic field line on which the subsatellite

lies intersect_s ‘the moon.. We then define a satellite nnpact parameter D
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by fhe eguation

D = I'ﬁl:lﬁ-(ﬁ'-ﬁ)ﬁlmm o | (C 7)
with R a Vecfor' from the moon's center to the subsatellite and B 2 unit
vectﬁr in the direction of the magnetic field vector B. D is the distance
in the plane of closest appi‘oach of the subsatéllite field line to the center
of the moon. D is normalizec_l. in uﬁité' of Rnl1 solthat if D {1', thé sub-
satellite liés on'ai_ field line passing fhr‘ough thé moon. Thé pitch angle w
of the palrtiéles seeﬁ l#y telescopes is given by |

o =cos t[-8R1 | . | | (C 8)
where é ié a uﬁif vector ‘pa.ralle‘l fo the satellite spin axis ih ;1 direction
out from the telescope apertures and |
/IR |
= R-D = ® BB (C9)

1

ol -

the that this definition of bitch é,ngle'is iﬁdependent of the .sign of the
magnetikc field vector and instead depends on whether the treles‘copes are
inclined toward (o < 900) or away from (o > 90°) fhé moon, D (in lunar
-radii) and d (in dégrees)- are plotted togeth.e'r as a function of time,.

For energies >10'kéV and in weak fields, the effect of electron
gyratiohél motion may not be neglecfed. For this'reasén. .the parameters
- d and d'have been defined. We will consider first the telescopes: Their
narrow apertures cause the telescopes to see electrﬁhs whose guiding
centers are located on field lines to the side of the subsatellite magnetié
field line, The telescope d value is simply the distance of the field line
on which the guid’ing lcehter of the electron entering along the telescope‘
axis lies from the surface of the moon in the plane to the magnetic field
and through the moon's center. The 4 value is normalized.to‘the electron
gyroradius. Since for electrons L <<Rm, d < 1 implies that the tele-

scopes will see an electron shadow. The d' parameter is defined similarly
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.

to that of the d parameterr except the distance is taken between fhe field
line on which the guiding center lies and the moon's su.rface in a plane
through the sﬁb'.s.atellite and normal to the magnetic field. The d parameter
is relevant to electrons wﬁen- o < 90°, fhe at parameter when o > 90°,
Both d and df .a're functions of elettrdn -ehergy. The parameters are .
plotted at the lo;v'er energy thresholds of channels 1, 3, and 5 of the
telescopes as a function of 'oKrbitai time,

The calculation of d .a.nd d" proceeds relé.tively.simply. We
definerangltleu‘é | _ |
| _q'. for o < 90°

-
_ 90% 4 =290°"
. - | (C 10)

o

90° for a290°
*2

| o C@>90°

(o) isthe g‘yro'.radiu's of an electron with pitch angl'e- o .Note that r (o)

is implicitly a function of electron energy E as w?lrl. _If we further define
& = ($xB)/ |8xB] o e

we then have

d = (|ID+Gr(ay) [- R )/ ria) P (C 12)
and o _ ' | _

dl = ( | f) + Gr(gz) ‘— Rm') / r((yz). ; .' (C 13)
It shpuld be recalled .that._'._ | '

< = Kkl =|R-BI[=|®-B)B] S (cy
s0 that we.x"nay define ' .

VR 2 forR_ >k

- :
L B (C 15).

forR =5k
m
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Because the electrostatic analyzers see electrons at all pitch angles
and different valﬁes.of gyroradii, the parameters d and d' must be defined
differently from those ;)f the telescopes. The sector structure of the C5
analyzer must also be taken info account. To first approximation, a simple
but useful parameter to consider is the distance of the subsatellite field
line; from the moon's surface normalized to units of twice the electron
gyforadius at pitc}h angle 90° and an average energy as seen by the
anélyzeré. d <0 for an analyzer irﬁplies the analyzer is in an*ele;tfcn
sha.dow whil;a d>1 implies the analyzer is totally unshadowed. The analyzer
d values for Cl and C5 have been plofted. |

