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FOREWORD

The Apollo Program has provided, and will continue to pro-
vide, a wealth of scientific data. Until recently, these data
were analyzed primarily by the Principal Investigators and their
teams under the proprietary rights recognized by NASA. Following
the last Apollo mission, the Lunar Analysis and Synthesis Program
was established to encourage the participation of a larger segment
of the scientific community in lunar science development (e.g.,
through the multidiscipline studies, development of comprehensive
models of lunar origis and evolution, studies of lunar physical
properties and motions, studies of the internal and external
processes operating on the Moon, etc.).

One of the first activities of this program was to determine
the procedures for disseminating lunar science data as broadly
and effectively as possible. This handbook was written to assist
in the dissemination of these data to the scientific community
and especially to facilitate greater participation in the evalua-
tion of lunar science data.

The NASA Lyndon B. Johnson Space Center acknowledges the
efforts of the Geophysical Data Evaluation Working Group in the
establishment and implementation of the data archiving procedures.
We also appreciate the cooperation of the Principal Investigators :
and their teams and the Lunar Science Institute in presenting ;
information and written material for this handbook. :



INFORMATION ON REVISIONS

This publication will be revised peviodically to provide
more current information. If you want an updated copy of this
document, f£ill out the attached card and mail to W. F. Eichelman,
TN-3, Lyndon B. Johnson Space Center, Houston, Texas 77058.

W. F. Eichelman, TN-3
Lyndon B. Johnson Space Center

Please place my name on the mailing list for the next
revision of the Apollo Scientific Experiments Data Handbook
(NASA TM X-58131).

Nare:

Address:

Affiliation:
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1. INTRODUCTION

The purpose of this handbook is to present an overview
of the Apollec PFrogram scientific experiments to assist the
scientific community in further study and synthesis of the
axperiment data. The experiment informaticn in this
publication is not intended for use in data analvysis; it is
given only as a guide for the preparation of data analysis
plans.

Tach experiment is explained and the equipment is
described. 1limited descriptions are given of the computer
programs used in the data processing, together with
information about location and availability of the data.

The distribution of data will generally ke handled by
the National Space Science Data Center (NSSDC). After the
user has studied this handbook and decided on the area of
investigation or data synthesis, he should regquest data for
specific time periods of srecific missions. The procedure
for requesting data from NSSDC is described in the following
paragraphs.

DATA AVAILABILITY AND ORDERING PROCEDJIRES

The purpose of the NSSDC is to provide data and
information from space science experiments in support of
additional studies beyond those performed by the principal
investigators. Therefore, NSSPT will provide data and
information, upon request, to any individual or organization
in the United States. 1In addition, the same services are
available to scientists outside the United States through
the World Data Center A for Rockets and Satellites (WDC=-A-
RES) . Normally, a charge is made for the reguested data to
cover the cost of reproduction and the processing of the
request. The requester will be notified of the cost, and
payment must be received prior to processing the request,
The director of NSSDC may waive, as resources permit, the
charge for modest amounts of data when they are to be used
for scientific studies or for specific educatiomnal purposes
and when they are requested by an individual affiliated with
cne of the following:

1. NASA installations, NASA contractors, or NASA
grantees

1-3




2. Other U.S. Government agencies, their contractors,
or their grantees

3. Universities and colleges

4, State and local Governments

S. Nonprofit organizaticns

A user can obtain data in any of the following ways:
1. Lletter request

2. NSSDC Data Request Form (fig. 1-1)

3. Telerhone request

4. Onsite request

Anyone who desires to obtain data for a scientific
study should specify the NSSDC identification number, the
common name and/or number of the satellite and the
experiment, the form of data, and the time span (or
location, when appropriate) of data requested. (Because
some of the Apollo science experiments are still returning
useful data and data from others may not have been depositnd
in the NSSDC, users should consult the most recent NSSDC
Data Catalog of Satellite Experiments for specifics on time
periods of data coverage and availability.) A requester
should also specify why the data are needed, the subject of
his work, the name of the organization with which he is
affiliated, and any Government contracts he may have for
performing his study.

When requesting data on magnetic tape, the user should
specify whether he will supply new tapes prior to the
processing, return the original NSSDC tapes after the data
have been copied, or pay for new tapes.

The NSSDC official address for requests is
National Space Science Data Center
Code 601.4
Goddard Space Flight Center
Greentelt, Marvland 20771

Phone: 301 982-6695

1-4



Users who reside outside the United States should
direct requests for data to

World Data Center A for Rockets and Satellites
Code 601

Goddard Space Flight Center

Greenktelt, Maryland 20771 U.S.A.

Phone: 30t 982-6695

THE NSSDC FACILITIES AND SERVICES

The NSSDC provides facilities for rerrcduction of data
and fcr onsite data use. Resident and visiting scientists
are invited to study the data while at NSSDC. The NSSDC
staff will assist usecrs with additional data searcies aad
Wwith the use of equipment. In addition to satellite and
space probe data, the NSSDC maintains some correlative data
and information on other correlative data that may ke
related to a specific request. These correlative data are
described in the "NSSDC Handbook of Correlative Data"™ (NSSDC
71-05), which is available from the Data Center,

In addition to its main function of providing selected
data and supporting information for further analysis of
space science flight experiments, the NSSDC rroduces a wide
spectrum of publications. Among these are documents tlat
announce the availability of spacecraft experimerc data, a
report on active and planned@ spacecraft and experiments, ~nd
lunar and planetary photographic catalogs and users guides.
Por additional information on NSSDC and WDC-A-RES document
availability and distribution services, write to the
appropriate address as given earlier and ask for document
NSSDC/WDC-RA-RES 74-10,
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NSSDC DATA REQUEST FORM*

GREENBELT, MARYLAND 20771, USA

Scientists OUTSIDE the United Stotes send order to: Requesters WITHIN the United Stotes send order to:
WORLD DATA CENTER A
ROCKETS AND SATELLITES NATIONAL SPACE SCIENCE DATA CENTEF
CODE 601 CODE 601.4

GODDARD SPACE FLIGHT CENTER GODDARD SFACE FLIGHT CENTER
GREENBELT, MARYLAND 20771

REQUESTER INFORMATION (Plecse grint)

NAME TITLE/POSITION
DIVISION/BRANCH/DEPARTMENT MAIL CODE
ORGANIZATION

ADDRESS

cITY STATE

TELEPHONE (Area Code) (Number) (Extension)

ZIP CODE OR COUNTRY

DATE OF REQUEST DATE DATA
DESIRED Plaase allow omple time for delivary. We will notify you if

we cannot meet the date specified,)

(Our average processing time for o request is 3 to 4 weeks.

INTENDED USE OF DATA (check all that apply)

0 Support of a NASA effort (project, study, etc.), Contract No.
[0 Support of @ U.S. Gover.ment effort (other than NASA)
[0 Research and analysis project (individual or company sponsored)

O Exhibit or display
T Reference moterial
O Use in publication

{3 Educational purposes {exploin below)
[ Preparation of Master's thesis

(3 Preparation of Doctoral thesis

O Othe:r:

NSSDC requests the submission of ail publications resulting from studies in which dota supplied by NSEDC
hove been used. Please state briefly the research projects in which you are engaged ond if you plan to prepare

ony articles based on this research.

*NSSDC has ovailoble special forns for ordering photagraphic data from the Surveyor, Lunar Orbiter,
Apolla, ond Mariner missions, These forms will be provided on request.

(a) Front.
Figure 1-1.- The NSSDC data request form,
1~6
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2. ALSEP EPHEMERIS DESCRIPTION

The Apollo lunar surface experiments package (ALSEP) ephem-
eris tape is generated by using data obtained from a single pre-
cision ephemeris tape containing positions of the Moon and the
Sun with respect to the Earth for the period from the year 1950 to
the year 2000. This tape was constructed using data provided by
the NASA Jet Propulsion Laboratory.

TECHNICAL DESCRIPTION

The data used to construct the ALSEP ephemeris tape are in
the mean equinox of the epoch coordinate system, where the epoch
is defined as the nearest beginning of a Besellian year. The
positions of the Moon and the Sun are found relative to the posi-
tion of the Earth at a specified time by applying Newton's fifth-
order interpolation to the tabular data. The two resulting
vectors are rotated into the true-equinox-of-date system by appli-
cation of the matrices of precession and nutation. The origin of
the coordinate system is then translated to the Moon center, and
the transformation into selenographic coordinates is accomplished
using the libration matrix (ref. 2-1). The selenographic x-y
plane is the true equatorial plane of the Moon, with the x-axis
passing through the prime meridian. The 3z-axis lies along the
true axis of the Moon in a northerly direction, and the y-axis
completes the right-handed system.

USAGE

All output coordinate systems are pcsiticned so that their
origins are located at the ALSEP. Output is in both the spherical
and Cartesian representation of three basic ALSEP~centered coordi-
nate systems.

System 1
The primary plane of the first coordinate system is the ALSEP
meridian plane. The Cartesian x-axis points radially outward

from the ALSEP (toward the zenith), the 2z-axis lies in the ALSEP
meridian plane in a northerly direction, and the y-axis lies in

2=3
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the equatorial plane completing the right-handed system. The
construction of the coordinate system is as follows.

cos , cos A cos ¢ sin ! sin ¢]/k\
y'}l = |=-sin A cos A 0 v (2-1)

~sin ¢ cos A =-<in ¢ sin A <cos ¢J\z

where x',y',z' denote the ALSEP-centered axes, X,Y,Z
denote the selenographic axes, X 1is the selenographic longitude
of the ALSEP, and ¢ is the selenographic latitude of the ALSEP.

The primary plane of the spherical coordinate system is the
Cartesian x'-z' plane; the principal axis is the x' axis. The
in-plane angle 6 is measured from x' toward z' in the range
-1 to 7. The out-of-plane angle ¢y is measured from the pri-

mary plane toward the positive y' axis, in the range % to %.

r (2-2)

System 2

The Cartesian x-axis of system 2 is the ALSEP-Earth line,
which is positive toward the Earth. The y-axis lies parallel to
the Earth-Moon-line/Moon-velocity plane in the direction oppos.te
the Moon velocity vector. The 2z-axis completes the right~handed
system as follows.
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where ;,;,E are the axes of coordinate system 2, ﬁE/A is the

unit vector from ALSEP toward Earth, ﬁM/E is the position vectcr
from Earth to Moon, VM/E is the velocity vector of the Moon, and

x denotes cross prcduct. The primary plane of the spherical sys-
tem is the x-y plane of coordinate system 2. The principal axis
~nf the spherical system is the Cartesian x-axis. The construc-

tion of the spherical vectors of the Earth and the Sun are as
follows.

R = \[xz + Y2 + 22 }
_ -1y
6 = tan (x) y (2_&)
p = sirx_1 2
\sz + y2 + z2 )
System 3

The x-axis of system 3 is the unit vector directed from
ALSEP toward the Sun. The z-axis is nearly normal to the eclip-
tic planc, positive northward. The x-axis is rot truly in the
ecliptic plane. The y-axis completes the righc-handed system.

)

b
]
b o B

S/A

Y (2-5)

Ny <
i
Ny Eo

[

Xy

X
<y

where H 1is the unit vector normal to the ecliptic. The spheri-
cal system is directly analogous to system 2.

UNITS

Al 4tput angles are in radians. Distance units are Earth
redii (ER). One ER is equal to 20 925 696.3 U.S. f¢t,
20 925 738.19 international ft, or 6378.165 km.
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OUTPUT TAPE FCRMAT

The output tape format is in Univac FORTRAN. The header
record consists of a control word; four integers giving ALSEP
number, day, month, and year; check sum; and another control word.
Data records consist of the control word and 24-hr blocks of
ephemeris that will be contained in 468 words per record. The
words are as follows.

Word Description
1 Calendar year
2 G.m.t. elapsed days from January 0
3 00 (two zeros), which corresponds to 00:00 G.m.t.

(Words 4 to 15 will all be relative to system 1.)

4 x coordinate from the ALSEP to the earth center

5 y coordinate from the ALSEP to the Earth center

6 z coordinate from the ALSEP to the Earth center
7 to 9 Spherical coordinates op,0,¢y of words 4, 5,

and 6, respectively

10 to 12 Cartesian coordinates x,y,z, respectively,
measured from the ALSEP to the Sun center for
00:00 G.m. t.

13 to 15 Spherical coordinates ¢,6,y, of words 10 to 12,
respectively

(Words 16 to 27 will be relative to system 2.)

16 to 18 Cartesian coordinates x,y,2 of Earth center at
00:00 G.rr. t.

19 to 21 Spherical coordinates o,6,y, of words 16 to 18,
respectively

22 to 24 ~ Cartesian coordinates x,y,z of Sun center

at 00:00 G.m. t.

25 to 27 Spherical coordinates op,06,y of words 22 to 24,
respectively
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Word Description

(Words 28 to 39 will be information using system 3.)

28 to 30 Cartesian coordinates x,y,z of the Earth center
at 00:00 G.m. t.

31 tc 33 Spherical coordinates 0,6,y of words 28 to 30,
respectively '
34 to 36 Cartesian coordinates Xx,y,z Sun center

at 00:00 G.m.t.

37 to 39 Spherical coordinates p,9,¢y of words 34 to 36,
respectively
40 Calendar year
41 G.m.t. elapsed days from January 0
42 02 (hours of G.m.t. for word 41)
43 to 78 Repeat of wcrds 4 to 39 except for a new time
(word 42)
79 Calendar year
80 G.m.t. elapsed days from January 0
81 04 (hours of G.m.t. for word 80)
82 to 117 Repeat of words 4 to 39 except for a new time
(word 81)

This scheme will repeat nine times to complete the day.
Words 1, 40, 79, 118, 157, 196, 235, 274, 313, 352, 391, and 430
all will be calendar year. For a given record, each of these
words will contain the same constant value. Words 2, 41, 80, 119,
158, 197, 236, 275, 314, 353, 392, and 431 all will contain the
number of days elapsed from January 0. For a given record, each
of these words will contain the same constant value. Words 3, 42,
g1, 120, 159, 198, 237, 276, 315, 354, 392, and 432 ali will be
hour designators starting at 00 hovrs and incrementing by 2 for
each word. For example, the ephemeris information for 12:00 G.m.t.
October 20, 1966, would be the 12 words following word 237 of
day 293 of 1966. Within each system, the first three words denote
Earth Cartesian coordinates x,y,z; the secund three words denote
Earth spherical coordinates o,¢,¢y; the third three words denote
Sun Cartesian coordinates x,y,2; and the fourth three words
denote Sun spherical coordinates o¢,9,¢.



One complete ephemeris 26-bit magnetic tape is sent to each
principal investigator (six tapes). Books of ephemeris data from
4020 microfilm are made as the demand requires. The microfilm
data are written by the computer just after the output tape is
written. The microfilm copy is not, therefore, & copy produced
by reading the outpu. data tape.

The Univac can write only 256~-word records; therefore, one
logical record appears in two physical records on tape. The
second of each pair has zeros inserted at the end to fill up the
256~word record. In the control word, bits 11 to 0 give the
block number within the logical record and bits 35 to 18 give the
number of data words in the physical record.

DATA ARCHIVED AT NSSDC

Ephemeris data and appropriate documentation will be avail-
able through the National Space Science NData Center (M3SDC).

