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Introduction . _

The work under this NASA grant has been primarily concerned
with the analysis of data from the cosmic dust experiment on
three -NASA missions. These missions were Mariner IV, 0GO III,
and Lunar Explorer 35. The analysis effort has included some
work in the laboratbry of the physics of microparticle hyper-
velocity impact. This laboratory effort was initially aimed
at the calibration and measurements gf the different sensors
being used in the experiment. The later effo;t was conducted'
in order to better understand the velocity and mass distributions
of the picogram sized'ejecta particles.

Much of the data analysis has been previously reportea in
a list of papers and publications covering this work as found
in Appendix II. The laboratory work regarding calibrations
that is not covered in previous reports Has been reported in
prior grant progress reports. The new laboratory effort and
theoretical studies which are unpublished, but being prepared
for publication, are found in this final report. In addition,
the recent papers summing the Lunar Explorer 35 data and>a con-
tinuing consideration of the Mariner IV data are also included

in the report.
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I1.

Lunar Explorer 35

A. The Lunar Explorer 35 spacécraft.was launched in June 1967.
The achieved lunar orbit had an initial aposelene of 9385 km

and periselene of 2536Akm. One of the experiments on the LE 35
was a cosmic dust experiment. The experiment conducted measure-
ments of the flux of dust particles in selenocentric space. The
resulfs of fhese measurements have been reported in several pa-
pers (all listed in.the project references: Appendix II). The
two papers which follow in section IIC are the summary papers
for the LE 35 work up to the present time. Sectioq IT B pre-
sents a brief description of the experiment instrumentation in

order to facillitate the understanding of the data papers.

B. The LE 35 dust particle experiment contained two independent

sensor arrays. A functional sketch of the instrument is seen

‘in figure IIB-1. The large area circular detector contains two

sensors: (1) an acoustical ceramic transducer bonded to the
plate, and (2) a large area capacitor sensor deposited on the
impact side of the impact plate. A dust particle colliding with
the impact piéte produces an acoustical wave which is detected

by the ceramic transducer. The resulting signal from this sen-
sor is pulse height analyzed and the event data stored in theA
electronic instrumentation. Results of hypervelocity calibra-
tion studies related to the Lunar Explorer 35 dust particle
experiment showed the nominal mass threshold sensitivity of this
sensor to be 5 picograms. When the capacitor sensor's dielectric
is penetrated by a dust particle, an electrical signal occurs
which is also analyzed and the information stored in the electro-
nic data system. The mass threshold sensitivity for this sensor
is nominally 100 picograms. .Logic circuitry in the instrumenta-
tion detects the coincident signals from two sensors, and this
information is also stored. The second sensor array is a tubular
detector containing three sensors. The entrance of the tube is

a very thin film. When a dust particle with velocity greater than
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S km/sec passes through the film, a plaéma'is produced which
can be detected. After the particlé traverses the tube, 1t
impacts on the diaphragﬁ of a capacitor microphone. Plasma

is again produced and detected. ' The timerof flight of the par-
ticle in the tube is determine& from these two plasma-produced
pulses. The capacitor microphone gives an electrical signal
directly related to the impulse delivered to the diaphragm by
the impacting particle. The data from these sensor signals are
also stored in the experimen data system along with the appro-
priate logic information concernihg validity of the data. 1In
addition, the experiment instrumentation contains circuits de-
signed to detect electromagnetic and electrostatic noise tran-

sients to aid in further evaluation of the validity of the data.

A more detailed discussion of the electronic logic and data

handling is found in Appendix I.

C. Data Analysis from papers presented at the XIV and XV COSPAR

-meetings follow:
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W. M. Alexander (Baylor University, Waco, Texas), C. W. Arthur (UCLA,

LUNAR EXPLORER 35: 1970 DUST PARTICLE DATA

and ANALYSIS of SHOWER RELATED PICOGRAM LUNAR
EJECTA ORBITS in the EARTH-MOON SYSTEM

7
’

Los Angeles, California, USA), J. Lloyd Bohn (Temple University, Phil-
adelphia, Pennsylvania, USA), J. H. Johnson (Advanced Technology

Center, Inc., Grand Prairie, Texas, USA), B. J. Farmer (Advanced Tech-

nology, Inc., Grand Prairie, Texas, USA).

ABSTRACT: The Lunar Explorer 35 dust particle experiment measurement

has determined the mean sporadic flux in selenocentric space
for the period July 1967 - July 1970 to be 2.5 t1.8x 10-4 '
P 111“23_1(2‘"sr)"1 with fluctuations of an order of magnitude
during major meteor showers. The experiment datum during the
12 month period commencing with June 1969, shows, for the

3rd year, -coincident increase of flux during the major meteor
showers. Orbit calculations for picogram ejecta particles
escaping the moon, indicate'orbit patterns in cislunar space
which vary annually. Detection of lunar ejecta microparticles
related to primary shower particles traversing the earth's
sphere of influence is significantly modulated by the annual
position of the earth, moon, and streams. One increase in an
OGO III flux period shows a possible correlation between the
rates measured from Lunar Explorer 35 during the Perseid shower
in 1967. For the Geminids, a significant number of ejecta
orbits paséed through the earth's sphere of influence in 1967,
very few in 1968-1969, and only a moderate amount in 1970.
The Radiation Meteoroid Satellite experiment may have detected
a lunar ejecta particle related to the Geminid shower pri-
mary particles. The satellite may also have detected a lunar
ejecta particle related to the 1970 Ursid shower primary
particles. The orbit studies indicate that the latter case

was more favorable in December 1970.
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Introduction

Data from the first two years of operation of the Lunaf
Explorer 35 dust{particle,experimént has'been reported by
Alexander, et'éii(l;ZI.' The nature of the data has shown a
mean flux dur;nérﬁoﬁ éhower pefiods which was a factor of
less than twd above that of the flux measured in interplane-
tary space as reported from Mariner IV.and Pioneers 8 and 9

(1,2,3]. However, the flux increased during periods of major

" meteor showers [2]. For the third year, additional data from

Lunar Explorer 35 continues to show a flux increase in selen-
ocentric spacé during periods of major meteor showers. It is
the intention of this paper to present (1) evidence of a third
year repeat of flux increase during periods of major meteor
showers, and (2) results of orbit stﬁdies of picogram lunar
ejecta associated with the showers. The Lunar Explorer 35
measurement reveals a mass cutoff of - lunar ejecta which escapes
the moon for an ejecta mass less than lO-logm[l]} The orbit
studies consider picogram particles ejected by larger shower
particles. The results of the study indicate that the relative
position of the earth-moon-shower radiant determine the possi-
ble significant presence of shower related lunar ejecta in the

earth's sphere of influence. -

Lunar Explorer 35 Dust Particle Experiment

A description of the Lunar Explorer 35 dust particle
experiment. instrumentation has been published [1]. The exper-
iment contained a large area coincident circular detector and
a triple coincident tubular detector. Two sensors comprise the
circular detector: an acoustical ceramic transducer bonded to
the plate and a large area capacitor sensor deposited on the
impact side of the plate. The acoustical signal was produced
by the hypervelocity impact of a dust particle on the plate.

A pulse height analysis was also performed on the signal re-
ceived from the ceramic transducer. Hypervelocity calibrétion
studies indicate that the nominal mass threshold of the ceramic

sensor was 5 picogram and the capacitor sensor 100 - picograms[1,4].

(5]
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As previously reported [2], the TOF measurements possible

from the tubular detector have suffered interference problems
with another experiment, and this data is not included at the
present time. Twice during a 24 hour period, noise burst due
to calibration of amother experiment have occurred in the dust
particle experiment. The data reported is free from any eQi-

dence of noise.

3. DATA
The additional data during periods of non shower activity
shows a mean flux of -
§=2.5%1.8x% 107 pm st (2‘"51:)-'1
fof the three year period July 1967 to July 1970. Data for

2

four major meteor shower periods are shown in Fig. 1. The
event rate for the Perseids are given for 1967 and 1969. A
six week data gap occurred during the Perseid dates for 1968.
Fig. 1 also shows the event rates for the Leonids, Southern
Taurids, and Geminids during 1967, 1968 and 1969. The data
points are given in events per four day time intervals. The
mean background count rate in terms of events per four day

periods was about one event per period.

4, Shower Related Lunar Ejecta Orbit Calculations

During the past decade, several studies have been made
relating to the orbits of lunar ejecta in the earth-moon
system [5,6,7]. 1In general, the following characteristics
have been established:

(a) orbits exist which contain particles impacting

on the earth,
(b) orbits exist which contain ﬁarticles impacting

on the moon,

(c) orbits exist for particles being captured by the
earth-moon system in long lifetime orbits,

(d) orbits exist for particles being captured by the
earth-moon system in short lifetime orbits ( a few
days to a few years),

A _ (e) for masses of 100 picograms or less, orbits as in
' "67 (d), but exiting the earth-moon éyéﬁém élways in :‘:
T an ani-solar direction.

IIC1-3




4.1

4.2

® o
in the above considerations, the largest number of particles
fall in the category (d). This means that a permanent en-
hancement of the dust particle flux near the earth resulting
from lunar. ejecta would not exist.

Today's orbit calculations certainly confirm the earlier
results. The purpose of the present studies was to consider
the nature of the orbits of only picogram-sized particles
ejected from the lunar surface resulting from the hypervelocity

impact of a particle in a known major meteor stream.

The standard equations of motion for a dust particle in
the sun-earth-moon gravitational system are shown in fig. 2.
The displacement with respect to the earth of a lunar ejecta
particle subjected to the gravitational forces of the sun, earth
and moon and the solar radiation pressure can be determined
from the final final equation. The solutions‘of interest are
those where a known major meteor shower particle impacts the
lunar surface. In fig. 3, the pertinent angles for the Geminids
are depicted. The angles are with respect to a coordinate
system based on 0° being in the anti-solar direction. The angle
© gives the angle of the moon with respect to the earth for a
specific time. The angle § shows the most probable angle for
picogfam-sized lunar ejecta. The latter angles result from the
characteristics of hypervelocity impact derived from laboratory
investigations [5]. The ejcta velocities are always qonsidered .
to be between 75° and 90° with respect to the shower particle

radiant.

The case of lunar ejecta resulting from primary parti-
cles in the Geminid meteor stream is presented in fig. 4 and
fig. 5. In fig. 4, orbits of ejecta particles with three diff-
erent escape velocities, 2.30, 2.35 and 2.40 km s‘l, and leaving
with an angle b of 237°(Geminids,1968) are shown. These parti-
cles move towards the earth and then are rapidly removed from
the earth-moon system . This position is for Geminids three

days prior to maximum flux. As time progresses and the moon

-moves to larger values of 8, no Geminid ejecta particles come

near the earth. This is shown further in fig. 5 ﬁith'e‘of'3lS°Q'

(7
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All particles leave the eafth—moon system in an anti-solar
direction and never approach the earth. Conditions for 1967
are presented in -fig. 5 with position of the moon given for
the beginning and ending of the Geminid period. It is readily
seen that ejecta from the lunar surface moves into and through
the earth's sphere of influence with a probable impact of
some particles on the earth-in 1967. Similar studies for 1969
and 1970 show small probability in either year for any

Geminid related particles near the earth.

Studies were also undertaken for periods of the Perseid
shower. Figure 6 shows possible orbits at the beginning,
peak and ending of the Perseid perfod in 1967. There should
have been no Perseid related particies near the earth until
almost the peak of the period. A portion of the particles
passed through the earth's sphere of influence between D224
and D227, 1967. Fig. 7 shows what may happen under unique
conditions. The type of orbits shown only exist for the
few degress of § given. In this case, particles could exist in

the earth-moon system for as long as five months.