Let R be twice the gyroradius of an electron with pitch angle

900 am,l energy 'EAVGf with EAVG defined for the analyiefs és
[ 0.552 keV for Cl
1.98  keV C2
TAVG 6.16  keV c4
142 kev cs
| ~ We then redefine
d = (IB]-r /R - B R 1
and .
1 . = . ' | ' .
a = (\p|-Rm)/R | - (C 18)

Also pquted for the C5 detector are tick marks to indicate whether

. sectors I and II or sectors III and IV look generally towérd the moon.
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Appendix D: Apollo Subsatellite Spectral Computations

The following is an outline of the procedure useo in derivin.g
separate proton _and'electron spectra from Apoilo subsatellite particle
telescope data. |

The te'escope exper_i’ment consists of two match‘ed Si detectors,
telescopes A and B, epproximately 310 p,rn thick, oh-e (the-B telescope)
Covefed by s. thin organic foil. A second pair of detectors, one mounted
behind- each of the prlmary detectors, is used for ant1c01n<:1dence reJec-.

" tion of counts due to penetratmg pa.rtlcles. Counts from each of the
telescopes are pulse he1ght analyzed into 6 energy channels with the
: channel thresholds set between the two telescopes ‘such that the 1nd1v1dual
- channels are matched in 1nc1dent electron energies. The foil over the B
telesc0pe stops protons up to ~310 keV so that while the open telescope
{the A telescope) s sensitive below incident energles of 310 keV to |
both protons and electrons, the B telescope is sens1t1ve below 310 keV
only to electron_s-.' .‘ & | |
| Table 2 shows the nominal energy calibrations .for.the tvi.fosub_-
sateilites. I proton fluxes above 310 keV are small, to lowest orde.r‘ :
cha;mels*l to 4 of the B telescope (denoted by SB1 to SB4) contain counts
~ due only to electrons and the difference between pa.ii‘ed channels of the A and
B telescopes gix}es those counts due only to protons in channels 'l to 4—-°f,
the A telescope (denoted by SAl to SA4). If substantial numbers'of protons
-'grea.ter than 310 keV exist, then since the efficiency of the detec_tors for
N elect-tons with energies above 310 keV decreases, SAS5 to lowest order cort- :
_-ta_ins counts due only protons., The difference bet\uivveen-S]E’;l—faL and SAS5 wilt
then yield the electron counts in SB1 - 4, and the diffetence b_etween th_ese

" electron counts and SA1 - 4 yields the proton counts in SAl - 4, Note
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that SB1 - 4 is a; sing_le channel in the iBltelescope and SAl - 4 is a single
: éhannel_in the A telescope: counts in SBl are found by subtracting SB2, |
SB3, and SB4 from SBI1 - 4.

The above computation is in design a simple one; however, several
complications exist, First, the geometry of thé experiment is such that
the anticoincidence.is not'fullyr effective‘against penetfating cosmic ray
parficles and a low level background is thus present.r Second, the detector
'response to electrons is not sharply cut off ax-ld' SA5 may contain a signifi-
cant nﬁmﬁer of electrb’n counts. Third, to s'ub_tlrac.t proton counts in SAS5
from the channels SB1, SB2, SB3 and SB4 if.ldivid'ual.ly requires knowledge
of the 'shape '.and slope of the p'roton spectraum aBove 310 keV. Fourth, an
apparent gain shift occured in the A telesgopé electronics on PFS-1 which
changed its energy thresholds and shifted "L;he A ielesc&pe eﬁergy channels

. relative to' the B telescope channels. '.

