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I 
l 
r FOREWORD 

Th is report summari zes the Apollo Lunar Surface Experiments Pack age 
1ALSEP) operati ons and provi des background i nformati on for stud i es i n  lun ar fci ence . The report was prepared when the rece i pt of d ata from the lunar 
�urface was termi nated on September 30, 1977 ; it is intended as an overv i ew !f the ALSEP acti v i ti es, and specifi c detai ls relati ve to ALSEP sci enti f i c 
ata are outsi de the scope of i n formati on presented here . The ALSEP data 
or sci entif i c  analysis  requi rements can be obtai ned from the Nati onal Space 

�ci ence Data Center ( NSSDC), Code 601.4, Goddard Space Fli ght Center, Greenrelt, Maryland 20771 . 

�· Detai ls regard i ng the plac i ng of ALSEP stati ons on the lunar surface 
�ave been covered thoroughly i n  many publi c ati ons; such i nformati on w i ll not · e presen ted here . Documentati on on the ALSEP desi gn, development, and oper

ti ons are arch i ved at the Lyndon B. Johnson Space Center and at other NASA 
enters. 

iii. 
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1 .  INTRODUCTION 

The Apo l l o  Lunar Surface Experiments Pack age (ALSEP)  was a comp l ete ly  
s e l f -contained science station dep l oyed and activated by the Apol l o  astro
nauts and l eft on the l unar surface . The ALSEP col l ected scientific data on 
the l unar surface and transmitted the dat a to Earth where the information 
was co l l ected as part of the ALSEP s upport operations .  A forerunner of 
ALSE P ,  known as the Ear l y  Apol l o  Scientific Experiment Pack age ( EASEP ) ,  was 
dep l oyed by the Apo l l o  11 crew. The EASEP differed from the ALSEP in that 
its power was from so l ar ce l l s ,  al so the EASEP contained on l y  one experiment 
( Passive Seismic Experiment ( PSE ) ) .  

The objective of this ALSEP Termination Report is to document the ALSEP 
operations beginning with the first Apo l l o  l anding on t he Moon (Ju l y  20, 
1969 ) and ending with the termination of support operations on September 30 , 
197 7 .  I t  is a s ummary report describing the ALSEP central stations and 
experiments , dep l oyment , operations ,  performance , fina l  tests and resu l ts ,  
status at termination , and science s ummary. 

ALSEP LOCATIONS AND START T IMES 

Locations of the ALSEP stations on the Moon are shown in figure 1 -1 ,  
and tab l e 1-I is a matrix showing the ALSEP experiments and the Apol l o  mis
sions during which the equipment was dep l oyed . Lunar coordin ates of the 
depl oyed ALSEP stations are as fo l l ows : 

Apo 11 o mis sion no . Landing site  Lunar coordinates 

1 1  Mare Tranqu i 11 i t at is 23. 4° E ,  0 .  7° N 

1 2  Oceanus Proce l l arum 23. 5° w, 3.0° s 
13 ( Lunar 1 and i ng aborted ) ( Lunar l anding aborted ) 

14 Fra Mauro 1 7 . 5° w, 3 . 7° s 

1 5  Had 1 ey R i 11 e 3.  7° E ,  26 . 1° N 

16  Descartes 1 5 . 5° E ,  9 .0° s 

1 7  Tauru s Littrow 0 30 . 8  E, 20 . 2° N 

1-1 



Figure 1-1.- ALSEP locations on the Moon. 
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TABLE 1 - I . - ALSEP EXPER IMENTS AND APOLLO MISS ION ASSIGNMENTS 

Experi ment Apollo mi s s i on 

1 1  1 2  14 15 16 

Pas s i ve Se i smi c X X X X X 

Acti ve Se ismi c X X 

Lunar Surface Magnetometer X X X 

Solar Wi nd Spectrometer X X 

Supr at herma 1 I on Detector X X X 

Heat Flow X X 

Charged Parti cle X 

Cold Cathode Gage X X X 

Lunar Ejecta and Meteori tes 

Lunar Se i smi c Profili ng 

Lunar Mass Spectrometer 

Lunar Surface Grav i meter 

Dust Detec tor X X X X 

1-3 

17 
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The dates and t i mes ( un i vers a l  ti me ( UT) ) of i n i t i a l down l i n k  acqu i s i t i on 
from the ALSEP stat i ons were as fo l l ows : 

Apol l o  mi s s  i on : Start date : Ti me ,  UT 

11 Ju l y  21 , 1969 04 : 41 

12 Nov . 19,  1969 1 4 : 2 1  

14 Feb . 5' 1971 17:23 

15 Ju l y  31 , 1 971  18 : 37 

16  Apr . 2 1 ,  1972  1 9 : 38 

17 Dec . 1 2 ,  1972 02 : 53 

PROGRAM I NFORMATION SUMMARY 

The program object i ves were to acqu i re sci ent i f i c  dat a to ai d i n  
determi n i ng 

1 .  Interna l  structure and compos i t i on of the Moon 

2 .  Compos i t i on of the l unar atmosphere 

3. New i ns i ghts i nto the geo l ogy and geophys i c s  of Earth 

4 .  State of the i nteri or of the Moon 

5 .  Genes i s  of l un ar surface features 

Program man agement was under the d i rect i on of the NASA Lyndon B .  
Johnson Space Center, Houston , Texas ; the pri me contractor was Bend i x  Aero
space Systems D i v i s i on ,  Ann Arbor, M i ch i gan . Major s ubcontractors were 
A .  D. L itt l e ,  Bend i x  El ectrodynami c s ,  Bend i x  Research Labs , Bu l ova ,  Dyna
tron i cs ,  Genera l E l ectri c Va l l ey Forge , Geotech ,  Gu l ton , Motoro l a, Ph i l co
Ford , Space Ordnance Systems , Te l edyne Earth Sc i ences , Ti me Zero , and Un i ver
s i ty of Texas at Da 11 as . 

Pri nc i pa l  Invest i gators for the various  experi ments were as fo l l ows : 

Experi ment Apo 11 o m i s s i on 

Pass i ve Se i smi c Experi ment 1 1  to 1 6  

Lunar Surface Magnetometer 1 2 ,  1 5 ,  & 16  
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Pri nc i pal Investi gator 

Gary Latham 
Un i v .  of Texas 

Pal mer Dyal 
Ames Research Center 

Char l es Sonett 
Un i v .  of Ari zon a 



Experi ment Apollo mi s s i on Pri nc i pal Investi gator 

Conway Snyder Solar W ind  Spectrometer 12 & 1 5  

Suprathermal Ion Detector 
Experi ment 

Heat Flow Experi ment 

Ch arged Part i cle Lunar 
Env i ronment Experi ment 

Cold Cathode Gage 
Experiment 

Acti ve Se i smi c Experi ment 

Lunar Se i s mi c Profili ng 
Experiment 

Lunar Surface Grav i meter 

Lunar Mass Spectrometer 

L unar Ejecta and Meteori tes 
Experiment 

Du st Detector 

12 to 15 

1 5  to 17 

14 

Jet Propulsi on 
Laboratory 

John Freeman 
R i ce Un i vers i ty 

Mark Langseth 
Lamont Doherty 

Geologi cal Observatory 
Columbi a  Un i vers i ty 

Dav i d  Reasoner 
R i ce Un i vers i ty 

Bri an o • Bri en 
Australi an Government 

1 2 ,  14 & 1 5  Franci s Johnson 
Un i v .  of Texas at Dallas 

14 & 16 Robert Kovach 
Stanford Un i vers i ty 

17  Robert Kovach 
Stanford Un i vers i ty 

17  Joseph Weber 
Un i v .  of Maryland 

1 7  John H .  Hoffman 
Un i v .  of Texas at Dallas 

1 7  Otto Berg 
Goddard Space Fli ght 

Center 

1 1 ,  12 , 1 4 ,  & 15 James B ates 
Lyndon B .  Johnson Space 

Center 

Bri an o •Bri en 
Au strali an Government 

ALSEP CONF IGURATIONS 

The ALSEP central stati ons and related experiments were deployed on the 
lunar surface duri ng s i x  of the Apollo mi ss i ons . Fi gures 1-2 to 1-6 g i ve 
ALSEP deployment confi gurati ons for Apollo mi s s i ons  1 2 , 14 , 1 5 ,  16 ,  and 1 7 .  
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Figure 1- 5 . - Deployment configuration for Apollo 16 ALSEP. 
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2 .  ALSEP DESCR I PTION 

All the Apollo  Lunar Surface Experiments Packages ( ALSEP• s ) and repre
sentative subsystems that were dep l oyed during the six lunar l andings are 
shown as a montage of illustrations in figure 2-1 . E ach item is identified 
by a 11number key11 in parentheses and is described in the following paragraphs .  

SYSTEM CHARACTERISTICS 

Central Station (1 )  

The central station was the heart of ALSEP; it provided the radio 
frequency (RF ) link to Earth for te l emetering data , for command and con
trol, and for power distribution to the experiments . { For a more detailed 
discussion of the central station , see the subsection entitled 11Sub systems 
of Central Station. 11 ) 

Mas s ,  kg • • . . . • . . . . . . . • • • . . . . . . . . . . . . . . . . . 25 

Stowed volume , cm3 • • • • • • • • • • • • • • • . • • • • • • •  34 800 

Tota l  power , W . . . . . . . . . . . . • . . . • . . . . . . . . . .  73 

Average data rate , bits/sec • • • • • • • • • • • • • •  33 .1 

Performance data: Transmits with 1 W between 2275 and 2280 MHz at 530 , 
1060 , 3533, or 10 600 bits/sec . Uplink: 2119 MHz at 1000 bits/sec with 
100 seven-bit commands . Power: 21 W. 

Dust Detector ( 1 a) 

The dust detector , f lown on the Apollo  11 , 12 , 14 , and 15 missions,  
was a reconfiguration of the original experiment that was designed to meas
ure the 11then anticipated11 heavy dust accumul ations on l unar experiment 
packages . Subsequent findings showed the dust l ayer and resultant blowing 
of dust to be much l es s  than expected . Therefore , the original configura
tion of the dust detector was expanded from a device measuring du st on ly 
to one measuring radiation effects and l unar reflectance temperatures in 
addition to the dust accretion . The dust detector was mounted on the cen
tral station , and the dust collector area was 2 by 2 em. 

Mass , kg • . • . . • • • . . • • • . . . • . • . . . . . • • •  0 . 27 

Total power ,  W • • . • . . . . . . . . • • . . . . • . •  0 .54 
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Number System Number System 
key key 

1 Central station 8 Suprathermal ion detector 

1a Dust detector Sa Cold cathode ion gage 

2 Radioisotope thermoelectric 9 Magnetometer Experiment 
generator 10 Charged Particle Experiment 

3 EASEP Passive Seismic 11 Passive Seismic Experiment 
Experiment 

4 Active Seismic Experiment 
12 Lunar Ejecta and Meteorites 

Experiment 
5 Lunar seismic profiling 13 Lunar mass spectrometer 
6 Heat Flow Experiment 14 Lunar surface gravimeter 
7 Solar Wind Experiment 

Figure 2-1.- Montage il l ustrating ALSEP subsystems. 
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Number of so l ar cel l s  • • • • • • . • • • • • • •  3 

Power output of each ce l l ,  mV • • • • • •  0 to 150 

Performance data: The dust  detector used a sensor pack age made up of three 
sol ar ce l ls as fo l l ows: ce l l  1 ,  no f i l ter ; ce l l  2 ,  i rradi ated ce l l ,  0 . 15-
mm ( 6  m i l )  b l ue f i l ter ; and ce l l  3 ,  0 . 15-mm ( 6  m i l )  b l ue fi l ter . Te l eme
tered data i nc l uded output from the three ce l l s together wi th i nterna l  tem
perature , ce l l  temperature , and external i nfrared temperature . 

R ad io i sotope Thermoe l ectr i c  Generator ( 2 )  

The radioi sotope thermoe l ectri c generator was the ALSEP power source 
and supp l i ed approx imate ly 70 W of e l ectri cal  power for cont i nuous day and 
ni ght operat i on.  

Mas s ,  kg • • . . . . . . . . . . . . . . • • . . . . . . . . . . . • 19 . 6  

Dimens i ons , em • • • • • • • • • • • • • • • • . •  di ameter 40 . 6  
l ength 46 .0  

Tota l  power, W 73 

Performance data: Cap su l e - 6 .8 kg, 1450 W ( therma l ) ;  p l utoni um-238 fue l ; 
generator 1 2 .8 kg , 6 3  to 76 W at 16 V de and 4 ohm source . Mi nimum pow
er output of 63 . 5  W after 1 -year operat i on. Hot and co l d  juncti on,  883 
and 547 K ( 6 100 and 2740 C) . 

EASEP P as s i ve Sei sm ic  Experiment ( 3 ) 

A Pas s i ve Sei sm i c  Experiment known as the Early Apo l l o  Sc i ent i f i c 
Experiment P ack age ( EASEP) was fl own on Apo l l o  11 only;  th i s  experiment 
package was powered by so l ar energy and contained  an abb rev i ated set of 
experiments . The EASEP operated only 20 Earth days before the l oss of 
the command up l ink term i nated i ts operat i on . ( Th i s  experi ment was the 
forerunner of the ALSEP P ass i ve Sei smic  Experi ments that were f l own on 
four other Apo l l o  m i ss ions ; the equ i pment dep l oyed duri ng these four mi s 
s i ons formed the se i smic network that spanned the near s i de of the Moon i n  
an approx imate equ i l atera l tri ang le .  See item 1 1 . )  

Mass ,  kg . . . . • . • • . . . . . . . • . . . . . • . • . . . . . • 47 . 7  

Stowed vo l ume ,  cm3 
• • • • • • • • . • • • • • . • • • • •  1 13 300 

Tota 1 power , W • . • . • . . . . • • • . • • • . • • . • . • • 46 

Average data rate , b it s/sec . . . . . . . . . . .  712  

Performance data: Prov i ded sei smi c data , 1 to  10  000 mi crometers , three 
axes , so l ar powered up to 46 W .  
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Active Seismic Experiment (4 )  

The Active Seismic Experiment used an astronaut-activated thumper 
device and mortar firing explosive charges to generate seismic signals . 
This experiment used geophone seismic listening devices to determine lunar 
structure to depths of approximately 300 m .  

Mass,  kg • . . . • • . . . . . . . . • • • • • • . . • • . • . •  11 . 2  

Dimensions • • • • • • • • • • • • • • • • •  ( see table 2-I)  

Total power, W • . . • . • • . . . • . . • • . . . • . • •  9 . 75 

Average data rate , bits/sec • • • • • • • • •  10 000 

Performance data: Thumper makes 2 . 2  N-sec ( 0 .5 1b- sec) impulses . Mortar 
launches 45- to 454-g (0 . 1  to 1 .0 lb) HNS grenades . 

Lunar Seismic Profiling ( 5 )  

The Lunar Seismic Profiling Experiment , flown o n  Apollo 17 only ,  was 
an advan.ced version of the Active Seismic Experiment . It used four geo
phones to detect seismic signals generated by eight explosive charges 
weighing fr001 approximately 0 . 06  to 3 kg .  The charges were deployed at 
distances up to 3 .5  km from the lunar module and were detonated by timers 
after the lunar module departed. Lunar structure to depths of 3 km was 
measured. When used in a listening mode , the experiment provided data on 
Moon/thermal quakes and meteoroid impacts . 

Mass,  kg • • • . . • . . . • . . . . . • • . . • . . • . • . . • •  25 . 1  

Dimensions, em • • • • • • • • • • • •  27 .9  x 24 . 1  x 25 .4 

Total power , W 6 .8 

Average data rate , bits/sec • • • • • • • • • •  3533 

PerformCloce data: Charges.of 0 .06 to 3 kg  were deployed to distances up 
to 3 . 5  km. 

Heat Flow Experiment ( 6 )  

Probes containing temperature sensors were implanted in holes to 
depths of 2 .5 m to measure the near-surface temperature gradient and ther
mal conductivity from which the heat flow from the lunar interior can be 
determined . 

Mass ,  kg • . • . . • . . • • • . • . . • • . • • . . • . . • • • •  4 .6 
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TABLE 2-I.- DIMENSIONS AND WEIGHT OF ACTIVE SEISMIC EXPERIMENT 

Subsystem or 
component 

Thumper/geophone 
assembly 

Thumper 

Geophones 

Mortar Package 

Mortar box 
assemb ly 

Grenade 1 aunch 
as sembly 

Grenades 

Central electronics 
assembly 

Mortar package 
pa l l et as sembly 

Parameter 

length (fo l ded ) , em • • • • • • • • • • • • • • • • • • • 

Wei ght , kg .. • • .. • .... . • . . . . . . . . . . . . . . .  

length ( dep loyed) , em • • • • • • • • • • • • • • • • • 

Wei ght , kg . . . . . . • . ... • . . . . . . . . • . . . . . . .  

( i nc l ud i ng cabl es and i n i ti ators ) 

Hei ght ( inc lud i ng spike ) ,  em • • • • • • • • • •  

Di ameter , em • • . • • • • . • • • • • . • • • • • • • • • . . •  

We i ght , kg • . . . .. • . . . . . . . . • . . . • . . . . . • . •  

( three geophones with cab l es )  

Enve lope hei ght , em • • • • • • • • • • • • • • • • • • •  

Enve l ope wi dth , em • • • • • • • • • • • • • • • • • • • • 

Enve lope l ength , em • • • • • • • • • • • • • • • • • • •  

Wei ght , kg • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

Hei ght , em • • • • • • • • • . • • • • • • . • • . • • • • • . . .  

Wi dth , em • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

Length , em • • . ... • • .. • • • • . • . • • . . . • • . . . .  

Wei ght , kg . • . • . . • • • • • • • • • • • • • • . . • • • • • • 

( inc l ud i ng antenna and cab l es )  

Wi dth , em • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

Length , em • • • • • . • • • . • • • • • • • • • • • • • • • • • •  

Depth , em • . • • • • • • • • . • • • • • • • • .. • • • . • . . •  

Wei ght , kg .. . . . . . • .... . . . . . . . . . . . . . . . .  

( i nclud i ng grenades) 

Cross section , em • .. • • • • • . . • • • • • . . • . • • Length l �- .. �·· ......................... . Weight (total), kg • • • • • • • • • • • • • • • • • • •  

Height, om � • • . .. • • .. • • . • • . • • • • • . • • • • . •  

Wi dth , em • . . . • . . . . . .. . . . .. . . . . . . . . . . . .  

length , em • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

Wei ght , kg • • • • • • • • .. • • • • • • • • • • • • • • • • • •  

Wi dth , em • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

Length , em • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

Wei ght , kg . . . . . . . . .. . . . . . . . . . . . . . . . . .  . 

aGrenades 1 ,  2 ,  3 ,  and 4 wei ghed 1.21, 0.99 , 0.77, and 0.69 kg , 
respecti vely. 
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Val ue 

36.8 
3.44 

113.0 
2.10 

12.2 
4.2 

1.34 

29.2 
15.2 
38.7 
7.71 

29.2 
15.2 
38.7 
2.90 

22.9 
34.8 
15.8 
4.94 

6.9 
11.7 
3.66 

7.0 
15.7 
17.2 
1.46 

61.0 
66.0 
3.11 



D imens i ons ,  em • • • • • • • • • • • • • • •  24 x 25 x 28 
( Probe , stowed -- 8 . 6  x 1 1 .4 x 64 .8 em) 

Tota l  power , W . . . . . . . . . . . . . . . . . . . . . . . 9 .0 

Average data rate , b i ts/sec • • • • • • • • • •  16 . 55 

Performance data: Temperature gradient of 1 .0 x 105 K/cm reso l ut i on� 
±3 . 0  X lQ-5 accuracy. Condu�ti v i ty or 20 . 9  X 109

1 
to 4 .2 X 106 J em-! 

sec-1 K- 1 ( 5  x 106 to 1 x 103 ca l  em- sec-1 oc- ) .  

So l ar W i nd Experiment ( 7 )  

The so l ar wind spectrometer measured the i nteract i on between the Moon 
and the sol ar wi nd by sens i ng the f l ow d i rect i on and energ i es of both 
el ectrons and pos i t i ve i ons . 

Mas s ,  kg • • • • • • . • • • • • • • • • • • • • • • • • • • • • • • 5 . 7  

D imens i ons , em 
( dep l oyed) 

Total  power , W 

30 . 5  X 28 . 2  X 34 . 5  

12 . 5  

Average data rate , b i ts/ sec • • • • • • • • • • •  66 . 2  

Performance data: Energy - e l ectrons , 6 to 1330 eV; protons - 18 to 9780 
eV . F l ux - 2 . 5  x 106 to 2 . 5  x loll part i c l es cm-2 sec-1 . 

Supratherma l I on Detector ( 8 )  

The Suprathermal I on Detector Experiment prov i ded i nformati on on the 
energy and mas s spectra of pos i t i ve ions near the l unar surface . 

Mass , kg • • • • • • . • • • . • • . • • • • • . • . . • • • • • . . 8 . 8  

Stowed vo l ume, cm3 
• • • • • • • • • • • • • • • • • • • •  5750 

Total  power , W . . . . . . . . . . . . . . . . . . . . . . . . 10 . 0  

Average data rate , b its/sec • • • • • • • • • • • 82 .8  

Performance data: P art i c l e  ve l oc i ty of  4 x 106 to  9�35 x 106 em/ sec ; energy 
of 0 .2 to 48 . 6  eV and 10 to 3500 eV ; f l ux of 0 to 100 part i c l es/sec . 
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Cold  Cathode Ion Gage ( 8a )  

The co l d  cathode i on gage was a separate experiment comb i ned i n  an 
i ntegrated package w ith i tem number 8 .  The experiment determ i ned  the den
s i ty of neutra l  gas part i c l es in the tenuous l unar atmosphere . 

Mas s ,  kg  • • . . .  . . . . • • . . . • . . . .  . . . . . . . . . . . 5 . 7  

D imens i ons , em • • • • • • . • •  34 .0 x 11 . 7  x 30 . 5  

Tot a l  power, W 6 . 5  

Average data rate , b i ts /sec • • • • . • • • • • •  82 .8 

PerfQrmance dat a :  Range of 133 x 10-6 to 133 x 1o-12  N/m2 ( 1o-6 to 
1o-1 z torr) ; accuracy of ±50 percent for l ess than 133 x 1o-10 Nfm2 
( 1o-10  torr) and ±30 percent for v a l ues greater th an 133 x 1o-10 N/m2 
( 1o-10  torr) . 

Magnetometer Experiment ( 9 )  

The l unar surface magnetometer measured the i ntri n s i c  remanent l unar 
magnet i c f i e l d  and the magnet i c  res ponse of the Moon to l arge -sca l e  sol ar 
and terrestri a l  magneti c f ie l ds. The e l ectri ca l  conduct i v i ty of the l unar 
i nterior i s  determ i ned from measurements of the Moon•s response to magneti c  
f i e l d  step-trans i ents . Three boom-mounted sensors measured mutu a l ly ortho
gon a l  components of the f i e l d .  

Mas s ,  k g  . . . • . . • • . • . . . . . . . . . • . • . . • . • . . 8 . 6  

Stowed vo 1 ume , 

Total  power, W 

cm3 • • • • • • • • • • • • • • • • • • •  1 7  750 

1 1 . 95 

Average data rate , b its/sec • • • • . . • • • •  1 16 

Performance data :  R ange of 0 to ±400 x 1 Q-9 tesl a ,  ±0 . 2 x 1o-9 tes l a (O  
to ±400 gamma , ±0 . 2  gamma ) de to 1 Hz ; grad ient  of 0 . 03 x 10-9 to 1o-9 
tesl a/cm ( 0 . 03 to 1 gamma/em) . 

Charged Parti c l e  Experiment ( 1 0 )  

The Charged P art i c l e  Lunar Env i ronment Experiment measured the f l uxes 
of charged parti c l es ,  both e l ectrons and ion s ,  hav i ng energ ies from 50 to 
50 000 eV. The i nstrument measured p l asma part i c l es ori g i nat i ng in the Sun 
and l ow-energy part i c l e  f l ux in the magnet i c  ta i l  of the Earth . 

Mas s ,  kg  . . . . . . . . . . . . . . . . . .  . . . . . . . . . 2 . "  

Stowed vo l ume ,  cm3 
• • • • • • . . • • • • • • • • •  2540 
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Total  power , W . • • • • • . . . • • • • •  • • • • • • • 6 . 5  

Average data rate , b i ts / sec • • . • • • . •  99 . 3  

Performance dat a :  Energy of 40 to 80 000 eV , f l ux of 105 to 1010 part i 
c les cm-2 sec-1 sr-1 . 

Pas s i ve Sei smi c  Experi ment ( 1 1 )  

The P ass i ve Se i smic  Experi ment detected moonquakes and meteoroi d  
impact s to prov i de data for determ i n i ng the Moon • s  i n tern a l  compos i t ion . 
(A lso ,  see i tem 3 . } 

Mas s ,  kg  . . . . . . . . . . . . . . . . . . . . . . . . . . .  11 . 4  

D i mens i ons , em 

Tota l power , W 

d i ameter 23 
hei ght 29 

. . . . . . . . . . . . . . . . . . . . .  7 . 1  

Average data rate , b i ts/sec • • • . • • • •  712 

Performance data :  Se i smi c output of 1 to 10 mi crometers ; ti dal output 
from 0 .01 to 0 . 4 arcsec hori zonta l ,  80 x 10-8 to 320 x 10-8 m/secZ ( 80 x 
10-6 to 320 x 10-6 ga l )  verti cal . 

Lunar Ejecta and Meteori tes Experi ment ( 12} 

The Lunar Ejecta and Meteor i tes Experi ment h ad three detectors that 
measured energy , speed , and d irect i on of dust part i c l es ;  the detectors 
were ori ented to face east , west , and up . 

Mas s ,  kg  . . . • . . . . . . . . . . . . . . . . . . . . • . . 7 . 4 

Stowed vo l u me ,  cm3 • • • • • • • • . • • . • . • • •  19 480 

Total  power , W . . . . . . . . . . . . . . . . . .  . . . 6 . 6  

Average data rate , b i ts/sec . • • • • • • •  33 . 1  

Performance data : Part i c l e  ve loc i ty range of 1 to 75 km/sec ; part i c l e  
energy range of 1 x 10-7 t o  1000 x 10-7 J ( 1  to 1000 ergs ) .  

Lunar Mass  Spectrometer ( 13}  

A magnet i c  defl ect i on mass spectrometer was u sed to i dent i fy l unar 
atmospheri c components and the ir  re l at i ve abundances . 

Mas s ,  kg  • • . • • • • • . • • • • • • • • • • • • . • . • • •  9 . 1  

Stowed vo l ume , cm3 
• • • • . . • • • . • • • • . • •  1 7  640 
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Tota l  power , W . • • • • • • • • • • • . . • • • • • • •  11 . 4  

Average data r ate , b i ts/sec . • • • • • • •  66 . 3  

Performance dat a :  Ranges of 1 to 4 amu and 1 2  t o  110 amu ; sens i t i v i ty of 
133 x lo-S  Nfm2 ( lo-S  torr ) . 

Lunar Surface Grav imeter ( 14 )  

The l unar surface grav i meter measured and sensed changes i n  the vert i 
c a l  component of l unar grav i ty ,  u s i ng a spring mas s suspens ion . I t  a l so  
prov i ded d ata on the l unar t i des . 

Mas s ,  kg  • • • • • • • • • • • • • • • • • • . . • • • • • • • •  12 . 7  

Stowed vo l ume ,  cm3 
• • • • • • • • . . • • • • • • • •  26 970 

Tota l  power ,  W . . . . . .  . . . .  . . . . .  . . . . . . .  9 . 3  

Average data rate , b i ts/sec . • • • • • • • •  S96 . 3  

Performance data : Ti da l �  de to 0 . 048 Hz; free modes , 0 . 00083 to 0 .048 Hz; 
grav i ty to 1 part i n  100 . 

SUBSYSTEMS OF CENTRAL STATION 

The ALSEP central stat i on cons i sted of the fo l l owi ng three subsystems : 
( 1 )  structur a l /thermal subsystem, ( 2 )  data sub system , and ( 3 )  e l ectri ca l  
power subsystem .  

Structura l /Therma l  Subsystem 

The primary e l ements of the structura l/thermal subsystem are i l l us 
trated i n  f i gure 2-2 .  Not shown i n  t h e  f i gure are the four te l escop i ng 
spri ngs ,  one at each corner of the central stat i on ,  that were extended dur
i ng dep l oyment to rai se the sunsh i e l d  and unfur l the s i de curtains  and 
refl ectors . The passi ve thermal control e l ements cons i sted of mu l t i l ayer 
i nsu l at ion , refl ectors , therm a l  coat i ng s ,  and the thermal  p l ate to wh i ch 
the e l ectron i c  packages were mounted . Active thermal contro l was prov i ded 
by commandab l e  ex terna l  power d i s s i pat ion  res i stors ( fi g .  2-3 )  that d i s s i 
pated 7 W and/or 14 W external  to the e l ectron i cs compartment . Heaters 
that a l so cou l d  be commanded on and off prov i ded  S or 9 . 4  W to be d i s s i 
p ated wi th in the e l ectroni cs compartment ( fi g .  2-4 ) . Other heaters were 
automat i ca l ly acti vated to s imu l ate heat output of the transm i tters or the 
recei ver if they were turned off . Apo l l o  17 was uni que i n  that there was 
an automat i c  power management system to mai nta i n  the e l ectron i cs compart
ment wi th i n the 2SO to 32S K ( -100 to +12SO F) desi red temperature range . 
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Curtain 
retainer--.;-; 

Thermal bag 

Primary 
structure 

rSide 
curtain 

----- Thermal plate 
(mounting for 
central station 
electronics) 

Figure 2-2.- Primary elements of the structural/thermal subsystem. 
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Number of Rating, 
resistors ohms 

3 in parallel 20 ea. 

3 in parallel 20 ea. 

1 121 
1 64.9 

8 total 

Figure 2-3.- Commandab l e  external power d i ss i pati on res i s tors . 
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DSS and backup heater 
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- ---

Part of 
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Receiver 

--- - --- _j 

Transmitter B 

Transmitter A 
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fi Iter 

Data 
processor 

, Analog 
1 multi

plexer 
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Command 
decoder 

XMTR Htr =transmitter heater 

RCVR Htr = receiver heater 

DSS =data subsystem 

Fi gure 2-4.- Heaters of s tructural /thermal s ubsystem. 
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Data Sub system 

The data subsystem ( DSS) components ,  except for the antenna and 
aim ing  mechani sm , are mounted to the centra l stat i on therma l  p l ate as 
shown in fi gure 2-2 . A b l ock d i agram of the DSS is shown i n  fi gure 2-5 ; 
its components and funct ions  are as fo l l ows :  

Component 

Power d i stri but i on and 
s i gnal cond i t i oner 

Command decoder 

Data processor 

Command recei ver 

Transmi tter 

Dip 1 exer swi tch 

Dip 1 exer fi l ter 

Centra l stat ion t i mer  

Anten na 

Antenna a 1m 1 ng 
mechan i sm ( fi g .  2-6 ) 

Central stat i on heaters 

Functi on 

Contro l of power swi tch i ng as 
commanded and cond i t i on i ng of 
eng ineeri ng statu s data 

Decode recei ved s i gnal  and i ssue 
commands to the system 

Co l l ect and format sc i ent i fic  data 
from the experiments ;  co l l ect and 
convert ana l og hou sekeep i ng data  
i nto d i g i t a l  form 

Accept and demodu l ate the E arth-to
Moon up l i nk s i gna l 

Generate Moon-to-Earth down l i nk 
s i gn a l  

Connect e i ther transm i tter to the 
antenna 

Connect recei ver i nput and transmi tter 
output to the antenna w i th requ ired 
recei ver-transm i tter i so l at i on 

Prov i de automati c  act i vation features 
( as a backup)  

Rece i ve and  rad i ate up l i nk  and 
down l i nk RF s i gna l s  

For d i rect i ng antenna  to Earth 

Mai nta i n  temperature dur i ng l unar 
ni ght ( see f i g .  2-4) 
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Uplink 
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I 

Command 
decoder 

� 
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(scientific and engineering data) 
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distribution 
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to all 
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CA and Bl 
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t 
Scientific and 
engineering data 
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(a) Block diagram. 