Discussion of Results

The results show that there are years in which the dust
particle flux.near the earth cannot bé enhanced by a particu-
lar meteor shower. The solid angle subtended by the earth's
sphere of influence with respect to the moon is small, thus
the probability of measuring lunar ejecta at the earth, even
during periods of possible earth-lunar ejecta intercepts,must
remain small. As seen in fig. 7, the orbits were vast with
respect to the earth and possible satellite orbits, and thus,
any significant impact event rate increase measured by a
satellite must ﬁe considered very carefully. However, 0GO II1
showed 1it's hiéhest mean flux during the fall months of
1967 - a factdf slightly greater than two over the rest of the
valid measuréﬁent period.

The Radiation Meteoroid satellite registered two TOF

events near the major December showers, and a front film
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increase during the second shower, the Ursids. The second event

could easily be lunar ejecta as well as primary meteor stream

particles.
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: Equations of Motion for Dust Particle in Sun-Earth—Moon System
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Geminid Related Lunar Ejecta Orbits (three escape velocities-1968)
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6: Perseid Related Orbits for Lunar Ejécta (1967)
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11C2 Four YEARS oF DusT PARTICLE MEASUREMENTS IN
.7 CISLUNAR AND SELENOCENTRIC SPACE FROM
. LuNAR EXPLORER 35 anp 0G0 III

W. M. Alexander (Baylor University, Waco, Texas, USA), C. W.
(UCLA, Los Angeles, California, USA), J. Lloyd Bohn (Temple University,

Philadelphia, USA), J. C. Smith (Baylor University, Waco, Texas, USA)..

Aééfﬁééi!. Since July 1967, knowledge'concerning the distriButions
of picogfém size particulate matéer in selenoeentric space has been
obtained ffqm the Lunar Explqrer,js dﬁst particle experiment. For
almqst 40Z of the time;.fhe mean sporadic cumulative flux is quite
similar to the flux in.interplanetary space at 2 + 0.8 i 16'4 P

(m2 sec 2 T sr)-l. Hoyever,.there are fl;ctuations of an order of
magnitude during major mgteor'showers. The coincident "increase of
the flux in éeléﬂocentric spaceidufing-the sﬂower periods has been
observed for the fourth yeai. The 200 picogram sensor does not show
an increase during shower timés;.iﬂdicating a mass threshold of less
than 166 piéograms for pargicles with velocities equal to or greater
than lunar escaﬁe velocity. The flux values from Lunar Explo;er-js
.are compared to other long lifetime measurementé in selenocentrié,"
cislunar and interplanefafy space with gxcellent agreement fof m&sses

less than 10"9 gm,
1, INTRODUCT]ON

The initial measurements in selenocentric space were reported
by Nazarova [1] and Gurtter and Grew [2]. These measurcments were
followed by Lunar Explorer 35, which has continued to provide data

. IIC2-1°



since July, 1967. 1Initial and intérmediate reports of the results
of the measuremént héve seen ﬁadé gy-Alékander et al [3,4,5].
Additional aata_have béen redﬁced éinée the last rebort [5], and
further'analygis of possible ciélunar orbits of pi;ogram particles
coming from the lunar surface have provided additiona in;ight into
the possible effects of the Qiﬁute lunar ejecta. A general %eview
of éhe compléte Lunar Explorer 35 data ére given, and a critical
examination is presented concerning thé'role of theflunar.data in'

cumulative flux-mass distribution models.

'

re ceaene s B R T R LR M R P Y

5 s

A description of the Lunar Explorer 35 dust éarticle experiment
ig giveh in [3,4]. Tﬁe significant dafa which have been repbrted.
[3,4,5] was obtained from the large area éoincidence detector. Two
sensors comprise the detector: aﬁ acoustical c?raﬁic t?ansducer bonded

-

to a large area circular impact plate, and a lérge area capacitor
sensor Aeposited on the surface of the impact plate., Calibration
studies show ‘that the nominal mass threshold of the acoustical sensor
is 5 picograms arnd the capacitor 106 picograms. Coincident gvents

are detected by logic circuitry in the electronic instrumentation and

the information stored in.the spacecraft data storage systemn.

3, TA_FRO P 35 EXPE

The histogram in fig. 1 depicts the cﬂmul#tiée flux ‘rate
for selenocentric space from launch'thfough 1970. The flui is pre-~
sented in 8 day increments in order to be able to show the complete
flux picture obtained from éhe measurement. Even though using 8 day
increments causes considerable smoothing iﬁ”thé"déta'ﬁtéséﬁtatidh;'

[ 18] B . 11C2-2.
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the enhancement of the Spéradic flux.during the periods of major
meteor showers is eQident. This phenomenon has been reported in
preceeding papers [3,4,5], but the fig. 1 histogram represents the
first extended presentation-showing the extent of the effect.

A more detailed picture is seen in fig. i Qgére thé number
of events ( 4 day periods ) during six of the major‘meteor showvers
is shown; The sporadic nén—shower rate is about two events per &
déy period, thus, it is seen that a change in fluﬁ of an order of
magnitudé'occurs during a significant number of the showers.  Also,
thé repetition each year is quite evident in éhe gocd and sometimes
excellent agreement between the high event rates obtained from the-
Lunar Explorer 35 measurements and the shower periods. 1In comparing
thé fluxég over thelfouf yeafs, the variagipﬁs in the ma#iﬁums determined<'
by the meagurements lie well within variations obtained by ground-based
data for major meteor sﬁréams.

There are several periods of time for which no dat# are
available. Tﬁe largest data gép occurs during the time of thé Peréeids
in 1968; Hence, one opportunity fof studying the shower was misséd.

There are noise bursts [3] in the data Eaused by the calibratiqu_‘
_sequeﬁce of another experiment. Elimination of lhe;e events from the
data still left, in éenerél, 90 - 95 Z of each day clear of noise énd
in no case less than 85 %.

‘The détalﬁfeséhtéa;ihmflgé{"1 and 2 were obtained from the
acousfical sensor which has a mass tﬁreshold sensitivity of S'picograms.
As previously reported [3]{ the data rate for the 100 plicogram sensitivity
threshold sensor is very iow with no discernable enhancement ofAthe 100
plcogram flux during shower periods. This result has not changeﬁ. R

I1c2-3 | o | E19“1 |



4,1 ' FLUX DURING NON-SHOWER PERIODS. As segﬁ‘iﬁ‘
fig. 1, there is a general similarity between the data from D071 to
D200 each year. The flux is higher in 1969 than in 1968 or 1970.
There ate:spring meteor shogé;;.and thé.;iux in 1969 does suggest a
possible correlation with.two daylight streams and some unnamed southern
hemisphere showers [4]. However, when the flux for all three years is

4

determined, it is found to be 2 + 0.8 x 10~ P (,mzsec 2T sr )_1. This

value combareslquite favorably with that of Mariner IV, Pioneer 8 and
9 from interplanetary space, and 0GO III in cislunar space. This flux -
value is for the 5 plcogram particles. RPN

The flux of the 100 picogram-particle remains the same as
previou;ly reported, 7.4 Xx 10-6 p ( mzseé‘Zﬂ;r )-1; and is found to
be iﬁ e;cellent.agreement with Mariner II and the Lunar Orbiter |
penetration experiment results [7]. An analyéis of the Lunar Explorer
35 data with respect to cumulative flux models is presented in a fol-
lowing section.

For the non-shower periods there is no significant va%iaﬁion
of the flux in sélenocéntric space and that of cislunar or interplanetary
space over the mass range, 5 x 10'12’éﬁm~i;1 x 10”2 grams.

| 4,2 5 PICOGRAM FLUX DURING SHOWER PERIODS. | The
flux enhaécement.during the periods D( 201 -- 071 ) for fouf years
~either represents the ﬁresence of picogram particles in the primary
meteor'streams, or iunar §jecta resulting from the impact at hyper-
velocities of larger str?;m particles on the lunar surface.

If the particles are stream particles, they are of recent

--origin -since the radiation -pressure and drag perturbing forces remove

[?67 . ‘ 1IC2~4



picogram size particles from their original orbits in very short
periods of time." Ingddition,_the_abs;nge:of an enhancement of 100
picogram particles suggests a flux-ﬁass disfribution in the streaﬁé
which is drastically different from that of sporadic ingerplanetary
dust particle dictributions.

A hypervelocity impact produced ejecta having widely varying
masses and velocities. The smallest particles have the highest-A |
velocities. The n;ture of the mass - velocity distributions for the
many comﬁinations of impacting particles, impact surfaces and velocities
1s extremely complex. The efficiency of éroducing lunar ejééta with
escape velocities from meteoroid impacts on-the lunar surface is noé
known, but some idea of the efficiency‘levél is Suggestedlby:the Lunar
Explorer 35 data if the assumption is made that the enhancement seen
for a portion éf the year is lunar ejecta. As alreédy'stated, tﬁe;e
is no significant difference between the flux in éelenocentric‘Space
and that meésuted.in.cislunar épace and interplaneta;y sface ( near‘
lAAU ) during ndn-ghower periods even though the sporadic meteoroids
are impacting the lunar su;face with velocities iﬁ the hypervelocity
range. The enhanced flux appears to be related to streams of relatively
high rate and moderate velocities or high rate and high velocities.

This indicates that the efficiency of producing picogram particles with
escape velocities is lo§. _

L,3 MASS THRESHOLD FOR LUNAR EJECTA ESCAPE VELOCITIES.

As stated aone, the nature of the hypervelocity phenomenon on the
lunar surface is such that only smaller particles have escape velocity.v
: Thg enhnacement seen in the Lunar Explorer 35 data for 5 plcogram

particles and the lack of enhancement for 100 picogram particles




\

suggests that only particles with masses less than 100 picograms achieve
escape velocit;. At the bresent time; the qnalysis of the data cannot
differentiate between lunar eject; and_primary stream particles using
the measured data aloﬁe. However, the overall evidence indic;tes that
the 5 picdgram flux enhancement is the result of lunar ejecta related
to primary shower particles.

4.l ORBIT CONSIDERATIONS OF 5 PICOGRAM LUNAR EJECTA.
Over the past ten years, a number of investigation have been made
concerning orbits of lunar ejecta in the eqfth-moon system [8,9,10].
These have concenﬁrated on searching for conditions which would
produce a significant number of long lifetime orbits. Since Lunar
Explorer 35 and Lunar Orbiter results do not indicate any consistent
lunar ejecta flux for masses greater.than 100 picograms, studies of
5 picogram lunaf ejecta orbits associated witﬁ_meteor streams were °

iﬁitiated, and the first results have been reported [5]. The earlier

investigations did not find any significant number of long lifetime

_orbits, and the recent calculations substantiates the previouS-wotk.

Thus,.lunaf ejecta are not expected to be responsible for a permanent
enhancehent of picograﬁ dust particle flu# in the vicinity of the
earth from sporadic or normalAéhower meteoroid bombardment of the
lunar surface. This does not rule out the possibilit& of a catastrophie
large crater-forming event dumping a hugh quantity of dust into cislumar
space with a significant quantity remainign for many years. Howevér, |
the particles below 10 micron in diameter will still eventﬁally leave
the earth -moon system, largely in an anti-solar direction.

- The current calculations havc:cpnggntrated on,studyipgrthe‘
nature of the orbits of ejecta related to primary shbwer meteoroids,

El S . 1IC2-6
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For a given shower occurrence, the initial boundary condipions are
determined. The ejécta particles having.sufficient velocity to
escape the moon will léave the surface with angles between 75° and
90° with respect to the shower particle radiant [8]. This angle
hgs been designated ¢, whilg the position angle of the moon.with
respect to the earth during a shower period is 8 ( the angles.are
with-resPect:to a coordinate systemn baséd on 0° being in the anti-
solar direction ). -Fbr the 5 picogram.pérticlés, the characteristics
of the‘o;bits in cislunar space is very dependent on the shower
radiant éhd the angle 8. The previous report [3]‘giving the initial
results of these calculations on Geminid related particles, showéd V _ o
that there weré initial ﬁositiqns wheré'
(1).no.particles caﬁe near the earth or stayed in the earth-

moon system for anj 1eng£ﬂ of time,
(2) particles streamed by'the earth, but left thé sygtﬁe in

a very short time, o -
(3) particles weﬁt into orbits ofvmanymmonths with several:

passes near th; eértﬁ before leaving the sfstem, and
(4) particles impacted the earth or the moon.
The largest number of orbits fell in (1) and (25 catagories. .The (3)
cataéor& particles are of s&ecial interest because they represent fhe
only group with any real chance of detection near the earth. Consequentiy,
surveys of the possible lunar ejecta orbits auring the éeminids and |
Perseids showers through 1971 have beenAstudied.