A process ofr.iteration is used to calculate'éeparate electron and
protonl spectra. As the first step, count rates due to cosmic ray back-
ground aﬁd space'craft secondaries not antic_oincidex_ic ed out and the
calibration source background are subtracted from the individual telescope

- channels, Ana;lys-is has indicated that best iesults are produced by using
the PFS-1 observ_é.tionél upper limits to the backgfound in the program for
the low teléscdpe_ channeis, niultiplied'by a scale factor when an energetic
prot;on event is in progress or when .the telescopes are-in- a iunar protcsn |
‘shadow. lWhere the lA telescope gain-shift is presentl,. modified backgrounds
_' are used, The background fluxes (normalized to the electron energy widths
of the telescope channels) used ih the program a.re“isumniarized in Table 9.
;Thel calibration source background is estimated to be 2 x iO-4 cts/(cm-z— .

sec- sterfkéV). :
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Estimated initial values of certain spectral pararﬁeters are combined
with the data in erder to produce a lowest order approximation to the spectra.
These spectra are used to refine the initial estimates a?nd produce better |
spectra, and so on. The detailed structure of the calcg.lati.on is described
below. Four or fewer iterations of the calculation produces reasonable \
convergence in the spectra. Abnormally large or small numbers of counts
in an}t Sipgte chsnnel can give t'ise to incorrect results in ‘all'channels,
however, becau'se the calculation- interrelates the \.rarieus channels.  To
miniﬁize the-se errors, spectral slopes are ca-lculated'over longer energy
baselines than are minimally possible, e. g.rl a proton spectum is calculated
r.usxng cha,nnels SAZ or SA3 and SA5 1nstead of SA4 and SAS5.

Let us consu:'ter quahtatwely one of the 1teratlons, assummg that
we hs,ve available from previous steps approximate electron and proton
sﬁectra. We api:reximate the proton spectrum in the energy ‘trange of SA5
as a power law and caiculat’e the coefficients of that law from the pr'otb'n |
‘fluxes in SAZ and SA5. Ttﬁs spectrarl law can be used to detertn,ine iﬁdivi-—
dually the counts due to protons in SB1, SB2, SB3, and SB4. Electron
fiuxes in SB.l to SB4 can be calculated By subtractirig the proton counts anti
d1v1d1ng by the electron efflmency of the B telescope in these channels
‘ The electron fluxes in SB2 and SB4 determine an electron power law spectrum,
This electrpn spectrum, 'L:E extrapolated to electrons of the energies seen
in SA5 and .clortvelqted with .the detector: electrsn response, 'will yield a
revised estimate of the flux in S8A5 due to protoﬁs. At the same time, the
match of the A a.ncl B telescope channels in electron energ1es will alllow
d1rect determination of the counts due to protons in SAl to SA4 by sub-
traction of the. electron counts in SBl to SB4 respectively (possibly with

a correction factor for gain shift between the two telescopes). The improved
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estimates of both the proton and electron spectra can be used to repeat
the iteration, In the final spectra, SA6, SB6 and SB5 ha-ve electro;n counts
subtracted from them in a manner similar to SA5, producing additional
points on the proton spectrum, il

Statistical error bars on the final spectral points include t%:le '
effects of cos. iic ray background subtraction, subtraction of protbns
‘from the B telescope channels, subtraction of electrons from the A tele-
scope dhanﬁé;s,_ and the subtraction in each telescope 'of' channels 2, 3, and
- 4 from cila::meil 1-4 to getr channel 1.

The computations will now be described in more explicit algebraic
detail. The Ieleétron efficiency of the telt‘35c0pes- as é, function of energy
has been constructed using data from Berger ﬂ. » (1969) for 300 p,rn'
fhick Si detectors and is illustrated in Figure 3. Thé line is a possi‘ble
linearized a.-ppx"oximafion to this fesponse and repre,s.ehts the fun.ctiori
aésumed in t-h'é spectral calculations. Let GAIN stand for the gain shift
.factor between tﬁe‘ A and B'telescopes. Let the function C(X) be defii'ned
as the total number of counts in channel X during-thé given accumulation
period and Ci(}_{‘) thelcc:)uhts due of particles to fype i. The function F{X)
is defineci as the flux (dJ/4dE in [crn2 ster séc_: keV] _1) in channel X nor'-
malized per unit energy as if all counts in channel X are due to electrons,
whereas Fi(X) is the flux. in channel X due to particles of type i and nor-
malized by t'i'ne energy width of channel X in particles of type i. Further, ‘