REFERENCE

2-1. Kalensher, B. E.: Selenographic Coordinates. NASA CR-53132,
1961.
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3. EXPERIMENT STATUS

This section gives the current status of lunar surface
and lunar orbital experiments conductad during the Apollo
Program., Experiment status is divided into two subsections:

Part A: Lunar Surface Experiments
Part B: Lunar Orbital Experiments

Data users should consult this section for the current
status of the lunar experiments. The status is updated
periodically, and current information can be obtained from
the Nationzl Space Science Data Center (NSSDU). Sections 4
tno 315 of this handbook give background information on each
experiment, but the yrammatical structure of the sections
(e.g., verb tense) is not necessarily an indication of the
current operational status of a yiven experiment.
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PART A:
S-031
S-033
S-034
5-035
5-036
S-037

5-038

5-058
5-078
5-202
5-203
5-205
5-207

M-515

COUNTENTS - SECTION 3

LUNAR SURFATE EXPERIMENTS . « o « o« + « &
PASSIVE SEISMIC EXPERIMENT . . . . . . .
ACTIVE SEISMIC EXPERIMENT . . o« « ¢ o o &
LUNAR SUBRFACE MAGNETOMETER . . « « 4 « &
SOLAR-WIND SPECTRbHETER e o o o o o s & o
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CHARGED PARTICLE LUNAR ENVIFONMENT
EXPERIHENT L 4 L ] L 2 L] - L ] L] L] . - - » * . -

COLD CATHODE ION GAGE « + o « ¢ o o & & =«
LASER RANGING RETROREFLECTOR . . . « .« =
LUNAR EJECTA AND METEORITES EXPERIMENT .
LUNAR SEISMIC PROFILING EXPERIMENT . . .
LUNAR ATMOSPHERIC COMPOSITION EXPERIMENT
LUNAR SURFACE GRAVINMETER . . « ¢ o ¢ « &

DUST DETECTOR EXPERIMENT . .« + o o o o &

CENTRAL STATION ELECTRONICS . & ¢ o ¢ o o o« o o

PART B:

LUNAR ORBITAL EXPERIMENTS . « &+ ¢« o« o o« &
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PART A: LUNAR SURFACE EXPERIMENTS

Scientific data-gathering equipment and related
communications equipment were deployed on the luner surface
during each of the six Apollo lunar landinyg missions from
July 20, 1969 (Apollo 11 mission), to December 12, 1972
(Apollo 17 mission). The perforrance of the deployed
equipment, which was designed to provide data after the
return of the crevwmembers to Earth, is detailed ir the
following pages. This experiment status is as of April 1,
1976.
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5-031

Time history and proportion of full capability of instrument

e -y

PASSIVE SEIS!. .C EXPERIMENT

. . 1969 1970 1971 1972 1973 1974 1975 1976
Experiment Mission
)| LI T 1 T I 1T T Tt I T T rrrT | NEENRERERE| (117
1
Passive seismic 11 n
2 DENIQI{
12
3 U ( OIQCOC
14
4 =
15 ===
| L]
16
111 7 14
Legena:
Science data output 130/0 s
Housekeeping data wort

Apolio

Item nmission
1 1"
2 12
3 12

Initial date

—— - — — —

Aug. 27, 1969

Nov. 19, 1969

Nov. 22, 1969

Status

PSE STANDBY mode. Station 11
operated for 20 Earth days
before loss of the ALSEP

central station command uplink
terainated seismometer functions
such as leveling, gain adjust-
ments, and calibration.

SPZ component displaying re-
duceu sensitivity at low signal
levels. The other three
seismometers (J.PX, LPY, LPZ)
have operated properly since
initial activation.

Thermal conti1ol problenms.
These thermal disturbances are
most intense near sunrise and
sunset. They are believed

to be due to thermal contrac-
tion and expansion of the
alumirized Mylar shroud

that covers the sensor unit
or to thermal comntraction

and expansion nf the cable
connecting the sensor unit
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5-031 PASSIVE SEISMIC

Initial date
of _occurrence

Apollo

Item mission

4 14 Peb. 12, 1971

dar. 20, 1972

(4]

6 15 Aug., 13, 1971

7 16 Apr. 24, 1972

EXPERIMENT - Continued

status

to the central station, or
both.

Thermal control problems. The
modified thermal shroud used
on Apollo 14 provided

improved thermal control. It
vas found that if the heater
was coananded OFF for lunar
day and AUTO for lunar night,
the PSE temperature remained
within the expected range for
Apollo i1,

LPZ axis inoperative. Analysis
of the problem indicated this
failure vas either coaponent
failure or a wire connection
problem., It was concluded

that the failure was random
rather than generic.

Thermal control degradation.
Review of lunar surface
photographs showvwed that the
periphery of the thermal
shroud did not lie flat on
the lunar surface. The
incomplete deployment of the
shroud resulted in excessive
thermal leaks and loss of
tidal data. For subsequent
missions, crew traininy empha-
sized the need for the
periphery of the shroud to
be flat on the surtace.

High temperature during lunar
day. Photographs of the
deployed experiment, television
coverage of the lunar module
ascent, and coaments by the
crev indicate the following

as possible causes of the
problem: (1) some raised
portions of the shroud, (2)
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S-031 PASSIVE SEISMIC EXPERIMENT - Continued

Apollo Initial date
Item nmission of occurrence Status

dirt on the shroud riua crew
traffic subsequent to the
photography, (3) debris from
lift-otf, and (4) possible
contact of the experiment

with the lunar surface. Auny

of the above conditions could
cause degraded thermal control,
resulting in higher temperatures
during lunar day:

8 14 Apr. 14, 1973 Noisy data on long period
y-axis were noted originally on
Apr. 14, 1973, and intermit-
tently since then by the
principal investigator. Noise
i= caused by one bit not
setting. Since July 30, 1974,
the noise has appeared more
frequently and was noted
during real-time support
periods from July 30 to Aug.
2, 1974; Aug. 7, 1974; and
Aug. 9 to 16, 1974.

9 12 Dec. 28, 1973 Sporadic loss of LPZ axis data
during lunar night operation.
The anomaly was noted during
real-time support periods.

It was characterized by a
lack of data (quiescent level)
on the analog helicorder

and by no observed response
to calibration commands. The
enomaly occurred during three
successive lunar night
periods (Dec. 28, 1973, to
Jan., 2, 1974; Jan. 23 to

Feb. 2, 1974; and Ffab. 22

to Mar. 3, 1974),., All

data have been valid since
Mar. 3, 1974,

10 12 Sept. 11, 1974 Long period x- and y-axes
failed to calibrate on
command. The anomaly has been
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5-031

Apollo
Item nmission

" 12

12 12

PASSIVE SEISMIC EXPERIMENT - Continued

Initial date

of gccurrence Status

Oct.

Rov,

noted during real-time support
periods on two separate oc-
casions (Sept. 11 and Nov. 9
and 10, 1974). Long period
z-axis was calibrated on con-
mand doth times. Sensor
temperature (DL-07) was 325.82 K
{(126.81% F) when axes did not
calibrate aud 325.58 K
(126.37° F) when axes again
responied to calibration com-
mands. Sun angles during the
perinds of no response were
187.8° to 200.0° and 187.20°

to 199.6°, respectively. A
rcal-time support period at
these Sun angles was not con-
ducted in October. Calibra-
tion response has been normal
at all other times.

16, 1974 The instrument was commanded

7 1974

to operate with the feedback
filter IN. The principal
investigator requested this
operation to obtain data for
comparison with data from
filter OUT operation. The
instrument performed satisfac-
torily with the feedback filter
IN. Test vas completed on
Apr. 9, 1975, and the instru-
ment wvwas returned to the
feedback filter OUT mode.

An operational check on “ov,

7, 8, and 9, 1974, indi. ited

that the heater could not .e sat
in the auto OPF or forced OFF
modes. Preliminary analysis
indicated the cause of the
failure to be that the heater
ON/OFF relay driver circuit
failed "closed"™ allowving +29 V dc
pover to be applied at all times.
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S-031

Apollo
mission

14

12, 15,
and 16

14

12

PASSIVE SEISMIC EXPERIMENT - Continued

Initial date
of occurrence

Mar.

June

Aug.
and
Sept.

Nov.

5,

28,

31,

3,

23,

1975

1975

1975
1975

1975

3-8

Status

Engineering data from the PSE
are valid. Science data froa
the PSE can be used for a
period of approximately 9 days
wvhen the long period y-axis
moves from off scale high to
off scale low (Sun angles 55°
to 109%9) and off scale low

to off scale high (Sun angles
1859 to 2379). when Apollo 14
central station uplink capa-
bility was lost, the PSE
heater was in the forced OFF
mode for lunar daytime opera-
tion. The instrument remains
in this configuration.

FProm data received during the
test conducted with the
feedback filter IN of the
Apollo 12 PSE, the principal
investigator requested that
the three experiments be con-
figured to feedback filter IN.
The instruments performed
satisfactorily in this con-
figuration.

Although no leveling has been
accomplished on the PSE since
Mar. 1, 1975, because of the
loss of command capability,

a seismic event ou these dates
indicated that data vere
discernible on the lony period
x~ and y-axis on the recorders.

The ~hort period z-axis gain
vas set at -20 dB. This
setting eliminated some of the
noise appearing on the long
period axes due to crosstalk
interference. The operation
¥ill continue pending further
data analysis by the principal
investigator.
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$-031 PASSIVE SEISNMIC

Apollo Initial date

Iteu
17 12 Dec. 5,
5
¢ 18 14 Peb. 19,
E"
‘
f:;;
{
:
;j’g
; 19 14 Mar. 17,

s
.o
—
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missjon of occurrence

1975

1976

1976

EXPERIMENT - Concluded

Status

Noise spike appeared in seisamic
data as a result of the third
bit not setting in the PSE
electronics analog-to-digital
converter. Increasing the
central station heat eliminated
the problen.

With return of uplink, sub-
sequent attempts to command
the feedback filter IN have
shown the loop to be inopera-
tive. The instrument was
performing satisfactorily

vith the filter out. The long
period y-axis could not be
leveled during the uplink
capability period.

When loss of downlink and

uplink occurred with the Apollo
14 central station, the PSE

was ON and the heater vas in the
forced OFF mode.
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5~033 ACTIVE SEISMIC EXPERIMENT

Time history and proportion of full capability of instrument

1969 1970 1971 1972 1973 1974 1975 1976

Experiment Mission

Aclive seismic 14
16 % il i
T

1007
0%
Housekeeping data 10077

Legend:
Science data output

Apollo Initial date

Item mission of occurrepce Status
1 14 Peb. 5, 197 Thumper misfired 5 of 18 times.

The problem was attributed to
dirt on the firing switch
actuator bearing surface.

The situation vas subseguently
corrected for the Apollo 16
mission.

2 14 Mar. 26, 1971 Geophone 3 data are noisy
because of transistor failur»
in amplifier 3. Data are
recoverable to some extent
by analysis.

k) 16 May 23, 1972 Grenades 2, 4, and 3 vere fired,
Mortar package pitched down
90 as a result of launching
grenade 2. The grenade 2
range vire probably fouled
during launch, producing a
downvard force. Normal
real-time event data wvere not
received during flight of
grenade 2., Grenade 1 was not
fired at this time because of
the failure of the pitch sensor
of the mortar package after
the grenade 4 firing. Internal
temperatures of the mortar
package vary from off scale
low at night to 388.85 K
(115,79 C) during lunar day,
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S-033

Apollo

Item mission

4 16
S 14 and
6 14

Ll T ]

ACTIVE SEISMIC EXPERIMENT - Continued

Initial date

May 23,

16 Dec. 7,

Jan. 3,

of occurrence

1972

1973

1974

Status

because some thermal protection
was removed during the firing of
the grenades,

Pitch sensor off scale high
after launching of grenade 3.
Data imply there was a sensor
circuit failure. Detonation of
grenade 4 successfully accom-
plished. Grenade 1 was not
fired because of the uncertainty
of the uortar pallet position.
Launching of grenade 1 may

be attempted, as a final
experisment, should Apollo 16
ALSEP termination be considered.

Weekly 30-min passive

listening periods terminated

in accordance with Apollo 14
ALSEP, SMEAR 86 and Apollo 16
ALSEP, SMEAR 27. The instru-
ments vwill remain in STANDBY

and OFP, respectively, with
periodic high-bit-rate checks
to verify functional capability.

During the monthly operation
check c“ the experiment, the
data froa ,eophone 2 appeared
to be invalid. On Jan. 9,
1974, another operational check
vas conducted to further
investigate the problea. Two
geophone calibrations vere
conpanded. The data indicated
a response to the coamanded
pulses, but the response vas
improper. Analysis iaplies a
failure in tue asplifier channel
2 circuitry. Operational
checks since Jan. 9, 1974,

have confirmed that the status
is unchanged.
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5-033 ACTIVE SEISMIC

Apollo Initial date
mission of_occurrence

14 Mar. 5, 1975

EXPERIMENT - Concluded

Status

Because of the loss of uplink
capability with Apollo 14
central station, the ASE can
no longer be commanded and the
grenades remain unfired.
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S-034 LUNAR SURFACE MAGNETOMETER

Time history and proportion of full capability of instru sent

Experiment Mission

1969 1970 1971 1972 1973 1974 1975 1976
|

Lunar surface 12
magnetometer

15

14

T
NS 1T
2 5

L]

Tl

Legend:
Science data output

Housekeeping data

Apollo
Iten mission

1 12

2 12

100% =
0% ——
100%

Initial date
of _occyrrence Status

Dec. 22,

June 29,

1969 Y~-axis data offset. A bias
shift of approximately 75
percent occurs during lunar
day when temperatures reach
or exceed 333 K (60° C). The
deta return to normal as the
teaperature decreases to
approximately 308 K (359 ().
The failure is suspected to be
due to a resistance change in
the bias circuitry. It is
probably caused by a partially
open weld, a sensor connection,
or a flexible cable. The bias
consand has teen used for com-
pensating the data in real
time,

1970 Science and engineering data
are static and invalid. It
appears that the static
engineering data during the
lunar night, the erratic flip
calibration data, and no
current to the Y-axis flip
potor are all caused by open
¥elds in the circuitry. BRe-
inspection by three independent
teams, repairs as required,
and the improvements in thersal

3-13



S-034 LONAR SORFACE MAGNETOMETFR - Continued

Apollo Initial date
Item npission of occurrence Status
control vere implemented to
alleviate the probleam for
subsequent aissions.

3 15 tug. 30, 1971 VY-axis sensor head failed to
flip on command. Normal
calibration could not be
provided because of the Y-axis
flip problem; a modified data
processing prograa was vwritten,
using the solar-wind spectro-
meter datz to fulfill the
calibration requirements.

4 15 Nov, 2, 1971 Y-axis sensor data loss. To
be useful, data from all three
axes are required. Data output
continues to be recorded and
archived; it is hoped that a
method to correlate ard analyze
tle data willi be deveioped at
some future date.

5 12 June 14, 1972 Suspension of flip calibration
sequences, Because of static
data output r:om the instrurent,
the principai investigator
requested that flip calibration
sequences be terminated. Flip
calibrations would be performed
again if science data indicated
the need.

6 16 July 24, 1972 Pailure of all three axes
to flip. Analysis of the data
indicated the pioblea was
due to an elevated temperature
at lunar-noon conditions.

7 16 Peb, 15, 1973 Intermittent loss of science
data. Over a period of several
months, the output of the
instrument varied froas dynansic,
valiad data to a static
condition. Attempts were made
to correct the situation by
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S-034% LUNAR SURFACE MAGNETOMETER - Continued

Initial date

———— -

16 Aug. 17, 1973
15 Dac. 10, 1973
12 June 14, 1974
15 June 14, 1974

Status

ground commani with no
positive results obtained.

Data processed by the principal
investigator since Aug. 17,
1973, indicate that the
instrument has returned to

a fully operational condition.
Retnrn of the science data
cannot be fully explained at
this time but can be partially
attributed to prolonged "cold
soak® periods during lunar
right.

Loss of all scientific and
engineering data. Attempts
were made to correct the
anomaly by ground coamand,

but all data remain incoherent
since initial date of the
occurrence. The instrument
remains in the power-on
condition while investigation
of this anomaly continues.