Figures 3 and 4 show.examples of lunar ejecta orbits as the

two pa?ameters ® and. ¢ are varied during a 1969 Perseid shower period.

With & of 176°, and. & varying between 25° and 40°, it is readily seen

8
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that the orbits are'écqttered throughout three qua&rants and they
all leave in an an:i;soiar direction because of radiation pressure.
In the next set of orbits, O has éhanged to 179°, aﬁd with:' ¢ varying
between 25° and 32°, the particle orbits bend closer to the earth
with ¢ = 25° being quite close to the earth, |

In fig. 4, the orbit for 6 = 184°, . ¢= 32° shows a @oderately
loné ;ifetime orbit with several near-earth passes. The second set
of orbits in.fig. 4 sﬁows'variatious obtained as 6 moves through fhe
poéitionsﬁwhere the particles pass near the egrth and then scatter
throughout all quadrants ( ¢ held constant at 25° ). ~As ¢ moves
from 182°-through 184° and above, the particles exhibited tight-orbifs
around the earth before.scattering. When a favorable 9 -'§ combination
coincides.with the peak day of a shower, some of the lunar.ejecfa
material may exist in the vicinity of the earth for significant periods
of time. However; the particles would be in the 5 picogram mass r&nge
and would not have lifetimes of sever#l decades. These longer lifetimes
are necessary for a significant énﬁancement of the dust particle flux

near the earth.

Cm e e e i e mt et eee e sae ettt e te e meca sk i 4 e S cmu e e st ee et isase e see et e an s & e

5. UMULATIVE FLU E ER 35

51 'CUMULATIVE FLUX MODEL -- MCDONNELL [11].
McDonnell has‘pfesentéé an objective and comprehensive compilation
and evaluatidn df é“ﬁ;jor portiohiof the data from the'héhyAduBt
particle experiments launched on rockets, satellites, and Sp;ce prdbes
[11]. A cumulative flux model was derived for (1) momentum detecting
devices, and (2) penetratiﬂg.sensors néar the earth. A tho}ough dis-

cussion was given concerning the reliability of the data, particularly

{5&”7 ﬂ I1C2-8
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that from single sensor microphones? especlally where the experiment
derived fluxes.for similar portions of a cumﬁiative flux curve were
found to vary as much as three'orders éf magnitude. Establishing
confidence in a single sensor data point was difficult. however,
when several data noints were.analyzed and correlation established
between several points, the confidence level in these data inereased.
This secame even more evident when some of the data points were.from
later experiments which'inﬁluded coincidence sénsors in the detector
érray. ﬁcDonnell used this approach invarnivipg at his cumulative
flux-mass distribution curve derived from tﬂe acoﬁstical sensor data
(111, R |

5,2 GENERAL COMMENTS ON RELIABILITY OF DATA. . As
far back as the-OSU rockets, the thermal environment of acoustical
detectors was recognized as being critical. The problem-was_pr0ved_
to be very complex and has never been completely solved. However,
testing in laboratories and correlation studies of the in-flight
thermal and experiment data did not show conclusively that in-flight
experimental events were related to the thermal environment-bf the
dust particle sensors and/or experiment instrumentation.(Bohn, et'alz_
[12]1). Befg [13] recently reportéd data from Pioneer 8 and 9 which
showed noise pulses from the microphoneAsensor during large solar
_proton events. There was a large solar flare event depected on both
Mariner II and Mariner IV [f&,lS]. The accustical detec;or reéistered
no events in either case.  Solar flare data have been obtained for
the ten year period startiég with September 1959 (Vanguaid III). To
date, for the spacecraft whose daga are readily available, no corre;ation
between solar flare events ana microphone dataihave been seen. béta

. . ™
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from energetic proton experiments from all spacecraft since Explorer

I are being coﬁp?le&. When ﬁhis effort is completed, a more defiﬁitive
statement can be make concernihg noise derived from energetic protons
in the dust particle data since 1958.

It is not possible to eliminate all noise problems. Control
and coincidence sensors greatly increase the reliability of éhe data.
When data from the early years correlates with later data, the confidenée
level in the early data sﬁould increase. |

5.3 SUMMARY_OE SELECTIVE LUNAR, CISLUNAR AND INTERPLANETARY
DATA. A;exander, et a17[4], and McDonnell‘[ll] ﬁave pointed out that
over the entire range of in situ dust particle measuremenﬁg, there i;
good agreementAbetween the sglenocen;ric, cislunar, and iﬁterplanetary
space data, while the data from eiperiments Aea; the earth show very
poor agreement. ;n this paper, data are analyzed from all experiments
(exéludiﬁg near earth expériments) fpr which the authors are familiar
with experiment pefforhance including pre~-and post-launch operation.
This does not exclude other experimenﬁs in the same regimes of space,
for ail-data is contained in thelMcDonneil [11] curve. The dafa in
thié paper will be compared to the above modél. .The experiments‘;sed
are Mariner II, and IV, and Pioneer 8 and 9 in interplanetary space;
Lunar Explorer 35 ana Lunar Orbiter in selenocentric spac2; and 0GO
III and Pioneer I in cislunar space. The 0G0 III data point is ﬁhat
one recently.reported as changed [5) dge to a reexaminé;ion of the
realtimé and playback data from 0GO III.

5:4 CUMULATIVE FLUX-MASS DISTRIBUTION CURVE FOR MASSES LESS
THAN 10-9 gme. Data from the e*periments listed above}were fitted to

a linear curve by applying linear regression curve fitting techdiques.

[;g? o . | I1C2-10
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Uging the empirical equatién.4’= km-a, wvhere. ¢ iS-ﬁhe flux.[p(mz
sec 2 ™ sr)-ll, m is the mass (gm) and k and a are constaﬁts, tﬁe
lon equation [ log. ¢ = logk -alogm ] is linear withAa slope of -a.’
The best curve fit gives a = 0.83. This curve is shown in fig. S.
An additional comparison of theldaﬁa can’'be done by normalizing all
experiment data points, using a=0.83, tom = 10-11 gm for cpmparison.
The ¢ for the derived curve at m - 10711 gm is 1.15 x 10-4 P
(m2 sec 2-ﬂ sr)'l. The extreme. ¢'s are thoge of Lunar Eﬁplorer 35
coincidence data point (lowest) and Pioneer I (highest). These are

less than an order of magnitude apart.

Normalized data: . ¢ in p(m2 sec 2 T s1:)"l x 1074 Spacecraft Exp.

3.0 Pioneer I
2.0 | ~ Pioneer 8 & 9
1;1' : _ Mariner IV
0;78 ‘ | Lunar Explr. 35 (mic)
0.77 ‘ 060 III (film) -
0.91 . A | Lunaf Orbiter
’ 0.5 : 4‘ : Lunar Explr. 35

(coinec. cap-mic)
The other information shown in fig. 5 consists of the.féo

cumulative flux-mass distribution curves. derived from zodiacal light
models and recently reported by Gilese Ii6]. The slope of the curve
-_derived from-the Several experiments is in--the direction of The Type
II (k = 2.5) curve. All og the data lies between'the éwo curves.

5:5 ~ COMPARISON OF THE SELECTIVE DATA FLUX CURVE, THE
McDONNELL MODEL; AND SUMMARY. The gummary curves derived by McDonnell

[11]) are shown in fig. 6 along with the composite curve of fig. 5,

IIC2-11 | | [‘~1‘
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Giese's two zodiacal light flux curves, and the radar data to 10.-6

gm of Nilsson and Southworth[17]. The .a of tﬁélfig. 5 curve is 1es;,
than McDonnEll's curve, but the consi#tancy'bf the consistancy of
the data is quite apparent.

The data in selenocentric space have been very consistent
for almost four years. The peribds when there are no major @eteot
sh&wers give'a flux that is in eicellent agreement with that in
cislunar and iﬁterplanetafy space. There is no evidence of conceﬁ-

tration or focusing. The fluctuations of the flux during major

meteor showers has occurred over a four year period for the 5 picogram
sensor, while the 100 picogrém sensor has not shown such a correlation. .
The data used in fig. 5 are from experiments_which.first pfoduced
aata in 1960 - 1962, _Thesé aata are found to correlate extremely
well with the data from the still active e#periments: Lunar Explorer
35 and Pioneer 8 & 9. The consisﬁancy of the data.over a peridd-of

a decade indicated that the initial measurements were basically

reliable and a true indicato; of the data to come,

-
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8. FIGURE CAPTIONS
FIGU&E 1& Histogram of 5 picogram particle event rates:

D201-1967 to D365-1970.
FféURE 2! " Event rates for six major meteor showers over four

years: 1967 - 1970.

FIGURE 3: Shower related lunar ejecta orbits I.
FIéURE q; . Shower related lunar ejecta orbits II.
FfGURE 5; Log cumulative flux-mass distribution for masses

less than 1077 gms.,
FféURE 6; B Comparison of fig. 5 log cumulative flux-mass dis-

tribution curve with the McDonnell Models
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III.

Additional Analysis of Mariner IV Data

A. The launch and mission of Pioneer 10 represented the second
U. S. A. spacecraft which transversed heliocentric space past

1.1 AU. An additional look at the Mariner IV (M IV) measurement
was accomplished. The major portions of the M IV data not pre- |
viously reéorted was given in a paper prepared for the XVIth meet-
ing of COSPAR. The paper is given in sectiom III B.

At the XVI COSPAR meeting a paper by McDonnell (1) was pre-
sented containing data from Pioneer 8 and 9 which allowed a de-
termination of the cumulative flux-mass distribution over a mass
range of 0.1 picograms to 10 picograms. The M IV measurement
provides a determination of this flux from 10 picograms to 1 nan-

ogram. Figure III-1 shows an overall cumulative flux-mass dis-

"tribution containing the pertinent data from in-situ measurements,

lunar microcrater studies, zodiacal light, radar and visual. The
combined Poineer 8-9 and M IV provides a very consistant cumulative
flux determination for 4 orders of magnitude and only two measure-

ments.

[ III. A. Background ' ) . —




(1)
(2)

(3).

(4)
(5)

(6)

(7)
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(Summary paper presented at XVI th COSPAR and submitted to Space Research XIV)

MARINER IV: A STUDY OF THE CUMULATIVE FLUX OF DUST PARTICLES
OVER A HELIOCENTRIC RANGE OF 1 TO 1.56 AU
1964 TO 1967 -

W.M. Alexander (Max-Planck-Institut fir Kernphysik, Heideiﬁerg, FRG) and

J. Lloyd Bohn (Temple Univeisity, Philadelphia, Pennsylvania, USA).

.ABSTRACT:

Between December 1964'and December i967, the Mariner IV dust particle experiment
obtained data concerning the distribution of minuté-ZodiacaIHDust Cloud particleé
over a heliocentric range of 1 to 1.56 AU. The first measuiement was ovér thé com-
plete heliocentric range, while the two additional measurements were made between .
1.1 and 1.25 AU in 1966, and 1,2 to 1,5 AU in 1967. The initial resulté of these
measurements presented the mean cumﬁlative flux for the respective data periods.