let AEI(X) be the energy band width of channel X in particles of type i with

. u, i i . . B .
"B YX)and El’ ' (X) respectively the upper and lower energy limits of
_channel X in particles of type i. With the notation described, consider -
the first step of the iteration after the cosmic ray background has been

subtracted. Taking the response of channel SA5 to ambient electr‘ons
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to be of the order 30%, SAS5 and SB1 - 4 are assumed as an initial step

in the iteration to be composed entirely of electrons if

IF ! SA 1-4 '
GAIN

If (D1) is not met, then SAS5 isinijtially approximated to contain only

- F (SBl-4) | <0,3 F (SB1-4) (D 1)

proton counts.. Let the proton and electron spectra be represented by
power laws oi the form APEYP and Ae Eye'respectively, Supposing
initially 'Yp = 2.5, then in the ‘case where SA5 contains only proton

. cbu’nts, F(SA5) detgrmines Ap by

A ='wp+1>F(SA5)AEP'(SA5>/f(E“gﬁ’ Vp“ (£ )VP”W (D 2)

_ P
and the spectral law can be used to determine individually the counts in-
SB1l, SB2, SB3, and SB4 due to proto,ns; e. g,

A

(Vp 2 ) & 3332 e gl ny_pﬂ]/AEp(SBZ). (D 3)

sz !
Electron fluxes in SB1l to SB4 can then be calculated by subtracting the

 counts due to protons and dividing by the detector electron efficiency
(~. 86) in these g'hannels. The electron fluxes in SB2 and SB4 can be used |

to determine a value for vy e

Yo = 2l log (F(SB4) A E° (SB4))’- lbg (F.(SBZ) A EE(SBZ‘,)]
1og (E 4) + 1og (ESB4 ] [og (ES ) + log (ESBZ)]

Ye. and F{SB4) yield Ae and this spectlral law, extrapolated to electrons of

(D 4)

energies seen ih SA5, can be convoluted with the electron response function
to indicate the counts in SAS5 due to electrons.. For electron response given

by a function of the form m(logloEH b, the flux® due to electrons in SAb5 will

be given by u
| (Ae ) (EYe + 1) (m lo B -2 -+ b) ES’A% (D 5)
v t1 _ €10 (vg ¥ 1)2.303 : oL p

SAS5



We then obtain a revised number for the flux of protons in SA5. At the

same time, the counts in SB1 to SB4, due to electrons, can be subtracted

from SAl to SA4 to yield the counts due to protons; e.g.,
c® (sB2

cP (sAZ) = C(SA2)-
| GAIN) (Ye T 1)

F(SA2) and F(SAS5) yield a value for Yo via an equation like (4). v p and

the reVJ.sed proton flux in SAb can agam be used to calculate A and the

calculation iterated.
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(D 6)

The statistical 'uncertainty in the number of counts C(X) in channel X

" will be given by the standard de‘viation VC(X). Where the actual number of

mterest for cha,nnel X is C({X) - Nwith N for example counts due to cosmic

ray ba.ckground the relevant uncertainty will be glven by NC(X) + N. Let

S(X) stand for the uncertainty in the number of counts in channel X and B{X)

for the cosmic ray background in channel X. Then the errors in the proton

spectral points in channels SAS, SB5; SA6, and 'SBG will include contribu-
tions from the driginal nurmber of counts in a given channel plus the back-

ground counts subtracted out plus the electron counts subtracted out; e. g.,

S(SA5) = [C (S8A5) + B (SAS5) + c® (SAS)]
For channels SB1 to SB4, additiOnal errors will be cr.ea.fed by counts

~ subtracted as p‘rotons e. 2.,
c? (sB2)

S(SBZ) [C (SBZ) + B(SB2) - ( cP(sa5)

)S(SAS) ]