Antenna\ 7 
Electrical { � 
power 
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Command 
decoder I· I Receiver I� Diplexer 
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Data 
........ T ran sm i tter ....... 

Diplexer 
processor switch 

I Timing 

l 
Data 

Power Power Experiments 
distribution 
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I 

(b) Component diagram. 

Figure 2-5.- Diagrams of ALSEP data subsystem. 
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Figure 2-6 . - Central station antenna. 
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Data  sub system antenna .- The central  stat i on antenna was the mod i f i ed 
axi a l -he l i ca l  type shown i n  fi gure 2-6 . Antenna parameters were as fol l ows : 

Length, em 58 

D i ameter, em . . . . . . . . . .  . . . . . . . . . . . . .  3 .8 

P i tc h , deg • • • . • • • • • • • • • • • • • • . • • • . . • 15 

Mass, g • • • • • • • • • • • • • • • • • . • • • • • • • • • • 580 

The up l i nk frequency for a l l  the Apo l l o  mi ssions was 2119 MHz ; down l i nk 
frequenc i es were as fo l l ows : 

Apo l l o  mi s s i on 

12 

14 

15 

16 

17 

Freguenc�1 MHz 

2 278 . 5  

2279 . 5  

2 278 .0 

2276 .0 

2275 . 5  

Data sub system funct i on .- The data s ubsystem recei ved, condi t ioned, 
stored, and formatted the ALSEP s c i ent i f i c  and eng i neeri ng data that were 
then transmi tted by an RF modu l ated s i gn a l  to the manned space f l i ght net
work (MSFN) recei v i ng stat i ons . Ground-based 11Corrmand data . .  were a l so 
recei ved by the data sub system from the MSFN and were sub sequently demodu
l ated, decoded, and routed to appropri ate ALSEP  s ubsystems as separate 
di screte command funct ions . The s i gn a l  proces s i ng funct ions  of the data 
s ubsystems were for both up l i nk and down l i nk dat a .  

Up l ink : The ALSEP system was contro l l ed from Earth by commands 
transmi tted by MSFN stat i ons . These commands were recei ved as an RF 
s i gn a l  i nput  to the he l i ca l  antenna and routed by the d i p l exer fi l ter to 
the command recei ver ( fi g .  2-S ( b)) . The command recei ver demodu l ated the 
i np ut carri e r  and prov i ded a modu l ated s ubcarrier  output to the command 
decoder . The command decoder processed th is  i nformati on, converted i t  
i nto a di g i t a l  format, and decoded the di g ita l  i nformat ion  i nto di screte 
ALSEP s ubsy stem commands . 

Down l i nk :  Sc ient i f i c  and eng i neeri ng stat u s  data were co l l ected from 
experi ment and support i ng s ubsystems and routed to the data processor i n  
both di g i ta l and ana l og forms . These data were co l l ected accordi ng to a 
preprogramed format stored i n  a programmable commutator . The ana l og s i g
n a l s  were routed through a mu lt i p l exer to an ana log-to-di g i t a l  converter, 
where each ana l og i nput was converted i nto an 8-b i t  di g i ta l  word and then 
combined wi th other di g it a l  data in a prescri bed te l emetry format . The 
di g i ta l  output of the data processor was routed to the transmi tter where 
i t  phase-modu l ated the RF c arri er .  
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Portions of the down l i n k  configuration were imp lemented wi th redun
dant sections ei ther of whi ch could be selected by command. Two separate 
transmitters were prov i ded , either of wh ich cou l d  also be selected by com
mand. The Apo llo 16 and 17 ALSEP stations contai ned redundant recei vers. 

E lectri cal Power Subsystem 

The electri cal power subsystem ( EPS) provi ded the el ectri cal power 
for lunar surface operation of the ALSEP. Primary e lectri cal power was 
developed by thermoel ectri c action, with thermal energy supp l i ed by a ra
dioi sotope source. The primary power was converted , regul ated , and fi l
tered to provi de the s ix  operati ng vo l tages for the ALSEP experiment and 
support sub systems. 

Fi gure 2-7 i s  a b l ock d i agram of the EPS that cons i sted bas i ca l l y  of 
the rad ioi sotope thermoe lectri c generator ( RTG) and the power condition i ng 
un it ( PCU). These two components are shown in  fi gures 2-8 to 2-10. The 
power di stri bution uni t  ( PDU ) ,  a l though a part of the data subsystem, i s  
also descri bed here; fi gure 2-11 is a b l ock di agram of the PDU. A power 
control c ircuit  for a typical  ALSEP experiment i s  shown i n  fi gure 2-12. 

The RTG, PCU, and PDU are descri bed briefly in the foll owi ng sub
sections . (Note that the Apollo 11 EASEP was powered by solar energy; see 
fi gure 2-1 and subsecti on enti tl ed "EASEP P assi ve Sei smi c Experiment.•• ) 

Radioi soto e thermoe lectri c enerator.- The generator as sembl y  
( mode , - , w1t ue capsu e m p ace , weighed 17 kg (38 l b) and 
produced approximatel y  70 W ( de)  at a nominal 16 V. Heat generated by 
dec� of the p l utonium-238 rad ioisotope fuel was transferred by radi ation 
to a c,y lindrica l hot frame in  the generator. Spri ng loaded lead-te l luri de 
( Pb-TeJ thermoel ectric e l ements , mounted rad i a l ly around the hot frame , 
converted heat directl y to e l ectrica l power. These thermoe l ements were 
seal ed i n  an i nert atmosphere, and waste heat was rejected to a set of 
radi ati ng fins. Whenever poss i b le ,  beryl l i um was used as the main  struc
tural materi al to min imize the weight. Other materi a ls i nc l uded Inconel 
and Haynes super� Jloys for:. �-�reflgth at high temperature. Thermae 1 ements 
were connected in,,a $�i·e$�parallel ladder arrangement to maximize reli�bUi.ty. PrObT-'Jil"ab'lli�t under thermal cycling (.lunar day-night 
v� .. 1�'�i�) :�r*,�·:· 

.. 
·� .. , .�ra�i.� .• a SR,..�ic�J. seat at the,.out.er end 

of eaeti el.atit •• ;;.r. . . .Wf.Jstfcs of the R'I'G are sumaarizecf as 
follows: · · · ··· ,.: · · · ·· .

. 

· ·  · · · 

· 

1 .  Conversion concept: Plutoni um-238 ( ha l f  l i fe of 89.6 years )  
fuel ed a Pb-Te thermoel ectric system. 

2 .  Des i gn l ife: 1 year for a l l mi ssions except Apo l l o  17 , wh ich had 
a desi gn l ife of 2 years. 

3. Des i gn power: 63.5 W at end of des i gn l i fe of 1 year ( 2  years 
for Apoll o  17).  
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F i gure 2-7 . - B l oc k  di agram  of el ectri cal power subsystem. 

Hot frame 
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4 .  Physi ca l  characteri sti cs: 

Outer dimensions , em ( in . )  

Number of thermoel ectric coupl es • 

Generator wei ght , kg ( l b)  • • • • 

• • •  46 by 40 
( 18 . 1 by 15 . 7 )  

442 
12 ( 26 )  

5 .  Nomi nal operati ng temperatures were as fo l l ows: 

Hot junct ion: 

Lunar mi dni ght, K (Of) 
Lunar noon , K (Of) • • • .  

Col d  juncti on: 

839 ( 1050 ) 
866 ( 1100 )  

Lunar midni ght , K (Of) • • • • • . • • • • • • • . 533 ( 500 ) 
Lunar noon , K (OF) • • • • • • • • • • • • • • • • 505 ( 450) 

Power condi tion i ng uni t . - The PCU performed three major funct ions: 
( 1) voltage conversion , (2) vol tage regu l ation, and ( 3) RTG protecti on . A 
b lock d i agram of the PCU i s  shown i n  fi gure 2-10 . Each power cond itioner 
consi sted of a de-to-de power converter ( i nverter and rectifi ers) , whi ch 
converted the RTG 16-V i nput to the s i x  operating vo ltages , and a shunt 
current regul ator to mai ntain the output vol tages with i n  approximate l y  ±1 
percent . Th i s  a lso regul ated the i nput vo ltages and thus maintai ned a 
constant l oad on the RTG. It was necessary to mai ntain a constant l oad on 
the generator to prevent overheat i ng of the thermocoup les i n  the RTG. 

As i nd i c ated in  the b l ock di agram, the +16 V from the RTG was app l i ed 
through the swi tch ing  c i rcuit to the se lected de-to-de converter ,  app l ying 
power to the i nverter and comp l eti ng the shunt regul ation c i rcu it.  App ly
i ng power to the inverter permi tted it  to suppl y  ac power to the rect i fiers 
that devel oped the de vo l tages app l i ed to the fi l ters . The outputs from 
the fi lters were.the s i x  operating  vo ltages app l ied to the data subsystem. 
Output and i nput vo l tages were regul ated by feedback from the +12 V 
output to the shunt regul ator . The +12-V feedback was a lso app l i ed to the 
swi tch i ng c i rcuit for over or under vo ltage determination and for switch
i ng to the redundant inverter and regul ator , if necessary . Al l the output 
vo ltages were regul ated by the 12-V feedback . 

Power di stri bution uni t . - The PDU (f i gs .  2-11 and 2-12)  d i stri buted 
power to exper iment and central stati on subsystems and prov i ded c i rcu it  
overl oad protect ion and power swi tchi ng of selected c ircuits .  The PDU 
a l so prov i ded signal conditioning of sel ected central stati on and RTG 
telemetry moni tor s i gnals  prior to i nput to the analog mult i p l exer for 
anal og-to-di g i ta l  convers i on and subsequent data transmi ssion to E arth . 

The power-off sequencer of the PDU detected minimum reserve power and 
sequent i a l ly  p l aced up to three presel ected experiments on "standby" to 
bri ng the power reserve wi th i n  acceptab le  l imi ts . The mi nimum reserve 
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power was detected by moni tor i ng the vo l tage across  the shunt regu l ator 
tran s i stor . Th i s  vo l t age was app l i ed to an operat i onal  amp l i fi er u sed as 
a l ev e l  detector . An RC de l ay network was used at the output of the l eve l 
detector . The output of the de l ay  was app l i ed to a second l eve l detector 
that drove the power-off sequencer l og i c .  Th i s  arrangement turned on the 
power-off sequencer l og i c  i nput g ate when the reserve power dropped be l ow 
the l eve l s  as fo l l ows : reserve power to start experi ment turn-off ( 135 
mi l l i second de l ay) was 0 . 78 W ±0 . 57 W.  
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3 .  DATA MANAGEMENT AND ALSEP OPERATION 

Control of the Apo l l o  Lunar Surface Experiments Package (ALSEP) was ac
compl i shed through the Manned Space Fl i ght Network (MSFN) .  The operational 
management and the data col l ecti on were a function of ALSEP Control Teams . 

TRACKING STATIONS 

The MSFN, a wor l dwi de network of tracking stations , was in communication 
with the NASA Goddard Space F l i ght Center (GSFC) and the NASA Lyndon B .  
Johnson Space Center-tJSCr;� 1\ufTOW di agram of the communi cation network i s  
shown in  fi gure 3-1 , and the ALSEP supporti ng stati ons and the equi pment con
fi guration are gi ven in  tab le  3- I .  Command capabi l i ty was through the MSFN 
ground stations with instructions from the Mi ss ion Control Center (MCC ) at 
JSC; the techni cal  coordi nation, e . g . ,  station schedul i n9 and so forth,  was 
the responsib i l ity of the GSFC Operation Manager (MSFNOM) . The MSFN recorded 

�. ALSEP data on a conti nuous 24-hour/day basis  and the recorded data were sent 
to JSC for process i ng and di stributi on to indivi dual Pr inc i pal Investi gators 
( P I's ) .  

ALSEP CONTROL TEAMS 

Spec i al Control Teams , d i rected by the ALSEP Senior Engi neer (ASE ) ,  were 
ass i gned to each ALSEP; a functional di agram of the coordi nation effort is  
g i ven in figure 3-2 . The team respons i b ilities were as fol lows: 

ment 
1 . Coord i nate ALSEP depl oyment and acti vation of the experiment equi p-

2 .  Impl ement cont i ngency procedures for crew act i v i t i es during ALSEP 
depl oyment 

3 .  Exerc i se operat ional control of ALSEP(s ) after ini t i al activation 

4 .  Ensure maximum return of scient ific data from the ALSEP equipment 
during its useful l i fetime 

The ALSEP Control Teams were responsible  for preparing numerous docu
ments based on data suppl i ed by ind iv idual P I's , contractors , hardware 
vendors , and s imi l ar sci enti fic personne l .  The scope and extent of th i s  
p l anning effort are ind icated in  the fol l owi ng l i st of typical  documents 
prepared for an ALSEP . 
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TABLE 3-1.- ALSEP SUPPORTING STATIONS AND EQUIPMENT CONFIGURATION 

MSFN Location Unified S-band antenna High-speed Voice nya 

facility for telemetry updata telemetry (SCAMAa) 
and tracking data 

85-foot 30-foot 30-foot 
dual single dual 

MCC Houston, Tex. X X 

MSFNOCa Greenbelt, Md. X X 

ACN Ascension Is. X X X X 

ANG Santiago, X X X X 
Chile 

BDA Bermuda X X X X 

C RO Carnarvon, X X X X 
Australia 

CYI Canary Is. X X X X 

GBM Grand Bahama X X X X 

GYM Guaymas, X X X X 
Mexico 

GDS Go 1 dstone, X X X X 
Ca 1 if. 

GWM Guam Is. X X X X 

HAW Hawaii X X X X 

HSK Honeysuckle, X X ·x X 
Australia 

MIL Merritt Is., X X X X 
Fla. 

MAD Madrid, Spain X X X X 

TEX Corpus Christi, X X X X 
Tex. 

aNotes: SCAMA = switching, conferencing, and monitoring arrangement; TTY teletype; 
RSDP =remote site data processor; MSFNOC = MSFN Operations Control. 
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F i gure 3- 1 . - ALSEP communi cati on network . 
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1 .  ALSEP Systems Handbook : The ALSEP Systems Handbook was a funct i ona l  
representati on of  ALSEP systems and was prepared i n  a format for rea l -t i me 
use by ALSEP contro l l ers . The i nformat i on enab l ed most cont i ngenc i es to be 
determined and so l ved i n  real t i me .  

2 .  ALSEP Mi ss i on Ru l es : The ALSEP M i s s i on Ru l es were prep l anned so l u
t i ons and gui de l i nes for s i n g l e-poi nt fa i l ures of the systems hardware . 

3 .  Apo l l o  Spacecraft Operat i ona l  Data Book , Vo l .  V I  ( SODB ) :  The SODB 
was a co l l ect ion of hardware operati onal spec i fi cat i ons ; i ts pr i mary u se was 
the preparat i on of re l ated documentat i on .  

4 . ALSEP Cont i ngency Procedures : The ALSEP Conti ngency Procedures were 
a co l l ect ion of a l ternati ves to standard crew dep l oyment procedures . The pro
cedures were l i sted by system and exper i ment to enab l e  the i r  opt i ma l  use  
dur i ng the  l unar dep l oyment of ALSEP . 

5 .  Lunar Surf ace F l i ght P l an :  The Lunar Surface F l i ght P l an was that 
part of the overa l l  Fli ght Pl an that was u sed wh i l e  the f l i ghtcrew was on the 
l unar surface . The f l i ghtcrew u sed th i s  mater i al i n  the format of a 11 Cuff 11 
check l i st .  

6 .  ALSEP Conso l e  Handbook : The ALSEP Conso l e  Handbook was a co l l ec t i on 
of conso l e  operat i ng procedures used by the ALSEP contro l l ers  in real -t i me 
s upport . 

7 .  ALSEP Operat i on s  Report : The operat i ons  report was i n  two parts : 
( 1 )  a summary s upport p l an and (2 )  a p arameter l i st i ng .  The s upport p l an was 
a week l y  gu i de to the p l anned acti v i t i es dur i ng rea l -t i me support . The param
eter l i st i ng was comp l eted from the l ast data obtai ned before termi nat i on of 
support . 

8 .  ALSEP M i s s i on Operati onal  Documentati on :  Data for th i s  type of docu
ment were coll ected duri ng the m1 s s ion and were prepared for ALSEP ana lys i s  
and h i stori cal documentati on .  

9 .  Acti v i ty P l ann i ng Gu i de :  Th i s  p l ann ing  gu i de began at l unar modu l e  
( LM )  ascent stage i mp act and was a rea l -t i me s upport schedu l e  and act i v i ty 
gu i de for a l l dep l oyed ALSEP equ i pment . 

10. D ata Book : A Data Book for each ALSEP was kept i n  the Operat i on 
Rooms . A new Data Book was started for each ALSEP at i ts sunr i se ( Sun ang l e  
of zero ) . H i gh-speed pr i nter formats were p l aced i n  the Data Book i n  the 
fo l l owi ng order : Centra l Stat i on ,  Exper i ment 1,  Exper i ment 2, Experi ment 
3, Exper i ment 4, and Exper iment 5 .  The central stat i on format h ad a 11 t ab 11 
p l aced on i t  wi th the fo l l ow i ng i nformati on :  day of year , date , and u n i versa l  
t i me (Greenwi ch mean t i me ) . The formats were obtai ned at  the  beg i nn i ng and 
end of each support per i od and at even un i vers a l -t i me hours . In  the event 
of a cont i n gency prob lem,  a format of the cont i ngency was p l aced i n  each book 
and a 11 tab 11 wr i tten i n  red stat i ng the pro b l em and exper i ment affected . 

3-4 



11 . Cons o l e  Log : The Cons o l e  Log was a h i story of everyth ing  that 
occurred dur i ng the support per i ods . The l og ref l ected a l l command i ng and 
anoma l i es ;  i t  a l so deta i l ed the accomp l i shments . Important i nformat i on was 
wr i tten in red ; rou t i ne i nformati on was i n  b l ack . 

12 . Depl oyment Log : The Dep l oyment Log was an account of a l l opera
t i ons dur i ng the t i me peri od from i n i t i a l dep l oyment on the l un ar surf ace to 
the beg i nn i ng of normal ALSEP operat i on .  

13 .  SPAN M i ss i on Eva l u at i on Act i on Request ( SMEAR ) : A document , com
mon l y  known as SMEAR , was prepared for two reasons : (1 )  to  determine the 
cau se of ALSEP prob l ems and ( 2 )  to request act i on from a support i ng organ i z a
ti on .  ( SPAN = spacecraft ana l ys i s )  

FL IGHT CONTROLLER PERSONNEL 

Coord i nat i on and d irecti on of ALSEP systems dur i ng an actual  Apo l l o  mi s 
s i on was the respons i b i l i ty of three f l i ght contro l l er pos i t i ons . 

1 .  ALSEP Sen i or Eng i neer ( des i gnated ASE ) -- The ASE was respons i b l e  
for d i rect i ng a l l  act i v i ty i n  the ALSEP control  area ( room 314) at the MCC . 
As des cr i bed prev iou s l y ,  he was a l so d i rector of the ALSEP Contro l Team and 
i ts acti v i t i es .  

2 .  ALSEP Systems Eng i neer ( des i gnated SYSTEMS)  -- Dur i ng a g i ven Apo l l o  
mi s s i on ,  th i s  pos i t i on provi ded rea l -t i me response to a l l q uesti ons or prob
l ems re l at i ve to ALSEP equ ipment or exper i ment systems . 

3 .  ALSEP Data Eng i neer ( des i gnated DATA) -- The DATA pos i t i on dur i ng an 
Apol l o  mi ss i on was res pons i b l e  for rea l -t i me data acqu i s i t i on and for re
sponse to rea l -t ime data probl ems or ques t i ons . 

These pos i t i ons were staffed by NASA and contractor personne l who were 
cross tra i ned to ach i eve max i mum f l ex i b i l i ty w i th mi n i mum mann i ng .  Bec ause  
of  the  phys i ca l  l ayou t of  d i s p l ay equ i pment in the  ALSEP contro l area ( room 
314 i n  MCC ) ,  a mi n i mum of two staff members were requ i red for each s upport 
per i od .  

OPERATION ROOMS 

Confi gurat i on of the Operat i on Rooms changed s l i ght ly  dur i ng  the se
quence of Apo l l o mi ss i ons , but  a genera l i z ed l ayout i s  i l l ustrated in  f i gure 
3-3 . The ALSEP contro l area was staffed by fl i ght contro l l er personne l ; the 
offi ce/s upport area was staffed by techn i ca l  staff and exper i ment sc i ent i sts . 
Conso l e  88 was the center of operat i on s  and the commun i cat i ons l oop requ i red 
two 11 COmm11 pos i t i ons i n  front of the conso l e .  A mod i fi ed uni versa l  command 
system was u sed for rea l -t i me commands  and the system cons i sted of two pane l s  
( command control modu l e  and d i g i ta l  se l ect modu l e ) . 

3-5  



Room 3 1 4 8  

ALSEP 

control area 

Room 3 1 4A 

office/support 

area 

Console 88 

I 

Console Console 

Analog recorders 

High -speed 

printer 

rn rn  

Drum recorders 

Pneumatic 

tube 

Fi gure 3- 3 . - Layout of ALSEP Operat i on Rooms. 

3-6 



r 
I 

Requ i rements ca l l ed for rece 1 v 1 ng data simu l t aneou s l y  from two ALSEP 
central  stati ons , and rap i d  access to h ardcopy pri ntouts was prov i ded by 
a h i gh-speed pr i nter . Four ( 8  pen ) ana l og recorders were prov i ded for 
d i sp l ayi ng data , and the capab i l i ty ex i sted for rea l -t ime sw i tch i ng between 
ALSEP • s  and between dat a  formats . The data formats were defi ned and imp l e
mented before the m i ss i on .  The e i ght drum recorders were prov i ded wi th var i 
ab l e  i nput fi l ters and were ded i cated for support of the Pas s i ve Se i smi c Exper
iment . 

OPERATIONS PLANN I NG MEETI NGS 

Oper ati ons p l ann i ng meet i ngs were he l d  period i ca l ly  to d i s cuss  ALSEP sta
tu s ;  a l so to dec i de the nature of future ALSEP operat i ons  and the schedu l e  of 
these operati ons . The cha i rm an of each meet i ng was a representat i ve of the 
MCC F l i ght Di rector , and its members i nc l uded representati ves from ( 1 )  the JSC 
Sc i ence and App l i c at i ons D i rectorate , ( 2 )  the JSC Lunar Sc i ence Program Of
f i ce ,  ( 3 )  the P I • s  of the sc i ent i f i c commun i ty, ( 4 )  the ALSEP f l i ght  contro l 
l ers , and ( 5 )  ot her representat i ves concerned w ith  spec i al aspects of a g i ven 
mi ss i on .  

R EFER ENCE  F ILE  

Dur i ng each Apo l l o  mi s s i on ,  a reference fi l e  was  mai nta i ned i n  the con
trol area , and each f i l e  i nc l uded the l atest i ssues of the fo l l owi ng three 
types of documents : 

1 .  Operat i onal  documentat i on :  Th i s  i nformat i on i nc l uded the opera
t i ona l  documentat i on prepared by the ALSEP Contro l Teams or the re l ated 
mater i a l  based on t hese data . 

2 .  Appropri ate vendor and contractor materi a l  such as spec i f i cat i ons , 
ca l i brat i on curves , and so forth . 

3 .  Data co l l ected dur i ng ALSEP test and support peri ods . 

ALSEP DATA 

Rea l - Time Data to JSC 

The data transm i tted d i rect ly  ( h ard l i ned ) i n  real t ime to the ALSEP Oper
at i on Rooms i n  the MCC i nc l uded h i gh -speed pri nter copy , tel etype copy, ana-
l og charts , drum recorder charts , and m i s ce l l aneous text prep ared dur i ng rea l 
t i me operati ons  or as a res u l t  of these operations . These dat a  were co l l ected 
for e i t her operat i onal  or sc i ent i fi c  purposes , but no format d i sti nct i on exi sted 
between the two groups . C l as s i f i cat i on can be based on l y  on the i ntended 
u se .  
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1 .  Operat i on a l  dat a :  Operat i ona l  data were used to assess the opera
t i on of ALSEP systems and to provi de a base l i ne for future operati ons . 

2 .  Sc i ent i f i c  data : Sc i ent i f i c  data were d i s tri buted to the appropri 
ate P I  for cu rsory ana lys i s ;  e . g . ,  that the system was outputt i ng va l i d  and 
mean i ngfu l dat a .  

Exper iment Data 

Te l emetry data from the ALSEP stat i on s  on the l unar s urface were re
corded 24 hours a day by the wor l dwi de track i ng stat i ons . Data were recorded 
on an a log tapes that were then sh i pped from the track i ng stat i on to the JSC 
Compu tati on and Ana lys i s  D i v i s i on for further process i ng and d i str i but i on 
to the PI ' s  ( fi g .  3-4 ) . At JSC , the i ncomi ng ana l og tapes ( range tapes ) were 
processed w ith the CDC 3200 compu ter , and the output was a t ime-ed i ted and 
computer -compat i b l e  d i g i t a l  tape . The d i g i ta l  tapes were then processed i n  
a Uni vac 1 108 compu ter to produce tapes w i th data for the spec i f i c  ALSEP exper
iments needed by the var i ou s  P I ' s .  To preserve propr i etary r i ghts to the 
data , each tape conta i ned on ly the data for a spec i f i c  exper iment .  The t ime
ed ited di g i ta l  tape was reta i ned by the JSC Computat i on and Ana lys i s  D i v i s i on 
unt i l  the P I  had ver i f i ed that the exper iment tape was u sab l e  and another 
tape wou l d  not be req u i red . 

As the Apo l l o  Program conti nued and more ALSEP stat i ons were operat i ng ,  
the i ncreased data fl ow impacted the Un i vac 1108 computer and data de l i ver i es 
to the P I ' s  were de l ayed by as much as 90 days . Process i ng procedu res were 
then mod i f i ed to use the CDC 3200 exc l us i ve ly as shown i n  fi gure 3-5 , but 
wi th no change in the P I  tape format . Th i s  change reduced the wa i t i ng per i od 
and permi tted a 45-day de l i very to the P I . 

For data co l l ected up to March 1 973 , the raw-data ana l og tapes from the 
MSFN stat i ons  ( range tapes ) were arch i ved at the Federa l Record Center . Beg i n n i ng 
i n  March 1973,  the d i g i ta l  t i me-ed i ted tapes ( fi g .  3-5 ) were stored as the 
arch i ved dat a .  By th i s  t ime ,  more research was underway and the requests 
for arch i ved data were i ncreas i ng ;  therefore , the change to the d i rect computer
compat i b l e  d i g i ta l  tapes was imp l emented to reduce the costs of data  retr i eva l . 

By m i d-1975 , the ana lys i s  contracts w i th i nd i v i du a l  P I ' s  were term i n ated 
( except for the Pass i ve Se i smi c Exper iment ) . However , data f l ow from f i ve 
stat i ons on the l unar surface cont i nued and the cost of data process i ng re
mai ned constant . To decrease the cost of th i s  funct i on ,  data process i ng  was 
transferred to the Un i ver s i ty of Texas at Ga l veston where newer , sma l l er ,  
and more versati l e  computers and equ i pment cou l d  be used . The transfer was 
comp l eted in March 1976 ,  and t he proces s i ng fl ow d i agram is s hown i n  fi gure 
3-6 .  
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ARCHI V ING 

S� i ent if i c ana lys i s  of ALSEP data was accomp l i shed by NASA contracts 
wi th spec i f i c i nvest i gators , and these contracts st i pu l ated the arch i v i ng of 
ana l yz ed data.  At the end of the Apo l l o  Program , arch i v i ng rece i ved more at
tenti on ,  and JSC management be l i eved that i nformat i on obtai ned from the ALSEP 
stati ons s hou l d  be in a form that approached as near as poss i b l e  the 11 raw 
data11 stage ( range tapes ) of the MSFN stat i on s ;  i . e . ,  w ith  on l y  no i se removed 
and t i mi ng corrected . 

To ensure proper data arch i v i ng ,  JSC management created the Geophy s i c a l  
Data Eval u at i on Work i ng Group w i th represen tati ves from the Massachusetts I n 
sti tute o f  Techno l ogy , Ca l i forn i a  Inst i t ute of Techno l ogy , Un i vers i ty of 
Cal iforn i a  at Los Ange l es ,  Un i ver s i ty of Texas at Da l l as ,  Un i vers i ty of Texas 
at Gal ves ton , General  E l ectr i c  Co. , NASA Ames Research Center , the JSC , the 
GSFC , NASA Headquarters , and the NSSDC . 

The group was asked to study the data process i ng and make  recommenda
tions on t he arch i v i ng and d i str i but i on most appropri ate for the present and 
future needs of the s c i ent i f i c commun i ty.  Cr i t i ca l  dec i s i ons were needed 
concern i ng how ,  where , and i n  what form to store the data . H i gh l i ghts of the 
study were as fo l l ows : 

1 .  I t  wou l d  be ne i t her pract i ca l  nor des i rab l e ,  i n  most cases , to d i s 
tr ibute the raw data from the range tapes . Therefor e ,  the group conc l uded 
that NASA shou l d  store , for u se by other sc i ent i sts , on l y  data reduced and 
corrected by the P I .  They be l i eved the PI best understood the condi t i ons  
under wh i ch the data were acq u i red and the perti nent deta i l s  of  the i nstrumen
tati on . 

2 .  The group conc l uded that some ana l yzed data shou l d  be stored becau s e  
many stud ies cou l d  b e  made from such data wi thout further proces s i ng .  

3 .  The group agreed that mi crof i l m  of reduced data ( i n  some cases on l y  
for s pec i a l events ) shou l d  be stored for d is semi nat i on ,  because th i s  form was 
conven i ent for i nspect i on by i nvesti gators . 

4 .  Proper documentat i on was emphas i zed as an essent i a l part of the 
arch i v i ng process . W i t hout adequate documentat i on and s upport i ng i nformati on 
( ephemer i s ,  for examp l e ) , the stored data wou l d  be of l i m i ted use . 

5 .  D ata from comp l ementary exper i ments ( e . g . , L unar Surface M agnetome
ter and Exp l orer 35 Magnetometer ) shou l d  be stored together or cross  
referenced. 
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The study group s urveyed the personne l ,  procedures , and fac i l i t i es of 
the Nat i onal Space Sc i ence D ata Center ( NSSDC)  at GSFC . Al ternat i ves , wh i ch 
they cons i dered , i nc l uded i nd i v i du a l  P I  respon s i bi l i ty for storage and di str i 
but i on of data and creat i on of a spec i al Apo l l o  data fac i l i ty i ndependent of 
NSSDC . 

The f i nal  dec i s i on was that ALSEP data be co l l ected and arch i ved at the 
NSSDC in Greenbel t ,  Maryl and .  

NSSDC ARCHI VED DATA 

The ALSEP data arch i ved at the NSSDC are gi ven i n  the fo l l owi ng pages . 
The fo l l owi ng i nformati on i s  g i ven for each entry . 

NSSDC ID number : Th i s  number i s  the NSSDC i dent i f i c at i on number to be 
u sed i n  requesti ng the mater i a l . 