'The results of a detailed study and comparison of the three measurements are present-
ed, with particular emphasis on the variation of the flux as a function of helio-
centric range. A small, but.statistically significant, increa;e in the flux is ob-
served‘between 1.15 and 1.4 AU. The initial reports showed a lower cumulative flux
for the létter two measurements. Howéver, a detailed analysis containing corrections
for spacecraft attitude indicate that all thfee measurements yield simila? kesults,

’

and that the particles detected were in low inclination orbits.
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1. INTRODUCTION

The Mariner iV Spacecraft waé launéhed on 30 November 1964 and reached a near

" eéencounter with Mars on 15 July 1565. The cosmic dust experiment detected inter-
pPlanetary dﬁst particles impacting an exposed sensor plate. Except for the time
used for playback of data from the photbgraphic experiment immediately aftér the
gnCOunter, data of the cosmic dust experiment was continuous from launch pntil

1 October 1965 when the earth-spacecraft distance became too great for success-
ful data transmission. In 1966 and 1967 signals from the spacecraft wefe reac-
quired and information received from the dust experiment. The mean cumulative
flux for the heliocentric range of'the experiment over the'times of data recéption
have been'reported. The purpose of this paper ig to [ﬁ] give a sﬁmmary of the
statistical analysis of the data, [2] present the events a§ a function of helio-
centric range, and [5] show the cumulative flux-mass distribution as derived

from the Mariner IV measurements.

2. MARINER IV COSMIC DUST EXPERIMENT

A description of the ekperiment was originally reported by Alexander et al (1). .

Further studies concerning calibration of piezoelectric acéustical transducers
bénded to large impact plates by McDonnell (2) provided a shift in the thresﬁold
impulse of thé Mariner IV experiment. This was first reported by McDonnell (3) as
a mass'threshold of 6 x 10-12g or.an.impulse of 1.2 x 10-5 dyne-sec for 20 km/s-1
particles, which was lower than first reported (1). The-numﬁeriof events has re- .

mained the same since the first report.

B st
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3. NOISE AND MARINER IV

Noise has been an ever present probiem with all of the very low data rate
-dust particle experiments. Several papers have presented data concerning noise
from the standpoint of thermal problems and solar energetic particles (4,5,6,7).
From the extensive tests by Bohn et al [5), there appéars to be little reason to’
suspect that the events in the data are caused by tﬁermal related phenomena.

The solar energetic particle events during the mission are shown with the data

in fig. 1. The Mariner IV instrument does not show any evidence of the kind of -
events reported froﬁ Piéneer 8 and 9 (6,7). One large event occurred during an
eight day period of zero counts from .the microphone sensor. There does not appear
to be-any compelling reason or evidence that the Mariner IV data is subject to

noise interference.

4. DATA FROM THE MARINER IV EXPERIMENT

4.1. Event Infbrmation; The éosmic dust experiment detected 241 events during
the primary phase of the mission. The data are shown in fig. 1 as events vs hglio—
centric ranges. A pulse height énalysis (PHA) was made on each event. Thg PHA
inform;tion was erased after each readout of the experiment_information. However,
a cumﬁlative counter was never réset and provided a continuous count of the number
of events if any short periods occurred where data was not received or prdcessed.
Of the' 241 eQents, 23 occurred during periods where in-flight PHA information was
not-processed. Therefore, the total cumulative flux can be derived from the 241
events, and the slope of the Eumulative flux-maés distribution from the remaining

218 events.

-~
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4.2.’Ebperiment Attitude Information. The attitude of the experiment was such
that the normal of fhe impact plate was in or very close to the ecliptic plane.
Also, an angle of 90° with the radius vector to the sun was maintained throughout
the mission.

- 4.3. Summary of Statistical Evaluation of the Data. The distribution of the
events iﬁ,time were considered to be representéd by a Poisson distribution, and
the Chi squared test for variance was employed to test the degree of randomness
of the event time intervals. First, ali 241 events were ﬁsed. 7[2 was found -to
be 22 (5 degfees of freedom) giving a probability of less than 0.001 that the
overall distribution waé randomly distributed in time. However, when the distri—
butiqn ié considered ih three segments, near ear%h, near Mars, and between the
orbits of the two planets, the following values for p were found: [i] earth
to 1.2 AU, p=0.7 [2] 1.2 to 1.45 AU. p=0.6; and [3] 1.45 to 1.56 Au, p=0.95.
Tﬁe events within each segment afe definitely distributed in_time in a random

manner.

5. DISCUSSION OF THE MARINER IV RESULTS

5.1; Flur vs HeZiocentric Range. The data seen in fig. 1 sﬁows an increase
in flux between the planets. A search was conducted for possible intérceptions of
-nodes of cometary orbits or meteor streams as possible sources of flux increase
between the éianets. However, only one was found near the Mariner IV orbit and the
inqrease is much too broad for a single stream. Intercepts of the planes of coéetary
orbits with the ecliptic plane along the Mariner IV path were studied. It has been
shown in a number of studies (8,9,10,11) that the semi-major axis of orbits Ef
small particles, after being created by any process, will be considerably larger

(i.e., those not moving into parabolic or hyperbolic orbits). It is not clear
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that such an increase as seen by Mariner IV can occur for tﬁis reason. A test

of this occurred when spacecraft transmission was reacquired in 1966. The
‘spacecraft was near perihelion, énd then started out again. The mean flux value
was essentially_the same as for the first part of the mission, and then increased
with heliocentric range. However, the solar ecliptic longitude was quite differenﬁ.
Therefo:e, the probability of a significant increase in one segment of solar

ecliptic longitude due to debris from cometary orbits is felt to be low.

The mean flux values derived from the periods in 1966 and 1967 were modulated
by shifts in the spacecraft attitude. The normal to the detector plate was as
previously stated when the canopus sensor was locked on Canopus. About 1 September
1966 the Canopus sensor was found to be locked on a star near the ecliptic plane.
The plane of the'detector plate was then lying in the ecliptic plane with the
piate normal poihting to a pole in the celestial hemisphere. The flux. was found to
be significantly reduced - the ratio of the rates was a factor of four. This is
strong evidence that the orbit inclinatioﬁ angles of the detected particles are

~

quite low. Significant flux range data is found in Table 1.

The meaéurement is considered to show depression in flux at the planetary or-
bits. The most probable cause being that of planetary scatteriné. Thié is not an
effective mechanism for particles in these size regimes with fairly short lifetimes.
However, the efféct may be significant with particles of these sizes when inclina-

tions and eccentricities are low in value (12).

5.2. Cunulative Flux-Mass Distribution.. The PHA measuremeﬁts provide a means
for determining the cumulafive'flux—mass distribhtion for detected events. The
data were fifted to a linear curve by applying linear regression curve fitting
techniques. The cumulative flux is‘usually described by using the empiricai equa-

-a

tion ¢ = km ' wheré ¢ is flux in (particles m-2 s-i) m is the mass (g) and k

and o are constants., -
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The log: equation: 1dg10¢.= log10 k —ciloglo m is linear with slope of -a,

The values for @ were found for each segment, and the variation fell within
statistical bounds. The overall cumulative flux is presented in fig. 2 since

the slope variation was not significant.

6. COMPARISON OF MARINER IV CUMULATIVE FLUX WITH OTHER IN-SITU MEASUREMENTS
) :

6.1. Selected Ih—Sifﬁ Measurements. Thé measurements selected for comparison
with Mariner 1V résults in fig. 3 were chosen because they contained either gqih-
cidence information or some form of control tb enhance the reliability of the
data. The data from the penetration éiperiments of Explorer's XVI and XXIIi
and Pegasﬁs are used. The penetration points contain the calibration revisions ~

which have occurred since the review paper of McDonnell (3).

6.2. Selected Ground-Based Data. The radar data from two representative
sources are used (13, 14), for comparison of the particles just larger than those

obtainable from the in-situ measurements.

6.3: Results of Comparison. The cumulative flux-mass distribution from the
in—;itu measurements has a slope essenﬁially identical with that détermined by
‘the Mariner IV measurements. The Mariner IV slope used in fig. 3 is that between
1 and 1.2 Ay. The decrease of the. slope from radar through the Pegasus and Ex-
plorer points shows an agreement which‘islquite close. All points of the curve
have been corrected for gravitational focusing (15,A16) éo the flux is that of
iﬁterplanetary space near 1 AU. The in-situ measurements are not, at the presént
time, showiné a mass cutoff; i.e. slope going to zero on the cumulative flux-mass
distribution curve. Iﬁ addition, information from the studies of sub-micron craters

- on lunar rocks show the presence of particle sizes smaller than previously ex-

- pected (17, 18). = - F
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8. FIGURE CAPTIONS

Figure 1;.
Pigure 2:

Figure 3:

. Table (ref. 28). Comparison of

over the same

Mariner IV Events as a function of heliocentric

range.

Cumulative flux-mass distribution derived from

the measurement of Mariner IV.

Comparison of Mariner IV cumulative flux distri-

bution and in-~situ measurements.

Flux from Mariner IV for 1964-65, and 1966

Heliocentric Range,

_Range,' Flux (events m-z s-lxlo_s)
(au) 1964 - 1965 1966
1.1-1.08 8 9
1.08-1.12 _5' 8 -
. 1.12-1.19 9 7
1.19-1.22 ~ 10 9 '
1.22-1.25 13 13

s -
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Iv. A&ditional Studies Related to Lunar Ejecta

‘"The previous section.presented further analysis of the cosmic
dust measurement from Mariner IV. This measuremen% éhows an in-
crease in flux between the orbits of the earth and Mars. Physi--
cally, this is not readily wunderstood and a study was taken to
consider what happens to lunar ejecta which escapes the earth's

sphere of influence, thus moving -in heliocentric orbits. The"

preliminary results of this work follows.

e

A. Evolution of Heliocentric Orbits of Lunar-ﬁjecta With Masses
Between 1 and 100 Picograms

A major early paper considering the application of the then known
facts regarding hypervélocity impacts to meteoroids colliding witﬁ
the lunar surface was presented by GAULT ( 1)._ Thig work indicatied
that there ﬁight be a large amount of the lunar surface which could
leave the lunar sphere of influence. Continued eff&rts, both énaly-
tical and experimental, tended to lower the amount of ejecta that
would be expected to have lunar escape velocities. Finally, it was

possible to conduct in-situ measurements of particulate matter in

selenocentric space; first, by an experiment on five Lunar Orbiters

conducted during their photographic mappings of the complete lunar

surface, and second, by an experiment on Lunar Explorer 35.

The results of these two experiments were very interesting. The

sensors on the Orbiters were pressurized cans which lost their

pressure when the walls were punctured by an impacting micrometeoroid.

In general, for these sensors the threshold penetrating particles

had masses in the nanogram mass range when their velocities were

A ot |
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heliocentric. This measurement did not show any values of dust
particle flux which was different from interplanetary flux for this

size range, GURTLER ( 2).

The LE 35 dust pafticle experiment detected particles of two difi-
erent size ranges, ALEXANDER (3). One sensor detected particles
with a threshold mass of about a nanogram. This measurement deter-
mined a flux that was essentially the same as the flux from the
Lunar Orbiter experiment. The other sensor détected particles near
a picogram. Theré were times when the picogram fiux was essentially
tﬁe same as that in cis-lunar and interplanetary space, ALEXANDER
(4). However, there were times whenAthe flux was significantly
greater than the above sporadic flux. This happened primarily during
periods of major meteor showers which had either (1) a stream-
mass-component comparable to the sﬁoradic mass plus'a medium geocen-
tric-selenocentric relative velocity such as the Geminid stream, or
(2) a lower stream-mass-component, compared to sporadics, but a high
geocentrip—selenocentric velocity, such as the Perseid stream.
During the passage of the earth-moon system through these st?eams
for several years, ALEXANDER ( 5), the flux increased, as previously

stated. However, the nanogram flux did not inc¢rease.

One interpretation possiblelfrom these two experiments is that there
may be a component of the iunar ejecta which has escape velocity,

but the lunar ejecta has an upper mass cut-off limit near a nanogram,.
ALEXANDER (4). Hypervelocity studies have generally ;hown that the
velocities of the smaller ejecta particles are greater thanm the larger

53
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ones, GAULT ( ). ‘Howevér, no definitive quantitative data that
has been derived from laboratory experiments existed pfior to 1972.
These types of measurements are very difficult to perform. GAULT

( 1) did give some indication of the expected flux in the picogram
range from ejecta studies resulting from interpretations of hyper-

velocity laboratory studies of larger ejecta particles.