Channel SB1l, because it is produced by subtractiors of SB2, SB3, and
SB4 from SB1l-4, will have the larger uncertainty,
S(SB1) [0(3131 4) + B(SB1-4) + C(SB2) + B(SBZ) + C(SB3L

p
+ B(SB3) + G(SB4) + B(SB4) +(C—PIS—B—11) S(SA5)
| cP(sas)

(D 7)

(b 8)

(D 9)
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The proton channels SAl to SA4 pick up factors duego electron counts; e. g.,
S(SB2) ]
YT T (D 10)
(GAIN) ‘e

S(sA2) = [C(SAZ) + B(SA2) +

and

S(SA1) = [C(SAI-L}) + B(SA1-4) + C(SA2) + B(SA2) + C(SA3) + B(SA3)

1+ C(SA4) + B(sa4) +S(SBL) e ) O 11)
, (GAIN) Ye :
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Appendix E: Calcnlation of Directional Electron Flux Distributidns

This appendix descﬂbes in detail the procedure by which electron
directional dis'tribution.s‘ are obtained from Apollo subsatellite real-time
electrostatic analyzer data. The analyzers are mounted with their
apertures norr .al té the subsatellite sﬁin axis and are oriented relative
fo the .seﬁsitivé axis of the ma;gnetometér and the é’un Sensor . (bdth
directions indiééted_by vectors)as shown in Figlire 18. With refergﬁce to
Table 1, each analyzer has a fan-shaped angulaf response with the
nairow angle in the .-pla.ne normal to the spin axis,

The defnodulated and despun real-time magnetometer data
generated by UCLA allows us to determine the absolute orientation 6 of
each of the analyzers at any time t with respect to the magnetic field
d_i'rectionland the sun direction in the plane normal to the sf)in axis, Table 10
summarizes the férmulae and offsets req_u_ir-;ad to make this determination

f

and the accurmulation times relative to the frame time t. on the JSC tape
of each of the detector channels in the re_ai-tirrie_ mode. |
Consider _i:he prbblerﬁ of defiving the &istribution with respect fo.
‘the sun dire;:tion." With the infofmati;Jn in Table 10, we can calculate for
aﬁy. of the analyzers ‘what ra.nge o£ absolute angles are swept dﬁfing any
given data accumulation beriod ‘At. The counts measured during each
accumulation yiéld a data point on the angular distribﬁfion whose angular
"W‘.'idth is proportional to the ratio of At to the subsatellite spin perior 'I's
{ ~5 slecbnds for both subsatellites), Angular resolution Aa of the_rindivi-
~ dual accﬁmu_la.tions is approxima.tely 35° for C5, 70° for Cl, and 140° for
C2 and C4. Hbv.v.ever, since 'I‘s is not a simple multiple of the data

accumulation periods, the data points taken from successive spin periods

will not precisely overlap in the range of angle covered.
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Suppose fh_a.t an analyzer with infinitesimally fine angular resolu-~
tion in the plane normal to the spin axis would observé an angular distri- _
bution f(¢). We will ignore for the moment statistical uncertainties. A

detector with a finite resolution Aa will then observe a distribution

T ba) = 2T 82% py) da' /bas - ®D
‘ | w—A#/z . i

although it may require many spin periods to obtain samples at suffi-
ciently many ¢ to define the shape of f'{qa, &). If the count statistics
are poor, itwill also be necessary to construct some angular bin
gtructure such that data fpoint‘s can be combined and the count statistics
improved.  For bins of width Ab, the function then actually observed is |

f'(e 42, 8b) = [ f'(a') da'/Ab (E2)
where o will in general only take on discrete values; e.g., if 4b = 20°,

o

a° . L0 0
, etc. for bins running from 0" to 207, 20" to

o might be 10°, 30° 50°
‘4700, etc. The program, for an é.ccumulation between_times t1 and t2'