Des cr i pt ion : Th i s  co l umn prov i des  a bri ef des cr i pti on or t i t l e  of the 
data i tem and shou l d  be i nc l uded wi th data requests . As presented here , the 
arch i ved dat a  are grouped by Apol l o  mi s s i on an d subject of the exper i ment . 
The f i rst entry i n  each group des i gnates the Apo l l o  m i s s i on and ALSEP exper i 
ment , and the subsequent entr i es des i gnate other NSSDC data i n  th i s  category. 

Ava i l ab i l i ty: Code l etters in th i s  co l umn i nd i cate the ava i l ab i l i ty sta
tus as fol l ows : 

Code :  Descr ipt i on : 

D Data at NSSDC and be i ng processed at th i s  date 
( Apr i l 17 , 1978 ) .  

H Data that has been i dent i fied and wh i ch NSSDC i nten ds 
to acqu i re but has not recei ved at th i s  date (Apr i l  1 7 ,  
1978 ) .  

J Propri etary data that can be di str i buted ( Apr i l 1 7 ,  
1978 ) on ly  on the wr itten request o f  the P I .  

T i me span :  Th i s  co l u mn p rov i des dates for the beg i nn i ng and end of the 
des i gnated data . Dates are g i ven by month/day/year ( e . g . , 9/19/75 ) .  

Form : Th i s  co l umn g i ves codes that i dent ify the form of the data .  The 
f i rst l etter i nd i cates the bas i c  form of the mater i a l , the second l etter i ndi 
cates t he d i mens i ons . 
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Fi rst l etter 

F 

D 

M 

Second l etter 

D 

0 

p 

R 

T 

� Un i ts 

Mi crofi che Sheets 
( b l ack and wh i te )  

Di g i ta l  magnetic  Ree l s  
tape 

Mi crof i lm  Ree l s  

Des cr ipt i on 

Or i g i nal  data tape 

35-mm 

16-mm 

10 by 15 em (4 by 6 i nches ) 

Var i ous  s i zes 

Total  quanti ty :  Th i s  co l umn g i ves the tota l  quant i ty of the des i gnated 
un it  i n  the co l umn 11 Form . 11 Examp l e :  11 Form : MP1 1  and 11 Tota l quant i ty :  34 11 
i nd i cat�s 34 ree l s  of 16-mm mi crofi l m  i n  that set of dat a .  
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NSSDC ID  
number 

71-008C- 12A 
71-008C-12B 

71-563C-09A 

69-059C-03A 

69-099C-03A 
w 69-099C-03B I 
__. 69-099C-03C U"1 

69-099C-03D 
69-099C-03 E 
69-099C-03F 
69-099C- 03G 
69-099C-03H 
69-099C-03 I 
69-099C-03J 
69-099C-03K 
69-099C-03L 
69-099C-03M 
69-099C-03N 
69-099C-030 
69-099C-03P 
69-099C-03Q 
69-099C-03R 
69-099C-03S 
69-099C-03T 

ALSEP DATA AT NSSDC ( Apri l 17 , 1978 ) 

Descr i pt i on 

�-- - - ----- ---

Apol l o  14 , du st detector daytime data 
Dust detector ec l i pse data 

Apo l l o  15 , dust detector daytime data 

Apo l l o 1 1 ,  se i smograph records , EASEP 

Apol l o  12 , pass i ve se i smi c event tapes 
Compressed sca le  p l ayouts 
Event tape compressed scale p l ayout 
Expanded s cal e p l ayouts 
Cont i nuou s data tapes 
Tapes of art i fi c i a l impacts 
Event l og as card i m ages on tape 
Se i sm i c  event catal og 
Meteoro i d  impact event compressed sca l e  
Meteoroi d  impact expanded scale  
HF te lese i smi c event sca l e  
HF te l ese i smic  compressed s cale  
Moonquake event compressed sca le  
Moonquake expanded sca le  
Art i fi c i al impact expanded scal e  
Art i fi c i al impact compressed scale  
Se lected se i smi c event cata log 
Large meteoroi d  impacts on tape 
H i gh frequency te l ese i sms on t�pe 
Se l ected moonquake events on tape 

Ava i l -
ab i l i ty 

------

D 
D 

D 

D 

D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
H 
D 
D 
D 
D 

Time span 

F i rst date Last date 
L__ ____ 

05/05/71 02/24/76 
01/30/72 01/30/72 

07/31/71 02/22/76 

07/21/69 08/ll/69 

11/20/69 02/22/75 
l l/19/69 03/01/76 
11/20/69 10/05/75 
11/26/69 08/08/72 
07/14/73 08/13/73 
11/20/69 08/03/70 
1 1 /20/69 05/22/74 
11 /20/69 07/08/75 
04/13/71 05/04/75 
04/13/71 05/04/75 
04/13/71 05/04/75 
04/13/71 05/04/75 

04/15/70 12/15/72 

04/13/71 05/27/75 
04/13/71 05/04/75 
04/17/71 01/13/75 
09/23/71 04/23/75 

Form Tota l  
q uant i ty 

MP 19 
MP 1 

MP 19 

MO 2 

DO 258 
MT 8 
MT 3 
MO 2 
DO 30 
DO 2 
DO 1 
MO 1 
MP 1 
MP 1 
MP 1 
MP 1 
MP 1 
MP 1 
MP 1 
MP 0 
FR 1 
DO 7 
DO 2 
DO 2 



ALSEP DATA AT NSSDC ( Apr i l 17 , 1978 ) 

NSSDC ID Descr i pt i on Avai l - Time span 
number abi l i ty 

Fi rst date Last date I 
71-008C-04A Apol l o  14 , pass i ve se i sm i c  cont i nuous D 07/14/73 08/13/73 

data tapes 
7 1-008C-04B Sei sm i c  event tapes D 02/06/7 1 02/22/75 
7 1-008C-04C Compressed scal e p l ayouts D 02/05/7 1 03/01/76 
71-008C-04D Expanded scal e pl ayouts D 02/07/71 08/08/72 

w 7 1-008C-04E Event tape compressed scale  p l ayout D 02/06/7 1 10/05/75 I 71-008C-04F Tapes of art i f i c i al impacts D 02/07/71 12/16/71 ....... 

0'1 7 1-008C-04G Event log as card images on tape D 02/07/71 05/22/74 
71-008C-04H Sei smi c event catal og D 02/07/7 1 07/09/75 
7 1-008C-04I Meteoro i d  impact compressed scale  D 04/13/71 05/04/75 
71-008C-04J Meteoroi d  impact expanded scal e D 04/13/7 1 05/04/75 
7 1-008C-04K HF telese i sm i c  event expanded scale  D 04/13/71 05/04/75 
71-008C-04L HF tel ese i sm i c  compres sed scal e D 04/13/7 1  05/04/75 
7 1-008C-04M Moonquake event compressed scal e D 
71-008C-04N Moonq uake expanded scal e D 
7 1-008C-040 Art i f i c i al impact expanded sc a le  D 02/07/7 1 14/15/72 
7 1-008C-04P Art if i c i al impact compressed scal e H 
7 1-008C-04Q Sel ected se i sm ic  event cata log D 04/13/71 05/27/75 
71-008C-04R Large meteoro i d  impacts , tape D 04/13/71 11/21/74 
7 1-008C-04S H igh frequency telesei sms , tape D 04/17/71  01/13/75 
71-008C-04T Se l ected moonquake events , tape D 08/04/71 04/23/75 

Form I Total 
quant i ty 

DO 30 

DO 228 
MT 8 
MO 2 
MT 3 
DD 1 
DO 1 
MO 1 
MP 1 
MP 1 
MP 1 
MP 1 
MP 1 
MP 1 
MP 1 
MP 0 
FR 1 
DO 6 
DD 1 
DO 2 



ALSEP DATA AT NSSDC ( Apr i l 17 , 1978)  

NSSDC ID Descr ipt i on Av a i 1 - Time span Form Total  
number abi l i ty quanti ty 

F i rst date  Last  date I 
- - ---�- ------- _____j 

7 1-063C-01A Apol l o  1 5 ,  pas s i ve sei smi c  cont i nuous D 07/13/73 08/13/73 DD 31 
data tapes 

7 1-063C-01B Se i sm i c  event tapes D 08/02/71 02/12/75 DD 203 
7 1-063C-01C Expanded sca l e p l ayouts D 08/04/7 1 08/08/72 MO 2 
7 1 -063C-01D Compressed sca l e  p l ayouts D 09/02/71  03/01/76 MT 7 

w 7 1 -063C-01 E  Tapes of art i f i c i al i mpacts D 08/03/7 1 1 2/16/7 1 DO 1 
I 7 1-063C-01F Event tape compressed scal e p l ayout D 08/01/7 1 10/04/75 MP 2 __. 

........ 7 1 -063C-01G Event l og as card images on tape D 08/02/7 1 05/22/74 DD 1 
71-063C-01 H Se i sm i c  event catal og D 07/31/71  07/09/75 MO 1 
7 1 -06 3C-O l l  Meteoro i d  i mp ac t  event compres sed D MP 1 
7 1-063C-01J Meteoro i d  impact expanded scal e D MP 1 
7 1-063C-01K HF te lese i sm i c  event expanded D MP 1 
7 1 -063C-01L HF tel ese i smi c compressed scal e D MP 1 
7 1-063C-01M Moonquake event compressed sca le  D MP 1 
71 -063C-01N Moonquake expanded scal e D MP 1 
7 1-063C-010 Art i f i c i al i mpact expanded sca le  D 04/19/72 12/15/72 MP 1 
7 1 -063C-01P Art i f i c i a l  impact compressed H MP 0 
7 1 -063C-01Q Se l ected sei sm i c  event cata log D 04/13/7 1 05/27/75 FR 1 
7 1 -063C-01R Large meteoroi d  impacts , tape D 10/20/7 1 ll/21/74 DD 6 
7 1 -063C-01S  HF  te lese i sm i c  events on  tape D 01/02/72 01/1 3/75 DO 1 
7 1 -063C-01T Sel ected moonquake events on tape D 08/04/7 1 04/23/75 DD 2 



ALSEP DATA AT NSSDC ( Apr i l 1 7 ,  1978 ) 

NSSDC ID Descr i pt i on Ava i l - Time span Form Total  
number abi l i ty quant i ty 

Fi rst date Las t date 
--- - - -

72-031C-01A Apol l o  16 , pass i ve se i sm ic  cont i nuous D 07/14/73 08/13/73 DD 29 
data tapes 

72-031C-01B Se i sm i c  event tapes D 04/21/72 02/12/75 DD 163 
72-03 1C-01C Expanded sc a l e  p l ayouts D 04/2 1/72  08/08/72 MO 2 
72-031C-01D Compressed sca l e  p l ayouts D 04/2 1/72 03/01/76 MT 7 

w 7 2-03 1C-01E Tapes of art i f i c i a l impacts D 1 2/10/72 1 2/1 5/72 DD 1 I 72-031C-01 F Event tape compressed sca l e  pl ayout D 04/21/72 10/05/75 MP 2 -' 

co 7 2-031C -0 1G Event l og as card images on tape D 04/2 1/72 05/22/74 DD 1 
72-031C-01H Se i smi c event catal og D 04/22/72 07/09/75 MO 1 
7 2-031C -0 1 1  Meteoro i d  i mpact event , compressed D MP 1 
72-031C-01J Meteoro i d  impact ,  expanded scal e D MP 1 
72-03 1C-01K HF te l ese i sm i c  event expanded D MP 1 
72-031C-01L HF tel ese i sm i c  compressed sca l e  D MP 1 
72-031C-01M Moonquake event , compressed sca le  D MP 1 
72-031C-01 N Moonquak e ,  expanded scal e D MP 1 
72-03 1C-010 Art i f i c i al i mpact , expanded sca le  D 1 2/10/72 1 2/1 5/72 MP 1 
72-031C-01P Art i f i c i a l  impac t ,  compressed sca l e  H MP 0 
7 2-03 1C-01Q Sel ected sei sm i c  event cata log D 04/13/71 05/27/75 FR 1 
72-031C-01R Large meteoro i d  impacts , tape D 05/1 1/72 05/04/75 DD 5 
7 2-031C-01S H i gh frequency te lesei sms , tape D 09/17/72 01/13/75 DD 1 
72-031 C-01T Se l ected moonquake event s ,  tape D 05/27/72 04/23/75 DD 1 



ALSEP DATA AT NSSDC (Apr i l 17 , 1 978 ) 

NSSDC ID  Descr i pt i on Ava i l - Time span Form Total  
n umber abi l i ty quant i ty 

F i rst date Last date 

71-008C-05A Apol l o  14 , act i ve sei smic  event tapes D 02/15/71 02/15/71 DD 1 

7 2-031C-02A Apo l l o  16 , act i ve se i sm i c  event tapes D 04/2 1/72 05/23/72 DD 4 
72-031C-02B Act i ve se i smi c event p l ots D MP 1 

w 69-099C-04A Apo l l o  1 2 ,  l u nar surface magnetometer , D 1 1/19/69 04/03/70 MP 2 
I B magn i tude , components ,  m icrof i lm pl ots --' 

1.0 69-099C-04B B magn i tude,  components , magnet i c  tape D 1 1/19/69 04/03/70 DO 35 
69-099C -04C Samp l e  dec imated tape D 1 1/28/69 12/03/69 DD 1 

7 1 -063C-03A Apo l l o  1 5 ,  l u nar surface magnetometer ,  0 07/31/71 09/20/72 MP 8 
B magn i tude , components , mi crof i l m  pl ots 

7 1 -063C-03B B mag n i tude ,  components , magnet i c  tape D 07/31/71  09/20/72 DO 138 
7 1-063C-03C Samp l e  dec imated tape D 07/31/71  08/15/71 DD 1 

7 2-03 1C-03A Apo l l o  16 , l u nar surface magnetometer ,  D 04/2 1/72 03/03/75 MP 1 2  
B magn i tude , component s ,  m icrof i l m  pl ots 

7 2-031C-03B B mag n i tude , components , magnet i c  tape D 04/27/72 02/14/73 OD 293 

69-099C-02A Apol l o  12 , sol ar w i nd spectrometer , p l asma D 11/19/69 01/29/73 DD 19 
parameters , f i ne reso l ut i on on magnet i c  
tape 

69-099C-02B Hou r-average p l asma parameters on magnet ic  0 1 1 /19/69 1 2/3 1/74 DO 5 
tape 

69-099C-02C Hour-average p l ots , p l asma parameters D 1 1 /20/69 1 2/3 1/74 MO 1 



ALSEP DATA AT NSSDC (Apr i l  17 , 1 978 ) 

NSSDC ID  Descr i pt i on Ava i l - Time span Form Total  
number abi l i ty quanti ty 

F i rst d ate Last date 
- -----

71 -063C-04A Apol l o  1 5 ,  so l ar w i nd spectrometer,  p l asma D 07/31/7 1 06/30/72 DO 3 
parameters , f i ne reso l ut i o n ,  on magnet i c  
tape 

7 1 -063C-04B Hou r-average p l asma parameters ,  on magnet i c  D 07/31/7 1  12/08/7 1 DO 1 
tape 

w 7 1 -063C -04C Hou r-average p l asma parameters , m i crof i l m  D 08/02/71 06/30/72 MO 1 I 
N 
0 

69-099C-05A Apol l o  1 2 ,  suprathermal i on detector , D 09/14/71 08/28/74 MP 93 
suprathermal i on cou nts versus  energy 
p l ots 

69-099C-05B Suprathermal  i on cou nts versus  energy l i st D 09/14/71  08/31 /74 MP 274 
69-099C-05C Mass analyzer i on data on tape D 1 1/19/69 03/03/73 DO 14 
69-099C-05D Engi neer i ng parameters for S I DE D 08/17/72 09/18/74 MP 5 
69 -099C-05E Ion spectrograms on f i lm  D 1 1/19/69 01/25/73 MO 2 
69-099C-05F Total  i on detector data on tape D l l/19/69 03/14/73 DO 14 

71 -008C-06A Apol l o  1 4 ,  suprathermal i on detector , D 08/26/72 08/26/74 MP 168 
p l ots of suprathermal i o n  counts versus  
energy 

7 1 -008C-06B Suprathermal i on cou nts versus  energy l i st D 08/26/72 08/26/74 MP 1 1 1  
71-008C-06C Mass analyzer data on tape D 02/06/71  04/1 1/73 DO 14 
7 1 -008C-06D Engi neer i ng parameters for S I DE D 08!26!72 08/26/74 MP 4 
71-008C-06E Ion spectrograms on f i l m  D 02/06/7 1 09/09/74 MO 3 
7 1-008C-06F Tota l  i on  detector data on tape D 02/06/7 1 04/11/73 DO 14 



ALSEP DATA AT NSSDC ( Apr i l  17 , 1 978 ) 

NSSDC ID  Descr i pt i on Ava i l - Time span Form Total  
number abi l i ty quant i ty 

Fi rst date Last date 

7 1-063C-05A Apol l o  1 5 ,  suprathermal  i on detector , D 08/24/72 09/09/74 MP 278 
suprathermal i on counts versus  energy 
p l ots 

71-063C-05B Supratherma l  i on cou nts versus energy l i st D 08/26/72 09/09/74 MP 303 
71-063C-05C Mass ana lyzer data on tape D 08/03/71  06/02/73 DD 10 

w 7 1 -063C-05D Engi neer i ng parameters for S I DE D 08/24/72 08/25/74 MP 8 
I 71-063C-05E Ion spectrograms on f i l m  D 08/20/71 12/18/75 MO 2 N 

7 1-063C-05F Total i on detector data  on tape D 08/03/7 1  1 2/29/72 DO 12 

7 1 - 063C -06A Apo l l o  1 5 , heat f l ow ,  thermal conduct i v i ty D 07 / 3 1 / 7 1  12/28/74 D D  2 

72-096C-01A Apo l l o  1 7 , heat f l ow ,  thermal conduct i v i ty D 1 2/12/72 12/1 3/73 DO 2 
72-096C-01B  Heat f l ow error analys i s  D MP 1 

7 1-008C-08A Apo l l o  14 , charged part i c l e  experi ment , D 02/05/71 03/02/73 DO 56 
count  rate data on magnet i c  tape 

7 1-008C-08B Exper iment pos i t i on and ori entat i on D 02/05/7 1 1 2/31 /73  DO  1 
i nformat i on on tape 

7 1-008C-08C 200-EV e l ectron count rates , m i crof i l m  D 02/06/71  03/12/7 1 MO 1 

69-099C-06A Apol l o  12 , co l d  cathode i on ,  p l ots on f i l m ,  H MO 0 
l unar atmosphere pressure measurements 

69-099C-06B Dens i ty p l ot per l u nar day of neutral  H MO 0 
atmosphere 



ALSEP DATA AT NSSDC ( Apri l 17 , 1978 ) 

NSSDC ID  I Descr i pt i on ' Ava i l - Time span Form I Total  
number abi 1 i ty quant i ty 

F irst  date Last date 

71-008C-07A Apol l o  14 , co l d  cathode i on gage , p l ots D 02/09/71 12/31/73 MO 3 
on f i lm  of l unar atmosphere pressure 
measurements 

7 1 -008C-07B Dens i ty p l ot per l u nar day,  neutral H MO 0 
atmosphere 

7 1 -063C-07A Apol l o  1 5 ,  co ld  cathode i on gage ,  p l ots  D 07/31 /7 1 1 2/09/73 MO 3 
on f i l m  of l u nar atmosphere pressure 

w measurements 
I 71-063C-07B Dens i ty p l ot per l u nar day of neutral H MO 0 N 

N atmosphere 

72-096C-05A Apol l o  17 , ejecta and meteori tes event H DD 0 
tapes 

72-096C-05B Tabu l at i on of a l l changes H MO 0 

72-096C-06A Apol l o  1 7 ,  se i sm i c  prof i l i ng tapes J 1 2/14/72 1 2/17/74 DD 2 1 2  
72-096C-06B Se i smi c profi l i ng act i ve mode D 12/14/72 12/18/72 DD 3 

72-096C-07B Apol l o  1 7 ,  surface e l ectr i ca l  propert i es ,  D 1 2/1 1/72 1 2/1 3/72 DD 1 
demu l t i p l exed data on tape 

72-096C-07C Data p l ots  on m i crof iche D FR 2 9  

72-096C-08A Apol l o  17 , Atmospher i c  compos i t i on ,  mass D DD 2 
peak s ummary data on tape 

72-096C-08B Tab l es of peak s ,  m icrof i lm D 01/02/73 10/04/73 MP 51  
72-096C-08C Mass peak data, tape D 01/02/73 10/04/73 DD 10  
72-096C-08D Mass peak summary data,  mi crofi l m  D MP 1 



4 .  OPERATIONAL HISTORY 

Sc i en t i f i c  data-gatheri ng equ i pment and re l ated commu n i cati ons equ i p 
ment  were dep l oyed o n  t h e  l un ar s urface during each of t h e  s i x  Apo l l o  l unar 
l and i ng mi s s i ons from Ju ly 21 , 1969 ( Apo l l o 11 m i s s i on ) , to December 12 , 1972 
{ Apo l lo 17 m i s s i on ) . The performance of the dep l oyed equ i pmen t ,  wh i ch was 
desi gned to prov i de data after the return of the crewmembers to E arth , i s  
descr i bed i n  th i s  secti o n . Performance detai l s  i nc l ude the fo l low i ng : 

1 .  T i me h i stori es for each experiment are g i ven up to 
Sep tember 30 , 1977 , when  the ALSEP program was 
termi n ated . 

2 .  Annotat ion  of the t i me h i stori es prov i des back ground 
i n format i on on s i g n i fi c ant events duri ng the l i fespan 
of each experiment . 

3 .  A status s ummary ( September 29 , 1977 ) of Apo l l o Lunar 
Surface Experi ments Pack age (ALSEP ) performance i s  g i ven 
i n  tab l e  4 - I  at the end of th is  sect i on .  

4 .  Power output curves for the rad io i sotope thermoe l ectri c  
generators ( RTG • s ) are presented i n  f i g ures 4-1 to 4-5 
at the end of th i s  sect i on . 
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PASSI VE SE I SMIC EXPER IMENT 

T rt'lC l \ 1 story ,Wf1 JrOilOrtion of fLJ I I  capa b i l t ty  of t n strLJmcn t 
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0 . . � 
H ou sekeeping data � 

Apo l lo  I n i t i a l  date 

Ff 

Item mi ss ion  of  occurrence 

1 11  Aug . 27 , 1969 

2 12  Nov . 19 , 1969 

3 12  Nov . 22 , 1969 

4 14 Feb . 1 2 , 1971 

1 fr]lfT 1Tr 1 lll -r I 

Statu s 

PSE STANDBY mode . Stat i on 11 operated 
for 20 Earth days before l oss  of the 
ALSEP centra l stati on command u p l i nk 
term i n ated se i smometer funct ions  such 
as l eve l i ng ,  gai n adj ustment s ,  and 
ca l i brat ion . 

-r 

SPZ component d i sp l ay i ng reduced sen
s i t i v i ty at l ow s i gn a l  l eve l s . The 
other three sei smometers ( LPX ,  LPY,  LPZ ) 
have operated proper ly  s i nce i n i t i a l  
acti vat i on .  

Therma l contro l prob l ems . These therma l 
d i sturbances were most i ntense near s un
r i se and sunset . They are be l i eved to  
be due to  therma l contract i on and expan
s ion of the a l umi n i zed Myl ar shrou d that 
covers the sen sor u n i t  or to thermal con
tract ion  and expan s i on of the cab l e  con
nect i ng the sensor u n i t  to the centra l 
stat i o n , or both . 

Therma l contro l prob l ems . The mod i f i ed 
therma l shrou d u sed on Apo l l o  14 prov i ded 
improved thermal contro l . It  was found 
that if the heater was commanded OFF for 
l un ar day and AUTO for l unar n i ght , the 
PSE temperature remai ned wi th i n  the ex
pected range for Apo l l o 14 . 
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PASSIVE SEI SMIC EXPER IMENT - Conti nued 

Apo l l o  I n i t i a l date 
I tem mi s s i on of occurrence 

5 14 Mar .  20 , 1972 

6 15 Aug . 13 , 1971 

7 16 Apr . 24 , 1972 

8 12 Oct . 16 , 1974 

Statu s 

LPZ ax i s  i noperat i ve .  Ana lys i s  of the 
prob l em i ndi cated th i s  fai l ure was e i ther 
component fai l ure or a w i re connect i on 
prob l em .  It was  conc l uded th at the 
fai l ure was random rather than generi c .  

Therma l contro l degrad at i on . Rev iew 
of l unar surface photographs showed th at 
the peri phery of the therm a l  shroud d i d  
not l ie f l at on the l unar surface . The 
i ncompl ete dep l oyment of the shroud re
su l ted i n  excessi ve thermal l eaks and 
l oss of t i dal data . For subsequent mi s
s i ons ,  crew tra i n i ng emphasized the need 
for the peri phery of the shroud to be 
fl at on the surface . 

H i gh temperature dur i ng l unar day .  Photo
graphs of the dep l oyed experiment , te l e
v i s ion coverage of the l unar modu l e  as 
cent , and comments by the crew i nd i cated 
the fo l l owing as poss i b l e  causes of the 
prob l em :  { 1 )  some ra i sed port i ons of 
the shroud ,  ( 2 )  d i rt on the shroud from 
crew traffic s ub sequent to the photo
graphy , ( 3 )  debri s from l i ft-off , and 
( 4 )  pos s i b le  contact o f  t h e  exper iment 
with the l unar surfac e .  Any of the above 
cond i t i ons cou l d  cau se degraded therma l 
contro l ,  resu l t i ng i n  h i gher tempera
tures dur i ng l un ar d ay .  

The i nstrument was commanded to operate 
w i th the feedback fi l ter I N .  The pri nc i 
p a l  i nvesti gator requested th i s  operat ion  
to obta i n  data for compari son w i th data 
from fi l ter OUT operat ion . The i nstrument 
performed sat i sfactor i ly w i th the feedback 
f i lter I N . Test  was comp l eted on Apr . 
9 ,  1975 , and the i nstrument was returned 
to the feedb ack f i lter OUT mode . 

4-3 



PASSI VE SE I SMIC  EXPER IMENT - Cont i nued 

Apo l l o  I n i t i a l date 
I tem mi s s i on of occurrence 

9 12 Nov . 7 ,  1974 

10 14 Mar .  5 ,  1975 

11  12 , 15 , June 28 , 1975 
and 16 

12 14 Aug . 31 , 1975 
and 
Sep t .  3 ,  1975  

13 12 Dec . 5 ,  1975 

Statu s 

An operat ional  check on Nov . 7 ,  8 ,  and 
9, 1974 , i n d i cated that the heater cou l d  
not be set i n  the auto OFF or forced OFF 
modes . Pre l im i n ary analys i s  i nd i cated 
the cau se of the fa i l u re to be that the 
heater ON/OFF re l ay dri ver c i rc u i t  fai l ed 
" c l osed" a l l owi ng +29 V de power to be 
app l i ed at a l l t i mes . 

No command c apab i l i ty ;  therefore , no 
l eve l i ng pos s i b l e . Eng i neeri ng  data 
from the PSE were va l i d .  Sc i ence data  
from the PSE  cou l d  be used for a per iod  
of approx imate ly 9 d ays when the  l ong 
per iod  y- ax i s  moved from off sca l e  h i gh 
to off sca l e  l ow ( Sun ang l es 550 to 1090) 
and off sca l e  l ow to off sca l e  h i gh ( Sun 
ang l es 1850 to 2370 ) . When Apo l l o  14 
centra l stat i on up l i nk capab i l i ty was 
l ost ,  the PSE heater was in the forced 
OFF mode for l unar daytime operat i on . 
The i nstrument remai ns i n  th i s  confi gu
rat i on . 

Feedb ack f i l ter I N .  The i nstruments 
performed sat i sfactori ly in th i s  conf i gu 
rat i on .  

A l though no l eve l i ng had been accomp l i shed 
on the PSE s i nce Mar .  1 ,  1975 , because 
of the l os s  of command capab i l i ty ,  a 
sei smi c event on these dates i nd i cated 
that data were d i scern i b l e  on the l ong 
per i od x- and y- ax i s  on the recorders .  

Noi se s p i ke appeared i n  se i sm i c  data 
as a resu l t  of the th i rd b i t not setti ng 
i n  the PSE e l ectron i cs ana l og -to-d i g i ta l  
converter . I ncreas i ng the central sta
t ion heat e l i m i n ated the prob l em .  
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PASSIVE SEI SMIC EXPER IMENT - Conti nued 

Apo l lo I n i ti al date 
Item mi ss ion of occurrence Statu s 

14 14 Feb . 19 , 1976 With return of up l i nk ,  sub sequent at-
tempts to command the feedback fi lter 
IN have shown the l oop to be i nopera-
t i ve .  The i nstrument was performing 
sati sfactori ly w ith the f i l ter out . 
The long period y-ax i s  cou l d  not be 
l evel ed during the up l i nk capab i l ity 
period . 

15 14 Mar . 17 , 1976 When l oss of down l i nk and up l i nk occurred 
wi th the Apo l lo  14 centra l station , the 
PSE was ON and the heater was in the 
forced OFF mode . 

16 14 May 20 , 1976 With return of down l i nk ,  the PSE was ON . 

14 May 24 , 1976 Y- ax i s  successfu l ly l eve l ed for first 
t ime s i nce Mar . 1 ,  1975 . 

14 May 27 , 1976 Feedback loop fi lter OUT .  

14 June 8 ,  1976 Lost down 1 i nk .  

14 June 1 1 , 1976 Acqu i s i tion of s i gnal ; i nstrument ON . 
Feedback fi lter OUT . 

17 14 Sept . 18 , 1976 Feedback fi lter IN . 
i 

� i 
14 Oct . 9 ,  1976 Loss of s i gnal wi th 

to ON . 
i nstrument confi gured 

14 Nov . 12 , 1976 Acqu i s it ion of si gnal ; i nstrument ON . 

14 Nov . 17 ' 1976 The lon� peri od z-ax i s  responded to l eve l-
i ng ;  ca i bration and sei smi c events pos-
s i b l e  for first time s i nce Mar . 197 2 .  
Feedback l oop f i l ter OUT . 

18 12 Apr . 14 , 1977 The long period z-ax i s  sei smic  da�a are 
stat ic .  

19  12  Apr . 22 , 1977 The l ong period z-ax i s  se i smic  data re-
turned to norma l .  

20 14 June 20 , 1977 Long peri od z-ax i s  data stat i c .  
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PASSIVE SE I SMIC  EXPER IMENT - Conc l uded 

Apo l l o I n i t i al date 
I tem m i s s ion  of  occurrence 

21 12 Sept . 30 , 1977 

22 14 Sept . 30 , 1977 

23 15 Sept . 30 , 1977 

24 16 Sept . 30 , 1977 

----------- -� 

Statu s 

Confi gured to STANDB Y ,  cou l d  b e  commanded 
ON . 

Confi gured to STANDBY ,  cou l d  be commanded 
ON . 

Confi gured to OFF and shou l d  not be com-
manded ON . 

Confi gured to STANDBY,  cou l d  be commanded 
ON . 
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ACTIVE SEI SMIC EXPER IMENT 

Time h istory and proportion of fu l l  capability of instrument 

Experiment Mission 
1969 1970 1971 I 1972 1 9 7 3  1 9 7 4  1 9 7 5  1976 1977 

( 1 ) 1 I I I I I  6 )  I ( 7 )  I I 
Active seismic 14 cv 2 I I 4) 5 )  

16 I I I �} I I I I I 
Legend: 

Science data ootput 100'/·,�����---
0'/• 

Housekeeping data 100'/•' 

Apo l l o  I n i ti a l  date 
I tem mi s s i on of occurrence 

1 14 Feb . 5 ,  1971 

2 14 Mar . 26 , 1971 

3 16 May 23 , 1972 

Status 

Thumper m i sfi red 5 of 18 t imes . The 
prob l em was attri buted to d irt  on the 
f i r i ng swi tch actuator bear i ng surface . 
The s i tuation was subsequently  corrected 
for the Apo l l o  16 mi s s i on .  