A decision was made to attempt a preliminary experiment designed to
detect very small ejeéta particles - in the micron and sub-micron
range. A light-gas-gun was used to propel a primary projecfile,

mass of about 10 millig;ams, onto a target which was a basalt like
rock. Metallic targets ﬁere placed at known distances and directions
_Qith respect to the target so that ejecta particles could be impacted
onto these secondary targets. The mechanical arrangement is depicted
in Fig. 1. Ejecta haviﬂé large ranges of masseskéﬁd velocities

leave the crater.» However, from the reSulté of several micro-particle
hypervelocity studies, ex. NEUKUM ( 6) and HARTUNG ( Z)? it is
possible to recognize the signature of a high or hypervelocity micron-
size partiéle when this particle created a crater. in the e#periment,
the primary projeétile had a velocity of about 4 km/sec. The ejecta
targets were scanned using a stereo scanning electron microscope.

The results are very preliminary, but fhey'can be usedAas a first
estimate of the magnitude of the ejecta flux for masses less than

100 picogfams. An example of micro-size ejecta caused impact

craters is seen in Fig. 2. The daté can be analyzed and a . cumu-
lativg flux curve established for masses less than 100 picograms.

e

L
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The data from the firing is seen in Fig. 3 in a cumulative flux
curve relating cumulative number of cratefs, N., vs mass, mp, of
ejecta causing the craters. The criteria for identifying the craters
as caused by hypervelocity particles and the assignment of probable
diameters for the particles causing the craters is that used by

NEUKEM ( 6). Example of data is shown below for target at 45°,

d (crater) N, mp Log N, Log mp
micron . pico-gram '

0.5 + 0.2 52 0.0245 1,716 -13.61
1.0 + 0.3 12 0.1962 1.079 -12.71
1.7 + 0.4 2 0.9642 0.301 -12.02
2.6 + 0.5 1 3.4490 0 S Z11.46

Over the radge of variables considered, the gmpirical relationship,
N, = K mp—Y : (1)
can be used to evaluate the data, since
Log N. = Log K - yLog mp _ C 2 )

is linear with slope of -y, and linear regression curve fitting
techniques can be used to determine y, Log K, and thus K. These

quantities are found to be

y = -0.83, and
K=2.76 x 10710 |
Therefore, ‘
N. = (2.76 x.10°10) mp-0'83, and t 3.)

the mass of particles for the scanning area, Ag, is

mg = (2.76 x 10'10{[m‘°'33 dm,

1.5 x 1011 g per Ag.
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Ag is 2.67 x 1073 cm2, therefore,

it

mg = (1.5 x 10711g)(2.67 x 1073 cn?)"1, and

1]

5.6 x 1077 g/cm'z.

The preliminary studies of the various targets indicate that the
mg just derived ébove is quite representative of the ejecta masses
over an altitude angle of 22° - 45°, Therefore, the total mass in

.the range of mass,. ,
10-14 g<m<10-11g,

can be found by,

my = Ag mg.
Ay = (2rre)h,
= (2711 cm) (5 cm) = 345 cm?2.
mg = (5.6 x 1072)(3.45 x 102 g, and

= 1.9 x 1078 g = 2 ug.
This is in the order of 0.05 % of the mass of the primary 4.km s~1
particle and agrees very ﬁell with GAULT'S ( 8) estimate of the % of
the mass of ejecta leaving the moon's sphere-of-influence with respect
to the primary meteoroid mass impacting the lunar surface. The above
is considered to be a low limit of.the amount of ejecta having escape
velocity, since the velocity of the ;aborato:y primary particle was
considerablf below the mean heliocentric velocity of the interplanetary

meteoroids.

ALEXANDER ( 9) has specifically studied the myriad orbits possible in
cis~-lunar space, including the effecfs of RP forces. It is immediately
-seen that RP causes a lower particle size 1imitAeut—ofﬁ of particles
remaining in the solar system'at a size.détermingd by the following

calculations, From,

—

| 59.
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2 _ .2
ve = k“(1 - B8)(2/r - 1/a), ( 2 )
2 _ .2 _ ‘= o
where v = k®, r = 1 AU, and a = «, then
28/r = 2, and
B =1/2 ,

for an ejecta particle in a parabolic orbit, the limiting orbit
in the solar system. Since this ejecta particle is ‘a lunar particle,
a p of 3 is used in determining the mass of the particle. From

ALLEN (10).

B = (5.87 x 107°)/1pp,, so | (. 3
rp = (5.87 x 107°)/p B cm, thus ( )
mp, = pV, = (41r/3'o)(5°87 g 10-5)3, and A ( 5 ).'
mp = 2.25 picograms

for the particle mass at parabolic orbit limit.

The previous sub-sections have developed (1) a mechaniém and.
rationale, based on laboratory experiments; for a préliminary
determination of the amount of mass that may resonably be expected
to escape the lunar-earth sphere of influehce into interplanetary
space, and (2) an in-situ experimentally based and analytically
arrived at reason for selecting a mass range for lunar ejecta which
may escape the earth-moon system. With this information, it is
possible to study what happens to the lunar ejecta which is injected

into interplanetary space.

X
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As previously shown from LE 35 and the Lunar Orbiters, the lunar
eje;ta particles which escape the lunar sphere-of-infiuence have
masses less than a nanogram. The lower limit mass of any significance
is that near 1 picogram,. as calculated in the previous sub-section.
While ejecta particles with masses less than one picogram have been
seen to occur, they leave on hyperbolic orbits. There is one further
factor to consider. The angle of inélinatibn, i, of most.of the
particles must be low because the major portion of the particles will
be leaving with velocities near escape'velocity; Therefore, the

. heliocentric velocity is not much different from that of the éarth,
and there can be only a small component of velocity normal to the
ecliptic plane. This means that ejecta particles with aphelion
distances pést Jupiter have a high'prdbability of a major pertubation
which would atlleast remove fhese particles from the class of low
inclination lunar ejecta particles in heliocentric orbit. Thus,

it is necessary to determine the mass of particle which has a
perihelion distance of one AU and aphelion near Jupiter, or a = 3.0
AU. This mass represents the real‘lower limit of mass fqr lunar

ejecta that would have initial heliocentric orbits between the

earth and Jupiter.

From equation ( 2 ), the value of B for a lunar ejecta particle
~with an a = 3 AU is found to be, 0.4, and using this yélue of

B, the m#ss'of the lunar ejeéta par;icle staying inside of Jupiter's
sphere-of-influence is determined to be about 4.41 picograms.
Therefore the mass range for lunar eje#ta in interp}anetary space

" between 1 and 5 AU is

e,

| 6L
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4.61x 107125 < m_ <1 x 107% . ( 6

P

It must be emphasized that the nanogram particle has an aphelion

of only 1.056 AU, while the aphelion of the 4.41 picogram particle

is 5 AU.

Thus the ejecta mass range is not distributed equally in

this space. The distribution would be a mixture of the initial

aphelion distances combined with the in-spiraling times due to the

PR effect. The aphelion distributions of the lunar ejecta are

shown in Fig. 4.

The next step is to determine the possible contribution the above

lunar ejecta makes to the flux of interplanetary dust particles

in the solar system between 1 -and 5 AU. Then, the measurement of

M IV can be analyzed with respect to this additional informationm.

To study the contribution lunar ejecta may make to the Zodiacal

dust cloud, the following calculations must be made:

(1) The mass of the lunar ejecta escaping the moon and the

(2)
(3)
(4)

(5)

(6)

8]

earth sphere-of-influence,

the volume of helioéentric space containing the lunar gjecta,
the lifetime of these éize particles in the volume of (2),
ﬁhe space deﬁsity of dust in the volume of (2) from the

lunar ejecta,

the space density of dust in the volume of (2) derived from
the M IV measurement and compared to. the analysis of GAULT

( 8), and

comparison of the results of items (4) and (5)'above.
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GAULT ( 8) has presented a recent study of the cumulative flux of
lunar ejecta resulting from the hypervelocity impact of sporadic
meteoroids onto the lunar surface. From this work, a value for the
amount of lunaf ejecta mass below a nanogram is obtained. In pre-
vious sub-sections, arguments were presented to support the concept‘
that lunar ejecta with masses smaller than a nanogram would escape
the moons sphere-of-influence. GAULT ( 8) found the mass of ejecta

below a nanogram to be 2 x 10 1g em™?

My~ 1 (MY = million years),
or my = 2 x 10”7 g‘cm“2 y'l. It is this mass tﬁat is proposed to
be lunar ejecta which is injected into heliocentric space. The
preliminary 1aboratofy experiment already described suppofts this

figure, though the GAULT ( 8) value may prove to be a little low

as the result of future experiments.

Next, the area, A;, of the lunar surface is found from

4ﬂr2', o . «C 7))

A, 1

4m(1.738 x 108 cm)?, and

017 cm2.

3.9 x 1 cm

Therefore, the total mass leaving the moon's sphere~of-influence is

mt ma Al, (~8.)

2 x 10_7g cm—.2 y-l x 3.9 x 1017 cmz, and (? 8 )

7.8 x 1020 g y71.

loq
v
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The heliocentric velocity of these particles at injection will be
very little different from 29.8 km s—l. An increment of velocity of
about 0.5 km s~ 1 perpendicular to the ecliptic plane will result in

a lunar ejecta particle leaving the earth's sphere-of-influence

with an inclination angle_qf only 1°. At a distance of 1.6 AU,

this particle will be out of the ecliptic plane by only about

1 x 10_2 AU. Thus, the volume of heliocentric space which contains
the major porﬁion of the lunar ejecta in the'rénge of tﬁe measurement

of M IV is essentially a cylinder with an inner radius, ry, of

1.1 AU, an outer radius, r

2

o» 0f 1.6 AU, and a thickness, t, which

averages about 1 x 10 AU. The volume of this space is

VCld = TT(I'O - ri)t s . ( 9 )

(3.14) (1.62 - 1.12)(1 x 1072) au> , and

1.4 x 1038Acm3.

The next essential information needed is the lifetime of theée part-
icleé in the above volume. That is, the in-spiraling time back to

1 AUY. What happens after the particleé arrive at 1 AU will bg dis-
cussed in a following section. For these particles, the orbits will
be essentially circular on into the inner most parts of the sol&r
system after arriving at 1 AU. Thus, the WYATT-WHIPPLE (l1l) type
calculaﬁions can be used (again, neglecting the earth, for the
moment) and the portion of time reqhired for particles to move back

to 1 AU is found, at an aQerage, to be in the order of 1000 years.
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It must be remembered that the largest of these particles have the
smallest values of semi-major axis, and the smaller ones the largest
values. This means that the actual PR times are not greatly aifferent,
since the smaller particles have the further distances to travel in
returning to the‘region of injection at 1 AU. The significant fact
is that the lunar ejecta injected into this volume has an average

lifetime of about 1000 years in the volume.

The ﬁext step is to determine the spéce densiﬁy, wsd? of lunar

ejecta in this cylinder. The total mass per year injected into the
aBove volume was earlier found to be 7.8 x lOlog. For a time period
of 1000 years, this would then be a total mass, mg, of 7.8 x 1013g.

The spatial density, Yg4q, can be determined by,

7

Vgg = meg V 7, | (10

(7.8 x 1013g)(1.4 X 1038 cm3)'1, and

5.6 x 10_25g Cm_3

The spatial density of this dust is now found from the measurement

o e -
of M IV, The M IV results . are expresigd in a cumulativé .
flux curve - presented in Fig. 5. The equation for this cumu-
lative flux, ¢c, is
. _ /7
. = (6.9 x 10-12) n0-64 pm.zs“1 . ¢ 119)

(o

The mass of these particles over the incremental mass range of

9

-lzg < m < 10- g »

10
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can be obtained from
-9
10 :
me = (6.9 x 10712)( n0:64 4n, ana ( 12 )
10-12
m, = 1.01 x 10.-14 g m-2 s“1

Spatial density can then be determined from
) = m. v.l wheré ( 13)
sd c 'p A . .