- determines \Iria Tgblé 10 the 'angfe ® corresponding to the time (1:l + tz)IZ

and places the counts from the accumulation in the angulﬁr bin containing

B.V If counts are gathered in this manner for a time

t ~AL ?i(TS/[TS - 50 secoﬁds]) . ‘ | | (E 3}

fill
or multiples thereof, during which time the ambient particle distribu-

tion should not chéngé', ‘the bins .will‘ be more or less uniformly filled.
Where fine time resolution (< tfill} is not required-bf éhanges in the
ambient &iétribuﬁion and/c,';r is not desired for statistical or ana:.lysis
reasons, the. above proc;edure then gen_era.tés f"' as a best approximation to

f'.
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Where cou"nt rates are high and fine time resolution is desired
because the dis_trit-:ultion ma;y be changing Y@vrith time, the required averag-
ing time tfill to génerate f'"(ev) as above may b_e excessive., Also, the
accumulated counts in different bins.are actually representative of the
ambient distribution at different times. Time variations in a scale shorter
than tf"lll will be‘ma_nifested only in particular angular ranges of the
binned distribution. One alternative, not curren'tly. implemented,
would bé to examine only a small number of data points at a time,
perhaps fit these with some functional form a.ssur_néd for the distribution,
and then watch the variation in the fit param:eteré é.s a function of time.
This met.hoci is es sentidlly the same as tak'ing_very broad angular bins
in determ.ining ' (o, .r.l_a. Ab ~Aa) A second alterﬁati’v_e is to force a
more even distribution qf the counts into the narrow bins, a methc;d which
s;moot'}:is the data as if broad bins were used but which allows comparison
of succeséivel];y accumulated distributions without the necessity of assuming
a functional form with which to fit the binned distribution.

We will cqntin'ue.to negleét the finite angular a‘pérture of the
detectors then.’lsel‘ves. We set up a system of bins as before. We divide
the counts from each accumulation by determining for what fraction of
thé accumula‘_cion period the detector was sensitive to particles with
incident angles in a given bin.. After dividing the counts from all the
accumulations among the various bins, the count rate and then the flux
in eé,ch bin is found by dividing the total. number of counts in eéch bin by
the fime the detector was sensitive. to particles with incident angles in
that bin, We will call the resulting distribution f“f((y, ‘Aa, Ab)

In general, the amplitude of f'(¢v, 4 a), denoted here by
A(f‘[cv, 4al), will be less than A(f[ (v] Yand A{f"[ o, 8a, Ab]) <A(f'

[, Aal). The amplitudes decrease as the angular resolution decreases.



We expect A(f'"'" [ da, Ab]) ~A(f"{ &, Aa, Aa + Ab]). The function
£'""( & Aa, Ab) should have better directional resolution than f''(o, Aa,
da + M), assuming adequate statistics, simply because f''' is defined by

more bins.,

38.
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Appendix F: Maps of Electron Scattering by Lunar Surface Magnetic Fields

This appendix describes the method by which maps showing electron
scatteriﬁg regions on the lunar surface may be constructed using electron
data from the C5 sectored detector. For each set of sector measurements,

| the simultaneo .sly f;leasured magnetic field direction.is projected fronﬁ
.the subsat.ellite positioﬁ to the lunar surface. '_I“he presence or absence of
scattered electrons from the lécation is noted and combined with data

_in other orbits 'frorri this same location, |

When many orbits of data are analyzed in this way, magnetized
surface regmns which consistently scatter electrons should stand out

in the resu'lting surface maps.

‘The orb;tal position and magnetlc field dlrectlon are taken frorn
the JSC ephemeris tapes and UCLA magnetometer tapes. The program

determines where the subsatellite field line intersects the surface. Let

T = {r_+h)r_ be the subsatellite poslition
_ s m 8
where
r = lunar radius
m .
h = subsatellite altitude
' I‘S = subsatellite position unit vector

All vectors are.taken to be in the ‘selenographic coordinate system.
The éonditio_n for intersection is ‘o
— - - + — ‘ '
T o I ‘ . (F 1)
-where 7&. is a vector from the subsatellite position along the magnetic
field to the lunar surface and ;m is a vector from the origin of coordinate