The instrument was permanently
commanded OFF. Tha science and
engineering data had been
static and invalid since

June 14, 1972. oOutput of the
radioisotope thermoelectric
generator had been steadily
decreasing, and reserve power
had become critical during
lunar night to the point that
a spurious functional change
could have caused the loss of
the currently functioual
instruments.

The instrument wvas permanently
commanded OFF. The science
and engineering data had been
static and invalid since

Dec. 10, 1973. oOutput of the
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S-034

Apollo
mission

12 and
15

Initial date

of occurrence

July 2,

1974

LUNAR SURFACE MAGNETOMETER - Continued

Status
radioisotope thermoelectric
generator had been

steadily decreasing, and
reserve power had becore
critical during lunar anight
to the point that a spurious
functional change could have
caused the loss of the cur-
rently functional instruments.

The Apollo 12 instrument was
coemanded ON during real-time
support on July 2, July 3, and
Aug. 5, 1974. The Apollo 15
instrument was coamanded ON
during real-time support on
July 2, 3, 5, and 29, 1974.

The instruments did not down-
link valid scientific and
engineering data but the status
bits were functioning properly
in the inhibit, flip calibra-
tion, and science and calibra-
tion modes. This indicated
that operation was not degraded
after two lunar nights in the
OFF mode of operation.

Oon Sept. 3, 1974, both instru-
ments were commanded ON but
drevw only negligible power and
did not return any valid
scientific or engineering data.

On Jan. 29, 1975, an inadver-
tent ground command to the
Apollo 15 instrument turned
it ON, resulting in a 6-W
reserve power drain and no
science or engineering data
in the telemetry downlink.
The instrument was commanded
OFF, and the reserve power
increased 6 W.
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S-034 LUNAR SURFAKCE MAGNETOMETER - Concluded

Apollo Initial date

mission of occurrence Status
on Dec. 18, 1975, an inadver- ‘ .

tent ground command to@ghe S
Apollo 15 instruaent turned ‘

it ON. Later, the instrument

was commanded OFF, and a

einpimal increase of 1 W in

reserve power was observed.

16 mar. 3, 1975 The Z-axis-sensor science data
had become intermittently
static and the temperature had
reduced to off scale low
during the lunar night. Plip
calibrations of tahe sensor
heads have been discontinued,
at the principal investigator's
raequest, during the lunar R
night operation as a result , k
of the low teamperatures of the o +
Z~-axis sensor.
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S-035 SOLAR-WIND SPECTROMETER

Time history and proportion of full capability of instrument

1969 1970 1971 1972 1973 1974 1975 1976

Experiment Mission
| S J | R 113 11 L1 | 0 T I A I B | ll]Tll/sl 1
Solar-wind 12
spectrometer '
15 ==: & =
FLUPTTTRITTE ) X)Ll

Legend:
Science data output 100% 4A———=

o —
Housekeeping data 100%

Apollo Initial date

Item nmigsion of occurrence Status

1 12 anda 15 Nov. 5,

15

15

June 30,

June 14,

1971 Intermittent modulation drop
in proton energy levels 13 and
14, This thermally induced
problem (which occurs each
lunation) is attributed to
a circuit that wvas used solely
for ground test purposes.

1972 Loss of experiment science and.
engineering data. Data analysis
indicated high-voltage arcing
was occurring in the equipment
electronics causing excessive
povwer consumption. Because the
additional power consumption
could not be tolerated by the
Rpollo 15 ALSEP system, the
instrument vas left in STANDBY
mode indefinitely. The SWS
is commanded to OPERATE SELECT
periodically to ascertain any
change in instrument status.

1974 The instrument was permanently
cormanded OFF., The science
and engineering data had been
static and invalid since
June 30, 1972. oOutput of the
radioisotope thermoelectric
generator had been steadily
decreasing, and reserve pover
had become critical during
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S-035 SOLAR-WIND SPECTROMETER - Continued

Apollo Initial date
Item amission of_ ogccurrence Status

4 15 July 3,

1974

lunar night to the point that
a spurious functional change
could have caused the loss of
the currently functional
instruments,

The instrument was commanded
ON during real-time support on
July 3, July 29, and Sept. 3,
1974. No scientific or
engineering data were received
in the ALSEP downlink. Reserve
power change was 6.00 W on

July 29, but was negligible

for the other checks,

A spurious functional command
to ON vas received by the
instrument on Jan. 25, 1975,
resulting in a 3.9-W reserve
povwer drain. The instrument
vas commanded to STANDBY (no
reserve power change) and then
to OFF, and the reserve power
increased 3.9 W.

A spurious functional command
to STANDBY POWER ON was
received by the instrument on
Sept., 15, 1975, resulting in a
4-W reserve power drain. The
decrease in reserve power wvas
attributed to the standby
heater turning on. The
instrument was commanded to
OFF and the reserve power
increased 4 w.

A spurious functional command
to ON was received by the
instrument on Jan. 31, 1976,
The experiment was commanded
to OFF by the Guam Tracking
Station; an increase or
decrease in reserve power was
not observed.
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Apollo
mission

S-035 SOLAR~WIND SPECTROMETER - Concluded

Initial date
of occurrence Status

12

Mar. 3, 1976 The instrument is being
turned to STANDBY during the
lunar night to provide more
heat in the central station
PSE electronics to avoid the
PSE analog-to-digital
convercer anomaly.
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S-036 SUPRATHERMAL ION DETECTOR

Time history and proportion of full capability of instrument

. . 1969 1970 1971 1972 1973 1974 1975 1976
Experiment Mission |
I I 1 1 | | 1T 2 IBEEEDEE LIJ 11 1 11 11
! 10 12
Suprathermal jon 12
detector 4 § 1 9
14 B 13
3 $ 3 11
15
J
Legend:
Science data output 1%9/% 1
Housekeeping data 100%4

Apollo Initial date

Item pission of occurrence Status
1 12 Nov. 20, 1969 <CCIG failure, high-voltage

arcing problems. Ground tests
verified that a transistor
failed in the high-voltage
control circuit. A slover
response transistor operated
satisfactorily in the
environment with reasonable
pargins. Appropriate
rodifications were made to
Apollo 14 SIDE/CCIG.

2 12 Sept. 9, 1972 Iatermittent failure of digital
electronics to process data.
High-voltage arcing occurs at
elevated lunar-day temperatures.
The instrument is now commanded
to OFF when the internal
temperature approaches 328 K
(55° ¢C).

3 14 Apr. 5, 1971 Loss of the positive-section
data of the analog-to-digital
converter. The cause appears
to be an interaittent connec-
tion in one of the modules
of the analog-to-digital con-
verter and does not appear to
be temperature dependent,
Anomaly precludes processing
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S-036

Apollo
Item mission

4 14
5 15
6 14
17 14

Initial date
9f__occurrence

Mar. 29,

1972

May 1, 1972

Apr. 14,

Aug, 8,

1973

1973

SUPRATHERMAL ION DETECTOR - Continued

Status

of any positive-value data
inputs to the analog-to-digital
converter.

Anomalous STANDBY operation of
SIDE. The mode chanye problenm
is attributed to arcing or
corona in the high-voltage
supply at elevated temperatures.
The experiment is now commanded
to STANDBY when the internal
temperature approaches 358 K
(85° C) to preclude spurious
mode changes.

Full instrument operation
instituted. Before Oct. 20,
1972, the Apollo 15 SIDE had
been cycled to STANDBY during
lunar day because of previous
problems with the Apollo

12 SIDE. Bas2d on data
accumulated since deployment,
it vas decided to leave the
instrument ON for the complete
lunation.

Anomalous STANDBY operation of
SIDE. Subsequent to Apr. 1973,
the instrument has yone from
OPERATE to STANDBY without
ground command at (or shortly
after) the sunrise terminator
crossing. The suspected cause
is circuit breaker action in
response to a SIDE current in
excess of that required to trip
the breaker. Data are obtained
during lunar night when the
instrument is ON. The instru-
ment is permitted to switch
itself from ON to STANDBY at
sunrise terminator without
commanding.

There was no indication of
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S-036 SUPRATHERMAL ION DETECTOR - Continued

Apollo Initial date
Item mission of_occur

——— > e e s 2 e

8 15 Sept. 13,

9 12

10 12 Nov. 26,

Sept. 3, 1974

Status
STANDBY power ON or operating
pover OFF through the console
monitor lights or the high-
speed printer data. Analysis
indicates that the fuse opened
in the STANDBY power line;
thus, STANDBY operation is

now equivalent to OFF.

Cyclic commanding required to
preclude spurious mode changes
above 358 K (85° C). Internal
high-voltage arcing caused
-3.5-kV power supply to trip
OPF. The instrument is now
cycled to STANDBY during lunar
day to preclude arcing.

A reduction of high energy
calibration and data counts
occurred. Normal calibration
and energy counts returned on
Sept. 4, 1974. A reoccurrence
of the anomaly was noted on
Nov. 11, 1974. All enaineering
and science data during lunar
night have been normal since
Nov. 13, 1974. The suspected
cause is a loss of amplifier
gain for short periods.

The instrument received a
spurious functional command to
ON during the lunar day. On
Nov. 27, 1974, the experiment
was checked; all high voltages
vere OFF and the electronics
temperature (T2) was reading
349,95 K (76.8° C). The
instrument was commanded OFF
for coolin, kelow the maxiamunm
operating temperature of
328,15 K (55° C). Normal and
valid engineering and science
data have been obtained in
subseguent operations.
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5-036

SUPRATHERMAL ION DETECTOR - Concluded

of occurcence

1974

1976

Apollo Initial date
Item @mission
11 14 Nov. 29,
12 12 Janr. 18,
13 14 Feb. 19,

1976

The instrument could only be
conmanded ON briefly because
of the lunar eclipse, although
72 commands were executed.
Sporadic operation of the
instrument was obtained during
the next lunar night (Dec. 8
to 22, 1974) and none during
the Jan. 6 to 21 and Feb. S

to 20, 1975, lunar nights.
More than 1700 unsuccessful ON
comnands have been transmitted
to the instrument since the
Nov,., 29 lunar eclipse.

The instrument is being
commanded to STANDBY during
the lunar night to provide
more heat in the central
station PSE electronics to

avoid the PSE analog-to-digital-

converter anomaly.

With the return of uplink to
the Apollo 14 central station,
the experiment was commanded
OFF. .
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S-037 HEAT FLOW EXPERIMENT

Time history and prooortion of full capability of instrument

1969 1970 1971 1972 1973 1974 1975 1976
Experiment Mission T
TTIITTTTI 1T II/I‘\l Jlrllll I T T T ITTT T T TITTTT
Heat flow 15 ¥ =
% |l :i|
16 E c £ E
2 )
17 ==Y
111

Legend:
Science data output

100% - p—————

0%

Housekeeping data

Apollo
Item nmission

1 15
2 16
3 17

100% -

Initial date

July 31, 1971

Apr. 21, 1972

N/A

Status

Probe 2 was not inserted to
full depth because of problems
with the Apollo lunar surface
drill. Probe 2 still provides
useful data to estimate heat
flow in the lunar subsurface.
Drill bore stems vere rede-
signed for Apollo 16 and 17
missions.

Electrical cable was severed
during initial deployment by
creWw. Contingency repair
plan proposed vas denied
because of higher wmission

priorities. Cable strain-relief

provisions wvwere implemented
on all cables for the Apollo
17 mission.

Nominal deployment and full
experiment operation.
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S-038 CHARGED PARTICLE LUNAR ENVIRONMENT

Time history and proportion of full capability of in:trument

EXPERINMENT

Evperiment

Mission

1969 1970 1971 1972 1973
T

1974

1975

1976

]
L1
+

Charged particle
lunar environment 14

l_

(3)] | [

Legend:
Science data output

1007 ———————

Housekeeping data

Apollo
Item mission

1 14

100% 1

Initial date
of occurrence

Apr. 8,

June 6,

Mar. S,

1971

1971

1975

o —_—

Status

Loss of analyzer B data.,
Analysis indicaces that the
most probable cause of failure

vas a short in the high-voltage

filter. The instrument con-
tinues operation on analyzer
A. (Analyzer A provides
identical data.)

Analyzer A data decay and
undervoltage condition.

The problea appears to be
caused by the analyzer B
anomaly. Further analysis of
the anomaly is impossible
because the analyzers are

not separable by command.
Instrurent is operated
satisfactorily in a locked
lowv-voltage range (-35 V dc)
and is coamanded to STANDBY
vhen high voltage decays
below 2280 Vv dc. This
operational mode results

in operation for approximately
50 percent of each lunation,

when the Apollo 14 central-
station uplink capability was
lost, the experiment wvas in
STANDBY for lunar daytise
operation. The instrument
remains in this configuration,
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5-038

Apollo
pission

CHARGED PARTICLE LUNAR ENVIRONMENT

EXPERIMENT - Concluded

Initial date
of _occurrence Status

14

14

Feb. 19, 1976 When the Apollo 14 central-
station uplink capability was
regained, the experiment was
ON. Operation of the instru-
ment will be as specified in
item 2.

Mar. 17, 1976 When the Apollo 14 central-
station uplink and downlink
capability was lost, the
experiment was in STANDBY
for lunar daytime operation.
The instrument remains in this
configuration,
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5-0518

Time history and proportion of full capability ¢ instrument

COLD CATHODE ION GAGE

1969 | 1970

1971 1972 1973 1974 1975 1976

Experiment Mission

L T
- L1~ I IIIrIIIl

L1

Cold cathode 12

ion gage

14

15

Legend
Science data output

e
Houseleepng data 100

Apollo
mission

Initial date
of occurrence

iten
1 12

Nov, 20, 1969

Apr. 5, 1971

Mar. 29, 1972

Status
CCIG failure, high-voltage
arcing problems. Ground tests
verified that a transistor
failed in high-voltage
control circuit. A slover
response tra sistor operated
satisfactorily in the
enviroament with reasonable
margins. Appropriate modifi-
cations vere made to Apollo
14 SIC®/CCIG,

Lcss of the positive-sec-ion
data of the analoy-to-digital
converter. The cause appears
to be an intermittent connec-
tion in one of the modules of
the analogy-to-digital converter
and does not appear to be
temperature dependent. This
anomaly precludes processing

of any positive-value data
inputs to the analoy-to-~-digital
converter.

Aromalous STANDBY operation
of SIDE. The mode chanye
problem is attributed to
arcing or corona in the
hign-vultage supply at
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$-058 COLD CATHODE ION GAGE - Concluded

Apollo Initial date
mission of_occurrence Status

elevated temperatures. The
experiment is now commanded to
STANDBY when the internal
temperature approaches 358 K
(859 C) to preclude spurious
rode changes.

15 Feb. 22, 1973 1Interamittent science data.
Preliminary analysis indicates
that the most probable cause
is one of the 15 relays.

These reed relays perform
functions that control the
CCIG calibration currents,
the ranging and gain change
functions, and grounding the
instrument during calibration.
Currently, no plans exist for
continued investigation of
this anomaly, because the
scientific data are usable
when obtained.