Geophone 3 data were noi sy because of 
trans i stor fai l ure i n  amp l i fi er 3 .  Data 
were recoverab l e  to some extent by 
analys i s .  

Grenades 2 ,  4 ,  and 3 were f ired . Mortar 
pack age p i tched down go as a resu lt  of 
l aunch ing grenade 2 .  The grenade 2 range 
wi re probab ly fou l ed duri ng l aunch , pro
ducing a downward force . Normal rea l 
t i me event data were not recei ved duri ng 
f l i ght of grenade 2 .  Grenade 1 was not 
f i red at th is t i me becau se of the fai l ure 
of the p i tch sensor of the mortar package 
after the grenade 4 f i r i ng .  I nternal 
temperatures of the mortar pack age vary 
from off scale l ow at ni ght to 388 .85 K 
( 1 1 5 . 70 C ) dur i ng l unar day ,  because 
some thermal protecti on was removed dur
i ng the f i ring of the grenades . 
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ACTIVE  SE ISMIC  EXPER IMENT - Conc l uded 

Apo l l o I n i t i al date 
I tem m iss ion of occurrence 

4 16  May 23 , 1972 

5 14 Dec . 7 ,  1973 
and 16 

6 14 Jan . 3, 1974 

7 14 Mar . 5 ,  1975 

8 14 Sept . 30 , 1977 
and 16 

Status  

P i tch sensor off sca l e  h i gh after l aunch
ing  of grenade 3 .  Data imply there was 
a sensor c i rcu i t  fai l ure . Detonat i on 
of grenade 4 successfu l l y accomp l i shed . 
Grenade 1 was not fi red because of the 
uncertai nty of the mortar pa l l et pos i t ion . 
Launch i ng of grenade 1 may be attempted , 
as a f i n a l  exper iment , shou l d  Apo l l o  
16 ALSEP termi nat i on be con s i dered . 

Week ly  30-mi n pas s i ve l i sten i ng peri ods 
term i n ated i n  accordance w i th Apo l l o 14 
ALSEP , SMEAR 86 and Apo l l o  16 ALSEP , 
SMEAR 27 . The i nstruments w i l l  rema i n  
i n  STANDBY and OFF , res pect i ve ly ,  wi th 
per i od i c  h i gh-b it-rate checks to ver i fy 
funct iona l  capab i l i ty .  

Duri ng the month ly  operat i on check of 
the experiment , the data from geophone 
2 appeared to be i nva l i d .  On Jan . 9 ,  
1974 , another operat i on a l  check was con 
ducted to further i nvesti gate the prob l em .  
Two geophone cal i brat ions were commanded . 
The data i nd i cated a res ponse to the com
manded pu l ses , but the res pon se was im
proper . Analys i s  imp l i ed a fai l ure in the 
amp l i f i er channe l 2 c ircu i try . Opera
t i onal checks after Jan . 9, 1974 , con
fi rmed status was unchanged . 

Bec ause of the l oss of up l i nk capab i l i ty 
wi th Apo l l o  14 centra l stat i on , the ASE 
can no l onger be commanded and the gre
nades rema i n  unfi red . ( Subsequent oper
at i onal  tests of the gren ade f i r i ng 
ci rcu i t  showed that i t  wou l d  be unab l e  
to f i re the grenades . ) 
No change i n  status when ALSEP program 
was termi nated . 
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LUNAR SURFACE MAGNETOMETER 

T ime hi story and proportion of full capability of instrument 

1969 I 1970 1971 I 1 9 72 1973 1974 1975 1 9 76 _ _!JI.Z___ Experiment Mission 

�� � n  2 )I I T 1 5  If,';;'\ I_ 
Lunar surface 12 10g12 
magnetometer ( 3 I( 4 ll I nlf 14 

15 

16 

Legend: 

Science data output lOO'f.,. 
----'----- 0'/o -

H ou sekeeping data 100}. 

Apo l l o 
I tem mi ss ion 

1 12 

2 12 

I n i ti al  date 
of occurrence 

Dec . 22 , 1969 

June 29 , 1970 

9 Tl\.6 [7  8 K I I 13 
I I I I I I I I I I I I I 

Status  

Y-ax i s  data offset . A b i as sh i ft of 
approx imately 75 percent occurred dur 
i ng l unar d� when temperatures reached 
or exceeded 333 K { 600 C ) . The data 
returned to normal as the temperature 
decreased to approx imately 308 K {350 C ) . 
The fai l ure was suspected to be due to 
a res i stance change i n  the b i as c ircu i t 
ry. It  was probab ly c au sed by a par
t i a l ly open we l d ,  a sensor connect i on , 
or a f l exi b l e  cab l e .  The b i as command 
was used for compensat i ng the data i n  
real t i me .  

Science and eng ineeri ng data were static  
and i nval i d .  It  appeared that the stat
ic eng i neeri ng data dur i ng the l unar 
n i ght , the errati c  f l i p  cal i brat i on data , 
and no current to the y-ax i s  f l i p  motor 
were a l l  caused by open we l ds i n  the 
c ircu i try .  Re i nspect ion  by three i nde
pendent teams , repai rs as requ i red , and 
the improvements i n  therma l contro l were 
imp l emented to a l l ev i ate the prob l em 
for sub sequent mi ss ions . 
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LUNAR SURFACE MAGNETOMETER - Cont i nued 

Apo l l o I n i t i a l date 
I tem m i s s i o n  of occurrence 

3 15 Aug . 30 , 1971 

4 15 Nov . 2 ,  1971 

5 12 June 14 , 1972 

6 16 Ju ly 24 , 1972 

7 16 Feb . 15 , 1973 

8 16 Aug . 17 , 1973 

Statu s 

Y- ax i s  sensor head fai l ed to f l i p  on 
command . Norma l ca l i brat ion  cou l d  not 
be prov i ded because of the y- ax i s  f l i p  
prob l em ;  a mod i f ied data proces s i ng pro
gram was wr i tten , u s i ng the sol ar-wi nd 
spectrometer data to fu lf i l l  the ca l i 
brati on requ i rements . 

Y- ax i s  sensor data l os s . To be u sefu l ,  
data from a l l three axes were requ i red . 
D ata output conti nu ed to be recorded 
and arch i ved ; it was hoped that a method 
to corre l ate and ana lyze  the data wou l d  
be deve l oped at some future date . 

Suspe n s i on of f l i p  ca l i brat ion  sequences . 
B ecau se of stat i c  d ata output from the 
i nstrument , the pri nc i pa l  i nvesti gator 
requested that f l i p  ca l i brat i on sequences 
be termi nated . F l i p  ca l i brat ions  wou l d  
be performed aga i n  i f  sc i ence data i nd i 
c ated the need . 

F a i l ure of a l l  three axes to f l i p .  
Ana lys i s  of the data i n d i cated the prob
l em was due to an e l evated temperature 
at l un ar-noon cond i t i on s . 

I ntermi ttent l oss of sc i ence data . Over 
a peri od of severa l  month s ,  the output 
of the i nstrument var i ed from dynami c ,  
va l i d  data to a stat i c  cond i t ion . 
Attempts were made to correct the s i tu
at ion  by ground  command wi th no pos i t i ve 
resu l ts obtai ned . 

Data proces sed by the pri nc i pa l  i nvest i 
g ator s i nce Aug . 17 , 1973 , i nd i cated 
that the i n s trument had returned to a 
fu l ly operat i onal  cond i t i on .  Return of 
the s c ience data cou l d  not be fu l ly ex
p l a i ned at the t ime but cou l d  be p arti a l ly  
attr i buted to  pro l onged " co l d  soak " peri 
ods dur i ng l un ar n i ght . 
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LUNAR SURFACE MAGNETOMETER - Cont i nued 

Apo l l o I n i t i al date 
Item m i s s ion  of  occurrence 

9 15 Dec . 10 , 1973 

10 12 June 14 , 1974 

11 15 June 14 , 1974 

12 12 Ju ly  2 ,  1974 
and 15 

Statu s 

Loss of a l l  sc i ent i f i c  and eng i neeri ng  
dat a .  Attempts were made to  correct 
the anomaly by ground command , but a l l 
data  remained i ncoherent s i nce i n i t i a l  
date of the occurrence . The i nstrument 
remai ned  in the power-on cond i t ion  wh i l e 
i nvesti gati on of the anoma ly cont i nued . 

The i ns trument  was permanent ly  commanded 
OFF . The sc i ence and eng i neeri ng data 
had been stati c  and i nval i d  s i nce June 
14 , 1972 . Output of the RTG h ad been 
stead i l y  decreas i ng ,  and reserve power 
h ad become cr i t i cal duri ng l un ar n i ght 
to the point th at a spur ious  funct iona l  
ch ange cou l d  h ave c au sed the l oss of 
the currentl y  funct i o n a l  i n s truments . 

The i nstrument was permanently commanded 
OFF . The sc i ence and eng i neeri ng data 
had been stat i c  and i nva l i d  s i nce Dec . 
10 ,  197 3 . Output of the RTG h ad been 
stead i ly  decreas i ng ,  and reserve power 
had become cr i t i ca l  dur i ng l un ar n i ght 
to the po i nt that a spuri ous functi onal  
change cou l d  h ave caused the loss of 
the currently  funct i onal  i nstruments . 

The Apo l l o 12 i nstrument was commanded 
ON duri ng rea l -t i me support on Ju ly 2 ,  
Ju ly  3 ,  and Aug . 5 ,  1974 . The Apo l l o 15 
i n strument was commanded ON duri ng rea l 
t ime support on Ju ly 2 ,  3 ,  5 ,  and 29 , 
1974 . The i nstruments d i d  not down l i nk 
va l i d  s c i ent i f i c  and eng i neeri ng data 
but the status b i ts were funct i on i ng 
properl y  i n  the i nh i b i t ,  f l i p  cal i bra
t i on and sc i ence and ca l i brat i on modes . 
Th i s  i n d i cated th at operat ion  was not 
degraded after two l un ar n i ghts in the 
OFF mode of operat i on . 

On Sept . 3 ,  1974 , both i nstruments were 
commanded ON but drew on ly  neg l i g i b l e  
power and d i d  not return any va l i d  
s c i ent i f ic  or eng i neer i ng dat a .  
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LUNAR SURFACE MAGNETOMETER - Conc l uded 

Apo l l o  I n i t i a l  date 
I tem mi ss ion  of occurrence 

13 

14 

16 Mar . 3 ,  1975 

12 , 15 Sept . 30 , 1977 
and 16 

Statu s 

On Jan . 29 , 1975 , an i nadvertent ground 
command to the Apo l l o  15 i n strument turned 
it ON , resu l t i ng in a 6 -W reserve power 
drai n and no sc i ence or eng i neer i ng data 
in the te l emetry down l i nk . The i n stru
ment was commanded OFF ,  and the reserve 
power i ncreased 6 W .  

O n  Dec . 18 , 1975 ,  an i n advertent ground 
command to the Apo l l o  15 i nstrument turned 
i t  ON . Later ,  the i n strument was commanded 
OFF , and a m i n i mal i ncrease of 1 W i n  re
serve power was ob served . 

The z - ax i s - sensor sc i ence data h ad become 
i nterm i ttent ly  stat i c  and the temperature 
h ad reduced to off sca l e  l ow dur i ng the 
l unar n i ght . F l i p  ca l i brat i on s  of the 
sensor heads have been d i scont i nued , at 
the pri nc i pa l  i nves t i gator ' s  request , 
duri ng the l unar n i ght operat i on as a 
resu lt  of the l ow temperatures of the 
z - ax i s  sensor . 

No change i n  statu s when ALSEP program 
was termi nated . 
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SOLAR-W IND SPECTROMETER 

T ime hi story and proportion of fu l l  capa b i l ity of I nstrument 
1 9 6 9  

Exper iment M i s s i on 

Solar-wind 12 
Si)ectromcter 

1 5  

Legend: 

I 1 9 70 I 1 9 7 1  1 9 72 I 
I I I I I I I I I I I I I I I I I I 
I I l I T  T1TTTTTl\ lJTT TT 
I I I I T I I I I I I Tl I I ( 2 I I � 

1 9 7 3  1 9 7 4  1 9 7 5  I 1 9 7 6  1 1 9 7 7  

I I I I I I I \.5J I I I I K &  T 
TT T Ll I I I I I I I I  7 

�� i  � T I I I I I I I I I I 
Science data Oll tput � 1 0 0 ��L__

--------
1g�·; Housekeeping data 

Apo l l o  
I tem m i s s ion 

1 12 
and 15  

2 15 

3 15 

I n i ti a l date 
of occurrence 

Nov . 5 ,  1971 

June 30 , 1972 

June 14 , 1974 

Status 

I ntermi ttent modu l at i on drop i n  proton 
energy leve l s  13 and 14 . Th i s  therma l ly 
i nduced prob l em ( wh i ch occurred each 
l un at i on )  was attri buted to a c ircu i t  
that was used so l e ly for ground test 
purposes . 

Loss of experiment s c i ence and eng i neer
i ng data .  Data ana lys i s i n d i cated h i gh
vo l tage arc i ng was occurr i ng i n  the equ i p
ment e l ectron i cs cau s i ng exces s i ve power 
consumption . The add i t i onal power con
sumpti on cou l d  not be to l erated by the 
Apo l l o  15 ALSEP system ; therefore , the 
i nstrument was l eft in STANDBY mode i n 
defi n i tely.  The SWS was commanded to 
OPERATE SELECT period i ca l ly to ascertain  
any change i n  i nstrument status . 

The i nstrument was permanent ly  commanded 
OFF . The s c i ence and eng i neeri ng data 
h ad been stat i c  and i nva l i d  s i nce June 
30 , 1972 . Output of the RTG had been 
stead i ly decreas i ng ,  and reserve power 
h ad become cr i t i cal  dur i ng l unar n i ght 
to the poi nt  that a spur i ou s  funct iona l  
change cou l d  h ave cau sed the l oss of 
the current ly  funct iona l  i ns truments . 
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SOLAR-W IND SPECTROMETER - Conc l uded 

Apo l l o  I n i t i a l date 
I tem m i s s ion  of occurrence 

4 15 Ju ly 3 ,  1974 

5 

6 

7 

12 

12 

12 
and 15  

Mar . 3 ,  1976 

Jan . 15 , 1977 

Sept . 30 , 1977 

Status 

The i nstrument was commanded ON duri ng 
rea l - time s upport on Ju ly  3 ,  Ju ly 29 , 
and Sept . 3 ,  1974 . No sc i ent i f i c  or 
eng i neer i ng data were rece i ved i n  the 
ALSEP down l i nk .  Reserve power ch ange 
was 6 . 00 W on Ju ly 29 , but was neg l i 
g i b l e  for the other check s .  

A spur i ou s  funct i o n a l  command to ON was 
recei ved by the i nstrument on Jan . 25 , 
1975 , resu l t i ng i n  a 3 . 9-W reserve power 
drai n .  The i nstrument was commanded 
to STANDBY ( no reserve power ch ange ) 
and then to OFF , and the reserve power 
i ncreased 3 . 9  W .  

A spur i ous functi onal  command to STANDBY 
POWER ON was rece i ved by the i nstrument 
on Sept . 15 , 1975 , resu l t i ng i n  a 4-W 
reserve power drai n .  The decrease i n  
reserve power was attr i buted to the 
standby heater turn i ng on . The i n stru
ment was commanded to OFF and the reserve 
power i ncreased 4 W .  

A spur i ous  funct i ona l  command to ON was 
rece i ved by the i n strument  on Jan . 31 , 
1976 . The experiment was commanded to 
OFF by the Guam Track i ng Stat ion ;  an 
i ncrease or decrease in reserve power 
was not observed . 

The i nstrument was be i ng turned to STAND
BY dur i ng the l unar n i ght to prov i de 
more heat i n  the centra l stat i on PSE 
e l ectron i cs to avo i d  the PSE ana l og-to
d i g i ta l  converter anoma ly .  

I nstrument  turned off to  i ncrease power 
avai l ab l e  for centra l - stati on thermal 
contro l . 

No ch ange i n  status when ALSEP program 
was term i nated . 
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SUPRATHERMAL ION DETECTOR 

T i me h r story and proport i on of full  capab i l it y  of instrument 
1 9 6 9  1 9 7 0  1 9 7 1  I 1 9 72 1 9_73 1 9 7 4  1 9 7 5  I 1 97 6  1 97 7  

Experi rnent M i s s i on 

I I I I I  I I I I J _l1 l I 9 1 2  14\ l 
Su pratllermal i on 1 2  

�' 
c!etector I : I  I I , -, 3 . -t  5 6 8 l --t 

14 ll g EE ff13 � I I  �4 J , 1 1  l 1 7  1� 10 I 1 5 16J r= 
1 5  I I  I I !-1 

Legend: 
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_
da

_
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_
.Jut ___ 

l�?'" � 
Housekeeping data 1 0 0 ·  :r====== 

Apo l l o  I n i t i a l  date 
Item mi ssion of occurrence 

1 12 Sept . 9 ,  1972 

2 14 Apr . 5 ,  1971 

3 14 Mar . 29 , 1972 

I I I I I I I I I 1 r 

Status 

I ntermi ttent fai l ure of d i g i ta l  e l ectron
i cs to proces s  dat a .  H i gh-vo l t age arc 
i ng occurred at e l evated l unar-day tem
peratures . The i nstrument was be i ng 
commanded to OFF when the i nternal  tem
perature approached 328 K ( 550  C ) . 

Loss of the pos i t i ve- secti on data of 
the analog-to-d i g i t a l  converter . The 
c ause appeared to be an i nterm i ttent 
connect ion in one of the modu l es of the 
anal og-to-di g i tal  converter and d i d  not 
appear to be temperature dependent . 
Anomaly prec l uded proces s i ng of any pos i 
t i ve-value data i nputs  to the ana l og
to-d i g i tal  converter . 

Anoma lous  STANDBY operation  of S I D E .  The 
mode change prob l em was attr i buted to 
arc i ng or corona i n  the h i gh-vo ltage 
s upp ly at e l evated temperatures . The 
experiment was commanded to STANDBY when 
the i nternal  temperature approached 358 
K {850  C) to prec l ude spur i ou s  mode 
changes . 
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SUPRATHERMAL ION DETECTOR - Cont i nued 

Apo l l o  I n i t i a l date 
I tem mi ss ion of occurrence 

4 15 May 1 ,  1972 

5 14 Apr . 14 , 1973 

6 14 Aug . 8 ,  1973 

7 15 Sept . 13 , 1973 

Status 

Fu l l  i nstrument operat i on i nst i tuted . 
Pri or  to Oct . 20 , 1972 , the Apo l l o  15 
SIDE was cyc l ed to STANDBY dur i ng 
l un ar day bec au se of prev ious  prob l ems 
wi th the Apo l l o 12  S I D E .  Based on data 
accumu l ated s i nce dep l oyment ,  it was 
dec i ded to l eave the i nstrument ON for 
the comp l ete l unation . 

Anoma lous STANDBY operat i on of S I DE . 
Sub sequent to Apr . 1973 , the i nstrument 
had gone from OPERATE to STANDBY w i thout 
ground command at ( or short l y  after ) 
the sunri se term i n ator cros s i ng .  The 
suspected cau se was c ircu i t  break er ac 
t i on i n  response to a S IDE current i n  
excess  of that requ i red to tr i p  the 
breaker . Data were obta i ned dur i ng 
l un ar n i ght when the i nstrument was ON . 
The i nstrument was permi tted to swi tch 
i tse l f  from ON to STANDBY at sunri se 
termi nator wi thout command i ng .  

There was no i n d i cat i on of STANDBY power 
ON or operat i ng power OFF through the 
conso l e  mon i tor l i ghts or the h i gh- speed 
pr i nter data . Ana lys i s  i ndi cated that 
the fuse opened i n  the STANDBY power 
l i ne ; thu s ,  STANDBY operat i on was now 
equ i va l ent  to OFF . 

Cyc l i c command i ng requ i red to prec l ude 
spur i ou s  mode changes above 3580 K 
( 850 C ) . I nternal  h i gh-vo l tage arc i ng 
caused -3 . 5-kV power supp ly  to tr i p  OFF . 
The i nstrument was cyc l ed to STANDBY 
dur i ng l un ar day to prec l ude arc i ng .  
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SUPRATHERMAL ION DETECTOR - Cont i nued 

Apo l l o I n i t i a l date 
I tem mi s s ion  of  occurrence 

8 12 Sept . 3 ,  1974 

9 12 Nov . 26 , 1974 

10 14 Nov . 29 ,  1974 

1 1  14 Jan . 5 ,  1975 

1 2  12 Jan . 18 , 1976 

Status  

A reduction of h i gh energy ca l i brat i on 
and data cou nts occurred . Norma l  c a l i 
brat i on and energy counts returned on 
Sep t .  4,  1974 . A reoccurrence of the 
anomaly  was noted on Nov . 1 1 ,  1 974 . 
Al l eng ineeri ng and sc ience data dur i ng 
l un ar n i ght have been norma l  s i nce Nov . 
13 , 1974 . The suspected cau se was a 
l oss  of amp l i f i er ga i n  for short peri ods . 

The instrument recei ved a spurious func
ti onal command to ON dur i ng the l unar 
day .  On Nov . 27 , 1974 , the experiment  
was checked ; a l l  h i gh vo l tages were OFF 
and the e lectron i cs temperature ( T2 )  
was read i ng 349 . 95 K ( 76 .80 C ) . The 
i nstrument was commanded OFF for coo l 
i ng be l ow the max imum operat i ng tempera
ture of 328 K (550  C ) . Normal  and va l i d  
eng i neeri ng and sc i ence data have been 
obtained in sub sequent operat ions . 

The i n strument cou l d  on ly  be commanded 
ON bri efly  because of the l unar ec l i pse , 
a l though 72 commands were executed . 
Sporad i c  operat ion  of the i n strument 
was obta i ned dur i ng the next l un ar n i ght 
( Dec . 8 to 22 , 1974 ) and none dur i ng 
the Jan . 6 to 21  and Feb . 5 to 20 , 1975 , 
l u n ar n i ghts . More th an 1700 unsuccess
fu l ON commands have been transm i tted 
to the i nstrument s i nce the Nov . 29 l unar 
ec l i pse . 

Commanded OFF because of pos s i b l e  short 
c i rcu i t  i n  h i gh vo l t age s upp l y .  

The i nstrument was be i ng commanded t o  
STANDBY duri ng the l un ar n i ght to pro
vi de more heat i n  the centra l  stat ion  
PSE  e l ectron i cs to  avo i d  the  PSE  ana l og
to-d i g i ta l-converter anoma ly .  
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SUPRA THERMAL ION D ETECTOR - Conc l uded 

Apol l o  I n i t i a l date 
Item m i ss i on of occurrence Statu s 

13 14 Feb . 19 , 1976 Wi th the return of u p l i nk to the Apo l l o  
14 centra l  stat ion , the experiment statu s 
was unknown . Exper iment was commanded 
OFF as extra protect ion  from pos s i b l e  
h i gh vo l tage short . 

14 12 May 3 ,  1976 Commanded OFF .  

15 15 Aug . 26 , 1976 Operat i ng i n  the RESET S IDE mode ; frame 
counter at 39 ; 3 . 5-kV Channe ltron i n  
H I GH VOLTAGE . 

16  15 Mar . 12 , 1977 Commanded OFF .  
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HEAT FLOW EXPER IMENT 

T i me hi story and proportion of fu l l  capab i l ity of instrument 

1969 1970 1971 I 
Experiment M ission 

\,I) 
Heat f l ow 1 5  

16 

17 

1972 I 1973 I 1 9 7 4  I 1 9 7 5  I 1 976 I 1 9 7 7  

f-'. I I I I I I I I I I I I I I I I I I I I I I I I I I I I \  4 
I I 

(2 
I I 

I I !  I I  I I I I I I I I I I I I I I I I I I I I 
1...3..J I I I I I I I I I I I I I I I I l l l l l l l� 
I I I I l l  I I I I I I I I I  I I I I I I I I I I  F 

Legendo 

Sc ience data output lOO%i���§_ __ _ 
------- 0"/o 
H ousekeeping data 100'/, -

Apo l l o 
I tem mi s s ion 

1 15 

2 16 

3 17 

4 15 

5 17 

I n i t i a l date 
of occurrence 

Ju ly 31 , 1971 

Apr . 21 , 1972 

N/A 

Jan . 15 , 1977 

Feb . 18 , 1977 

Status 

Probe 2 was not i nserted to fu l l  depth 
because of prob l ems wi th the Apo l l o  l unar 
s urface dri l l .  Probe 2 sti l l  prov i ded 
usefu l data to est imate heat f l ow i n  
the l un ar sub surface . Dri l l  bore stems 
were redes igned for Apo l l o  16 and 17  
mi s s i ons . 

E l ectri ca l  cab l e  was i n advertently  sev
ered dur i ng i n i t i a l dep l oyment by crew . 
Con t i ngency repa ir  p l an proposed was 
den i ed because of h i gher mi s s i on pri 
ori t i es . Cab l e  stra i n -re l i ef prov i s i ons 
were imp l emented on a l l  cab l es for the 
Apo l l o  17 mi s s ion . 

Nomi nal dep l oyment and fu l l  exper iment 
operation . 

Commanded OFF . H ad operated i ntermit
tent ly  s i nce Apr . 28 , 197 6 ,  and data  
h ad been anoma l ous  s i nce Dec . 1975 . 

Anomaly occurred i n  probe 2 at the 230-
cm 1 eve 1 .  

4-19 



CHARGED PARTICLE LUNAR ENVIRONMENT EXPER IMENT 
Ti me hi story and proportion of full capabi l ity of instrument 

Experiment M i ssion 
1969 . 1970 I 1971 1972 I 1973 1 9 74 1975 _l 1976 197 7  

Charged particle I ��.A lllllllll I I ( 3 )_ 4 I I I '&' 
lunar environment 14 

I I f2 I I I I I I I I I  I I J 1 s'.l 1 I 
'-" '-/ 

Legend: 

Science data output 100'l· 1���--------'------- 07· j 
Housekeeping data 100"/• 

Apo l l o  I n i t i al date 
Item mi ss ion of occurrence 

1 14 Apr . 8 ,  1971 

2 14 June 6 ,  1971 

3 14 Mar .  5 ,  1975 

4 14 Feb . 19 , 1976 

Statu s 

Loss of ana lyzer B data . Analys i s  i n
di cated that the most probab l e  cau se 
of fai l ure was a short in the h i gh
voltage f i lter . The i nstrument conti nued 
operat i on on analyzer A .  ( Analyzer A 
prov i ded i dent i ca l  data . ) 
Ana lyzer A data dec ay and undervo l t age 
cond i t ion . The prob l em  appeared to be 
caused by the analyzer B anomaly. Fur
ther analys i s  of the anomaly was im
pos s i b l e  because the analyzers were not 
separab l e  by command . Instrument was 
operated sat i sfactori ly i n  a l ocked l ow
voltage range ( -35 V de ) and was commanded 
to STANDBY when h i gh vo l tage decayed be
low 2280 V de . Th i s  operat i onal  mode 
resu l ted in operati on for approx imate ly 
50 percent of each l unat i on . 

When the Apo l l o  14 central -stat i on up
l i nk capab i l i ty was lost ,  the experi 
ment was i n  STANDBY for l unar dayt ime 
operat i on . The i nstrument remai ned i n  
th i s  confi gurat i on .  

When the Apo l l o 14 central - stat i on up
l i nk and down l i nk capab i l i ty was regai ned , 
the experiment was ON . Operat ion  of the 
i n strument was as spec i f i ed i n  i tem 2 .  
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CHARGED PARTICLE LUNAR ENVIRONMENT EXPER IMENT - Conc l uded 

Apo l l o  I n i ti a l date 
Item mi ss ion  of occurrence Statu s 

5 14 Mar . 17 , 1976 When the Apo l l o  14 centra l -stat i on up-
l i nk and down l i nk capab i l i ty was l os t ,  
the experiment was i n  STANDBY for l unar 
daytime operat ion . The i nstrument re-
mai ned in th i s  confi gurat i on .  ( NOTE : 
Operat ion of the CPLEE unt i l ALSEP ter-
mi nati on was re l ated to the Apo l l o  14 
centra l stat ion anomaly.  The sub sect ion  
ent i t l ed "Central Stat i on E l ectroni cs "  
gi ves the CPLEE confi guration each t ime 
that the si gnal was l ost and regai ned . ) 

*· 6 14 Sep t .  30 , 1977 At the end of terminat ion tes t ,  
ment was confi gured to STANDBY . 

i nstru -
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COLD CATHODE ION GAGE 
T ime hi story and proportion of fu l l  capability of instrument 

Experiment Mission 
1969 I 1970 1 9 7 1  

1 
Cold cathode 12 
ion gage 

14 

1 5  lf2' 
I 

Legend: 

Science data output 10.0'/•1 
------- 0 �  -� 

1 00'/• H ousekeeping data 

Apo l l o I n i t i al date 
I tem mi ss ion  of occurrence 

1 12 Nov . 20 , 1969 

2 14 Apr . 5 ,  1971 

3 14 Mar . 29 , 1972 

I I 

1972 1973 1974 1975 197& 1977 

I I I 
3 5 &j 7 

I I r 4 1 l L l !B  
1 I I 

Status 

CCIG  fai l ure , h i gh-vol tage arc i ng prob
lems . Ground tests veri f i ed that a 
trans i stor fai l ed i n  h i gh- vo l tage con
tro l c ircu i t .  A s l ower response tran s i s 
tor operated sati sfactori ly i n  the en
vi ronment wi th reasonab l e  marg i ns . Ap
propri ate mod i fi cat i ons were made to 
Apo l l o  14 SID E/CC I G .  

Loss of the pos i t i ve- sect i on data of 
the ana l og-to-d i g ita l  converter . The 
cause appeared to be an i nterm i ttent 
connect i on i n  one of the modu l es of the 
ana l og-to-di g i ta l  converter and d i d  not 
appear to be temperature dependent . 
Th i s  anomaly prec l uded process i ng of 
any pos i t i ve-v a l ue data i nputs to the 
anal og-to-d i g i ta l  converter . 

Anoma lou s  STANDBY operat ion  of S IDE .  
The mode change prob l em was attri buted 
to arc ing  or corona in the h i gh-vo ltage 
supp ly at e l evated temperatures . The 
experiment was now commanded to STANDBY 
when the i nternal temperature approached 
358 K ( 850 C ) to prec l ude spurious  mode 
changes . 
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COLD CATHODE ION GAGE - Conc l uded 

Apo l l o I n i t i a l date 
Item mi ss ion  of occurrence 

4 15 Feb . 22 , 1973 

5 14 Apr .  8 , 1973 

6 14 Nov . 29 , 1974 

7 14 Jan . 5 ,  1975 

8 15 Ju ly 18 , 1975 

Status 

I nterm i ttent sc i ence d ata . Pre l imi nary 
ana lys i s ind i cated th at the most  prob
ab l e  cau se was one of the 15 re l ays . 
These reed re l ays performed funct ions 
that contro l l ed the CCIG  ca l i brat i on 
currents ,  the rang i ng and gain  change 
funct i ons,  and ground i ng the i nstrument 
duri ng cal i brat i on .  At th i s  t ime ,  no 
p l ans ex i sted for conti nued i nvesti ga
t i on of the anomaly,  because the sc i en
t if ic  d ata were usab l e  when obtai ned . 

See i tem 6 of the statu s report on the 
Suprathermal I on Detector Experiment . 

See item 11 of the statu s report on the 
Suprathermal I on Detector Experiment . 

Conmanded OFF .  