;p is the mean heliocentric velocity of these particles in this

-1
volume. This velocity is near 25 km s =, which is the velocity

used. Therefore,

(1 x lOf18 g cm_2 s'l)(2.5 X 106 cm s—l)_l, and

1psd

4 x 10—25 g cm_3.

wsd

From this value of Y 4 derived for the M IV measurement, the mass

of these M IV particles in this volume is given by

Meid = ¥sq Velao | - (14)

(4 x 10'25

8 cm_3)(1.4 X 1038 cm3)3 and

5.6 x 1013g .

Other such calculations were made using GAULT's (. 8) distribution
for interplanetary space. The cumulative flux used by GAULT ( 8)
was based on a number of measurements. These measurements were

made pfimarily near the earth. However, the results are interesting.

—
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From GAULT ( 8),
¢ = 1.45 n0-47 em ™2 MY_l, (15 )
m, = l.ASSm'O'47 dm, and

= 4.55 x 10°° g cm™2 MY-l, or

= 1.45 x 108 g em™? 71 .

For spatial density, using the same method as M IV,
Ygqg = 5-8 x iﬁes g cm—3

Finally, the cloud mass is
M.1q4 = 8-1 x 1013 g.

This result compares quite favorably with that obtained from the

M IV measurement.

However, the signifi;ant'factor is‘the comparison of the dust cloud
- mass determined from the M IV measurement, GAULT (8)" analysis, and
the lunar ejecta injec;ed into this volume. The first two had a
cloud mass value between (4 - 8) x 1013 g, while the lunar ejecta

calcﬁlations had a value near 8 x 1013

g injected over a 1000 year
period. Since this value, including the lifetime estimates, is
very similar to the first two results, the contribution possible

is seen to be significant. The overall comparisons are made in

the next section.
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4. Gegenschein and the Mafiner IV Measuremen't

The M IV spacecraft traveled a path from earth to Mars which was °
essentially in the ecliptic plane. The detector plate was oriented‘
in such a manner that it was most sensitive in terms of Qelocity

and detection solid.angle to particles of low inclination and low
values of eccentricity. Thué, M IV detected particles which

were most likely those comprising the major portion of the particles
making up the Gegenschein. The Gegenschein measurements provide the
information which prove the fact that the Gegenschein is not the
result of only lunar ejecta. ROOSEN (12) has recently conducted
extensive studies regarding the Gegenschein and presents strong
evidence that the Gegenscheig is not a phenomenon which is near

the earth. ‘It has beén shown, in a previous sub~section, that

lunar ejecta woﬁld not concentrate near the earth, bgt due to RP, it
would be in a heliocentric ring outside the orbit of the earth.
However, this ring would have a very narrow thickness. The
observations reported by ROOSEN (12), do nof show a sharp peak of
intensity very near the ecliptic-plane. This would mean that the
lunar ejecta was not the only contributor td'fhe compléteGegenSChein
but if does not rule out that the lunar ejecta is possibly the-major
enhancement factor of the peak intensity within + 2° of the ecliptic
élane. Further remarks are reserved for the last section. This
work suggests futuré studies which are befond the scope of the present

effort, but pertinent to understanding the Gegenschein.
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B. Relationship of Mariner IV Measurement to Zodiacal Dust and

Gegenschéin

It is generally accepted that the dust comprising the zodia-
cal dust cloud comes from comets and grinding-up processes oécur?
ing in the astefoid belt. Whipple (14), for example, finds that
comets Encke and Halley provide sufficient mass to account for the
primary portion of dust in this cloud. In addition, studies con-
cerning the grinding—up of asteroidal materials have been presented
by Dohnany (13) and Whipple (l4). At the present time it is not
possible to arrive at a firm decision regarding the relative effi-
ciency of these two sources, but it is most likely that the origin
of the majority of the dust is a combination of both sources;

The preceding remarks are general in terms of the overall
zodiacal dust cloud. In studying the Mariner IV measurement,
considerations of the data and the ground-based observations of -

the Gegenschein were found to be important and are presented below.

The Mariner v seﬁsor plate was most efficient in detection of
particles with very low inclinations._ Ihe main reason is that
the effective iﬁpact area of the sensor simply decreases for
higher inclination particles since the vectof n Qas always low
with respect to the ecliptic plane. Secondly, the acoustic
transducer was responsive to a mechanical excitation which was
related to the impulse delivered to the impact plate by the

micro-par;icle hypervelocity impact. Since this impulse 1is a
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vector quantity, then the detector array was most sensitive to
particles of low inclination. Therefore, while the impact plate
was reasonably sensitive to particles over a fairly wide range

of inclination, 1,
0° < i < 45°, or
135° < i < 180°, the

detection éfficiency is greatest for the lowest inclination
particles. This means that the M IV sensor was most efficient
for detection of Gegenschein particles.A A comparison of the M IV
measurement and the most recent work regarding the ground-based

Gegenscheinobservations is the next step.

Roosen has conducted the most recent in-depth Gegenschein measure-
ments. A representative summary of his wofks are found in
Roosen (12), (16), (17), and (18). The primary Roosen results
relative to the Gegenschein and thg M IV measurements are as
follows:
(1) the Gegenscheinmaximum brightness was found to be
gxactly at tﬁe anti-solar point;
(2) the Gegenscheinmaximum was found to be exactly in
the ecliptic plane; and
(3) the dust pérticles resﬁonsible for the Gegenschein
had to be quite far from the earth, or essentially

in a heliocentric rather than a geocentric cloud.
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Whipple (12 and Roosen'(ls) have pointed out that consideration
of asteroidal debris as the sole source of Gegenschein particles
is contrary to the Roosen observations, sinte the mean mass of
the known asteroids is not e#actly centered in the sun-earth
ecliptic plane. Howevér, material from a source in the ecliptic.
pPlane would be distributed around this plane. Therefore, if

the dust.particles near the ecliptic plane are the result of a
combination of asteroidal debris and lunar ejécta, then the 
ground-based observations of Roosen should exhibit the following
characteristics:

(1) a maximum at the anti-solar point and exactly in the
écliptic plane if the lunar ejecta particles are
présent in any significant_degree; and

(2) a slight asymmetry with respect to the ecliptic
plane for i's greater than about +2° if the asteroidal
debris also makes a measureable contriﬁution to the
Gegenshein.-

In studying Roosen's (12) data,'a very important fact 1is seen
which is a strong indication of no. 2 above. The brightness vs.
declination angle from the anti-solar data clearly shows an
asymmetrical distribution for data greater than +2° of the
anti-solar point. The brightness data indicates a probable
dominance of particles with slight positive incliﬁations. The
ébove indicates a model for the Gegenschein that contains
asteroidal debris with lunar ejecta superimposed upon.it in the

region of the ecliptic plane. Of course, there is also a mixture

T2
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of some debris from the.cometary sources, but the amount in
this very small volume of the overall Zodiacal Dust cloud is

small.

The final topic to discuss is the radial distribution of the dust
particles as measured by M IV and the distribution indicated by
the ROOSEN (12)Gegenschein observations and analyses. In the
data section of this work, it was shown that the CF-MD from the
M IV measurement appears to increage as the helipcentric range
~increased. Near the orbit of Mars ¢, decreased, but not to the
level of that near 1 AU. Normal distribution of particulaté
matter revolving around an object such as the sun will exhibit

a higher concentration qf the particles as the distance to the
sun decreases. The spatial density as a function of heliocen-
>triC'range, R, is modified by the various forces acting on the
particles (other than gravitational) causing them to change
their orbits (such as PR, RP, and the others). 1In any event,
through, the variation of ¢, as a function of R is of the form
R™®. However, the measurement of M IV gives a positive value

of n. As a first conéideration, this statement does not make
sense from a physical Qiewpoint. However, it must be remembered
that this is a measurement within a very small volume of the
overall Zodiacal Dust cloud. If there are any forces or events
which relate primarilf to phenomena only effecting this zone,
then this apparent anamolous information does not rélate to the
overall dust éloud, but only to the region where the measurement

s

occurred.
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SOUTHWORTH (19) and BANDERMANN (20) have shown that if the
interplanetary dust is due to cometary debris, then PR drag
causes‘theAdust concentration to vary with values for n of -1

fér R < q and —2.5‘for R > q. Thus if WHIPPLE'S (%4) calculations
regarding comets Encke and Halley are used, then the present

dust cloud would be expected to follow a R™2:5 distribution

at 1 AU and out since q for both comets is < than 1. That parﬁ
of the dust cloud that is the result of grinding up processes

in the asteroid belt would have a radial distribution of R'1 

at 1 AU. With the above facts in mind, ROOSEN (12) determined
that he should be able to aetect the shadow of the earth in the
brightness measurements of the Gegenschein for either value of

n with -2.5 being the easiest to detect. He did not find any
depreséion in the brightness observation at 0° declination from
the antisolar point. The conclusion ROOSEN (12) reached was

that the Gegenschein 1s the result of back-scatter from a ﬁelio-
centric dust cloud that is most likelj asteroidal material

with the major portion of this cloud quite removed from 1 AU.

As previously stated, the major broblems with the above 1is that
ROOSEN'S (12) photometric measurements show (1) the maxiﬁum
brightness to be exaﬁtly at the anti-solar point and (2) in the
ecliptic plane. This should not be the case if the debris were
asteroidal alone. It has already been proposed that lunar ejecta
added to asteroidal debris could possibly account for the maximum
to be in the ecliptic plane. In addition, ROOSEN (12) should

have been able to detect the earth's shadow even for R-l, and he
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did not find it. If a mechanism exists which alters the value
of n to values significantly less than -1, then the shadow

problem would not exist.

One possible mechanism which might alter the effective value of
n has been presented by SCHMIDT (21). He showed that particles
arriving at the earth's sphere-of-influence in essentially cir-
cular orbits and émall enough to be affected by PR effect may
have the steady inward motion due to PR disturbed by the earth's
gravitational actioq and the perihelion distance increased.
SCHMIDT (21) demonstrated that when tﬂis interruption caused e to
increase to values over 0.07, then the inward drift is barely
distu;bed. The general conclusion éf-SCHMIDT (21) was that there
could be some concentration of particles in a heliocentric ring
outside the earth's orbit with a space density increase by as much
as a factor of 5. It is interesting to note that the increase

in ¢, from M IV is. about a facgor of 3.5, with this value being
reached around 1.35 AU. This value of R is too high for the
grévitational scattering presented by SCHMIDT (21). However, his
interesting work has been mentioned to dembnstrate that there are
factors which alter the apparent fadial distribution when
méasﬁred near the ecliptic plane, as well as a possible 1 AU

source factor.

The previous chapters have presented the M IV measurement and
the numerous factors surrounding the measurement and data analysis.

The instrument was not an extremely sophisticated device and care

5

!



IVB-7

has been taken not to try and obtain more information from the
results than is possible. The analysis effort has raised
several very iﬁteresting questions that should be pursued in
future research efforts. Because of M IV and LE 35 results,
laboratory-studies of the mass and velocity distribution of
micro-sized ejeéta resulting from hypervelocity impact is needed;
a fﬁrther look at the last Gegenschein measurements, especially
with regards to the possible need for more ground-based obser-
vations (it is noted that Pioneer 10 results may negate this
observation); and many theoretical problems need to be pursued,
starting with the possible heliocentric'ring as seen by M IV,
pointed out by SCHMIDT (21), and presented as a major explanation
of tthegenschein'by ROOSEN (12) from his observations and

analyses of the Gegenschein.
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Concluding Remarks
The data from the fhree missions has produced significant

information in several areas concerning the interplanetary dust

complex. These are listed in a summarized manner below:

A. Mariner IV showed a reliable measurement with no evidence of
noise. The cumulative flux from this experiment and the re-

- " resultant cumulative flux-mass distribution which is derived
from a single experiment is in very good agreement with (1) the
zodiacal light model of Geise, Type II, (2) the extension of
the penetration flux, and (3) most importantly with the flux
as seen from Pioneer 8 and 9. The increase of flux between
the orbits of earth and Mars is felt to be real and presents

questions that will only be resolved by further studies.