14 Apr. 8, 1973 See item 6 of the status report
on the Suprathermal Ior
Detector Experiment.

14 Nov. 29, 1974 See item 11 of the status
report on the Suprathermal Ion
Detector Experiment.

15 July 18, 1975 CCIG failure; high voltage

wvas off and could not be
coamanded ON.
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s-078

LASER RANGING RETROREFLECTOR

Time history and proportion of full capability of instrument

1969

1970 1971 1972 1973 1974 1975 1976
Experiment Mission
B O B A T T T T T 11T T I T 11
Laser ranging 11 B
retroreflector 1 ¥ +—
I =SS EE=: ¥
. 15 B et :
[ .
Legend:
.. 100 b
Zcience data autpet o —_—
Housekeeping data 100 |
Apollo Initial date
Item mission of occurcence Status
1 11 and 14 N/A Performance of both 100-element
arrays (Apollo 11 and 14)
tias been nominal since their
initial deployment.
2 15 July 31, 1971 Resultant data from the 300-

element array indicate that

its performance is comparable,

but not superior, to the
100-element arrcys.
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$-202 LOUNAR EJECTA AND METEORITES EXPERIMENT

Time history and proportion of full capability of instrument

L 1969 1970 1971 1972 1973 174 1975 1976
Experimers l Mission
4 L1
Lunar ejecta l
and meteorites 17
B \
./
Legend:
Science data output 100%
0% tV—/—
Housekeeping data 10001
.. Apollo Initial date
Ites nission of occurrence Status
1 17 Dec. 17, 1972 Excessive temperature. The

experiment is experiencing a

higher temperature profile
than expected because of an
error in calculation of thermal
control and : difference in
thermal conditions at the

Apollo 17 site compared with

the design site. The instru-

ment is operated at temperatures

below 364 K (196° F).

This

operational plan results in the
wmonitoring of about 75 percent

of each lunation.
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5-203 LUNAR SEISMIC PROFILING EXPERIMENT

Time history and proportion of full capability of instrument

1969 1970 1971 1972 1973 1974 1975 1976
Experiment Mission
| R 1 z 1 L1 11 1 1 1.1 1
Lunar seismic
profiling 17 EE==E
I11
Legend:
Science data output 100%-1

0%
Housekeeping data 100% ]

|

Apollo Initial Jate

Item mission of occurrence Status
1 17 N/A Initial scientific objective

was accomplished with detonation
of eight explosive packages.
The instrument is currently
companded ON weekly for a 30-
min passive listening period.
(Note: Operation of the LSPE
precludes data from the other
four experiments, because of
high-bit-rate formatting;
therefore, LSPE operation is
time limited.)

2 17 July 13, 1973 To pursue a study of meteoroid
impacts and thermal moonquakes,
passive listening periods have
been scheduled to acguire a
"listening mode"™ data record
covering one full lunation.

The first extended listening
period began on July 13, 1973,
and wvas terminated on July 17,
1973 (Sun angles of 100.4° to
147.89). Subsequent listening
periods have been completed on
Mar. 3 to 7, 1974 (Sun angles
of 59.59 to 102.29), Aug., 12

to 16, 1974 (Sun angles of 233.7°
to 285.69), Sept. 6 to 10, 1974
(Sun angles of 181.4° to
235.19), Oct. 22 to 25, 1974
(Sun angles of 22.59 to 60.29),
Nov. 1 to 5, 1974 (Suh angles
of 1459 to 193.99), Dec. 12 to
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5-203

Iten

Apollo Initial date
missjon @f_occurrence

LUNAR SEISMIC PROFILING EXPERIMENT - Concluded

Status

16, 1974 (Sun angles of 283.7° ,
to 333.0°), and Apr. 13 to 18, :
1975 [Sun angles of 327.69 to

28.7°), which completed one

360° lunation. Three

additional periods, sunrise

(Sun angles of 327.6° to 28.79),

and sunset terminators (Sun

angles of 126.6° to 1:3.39),

and eclipse (May 25), vere

obtained at special request.
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S-205 LUNAR ATMOSPHERIC COMPOSITION EXPERIMENT

Time history and proportion of full capability of instrument

1969 1970 1971 1972 1973 1974 1975 1976
Experiment Mission [

1
I = ENEERE 11111

Lunar atmospheric 17
composition

‘ 2 5)(s )8 10
Legend:
Science data output 183'/"
Housekeeping data 106’% T
Apollo Initial date
Item mission of_occurrence Status
1 17 Dec. 17, 1972 Excessive temperature with

cover on. Both an error in
thermal design and temperature-
sensitive components limit

the experiment operation to
temperatures below 325 K

(125° F) . This situation
precluded instrument operation
during elevated lunar-day
temperatures.

2 17 Dec. 18, 1972 Zero offset in data output of
mass channels; cause of this
background offset remains
undetermined. The data
are usable with additional
processing during data
reduction.

3 17 Sept. 18, 1973 Loss of intermediate-mass-..nyge
output caused loss of approxi-
mately 12 percent of the
experiment data. Subsequent
multiple failures of the
instrument precluded further
analysis of the problen.

4 17 Sept. 23, 1973 Pilament 1 failure. The fila-
ment accumulated approximately
3000 hr of operation before
failure, This was well within
the predicted range for oper-
ating life. The instrument
vas reconfigured to the re-

3-34

- . PITIPN oy S N - an un



R

S-205 LOUNAR ATMOSPHERIC COMPOSITION EXPERIMENT - Continued

Apollo

5 17
6 17
7 17

Initial date
Item pissjon Qf occurrence

Oct.

Jan.

Mar.

17,

18,

20,

1973

1974

1974

Status

dundant filament and ccntinued
to operate until the loss of
all science data occurred on
oct. 17, 1973,

Loss of science data. Pre-
liminary results of trouble-
shooting and analysis indicate
that the multiplier high-
voltage power supply apparently
failed. The instrument is
currently being cycled from

ON to OFF to maintain the
electronics temperature below
the previously established

325 K (125° F) limit, while
future troubleshooting or
termination of instrument
operation is considered.

An operational status check

of the LACE was performed,
Bxperiment telemetry data did
indicate some change during
the 30 min that the multiplier
high-voltage power supply was
operated, but no significant
improvement was noted after
initial occurrence of the
anomaly on Oct. 17, 1973,
Instrument filament 2 vwas not
companded ON. The instrument
vas returned to its previous
configuration. Periodic checks
will be made to determine
whether any change in perfora-
ance has occurrad.

A sequence of operational com-
mands was eoxecuted by the
experiment during real-time
support. Telemetry 3Iata
indicated that the LACE ac-
complished one complete
scientific data sveep before
encountering a breakdown of
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S-205 LUNAR ATMOSPHERIC COMPOSITION EXPERIMENT - Continued

10

Apollo Initial date
missiong Qf occurrepce
17 May 20, 1974
17 Aug. 30, 1974
17 Nov. 18, 1974

Status

the high-voltage pover supply.
(The multiplier high voltage
and filament 2 were operaced
for a 35-min period.) Cycling
of the LACE from ON to OFF will
be continued to maintain the
electronics temperature below
the previously establishad

325 K (125° F) 1linmit.

The instrument was operated
for a 6-min period to assess
its performance. The high-
voltage powver supply exhibited
the same status as during the
previous check on March 20,
1974,

In an attempt to correct the
multiplier high-voltage power
supply problem, the instrument
vas commanded to STANDBY with
the survival heater ON to
increase electronics tempera-
ture and outgassing during the
lunar day. On Sept., 5, the
LACE was commanded ON to
assess its performance. The
high-voltage powver supply
status was unchanged from that
noted on Mar. 20, 1974. Sub-
sequent "bake-out" operations
were accomplished on Sept.

24 and Oct. 23, 1974, with
performance checks on Sept.
20, oct, 14, and Nov. 4 and 13,
1974. No change was noted in
the high=-vecltage povwer supply.

With the electronics tempera-
ture (AM=41) at 254.09 K

(=2.3° P), the instrument was
commanded OFF at 11:58 G.m.*%.,
Nov. 18, 1974, (Sun apgle oL
350°) and allowed tc "cold

soak®" for 3 hr 23 ain. At 15:21
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$-205 LUNAR ATMOSPHERIC COMPOSITION EXPERIMENT - Continued

Apollo Initial date .
Item mission of occurpence Status

Gem.t., with the electronics
temperature at 237.93 K

(-31.3° F), the instrument was
commanded ON for an operational
check. The high-voltage pover
supply exhibited essentially
the same status as noted on
Mar. 20, 1974,

11 17 Jan. 13, 1975 Six additional "cold soaks,"
two normal night operations,
and two normal day operations
have been conducted. A
significant improvement was
observed Jan. 13, 1975, The
instrument was initially
checked with the electron
multipliers in LOW, discrimi-
nator level LOW, higyh-voltage
power supply ON, filament 2
ON, and in the automatic sweep.
The engineering and science
data chserved gave normal
indications the same as the
data received before the Oct.
17, 1973, power supply failure.
All sweep voltages vere at
normal values with the electron
multipliers in LOW. With the
electron multipliers in 'IGH,
the failure in the high-
voltage pover supply was
indicated again; and, upon the
return of the electron multi-
pliers to LOW, the voltages
returned to zero as noted on
Mar. 20, 1974, Subsegquent
checks have indicated no
improvement in the high-
voltage operation.

12 17 Aug. 28, 1975 During a "cold soak" opera-
tional check the sweep voltage
was at full cscale. Further
checks on Ahug. 29, 30, and 31,
and Sept. 2, 1975, have
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$-205 LUNAR ATMOSPHERIC COMPOSITION EXPERIMENT - Concluded

Apollo Initial date
Item mission of occurrence Status

shown the same full-scale
oparation,

Sept. 29, 1975 Operational checks performed
on Sept. 29 and 30, and Oct.
3, 1975, resulted in the sweep
voltage functioning normally.
The tests had been conducted
following a period 't operation
with the "bake out®™ eater ON.

Feb. 26, 1976 The operational check perforsed
on this date shoved the sweep
voltage to be at full scale,
There was no special prepara-
tion of the instrument before
the check.
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S-207 LUNAR SURFACE GRAVIMETER

Time history an< proportion of full capability of instrument

i L 1969 1470 1971 1972 1973 1974 1975 1976 |
Experiment Mission \ —
o 1
Lunar surface 2 (‘ 3
gravimeter 17 =t == === ==
PLTTTT L1 NEBIRIY 3 B

Legend:

Science data output 100 -
0%,
Housekeeping data 100" /

Apollo Initial date

Item nmission of occurrence Status
1 17 Dec, 12, 1972 Sensor beaw could not bhe

stabilized in the null position
because 1/6-g mass weights were
too light. Weights were 1light
because of an error in calcu-
lations converting from 1-g to
1/6-9 requirements. Several
reconfigurations of the
instrument have been made
during the past year. The beaa
has been centered by applying a
load on the beam throuyh the
wass support springs by

partial caging of the mass
weight assembly. Signals

being received are being pro-
cessed and analyzed for seiswic,
free mode, and gravity wave
information,

2 17 gar. 15, 1974 The heater box heater circuit
tailed full ON during the 16th
lunar night. This anomaly
caused the sensor temperature
(DG~04) to increase above a
stabilized temperature of
322.337 K (49.207° C) and
eventually drift off scale
high. Transducer range is
approximately 321.33 to
325,13 K (48.2°9 to 52.0° C).
Useful science data could not
be obtained froms the instrument
unless the sensor assernbly
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$-207 LUNAR SURFACE GRAVIMETER - Concluded

Apollo Initial date
Item missjon of occurrence Status

temperature was maintained
rigorously at 322.3 K
(49.2° C). (The anosaly
reoccurred on July 7, 1975,
and on Sept. 19, 1975.)

3 17 Apr. 20, 1974 The LSG regained thermal sta-
bility. The experiment
sensor teaperature has remained
stabilized at 322.4 K
(49.2°9 C) since Apr. 20, 1974,
On Sept. 2, 1975, the thermal
stabjility returned, and the
temperature stabilized at
324.65 K (51.52 C). Since
Sept. 19, 1975, atteapts to
regain control have bLeen
unsuccessful.

4 17 Jan. 7, 1975 The sensor beaa was reposi-
tioned to near center (0.0030
V dc) ‘n the "seismic gain low"
mode y using the north/south
and east/west tilt servoamotors.

5 17 July 30, 1975 An interaittent operation of
the analog-to-digital conver-
ter occurred duriny the periods
wvhen the temperature was off
scale high. The analog=-t.-
digital convexter operated
norsally wvhen the tesperature
vas reduced, and it operated
normally vhen thermal stabili-
zation was regained. Norsal
operation is accomplished
by manually coamanding the
heater ON/OFF to maintain
the temperature vithin the
transducer range (321.35 to
325.15 K (48.29 to 52.0° C))
as closely as possible.
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M~-515 DUST DETECTOR EXPERIMENT
Time history and proportion of full capability of instrument
1969 1970 1971 1972 1973 1974 1975 1976
Experiment Missior,
T 11T 11 J 11 1 LI It T TTTTT
! | | 1 ]
Dust detector 11 E = =
12
)
14
Iaininannaa
15 = =
1 IRRSRENAREAN H

Leqend:

Science data output 100°

woe T

Housekeeping data

The dust detector experiment functions as a basic

engineering measurement to characterize the long-term 1lu. 4r
surface environmental effects (e.y., A:2gradation due to

solar radiation effects) on solar cells and dust accretion
The performance of the

on the ALSEP central stations.
equipment has been nominal sirce initial deployment.
data continue to be processed for long-term analysis.

Apollo Initial date
Item nmission of occurrence

1 14 Mar. 17, 1976

Wwith the loss of downlink and

ste.

28

The

uplink of the Apollo 14 central

station, the experiment status

at LOS was ON.,




CENTRAL STATION ELECTRONICS

Time history and nroportion of full capability of instrument

. 1969 1970 1971 1972 1973 1974 1975 1976
Experiment Mission
A TT T IT T T INNEEASEEEREN 12 It 11 )i I I Il T1
Centrai station 11
1 2 4
12
10
14 ’ =
) U
15 ==
16 === N =3
i S =3
17 =E=SSS==S=sS=c== : S5 Eﬁ
[ | HIT ol
Note All central station data are considered housekeepn,, rather than science data,
Legend-
Science da 1 output 100 B =
0" ———
Hotsekeeping data 10¢" ‘f’—

Apollo
Item mission

1 "

Initial date
of occurrence Status

Aug, 25, 1969 Command loss capability. The
inability to conmand the ALSEP
central station vas attributed

to a component failure in the

caentral station coamand decoder.
The failure mode was considered

unique to Apo.lo 11 ALSEP
because subsequent ALSEP
units maintained a benian
thermal environment by coa-
parison, The command system
had already exceeded the
pission requirements.

Dac. 14, 1969 Loss of downlink. The Apollo

11 ALSEP appareantly responded
to a transmitter OFF command
or incurred an additiona.
failure. 1In either case, the
systes had exceaded its
initial mission requireaent.
NASA subsequently directed
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CENTRAL STATION ELECTRONICS - Continued

Initial date

Apollo
Item mission
3 16
_ 4 12
5 17
6 17

Aug 16,

Oct,

Matr. 26, 1973

May 3, 1974

1974

14, 1974

Status

*hat no further attempts be
made to command the system ON;
thus, the frequency could be
used for future ALSEP systens.

Transmitter B and processor Y
were selected by ground com-
mand. The Ascension ground
station Fad been experiencing
poor data quality; hovever,
DECOM LOCK -ould be maintained
with transeitter A. Data
guality improved and a gain in
signal strength of 1 dBnm

vas noted wvhen transaitter B
vas selected. Analysis did
noc identify a specific cause,
and transpitter A can still

be used if necessary.

Loss of downlink signal
modulation. Apparent failure
of data processor Y. Operatijon
of data processor X,
transmitter A, and transmitter
B appears normal. Central
station currently functioning
normally with transmitter B
and data processor X selected.
Investigation of processor Y
anomaly in progress.

Intermittent command capability.
Frequent atteapts to execute
certain coumands (octals 070,
170, and 174) were unsuccess-
ful using uplink aA. Uplink B
was selected on Aug. 19.
Subsequent to selection of
uplink B, system response to
commands has been nominal.
Investigation of the vplink A
anomaly is in progress.

Intermittent DECOM LOCK.
While operating with transmit-
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CENTRAL STATION ELECTBRONICS - Continued

Apollo
mission

17

14

Initial date

of occurrence

Dec.