CCI G  fai l ure ; h i gh vo l tage was off and 
cou l d  not be commanded ON . 
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LASER RANGING  RETROREFLECTOR 

T i me hi story and proportion of full capabi l ity of instrument 

Experiment Mission 
1969 I 1970 1971 I 

I I 
Laser ranging 1 1  
retroreflector 

14 

1 5  

Legend: 

s
_

c
_

i en
_

ce
_

d•
_

t•
_

ou__;tp
_

ut 
___ 

��-o·;.-� 
Housekeeping data 100"/• 'r===== 

Apo l l o 
I tem mi ss ion 

1 11 
and 14 

2 15  

I n i t i a l date 
of occurrence 

N/A 

Ju ly 31 , 1971 

I I I 
I I I 
I I I 
I I I 

1972 1973 1974 1975 1 1 9 76 I 1 9 7 7  

Ul I I I I I I I !  ! 
I I I I I I I I I I I 

1 " 1  I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I 

Status 

Performance of both 100-el ement arrays 
(Apo l lo  11  and 14 } was nom i na l  s i nce 
the ir  i n i t i a l  dep l oyment . 

Data from the 300-e l ement array i nd i 
cated that i ts performance was compar
ab l e ,  but not superi or , to the 
100-e l ement arrays . 
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LUNAR EJECTA AND METEOR ITES EXPER IMENT 

T i m e  h istory and proportion o f  f u l l  capabi l ity o f  instrument 

1969 1970 1971 
Experiment Mission 

Lunar ejecta 
and meteorites 17 

legend: 

Science data output 100'/• b=::=:=; 
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-
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se
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k e
-

ep
-
ing

-
d
-
ata ___ 1�'6·;, ,F===== 

Apo l l o I n i t i a l  date 
Item mi ss ion of occurrence 

1 17 Dec . 17 , 1972 

2 17 Ju ly 16 , 1976 

1972 I 1973 I 1974 I 1975 1976 1977 

I I I I I I I I I I I I I I I I I I I I I I (2 
101 I I I I  I I I I I I I I I I I I I I I I 

Statu s 

Excess i ve temperature . The experiment 
experi enced a h i gher temperature pro
f i l e  than expected becau se of an error 
i n  ca lcu l ation of therma l contro l and 
becau se of a d i fference in thermal  con
d i t ions at the Apo l l o 17 s i te compared 
wi th the des i gn s i te .  The i nstrument 
was operated at temperatures be low 364 
K ( 1960 F ) .  Th i s  operat i onal p l an re
su lted i n  the mon i tori ng of about 75 
percent of each l unat i on .  

At P I  reques t ,  i nstrument was operated 
through l unar noon ; survi val temperature 
reached 373 K ( 2120 F ) . On Ju ly 16 , 
1976 , the data became stat i c  and d i d  
not recover . 
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LUNAR SE ISMI C  PROF I L I N G  EXPER IMENT 

T ime h i story a11cl prollort ion o f  f u l l  capab i l ity o f  i n strument 
1969 1 9 70 

Ex periment M i ssion 

Lunar se ismic 
17 prof i l ing 

Legend: 
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Housekeeping data 100 

Apo l l o  I n i t i a l  date 
I tem m i ss i on of occurrence 

1 17 N/A 

2 17 Ju ly 13 , 1973 

1 9 7 1  

3 17 Sept . 30 , 1977 

1 9 72 1 9 7 3 1 9 74 1 9 7 5  1 9 76 1 9 7 7  

t=l � 2 

�f I I w 

Statu s 

I n i t i a l  sc i ent i f i c  objecti ve was accom
�l i shed wi th detonat i on of e i ght exp lo
s i ve pack ages . The i nstrument was com
manded ON week ly  for a 30-m i n  pas s i ve 
l i sten i ng per i od . ( Note : Operat i on 
of the LSPE prec l uded data from the 
other four experi ments , because of h i gh
b i t -rate format t i ng ; therefore , LSPE 
operat i on was t i me l im i ted . )  

To pursue a study of meteoroi d  impacts 
and thermal  moonquakes , passi ve l i sten
i ng periods were schedu l ed to acqu ire 
a " l i sten i ng mode" d ata record cover i ng 
one fu l l  l unat i on . The f i rst  extended 
l i steni ng per i od began on Ju ly  1 3 ,  1973 , 
and was term i n ated on Ju ly  17 , 1973 ( Sun 
ang l es of 100 .40 to 147 .80) . Sub sequent 
l i sten i ng periods  were comp l eted on Mar . 
3 to 7 ,  1974 ( Sun ang l es of 59 . 50 to 
102 . 20 ) ,  Aug . 12  to 16 , 1974 ( Sun ang l es 
of 233 . 70 to 285 .60 ) , Sept . 6 to 10 , 1974 
( Sun ang l es of 181 .40 to 235 . 10 ) , Oct . 
22 to 25 , 1974 ( Sun ang l es of 22 . 50 to 
60 . 20 ) , Nov . 1 to 5 ,  1974 ( Sun ang l es of 
1450 to 193 . 90) , Dec . 12 to 16 , 1974 
( Sun ang l es of 283 . 7 0  to 333 .00 ) , and 
Apr . 13  to 18 , 1975 ( Sun ang l es of 327 . 60  
to 28 . 7 0 ) , wh i ch comp l eted one 3600 l una
t i on .  Three add i t i onal  per i od s ,  sunri se 
( Sun ang l es of 327 . 60 to 28 .70 )  and 
sunset term inators ( Sun ang l es of 126 . 60 
to  180 . 30 ) ,  and ec l i pse ( May 25 ) ,  were 
obtai ned at spec i a l request . 

No change i n  statu s when ALSEP program 
was term i nated . 
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LUNAR ATMOSPHER IC COMPOSITION EXPER IMENT 

T i lll(' h 1 story ,l nc! 1Ho1Jortion o f  f u l l  caiJab i l 1 t y  o f  i nstrument 

1 9 6 9  1 9 70 
ExflCri l l lcnt M i S S I Oil  

Ltln<lr ,l ( l l iOS i J I ICr lc  
' I I I 

COil1flO $ i l i O I I  
1 7  

I I I I 
Legend· 
Science data out1wt 100 b==; 

--,-,H-ou-sck-cc-,,-n g -d a'-ta --- 1�0 'r====== 
Apo l l o 

I tem mi ss ion 

1 17 

2 17 

I n i ti a l  date 
of occurrence 

Dec . 17 , 1972 

Dec . 18, 1972 

1 9 7 1  

3 17 Sept . 18 , 1 973 

4 17 Sep t .  23 , 1973 

1 9 72 I 1 9 7 3  I 1 9 7 4  1 9 7 5  I 1 9 76 -
-f-·· 1 9 7 7  

� i ( 1 TI RJX4) _ i f6\ 
-(Dl--Li-l(D I I I 

Status 

Excess i ve temperature w i th cover on . 
An error in therma l des i gn and tempera
ture-sensiti ve components l imi ted the 
experiment operat ion  to temperatures 
be l ow 325 K ( 1250 F ) . Th i s  s i tu at i on 
prec l u ded i nstrument operat ion  dur i ng 
e l evated l unar-day temperatures . 

Zero offset i n  data output of mas s chan
ne l s ;  cause of th i s  b ackground offset 
remai n s  undeterm i ned . The dat a  were 
u sab l e  with add i t i onal  process i ng duri ng 
data reduct i on . 

Loss of i ntermed i ate-mass-range output 
caused l oss of approx imate ly  1 2  percent 
of the experiment data . Sub sequent mu l 
t i p l e  fai l ures of the i nstrument  pre
c l uded further analys i s  of the prob l em .  

F i l ament 1 fai l ure . The f i l ament accumu
l ated approx imate ly 3000 hr of operat i on 
before fai l ure . Th i s  was we l l  wi th i n  
the predi cted range for operat i ng l i fe . 
The i n strument was reconf i gured to the 
redundant fi l ament . 
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LUNAR ATMOSPHER IC COMPOSIT ION EXPER IMENT - Conc l uded 

Apo l l o 
I tem mi s s ion 

5 17 

6 17 

I n i t i a 1 date 
of occurrence 

Oct . 17 , 1973 

Jan . 18 , 1974 to 
Feb . 26 , 1976 

Statu s 

Loss of sc i ence data . Pre l imi nary re
su l ts  of trou b l e-shoot i ng and analys i s  
i nd i cated that the mu l t i p l i er h i gh-vo l tage 
power supp ly  apparent ly fai l ed .  At that 
t i me ,  the i nstrument was be i ng cyc l ed from 
ON to OFF to mai ntai n the e l ectron i cs tem
perature be l ow the prev i ou s ly estab l i shed 
325 K ( 1 250 F) l im i t ,  wh i l e future trou b l e
shoot i ng or term i n at i on of i nstrument 
operat ion  was cons i dered . 

A total of n i ne operat i onal  checks  were 
performed ,  fo l l ow i ng both 11 bakeout 11 and 
11 Co l d  soak , .. i n  attempts to rega in  the 
proper vo ltage , but each attempt was 
unsuccessfu l .  

4-28 



LUNAR SURFACE GRAV I METER 

T ime h i story and proport·1on of f u l l  canab i l ity of i n strument 

1 96 9  1 9 70 
Experiment Mission 

' 
Lunar surface 
gra vimeter 1 7  

i 
Legend' 

S c ience data output 100'' -� 
------ 0' -
Housekeeping data 100' ' 

Apo l l o  I n i t i a l  date 
I tem mi s s i on of occurrence 

1 17 Dec . 1 2 , 1972 

2 17 M ar .  15 , 1974 

1 9 7 1  1 9 72 1 9 7 3  1 9 74 I 1 9 7 5  1 9 76 1 9 7 7  

l.i I= l 2 1  1 j( 4 ) 5 
I ( 1 J l(3\ i  I I 

Status 

Sensor beam cou l d  not be stab i l i z ed i n  
th e nu l l  pos i t i on because 1/6-g mas s 
we i ghts were too l i ght . We i ghts were 
l i ght because of a manufacturer ' s  error 
in cal cu l at i ons convert i ng from 1 -g to 
1/6-g requ irements . Severa l reconfi gu
rat i ons of the i nstrument were made dur
i ng the prev iou s year . The beam was 
centered by app lyi ng a l oad on the beam 
through the mas s support spr i ng s  by par
ti a l  cag i ng of the mass we i ght assemb ly . 
S i gn a l s  recei ved were proces sed and an
a lyzed for sei smi c ,  free mode , and grav
i ty wave i nformat ion . 

The heater box heater c i rcu i t  fai l ed 
fu l l  ON dur i ng the 16th l un ar n i ght . 
Th i s  anoma ly cau sed the sensor tempera
ture ( DG-04 ) to i ncrease above a sta
b i l i zed temperature of 322 . 337 K 
( 49 . 207 0 C) and eventua l ly dri ft off 
sca l e  h i gh .  Transducer range was ap
prox imate ly 321 . 33 to 325 . 13 K ( 48 . 2 0  
to 52 . 00 C) . U sefu l s c i ence data cou l d  
not be obtai ned from the i n strument un
l ess the  sensor as semb ly  temperature 
was ma i ntai ned r i gorou s ly at 322 . 3  K 
( 49 . 20 C ) . ( The anoma ly reoccurred on 
Ju ly 7 ,  1975 , and on Sept . 19 , 1975 . )  
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LUNAR SURFACE GRAV IMETER - Conc l uded 

Apo l l o  I n i t i a l date 
Item m i s s ion  of occurrence 

3 17 Apr . 20 , 1974 

4 17 Jan . 7 ,  1975 

5 17 Ju ly 30 , 1975 

Statu s 

The LSG rega i ned thermal stab i l i ty .  
The experiment  sensor temperature had 
rema i ned stab i l i z ed at 322 . 4  K ( 49 . 20 C ) 
s i nce Apr . 20 , 1974 . On Sept . 2 ,  1975 , 
the thermal stab i l i ty returned , and the 
temperature stab i l i zed at 324 . 65 K 
( 51 . 50 C ) . S i nce Sept . 19 , 1975 , at
tempts to rega i n contro l have been un
successfu l .  

The sensor beam was repo s i t i oned to near 
center ( 0 . 0030 V de ) in the 11 Se i smi c 
ga in  l ow 11 mode by u s i ng the north /south 
and east/west t i l t  servomotors . 

An i nterm i ttent operat ion  of the ana l og
to-d i g i tal  converter occurred dur i ng 
the peri ods when the temperature was 
off sca l e  h i gh .  The anal og-to-d i g i ta l  
converter operated norma l ly when the 
temperature was reduced , and i t  operated 
norma l l y when therma l stab i l i zat ion  was 
regai ned . Normal operat i on was accom
p l i shed by manu a l ly  command i ng the heater 
ON/OFF to ma i ntai n the temperature w i th
in  the transducer range ( 3 2 1 . 35 to 
325 . 15 K ( 48 . 2° to 52 . 00 C ) )  as c l ose ly  
as  poss i b l e .  
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DUST D ETECTOR EXPER IMENT 

T ime history a n d  proportion o f  f u l l  capabil ity of instrument 

1 96 9  1 9 70 1 9 7 1  
EXperiment Mission-

Dust detector l l  
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Legend: 

_
sc

_
i e

_
nc

_
e d

_
at

_
a 

_
out

_
pu

_
t ---

1��7 �� 
H ousekeeping data 100'/• r====== 

Apo l l o  I n i t i a l  date 

I 
I 

I tem m i s s i on of occurrence 

1 14 Mar . 1 ,  1975 
to Aug . 7 ,  1977 

2 12 , 14 Sept . 30 , 1977 
and 15  

I 
I 

1 9 72 1973 1 9 74 1 9 7 5  1 9 7 6  1 9 7 7  

I I I I I I I I r 1 1 I I 112 
I I I I  I I ! I  I I I I 

I I I I l l  I I I I I I I I I 

Statu s 

For the Apo l l o  14 central stat i on ,  there 
was l oss  of s i gn a l  ( LO S )  and acqu i s i t i on 
of si gnal ( AOS ) for a total of s i x  t i mes . 
At LOS and AOS ,  the dust detector was 
a l ways confi gured to ON , except Nov . 1 2 ,  
1976 . 

Confi gured to OFF when ALSEP operat i ons  
were termi nated . Performance of the 
equ i pment was nom i na l . 
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CENTRAL STAT I ON ELECTRON ICS 

T ����e h i story a n r  nroport t ot l  o f  fu l l  capab i l i ty o f  instrument 

1 9 6 9  1 9 7 0  1 9 7 1  1 9 7 2  1 9 73 1 9 7 4  1 9 7 5  1 9 76 1 9 7 7  Exper i rJICnt M t ssion 

Central  station 11 
- + f-cc �l b{1) 2 err � I t 
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�� �= 9 1  I I  13 15 11 . & 1 5  

1 6  
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5 � 6 .I � l 7  7) I 
N ot e  A l l  central stat1on data are cons 1dered housekeeptng rather than sc1ence data . 

L e gend· 
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'/ .• 
H ousekeeping data 100°', 

Item 

1 

2 

Apoll o I n i t i al date 
mi s s ion of occurrence 

11 Aug. 25 , 1969 

11 Dec . 14 , 1969 

Status 

Loss of command capab i l ity . The i nab i l 
ity to command the EASEP central stat i on 
was attr i buted to a component fai l ure 
i n  the central stat i on command decoder . 
T he fai lure mode was cons i dered un i que 
to Apo l l o  11 EASEP because sub sequent 
ALSEP un i t s  mai ntai ned a ben i gn thermal 
env ironment by compar i son . The command 
system had already exceeded the 
m i s s i on requ irement s . 

Loss of downlink . T he Apo l lo 11 EASEP 
apparently res ponded to a transm itter OFF 
command or i ncurred an add i t i onal fai l ure . 
I n  e i t her case , the s ystem had exceeded 
i t s  i n i t i al m i s s i on requ i rement . NASA 
sub se quent l y  d i rected that no further at 
temps be made to command the system O N ;  
thus , the frequency could b e  used for fu
ture ALSEP s ystems . 
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CENTRAL STATION ELECTRON ICS - Cont i nued 

Apo l l o  I n i t i a l date 
I tem mi s s i on of occurrence 

3 16 Mar . 26 , 1 973 

4 12 May 3 ,  1974 

5 17 Aug . 16 , 1974 

6 17 Oct . 14 , 1974 

Statu s 

Transmi tter B and processor Y were se
l ected by ground command . The Ascens i on 
ground stat i on h ad been exper i enc i ng 
poor data q u a l i ty ;  however , DECOM LOCK 
cou l d  be mai ntai ned w i th transmi tter 
A .  D ata q ua l i ty improved and a ga i n  
i n  s i gnal strength of 2 dBm was noted 
when transm i tter B was se l ected . Ana ly
s i s  d i d  not i dent ify a spec i f i c  c au se , 
and transmi tter A cou l d  st i l l  be u sed 
if necessary . 

Loss of down l i nk s i gn a l  modu l at i on . 
Apparent fai l ure of data processor Y .  
Operat i on o f  data proces sor X ,  trans
m i tter A, and transm i tter B appeared 
norma l .  Centra l  stat ion  funct i oned nor
mal ly with transm i tter B and data pro
cessor X se l ected . 

I nterm i ttent command capab i l i ty .  Fre
quent attempts to execute certai n com
mands ( octa l s  070 , 170 , and 174)  were 
unsuccessf u l  u s i ng up l i nk A. Up l i n k  B 
was se l ected on Aug . 19 . Sub sequent to 
se l ect i on of up l i n k  B ,  system response 
to commands h ad been nom i na l . 

I ntermittent DECOM LOCK . Wh i l e operat
i ng w i th transmi tter A and a rece i ved 
s i gn a l  strength of -146 dBm , the Bermuda 
track i ng stati on noted poor qua l i ty te l e
metry data and i ncurred d i ff i cu lty i n  
mai ntai ni ng DECOM LOCK . Transmi tter A 
was commanded OFF at 14 : 21 UT and trans
m i tter B commanded ON at  14 : 22 UT.  A 
ga in  of 2 dBm was noted i n  te l emetry 
s i gnal  strength . Subsequent operat i ons  
w i th transm i tter B h ave been nom i n a l . 
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CENTRAL STATION ELECTRON ICS - Con t i nued 

Apo l l o I n i t i a l date 
I tem mi s s ion  of  occurrence 

7 17 Dec . 6 ,  1974 

8 14 Mar . 1 ,  1975 

...._ ________________ � - - - �� -

Status  

I nterm i ttent DECOM LOCK . On  Dec . 6 ,  
1974 , wh i l e operat i ng wi th transm i tter 
B and a recei ved s i gnal  strength of 
-146 . 0  to -148 . 5  dBm, the Ascens ion  and 
Canary I s l ands track i ng stat i ons reported 
sporad i c  data dropouts and poor qu a l i ty 
te l emetry data . Transmi tter B was com
manded OFF at 15 : 31 UT and transm i tter 
A commanded ON at 15 : 32 UT, Dec . 9 ,  1974 . 
A gai n of 2 dBm was noted i n  te l emetry 
s i gnal  strength by the Hawa i i  track i ng 
stat i on . Sub sequent operat ions  h ave 
been s at i sfactory w i th transmi tter A .  

Loss of s i gn a l  occurred at 00 : 08 UT,  
Mar .  1 ,  1975 . P l ayb ack of data before 
l oss of s i gn a l  showed norma l va l ues for 
a l l  housekeep i ng parameters . Commands 
transm i tted to the stat ion  to turn the 
transmi tters ON were unsuccessfu l .  At 
l oss  of s i gna l , the confi gurat i on statu s 
was as fo l l ows : 

Sun ang l e  
Avg therm p l  
RTG power 
Res power 
Transm i tter 
Recei ver 
PCU 
PSE 
PSE Htr 
CPLEE 
S I D E  
ASE 
DTREM 

108 . 1° 
319 . 96 K ( 1 15 .80 F ) 

63 . 63 w 
39 . 11 w 
A 
ON-xtal A 
1 
ON 
Forced OFF 
STBY 
UNK 
STBY 
ON 

( Avg therm p l  = average therma l p l ate 
temperatures ; Res = reserve ; Xta l = 
crysta l ;  PCU = power cond i t i on i ng u n i t ;  
Htr = heater;  STBY = st andby; UNK = 
unknown ) 
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9 

10 

Apo l l o  
mi s s i on 

14 

14 

CENTRAL STATION ELECTRONICS - Conti nued 

I n i t i a l  date 
of occurrence 

Mar .  5 ,  1975 

Jan . 18 , 1976 

Status  

Acqu i s i t ion of s i gnal  returned at  03 : 06 
UT,  Mar . 5 ,  1976 . At acqu i s i t i on of 
s i gna l , the confi gurat i on status was 
as fo l l ows :  

Sun ang l e  
Avg therm p 1 
RTG power 
Res power 
Transmi tter 
Recei ver 
PCU 
PSE 
PSE Htr 
CPLEE 
S IDE 
ASE 
DTREM 

159 . 30 
290 . 55 K ( 62 . 90 F ) 

64 . 15 w 
40 . 88 w 
A 
OFF 
2 
ON 
Forced OFF 
STBY 
UNK 
STBY 
ON 

Los s  of s i gn a l  occurred at 19 : 29 UT .  
Commands transm i tted to  the  stat i on to 
turn the transm i tters ON were unsucces s
fu l .  At l oss of  s i gna l ,  confi gurat i on 
statu s was as fo l l ows : 
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Sun ang l e  
Avg therm p 1 
RTG power 
Res power 
Transmi tter 
Recei ver 
PCU 
PSE 
PSE Htr 
CPLEE 
S IDE 
ASE 
DTREM 

95 . 20 
322 . 07 K ( 1 19 . 60 F ) 

61 . 74 w 
36 . 51 w 
A 
OFF 
2 
ON 
Forced OFF 
STBY 
UNK 
STBY 
ON 



CENTRAL STATION ELECTRON ICS  - Conti nued 

Apo l l o  I n i t i al d ate 
I tem mi s s ion  of occurrence Status 

11 14 Feb . 19 , 1976 Acqu i s i t i on of s i gnal  returned at 02 : 32 
UT.  Statu s was as fo l l ows : 

Sun ang l e  1 17 . 50 
Avg therm p l  308 . 79 K ( 95 . 70  F )  
RTG power 62 . 12 w 
Res power 30 .49 w 
Transm i tter A 
Recei ver ON-Xta 1 B 
PCU 2 
PSE ON 
PSE Htr Auto ON 
CPLE E  ON 
S IDE  UNK 
ASE STBY 
DTREM OFF 

12 14 Mar . 17 , 1976 Los s  of s i gn a l ; stat i on confi gurat i on 
status was as fo l l ows : 

Sun ang l e  85 . 60 
Avg therm p l  320 . 35 K ( 116 . 50 F )  
RTG power 61 . 94 w 
Res power 36 . 94 w 
Transm i tter A 
Recei ver ON-Xtal  B 
PCU 1 
PSE ON 
PSE Htr Forced OFF 
CPLEE STBY 
S I DE  OFF 
ASE STBY 
DTREM ON 
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CENTRAL STATION ELECTRONICS - Conti nued 

Apo l l o I n i ti al date 
I tem mi ssion  of  occurrence 

13 14 May 20 , 1976 

14 14 June 8 ,  1976 

Status 

Acqu i s i t i on of s i gnal ; stat i on confi gura
t ion status was as fo l l ows :  

Sun angle 
Avg therm p l  
RTG power 
Res power 
Transmi tter 
Recei ver 
PCU 
PSE 
PSE Htr 
CPLEE 
S IDE 
ASE 
DTREM 

156 . 10 
288 . 10 K ( 58 . 50 F ) 

61 . 61 w 
31 .31 w 
A 
ON-Xtal B 
2 
ON 
Auto ON 
ON 
UNK 
STBY 
ON 

Loss of s i gnal ; stat i on confi gurat ion 
status was as fo l l ows : 

Sun ang le  
Avg therm pl  
RTG power 
Res power 
Transmi tter 
Recei ver 
PCU 
PSE 
PSE Htr 
CPLEE 
SIDE 
ASE 
DTREM 
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23 .40 
295 . 33 K ( 71 .50 F ) 

61 .86 w 
33 .04 w 
B 
ON-Xtal B 
1 
ON 
Auto ON 
ON 
OFF 
STBY 
ON 



CENTRAL STATION ELECTRON ICS - Conti nu ed 

Apo l l o  I n i t i a l  date 
I tem miss ion  of occurrence 

15 14 June 10 , 1976 

16 14 Oct . 9 ,  1976 

Status 

Acqu i s i t i on of s i gnal ; stat i on confi gura
tion status was as fo l l ows : 

Sun ang l e  
Avg therm p l  
RTG power 
Res power 
Transmi tter 
Recei ver 
PCU 
PSE 
PSE Htr 
CPLEE 
S IDE 
ASE 
DTREM 

45 .80 
298 .56 K ( 77 . 30 F )  

59 . 16 w 
27 . 71 w 
B 
ON-Xtal  B 
2 
ON 
Auto ON 
ON 
OFF 
STBY 
ON 

Loss of s i gna l ; stat ion confi gurat i on 
status was as fo l l ows : ( F I LT = fi l ter ) 

Sun ang l e  
Avg therm p l  
RTG power 
Res power 
Transmi tter 
Recei ver 
PCU 
PSE 
PSE Htr 
CPLEE 
SIDE  
ASE 
DTREM 
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82 . 60 
318 . 74 K ( 113 .60 F )  

60 .72  w 
35 . 85 w 
B 
ON-Xtal A 
1 
ON/F I LT fN 
Forced OFF 
STBY 
OFF 
STBY 
ON 



Item 

17 

I 
·- - - ) 

' 

18 

Apo l l o 
mi ssion 

14 

14 

CENTRAL STATION ELECTRON ICS - Conti nued 

I n i ti al date 
of occurrence 

Nov . 12 , 1976 

Ju ly 30 , 1977 

Status 

Acqu i s i tion of si gnal ; station confi gura
tion status was as fo l l ows : 

Sun angle  
Avg therm p l  
RTG power 
Res power 
Transmitter 
Recei ver 
PCU 
PSE 
PSE Htr 
CPLEE 
SIDE 
ASE 
DTREM 

137 .90 
297 . 55 K { 75 . 50 F )  

56 . 92 w 
25 .97 w 
B 
ON-Xta l A 
2 
ON/F ILT IN 
Auto ON 
ON 
OFF 
STBY 
OFF 

Loss of s igna l ; stat ion confi guration 
status was as fo l l ows : 

Sun ang le  
Avg therm p l  
RTG power 
Res power 

Transmitter 
Recei ver 
PCU 
PSE 
PSE Htr 
CPLEE 
SIDE 
ASE 
DTREM 
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73 . 30 
311 . 62 K ( 100 .80 F )  

58 .58 w 
12 .64 w 

(21-W PDR , ON ) 
B 
ON-Xtal A 
1 
ON 
Forced OFF 
STBY 
OFF 
STBY 
ON 



CENTRAL STATION ELECTRON ICS  - Conti nued 

i 
I Apo l l o I n i t i a l  date ' 

I tem mi s s ion of occurrence Statu s 

19 14 Aug . 4 ,  1977 Acqu i s i t i on of s i gnal ; stat i on confi gura-
tion  statu s was as fo l l ows : 

Sun ang l e  130 . 30 
Avg therm p l  289 . 77 K ( 6 1 . 5 0  F )  
RTG power 57 . 58 w 
Res power 13 . 04 w 
Transmi tter B 
Recei ver ON-Xta l A 
PCU 2 
PSE STBY 
PSE Htr N/A 
CPLEE  STBY 
S IDE  UNK 
ASE STBY 
DTREM ON 

The stat ion was reconfi gured to PCU 1 
and PSE to ON by ground commands and ap-
peared to be operat ing  norma l ly .  

20 12 , 15 , N/A Performance of the Apo l l o  12 , 15 , 16 , 
16 ' and and 17 centra l stat ions was es sent i a l ly 
17 nomi na l .  A l though the ori g i na l  des i gn 

requ i rement for ALSEP was a 1-yr l i fe , 
much l onger usefu l l i fet imes were rea l -
i zed . 

12 to 17 N/A A summary of ALSEP status on Sept . 29 , 
1977 , day before term inat ion , i s  g i ven 
i n tab 1 e 4- I .  

4-40 



_) 

-, 

• 
- l 

CENTRAL STATION ELECTRON ICS - Con c l uded 

Apo l l o  I n i t i al date 
I tem m i s s i on of occurrence 

Note 15 & 17 Jan . 1 ,  1979 

Status 

After the term i nat i on of ALSEP support at 
JSC on Sept.  30, 1977 , moni tor i ng of the 
AlSEP- transmi tter was accompl ished on an 
i ntermi ttent bas i s  by the track ing  sta
t i ons . Dur i ng the peri od Mar .  to June 
of 1978 , the Apo l l o 17 ALSEP stopped 
transmi tt i ng and a l so stopped respond i ng 
to ground commands • 

The Apo l l o 15 RTG power output had de
graded to a l eve l  th at wou l d  not susta i n  
both heater power and transmi tter opera
t i on at l unar n i ght . Therefore , transmi tter 
operat i on was occurr i ng dur i ng the warmer 
l un ar daytime when more power was ava i l 
ab l e .  In  approx imatel y  Aug . 1978 , the 
transmi tter s i gn a l  stopped and attempts 
to command were unsuccessfu l .  Th i s  i n
d i cates the RTG power degraded to be l ow 
the threshol d for transmi tter operat i on .  
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TABLE 4- 1 . - SUPfiARY OF ALSEP STATUS ( 16 : 00 UT, Sept. 29, 197 7 )  

,.---- ----,- -,-------...,.-------------
Characteri s t i c  

Deployed, a month/day/year 

Lunar coordinates 

Operati on per iod, 
lunation s/days 

Phase (Sun angle) 

Comnands , tot a 1 /week 

Spurious changes • •  

RTG power 

I n i t i al /Present, W • 

Reserve, W • • •  

Central station 

Average therm . pl . ,  K ( OF )  • • .  

Transmi tter, A or B ( d ate )b 
Processor, type (date )b  
PCU,  1 or 2 
Timer 

Heaters 

Exper iment s :  

Passive Se i sm i c  Experiment 
Long per i o d  X/Y & Z, dB 
Short period Z, dB 

Heaters • • • •  

F i l ter • •  

Sensor OL-07 temp 

Uncage ci rcui t . 

Experiments, act ive/operabl e  • • . 