" to this intersection point of the field line with the lunar gurface, The inter-

section unit vector is
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T = (1 .|._}}._.) S
m ! r s r
m “m

2 (F 2)

If we dot equation (F 1) into itself and substitute from above,

rmz - k(rm.+h)§m’+£,€)k(rm+h);‘s+EE) (F 3)

which is an equation for £. The solution, in a form convenient for

‘programm ing, is
4

r

h .. A A 22 h h
= (1 + 2—)(F_-1)- C 2+ (2—) (2t =)
m ( 'm I'S_ ) [(rs ) (rrn ( T (F 4)

- - %
CER
that the field 'ﬁne intersect the surface and the condific’in is that the
quantity inside the sgué.re'root be positive. From r ., found by sub-
stituting (F' 4) into (F 2), the selenographic longitude and latitude of
the intersection print rﬁay easily be found. | ‘

The ratio of scattered to incident flux is calculated for the 0°-45°
pitch angle pal;ticles {sectors 1 and 4) and for the 45°:90° pitch angle
particles (sectors 2 and 3). Which sectors measure incident flux and
which measure _sdattered flux ﬁepend on the magnetic field direction
b, with ;s . b < 0 corresponding to scattered flux in sectors 3 and 4
and ;s . l;> 0 scattered flux in sectors 1 and-z. If the ratios of |
.scatteréd to incident flux.a.re_greater than some specified cutoff
FLI'M. we aslsun"ie electrons are beiﬁg sgattered. The effect of the
accumu!lator"conversibn error (see Appendix A) is handled in the fo_llow'—
mg way. Let Iﬁ, IU be the inéident é.nd scattered counts, respectively,
L.et R be the true ratio of scattered to incident flux, We assume elecfrons

are scattered then in the following cases:

1) ID =32, IU = 32; R = % > FLIM
' 2) D =32, TU 32 R = —Ifg- > FLIM (F 5)
3) ID <32, IUS 32; R > ipr77 :FLIM

4}y ID =32, IU =32
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Low count measurements are tested for statistical counting

accuracy before being used. The standard deviation of the ratio

R = IU/ID | (F 6)
is ‘

o .2 D2

) G) " G ) o
and ifwe let : _

U -Jy1T, o = JiB
then- | _ _

R _ /T .1 N  F8)

R A0 TD
The poirnt is used only if O‘R/R is less than some specified parameter SLIM,
To eliminate caseé where there is a glitch on th_é magnetic field
tape or where there is a large change in the direction of the magnetic
_‘field during a meésure’ment, all cases where R > 2 for either 0‘0-450.
or 45°-90° pitch angle are eliminated.
The oﬁtput- of the program consists of maps of_the- lunar surface in
| selencgraphic longitude and latitude with the surface divid;—:-d into 20_ by 2°
bins.. Separate maps are constructed for the two pitch angle sectors
0‘0—4-50 and 45°-90° and for points where the magnetic field vector points
_into the lunar surface and ‘out of the lunar surface. Plots are made showing
both the number pf observations in each bin é.nd the number of observations
in each Bin where scattered electrons were observed. For each bin, a
number L)r éjm_bol representing the ratio of the number of lobser.vations
w_he:re scattering was seen to the total number of observations in that bin
- is plotte&.. The meaning of the symbols is summarized in Table 11, Bins

with no observations are blank. -

C =2

P
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The particle éxp‘eriments of the Apollo‘IIS and 16 Particle a.r'ld'
Fields Subsatellites have provided new and importanf information on

magnetospheric dynamics and topology, lunar properties and interactions .

with the surrounding medium, the behavior of interplanetary particle _
populations, and solar flare processes. | |

These spacecraft have made the first direct meéé_ureménts of
electric fields in the magnetota;.il (talks #13, 17, 21} Thes'é measurements
are direct confirmation of the dynamic open magnetos'phe_ri:q_':;%}b,dal
proposed by Dungey (1961). in- addifion observations f_rom these
satellites have provided comprehensi.ve measulrements of fhe
energetic particle population in the magnetotail at luné.;; orbit,
including the first measurements of érotor;s from '~4'0'tp-3(\)0 keV.