-B. The 0G0 III measurement provided the initial in-situ measure-

ment of velocity of a dust particle and the cumulative flux

data point of 0.5 picogram particles.

C. The Lunar Explorer 35 experiment provided a study of the
dust particle flux in selenocentric space over a period of
several years. There is some evidence that ejecta particles
from the lunar surface whose masses were in the order of a
picogram were detected. However, this is not directly mea-
surable and the evidence is not conclusive.

D. The various considerations to the analysis of data from these
experiments indicate that immediate studies should continue
to:

1. Analyze in greater depth the initial study of micromn
sized ejecta leaving the earth in the system and moving
into heliocentric space.

2. Attempt to attain more laboratory data regarding the
mass;velocity distribution of minute ejecta from hyper-

~ velocity impacts.

3. Analyze the data from Lunar Explorer 35 and 0GO III to
look for data that is cyclic in nature, even though the

periods might be quite 1dng. (There is some evidence

v-1 —
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of such occurances in the Lunar Explorer 35 data when
periods of 45 or 50 days are considered. There is
evidence from Pioneer 8 and 9 that there are very small
particles on nearly parabolic to hyperbolic orbits
coming from néar the sun. The two experiments listed
above may have measured some of these particles and

additional study might show this.)
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GENERAL DESCRIPTION OF SYSTEM. Lunar Explorer 35

The basic sensor signals are derived from two different sensor groups. One
set of sensor signals is derived from sensors within a cylindrical tube into
which dust particles enter from space. The tube sensors are located near the
ends of the tube, spaced by fixed known dimensions. This physical spacing is
utilized to enable a time .of flight (TOF) measurement of a dust particle. The
other sensor group is associated with a circular plate of large area exposed on
the AIMP spacecraft exterior.

In event of a particle impact with either sensor system (tube or plate), the
signals are amplified, processed and the necessary analog data converted to
digital form. The digital data are then stored in a specific readout order in

- shift registers within the instrumentation, At the appropriate readout inter=
val the data are shifted out into the spacecraft (S/C) telemetry system for
further processing and transmission.

The shift registers are arranged to only change stored data in event
of a new data event. During readout the data are recirculated in the: ST
registers so that the same data pattern continues to be read out in each par-
ticular data frame until new data are received. This is of significance when
there are sources of data error due to land based systems in the data link
to the experimenter and when the data rate is low as in this type of experiment.
This operation is in accordance with requirements in the experiment functional
specifications - - - - :

In event of two data events in one sensor system between two successive
telemetry readouts for that sensor system, the data of the second event are not
processed and the first event data for that sensor group are retsined in the
appropriate section of the shift registers, The exception to this is the count
data of the accumulative hit event counters which are triggered for each event.
From the data readout of these "hit'" accumulators it can be determined if such
a double event occurred between successive readouts for a particular sensor
system, :

DESCRIPTION OF OUTPUT DATA. | o
' General.

There -are four channels of output data. They.afe referred to es Level
A through Level D. 1In all four channels, the most significant digit is read -
~out first, - ' : : '

The inter-binary cross-coupled steering in the Shift-Register (S/R)
is arranged to recirculate the data back into the binaries, as it is being
shifted out.

The TOF, My PHA, Mp PHA, Mp ACC, Mp ACC are all combined counter and
Shift~Register binatiea.

| 82,
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The SA string consists of five counters and five separate shift-
register binaries. The data will be transferring from the counters to the

S/R at all times except (a) when the counter is still counting, and (b)
during readout, :

The Status/RFI Binary is a shift register blnary only. Its state is
controlled by sets and resets.

"Level '"A" Output, - IR

All six binaries in this string are the blnarles for the Time-of-Flight
(TOF). The maximum count is 63.

Level '"B" Output, ;,‘_¢« 

The first five bits read out are the Solar Aspect (SA) data. The
maximum coumt is 31.

The last bit to be read out will be the Status/RFI binary. This
binary monitors RFI or the status of the Ar and Bp Sensors. A logical l
indicates RFI or a shorted sensor (depending on what is being monitored).

Level "C" Qutpue. - . < o

The first three bits read out are the data in the MT PHA binaries.
These tell the peak amplitude of pulses in one of the input channels connected
to the tube sensor, the Mt channel. The maximum count is 7.

The second set of three bits (fourth, fifth, and sixth) to be
read out are the Mp PHA data. Similar to the My PHA data, these give the.
peak amplitude of pulses in the Mp channel, a plate sensor input channel..
The maximum count is 7.

Level '"D" Output., =~ - e e F

The first three bits read.out are the data in the MT ACC binaries.
This gives the number of hits in the MT channel. The maximum count is 7, but
the binaries are never reset. So, they will count on to O and start counting up
again, except for blocked time during INHIBIT intervals or when completing a
measurement.

The second three bits read out are the data in the Mp ACC binaries.
This tells the number of hits in the Mp channel. Like the Mt ACC above,
maximum count is 7, and the binaries can count continuously except for
blocked time during INHIBIT intervals or when completing a measurement.

83

AI-2



® e

EXPLANATION OF OUTPUT DATA. o SR T

TOF _(Level "A'' Output).

The time of flight (TOF) measurement is made by the Ar and Bp channels.
Logarithmic compression is used in the analog-digital conversion (A-D/C). A
cspacitor is charged by a constant current for the time equal to the TOF, then
at a later time it is allowed to discharge through a precision resistor, From
the start of discharge until the voltage reaches a predetermined level, a. ' I
gated-free-running clock (GFR) is allowed to free-run and drive the TOF counter,’
Therefore, the number of counts is proportional to the logarithm of the TOF,

The minimum for FULL SCALE (63 counts) is 50 psec.

5
EH

Solar Aspect (First Five Bits Read Out In Time From Level "B" Output).

. The Solar Aspect (SA) GFR is allowed to'start free-running and driving
the SA counter whenever there is a hit. This is true for a tube-sensor hit,
a plate-sensor hit, or a simulated hit from the Calibration Generator.
However, in normal operation (no CAL .signal) the tube-sensor hit has precedence,
The logic is so arranged that (a) after a tube-hit has started the SA GFR, it
cannot be restarted by a plate hit until after the next readout of data; and
(b) if a plate-hit has started the GFR, a tube-hit that occurs after that but
before the next readout will reset the SA counter binaries and the SA GFR
will now be putting in the data for the tube-hit. The GFR continues to operate
until either the full-scale signal oxr the Solar Aspect signal occurs. The .Solar
Aspect signal indicates the SA sensor has sighted the sun. : o

If the GFR (and the counter) are still in the process of measuring SA
when the Counter Inhibit Signal arrives (160 ms before readout and 160 ms after
the Inhibit Signal which blocks all input channels) the SA Shift Register (S/R),
having been reset by the hit, will read out all zeros. The data in the counter
is transferred to the S/R by DC-SET to the S/R binaries at all times except when
-(a) the GFR is still operating and the counter still counting and (b) the _
Counter Inhibit Signal (preparing for readout) occurs. There are two possible :
marginal areas. First, if a tube hit occurs after a plate hit and the SA GFR
is still operating there will be an ambiguity of 1 count, because the tube hit
will allow the GFR to keep operating but will reset the counter to all zeros.
Secondly, if counting is still in process when the Counter Inhibit Signal occurs,
but counting ends before the end of readout (so that all input channels are
again open for new hits), and a new hit does occur before the next readout, the:
new hit will have its SA data measured and the first hit will not have any SA
data. However, both of these occurrences are unlikely.

The maximum SA that can be measured before the Full-Scale signal occurs i§
3.0 sec., at room temperature. This means that if the Spacecraft rotates at
less than 20 rotations per minute, the counter could reach full-scale.

The SA GFR period is 100 milliseconds. The maximum count is 31.
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Status/RFI Binary (Sixth Bit of Level "B" Output). (See "F'", Pg. 6)

For normal readouts (those not preceded by calibration) the Status/
RFI binary indicates whether an RFI indication occurred at any time since the
last readout. If RFI did occur, the Status/RFI bit will be a logical 1.
The binary is reset to zero after each readout. For calibration readouts,
the Status/RFI bit indicates either (a) the status of the AT sensor, or
(b) the status of the Bp Sensor, or (c) the occurrence of an RFI indication.
Which of these is being indicated may be determined from the calibration
level, as described in section IV.F., When RFI is being monitored during a ;
calibration readout, the Status/RFI bit should always be a logical 1, be- N
cause an RFI indication is simulated during calibration. When the AT or :
Bp sensor status is being monitored during a calibration readout, the Status/ /
RFI bit will be a logical 1 only if the respective sensor is shorted. [

Mr PHA (First 3 Bits Read Out In Time From Level "C" Output).

When the Mp channel receives a hit, the 3KC amplifier drives the peak--
catch and hold circuit which captures the peak voltage from the amplifier.
Later the capacitor which stored the peak is discharged through a precision re-
sistor. The Mp PHA GFR is gated on from the start of the discharge until the
voltage reaches a predetermined level. Therefore, the analog to digital con-
version is logarithmically compressed, giving a greater dynamic range. The
number of couuts is proportional to the logarithm of the peak voltage. The
minimum peak voltage that will give 1 count in the output is 143 uv . The
minimum peak voltage that will give a full scale reading (7 counts) is 5.98 mv,
Both of these values are at the input to the My amplifier.

Mp PHA (4th, 5th, 6th Bits Read Out In Time From Level '"C'" Output).

Whenever there is a coincident hit in the Bp and Mp channels, two
things happen: (a) the 3 Mp PHA binaries in the S/R are reset to zero, and
(b) the amplifier drives the peak-catch and hold circuit, which captures the.
peak. Later the capacitor which held the peak is discharged through a precision
resistor. The Mp PHA GFR is gated on from the start of the discharge until the
voltage reaches a predetermined level. Therefore, in this circuitry, as in the
Mt PHA, logarithmic compression is used in the A-D/C; the number of counts is
proportional to the logarithm of the peak voltage., The minimum peak voltage
to give 1 count is 67 yv . The minimum peak to give a full scale reading (7
counts) is 3.llmv. Both of these values are at the amplifier input.

If there is an Mp hit but no Bp hit, then there will be no Mp PHA
measured. However, the Mp ACCUMULATOR will indicate a hit. .The function of the
Bp channel is to indicate if a true hit has occurred (a coincident hit) or if
the Mp channel (a crystal sensor and a 100 KC tuned amplifier) was falsely
triggered by acoustical or mechanical noise. If there is an Mp "hit" but no
Bp hit, it probably was this noise. If there is a Bp hit, but no Mp hit,
nothing occurs in the data measurement/storage sections since the "coincident"
circuitry does not operate for just a Bp hit.

AI-4 . 8.5,
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Mt Accumulator (First 3 Bits Read Out In Time From Level "D" Output).

These three binaries in the S/R record the total number of hits received
by the Mt amplifier (by advancing 1 count each hit) either from the sensor or
from the CALIBRATION GENERATOR, These binaries are never reset and they will
record multiple hits prior to a readout. That is, if two or more hits should
occur at the My channel between readouts, the My PHA, Solar Aspect, and TOF
counters would have data for only the first hit. However, the My ACCUMULATOR
will record every hit. After an Mp hit, the input to the Peak-Catch and Hold
circuitry is blocked for 0.5 seconds to allow the slowly damped wave (in the
case of a mechanical vibration) from the 3KC amplifier to die away. This is
to prevent extra triggers to the My Accumulator.