Mar.
Mar.

6,

1,
17,

1974

1975
1976

Status

ter A and a received signal
strength of -146 dBm, the
Bermuda tracking station noted
poor quality telemetry data
and incurred difficulty in
maintaining DECOM LOCK.
Transmitter A was coamanded
OPP at 14:21 G.m.t. ari
transmitter B commanded ON at
14:22 G.m.t. A gain of 2 dBm
was noted in telemetry signal
strength, Subsequent opera-
tions with transmitter b have
b2en nominal.

Intersittent CECOM LOCK. On
Dec. 6, 1974, while operating
with transmitter B and a
received signal strength of
-146.0 to -148.5 dBm, the
Ascension and Canary Islands
tracking stations reported
sporadic data dropouts and
poor quality telemetry data.
Transaitter B was commanded
OFF at 15:31 G.m.t. and
transmitter A commanded ON at
15:32 G.ma.t., Dec. 9, 1974,

A gain of 2 dBm was noted in
telemetry signal strength by
the Hawaii trackiny statioa.
Subsequent operations have
been satisfactory with trans-
mitter A,

Loss of downlink occurred at
00:08 G.m.t., Mar. 1, 1975.
Playback of data before loss
of signal showed normal

values for all housekeeping
parameters. Commands trans-
mitted to the station to turzn
the transmitters ON vere
unsuccessful. LOS occurred at
01:46 G.m.t,, Mar. 17, 1976.
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CENTRAL STATION ELECTRONICS =~ Concluded

Apollo
Item mission
9 14
10 1
1 14
12 12 to 17

Initial date
of occurrence

Mar.
Mar.

Jan.

Feb.

5,
17'

N/A

1975

1976

1976

1976

Acquisition of signal returned
at 03:06 G.m.t., Mar. 5, 1976.
Real-time engineering data
showed that the central
station was operating vith
transaitter A, power control
unit 2 (PCU 2), and processor Y.
However, both receiver
parameters were LO¥. Sub-
seqguent attempts to uplink
commands have been unsuccess-
ful, Loss of uplink occurred
at 01:46 G.m.t., Mar. 17, 1976.

Loss of downlink occurred at
19:29 G.m.t. Playback of
data prior to the loss of
signal again showved normal
values for all housekeeping
paraseters. Coamands trans-
mitted to the station to turn
the transmitters Ou vere
unsuaccessful.

Acquisition of signal returned
at 02:32 G.m.t. Real-time
engineering data showed the
central station was opesating
with transmitter A, PCU 2,
processo>r Y, and receiver
crystal B. Subsequent

commanr.s have been successfully
uplinkead.

Performance of tae Apollo 12,
15, 16, and 17 central
stations has been essentially
nominal since deplc ment.
Although the originil design
requirement for ALSEP was a
1-yr life, much longer useful
lifetimes are being realized.



PART B: LUNAR ORBITAL EXPERIMENTS

Lunar orbital experiments were performed during three
of the six lunar landing missions frow July 26, 1971 (Apollo
15 mission), to December 12, 1972 (Apollo 17 mission).
Experiment information and results are detailed in the
folloving pages. Notes concerning the tabular data are as
follows:

1. On some occasions, data were collected both during
lunar orbits (revs) and during transearth coast (TEC).

2. Apolle 14 lift-off occurred on Jan. 31, 1971, at
16:03:02 e.s.t.

3. Apollo 15 lift-off occurred on July 26, 1971, at
09:34:00 e.d.t.

4. Apollo 16 1lift-off occurred on Apr. 16, 1972, at
12:54:90 e.s. t.

S. Apollo 17 lift-off occurred on Dec. 7, 1972, at
00:33:00 e.s.t.
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PART A: LUNAR SURFACE EXPERIMENTS

The lunar surface experiments consist of two types:
(1) The Apollo lunar surface experiments package (ALSEP)
systeans, which were left on the lunar surface by the
astronauts and vhich continue sending telemetry data, anld
(2) those experiments conducted on the lunar surface by the
astronaut and returned to EBarth in the coamand ggQdule. The
ALSEP deployment configuration for each mission is shown in
appendix B; the dates and lunar coordinates are given in the
follovwing listing. The ALSEP-related experiments are listed
on the following page by Apollo mission and experiment
nuaber.

APOLLO 12: The Apollo ' ALSEP was deployed on
November 19, 1969, at latitude 3911* S, longitude 23923' ¥
in Oceanus Procellarus.

APOLLO 13: Because of sorvir:e module problems, a lunar
landing was not accomplished during the Apollo 13 mission.

APOLLO 14: The Apollo 14 ALSEP was deployed on
February S5, 1971, at latitude 3040' S, longitude 17927* W in
the Fra Mauro Formation.

APOLLO 15: The Apollo 15 ALSEP wvas deployed July 31,
1971, at latitude 26°06' N, longitude 3°39' B in the Hadley-
Ap.nnine region.

APOLLO 16: The Apollo 16 ALSEP was deployed April 21,
1972, at latitude 89°59'3u" S, longitude 15930°'47% B in the
Descartes Highlands.

APOLLO 17: The Apollo 17 ALSEP was deployed on

December 12, 1972, at latitude 20°09'55" N, longitude
30045'57" E in the Taurus-Littrow region.
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PASSIVE SFISMIC EXPYRIMENT (NASA EXPFRIMFENT S-031)

NSSDC IDENTIFICATION NUMB®RS:

APOLLO 11
APOLLO 12
APOLLO 14
APOLLO 15
APOLLO 16

69-059C-03
69-099C-03
71-008C-04
71-063C-01
72-031C-01
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4. DPASSIVE SEISMIC EXPERIMENT /

Seismic stations were installed on the lunar surface
du~ing Apollo missions 11, 12, 14, 15, and 16. The
locations and installation dates are listed in table u4-1I.
Station 11 op~rated only 2¢ Earth days before *he loss of
the command uplink terminated its operation. The four
remedining stations constitute the Apollo seismic network.
This network spans *the nea. side of the Moon in an
approximate ejquilateral triangle with 1100-km spacirg
betwee: stations. (Stations 12 and 14 are 181 km apart at
one corner of *he triangie as shown in figuie U4-1.)

This reov  con*ains information necessary to use the
lunar s~.smi _a*a file at the National Space Science Data
Center SSDL) . The instruaments, the historical ! ackg.ound,
and the .ata formats are described; no attempt is made to
describe the da*a results.

EXPERIMENT AND INSTRUMENT CHARACTERISTICS

A z=2ismome*er consists of a mass ‘“at is tree to mova

L ¢ direction and is suspernded Sy reans of springs and/or

iy from a framework. The suspenced mass is supplied
"*th daroing to suppress vibrations at the natural period of

1@ system. The framewcrk re~sts on and moves with the
sarface., The suspended mass tends to remain fixed in space;
and the resul*ing relative motion between the rass and the
framewirk can b2 recorded and used to calculate the original
ground motion.

Each Apollo seismic station consists of two main
Subsystems: *he sensor unit and the electronics module.
The sensor unit, shown schemat.cally in fig".es 4-2 and u4-3,
contains four seismometers. Three long-period {LP)
seismometars form a triaxial set; one of these is sensitive
to vertical /2) motion and two are sensitive to horizontal
(X, Y) motion, with sensitivity to ground m>tion sharply
peaked at 0.45 Hz (peaked-response mode). The fourth, a
short-period (SP) seismometer, is sensitive to vertical
motion with peak sensitivity at 8 Hz. These instruments can
detec: vibratiors of the lunar suriice as small as 0.75 nm
(".5 A) at maximum sensitivity. The sensor unit is
constructed principally of beryllium and weighs 11.5 ky,
including the clectronics module and thermal insulatior.
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Without insulation, “he sensor unit is 2 cm in diameter and
29 cm high. The total power drain varies between 4.3 and
7.4 W. Instrument temperature control is provided by a 6-W
heater, a proportional controller, and (except for station
11) an aluminized Mylar insulation. The insulating shroud
is spread over the local surface to reduce temperature
variations 1n the surface material.

The seismic response curves are shown in figure 4-4,
The LP seismometers have a useful frequency range from 0.004
to 2 Hz. The SP seismometers cover a band from .95 to 29
Hz. Two modes of opsration, flat and peaked response, are
possible for the LP seismureters. In the flat response
mode, the LP seismomcters have natural periods of 15 sec.
In the peaked response mode, the seismometers act like
underdamped pendnlums with natural periods of 2.2 sec.
Maximum sensitivity Is increased by a factor of 5.6 in the
peaked response mode, but sensitivity to low frequency
signals is reduced. Calibration of each sensor is
accomplished by appl~ing a step of currert to each coil by
command from Earth. A+t *idal frequenciss, gravitational
acceleration is measured by monitoring the teedback cur-ent
used to cenzer the seismometer mass. The tidal sensitivaty
of the insiruments is 8 X 10-8 m/sec? (8 X 10-3 mgal) per
digital unit.

The LP horizontal seismometers (LPX and LPY) are very
sensitive to tilts and must be leveled to high accuracy.
This is accomplished by means of a two-axis, motor-driven
gimbal. 2 third motor adjusts the LP vertical seismometer
(LPZ). Motor operation is controlled by command.

A caging system was provided to secure all critical
elements of the instrument against damage during transport
ard deploymert phases. A pneumatic sys*em was used in which
pressurized bellows expanded and rlamred fragile parts in
place. Unca_ing was accomplished by piercing the connecting
lines. The seismometer systems are controlled from Earth by
a set of 15 commands that govern functions such as leveling,
instrument gain (adjustable in 10 dB steps), and
calibration.

Time codes recorded on passive ssismic exveriment (PSE)
data tapes are normally those generated trom time codes on
rangs tapes, and they are believed to be accurate within a
few tens of milliseconds of G.m.t. when signal is received
a*t &4 range station. However, when it is difficult *o
extract time information from range tapes, time codes
generated from an "ip+ernal clock" (a clock internal to a
computer at the NASA Lyndon B. Johnson Space Center (JSC))
is substituted. Because this internal clock is not
synchronized with tape speed during range tape playback, the

b-4
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time codes thus generated are only as accurate as the
accuracy of the speed of the tape transport. The time codes
thus generated may drift as much as several tens of seconds
from true G.m.t. if allowed to continue for several hours.
Users of thz PSE tapes should be aware of possible time code
errors in situations where relative time between stations is
important. See the section entitled "PSE Tape
Irregularities" for further discussion 0if errcrs occurring
on PSE tapes.

More detailed discussions of instrumentation are given
in the bibliography.

OPERATIONAL HISTORY

0f the 16 separate seismometers, all but 2 vere
operating propsrly a* the time of this writing. The SP
component at sta‘ion 12 has failed to operate since imnitial
activation, and one of the LP seismometers at station 14
(the vertical component) became unstable after 1 yr.

Unless otherwise indicated in the operational history
listing, table 4-II, the instruments have operated at
maximum sensitivity with the LP seismometers in the peaked
response mode. This configuration is designated the
"standard mode" in table 4-II. The various operating modes
are described in the section entitled "Experiment and
Instrument Characteristics."™ Although not noted in table
4-II, all seismométers at a given station were operated at
reduced gain while the astronauts remained on the lunar
surface.

In addition to signals from natural sources, such as
moonquakes and meteoroid impacts, signals were recorded from
nine manmade impacts. These were provided by two types of
space vehicles: the lunar module (LM) ascent stage and the
third, or Saturn IVB (SIVB), stage of the Saturn booster.
The lunar modules were guided to impact following the return
of the crew to the command service module in iunar orbit.
The SIVB stages, after separation from tne Apollo
spacecraft, were direc*ed by remote control from Earth to
planned impact points. Seismic signals from there impacts
were recorded at ranges of from 67 to 1750 km. Data
pertirent to the impacts are given in the section entitled
"Data Set Descripticns.™

Seismic disturbances are observed on the LP
seismometers of each station throughout the daytime period

of each lunar day. These disturbances are 1 .t intense near
times of sunrise and sunset; they are believe. to be due to

4-5
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+hermal contraction and expansion either of the Mylar shroud
+hat covers the seismometers or of the cable connecting the
seismometers to the central station (or both).

DATA SET DESCRIPTICNS

Compressed Scale Playouts {(Data Set 1)

The compressed scale playouts yield a complete time
hist:rv of the lunar seismic data. Data from each station
are read from PSE data tapes supplied by JSC and plotted
synchronously in compressed forr. To enhkance the signal-to-
nois= ratio for higher frequency; events, a difference method
is used in the reduction of .the data. The absolute value of
+he difference betwesn consecutive data points is summed
over 40 points for LP data (32C points for SP data), and
this value is plotted yielding one value for each 6 sec of
data. Consecutive points are plotted with opposite polarity
+o yield a line with the appearance of a seismogram. A
horizontal scale of 7.87 min/cm (20 min/in.) and vertical
scales of 157 digital units per centimeter (400 digital
units per inch) (LP, and 1260 digital units per centimeter
(3200 digital units per inch) (SP) are used. Components at
each station are arranged LPX, LPY, LPZ, and SPZ with LPX at
the top and SPZ at the bottom. Time ticks are displayed
every 1C min and each hour (G.m.t.) is labeled. The year
and day are displayed every 6 hr. A sample of the
compressed data playouts is shown in figure 4-5.

Event Tapes (Data Set 2)

Seismic events (see data set 6) detected on the LP
¢ mponents by routine manual search of the compressed scale
playouts (data set 1) are copied from the original PSE tapes
onto event tapes containing only time periods when seismic
events are observed. Each event tape contains data from one
station only; the same time periods are copied in
chronological order onto separate tapes for each station.
Thus, intervals that contain no detectable signal at one
station may be on event tapes because an event was detected
at another station. Separate sets of event tapes are
available containing only (1) the largest natural impact
signals, (2) selected deep moonquake signals, and (3) all
high frequency teleseismic (HFT) signals. See data set 4.

Event tapes are numbered serially and are in
chronoleogical order. All tapes are labeled with the event
tape number, station number, tape number, and total time
interval covered by the tape. Listings of the time
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intervals covered on each tape are supplied with the tarpes
and can also be found using the next data set (data set 3).
The format with which event tapes are read is described in
the section entitled "Tape Formats and Irregularities."

Event Compressed Scale Playouts (Data Set 3)

Each event tape (data sets 2 and 4) has been plotted in
compressed scale to provide a visual display of the contents
of each event tape. These playouts have the same format as
data set 1 with the exceptions that time is not continuous
and an amplitude scale twice that of data set 1 is used.

Special Event Tapes (Data Set W#)

Currently, four sets of special event tapes are
available. These events will be of special interest to many
users, and most users' interests will b2 satisfied by these
tapes alone. All tapes are identical in format to those in
data set 2. Fvent compressed playouts, =2xpanded playouts,
and listings of the events in this set are available as
subgroups of data sets 3, 5, and 6, respectively. The
special event groups now available are as follows:

1. Artificial impacts: Impacts of manmade origin
were recorded by the Apollo passive seismometers. Table
4L-TII shows data pertinent to each of the impacts. The
location of each impact is shown in figure 4-1. The brief
station history in table 4-II gives information concerning
the status of each station at times of impacts. Tnere are
five tapes in *this group; two tapes for station 12 and one
tape each for stations 14, 15, and 16,

2. Large meteoroid impacts: Meteoroids hitting the
Moon are recorded by the PSE network at a rate of
approximately 250 per year (type C events). Meteoroil
impacts with compressed scale amplitudes of 10 mm or larger
on at least two stations are included on the special event
tapes. There are about "0 events in this category per year
(approximately *wo tapes per station per year).