Exper iments , i nactive/i noperabl e  • •  

Apol l o  1 2  

1 1/19/69 

2 3 . 50 w, 3 .00 s 

98/2871 

Noon (89. 7 0 )  

33 333/93 

120 

7 3 . 6/42 . 7  
2 1 . 3  

304 . 6  (89 . 1 )  
B ( 7  /8/74) 

y (8/25/76) 
1 

lnoperat ive 

OSS-1 ( 1 0  W),  OFF 
POR ' s - OFF 

0,  0 
-20 

Auto - ON Z motor - OFF 
OUT ( 3/27/77 ) 

Off scale H IGH 

Uncaged 

Oust detector ON 

SWS-OFF 
SI DE-OFF 

LSM-OFF 

Apol l o  1 4  

2/5/71 
1 7  . so W ,  3 . 70 S 

83/2290 

Noon (95.60)  

18 754/59 

114 

72. 5/58.4 
3 3 . 9  

3 1 8 . 1  ( 1 1 3 . 5 )  
B ( 1 1/12/76)  

y (8/24/76) 
1 

lnoperat ive 

OSS-1 ( 10 W),  OFF 
PDR ' s - OFF 

0, 0 
0 

Forced OFF 
9/26/77 

OUT ( 11/17/76) 
329 . 3  K 

( 13 3 . 7 °  F )  
Uncaged 

Dust detector ON 
CPLEE, STANDBY 

SI DE-OFF 
ASE-STANDBY 

Apol l o  1 5  1\pol l o  1 6  

7/31/71 4/21/72 
3 . 70 E,  2 6 . 10 N ! 1 5 . 50 E, 9 . oo S 

77/2252 

Noon ( 11 6 . 7 0 )  

4 1  104/39 

138 

74. 7/36 .0 
7 .4 

308 .8 ( 96 . 7 )  
B (8/20/76) 

y ( 10/19/76) 
1 

Operative 

68/1987 

Noon ( 128 . 5 0 )  

26 886/113 

l l  

70.9/61 . 1  
2 9 . 7  

308 . 9  ( 96 . 9 )  
B ( 3/26/73) 
X ( 1/12/7 7 )  

1 
Inhibi ted 5/72 

DSS-1 ( 1 0  W ) ,  OFF I DSS-1 ( 10 W ) ,  OFF 
POR ' s - OFF POR ' s - OFF 

0, 0 
0 

Auto - ON 

OUT ( 3/27 !77 ) 
Off scale HIGH 

Uncaged 

Oust detector ON 

SlOE-OFF 
HFE-OFF 
SWS-OFF 
LSM-OFF 

0,  0 
0 

Forced OFF 
(9/23/7 7 )  

OUT ( 3/27/7 7 )  
Off scale H IGH 

Out of 
tolerance 

LSM-ON 

HFE-OFF 
ASE-OFF 

Apol l o  1 7  ----
12/12/72 

30.80 E ,  20 . 20 N 

60/1752 

Noon ( 143.80) 

40 187/105 

0 

7 5 .4/58 . 5  
2 3 . 0  

291 .2  ( 6 5 . 0 )  
A ( 12/9/74) 

X (8/74 ) 
2 

Operat i ve 
( Inhi b i ted 9/28/ 7 7 )  

CAPM status : O N  
POR ' s - OFF 

LSPE-STANDBY 
HFE-ON 
LSG-ON 

LE!Voi-STANOBY 
LACE-STANDBY 

L____ _L__ __________ __j 

aThe EASEP, Apol l o  1 1 ,  was deployed 7/21/69 at 23.40 E and 0 . 7o N; lost upl i nk 8/25/69; lost downl ink 12/14/69 . 

bconf iguration s i nce thi s date. 

CAPM = automat i c  power management .  

-------- �.....,...,.....- -
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5 .  TERM INATION ANALYS IS  ( ENG INEER I NG CLOSEOUT TESTS ) 

Support operat i ons for the Apo l l o  Lunar Surface Exper iments Packages 
( ALSEP ' s )  were termi nated September 30 , 1977 , thus  conc l ud i ng the l ongest 
conti nuous program of s c i ent if ic  data col l ect i on from a natural  body i n  space . 
Throughout the ALSEP program, operati onal  gu i de l i nes and mi s s i on ru l es pre
c l uded the performi ng of engi neer i ng tests ; the ALSEP operat i on was ori ented 
toward optimi z i ng a l l systems for sc i entifi c data return . 

Dur i ng the l ong per i od of ALSEP operati on ( Ju ly 20,  1969,  to Septem-
ber 30 , 1 977 ) ,  many eng i neeri ng questi ons were rai sed but remai ned unanswered 
becau se of the operati on constrai nt .  Therefore , a per i od of engi neer i n g  
c l oseout tes t i ng was impl emented before operat i ons were term inated . 

The ser i es of eng i neeri ng tests was dev i sed approximate l y  3 months 
before support termi nat i on ,  and the tests were started Ju l y  25 , 1 977 ; they 
may be c l ass if i ed i nto s ix groups : 

1 .  Over l oad and 11 r i ppl e off 11 tes ts 

2 .  Pass i ve se i sm i c  exper iment ( PSE) heater power tests 

3 .  Central  stat i on co l d-temperature tests  

4 .  Central stat i on redundant components tests 

5 .  ALSEP t imer funct ions for Apo l l o  1 5  and 1 6  mi s s i ons 

6. Col d  soak i ng of the l unar surface magnetometer ( LSM ) and l unar sur
face grav i meter ( LSG ) experiments 

STATUS OF EXPER IMENTS 

The fo l l owi ng matr i x  i nd i cates the status  of ALSEP exper i ments before 
the tests were imp l emented . ( The symbol 11011 i nd i cates the exper iment was 
operat i ng ,  the symbol 11 N011 i nd i cates 11 not operat i ng .. , and no entry ( - - )  
i nd i c ates the experiment was not part of ALSEP dur i ng that m i s s i on . )  
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ALSEP u n i t 

Central stat ion  

Pass i ve Se i smi c 
Exper iment ( PSE )  

So l ar Wi nd 
Spectrometer ( SWS ) 

Suprathermal  Ion 
Detector Experiment 
( S I DE )  

Lunar Surf ace Mag
netometer ( LSM ) 

Charged Part i c l e  
Lunar Env i ronment 
Exper iment ( CPLE E )  

Heat F l ow 
Exper iment ( HFE)  

Act ive Se i sm i c 
Exper iment ( ASE)  

Lunar Surface 
Grav imeter ( LSG) 

Lunar Mass 
Spectrometer ( LMS)  

Lunar Ejecta and 
Meteor i tes ( LEAM) 

Lunar Se ism i c  
Profi l i ng  Experi 
ment ( LSP E )  

Du st Detector 
( DTR EM) 

Apo l l o  12 Apol l o  14 Apo l l o  15 Apol l o  16  Apo l l o  1 7  

0 

0 

NO 

NO 

NO 

0 

0 

0 

NO 

0 

NO 

0 

TEST CONSTRAI NTS 

0 

0 

NO 

NO 

NO  

NO 

0 

0 

0 

0 

NO 

NO 

0 

0 

0 

NO 

NO 

0 

The NASA Jet Propu l s i on Laboratory ( JPL ) needed the ALSEP transmi tters 
for its very l ong base i nterferometer ( VLB I )  experi ments and requested that 
the transmi tters be l eft "on •• after the termi nat i on of ALSEP operat i on i n  
1 977 .  To comp ly  w ith th i s  request , and becau se of the remote poss i b i l i ty of 
dust contam i nat i on of the l aser ran g i n g  retro ref l ector of the Apo l l o  14 s i t e ,  
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a dec i s i on was made that no destruct i ve eng i neer i ng tests or grenade fi r i ngs 
wou l d  be attempted . 

The Apol l o  14 ALSEP operat i on was not cont i nuous and i t s  future opera
ti on was unpred i ctab l e .  Therefore , a dec i s i on was made to c ancel certai n 
tests on the Apo l l o  12 ALSEP ,  thu s  prec l ud i ng the poss i b i l i ty of its l os s  
wh i ch wou l d  degrade the se i sm i c  network . ( The down l i nk anomaly of the Apo l l o  
14 ALSEP recurred on Ju l y  30 , 1977 , and down l i nk  was recovered on August 4 
1977 ; th i s  represented the s i xth l oss of s i gnal for the Apo l l o  14  stat i on . � 

ENG I NEER I NG TESTS 

The eng i neeri ng tests and the ir object i ves are l i sted i n  th i s  subsect i on 
by the Apo l l o  mi s s i on number dur i ng wh i ch that ALSEP  was dep l oyed and by 
engi neer i ng test number . ( The fi rst two d i gits represent the Apo l l o m i s s i on 
number ; the l ast d i g i t  represents the test sequence . )  

As the tests were performed,  i t  became ev i dent that some of the tests 
cou l d  be cance l ed because 

1 .  The necessary data or i nformation was obta i ned by previ ous testi n g  
i n  the c l oseout test sequence 

2 .  The test i tse l f  wou l d  or mi ght have a ser i ous impact on rema i n i n g  
operat i ons  

Test no . 

12-1  

12-2 

1 2-3 

12-4 

Apo l l o  12 ALSEP Tests 

Type of test Objecti ve 

Over l oad the rad i o i sotope 
thermoe l ectr i c  generator 
(RTG )  by turni ng on addi 
t i ona l  l oads . Check the 
power gai ns at s unset and 
power l osses at sunr i se .  

Check " r i pp l e  off" c i rcuit  by 
turn i ng S IDE  and SWS to 
" standby . "  

Check PSE heater power . 

Check PSE operat i on wi thout 
Z-motor heat i ng .  

5-3 

Determ ine if  RTG power 
output cou l d  be rejuvenated 
as was the case for RTG power 
of Apo l l o  14 . 

Determi ne reserve power l eve l 
( for PSE ) at wh i ch " r i pp l e 
off" occurs . 

Determi ne power l oads i n  
var i ou s  PSE heater modes . 

Determ ine l eve l i ng  frequency 
and ch aracter i st i cs of 
dr i ve motors .  



Test no . 

12-5 

12-6 

12-7 

12-8 

12-9 

Test no . 

14-1 

14-2 

14-3 

14-4 

14-5 

Type of test  

Turn central stat i on heat
ers off and turn the power 
d i ss i pat i on res i stors on 
to reach approximate ly 
244 K ( -200 F ) . 

Turn central stat i on heater ( s )  
on to reach approximate ly  
325 K ( 1 25o F) . 

Step the timer c i rcu i t  seven 
t imes . 

Check redundant components 
of central stat i on .  

Command capab i l i t i es wh i l e  
i n  h i gh-bi t-rate mode . 

Objecti ve 

Pi npoi nt where PSE/central  
stat i on-el ectron i cs anomaly 
starts and determ i ne other 
central  stat i on character
i st i cs at l ow temperature . 

Determ i ne central stat i on 
h i gh -temperature operat i onal  
character i st i cs and parameters . 

Determi ne status of t imer e l ec
tron i cs after 7 yr of operat i on .  

Determ i ne operati onal statu s 
of a l ternate transmi tter , pro
cessor , and power cond i t i on i ng 
un i t .  

Determ i ne i f  the command system 
functi ons wh i l e  in 11 H IGH B IT  
RATE11 w ithout ASE .  

Apol l o  1 4  ALSEP Tests 

Type of test Objecti ve 

Heat central  stat i on power 
regu l ator by maximum reserve 
power or by central stat i on 
heater . 

Check centra l  stat i on at ap
proximate ly 325 K ( 125° F ) . 

F ire one or al l ASE mortars ; 
check h i gh b it  rate and geo
phones fi rst and t hen check 
ASE 11ARM CMD11 in normal b i t  
rate . 

Check PSE heater power . 

Turn central  stati on heaters 
off and turn the power d i s
s i pat i on res i stors on to 
reach approximate l y  244 K 
( -20° F ) . 
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Try to dupl i cate the cause of 
s i gnal  l oss from Apo l l o  14 
central  stat i on .  

Check h i gh-temperature opera
t i onal character i st i cs an d 
parameters . 

E l imi nate l i ve ordnance and 
check operati on and thermal 
protect i ve seal after l on g  
l unar exposure . 

Determ i ne power l oads i n  var
i ou s  PSE heater modes . 

Check centra l  stat i on l ow
temperature operat i onal  
char acter i st i cs and param
eters . 



Test no . 

14-6 

14-7 

14-8 

Test no . 

15-1 

15-2 

15-3 

15-4 

15-5 

1 5-6 

15-7 

15-8 

Type of test 

Check 11 r i pp l e  off11 c i rcu i t  
by app l yi ng l oads . 

Check redundant components 
of central stat i on .  

Check t i mer steps . 

Objecti ve 

Determi ne reserve power at 
whi ch CPLEE and PSE r i pp l e  
t o  11 standby. 11 

Determi ne operati onal  status 
of al ternate transmi tter , 
data processor , and power 
cond i t i on i ng un i t .  

Determine that t imer e l ectron i cs 
was st i l l  operati onal even 
w ith  c l ock stopped . 

Apo l l o  15 ALSEP Tests 

Type of test  Objecti ve 

Check PSE heater power . 

Check PSE operat i on without 
heater . 

Turn the HFE on . 

Turn central  stat i on heater ( s )  
on to reach approximatel y  
328 K { 130° F ) . 

Check redundant components 
of central stat ion . 

A l l ow ti mer to 11 t ime out . 11 

Command capab i l i t i es wh i l e  
i n  h i gh-bit-rate mode . 

Over l oad the RTG .  
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Determi ne power l oads in var
i ous  PSE heater modes . 

Determ i ne l eve l i ng frequency 
and dr i ve motor character
i st i cs . 

Determi ne if  the data are 
stat i c .  

Determ i ne h i gh-temperature 
operat i onal character i st i cs 
and parameters of central 
stat ion . 

Determ i ne operat i onal  status  
of al ternate transm i tter, data 
processor , and power cond it ion
i ng un i t .  

Prec l ude resett i ng t imer 
every sunr i s e .  

Determ i ne i f  command system 
functi ons wh i l e  in 11 H IGH 
BIT RATE 11 wi thout ASE . 

Determi ne if  RTG power output 
cou l d  be rejuvenated as was 
the case for Apo l l o  14 . 



Test no . 

16-1 

16-2 

16-3 

1 6-4 

16-5 

1 6-6 

16-7 

Test no . 

1 7-1 

1 7-2 

1 7-3 

Apol l o 16 ALSEP Tests 

Type of test Objecti ve 

Col d  soak LSM .  

F i re l ast ASE mortar ; check 
h i gh b it  rate and geophones 
fi rst . 

Check PSE heater power .  

Turn central stat i on heaters 
off and turn the power 
d i s s i pat i on res i stors on 
to reach agproximate ly 
244 K ( -20 F) . 

Turn central stat ion heater ( s )  
on to reach approxi mate ly  
325 K ( 125° F ) . 

Check redundant components of 
central stat i on .  

Al l ow timer to turn trans
mitter off . 

Attempt to restore Z-axi s dat a .  

Ver ify that mortar can/cannot 
fire after l ong unseal ed 
exposure . 

Determi ne power l oads i n  var i ous  
PSE heater modes . 

Check  l ow-temperature operat i onal  
character i st i cs and parameters 
of central stat i on .  

Check h i gh-temperature operati ona l  
character i st i cs and parameters 
of central stat ion . 

Determi ne operat i onal  status  
of al ternate transmi tter,  data  
processor , and power cond i t i on- · 

i ng un i t ;  veri fy that 11V 11 data  
processor had  fai l ed and that 
transmi tter A had a 11 bad11 mod
u l ator . 

Prec l ude resetti ng the t imer 
every sunr i s e .  

Apo l l o  17  ALSEP Tests 

Type of test  Obj ecti ve 

Co l d  soak LSG to 193 K 
( -80° C )  

Recheck L EAM operati on 
during  l unar day .  

Operate HFE i n  h i gh conduc
t i v i ty mode . 

5-6 

Attempt to improve operati on 
by changing  Lacoste spri ng 
constant . 

Veri fy i f  LEAM data are sti l l  
stat i c .  I f  not , obta in  1 or 
2 l unar days of dat a .  

Obtai n  h i gh conduct i v i ty-mode 
dat a  for fi rst t ime .  



Test no . 

17-4 

17-5  

17-6 

17-7 

Type of test 

Check "r i pple off" c i rcu i t  
by app l yi ng l oads to cen
tral  stat i on .  

Turn power d i s s i pat i on re
s i stor n o .  1 on to reduce 
central stat i on to aproxi 
mate ly 244 K ( -20° F )  
( external  l oads ) .  

Turn automat i c  power manage
ment off to i ncrease centra l  
stat i on to approximatel y  
325 K { 125° F ) . 

Check redundant components of 
centra l stat i on .  

Object i ve 

Determi ne sequence and reserve 
power at wh i ch exper i ments 
"r i pp l e  off . " 

Check l ow-temperature operat i ona l  
ch aracter i st i cs and parameters 
of centra l  stat i on .  

Check h i gh -temperature opera
t i on a l  character i st i cs and 
parameters of centra l  stat i on . 

Determ i ne operat i ona l  statu s 
of al ternate transmi tter , data 
processor , and power con d i t i on
i ng un i t ;  determi ne power rout
i ng of command decoder . 

OVERLOAD AND "R I PPLE OFF" TESTS 

Summary 

Test 12-1 . - Compl eted Ju l y  25 , 1977 ; appl i ed approxi mate l y  2 W over l oad ; 
RTG i nput vo l tage dropped from 1 5 . 69 Vdc to 1 5 . 27 Vdc ;  bus vo l tages of centra l  
stat i on dropped proport i ona l ly ;  data mu l t i p l exer became errat i c .  Over l oad 
was removed and the centra l  stati on was returned to normal operat i on .  Th i s  
s l i ght over l oad d i d  not rejuvenate the RTG .  

Test 12-2 . - Comp l eted Ju ly 25 , 197 7 ,  as part of test 12-1 . The PSE was 
" r i pp l ed off" ( i . e . ,  automat i ca l l y  pl aced i n  standby )  at some va l ue l e s s  than 
1 . 79  W of reserve power . 

Test 14-6 . - Cance l ed because the test mi ght cause the l oss  of the Apo l l o  
14 ALSEP down l i nk and degrade the se i sm i c  network .  

Test 15-8 . - The test was cance l ed after a reeva l uat i on of the poss i b l e  
consequences ; i . e . , poss i b i l i ty of permanent loss of down l i nk from Apo l l o  1 5  
centra l  stat i on .  Test 12-1  d i d  not d i s c l ose  any unexpected operat i on .  

Test 17-4 . - Test was cance l ed because the req u i rements were s at i sf i ed by 
the results  of test 12-2 .  
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D i scu s s i on 

Tests 12-1 and 12-2 were performed dur i ng rea l -time s upport operat i on s  
on Ju ly  25 , 1 977 . The tests were conducted i n  conj unct i on w ith  l unar sunr i se 
at the Apo l l o  12  ALSEP s i te becau se a tran s i ent d i p  ( approximate 5 W )  i n  RTG 
power output occurred dur i ng th i s  per i od .  

Status pr i or to s unr i se . - RTG power = 42 . 02 W ;  reserve power = 8 . 19 W ;  
central station lO-W heater was ON;  PSE and Z-motor were ON;  S IDE  was OFF;  
SWS was OFF ; LSM was OFF ; and the power d i ss i pati on res i stors were OFF . 

Sequence of test events . - The sequence of test events i n  un i versal  t i me 
(UT) were 

Ti me ,  UT : 

7 : 52 

7 : 54 

8 : 05 

Event 

PSE Z-motor commanded OFF . 

S ID E  commanded to STANDBY ( reserve power = 6 . 05 W ) . 

At s unr i se ( by DTR EM i nd i cat i on ) ,  the RTG power 
started gradu a l l y  decreas i n g ;  a l so ,  the reserve 
power started gradua l ly decreas i n g .  

8 : 07 SWS commanded to STANDBY ( reserve power = 2 . 32 W ) . 

8 : 1 5 PSE r i pp l ed to STANDBY ( reserve power = 1 . 79  W ;  
then went to 2 . 85 W )  

8 : 22 Central stati on heater commanded from 10 W to 5 W 
( reserve power = 6 . 85 W )  

8 : 26 Power d i ss i pat i on res i stor no . 7 commanded ON  
( reserve power unknown ; over l oad = 0 . 23 W ) . 
The 16-V bus was l os i ng regu l at i on ;  went to 
1 5 . 69 V,  to 15 . 27 ,  st i l l  decreas i ng .  

8 : 29 Dust detector ( DTR EM) commanded OFF; funct ion a l  
ver i f i cat i on command rece i ver was operat i n g .  

8 : 50 Down l i nk s i gna l  started to breaku p .  Last va l i d  
read i ng on RTG power was 37 . 67 W .  

8 : 54 Power d i ss i pat i on res i stor no . 7 commanded OFF 
( reserve power = 4 . 99 W ) . Immed i ate recovery; 
estimated 2+ W over l oad was app l i ed .  The RTG 
and reserve power gradu a l ly  started i ncreas i ng .  

Test term i nat i on . - The RTG power output returned to the s ame post-sunr i se 
l eve l that had been observed dur i ng the preced i ng l unat i on . The central  stat i on 
and exper iments were reconfi gured for dayt ime operat i o n .  
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PSE-HEATER POWER TESTS 

Sunmary 

Th i s  test  was conducted on each PSE ( for Apol l o  1 2 ,  14,  1 5 ,  and 16 
ALSEP ' s ) to determi ne the amount of power requi red by the sensor heaters to 
ma inta in  the sensor temperature at ni ght ; a lso for compar i son with  data 
obtai ned from an i dent i cal test performed i n  1974. 

Test 12-3 . - Compl eted August 23,  1977 , Sun ang l e  was 358 . 5° . The test 
sequence was as fol l ows : 

Heater mode : Reserve power , W:  

AUTO , ON 1 7 .95 

AUTO, OFF 17 .42 

MANUAL , ON 1 5 . 56 

MANUAL , OFF 1 5 . 56 

AUTO , ON 1 7 . 69 

A power l oad of 4 . 76 W ( i nc l uded 3-W Z-motor ) was requi red to maintain  
the sensor temperature at n i ght . ( No 11 HEATER, OFF11 functi on at n i ght . ) 

Test 14-4 . - Compl eted September 20,  1 977 , Sun ang l e  was 345 . 7° . The 
test sequence was as fol l ows : 

Heater mode : Reserve eower , W :  

AUTO , ON 22 .16  

AUTO , OFF 22. 00 

MANUAL , ON 21 .89 

MANUAL , OFF 20 .92 

AUTO , ON 22 .55  

A power l oad of 4 . 5  W was req u i red to mai ntai n the sensor temperature at 
n i ght . ( No 11 H EATER , OFF11 function at n i ght . ) 
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Test 1 5-1 . - Compl eted September 1 9 ,  1 977 ; Sun angl e  was 354 . 0° . The 
test sequence was as fol l ows : 

Heater mode : Reserve eower , W :  

AUTO , ON 6 . 83 

AUTO,  OFF 1 1 . 50 

MANUAL , ON  6 . 83 

MANUAL , OFF 1 1 . 50 

AUTO , ON 6 . 83 

A power l oad of 4 . 67 W was requ i red to mai nta in  the sensor temperature 
at n i ght . 

Test 16-3 . - Compl eted September 16 ,  1 97 7 ;  Sun ang l e  was 329 . 3° . The 
test sequence was as fo l l ows : 

Heater mode : Reserve power , W :  

AUTO , ON 10 . 60 

AUTO , OFF 14 . 53  

MANUAL , ON  9 . 81 

MANUAL , OFF 1 4 . 7 9  

AUTO , ON 9 . 55 

A power l oad of 4 . 00 W was req u i red to mai nta in  the sensor temperature 
at n i ght . 

D i scu s s i on 

Defects i n  the PSE heater c i rcu i ts of the Apo l l o  12 and Apo l l o  14 
ALSEP ' s  prec l uded the turn ing  off of the heaters ; therefore , the PSE-heater 
power requ i rements for these ALSEP ' s  were estimated . The PSE-heater power 
requ i rements of tests performed i n  1974 are compared wi th 1977 termi nat i on
test data i n  the fo l l owi ng tab l e .  ( The PSE heater mode was "AUTO ,  ON" and 
data are the power requi rements for mai nt a i n i ng the sensor temperature at 
n i ght . )  
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ALSEP 1974 tes t ,  W 1 977  tes t ,  w 

Apo l l o  12  Not avai l abl e 4 . 76 ( est imated ) 
Inc l uded 3-W Z-motor 

Apo l l o  14 3 . 83 4 . 5  

Apo l l o  15 4 . 74 to 4 . 89 4 . 67 

Apo l l o  1 6  3 . 95 3 . 97 

The two sets of data i nd i cate the heater requ i rements are near ly 
i dent i cal ; therefore , one may assume that the thermal i ntegr i ty of the PSE 
sensors had not changed . 

CENTRAL STATION COLD-TEMPERATURE TESTS 

The co l d-temperature tests ( 12-5 , 14- 5 ,  16-4 ,  1 7-5 ) d id  not produce any 
defects or anomal i es that were not present at h i gher temperatures or that had 
not been reported pri or to the col d-temperature tests . No col d-temperature 
tests were performed for the Apo l l o  15  ALSEP because the pack age was subjected 
to a ni ghttime temperature wh i ch was the l owest that it was pos s i b l e  to 
obtai n .  Th i s  s ituat i on ex i sted because of the very l ow power reserve avai l 
abl e ( 7 . 4  W ) , wh i ch provi ded very l i tt l e  heating i n  the centra l  stat i on .  
The RTG of the Apo l l o  1 5  ALSEP i s  the most degraded generator on the l unar 
surface ( 36 . 0-W outpu t ) , hence the l ow power reserve . Therefore , test 15-5 
was performed at an average thermal -pl ate temperature of 240 . 6  K ( -26 . 9° F ) . 

Summary 

Test 12- 5 . - Compl eted August 1 2 ,  197 7 .  Al l central stat i on subsystems 
c hecked " good " at l ow temperature ( 244 . 9  K ( -19 . 2° F) average thermal -pl ate 
temperature ) .  Test a l so concerned the central stat i on e l ectron i cs anomaly .  
PSE anal og-to-d ig ita l  b i t  3 was defect i ve at temperature of approxi mately  
254 . 3  K ( -2 . 3° F ) . Transmi tter A i nd i cated a 15 kHz i ncrease i n  frequency; 
transmi tter B i nd i cated a 20 to 22 kHz i ncrease i n  frequency ( both 
stab i l i zed after "turn on" ) .  

Test 14- 5 . - Compl eted September 9 to 16,  1 977 . Operat i on of central 
stat i on was normal at l ow temperature ( average thermal -pl ate temperature was 
257 . 0  K ( 2 . 6° F) ) .  

Test 15-5 .- Compl eted September 12 , 1977. Al l central stat ion subsys 
tems and bit rates were found to be operat i onal . ( PCU 2 not checked dur i ng 
the test . )  Average thermal -pl ate temperature was 240 . 6  K ( -26 . 9° F) . 

Test 16-4 . - Compl eted September 1 2 ,  1 977 . ( Average thermal -pl ate tem
perature of 250 K ( -10° F ) . )  Al l central stat i on s ubsystems and b it  rates 
were checked and found operati onal  except nyu  data processor ( fi rst reported 
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defect i ve January 2 ,  1977 ) and transmi tter A ( f irst  reported defecti ve March 
2 6 ,  1973 ) .  

Test  17-5 . - Compl eted September 9 and 14 ,  1 977 . ( Average thermal -pl ate 
temperature of 232 . 7  K ( -41 . 2° F ) . )  Central stat i on subsystems found opera
ti onal except for defecti ve modu l at ion of transmi tter B .  Al so , see test 17-7 . 

Di scuss i on 

The tests ind i cated no detr imental  effects or anomal ies  i nduced as a 
resu lt of expos i ng the ALSEP central stat i ons to the l ow temperatures . 

CENTRAL STATION REDUNDANT COMPONENT TESTS 

The redundancy capab i l i t i es of ALSEP pack ages depl oyed dur i ng the 
var ious Apo l l o  mi s s i ons are i nd i cated i n  the fol l owing  matr i x :  

Redundancy 
capabi l i ty 

Bu i l t- i n  

Transmi tter A o r  B 

D i g ital data processor X or Y 

Power converter un i t  1 or 2 

Rece iver crystal osc i l l ator 
A or B ( automati c  swi tch ing ,  
not commandabl e ) 

Command decoder A or B 

Conti ngency l ow  b it rate 
down l i nk 

Command system A or B ( rece i vers 
and command decoders ) 

Analog mul t i p l exer X or Y 

Power routi ng X or Y 

12 

X 

X 

X 

X 

X 

X 

* Two compl ete recei vers on l i ne . 

5-12  

redundancy for Apo l lo  m i s s i on -

14 

X 

X 

X 

X 

X 

X 

1 5  

X 

X 

X 

X 

X 

X 

16 

X 

X 

X 

x * 

X 

X 

1 7  

X 

X 

X 

X 

X 

X 

X 

X 

X 



Sunmary 

Test  12-8 . - Compl eted August 1 2 ,  1977 (wi th test 12-5 ) and September 20 , 
1 977 . Al l central stati on subsystems and bit rates were found operat i onal ; 
PCU 2 was not checked i n  test 12-8 or 12-5 . 

Test 14-7 . - Compl eted September 19,  1 977 . Al l central stat i on subsys
tems checked "good " ( PCU 2 not checked duri ng t h i s  test ) , and al l b it  rates 
were operat i onal  ( PCU 2 not checked ) .  Note that PCU 2 was checked duri n g  
t h e  ALSEP down l i nk recovery. 

Test 15-5 . - Compl eted September 1 2 , 1 977 . Al l central stat i on subsys
tems and b it  rates were found to be operationa l  ( PCU 2 not checked dur i n g  
t h i s  test ) .  

Test 16-6 . - Compl eted September 1 2 ,  1977 . Al l central stat i on subsys 
tems were found operati onal  except for defect i ve "Y"  data processor and 
transm i tter A ( see test 16-4 ) .  . 

Test 17-7 . - Comp l eted September 14 ,  1 977 . Al l redundant systems were 
found operat i onal except command system A ,  wh i ch rejected 14 of the 15 
commands , and transmi tter B modu l at i on ,  wh ich made the data use l ess . Trans 
m i tter B was fi rst reported defect i ve o n  December 9 ,  1974 . Al l b i t  rates 
were operat i onal . 

D i scu s s i on 

Res u l ts of the tests ind i cated that al l the redundant components were 
operat i onal except the fo l l owi ng :  

ALSEP mi ss i on 

Apo l l o  16 

Apo l l o  16 

Apo l l o  17  

Apo l l o  17  

Component 

"Y"  data proces sor ( fi rst reported defect i ve 
January 2 ,  1977 ) 

Transmi tter A ( first reported defect i ve 
March 26 , 1973 ) 

Command system A (fi rst reported defect i ve 
August 16,  1974)  

Transmi tter B ( f irst reported defect i ve 
December 9 ,  1 974 ) 

When support operat i ons were term i n ated, there had been no add i t i onal  
fai l ures of any ALSEP redundant components . 
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TIMER 11 TIMEOUT" TESTS 

SuJTJnary 

Test 15-6 . - Compl eted August 29,  1 97 7 .  Timer d i d  not perform the trans
m itter "turn off11 funct ion .  

Test  16-7 . - Compl eted August 29,  1 97 7 . Transmi tter 11turn off11 by means 
of the t imer occurred at 20 :42 : 1 7  UT, August 2 9 ,  1977 . The transmi tter was 
commanded on by means of mode 1 command ing  from the Ascens i on track i ng 
station . 

Di scuss i on 

The ALSEP systems for the Apo l l o  15  and 16  m i s s i ons provi ded a 11 reset
t ab l e  t imer . . that had an output s i gna l to turn the transmitter off at the 
end of 97 days ; however , t he t imer woul d  not reset i tse lf  to turn the trans
mi tter 11 on . .. The transmi tter cou l d  be turned on by ground command but the 
t imer control of 11TRANSM ITTER OFF" was nu l l i f i ed ;  thu s ,  if command capab i l 
i t i es were l ost , the transmi tter wou l d  cont i nue to operate as l ong as suf
f i c i ent power exi ste d .  

Normal operat i on of these ALSEP ' s  was t o  reset the timers before stat i on 
s unrise ,  thus prec l ud i ng transmi tter 11 turn off 11 by means of the t imer . To 
impl ement tests 1 5-6 and 16-7 , the t imers were not reset . 

The Apo l l o  16  transmi tter 1 1turned off 11 at 20 : 42 : 17 UT on August 2 9 ,  
197 7 ,  and was commanded 11 0n 11 aga i n  by the track i ng stat i on .  Because of a 
fai l ure i n  the t imer logi c ,  the 11turn off11 functi on d i d  not occur for the 
Apo l l o  15 ALSEP transmi tter . 

The transmi tters can be turned 11off 11 or 110n 11 by means of normal up l i n k  
commands . The Apo l l o  1 6  stat i on was commanded on at the comp l et i on of the 
test to comply w i th the JPL request for use of the stat i ons in its  VLB I  
experiments . 