Mp Accumulator (4th, 5th, 6th Bits Read Out In Time From Level "D" Output)

These three binaries in the S/R record the total number of hits re-
ceived by the Mp amplifier (by advancing 1 count each bit), either from the
sensor or from the CAL GENERATOR, These binaries are never reset and will
‘record multiple hits in the Mp channel between readouts, These binaries are
identical to those of the Mt ACC in design and functionm. '

RELATED LOGIC.
RFI Block..

Whenever the RFI Sensor detects RFI above a predetermined threshold,
the RFI circuitry blocks all input channels (Ap, By, Bp, Mp) except My, This
is to prevent the RFI from triggering the extremely fast channels. The delay
time thru the RFI BLOCK circuitry is very short to enable the blocking actiom
to take place before false triggering could occur. The same signal that initi-
ates the RFI BLOCK will show RFI present on the STATUS/RFI binary (BIT 6 of
Level "B" Output) if RFI occurs, or if RFI Cal occurs. S

Tube Block.

. After one hit has occurred in any tube channel. (Ap, BT, or Mp) and
until the next readout is over, the TUBE BLOCK signal is arranged to keep sub-
sequent hits from being processed (except for the M; ACCUMULATOR, which still
will count multiple hits). Also, the TUBE BLOCK will block new data during
readout. At the end of readout, the block is removed so that new hits can be
processed. ' ' ‘

Plate Block. "
This is anaiogous to the TUBE BLOCK in that it blocks the Bp and Mp
channels (a) after a Bp-Mp coincident hit and before the next readout, and (b)

during readout. A Bp or Mp hit alone ( no coincidence) will not initiate the
PLATE-BLOCK. ' : : : :
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Inhibit Sipnal.

This signal prepares the circﬁits for readout. It blocks all of the
input channels. It goes down at the end of readout and takes away the TUBE
BLOCK and PLATE BLOCK, This allows the channels to azcept hits again.

Counter Inhibit Signal,

This signal occurs 160 ms after the INHIBIT SIGNAL., This signal will
stop all activity in the logic and A-D/C sections 160 ms after the inputs have
been blocked. This allows any hits which might have been received just before
the INHIBIT SIGNAL to have an extra 160 ms to be processed before input signal
processing is stopped for purposes of readout.

Cal Storage and Control.

The logic is ‘arranged so that if a CAL SYNC signal comes either (a)
during readout or (b) before a '"mew" hit's data has been read out, the CAL
SYNC signal is stored until after readout. Then the appropriate CAL signals
(from the CAL GENERATOR) are injected into all the amplifiers. There are two
levels of CAL, an upper level and a lower level. That means there are two "
. distinct patterns and each level is repeated, For example, assume CAL SYNC
occurs, and CAL LEVEL #l1 goes into all the amplifiers. The next time CAL
SYNC occurs, CAL LEVEL #1 will be put in again. The third and fourth times,
CAL LEVEL #2 will be put in. This pattern then repeats itself, continuously.

The AT Sensor and the Bp Sensor are examined during CAL. The first time.
CAL LEVEL #1, the lower level (identifiable because of the lower TOF count) is
put into the amplifiers, the AT Sensor Status is monitored. The second time
.CAL LEVEL #1 goes in, the Bp Sensor Status is shown. The first time CAL LEVEL

#2 and the second time CAL LEVEL #2 goes into the amplifiers, RFI Cal is sl
monitored. .
CAL LEVEL #1 (Lower) #1 (Lower) #2 (Upper) #2 (Upper)
Data in ~ Ap Sensor Bp Sensor RF1 » RFL
Status/RFI Status Status o CAL CAL
Bipary 0 = Unshorted 0 = Unshorted This Bit is a Logical
C 1 = Shorted 1 = Shorted 1 for RFI Cal
————— TIME SEQUENCE OF CALIBRATION EVENTS — —

= GENERAL INFORMATION ABOUT THE SHIFT REGISTERS;

Combined Counter - Shift Reglster.

The TOF, Mp PHA, MT PHA, Mp ACC, MT ACC are all combined counter and

shift-register binaries.

Separare Counter - Shift Register.

The SA binaries have five counter binaries and five separate shift
register binaries. - The data will be transferring from the counters to the

. 87
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shift registersrat all times except (a) when the counter is still counting, and
(b) during readout,

The Status/RFI Binary is a shift-register binary only. 1Its state is
. controlled by sets and resets. ' '

Data Recirculation.

A The inter-binary cross-coupled steering is arranged to recirculate the
data back into the binaries, as it is being shifted out. This is a valuable
" feature in any system with land-based error sources and a low data-rate.
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APPENDIX 1L
PAPERS AND PUBLICATIONS 1968~

"Zodiacal Dust: Measurements in Cis-Lunar and Interplanetary Space
Between June and December 1966 from OGO III and Mariner IV", Sgace
Research VIII North-Holland Publishing Co., Amsterdam, 1968

"Results of Recent Microparticle Hypervelocity Impact Studies Related
to Sensors of Cosmic Dust Experiments', Space Research VIII, North-
Holland Publishing Co., Amsterdam, 1968.

"Results of Studies of Thermal Gradient Effects on Ceramic Transducer
Sensors Used in Cosmic Dust Experiments", Space Research VIII, North-
Holland Publishing Co., Amsterdam, 1968.

"Lunar Explorer 35: Initial Measurements from the Cosmic Dust
Experiment", Transactions American Geophysical Union, Volume 49,
No. 1, P. 243, March, 1968.- ~

"Mariner IV and OGO III: ‘Temﬁoral Variations of Dust Particle Flux
in the Zodiacal Dust Cloud", Transactions American Geophysical
Union, Volume 49, No. 4, p. 724, December 1968

"Mariner IV: De:ectioh of Inspiraling Particles from Encke's Comet"
Transactions American Geophysical Union, Volume 49, No. 4, P. 724,
December, 1968.

"Lunar Explorer 35: Lunar Ejecta Related to Major Meteor Streams",
Transactions American Geophy51ca1 Union, Volume 49, No. 4, p. 724,
December' 1968. '

"Lunar Explorer 35: Direct Measurements of Dust Particles in Seleno-
centric Space'", 72nd Meeting of Texas Academy of Science, Abstract
published by Texas Journal of Science, Spring, 1969.

MAnalytical Studies of the Dynamics of Picogram Particles Ejected
from the Lunar Surface', 72nd Meeting of Texas Academy of Science
Abstract published by Texas Journal of Science, Spring, 1969.

"Lunar Explorer 35: Studies of the Relationship Between Lunar Ejecta
Produced by Meteor Showers and Enhanced Dust Particle Flux in
Selenocentric and Cis-Lunar Space", 72nd Meeting of Texas Academy

of Science, Abstract Published by Texas Journal of Science, Spring,
1969.

"Investigation of the Flux of Picogram Dust Particles in the Geminid
Meteor Stream from a Black Brant II Rocket Experiment', 72nd Meeting
of Texas Academy of Science, Abstract published by Texas Journal of
Science, Spring, 1969.

"Results of Studies of Poyﬁting-Robertson Effect on Picogram Encke
Comet Particles from Mar%ggr,IV Cosmic Dust Experiment Measurements",
72nd Meeting of Texas Academy of Science, Abstract published by

Texas Journal of Science, Spring, 1969. {~§I—
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"? Radiation Pressure and Drag Forces Acting on Picogram Interplanetary
Dust Particles in Heliocentric Space'", 72nd Meeting of Texas Academy

of Science, Abstract published by Texas J0urna1 of Science, Spring,
1969.

"Lunar Explorer 35: Picogram Lunar Ejecta Related to the Orionid
and Leonid Meteor Showers, 1968 and 1969', Transactions, American
Geophysical Union, Volum& 50, No . 4, p. 222, April 1969.

"Lunar Explorer 35: Indications of Mass Limit for Lunar Ejecta
Resultlng from Hypervelocity Impact of Meteoroids on the Lunar
Surface'", Transactions, American Geophysical Union, Volume 50, No.4,
p. 222, April 1969.

"Picogram Dust Particle Flux: 1967-1968 Measurements in Selenocentric
Cislunar, Interplanetary Space," Space Research X, North-Holland
Publishing Co., Amsterdam, 1968,

"Lunar Explorer 35: Dust Particle Measurements in Selenocentric
Space During Periods of Meteor Showers of 1967-68-69.," Transactions,
American Geophysical Union, Volume 51, No. 4, April 1970.

"Lunar Explorer 35: Dust Particle Measurements in Selenocentric
Space During Periods of the Geninid Meteor Showers of 1967-68-69I1I;"
Transactions, American Geophysical Union, Volume 51, No. 11,
November 1970, P. 769.

"Lunar Explorer 35 and OGO III: Dust Particle Measurements in
Selenocentric and Cislunar Space from 1967 to 1969", Space Research XI
Akademie-Verlag, Berlin, 1971. -

"0GO IITI: Measured Speeds of Micron-sized Dust Particles in Cislunar
Space." Transactions of the American Geophysical Union, Vol. 52,
No. 4, April, 1971.

"Initial Results of a Microparﬁicle Detection Experiment on A Rocket
Launched During the 1970 Geminid Meteor Shower." Transactions of the
American Geophysical Union, Vol, 52, No. 4, April, 1971

"Final Results of a 1970 Geminid Dust Particle Rocket Experiment,"”
Transactions of the American Geophysical Union, Vol, 52, No. 11,
November, 1971.

"Lunar Explorer 35: 1970 Dust Particle Data & Analysis of Shower
Related Picogram Lunar Edecta Orbits In the Earth-Moon Systems,”
Space Research XII, Akademie-Verlag, Berlin, 1972..

"Results of a 1970 Geminid Dust Particle Rocket Experiment and
Analysis of OGO III Dust Particle Velocity Measurements,' Space
Research XII, Akademie-Verlag, Berlin, 1972..°

"Lunar Explorer 35: Orbital Studies of Picogram Lunar Ejecta During
Perseid Meteor Showers, 1967, '68, '69, and '70." Transactions of
the American Geophy91ca1 Union, Vol 53, No. 4, April 1972,

"Four Years of Dust Particle Measurements in Cislunar and Selenocentric
Space from Lunar Explorer 35 and 0GO III," Space Research XIII,
Akademie-Verlag, Berlin, 1973 .-
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"Review of Dust Particle Measurements from Satellites and Probes:
1958 - 1972," invited paper presented to the School of Physics,
University of Newcastle upon Tyne, Newcastle, England. Abstract
published in regional science news letter, February 1973.

"Developement of Curriculum for an Interdisciplinary Program in
Environmental Education', invited paper presented to the faculty of
all of the Schools of the Sciences at the University of Newcastle
upon Tyne, Newcastle, England. February 1973.

"Lunar Explorer 35: Evidence of Lunar Ejecta Dyring Periods of Major
Meteor Showers," invited paper presented at a meeting of the faculty
and graduate students at University of Sheffield, Sheffield, England.
February 1973.

"Lunar Explorer 35: Orbits of Lunar Ejecta in Selenocentric and Cis-
Lunar Space," invited paper, National German Academy of Science meeting,
Gutenberg, FRG, March, 1973. Abstract published in proceedings of the
meeting.

"Comparisons of Satellite and Probe Measurements of Cosmic Dust

and- Results of Ground-based Zodiacal Light Experiments," invited
paper presented to faculty and guest astronomers of Sweden at Lund
Astronomical Observatory, Lund, Sweden, April, 1973.

"Comparisons of Pioneer 8 & 9 and Mariner IV Dust Particle Measure-
ments Near 1 AU," invited paper presented to the National Swedish
Space Council, Stockholm, Sweden, April 1973.

"Review of Mariner IV Cosmic Dust Measurement and Comparison With
Preliminary Results of Pioneer 10," invited paper presented at
Konstanz, Germany meeting of COSPAR, with abstract published in
proceedings of the meeting, May, 1973.

"Mariner IV: A Study of the Cumlative Flux of Dust Particles Over a
Heliocentric Range of 1 to 1.56 AU," Space Research XIV, Academie-
Verlag, Berlin, 1974, in print. '
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