3. Selec*ed moonquakes: Moongquakes with matching
signal characteristics (type A events) are observed.
Approximately 60 different matching types have been observed
to date. The bast of *hese events observed on the most
stations are included in this data set. There are seven
tapes in this group; two tapes each from stations 12, 14,
and 15 and one tar: from station 16.
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4. High frequency teleseismic events: Distant
events, believed to be moonquakes, observed with large
amplitudes on the SP components of the PSE are called high
frequency teleseismic (HFT) events, These events occur at a
rate of approximately five per year (one tape per station).

Expanded Playouts (Data Set 5!

Expanded-time-scale (1 min = 10 cm) playouts are
availabhle for the following sets of events:

1. All artificial impacts
2. The larges* natural impacts
3. Selected d=ep moonquakes

4, All HFT events
Other relevant facts are as follows:

1. In almost all cases, the data represented by the
expanded-time-scale playouts are taken directly from the PSE
tapes and are not processed in any way (e.g., no filtering,
smoothing, signal averaging, etc.).

2. Notations on the seismograms (such as phase picks
(¢.9., P, S) and event classification (e.g., A, L, C, M),
etc.) are rot primary data but interpretatioas of the data
and should be recognized and used as such.

3. Time marks are not corrected for possible clock
errors.

A sample of the expanded-scale playouts is shown in figure
L-6.

Event Catalog (Data Set 6)

The event catalog has been compiled from the log of LP
events observed on the compressed-scale playouts (data set
1) . Only events of apparent or probable seismic origin are
included. VNoise =vents such as tilts and thermal noise are
not included, nor are events observed exclusively on the SP
components. The card deck (or tape in card-image format)
contains the same set of events as included on tha event
tapes (data sets 2 ard U4), except for events with amplitudes
l2ss than 10 observed at station 16. The cards are arranged
in chronological order and are divided into vclumes. A new
volume starts at the onset of data from each station, and

4-8
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new volumes will be added periodically. Special listings

are available for all events in data set 5. The card format

is as follows:

Column Format Data
. 3, 4 I2 Year

6, 7, 8 I3 Julian Day

1C to 13 212 Start hour-minute

15 to 18 212 Stop hour-minute (9999
for overlaps)

20 to 23 Fu Amplitude at station 12
Z-axis

24 to 27 Fu Amplitude at station 14
Y-axis

28 to 31 Fu Amplitude at station 15
Y-axis

32 to 35 ru Amplitude at station 16
Y-axis

37 to 4° 411 Playout log = 1, if ex-

panded-scale playout is
aviilable at -

Station 12 (col. 37)
Station 14 (col. 38)
Station 15 (col. 39)
Station 16 (col. 49)

42 to 45 - 411 Quality factor! as ifollows

Blank - normal quality
1 - no data

2 - type 6 time error
(See section entitled
"PSE Tape Irregulari-
ties.")

- noisy

4 - mwasked

w

For station -
12 (col. 42)

lPriority given to smallest number.

{ 4-9
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14 (col. u3)
15 (col. 44)
16 (col. u45)

77 A1 Event type:?

- classified moonquake
- suspected moongquake
- suspected impact
mostly SP

- special type

- LM impact

- SIVB impact

MEXNO=X >
]

79, 80 I2 Moonquake class2 (only
used in conjunction
with type "A"™ events)

The PSE Tapes (Data Set 7)

Fassive seismic tapes covering continuous operation of
the lunar passive seismic system for a period of 1 month
(July 7 to Aug. 13, 1973) are archived. These tapes are
labeled ir sequential order from the day of deployment of
the instrument and are also labeled with the Julian day and
universal start and stop times. The station number and the
date of tape generation also appear on the tapes.

TAPE FORMATS AND IRREGULARITIES

Formats

Data sets 2 (event tapes), 4 (artificial impact tapes),
and 7 (PSE tapes, 1 month of data) formats are described
nere, All tapes are 7 *rack, 1.27 cm (0.5 in.), binary, 809
bpi, odd parity, with standard IBM end of file on 731.52-n
(2400~£t) reels.

Data are transmitted from the Moon in 64-word frames, 1
frame every 0.60375 sec. The Apollo lunar surface
experiments package (ALSEP) words are assigned to meet the
requirements of the scientifi< instruments in the ALSEP.

B e ]
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Those ALSEP words assigned to the PSE are given in table
4-IV. EFEach *LS®P word is 10 bits, or a range from 0 to 1023
digital units. Sensor equilibrium data values are near 500
digital units. Missing ALSEP werds in the SP data (2, 46,
etc,) should be replaced to obtain equal spacing of data
points.,

Each framz of data is recouded on tape in a logical ‘
record consisting of eighteen 36-bit words for format A and
nine 36-bit words for format B, The first three of these
words contain *iming, synchronization, and error information
as described in the follcwiny paragraphs. The remaining
words containing the data are described in tables 4-V(a) and
4-v(b).

Word 1 contains time at the start of the frame in
milliseconds from the beginning of the year starting in bit
1 and ending in bit 35 right-justitfied in binary. The time
on January 01 at 00 hr 00 min 00 sec is reset to 8.64 X 107
msec so that the year starts on day 1 rather than day 0.

Word 2 contains a range station identification code in
bits 0 to 3, a bit error rate in bits 4 to 9, and, starting
on day 183 of 1973, a time source indicator in bit 35 (last
bit); if this bit is set, then computer clock time rather
+han G.m.t. was used for updating the time code. ZzZrrors of
several tens of seconds in time codes have been noted when
the computer clock is used.

Word 3 contains synchronization codes and a frame
counter, This word should cor*ain the following in bits 0
to 9, 12 to 21, and 24 to 25:

Bit: (123456789 12 13 14 15 16 17 18 19 20 21 2

-

4
Value: 11100010M o 0 ¢ 20 1 1 1 0 1 1 0

If this is not the case, then sync has been lost with the
data, and errors may be present. Bits 26 to 32 contain a
frame counter that steps orce per frame and resets to 0
after 89 frames. A break in the sequence may indicate
+iming errors.

The ALSEP words arrange¢ as shown in table 4-V are
packed in the 36-bit words as follows:

Bit O 9 12 <1 24 33

ALSEP word A |O|C | ALSEP word B | 0JO | ALSEP word C}| 92(9




Note that in format B (table 4-V(b)) the data are compressed
by a factor of 2 Lecause all SP ALSEP words are missing.
This was done as a cost-saving procedure because the station
12 SP component is not operating.

Each tape begins with two idertical label records
written in BCD. These records contain four words each as
described below:

Word Paramster
1 Experiment identification (PSEXP or PSEXPB)
2 ALSEP identification as follows: station

12 = A, station 14 = B, station 15 = C,
station 16 = D

3 Mission identification as follows: station
12 = A/S5507, station 14 A/S509, -tation
15 = A/S510, station 16 A/S511

non

u None or year (BCi blanks or year)

Tvent tapses, data sets 2 and 4, differ from normal PSE
tapes in that time is not continuous because gaps occur
between events. All events are recorded in chronological
order.

Starting with event tape 125, the label record format
igs changed to the following:

Word Bit Parameter
1 -- (EVENT __) in BCD
2 D to 17 Fvent tape number in binary
18 to 34 Station number (12, 14, 15, 16),
binary
3 ” to 17 Year of first event in binary
35 Data format: A = C, B =1
4 -- Time in milliseconds at the begin-

ning of the PSE tape from which
the first event on the tape was
retrieved

4-12
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PSI Tape Irregularities

The following is a list of the types of irregularities,
other than tape-reading errors and data proilems, f»and in
PSE tapes. The user of PSE tapes should be aware ot their
existence.

1. Dita gap: & normal data yap is represented by 2
time increment from one logical record to the next by an
amount that is an zxact multiple of the normal frame rate
(603.75 ¢+ C.05 msec) and an increment of the frame count
corresponding to the time increment. Small data gaps, a few
seconds in duration, are quite common; thev occur at a rate
cf several to a few tens of times per day.

2. Data overlap: A rormal data overlap is represented
by a time decrement from one logical record to the next (by
an amount that is an -=xact multiple of the normal frame
rate) and by a decrement of the frame count corresponding to
+he time decrement. Data overlaps are rare, but they do
occur in earlisr tapes.

3. Clock offset due to range station switch: When the
range station receiving data from the Moon is switched from
one station to another, a slight offset in time is observed,
which is normally less than 20 msec.

4, Sync error: When data from the Moon are not
correctly translated onto PSE tapes because of errors in
synchrornization, it is reflected on the Barker code that is
included in each lcgical record. A data gap of a few frames
normally follows a sync error.

5. 2Zero record: Some logyical records are filled with
all zeros. A data gap may or may not occur at the same
time.

6. Clock rate error: This occurs when time
information based on a computer internal ¢ Hck is
substituted. It can be identified by an abnormal time
increment from o.ie frame to the next. The normal time
increment per frame is 603 or 604 msec, with the 90-frame
average in the range of 603.70 to 603.80 msec. The abnorma’
clock rate is usually less *han 0.5 percent otf normal, bu!
larger anomalies are fourd. The duration of this error is
from a few minutes to as much as 6 to 8 hr. An auncmalcus
period usually starts with a small offset in frame count nd
ends with a large offset in frawme count, reriv.senting a
large clock adijustment. Multiple cleck adjustments are
found in some cases. The amount ot clock adiustm nt ranges
from a fraction of a second to several ten f seconds, Tuo
time information on tapes is almeat continag. 3, thus

u-13



generating a data gap or a data ovzrlap without clear
indica*ion of their existence when the clock is adjusted.

7. Time/frame coun%t error* Simul*aneous
discontinuities in time and frame count that do not aygree
with each other occur rather frequently without abnormal
clock rate. Th2y occur in pairs or multiples so that the
net offset in time and/or frawme count is alwuys zero. The
offset in time at a discontinuity is often either an exact
multiple of the normal frame rate, or it is even seconds.
When the offset in time is ar exact multiple of * ~ normal
frame rate, it is not possible to determine wher'.er the
error is in time or in frame count, When an offset in time
is not an exact multiple of the normal frame rate or when it
is an offset of even seconds, a time error is indicated.

e
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TABLE 4-IX.- OPERATIONAL HISTORY

Date
Event
Yr Day Station
1969 202 11 Deployment: flat response mode
1969 215 1 Station turned off for lunar night
1969 230 1 Station turned on for second lunar day
1969 237 11 LP components drifted off scale,
station overheating and not
accepting commmands
1969 239 11 Loss of 2ll data
1969 323 12 Deployment: flat response mode,
SP component not operating, LP2Z
operating with abnormal LP response
1969 326 12 Changed LP response to standard mode
to bring LPZ back into operation
1970 105 12 Reduced LP gain to -10 4B during
Apollo 13 Saturn IVE (SIVB) impact
(01 hr 24 min)
1970 105 12 Increased LP gain to 0 4B (02 hr
30 min)
1971 036 14 Deployment: standard mode
1971 210 14 Reduced LP gain to -10 dB during
Apollo 15 SIVB impact (21 hr
00 min)
1971 210 14 Increased LP gain to 0 4B (21 hr
47 min)
1971 212 15 Deployment: standard mode
1971 330 14 LPZ axis anomalously noisy, affecting
and to LPX and LPY (After mid-January,
1972 030 LPZ was usually dead but occa-

sionally had periods of normal
operation.)
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TABLE 4-II.- OPERATIONAL HISTORY - Concluded

Date
Event
Yr Day Station
1972 112 16 Deployment: standard mode
1972 343 16 LPY anomalous noise and reduced gain
1972 345 14 Reduced LP again to -10 4B during
Apollo 17 SIVB impact (20 hr
35 min)
1972 345 14 Increased LP gain to 0 dB (20 hr
55 min)
1972 3u8 16 LPY back to normal
1974 288 12 Changed to flat response
1975 099 12 Changed to standard response
1975 179 12, 15, | Changed to flat response
and 16
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TARLE 4-IV.~- THE PSE ALSEP WORDS

Word

Description

Even words (except 2,
124, 46, 56)

9, 25, 41, 57
11, 27, 43, 59
13, 29, u5, 61
35 (even frames)
35 (odd frames)
37 (even frames)

37 (0dd frames)

SP vertical data

LP X component (LPX)
LP Y component (LPY)
LP 7 component (LPZ)
X axis tidal
Z axis tidal

Y axis tidal

Instrument temp~rature

tApollo 15 only.
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TABLE 4-V,~ THE ALSEP WOPD LOCATIONS

{(for all tapes except station 12 tapes
after day 288 of 1971)

(a) Format A

36-bit word ALSEP worAd Ise
4 4, 6, 8 sp, sSp, SP
) 9, 1, 11 LPX, SP, LPY
6 12, 13, 14 sp, LPZ, SP
7 16, 18, 20 SP, SP, SP
8 22, 24, 25 Sp, 'SP, LPX
Q 26, 27, 28 sp, L2Y, SP
10 29, 30, 32 Lpz, SP, SP
11 33, 34, 35 -, $P, 2TOLX/Z
12 36, 37, 38 SP, 2TFMP/TDLY, S
13 un, u1, u2 sp, LPX, SP
14 u3, 44, 45 LPY, SP, LPZ
15 46, 48, S0 -, Sp, SP
16 52, 54, 57 sp, sp, LPX
17 58, 59, 69 sp, LPY, SP
18 61, 62, 64 Lpz, SP, SP

(b) Format B (for station 12 starting on dav 289

of 1971)
36-hit word ALSFP word lise
4 9, 11, 13 LpX, LPY, LP7Z
5 25, 27, 29 1.pPX, LPY, LP%
6 13, 315, 1317 -, TDLX/Z, TEMP/TDLY
7 41, 43, 45 1.PX, LPY, LP7
8 46, 57, 59 -, LPX, LPY
] 61, -, - LPZ

1Not for Apollo 15.
= tidal, TEMP = temperature.

2TDL
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Figure 4-2.- Schematic diagram of the Apollo passive
experiment (PSE).
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o 5. ACTIVE SEISMIC EXPERIMENT (NASA EXPERIMENT S-033)

~- .

NSSDC IDENTIFICATION NUMBERS:

APOLLO 14 71-008C-05
-APOLLO 16 72-031C-02
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5. ACTIVE SEISMIC EXPERIMENT

The active seismic experiment (ASE) was part of the Apollo
lunar suvrface experiments package (ALSEP) cf the Apollo 14 and 16
missions. The purpose of the experiment was to generate and mon-
itor seismic waves in the near lunar surface and to use these
data to study the internal structure of the Moon to a depth of
several hundred meters.

INTRODUCTION

The ASE data are obtained from three sources: an astronaut-
activated thumper, a mortar package that contains rocket-launched
grenades, and the impulse produced by the lunar module (IM)
ascent. The Apollo 14 grenades have not been fired at the time
of this writing. A study of the deployment photographs and the
astronaut's description of the mortar box positioning raised the
question of the back-blast effect on other experiments. A post-
mission vacuum chamber test was conducted with the ALSEP config-
uration the same as that deployed on the lunar surface. The
results of this test indicated that the back blast might damage
the other experiments and the ALSEP central station; therefore,
it was decided that the mortars will not be fired until the other
experiments fail to return valid scientific data.

Three cf the four grenades at the Apollo 16 site have been
fired. On May 23, 1972, the Apollo 16 ALSEP was commanded to
high bit rate between 05:20:00 and 06:44:00 (hr:min:sec) G.m.t.
for the ASE/mortar mode of operation (fig. 5-1). Three of the
four high-explosive grenades in the mortar package were success-
fully launched in the following sequence: Grenade 2 (1024 g) was
launched a distance of 900 m; grenade 4 (695 g) was launched a
distance of 150 m; and grenade 3 (775 g) was launched a distance
of 300 m. Grenade 1, which weighed 1261 g and was to be launched
a distance of 1500 m, was not launched because the mortar package
pitch angle sensor went off-scale high after grenade 3 was fired.
The off-scale indication makes the pitch position of the launch
assembly uncertain; therefore, the decision was made to delay
launching of the morta. as long as the other Apollo 16 experiments
were gathering valid scientific data.