" (Ref. 4,6,7, 16, 21, talks 1,2, 3, 6, 11, 14, 19, 26,29, 30). Thege
measurementé show clearly that the pro.tons‘ féarry the Bulk of fhe
ehergy in the ma,gnetot'a'il prl:-a.srna sheet. The slﬁbsat-el\li"tres have o |
observed 40 - 100 keV pi-dtons tipstréar-n-frorn_ the bow ‘shock ;t

60 RE geocer;t_:lri'c di_stan;e (Ref. 1}, .].7, talks 8, 20), f_huslshowing
that the solar wind - magne‘tosphere interaction can affé’ct,the |
interplanetary medium well away from the magnetosrphe,re.

The elect:ror'} obse_rvatio'ns have proved to be h-i'ghly sensit‘:ive‘
indicators of regions of feémanent lunar surface mégﬁet‘i@tion.
Electrons are-sc_attered backAby the incz_'eased magneﬁc field in_: .
regions of su'r.face magnetization. We have been able to use-the_
electron data to rna.p the lunar surface with much highjer‘ sensit‘ivi.ty
than the mé.gnetorneté.r (Ref. 22,25, talks 31, 33). fIA‘.he prel_imina.rjr

maps show that substantial fine structure in magnetization occgrs

-1-



over the lunar surface with some of the strongest regions associated
with the edges of the mare.

The interaction of the moon with the solar wiin_d and interplanetary
medium has been explored in detail with the subsatellites' dafa.
(Ref. 4, tables 4, 5). Theoretical computations {Ref. 8) have
been cpmbined with the subsatellite-obse'rva.tions {Ref. 10, 21) to
provide a consistent picture of the characteristics of the interaction.
We have found that in the solar wind theré aré cavity regions |
behind the moc.uh. which are a function of the particle energy and
anisotropy, aﬁd'that disturbances, possibly shocks, are set up
by certain regions of the lunar surface. |

The subsatellite observations provide the first high sensitivity
measurements of low energy electfons, and protohs in the
interplanetary medium. We have reported the first measdréments
‘of'interplanetary 40—300 keV protons and 0.5 to 20 keV electrons -
during solar quiet times (Ref. 12, 20, talks 21, 28, 32). In addition,
the observations show a previously linreportéd compdﬁépt of 2°ta b ké:_V
electrons whose beha\.;ior differs from the 10w-er energy‘ non-
thermal tail of the solar wind and the higher energy solar flare
andlactive region's electron fluxes. In addition, we ‘_havé reported
a remarkable .energetic porton-electron sf)litting across an
interplanetary shock (Ref. 5,7, talks 8, 12},

The subsatellites have a_lso_provideci the first observations
 of solar fla.-re particles in the energy range 40-3.00 ke’\f for
" protons and 0.5 to 20 keV for electrons (Ref. 13, 19, 23 talks 7, 9, 10
15, 22, 24, 25._ 32). Thesé observations are particular}y?importa.nt

because of steep energy spectrum of these particles imply that most
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of the energy in accelerate& flare particles resides in the low energ-y
component, 'Th'ese measurements show that the electron spéctrum
extends down to =5 keV befqre any rollover but that the proton spectrur‘h
is already flattening at ~ 300 keV. The acceleration of 5 - 100 keV
“electrons appear to be the major energy output for mény fl‘areé {Ref.
15,18, 19, 23, talks 7, 9, 10, 15, 24, 25). Partly with the sub.satellite :

dafa we have shown coﬁcluéively that ~10 - 100 keV elecfrons produce
type III radio bﬁrst emission as they escape from the sun (Ref. 9, 16,
talks 16, 18, 23). |

In addition, a number of studies pertaining to instrument design

were performéd and the results published (Ref, 1, 2, 14),

Note: Numbers refer to the previously submitted bibliography contained

in the Final Report,