No t imer 11 t imeout 11 tests were conducted for Apo l l o  12  and 14  mi s s i on s  
because the mechan i cal  t imers for both mi ss i ons had been defecti ve s i nce 
s hort ly after depl oyment on the l unar surface . The ALSEP t imer for the 
Apo l lo  17 m i s s i on d i d  not prov i de a 11 TRANSM ITTER OFF 11 funct ion .  

COLD SOAK ING THE LSM AND LSG EXPERIMENTS 

Summary 

Test  16-1 . - Compl eted March 14 ,  1977 . Test was unsuccessfu l .  
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Test  1 7-1 . - Compl eted March 16 , 197 7 . Temperature wou l d  not decrease 
to 193 K ( -80° C ) . Al l LSG vol tages decreased and the d i g i tal data became  
scramb l ed .  The LSG command decoder became i noperat i ve .  Lowest temperature 
ach i eved was estimated at 198 K ( -75° C ) . The test was terminated and was 
unsuccessfu l .  

Di scus s i on 

Test 1 6-1 was conducted as a means to recover sci ence data from a 
defecti ve Z-ax i s  sensor on the Apol l o  16 L SM ;  test 17-1  was an attempt to  
bal ance the mass i n  the L SG sensor of  Apo l lo 17 .  

For a brief cool down per i od ,  the Apo l l o  1 6  LSM was commanded 11 0ff 11 at 
18 : 57 UT  on March 14,  1 97 7 , and was commanded back 11 0n 11 at 2 2 : 02 UT of the 
same day. The cool down and rei n it i at ion of the LSM was an attempt to regai n  
s c i ence data from the Z-axi s sensor that had been stat i c  s i nce March 197 5 . 
The attempt was unsuccessfu l ;  it  was performed at the request of the 
Pri nc i pa l  Investi gator . 

The Apo l l o  1 7  LSG was commanded 110ff11 for coo l down between the opera
t i onal  support peri od of March 13 to 16, 197 7 ,  except for approximately 2 
hours each day to obta in  data.  The i nstrument temperature was 198 K ( -75° 
C ) ( est imated ) at each data take .  The di gital data from the d i g i tal  mu l t i 
p l exer became s cramb l ed ,  whereas the ana l og d ata remai ned va l id  at these l ow 
temperatures .  Attempts to move the beam from the top pos i t i on have been un
s uccessfu l .  On March 16 , 197 7 ,  the decoder wou l d  not execute commands that 
were transmi tted by ground contro l .  

CANCELED TESTS 

The fol l owi ng tests were cance l ed for the reasons noted : 

Test 

12-4 

12-6 

12-7  

Reason 

Poten t i al damage to dr i ve motors 
with res u l tant degradati on of 
the sei smi c network . 

Poss i ble  damage to central stati on . 
With  the unpred i ctab l e  operati on 
of the Apo l l o  14 ALSEP, l oss of 
the Apol l o  1 2  ALSEP wou l d  degrade 
the sei sm ic  network .  

Timer steppi ng wou l d  turn 11 0n 11 the 
S IDE .  The S IDE  is defecti ve and 
pos s i bly  cou l d  over l o ad the central 
station . Loss of the Apol l o  12 ALSEP 
wou l d  degrade the sei smi c network . 
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Test 

12-9 

14-1 

14-2 

14-3 

14-8 

15-2 

15-3 

15-4 

15-7 

16-2 

16-5 

1 7-2 

Reason 

Veri f i ed on the Apo l l o  16 and 
Apo l l o  14 ALSEP ' s .  

Loss of the Apo l l o  14 ALSEP wou l d  
degrade the se i smi c network . 

H i gh temperatures i n  the central  
stati on cou l d  poss i b ly  cause 
the l oss of th i s  ALSEP and res u l t  
i n  degradat i on of the se i smi c 
network .  

Cance l ed because tests ind i c ate that 
the armi ng capac i tors wi l l  not charge . 

Timer steppi ng wou l d  turn "on" the S IDE,  
wh i ch is  defect i ve and wou l d  poss i b ly  
over l oad the central stat i on and re
s u l t  in l oss of the transmitter .  

Data from LOS/AOS anomaly of  Apo l l o  14 
ALSEP i nd i cate the dr i ve motors w i l l  
not dr i ve at l ow temperatures . Test 
15-1 i nd i cates normal heater power 
at n i ght . 

Cance l ed because the HFE was defect i ve ;  
th i s  cou l d  poss i b ly over l oad the cen
tral stat i on and resu l t  i n  l oss of 
the ALSEP . 

Cance l ed because the test cou l d  res u l t  
i n  pos s i b l e  l oss  of the ALSEP .  

Cancel ed because t h i s  i nformati on 
was obtai ned dur i ng the Apol l o  14 
and 16 ALSEP tests . 

Cance l ed .  An armi ng command was trans
m i tted but arm i ng capac i tors wou l d  
not charge.  Mortar box was improperl y  
ori ented because o f  previ ous mortar 
f i r i ng (May 1972 ) . 

Cance l ed becau se of poss i b l e  l oss of 
the ALSEP .  

The LEAM was checked dur i ng each support 
per i od ;  LEAM sci ence data al ways 
defecti ve .  
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Test 

17-3 

17-6 

Reason 

Cancel ed; Princi pal Invest i gator ant i c i 
pated no usabl e data from the test . 

Cance l ed because of poss i b l e  l oss of 
the ALSEP . 

CENTRAL STATION CONFIGURATION AT TERM I NATION 
OF ALSEP OPERATIONAL SUPPORT 

Operat i onal s upport of the ALSEP program was d i sconti nued on Septem
ber 30, 197 7 . At the conc l u s i on ,  the central stat i ons ,were confi gured as 
fol l ows : 

( No entry (-- ) i nd i cates the component i s  not app l i cabl e to that ALSEP . ) 
Component 

Transmi tter 

Rece i ver crystal 

Data processor 

Power cond i t i on i ng 
u n i t  

Heaters 
Power d i s s i pat i on 

res i stors 

Command decoder 

Rece i ver 

Automati c  power 
management 

Power routi ng 

Apo l l o  12 

B 

B 

y 

1 

Off 

Off 

Apo l l o  14 

B 

A 

y 

1 

Off 

Off 
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Apo l l o  15 Apo l l o  16 

B B 

A Unk nown 

y X 

1 1 

Off Off 

Off Off 

Apol l o  1 7  

B 

Unknown 

X 

2 

Unknown 

Off 

B 

B 

On 

w 



6 .  S IGNIFICANT ALSEP SC I ENTIFIC RESULTS 

A new era in l unar sci ence was i n i t i ated on Ju ly 21 , 1969 , when the 
f i rst data acq u i s i t i on was obta i ned from the Apo l l o  11 centra l  stati on on 
the Moon . More soph i sti cated equ i pment and exper iment pack ages evo l ved 
.dur i ng the remai n i ng Apol l o  mi s s i ons  that cu lmi nated wi th Apol l o  17 . A 
l arge amount of Apo l l o  Lunar Surface Exper iments Pack age ( ALSEP) data and 
the ir  i nterpretat i on have been pub l i shed i n  numerous reports and pub l i ca
t i ons . Th i s  secti on of the ALSEP Termi nat i on Report does not attempt to 
recap itu l ate the fi nd i ng s ;  i nstead , each ALSEP i nvesti gator was asked to 
briefly summar i ze the si gn i fi cant sc i ent if ic  res u l ts obtai ned from the 
ALSEP experiments . The part i c i pat i ng i nvesti gators were 

1 .  Pass i ve Se i smi c Exper iment - G ary V .  Latham, Un i vers i ty of Texas 
at Gal veston , and Nafi Toksoz , Massachu setts Inst itute of Technol ogy 

2 .  Lunar Near- Surf ace Structure ( Acti ve Se i sm i c )  - Robert L .  Kovach , 
Stanford Uni vers i ty 

3 .  Lunar Surface Magnetometers - Palmer Dya l , NASA Ames Research 
Center , and C. P. Sonett , Un i vers ity of Ari zona 

4 .  Suprathermal Ion Detector Experiment - John W .  Freeman , Jr . ,  R i ce 
Un i vers i ty 

5 .  Lunar Heat F l ow Exper iment - Marcus G. Lang seth , Co l umb i a 
Uni vers i ty 

6 .  Charged Part i c l e  Lunar Env i ronment Exper iment - Dav i d  L .  Reasoner , 
R i ce Uni vers i ty 

7 .  Co l d  Cathode Gage Experiment - Franc is  S .  Johnson , Uni vers ity of 
Texas at Da l l as 

8 .  L unar Mass Spectrometer - John H .  Hoffman ,  Uni vers ity of Texas at 
Da l l as 

9 .  Lunar Surface Grav imeter - Joseph Weber , Un i vers ity of 
Maryl and 

10 . So l ar Wi nd Spectrometer - Conway W .  Snyder , NASA Jet 
Propu l s i on Laboratory 

11 . Lunar Ej ecta and Meteori tes - Otto E. Berg , NASA Goddard Space 
F l i ght Center 
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PASS IVE SE I SMIC EXP ER IMENT 

Five sei sm ic  stat ions were dep loyed on the Moon dur i ng Apol l o  mi s 
s i ons 1 1 ,  12 , 1 4 ,  15 , and 16 . The Apo l lo  1 1  stat i on ,  powered by so l ar 
cel l s  and i ntended for operat ion on ly dur i ng the l unar day, fa i led after 
exposure to the f i rst n ightt ime per i od . The rema i n i ng four stat ions , 
powered by rad i o i sotope thermoe lectr ic  generators ,  h ave operated cont i n 
uous ly si nce the i r  i n i t i a l act i v at i on .  These four stat i on s  const i tute 
the Apo l l o se i sm ic  network . The network was comp leted i n  Apri l ,  1972 , 
with the i nstal l at i on of the fourth stat i on i n  the Descartes reg i on of 
the southern h igh l ands dur i ng Apol l o  16 . Each stat ion conta i n s  four  
sei smometers . Three of  these sei smometers form a tr i ax i al set  ( one sen
s i t ive to vert ica l  mot i on and two sen s i t i ve to hor izontal mot i on ) , w ith  
sens i t i v i ty to  ground mot ion sharp ly peaked at  0 .45 Hz . The fourth sei s
mometer is  sens i t i ve to vert ical  mot ion w ith peak sens i t i v i ty at 8 Hz . 

Lunar Se i sm ic ity ( By Gary V .  Latham) 

The se i sm ic  data i nd i cate that there are three primary types of 
s i gnal s :  ( 1 )  deep moonquakes , ( 2 )  shal low moonquakes ,  and ( 3 )  meteoro i d  
i mpacts .  

1 .  The deep moonquakes are repet i t i v e ,  occurr i ng at fi xed locat i ons  
and at  month ly i nterval s ( 27 to  28  days) w i th remark able  reg u l ar i ty .  The  
moonquake foc i occur i n  two narrow bel ts i n  the  nears i de of  the Moon . 
Both belts  are 100 to 300 km wide ,  approximate ly 200 km lon g ,  and 800 and 
1000 km deep . These events are c l ear ly correl ated wi th t i da l  deformat ion 
of the Moon . 

2 .  The shal low moonquakes are located on or near the surface of the 
Moon , leavi ng a l arge gap i n  se i sm i c  act i v i ty between the zone of the shal 
l ow moonquakes and the deep moonquakes . There are no marked regu l ar i t ies  
i n  the i r  occurrence .  These events const i tute a smal l proport i on of the 
total observed se i smi c events ; they are s i gn if i cant because of the h i gh 
energy releas e .  These events average approximate ly 5 /yr , and are most  
l i ke ly less  than 100 km  deep . 

3 .  The meteoro i d  impacts h ave a d i st i nct ive  se i smic  character i st i c  
i n  contrast to the two types of moonquake character i st ic s .  The meteoro i d  
i mpact s  generate the l argest  observed s i gnal s .  

There has been only one fars i de meteoro i d  impact regi stered by the 
seism i c  network . 

Resu l ts from the analys i s  of Apo l lo  se i smic  network data suggest that 

1 .  Pr imi t i ve d i fferent i at i on occurred i n  the outer she l l  of the Moon 
to a depth of approx imately 300 km . 

2 .  The central  reg ion of the Moon i s  present ly mol ten to a rad i u s  of 
between  200 and 300 km . 
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The best mode l for the zone of orig i nal  d i fferenti at i on appears to be a 
crust  40 to 80 km th ick , ranging i n  composit ion from anorthos i t i c  gabbro 
to gabbro; over lyi ng an u l tramafic  cumu l ate ( o l i v i ne-pyroxene) approx i 
mate ly 250 km th ick . The best candidate for the mol ten core appears to  
be i ron or i ron su lph i de .  

Structure of the Moon ( By Naf i Toksoz ) 

The l unar sei smic network estab l i shed by the Apo l l o  Program has pro
v i ded the best data for determ i n i ng the i nternal  structure of the Moon . 
Se i smic  waves can penetrate through a terrestr i al p l anet and provi de de
tai l ed i nformat ion about i t s  i nter ior .  On the Moon , both art i f ic i al im
pacts and natural events ( meteoroi d  impacts and. moonquakes)  were used as 
se i sm ic  sources .  By u s i ng travel  t i mes and ampl i tudes of sei sm i c  phases 
together with the most advanced techn iques of sei smogram analys i s ,  i nves
t i gators have determi ned the exi stence of a l unar crust and properti e s  of 
the l unar mant le  and deep i nter ior .  

Crustal  character i st i c s . - The determi nat i on of crustal structure , 
u s i ng art i fi c i al impacts i n  the Oceanu s  Procel l arum reg i on around the 
ALSEP stat i ons  of Apol l o  12 and 14 , was the fi rst accompl i shment .  The 
crust i s  two l ayered,  w i th a total  th i ckness of approx i mately 60 km i n  
th i s  reg ion . There i s  a secondary boundary at a 20-km depth . More re
cent ly , it has proved poss ib l e  to determ i ne the crustal th i ckness at the 
ALSEP 16  s i te by u s i ng crustal  reverberat ion ( "pegleg"  mu l t i p l es )  that 
fol l owed the S-wave arr i va l s from deep focus moonquakes . Prel iminary 
resu l ts suggest  that the total crustal  th icknes s  under ALSEP 16  i s  approx
i mately 75 km and that the 20-km i nterface al so ex i sts under ALSEP 16 . On 
the bas i s  of u l trason i c  measurements of se ism ic  ve loc i t i es on returned 
l unar samp l e s ,  it i s  suggested that the crust i s  composed predominantly of 
anorthos i t i c  and gabbro ic  compos i t i on . 

Us i ng data from deep and shal low moonquakes and meteoroi d  impacts , 
determi nat i on of l unar structure i s  extended to great depths .  The l unar 
upper mant le  h as a fai r ly homogeneous vel oci ty structure down to depths of 
between 300 and 500 km . The compress iona l  wave ve loc i ty i s  approximately 
8 km/sec , and the shear wave vel oc i ty i s  approxi mately 4 .6 km/sec . These 
veloc i t ies  are con s i stent wi th an ol i v i ne or o l i v i ne-pyroxene compos i t i on ,  
a l though other compos i ti ons are pos s i b l e .  The sei smic qual i ty factor Q ,  
wh ich  descr i bes the attenuat i on of se i sm ic  waves due t o  ane l ast ic  absorp
t i on as they traverse a medium ,  i s  approximately 5000 for P waves i n  
th i s  reg i on . Th i s  very h igh v a l ue i nd ic ates that very l i tt l e  absorpt i on 
i s  taki ng p l ace , a l most certai nly because of a compl ete absence of water 
or other vo l at i les . 

Be l ow a depth of 300 to 500 km , there i s  a decrease i n  the sei sm ic  
ve loc i t i e s . Arr i val s from deep-focus  moonquakes ind icate that the se i sm ic  
vel oc i t i es i n  the  depth range of  500 to  1 000 km  are 7 . 5 km/sec for com
pres s i onal  waves and 4 . 1 km/sec for shear waves . The q u al i ty factor Q 
for compress i onal waves i n  th i s  depth range i s  approx i mately 1500 . The 
changes i n  se i smic  ve loc i ty i n  th i s depth range cou l d  be due to the sub
s t i tu t i on of i ron for magnes ium i n ,  for examp l e ,  the o l i v i ne or pyroxene 
mi nera l  ser i es . Below a depth of approxi mate ly 1000 km , the attenuat i on 
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increases , probab ly due to i ncreased temperatures toward the me l t i ng 
po i nt .  Suffic i ent data does not ex i st at present to determi ne whether 
a sma l l  mo l ten core exi sts i ns i de the Moon . 

Moonquakes and ti des . - From the time of the i r  d i s covery, a c l ass of 
events known as deep-focu s  moonquakes has presented a cha l l enge t o  i n 
vesti gators . Un l i ke the overwhe lmi ng major i ty of earthquakes , moonquakes 
repeat 1 1time after time11 at the same focus at month ly i nterva l s . Th i s  
month ly per i od i c i ty i s  contro l l ed by the ti dal  forces of the Earth upon 
the Moon , and ,  i n  fact , the rate of energy re lease a lso  exh i b i t s  206-day 
and 6 -year per i od i c i t i es ,  al so contro l l ed by the ti des . There have been 
approximate ly 70 foc i d i s covered so far , wi th foca l  depths between approx
imate ly 700 and 1100 km . A l l l ocated epi centers except one l i e on the 
near si de of the Moon , but th i s  i s  probab ly because the Pass i ve Se i smi c 
Exper iment array i s  on the near si de of the Moon and not because deep-focus 
moonquakes are l imi ted to the near s i de .  Deep-focus  moonquakes const i tute 
the vast major i ty of te l ese i smic  events observed by the ALSEP network , 
although they are sma l l  events , hav i ng a maximum R i chter magn i tude of 1 
or 2 .  

Severa l quest i ons  ari se regard i ng moonquakes . Why are they so deep ? 
What forces are respons i b l e  for them? Are they re l ated to ti des ? To an 
swer these questi ons , theoret i c a l  ca lcu l at i ons  of the stress  d i stri but i on 
due to t i dal forces have been made us i ng rea l i st i c  mode l s  of the d i s tri 
buti on of e l asti c constants wi th i n  the Moon . Accord i ng to these ca l cu l a
ti ons , the concentrat i on of focal depths between 700 and 1 100 km is due 
to a decrease in the shear modu l us i n  th i s  reg ion , thus loca l i z i ng the 
stress in th i s  reg i on .  The epi centers , however , do not correspond to l o
cal max imums i n  the ti dal  stress ,  and must be due to l ocal  i nhomogene i t i es ,  
pos s i b ly prev i ous ly ex i sti ng fau l ts .  The t ime h i story of t he ep i centers , 
wh i ch i nc l udes events of reversed pol ar i ty, fol l ows the ti dal  cyc l es so 
cl ose ly that i t  appears l i ke ly that the ti dal forces are a major factor 
for tr i ggeri ng deep-focu s moonquakes . 

LU NAR NEAR-SURFACE STRUCTURE (ACTI VE SEISM I C )  

By Robert L .  Kovach 

Se i smi c refracti on data obtai ned at the Apo l l o  14 , 16 , and 17 l and
i ng s ites permi t a compress i ona l  wave ve loc i ty profi l e  of the l unar near 
surface to be deri ved . Al though t he rego l i th i s  l ocal ly vari ab le  i n  th i ck
ness , it possesses surpri s i ng l y  s imi l ar se i smi c characteri st i cs . Beneath 
the rego l i th at the Apo l l o  14 Fra Mauro s i te and the Apo l l o  16 Descartes 
site is  mater i a l wi th a se i smi c ve l oc i ty of �300 m/sec , bel i eved to be 
brecc i ated mater i al or impact-deri ved debr i s . Consi derab l e  deta i l  is k nown 
about the ve l oc i ty structure at the Apo l l o  17 Taurus-Li ttrow s i te .  Se i smi c 
ve l oc it i es of 100 , 327 , 495 , 960 , and 4700 m/sec are observed . The depth 
to the top of the 4700-m/sec mater i a l is 1385 m, compat i b l e  wi th grav i ty 
est imates for the thi ckness of mare basa l t i c  fl ows , wh i ch f i l l  the Taurus
Littrow val l ey .  The observed mag n itude of the  ve l oc i ty change w ith depth 
and the imp l i ed steep ve l oc i ty- depth grad i ent of >2 km sec- 1  km-1  are much 
larger than have been observed on compaction exper iments on granu l ar 
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mater i a l s  and precl ude s i mp l e  cold  compact i on of a f i ne-grai ned rock powder 
to th icknesses of the order of k i l ometers .  The l arge ve loc i ty change from 
960 to 4700 m/sec i s  more i nd i c at ive  of a compos i t i onal change than a change 
of phys ica l  propert i es a l on e .  Th i s  h i gh ve loc ity i s  be l i eved to be repre
sentat ive  of the mater i a l that forms the l unar h i gh l ands . 

LUNAR SURFACE MAGNETOMETERS 

Three l unar surface magnetometers were successfu l ly depl oyed on the 
Moon as part of the ALSEP program dur i ng the Apo l l o 1 2 ,  15 , and 16  mi s
s i ons . Data from these i nstruments ,  together wi th s imu l taneous measure
ments from other exper iments on the Moon and in l unar orb i t ,  have been 
u sed to study propert i es of the l unar i nter ior and the l unar envi ronment . 

An alyses of lunar magnet i c  data were used to study the fo l lowi ng 
properti es of the Moon : 

1 .  E lectr i c al conduct i v i ty, temperature , and structure of the l unar 
crust and deep i nter ior 

2 .  Lunar magnet i c  permeabi l i ty and i ron abundance , a l so  the i nferred 
l im its  on the s ize of a h i ghly conduct i ng l unar core 

3 .  Lunar surface remanent magnet i c  f i e lds : present-day propert i es , 
i nteract ion wi th  the so l ar wi nd ,  and or ig i n by thermoe l ectr i c  generat ion 

4 .  Lunar envi ronment : lunar atmosphere and ionosphere i n  the 
geomagnet i c  t a i l ,  al so  ve l oc i ty and th ickness of the magnetospheric  
boundar ies  

Lunar E l ectr ical  Conduct i v i ty and Structure 

( By Palmer Dya l )  

E l ectr i ca l  conduct iv i ty of the deep l unar i nter ior has been i nvest i 
gated by u s i ng data from a tota l  of seven l unar magnetometers t o  an alyze 
the eddy-current response of the Moon . Extens ive  analys i s  of one excep
t i onal ly l arge tran s i ent h as a l lowed substant i al i mprovement i n  reso lut ion  
and sound i ng depth for conduct i v i ty analys i s .  Al so , a new techn ique has 
been appl i ed to conduct i v i ty an alys i s  i n  wh ich s i mu l taneous data are used 
from a network of one c l ose-orbi t i ng and two surface magnetometers . As a 
resu l t ,  i t  h as been found that the lunar conduct i v i ty r i ses  rap i d ly w ith 
depth i n  the crust to approxi mate ly lQ-3 mhos/m at a 200- to 300-km depth , 
wh ich  corresponds to the upper-mant le boundary reported i n  se i sm ic  resu l t s . 
From a 300- to 900-km depth , the conduct i v i ty r i ses more gradual ly to 
3 x 10-2 mhos/m .  

An upper l imi t h as been p l aced on the average e l ectr ic al conduct i v i ty 
of the lunar crust as the res u l t  of an invest igat i on of toro ida l  i nduct ion 
i n  the Moon . In the analys i s ,  a theory i s  devel oped for the spher i c al ly 
symmetr ic  case of the i nduct i on f i e ld total ly confi ned to the l unar 
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i nter i or or near-surface regi ons by a h i gh ly  conduct i ng p l asma . Both sys
temat ic  i nstrument al  errors and random errors h ave been i nc l uded i n  the 
crustal conduct i v i ty analys i s ,  in wh i ch it is conc l u ded that for an aver
age g l obal cru st th i ckness of approximate ly 80 km , i nferred from se i sm i c  
resu l t s ,  t h e  crust-surface e l ectr ical -conduct iv i ty upper l imi t i s  approx i 
mate ly 10-8 mhos/m .  The toro i d al i nduct ion resu lts  l ower the surface 
conduct i v i ty l i mit  determi ned from eddy-current response analys i s  by approx
imate ly four orders of magn i tude . 

Lunar permeab i l i ty . - Magnet ic  permeabi l i ty and i ron abundance of the 
Moon h ave been cal c u l ated by an alys i s  of magnet izat i on f i e lds i nduced i n  
the permeable mater i a l  of the Moon . When the Moon i s  immersed i n  an 
external f i e l d  i t  i s  magnet i zed ; the i nduced magnet izat i on i s  a funct ion 
of the di stribution of permeab le  mater i a l  i n  the i nter ior . Dep l oyment of 
Apol lo  magnetometers on the lunar surface permi tted s i mu l taneous measurement s 
of the total  response f i e l d  at the l unar surface as we l l  as measurements 
of the extern al  i nducing  f i e l d by an Exp lorer 35 magnetometer .  The tota l  
response f i e l d  � measured at the l unar surface by an Apol lo  magnetometer 
i s  the sum of the external  and i nduced f i e lds : 

where �e i s  the external  magnet i z i ng f i e l d ,  �· Be i s  the magnet izat i on 
f i e ld induced i n  the permeab l e  l unar mater i al , ana � i s  a funct ion of 
the magnet ic  permeabi l i ty .  

From a data p l ot of the rad i a l component of B compared to the rad i 
a l  component o f  H ,  the g lob al  lunar permeab i l i ty has been determi ned to 
be � = 1 .012 ± 0 .006 The correspond i ng g l obal i nduced d ipo l e  moment i s  
approximate ly 2 x 1o14 T/cm3 ( 2  x 1o18 G/cm3 ) for typ i c a l  i nducing  f i e l ds  
of 10-8 T ( lQ-4 G )  i n  the l unar envi ronment . The measured permeab i l i ty 
i ndicates that the Moon re sponds as a paramagnet ic  or weak ly ferromagnet i c  
sphere and th at the Moon i s  not composed ent i rely of paramagnet ic mater i al , 
but that ferromagnet i c  mater i al such as free i ron exi sts i n  s uff i c i ent  
amounts to  dom i nate the bu l k  l unar su scept i b i l i ty .  

Iron abundance . - Under the assumpt ion that the permeab l e  mater i al i n  
the Moon is  predominantly free i ron and i ron-bear i ng mi neral s ,  the l unar 
free i ron abundance has been determi ned to be 2 .5  ± 2 .0 wt .% . Total  i ron 
abundance has been ca lcu l ated to be 9 . 0 ± 4 . 7 wt .% . Other l unar mode l s  
with a smal l i ron core and w ith a shal low i ron-r i ch l ayer h ave al so been 
exami ned in l i ght of the measured g l obal  permeab i l i ty .  

Core s ize l i m i ts . - The l unar magnet ic  permeab i l i ty determined from 
magnetometer measurements has al so been used to p l ace l im its  on a pos s i b l e  
h ighly conduct ing core i n  the Moon . For th i s  ana lys i s ,  the Moon i s  repre
sented by a three- l ayer magnet ic model : an outer she l l of temperature 
T be low the Cur i e  po i nt Tc , for wh ich  permeab i l i ty � i s  dominated by 
ferromagnet ic free iron ; an i ntermed i ate shel l of T > Tc where permeab i l i ty 
i s  approxima�e ly �0 , ( permeabi l i ty of free space ) ;  and a h i gh ly conduct i ng 
core (cr  > 10 mhos/m) mode l ed by � = 0 .  Th i s  core effect ive ly excl udes 
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externa l  magneti c  f ie l ds over time peri ods of days  and therefore acts as 
a strong ly d i amagnet ic  reg i on (� + 0 ) . 

A theoreti ca l  ana lys i s  was conducted to re l ate the i nduced magneti c  
d i po l e  moment to the core s i ze .  The i nduced di po l e  moment has been deter
mined from s imu ltaneous Apo l l o  12 and Exp lorer 35  measurements to  be ( 2 . 1  
± 1 . 0 )  x to14 T/cm3 ( ( 2 . 1 ± 1 .0 )  x 1018 G/cm3{ and from s imu l taneous Apo l l o  
15 and 16 measurements to be ( 1 .4 ± 0 . 9 )  x 10 4 T/cm3 ( ( 1 .4 ± 0 . 9 )  x 10 18 
G/cm3 ) .  The theoreti cal resu l ts show that the core s i ze i s  a functi on of 
the depth of the Curi e i sotherm and l unar compo s i t ion , and th at a h i gh ly 
conduct i ng core of max imum radi us 535 km is pos s i b l e  for the extreme case 
of a magnes i um-si l i cate dom inated orthopyroxene Moon wi th a Cur i e  i sotherm 
depth of 250 km. Conducti v i ty resu l ts verify th i s  upper l imit  for a core 
of conduct i vi ty greater th an 10 mhos/m. However , the m in imum rad i us for 
a h i gh ly conducti ng core i s  zero , i .e . ,  there i s  no pos i ti ve i ndi cat i on 
at th i s  t ime that any core of conduct i v i ty greater than 10 mhos/m need 
ex i st in the Moon . 

Permanent magnet i c  properties  of  remanent fi e l ds . - The permanent mag
net i c  fiel ds of the Moon have been i nvesti gated u s i ng s urface magnetometer 
measurements at four Apo l l o s i tes . A l unar remanent magnet i c  f ie l d  was 
fi rst measured in s i tu by the Apo l l o  12 l unar s urface magnetometer that 
was dep l oyed on the eastern edge of Oceanus Proce l l arum. The permanent 
f i e l d  magn i tude was ( 38 ± 3) x l0-

9 T ( 38 ± 3 gammas ) ,  and the source of 
thi s  f i e l d  was determi ned to be l oc a l  i n  extent . Subsequent to th i s  meas 
urement of an i ntri ns i c  l unar magneti c  fiel d ,  surface magnetometers have 
measur9ed f i e l ds at the Apo l l o  14 , 15 , and 16 s i tes . Fi e l ds of ( 103 ± 5 )  
x 10- and (43 ± 6 )  x Io-9 T ( 103 ± 5 and 43 ± 6 gammas ) ,  at two s i tes 
located approx imately a k i l ometer apart , were measured by the Apo l l o  14 
l unar portab l e  magnetometer at Fra Mauro . A steady f i e l d  of ( 3 .4 ± 2 .9 )  
x to-9 T ( 3 .4 ± 2 . 9  gammas ) was measured near Had l ey R i l l e by the Apo l l o 
15 l unar surface magnetometer . At the Apo l l o  16 l and i ng s i te ,  both a port
ab l e  and stat ionary magnetometer were dep loyed ; magneti c  fi e l ds rang ing be
tween 1 12 x l0-9 and 327 x l0-9 T ( 112 and 327 gammas ) were measured at 
f i ve d i fferent locations over a tota l  d i stance of 7 . 1  km at the Descartes 
l andi ng s i te .  These are the l argest l unar fie l ds yet measured . 