5-3
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INSTRUMENT DESCRIPTION AND PERFORMANCE J
( H

./

The ASE consists of a thumper and geophones, a mortar package
assembly (MPA), electronics within the ALSEP central station, and
interconnecting cabling. The components of the ASE are shown
schematically in figure 5-2.

The astronaut-activated thumper is a short staff (fig. 5-3)
used to detonate small explosive charges -- single bridgewire
Apollo standard initiators. Twenty-one initiators are mounted so
that they are perpendicular to the base plate at the lower end of
the staff. An arm-fire switch and an initiator-selector switch
are located at the upper end of the staff. A pressure switch in
the base plate detects the instant of initiation. A cable con-
nects the thumper to the central station to transmit real-time
event data. The thumper also stores the three geophones and con-
necting cables until deployment on the lunar surface.

The three identical georhones are miniature seismometers of
the moving coil-magnet type. The coil is the inertial mass sus-
pended by springs in the magnetic field. Above the natural
resonant frequency of the geophones (7.5 Hz), the output is pro-
portional to ground velocity. The geophones are deployed at 3-,
49-, and 94-m (10-, 160-, and 310-ft) intervals in a linear array
from the central station and are connected to it by cables.

The Apollo 14 and 16 ASE characteristics are given in tables i.p
5-I(a) and 5~I(b). The Apollo 16 nominal ASE grenade parameters
are listed in table 5-II.

OPERATIONAL HISTORY

Geophone distances from the Apollo 14 and 16 thumper shots
are given in tables 5-IiI(a) and 5-III(b). Thumper f'ring times
for the Apollo 14 and 16 seismic experiments are give: in tables
5-1V(a) and 5-IV(b). Seismic signals produced by the Apollo 16
LM ascent stage and ASE thumper firings are shown in figures 5-4
and 5-5. The deployed experiment configuration is shown in fig-
ure 3 of reference 5-1.

Apollo 16 Grenade Firings

Grenade number 4.~ Firing information for grenade number 4
is in"records 527 to 559. The fire command is in record 529,
frame 10, at 1972:144:06:32:3,.183 (yr:day:hr:min:sec) G.m.t.
Detonation is in record 548, frame 7, word count 9, bit count 8
at 1972:144:06:32:14,430 G.m, t,
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The launch angle ¢ was 11.330°., Because no valid range
line data were obtained for this or for the other two grenades

that were fired, TO (the time that the fire command was trans-

mitted) was used. The error is no larger than 1 ALSEP data frame
or 0.0604 sec.

Range data were calculated as follows. Where time of flight
T of the grenade is computed by

2VI sin 8
T = ————6————-= 11.247 sec (5-1)

and where computed initial velocity Vi is calculated as

V. = Tg _ 11.247 x 5.3245

I~ 2sin 8 - Z sin (45° - 11.33°) - 5#.0085 ft/sec (5-2)

then the range R is obtained by the equation

R = VI cos 8T = 506 ft (5-3)

where g is lunar gravity. Based on these computations, the
following distances were derived. (See Kovach and Watkins'
deployment geometry of the geophone array relative to the mortar
package (fig. 3 in ref. 5-1).)

The Apollo 16 geophone distances from grenade 4 were as
follows:

Geopho.ie Distance Corrected geophone
distance
m ft m ft
1 154.23 506 154.23 506
2 108.51 356 107.29 352
3 62.79 206 61.87 203

5-5
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Grenade number 3.- Firing information for grenade number 3
The fire command is in record 1324,
frame 9, at 1972:7144:06:40:3.089 G.m.t.
1358, frame 6, word count 30, bit count 10, at 1972:144:06:40:

is in records 1320 to 1360.

23.4315 G.m.t.

The launch angle -as 7.94° from 45°.

Detonation is in record

The other data are as

follows:
2VI sin ©
T = —g = 20.3425 sec (5-4)
V. = —02 = 89.86 ft/sec (5-5)
I 2 sin o :
R =V, cos 6T = 1459 ft (5-6)

I

The Apollo 16 geophone distances from grenade 3 were as

follows:
Geophone Distance
m ft
1 444.70 1459
2 398.98 1309
3 353.26 1159

Grenade number 2.- Firing information for grenade number 2
The fire command is in record 1771,
frame 4, at 1972:144:05:48:3.184 G.m.t.
1831, frame 7, word count 16, bit count 14, at 1972:144:05:48:

is in records 1766 to 1833.

39.5015.
The launch angle was 2.07° from 45°,
follows:
2VI sin 6
T = -——'—-g'——-—— = 36.3175 sec

Detonation is in record

The other data are as

(5-7)



- _Tg _36.3175 x 5.3245 _ _
Vi =555 - "3 x 068115 = 141.9 ft/sec (5-8)
R = V_ cos 6T = 3338 ft (5-9)

I

The Apollo 16 geophone distances from grenade 2 were as

follows:
Geophone Distance
m ft
1 1017.42 3338
2 971.70 3188
3 925.98 3038

Grenade number 1.- Grenade number 1 wa

Apollo 16 LM Ascent Recorded

The time of LM ascent thrust was compu
based on LM ascent engine startup time plus
(01:25:48.588 + 0.140). The time at which
approximately 20 percent of peak pressure w
buildup time.

The geophone distances from the Apollo
were as follows:

s never fired.

by ASE

ted as 01:25:48.728,
engine buildup time
the engine achieved
as used as the engine

16 LM ascent point

Geophone Distance '
m ft
1 95.10 312
2 121.31 398
3 156.67 514

NOTE: The LM ascent at the Apollo 14 site was not recorded.

5-7
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NSSDC DATA DESCRIPTION AND TAPE FORMAT

The ASE data are available from the National Space Science
Data Center (NSSDC) on odd-parity, 7-track, 1.27-cm (0.5 in.),
800-bpi, binary tape with standard end of file. The data are
stored as 36-bit words in 228-word logical records (fig. 5-6).
As illustrated in figure 5-6, each logical record contains 10
frames of 32 seismic data words each, 10 timing words, and the
day, date, and identification information.

The 10 timing words give the time in milliseconds for the
start of each of the 10 corresponding data frames. Each 32-word
data frame covers 0.060377 sec. The time of a particular data
word (e.g., data word n in frame m) is given by

_ 0.060377,  _ _
to=t + ===l - 1) (5-10)

where n 1, 2, ... 32

t
m

n

the start of frame m

The occurrence of a seismic event (either thumper or mortar)
is indicated by the frame mark in word 29 of each frame. (The LM
ascent has no frame mark and must be located on the basis of the
time given earlier.,) If the frame mark in word 29 is 4 (00100)
an event has occurred; if it is 0 no event has occurred. The
base time for the event is just the start time of the previous
frame. The exact time is marked by recording the word count and
bit count portions of words 30 and 31, respectively, of the frame
in which the event mark is set (fig. 5-7). Thus, the exact firing

time tF for an event occurring in frame m is

o

W
e (5-11)
W

F m-1 AtB

where WM is the word count from word 30, BM is the bit count

from word 31, and Atw and AtB are defined as

1

Atw = [0.060377(sec/frameﬂ [52 words/frame] (5-12)

5-8



— 1 1 .-
Atw - [0.060377(sec/frameﬂ[32 words/frame}[}O bits/wordJ(5 13)

Note that WM is in binary but BM is not in binary and must be

obtained from table 5-V. Also, note that the engineering word

Ei and the three geophone words G1, G2, G3 of each data word

comprise 20 bits of the word; the last 4 bits are spare.
LOG COMPRESSION

To achieve the maximum dynamic range, the seismic data were
log compressed into 32 binary levels as shown in table 5-VI. The

binary data in the G1, G2, and G3 positions must be decom-

pressed to obtain the actual seismic signal data output from the
seismometers.

The appropriate expansion formula to recover true input
voltages is

. Voyp ~ 2-420 510
IN \Y
3
if 2.170 < VOUT < 2.670
for decimal 14, 15, and 16; and
\Y -V
— ouT 1
VIN = texp _TVZ——.— (5-15)

for decimal § to 13 and 17 to 31; the + sign is used for posi-
tive input signals.

5-9
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The values of V
(positive and negative) for the Apollo 16 system are as follows:

30 Yy

(positive and negative), and V2

Geophone V3 V2
Negative, | Positive, Negative, | Positive,
decimal 0| decimal 17 | decimal 0 { decimal 17
to 13 to 31 to 13 to 31
1 332.0 0.282600 4.557799 -0.268580 0.267730
2 332.0 .301230 4,.557980 -.269830 .270650
3 332.0 .261240 4,553029 ~-.270540 .268130

Geuphone calibration data are given in the Apollo 16 Preliminary
Science Report (ref.

Values of V

ouT
obtained from table 5-VI.

5-2).

then equation (5-15) yields

Vv =

IN

<2
exp

For example,

.736220 - 4,557799

0.267730

DATA AVAILABLE AT NSSDC

The following data are available at NSSDC.

) = 0.0011 V

for the appropriate binary level are
if the binary level is 17,

(5-16)

1. Tapes and microfilm of log-compressed digital data

2. Supporting documentation

Kovach, R. L.;

REFERENCES

of the Lunar Crust.

pp. 63-75.

5-2.

and Watkins, J. S.:

Kovach, Robert L.; Watkins, Joel S.;
Active Seismic Experiment.
inary Science Repoxt, NASA SP-315,

Sec.

Th2 Velocity Structure
The Moon, vol. 7, Apr.

and Talwani, Pradeep:
10 of Apollo 16 Prelim-

1972,

1

973,
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TABLE 5-I.- APOLLO 14 AND 16 ASE CHARACTERISTICS

(a) apollo 14

Component characteristics

Channel no.

1 2

Geophones:
Generator constant, V/m/sec . . . .
Frequency, Hz . . .« « + « ¢ « « o &
Resistance, f « o ¢ o o o s ¢ o o o
Amplifiers:
Noise level, uV rms at input . . .
Dynamic range, rms signal to
rms noise in dB . . + ¢ ¢ ¢ o o .
Gain (at 10 Hz and VIN = 5.0 mV rms)

Log compressor (compression accuracy
for temperature range 288 to 323 K):
Positive signal error, percent . .
Negative signal error, percent . .

System:

Signal-to-noise ratio (rms signal
to rms noise in dB for a 10-nm
peak-to-peak signal at 10 Hz) . .

Calibrator accuracy:

Generator constant, percent error .

Natural frequency, percent error .

250.4 | 243.3 | 241.9

7.32 7.22
6065 6157

7.58
6182

0.300 | 0.325| 0.272

86.8 86.5

87.5

666.7 | 666.7 | 675.7

3.79 4.71
2.07 1.32
33.6 33.1
4.21 9.70
3.28 4.99

32.9

6.40
8.58
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TABLE 5-I.~ APOLLO 14 AND 16 ASE CHARACTERISTICS - Concluded

(b) Apollo 16

Component characteristics Channel no.
1 2 3
Geophones:
Generator constant, V/m/sec . . . . . . 255 255 257
Frequency, HZ . . « ¢« ¢ ¢ o o o o o o« o |7.42] 7.441 7.39
Resistance, € . « « ¢« ¢« &« & « « o+ « « o | 6090 6212 | 6204
Amplifiers:
Noise level, mV rms at input . . . . . .} .266] .100| .133
Dynamic range, rms signal to
rms noise in dB at 10 Hz . . . . . . . |84.4}92.4 90
Gain (at 10 Hz and
Viy = 2.75 mv peak to peak). . . 698 | 684 | 709
Log compressor (compression accuracy
for temperature range 288 to 323 K):
Positive signal error, percent . . . . . |U4.04] 3.63 | 4.83
Negative signal error, percent . . . . . |2.46| 1.87| 1.88
System:
Signal-to-noise ratio (rms signal
to rms noise in dB for a 10-nm
peak-to-peak signal at 10 Hz) . . . . |38.9] 37.9| 45.0
Minimum discernible signal (basea on
0.5-mV zero-to-peak input equal to
1 digital unit at low level)
Zero to peak at 1 Hz, nm . . . + . . 4 4 4
Zero to peak at 4 Hz, nm . . . . . . .3 .3 .3
Zero to peak at 10 Hz, nm . . . . . o1 A 1
Zero to peak at 20 Hz, nm . . . . . .05 .05 .05




TABLE 5-II.~ APOLLO 16 NOMINAL ASE GRENADE PARAMETERS

Parameter Grenade no.
1 2 3 4y

Range, M . .« « &« « & o« & « & . 1 500 900 300 150
Mass, g « « « o o« o o o o o . . 1 261 1 024 775 695
High-explosive-charge mass, g . . 454 272 136 us
Rocket-motor mean peak

thrust, N . . . . . . . . . . 22 224 111 112 | 7556 | 5556
Mean velocity, m/sec . . . . . - 50 38 22 16
Lunar flight time, sec . . . . . by 32 19 13
Rocket-motor- propellant

mMasS, 9 « « « o o o . . . o 42 27 15 10
Propellant pellets, no. .« o . . . 2 365 1 520 620 570
Launch angle, deg . . . . .« . 45 45 45 45
Rocket-motor thrust duratlon,

MSEC & & o o« « o o o o o » . o 6.0 7.5 ] 10.5 B.5
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TABLE 5-III1.- GEOPHONE DISTANCES FROM THE

APOLLC 14 and 16 THUMPER SHOTS

(a) Apollo 14

Shot Distance to ~-
Geophone 3 Geophone 2 Geophcne 1

m ft m ft m ft

1 0 0 45,72 120 91.44 300
2 4.57 15 41.14 135 86.87 285
3 9.14 30 36.58 120 82.30 27V
4 13.7 45 32.00 105 77.72 255
5 18.29 60 27.43 90 73.15 240
6 22.86 75 22.86 75 68.58 225
7 27.43 90 18.29 60 64.00 210
8 32.00 105 13.71 45 59.44 195
9 36.58 120 9.14 30 54,86 180
10 41.14 135 .57 15 50.29 165
11 45.72 150 0 ¢ n5.72 150
12 50.29 165 4.57 15 41.14 135
13 54.86 18¢C 9.14 30 36.58 120
14 59.44 195 13.71 45 32.00 1C5
15 64.05 210 18.29 60 27.43 90
16 68.58 225 22.86 75 22,86 75
17 73.15 240 27.43 90 18.29 60
18 77.72 255 32.00 105 13.71 45
19 82.30 270 36.58 120 9.14 30
20 86.87 285 41.14 135 .57 15
21 91.44 300 45.72 150 0 0

5-14
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TABLE 5-III.- GEOPHONE DISTANCES FROM THE APOLLO 14
AND 16 THUMPER SHOTS -~ Concluded

(b) Apollo 16

Shot Distance to --
Geophone 3 Geopl.one 2 Geophone 1
m ft m ft m ft
1 0 0 45.72 150 91.44 300
2 4,57 15 41.14 135 86.87 285
3 9.14 30 36.58 120 82.30 270
4 13.71 us 32.00 105 77.72 255
5 18.29 60 27.43 90 73.15 240
; 6 22.86 75 22.86 75 68.58 225
‘ 7 27.43 90 18.29 60 64.00 210
8 32.00 105 13.71 us 59.44 195
9. 36.58 120 9.14 30 54.86 180
10 41.14 135 4.57 15 50.29 165
1" 45.72 150 0 0 45.72 150
12 54.86 180 9.14 30 36.58 120
13 59.44 195 13.71 45 32.00 105
14 64.05 210 18.29 60 27.43 90
15 68.58 225 22.86 75 22.86 75
16 73.15 240 27.43 90 18.29 60
17 77.72 255 32.00 105 13.71 4s
18 82.30 270 36.58 120 9.14 30
19 91.44 300 45.72 150 0 0
{
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TABLE 5-IV.- THUMPER FIRING TIMES FOR APOLLO 14 AND 16

(a) Apollo 14

Shot Firing time, Record | Frame Word count | Bit count
hr:min:sec, G.m.t.

1 18:10:38.781 1067 7 14 11
2 18:12:13.494 1224 6 5 9
3 18:13:33.315 1356 8 11 17
4 18:14:38.890 1465 u 1M 10
b, 18:20:31.980 2050 2 18 20
11 18:24:12.121 2412 8 23 31
12 18:26:29.733 2640 8 0 -1
13 18:27:18.322 2720 2 24 27
17 18:31:16.797 3115 2 18 20
18 18:32:28.716 3234 3 26 12
19 18:33:47.770 3365 3 5 9
20 18:34:42.306 3454 6 14 19
21 18:37:06.960 3694 2 11 14

mode

aFrame number is the number

is set.

b

Shots 5, 6, 8, 9,

5=16

10, 14, 15, and 16 misfired.

of the frame in which the event

s QT
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TABLE 5-1IV.~ THUMPER FIRING TIMES FOR APOLLO 14 AND 16 - Concluded
(b) Apollo 16
Shot Firing time, Record | Frame | Word count | Bit count
hr:min:sec, G.m.t.
1 20:01:51.851 717 9 13 19
2 20:02:38.758 795 6 12 13
3 20:03:17.376 859 6 1 13
) 20:03:53.157 918 3 22 16
5 20:04:49,709 1012 5 13 20
6 20:05:27.299 1074 8 2 2 |
7 20:06:13.675 1151 6 7 1" i
8 20:06:49.332 1210 6 27 5
9 20:07:30.203 1278 3 26 1
10 20:08:13.808 1350 6 2 9
11 20:09:42.508 1497 5 9 15
12 20:10:29.512 1575 3 27 6
13 20:11:06.603 1636 8 7 8
14 20:12:14.656 1749 5 14 2 |
15 20:12:45.090 1799 9 17 6
16 20:13:23.572 1863 6 30 5
17 20:14:12.072 1943 10 9 7 |
18 20:14:52.150 2010 4 4 3 !
19 20:15:51.232 2108 2 24 5 é
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TABLE 5~V.- BIT COUNT DEFINITIONS FOR WORD 31

Bit

Bit Count

Bit

Bit Count

Bit

Bit Count

00001
01100
01110
01111
01011
01001
10100

10
11
12
13

10110
10111
10011
10001
11100
11110

11111

14
15
16
17
18
19

11011
11001
00100
00110
00111
00011
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TABLE 5-VI,- APOLLCO 14 AND 16 ASE LOG COMPRESSION

The ASE has 32 binary levels for representing the log-

compressed data. Compression is linear if V

Binary level

ouT

between 2.170 and 2.670 V.

wodounmEswNn -0

Log compressor output, V

OUT

Linear portion
of compressor

0.059060
.216540
.374020
.531500
.688980
.846460

1.003940

1.161420

1.318900

1.476380

1.633860

1.791340

1.948820C

2.10630

2.263780

2.421260

2.578740

2.736220

2.893700

3.051180

3.208660

3.366140

3.523620

3.681100

3.838580

3.996060

4.153540

4.311020

4.,46850

4.625980

4,783460

4.940940

5~-19
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Grenade

Transmitter

45°

High .
explosive Safe shide olal ,
Grenade T aie shde plate Launch angle
electronics------ - “7r---Detonator 9

Igniter-----<-
~

Rocket motor

Range line
and antenna

:Central-station

electronics Mortar

assembly

Figure 5-1.- Diagram showing the mortar mode of ASE operation.

Transmitter Initiator-
antenna Grenade selector
and range line assembly (4)  switch
{deployed) @
- . .To central
- 7 station
Receiving [ Arm-fire--
antenna switch
Geophone
detectors (3)
assembly
Tceophone
----------- flag

Thumper
assembly

Electronics

Radio
frequency
cable

Figure 5-2.- Schematic diagram of the ASE.
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:Geophone _Anitiator-
. L selector
; switch
T Arm-tire
switch

Folded Extended

Figure 5-3.- Schematic diagram of the thumper in the folded and

extended positions.

First
arrival

Second
arrival

I

Geophone 1 95 m

eeedind

i
LR
et me | I
mRERRL

Fire

w
I < l

U ut“ LLJ 1 H s
Geophone 3 157 m l l
-r———*-*~1~*”*L~*ﬁﬁJ¥)vAAJhﬂ»ﬂN |
| il
o A i —
:;: n 1 2 3
i Begins at 01 25-46.410 G.m.1, Time after ignition, sec
; Figare 5-4.- Signals recorded by the ASE geophones from the lift-
; v - off of the Apollo 16 LM ascent stage.
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23 45Tm |
TN,

33 9.14m

A
PV NN /'WV

43 B.2m

13 2.8m

8-3 32.00m

9-3 36.58m

Figure 5-5.- Expanded time playouts of seismic signals produced by

Apollo
traces

16 thumper firings 2 to 9 as recorded at geophone 3. The
are alined to the same firing instant, and the arrows

point to the onset of the seismic signal. (The first number in
the data identifier is the thumper firing, and the second num-

ber is

the geophone on which the data were recorded.:
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2 - Year (binary~coded decimal) - |
3 Spare
4 - Time 1 (msec) —l
5 : Time 2 (msec) n
61 Time 3 (msec) B
7 Time 4 (msec) ]
8 B Time 5 (msec) _
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12 Time 9 (msec) _
13 B Time 10 (msec)
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Figure 5-6.- Description of ASE data tape.
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Figure 5-6.- Concluded.
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910

14 15

19 20

23

Frame
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Spare

Word 30

0
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910

14 15

1920

23

Event
word
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Word 31

45

910
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23

Event
bit
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Word 32
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14 15
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\

G

1

Gy

Gq

Spare

LMode identification and command verification

Figure 5-7.- Format of words 29, 30, 31, and 32.
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' 6. LUNAR SURFACE MAGNETOMETER (NASA EXPERIMENT S-~034)

NSSDC IDENTIFICATION NUMBERS:

APOLLO 12 69-099C-04
APOLLO 15 71-063C-03
APOLLO 16 72-031C-03

REPRODUC
ORIGINAL

IBILITY OF THE
PAGE IS POOR

amimaa kit s ntien s i bk RRIELLESIY SRR £ 44 g a -
M YRR et i i it RRR ot T e n e & * T ke aa g o

LEaeste T Y vl e e, e

ety T e

SR

ER TR N

e km

S ovwn,

o

S ek

gt



CONTENTS -~ SECTION

DESCRIPTION . .« ¢ « v ¢ ¢ o o o o o o o o
DATA SETS AND AVAILABILITY THROUGH NSSDC

APOLLO CORRECTION TAPE DESCRIPTION . . .

Output Tape Format . . . ¢« ¢ & o ¢ o &
Last Records . « ¢ o o o o o o o « o &
Data Plot Formats ., . . ¢ « « ¢« « « « &
SUMMARY OF LSM RESULTS . . ¢ ¢ & &« o » &
REFERENCES . &« ¢ ¢ 4 o o o o o o o o o @
BIBLIOGRAPHY . . . ¢ ¢ ¢ ¢ ¢ o o « « » &

6-2

Page

Fas
I



[ o

BRIt s e e e - e R - -

€. LUNAR SURFACE MAGNETOMETER

Lunar surface magnetometers were deployed by astronauts on
the Apollo 12, 15, and 16 missions. This network of three mag-
netic observatories on the lunar surface allows simultaneous
measurements of the global response of the Moon to large-scale
solar and terrestrial magnetic fields. Figure 6~1 shows the
Apollo 16 instrument deployed at the Descartes site.

DESCRIPTION

Tre three orthogonal vector components of the magnetic field
are measured by three fluxgate sensors. Each sensor consists of
a toroidal Permalloy core that is driven to saturation by a
sinusoidal current having a frequency of 6000 Hz. The three
fluxgate sensors are located at the ends of three 100-cm-long
orthogonal booms that separate the sensors from each other by
150 cm and position them 75 cm above the lunar surface. Orienta-
tion measurements with respect to lunar coordinates are made with
two devices. A shadowgraph and bubble level are used by the
astronaut to aline the lunar surface magnetometer (LSM) and to
measure azimuthal orientation with respect to the Mcon-to-Sun
line to an accuracy of 0.5°. Gravity-level sensors measure
instrument tilt angles to an accuracy of 0.2° every 4.8 sec.

The thermal subsystem is designed to allow tne LSM tc opera -
over the complete lunar day-night cycle. Thermal control is
accomplished by a combination of insulation, control surfaces,
and heaters that operates collectively to keep the t~mperature of
the electronics between 267 and 319 K. The electronics and the
motor drive assembly are located in a box encased in a thermal
blanket. Heat rejection during lunar day and retention during
lunar night are contrclled by a parabolic reflector array on two
sides of the electronics box. The astronaut bubble level and
azi.authal shadowgraph, which allow accurate orientation of the
magnetometer, are on top of the box.

Power, digitai signals, and commands are conveyed throughL a
ribbon cable that connects to the Apollo lunar surface experiments
package (ALSEP) central station telemetry receiver and trans-
mitter. The instrument characteristics are listed in table 6-I,
and a more detailed description is given in reference 6-1.

. -



: DATA SETS AND AVAILABILITY THROUGH NSSDC

The red' ted data are located at Ames Research Center and the
National Space Science Data Center (NSSDC). Data have been re-
corded for the following time periods.

Apollo Period begins Period ends
mission Year day:hr:min Year day:hr:min
12 1969 323:74:39 1970 093:03:15
15 1971 212:18:00 1972 264:16:36
16 1972 112:22-00 1974 265:00:00

The data are recorded on magnetic tape and are plotted as a func-
tion of time.

APOLLO CORRECTION TAPE DESCRIPTION

The correction tape (FORTRAN binary tape, 36 bits per word)
contains lunar magnetic field data in the ALSEP coordinate system.
The tape was written by a FORTRAN IV program using a "WRITE (N)
LIST" statement. The first word of each record contains time in
milliseconds for the first vector (X, Y, 2) within a record.
Vectors are at approx.mately 301.88-msec intervals. Each compo-
nent has been rounded tc the nearest 0.01 y (0.01 nT), multiplied
by 100, and stored into 18 bits.

1 2 18
Ls] I

The first bit is "0" for positive field values and "1" for nega-
tive field values. For example, a value of -29.376 , (-29.376 nT)
will be stored as -2938. Two compcnents are packed into each 36--
bit word.

6-4
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, Two vectors require thrce 36-bit words.

12 18 19 36
X Xy Sy Yy Word 1
S, Zq Sx X Word 2
Sy Yo Sz Z) Word 3

Time on the tape is continuous; data gaps are filled by flagging
missing vectors with 999.9 (X = 999.9, Y = 999.9, 2 = 999.9).
Output Tape Format

The label record is stored in four words with the following
format.

L1 1 11 [ B L1 1l g | T
N g o ~-
Experiment  Year  Start Stop  Sequence
identification time time  number

Example: MAGCTA12 69 32414 32714 0015

The data records are stored in 751 words with the following

format.
Time, msec Word 1 Word 2 Word 3
X1 Yi| 2y Xa| Y2 Zp
Word 4 Word 5 Word 6
X3 Y| 23 Xg4|Yq Zg4
Word 7 Word 8 Word 9
Word 748 | Word 749 | Word 750 )
x499y499 Z499X500 Y500 Z500
4 6-5



Last Records

The last record of data is filled with ones (octal ones =
111111111111) ; the last logical record is filled with all ones
followed by end-of-file (EOF). Description: Binary tape,

556 bpi; 7-track, standard IBM EOF.

Data Plot Formats

Samples of data plot formats are shown in figure 6-2 for
Apollo 16 and in figure 6~3 for Apollo 12 and Explorer 35.

SUMMARY OF LSM RESULTS

The purpose of the LSM experiments was the measuring of rem-
anent and induced lunar magnetic fields to investigate the follow-
ing properties of the lunar interior and the lunar environment:

(1) global electrical conductivity and temperature of the Moon,
(2) lunar magnetic permeability and iron abundance, and (3) lunar
remanent magnetic fields and their interaction with the solar-
wind plasma.

The electrical conductivity of the lunar interior has been
determined from measurements of the lunar electromagnetic response
to transients in the magnetic field external to the Moon. Initial
analyses used simultaneous data from the Apollo 12 LSM and Explor-
er 35 lunar orbiting magnetometer, measured when the Moon was im-
mersed in the solar-wind plasma with the LSM on the lunar night-
side. Recently, a new technique has been applied to conductivity
analysis in which simultaneous data are used from a network of
three instruments: the Apollo 15 LSM, the Apollo 16 LSM, and the
Apollo 16 subsatellite magnetometer, which provide coverage around
the entire glokal circumference. 1In this analysis, measurements
are made when the Moon is located in high-latitude regions of the
geomagnetic tail where plasma effects in the lunar environment are
minimal. Individual magnetic events are superimposed to obtain a
single large transient for analysis. Also, during examination of
5 yr of data, one exceptionally large magnetic transient was re-
corded when the Moon was in the geomagnetic tail. This single
event has allowed substantial improvement in resolution and sound-
ing depth for conductivity analysis.

Although the two types of conductivity analysis are analyt-
ically different and use measurements obtained over a 5-yr period
from six different magnetometers, results are in surprisingly
close agreement. A striking feature is the abrupt transition
near 300-km depth where a knee occurs in the conductivity profile.
The conductivity increases rapidly from the surface to approxi-

mately 4 x 10_3 mhos/m at 300-km depth. At greater depths, the
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conductivity increases more slowly to about 2 x 10-2 mhos/m at
800-km depth. This conductivity traunsition at 300-km depth, the
location of which corresponds closely to that of the seismic ve-
locity change reported by Nakamura et al. (ref. 6-2), strongly
implies a structural or compositional change at that depth.

The lunar magnetic permeability has been determined using two
different analytical techniques, which give consistent results.
The first was Apollo 12 or 15 LSM data with simultaneous Explorer
35 data to plot hysteresis curves for the entire Moon. The sec-
ond method uses simultaneous Apollo 15 and 16 LSM data. The glo-
bal magnetic permeability is ¢ = 1.008 + 0.005. This result im- :
plies that the Moon is not composed entirely of paramagnetic ma- i
terial but that ferromagnetic material, such as free iron, exists
in sufficient amounts to dominate the bulk lunar susceptibility.
The ferromagnetic free-iron abunuance can be calculated from the
magnetic data. Then, for assumed compositional models of the
Moon, the additional paramagnetic ircn can be determined, yield-
ing total lunar iron content. The calculated abundances are as
follows: ferromagnetic free iron, 2.5 t?'; percentage by weight;

total iron in the Moon, 5.0 to 13.5 percentage by weight.

The remanent magnetic fields measured thus far on the Moon
are 38 y (38 nT) at the Apollo 12 site in Oceanus Procellarum,
103 and 43 vy (103 and 43 nT) at two Apollo 14 Fra Mauro sites
separated by 1.1 km, 3 y (3 nT) at the Apollo 15 Hadley-Apennines
site, and 112 to 327 y (112 to 327 nT) at the Apollo 16 Descartes
highland site.

[

Measurements show that the remanent field at the Apollo 12
site is compressed by the solar wind. The 38-y (38 nT) remanent
field is compressed to 54 y (54 nT) by a solar-wind pressure

increase of 7 x 10—8 dyne/cm2 (7 x 10-13 N/cmz). The ratio of

plasma dynamic pressure to total magnetic pressure is 5.9 during
the time of maximum field compression. The change in magnetic
pressure is directly proportional to the change in plasma dynamic
pressure.
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