Thermo e l ectri c origin of cru stal  remanent magneti sm . - Measurements of 
remanent m agnetizat i on i n  returned l un ar sampl es i nd i cate that magneti c  
f i e l ds of lo-7 to lo-4 T ( to3 to 105 gammas ) ex i sted at the surface  of the 
Moon at the time of crustal so l i d i fi cati on and coo l i ng .  A thermoe l ectr i c  
mechani sm has been investi gated to exp l ain the ori g in  o f  these magnet i c  
fi e l ds .  When the crust was sti l l  on ly a few k i l ometers th i ck ,  i nfal l i ng 
materi a l  cou l d  have penetrated i t ,  expos ing the magma beneath and form i ng 
many l ava-fi l l ed bas i ns .  The resu l ti ng model has two l ava bas i ns ,  w ith 
d i fferent surface temperatures , connected beneath the surface by magma . 
Th i s  confi gurat i on has the bas i c  e l ements of a thermoe l ectric  c i rcu i t :  
two d i ss im i l ar conductors joi ned at two junct i ons th at are at d i fferent 
temperatures . The thermal e l ectromoti ve force in the c i rcu it  depends on 
the e l ectroni c properti es of the l unar crust and the p l asma ; in part i cu
l ar ,  on the d i fference i n  thei r  Seebeck coeffi c i ents . For a rel ati ve See
beck coeff i cient of 103 � V/K , thermoel ectri ca l ly generated magneti c  f i e l ds 
rang i ng from approx imately 10-6 to lo-5 T ( 103 to 104 gammas ) are cal cu
l ated depending  on bas i n  s i zes and separations . These fi e l ds are l arge 
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enough to have produced the remanence i n  mgst of the returned l unar samp l es .  
F ie lds as h i gh as approx imate ly 1o-4  T ( 10 gammas ) ( i nd i cated for some 
returned l unar samp l es ) are atta i nab l e  from the mode l if one uses upper
l imit val ues of the Seebeck coeffi c i ent and i nc l udes effects of so l ar-wi nd  
compress i on of l unar surface fi e lds . The thermoe l ectri c mechan i sm is  com
pati b l e  with the h i gh degree of i nhomogene i ty found i n  measured remanent 
fi elds and wi th the absence of a measurab l e  net gl obal magnet i c  moment . 

Apo l l o 12 and 15  Magnetometers 

( By C. P. Sonett ) 
Two pri nc i pal res u l ts of the Apo l l o  12 and 15 Lunar Surface Magnetom

eter Exper iments , are ( 1 )  the d i scovery of a permanent magnet i c  f i e l d  at 
the Apo l l o  12 s i te w i th a regi onal ( 1  to 100 km ) sca le  and ( 2 )  the d i scov
ery that the Moon res ponds strong ly  to e l ectromagnet i c  exc i tat i on by the 
sol ar w i nd .  The permanent magnet i c  f ie ld  was unexpected but is fu l ly con
s i stent wi th the d i scovery of pa l eomagnet i sm i n  Apol l o  11 l unar samp l es .  
The Apo l l o  12 resu l ts have been extended by Expl orer 35 mapp i ng of the 
l imb s hock s .  Very detai l ed maps of the reg i onal  magnet i zati on have been 
made by the Apo l l o  subsate l l i tes . 

The e l ectromagnet i c  exc itat i on i s  a new c l ass  of pl anetary exc i ta
ti on by the so l ar wi nd . It i s  of i ntri ns ic  i nterest from the standpo i nt 
of superson i c  p l asma f low past pl anets . From the standpo i nt of p l anetary 
i nteri ors , a deta i l ed procedu re for el ectromagnet i c  sound i ng of the bu l k  
e l ectr i ca l  conducti v i ty of the Moon ' s  i nteri or has been devel oped by u s i ng 
the exc itat ion .  Present-day research shows the absence of a metal l i zed 
core of rad i us greater than 400 to 500 km but cannot yet ru l e  out a core 
of sma l l er rad i u s .  Conducti v ity at depths of 100 to 500 km have yi e l ded 
a mode l -dependent thermal grad i ent and heat fl ux cons i stent with the l atest 
heat f l ow measurements . The pers i stence of a sp i ke l i ke conducti v ity anom
aly at a depth of 150 to 250 km i nd i cates that further work is  requ i red on 
i ncreas i ng data reso l ut i on to confi rm th i s  ch aracter i st i c . 

The Apol l o  15 data suggest that the Imbri um Bas i n  i s  s l owly sett l i n g .  
Th is resu l t  comes from mode l ca l cu l ati ons based upon the Apo l l o 15 conduc
ti vity data that show a r i ng l i ke res i st i v i ty, i ncreas i ng at the edges of 
the mare . Sett l i ng of Imbri um Bas i n  had been prev i ou s ly sugges ted from 
stud i es of mascon an i sostasy, l unar tran s i ent events , and se i smi c act i v i ty .  
The Apo l l o  1 5  conducti v ity i s  reported to be repeated at Mare Seren i t ati s 
by the Russ i an Lun i kod data ,  thu s  i ncreas i ng the l i ke l i hood that the Apol l o  
1 5  conc lu s i on i s  correct . 

The most recent research on Apo l l o  12 shows that the Moon i s  exc i ted 
e l ectromagneti ca l ly by pressure fl uctuat i ons i n  the darks i de d i amagnet i c  
cavity. These are dri ven by the so l ar wi nd . The cav ity acts l i ke a so l e
noi d  and the fr i ng i ng f ie ld  extends i nto the Moon . Thu s ,  exc i tati on i s  su
per imposed upon the normal fronts i de i nduct i on forced by the i ntegral mag
neti c f ie l d .  
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SUPRATHERMAL ION DETECTOR EXPER IMENT 

By John W. Freeman , Jr . 

The res u l ts of the ALSEP Suprathermal  Ion Detector Exper iment ( S IDE )  
may be d i v i ded i nto two categor i es :  those perta i n i ng pr i nc i pa l ly to the 
Moon and i t s  i nteracti on with i ts env ironment and those perta i n i ng to the 
Earth • s  magnetota i l .  

Regard i ng the fi rst category, the SIDE  demonstrated the acce l erat i on 
and re impl antati on of atmos pher i c  i ons by the so l ar wi nd . By f i tti ng the 
observed ion energy spectra to neon and argon masses , surface number den
s i ti es for these gases were obtai ned near the termi nator . A l so ,  the e l ec
trostat i c  screen i ng l ength of the surface e lectr i c  fi e l d  was obtai ned and 
found to be 2 orders of magn itude greater than expected from Debye s creen
i ng l ength theory. Thi s  is be l i eved to be due to the presence of a c l oud 
of hot sol ar-wi nd e l ectrons near the termi nator presumab ly generated by 
the l imb shock of the so l ar wi nd . The S IDE  data prov i de the on ly  ev i dence 
to date for s uch a c l oud .  

Efforts to fi nd vari at i ons  i n  the l unar atmosphere resu l t i ng from en
dogenous l unar gas emi ss i ons have been fru strati ng .  The daysi de l unar i on
osphere number den s i ty was routi ne ly mon i tored for many months by acce l er
ati on of amb i ent i ons i nto the detector by the art i fi c i al e l ectr i c  f i e l d  
prov i ded wi th the i nstrument . The i onosphere was found t o  vary with changes 
i n  the sol ar-wi nd fl ux and the extreme-u l trav i o l et ( EUV )  fl ux from the Sun . 
The so l ar-wi nd rel ated enhancements suggest exten s i ve sputter i ng of the 
l unar so i l .  These enhancements together with EUV modu l at i ons tend to mask 
atmospher i c  changes due to l unar sources . On ly one poss i b l e  natural  event 
has been found to date . Th i s  event , pr i nc ipal ly water vapor , mu st remai n 
su spect becau se of its  proxim ity to the Apol l o  14 mi s s i on .  However , the 
l arge magn itude and the l ong time durati on of the event argue agai nst a 
mi s s i on re l ated source . 

U s i ng S IDE data from other events , i nvest i gat i ons have determi ned 
d irect ly the  d i ss i pati on time of rocket exhau st gases from the Apol l o  
l andi ng s i tes . The e-fol d i ng decay t ime for heav i er gases i s  found to 
be approximate ly 1 month . 

The S IDE  made the fi rst meas urements of the e l ectr i c  potenti al of 
the l unar surface i n  the so l ar wi nd on the daysi de and term inator s i de 
of the Moon . The Moon was found to be charged to approximate l y  +10 V on 
the daysi de goi ng to - 100 V at sunset and sunr i se . The SIDE  observat i on 
of sporad i c  fl uxes of n i ghtsi de i ons suggests a n i ghtsi de potenti a l of 
approximate ly -250 V .  The source of these n i ghts i de i ons  i s  not yet 
fu l ly understood . 

Regard i ng the second category, the SIDE made an important contr i but ion 
to magnetospher ic  research by d i s coveri ng  a new p l asma reg ime i n  the l obes 
of the magnetota i l .  Th i s  regime cons i sts  of l ow-energy p l asma streaming  
al ong magneti c-fi e l d  l i nes away from the Earth . The p l asma,  i n  add i t i on 
to protons , i s  found to cons i s t  of s i ng ly ion i zed oxygen and/or n i trogen . 
The source of these i ons i s  bel i eved to be the Earth • s  i onosphere . Th i s  

6-9 



has forced a reeval uat i on of current th i nk i ng regard i ng the source of the 
p l asma mant le and boundary l ayer . 

The SID E has a l so prov i ded the best data on the p l asma sheet and mag
netos heath at l unar d i stances . As a resu l t ,  several new types of p l asma 
sheet spectra have been found and asymmetr i es i n  the magnetos heth have 
been d i scovered . The S IDE has prov i ded the f i rst observat i on of d i rect 
entry of magnetosheath p l asma i nto the pl asma sheet . The SIDE  has a l so 
been used to study the propagat i on of the bow shock protons upstream i n  
the so 1 ar wi nd . 

In  summary, the S IDE has been a very successfu l exper iment prov i d i n g  
i nformat i on on severa l  d i fferent areas of space sc ience . Data ana lys i s  i s  
cont i nu i ng and new aspects of the data are sti l l  be i ng uncovered . 

LUNAR HEAT FLOW EXPER IMENT 

By Marcus G .  Langseth 

The Heat F l ow Exper iment was des i gned to make di rect observat i ons  of 
the r ate of heat l oss through the surface of the Moon at the Apo l l o l and- 1 
i ng si tes . Two of these exper iments were depl oyed successfu l l y dur i ng the 
Apo l l o program ; one at Had l ey R i l l e ( Apo l l o  15 )  and the other at Taurus 
L i ttrow (Apol l o  17 ) .  A th ird i nstrument was dep loyed at the Apol l o  16 l and-
i ng s i te ,  but a broken cab l e  between the central stat i on and the exper iment 
made it use l ess . The pri nc i pa l  components of the experiment were probes , 
each wi th 12 thermometers of except i onal accuracy and stab i l i ty,  that 
recorded temperature vari at i ons  at the surface and i n  the rego l i th down to 
2 . 5  m .  The Apo l l o  15 exper iment recorded temperatures for a per i od of 4 . 5  
years and the Apol l o  17 probes , wh i ch were sti l l  return i ng accurate res u l ts 
when the i nstrument was turned off ,  recorded 4 years and 10 months of l unar 
surface and subsurface temperatures . These data prov i ded a un ique and va lu-
ab le  h i story of the i nteract i on of sol ar energy wi th l unar surface and the 
effects of heat f l owi ng from the deep i nter ior out through the surface of 
the Moon . The i nterpretati on of these data resu l ted i n  a c l e arer defi n i t i on 
of the thermal and mechan i ca l  propert i es of the upper 2 m of l unar rego l i t h ,  
d i rect measurements of the grad i ent i n  mean temperature due to heat fl ow 
from the i nter i or ,  and a determi nat i on of the heat f low at the Apol l o  15 
and 17 s i tes . 

Si gnifi cant new observat i ons  that resu l ted from the experiment are 
as fo l l ows : 

Datum Had 1 ey R i 11 e 

Mean surface temperature , 
K . • . • . • • • • . • • • • • • • • • . • • • • • • • 207 

Max imum mean subsurface 
temperature of und i sturbed 
rego l i th ,  K • . • . . . • • . . . . • . . • • 253 .0  ( 1 . 38 m ) 
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Taurus L i ttrow 

216 

256 . 7  ( 2 . 34 m ) 



Datum 

Thermal conducti v ity of the 
s urface l ayer mW m-1 K-1 ( at 
1 20 K )  . . . . . . . . . . . .  · · · · · · · · · · 

Average conducti v ity bel ow 10 
C mW -1 K-1  m ,  m . . . . . . . . . . . . .  . 

Depth at wh i ch l unat i on fl uctu
ati ons fa l l  to 1% of surface 
v a 1 ue , m • • • . • • • • • . • • • • • • • . • •  

Depth at wh i ch annual fl uctua
t i on fal l s  to 1% of surface 
v a 1 ue , m . • • • • . . • . . • • • • • • • • • •  

Mean vert i ca l  temperature 
gradi ent (most re l i ab l e  probe ) ,  
K/m • • . • • • • • . • • • • • . • • • . • • • • • •  

Observed s urface heat f l ow,  mW/m2 

Correct i on app l i cab l e  to the 
observed heat fl ow due to 
terra i n ,  percent • • • • • • • • • . •  

Had l ey Ri l l e 

1 . 2 ± 0 . 03 

10 ± 10% 

0 .  29 

1 . 35 

1 . 85 

21 

<4 

Taurus L i ttrow 

1 . 5  ± 0 . 03 

15  ± 10% 

0 . 33 

1 . 48 

1 . 35 

16 

-10 

Surf ace temperatures and nature of shal l ow rego l ith . - Surface ther
mometers of the heat fl ow experiment provi ded a complete h i story of the 
surface vari ati on of temperature duri ng the observat i on peri od . Two im
portant d i s cover ies stemmed from the i nterpretat i on of these data.  

1 .  A 30 to 35 K d i fference i n  mean temperature occurs across the 
upper few centimeters of the rego l i th because ,  i n  th i s  re l ati ve ly f l uffy 
l ayer , rad i ati ve heat transfer predomi nates . At l unar noon , near ly 70 
percent of the heat transfer in th i s  l ayer occurs by part i c l e-to-part i c l e  
rad i at i on .  

2 .  The thermal response of the regol i th to var i at i ons i n  so l ar rad i a
ti on ( due to ec l i pses , rotati on of the Moon on i ts ax i s ,  and the eccentr i c
i ty of its  orbit about the Sun ) are we l l  descr i bed by a two l ayer mode l of 
the upper 2 . 5  m of the rego l i th ,  wh i ch is comDr i sed of a th i n  ( 2  to 3 em ) 
surface l ayer of l ow dens ity ( 1 . 1  to 1 . 2 g{cm3l very fi ne mater i al of ex
treme ly  l ow conducti v ity { 0 . 9  to 1 . 6  mW m- K- ) .  Th i s  l ayer over l i es a 
h i gher dens i ty ( 1 . 75 to 2 . 10 g/cm3 ) ti ghtly compactld l fyer of fi nes that 
have a qu i te uni form conduct i v i ty of 10 to 15 mW m- K-

• The thermal con
ducti v i ty of the deeper l ayer was determined by carefu l ana lys i s  of the 
downward propagati on of l ong-term s urface vari at i ons of temperature , s uch 
as the annua l  vari ati ons and d i sturbances cau sed by the v i s i ts of the astro
nauts to t he s i tes . The val ue of conduct i v i ty i nferred for th i s  deeper 
l ayer i s  cons i derab ly h i gher than can be ach i eved by compact i on of l unar 
soi l s  in t he l aboratory, s uggesti ng that on the Moon the so i l s  be l ow a 
few centimeters have been compacted i nto a mechan ical  confi gurat i on that 
has evol ved over mi l l i ons of years . Th is ch aracter i z at i on of the l unar 
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so i l  l ayer wi l l  be important when the t i me comes to estab l i sh permanent 
bases or sc ient i f i c  stati ons on the lunar surfac e .  

Temperature grad ient and heat f low. - The i ncrease of mean temperature 
w ith depth ,  due to heat f low from the i nter i or ,  var i es between the four  
s i tes as a resu l t  of  local  d i sturbances and  regi onal var i at i ons  i n  surface 
heat flow .  The average grad ient observed was 1 . 6 K/m .  Th i s  va lue  is i n  
agreement wi th the vertical  temperature grad i ents deduced from rad i ote l e
scope observat i ons  of long wave l ength rad i at ion  from the who l e  d i sk of the 
Moon .  The observed i ncrease in br ightness temperature with wave l ength , 
when combined w ith the e l ectromagnet i c  propert ies  measured on  Apo l lo so i l  
s amp les , indi cate a grad i ent of 1 . 5 to 2 . 0 K/m.  The s i gn i ficance of  th i s  
agreement  i s  th at i t  i nd icates that the mean of the fou r  Apol lo  measurements 
is  probably representat ive of the nears ide of the Moon . 

The observed mean grad ient of 1 . 6 K/m and the thermal conduct i v i ty of 
the rego l i th be l ow 3 em comb i ne to y i e l d  a heat f low of 17  mW/m2 , with an 
est imated uncertainty of 20 percent . How representat ive  th i s  value is of 
the true average heat l os s  from the Moon is d i fficu l t  to say with so few 
data that vary so wide ly .  There i s  some evi dence that suggests i t  may be 
qu i te representat ive . The l arge var i ati ons of heat f low th at are observed 
over the surface of the Earth are mai n ly associ ated with the boundar ies  of 
convergi ng and d i verging  l i thospher i c  p l ates . The l ithosphere of the Moon , 
on the other han d ,  i s  r i g i d  and stat ic  so that var i at i ons assoc i ated with 
tecton i cs are u n l ike ly .  Reg i onal  var i at i ons i n  heat f l ow on the  Moon are 
more l ik e ly assoc i ated with var i at ions in abundance of long-l ived rad i o
act i ve i sotopes of potass i um ,  thor ium ,  and uran i um . These i sotopes were 
mob i l ized by the igneous act i v i ty that formed the lunar crust and f l ood i ng 
of the mare bas i n s .  Orb i tal gamma-ray observat ions , g l obal  photomapp i n g ,  
and Apo l l o samp les al low some est imates o f  the var i abi l i ty o f  heat f low .  
The investigators • analys i s  suggests that th i s  var i abi l i ty i s  smal l .  
Last ly, a cr i t ica l  an a lys i s  of crust and mant le  temperatures th at wou l d  
b e  imp l i ed by a heat flow between 1 2  and 1 8  mW/m2 g i ves val ues th at are 
i n  good agreement with se i smic  and magnet ic data that depend  on mant l e  
temperatures . The heat-fl ow resu l t  imp l i es temperatures with i n  a few hun
dred degrees of me l t i ng at depths of approx imate ly 300 km . 

For a p l anet as smal l as the Moon , most  of the heat escap i ng through 
the surface i s  produced by radioact i ve i sotopes in the i nter ior .  If one 
as sumes that th i s  i s  the case for the Moon ,  then the observed heat-flow 
va lue  wou ld req u i re a uran i um content of approximate ly 30 x 1o-9 to 45 x 
10-9 g/g . Th i s  amount i s  s imi l ar to th at estimated for the mant l e  of the 
Earth .  

CHARGED PARTICLE LUNAR ENV IRONMENT EXPER IMENT 

By Dav i d  L .  Reasoner 

The Charged Part i c l e  Lunar Env i ronment Exper iment ( CPLEE)  cons i sted 
of a pai r of ion-e l ectron spectrometers des i gned to measure the character
i st ics of the l unar p l asma envi ronment . The l unar orb i t  exposes the Moon 
to a wide var iety of p l asma cond it ions , i nc l ud i ng the so lar wind,  the bow 
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shock formed by the so l ar -wi nd-Earth i nteract i on ,  the magnetosheath , and 
the Earth • s  magneti c tai l  regi ons contai n i ng the p l asma sheet . Thu s ,  i n  
one sense , the Moon served as a sate l l ite to carry the on l y  CPLEE i nstru
ment through var i ous regi ons of space , and ,  in another sense , the CPLEE 
was a detector of phenomena resu l t ing  from the i nterac t i on of photons and 
charged part i c l es with the l unar surface . 

The CPLEE was dep l oyed and act i vated as part of the Apo l l o  14 ALSEP 
on . February 5 ,  1 971 . From the fi rst moment of operati ons , the i nstrument 
began return ing data on the l ayer of photoelectrons created by sun l i ght 
str i k i ng the l unar surface . Studi es of the character i st i cs of these pho
toe l ectrons showed that the l unar surface reached a pos i t i ve potent i a l  
of 200 V i n  l ow dens ity p l asma cond i t i ons . Further study showed the mod
u l at i on of the surface potent i a l by charged part i c l e  fl uxes and the ef
fects of l unar remnant mangetic fi e l ds upon the photoe l ectrons . 

A unique  opportunity for p l asma research was offered by the impact of 
the l unar modu l e  onto the l unar surface fo l l owi ng transfer to the command 
ser v i ce modu le . The impact resu l ted in an energet i c  i on-e l ectron c l oud de
tected by t he i nstrument , and the t ime de lay between impact and observat i on 
of the c l ou d  showed that the pl asma was be i ng created and energ i zed by the 
i nteracti on between the so l ar wi nd and a neu tral  gas c l oud produced by t he 
impact . 

The CPLEE was used to make extensi ve studi es of the p l asma character
i s t i cs of the d i stant reg i ons of the Earth • s  geomagnet i c  tai l and magneto
sheath . The d i stri buti on of the p l asma sheet was mapped , and the shadow
ing effects of the l unar surface upon the pl asma sheet popu l at i ons was i n
vesti gated . The response of the p l asma sheet to geomagnetic substorms was 
seen to be an i ncrease i n  the p l asma density and temperature , and the t ime 
de l ay between the s ubstorm on Earth and its appearance at the Moon was about 
1 hou r .  Geomagnet i c  storms were al so  found to produce l arge changes in the 
ta i l  p l asma popu l ati ons and the l ocati ons of the ta i l  boundar i es .  A s i gn i 
fi cant d i s covery was the observati on o f  electron popu l at i ons i n  the magne
tos heath that were typi cal of p l asma s heet e l ectrons , showi ng that part i c l es 
and energy are ab l e  to traverse the magnetopause boundary. 

Dur i ng the l unar n i ght porti on of the orb i t ,  when l unar surface pho
toe l ectrons were absent , the i nstrument was v i ewi ng i nto the downstream 
cav ity of t he so l ar-wi nd wake.  A lthough a fi rst-order treatment of the 
fl ow pro b l em wou l d  pred ict a p l asma vo i d ,  it was found that s i gn i fi cant 
l ow energy ( up to 500 eV) e l ectron fl uxes were observed sporad i ca l ly 
throughou t the l unar n i ght . One type of fl ux event was seen on ly when the 
i nterpl anetary magneti c f ie ld  connected the Moon to the Earth • s  bow s hock 
reg i on .  These e l ectrons were therefore energi zed at the bow shock and 
propagated upstream to the Moon . Another type of event was found to c l us
ter near the termi nators and were i dent ifi ed as a res u l t  of sol ar-wi nd 
i nteracti ons with the l unar termi nators . These fl uxes are s i gn i fi cant i n  
that , i n  the absence of sun l i ght and hence photoe l ectrons , they wou l d  
charge t he l unar surface to h i gh negati ve { approx imate ly  1000 V )  poten
ti a l s  and wou l d  therefore be a source of e lectrostat ic  energy on the 
s urface . 
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In summary , depl oyment of the CP LEE i n strument on the l unar surface 
provi ded a wea lth of new i nformat ion on the interact ions among photons ,  
solar and terrestr i a l  p l asma popu l at i on s ,  and the l unar envi ronment . 

COLD CATHODE GAGE EXPER IMENT 

By Franci s  S .  Johnson 

The gages dep loyed on the l unar surface measured the amounts of gas 
present in  the v i c i n i ty of the ALSEP s i tes . The observed dayt ime gas con
centrat ions were i n i t i a l ly approximate ly two orders of magn i tude greater 
than the n i ghttime observat i ons . Th i s  was almost certai n ly due to contam
i nation of the l and ing s i te by the Apo l lo  operat ions and equ ipment ; the 
daytime measurements showed a decrease w ith t ime and was character ized 
by a t i me constant of a few months .  The observed n ightt ime concentrat ions  
were approxi mate ly 2 x lOl l  part i c l es/m3 ; th i s  probab ly represents the 
true amb ient level  because contami nant gases apparent ly "freeze out"  at 
the low n ightt i me temperatures on the Moon ( i .e . , they are absorbed on the 
l unar surface ) . The n i ghtt ime concentrat ion i s  in reasonab le  agreement 
w i th the amount of neon that shou l d  be expected from the so l ar w ind ,  tak i ng 
i nto account escape from the Moon and red i str ibut ion over i ts surface due 
to temperature grad i ents . Neon i s  the gas of so l ar w ind or i g i n  that shou l d  
be most abundant ; heav i er gases , whose escape from the Moon l ike neon i s  
control l ed by photo ion i z at i on ,  are less  p l ent ifu l  than neon i n  the so l ar 
wind ,  and l ighter gases escape more rap i d ly than neon due to thermal escape . 
However , the mass spectrometer on Apo l l o 17  i nd i cated that hel i um i s  more 
important than neon , probab ly due to absorpt ion of neon on the surface . 
Many trans i ent gas c l ouds were observed , but these appear to have been 
released from Apo l l o  hardware left on the l unar surface . 

LUNAR ATMOSPHER IC COMPOS ITION EXP ER IMENT 

By John H .  Hoffman 

The Apo l lo 17 ALSEP mass spectrometer exper iment provi ded data on 
the di str ibut ions of argon-40 ( 40Ar) and he l i um-4 ( 4He ) i n  the l unar at
mosphere . These are the most abundant gases . Because of a l ack of atomic  
co l l i s ion s ,  each gas  forms an  i ndependent atmospher ic  d i str ibut ion . Argon 
i s  absorbed on l unar surface so i l  gra i n s  at n i ght , cau s i ng a n i ghtt ime con
centrat i on m i n i mum . At the sunr i se termi nator , there i �  a sudden re lease 
of argon yi e l d i ng a l ocal  abundance of 3 x 104 atoms/cmJ . In contrast ,  
he l i um i s  v i rtual ly nonconden s i b l e ,  and hence has a n ightt ime maximum of 
concentrat ion i n  accordance w ith the c l as s ica l  l aw of exospher ic  equ i l i br i um .  
The n ighttime concentrat ion maxi mum o f  he l i um was found t o  b e  4 x 104 atoms /cm3 . 
In  addi t i onj there i s  ev i dence i n  the data for the ex i stence of ver3 sma l l 
amounts of 6Ar(�2 x 103 ) methane , ammon i a ,  and carbon d i ox i de (�10 each4 
�� the sunri sj termi nator and for n ighttime upper bounds of 2UNe {<4 x 10 ) ,  

Ne ( <5 x 10 ) ,  and H2 ( <3 . 5 x 104 ) .  The total n ightt ime atmospher i c  
abundance , however , i s  somewhat l ower than was expected . 
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The meas urements of 40Ar and 4He have been used i n  the s¢8thes i s  of 
atmospher i c  s upp ly and l oss mechan i sms . E ssenti a l ly a l l  the Ar on the 
Moon comes from the decay of potass i um-40 (40K ) i n  the l unar i nter ior . 
Var i ab i l i ty of the amount of atmospheric  argon ( a  6- to 7-month per i od i c i ty 
has been observed ) suggests a l oca l i zed source reg ion . The magn i tude of 
the average es cape rate, approx imately 8 percent of the total l unar argon 
product ion rate , indi cates that the source may be a part i a l ly mo lten core 
with rad i us of approx imate ly 750 km , from wh ich a l l argon i s  rel eased . 

Most of the he l i um i n  the l unar atmosphere i s  of s o l ar-wi nd or i gi n ,  
a l t hough approx imate ly 10 percent may be due to effu s i on of rad i ogen i c  
he l i um from the l unar i nter i or . The atmospher i c  he l i um abundance changes 
in response to sol ar-wi nd fl uctuati ons , s uggest i ng surface weatheri ng by 
the so l ar wi nd as a re l ease mechan i sm for trapped he l i um .  Atmospher i c  
escape accounts for the rad i ogen i c  he l i um and approx imate ly  60 percent of 
the so l ar-wi nd al pha-part i c l e  infl ux . The mode of loss  of the remai n i ng 
sol ar-wi nd he l i um i s  probab ly nonthermal sputteri ng from so i l  gra i n  
surfaces . 

LUNAR SURFACE GRAV IMETER EXPER IMENT 

By Joseph Weber 

Approx imate ly 1 year of data are recorded on magnet ic  tape for l unar 
surface vert i ca l  acce l erat i on .  The sens it i v ity i s  est imated to be a few 
angstroms ( lo-10 m)  d isp l acement in the v i c i n i ty of a narrow spectral band 
(Q  = 25 ) in the vi c i n i ty of 1 . 5  hertz .  The passband of the i nstrument i s  
from de to approx imate ly 20 hertz . 

Parti a l  analys i s  of data has found no resonances correspond ing to the 
l unar free modes of osc i l l at i on ,  and no evi dence was found of corre l at i on of 
l unar surface acce l erati on wi th coi nc i dence events observed us ing the grav i 
tati onal radi ati on detectors at the Uni vers i ty of Maryl and and at the Argonne 
Nat i ona l  Laboratory. It shou l d  be noted that on ly extreme ly wi deband phenom
ena wou l d  h ave been observed i n  s uch a corre l ati on analys i s .  The Argonne
Maryl and detectors have a very narrow passband in the v i c i n ity of 1660 
hertz ,  wh i ch i s  far from the l unar-surface-grav imeter passband near 1 hertz . 

SOLAR W I ND SPECTROMETER 

By Conway W. Snyder 

The so l ar wi nd spectrometers were dep l oyed on the l unar surface dur i ng 
Apo l l o  12 and 15 . The primary obj ecti ve was to measure the properti es of 
the so l ar -wi nd pl asma that stri kes the l unar surface , to compare these with 
the properti es of the und i sturbed sol ar wi nd i n  near- l unar space , and to 
determi ne whether any observed d ifferences cou l d  prov i de i nformati on about 
the Moon . 
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At the Apol l o  15  s i te ,  where the l oca l  magnet i c  f i e l d  i s  approximate ly  
3 x 1Q-9 T ( 3  gammas ) ,  the proton observat i ons show no meas urab le  d i ffer
ences when compared to up stream so l ar-wi nd data .  El ectron observat i ons  
duri ng so l ar-wi nd and magnetos heath per i ods are s imi l ar to expected ups tream 
val ues except that part i c l e  shadowi ng sometimes occurs i n  certa in  d i rect i on s  
and l unar photoe l ectrons are observed i n  the l owest energy channe l s .  Lunar 
photoe l ectron yi elds , meas ured dur i ng magnetosphere passages , a l l ow est imates 
to be made of the l unar surface e l ectr i c  potenti a l when in the sol ar wi nd . 

At the Apo l l o  12 s i te ,  where the loca l  magnet i c  f i e l d  i s  approximate ly 
38 x 1Q-9 T ( 38 gammas ) ,  proton fl uxes show compress i on ,  dece l erat i on ,  
defl ect ion , and defocus i ng effects that depend i n  a comp l i cated manner upon 
both sol ar-wi nd dynami c press ure and d i rec t i on .  E l ectron fl uxes are typ i 
cal ly peaked i n  the 80 to 160 e V  channel  dur i ng l unar morn i n g ,  requ i r i ng the 
exi stence of a l oca l el ectr i c  fi e l d ,  wh i ch al so accounts for proton dece l er
ati on . The fai l ure of the magneti c  fi e l d  to have an even more substant i a l 
effect upon the p l asma i nd i cates that the scale  s i ze of the l ocal magnet i c  
f ie ld  i s  no more than a few p l asma wave l engths ( 5  km ) .  Another mechan i sm 
that further tends to reduce the i nteracti on i s  part i c l e  dr ifts caused by 
el ectr i c  fi e l ds res u l t i ng from surface charge d istr i but ions produced by 
e l ectron defl ecti on currents . Compress i on of the l ocal magnet i c  fi e l d  
at the Apol l o  1 2  s i te by the so l ar wi nd occurs as part of the i nteract i on 
and i s  an import ant source of magneti c  fl uctuati ons . 

LUNAR EJECTA AND METEOR ITES 

By Otto E .  Berg 

The l unar ejecta and meteor ites ( LEAM ) i nstrument was des i gned to 
measure the speed , d i rect i on ,  total energy ( k i net ic  and potenti al ) ,  and 
momentum of primary cosmi c du st part i c l es and l un ar ejecta.  The 
objecti ves of these meas urements were 

1 .  To eval uate the extent and nature of the meteoro i d  env ironment of 
c i s l unar space 

2 .  To determi ne the extent and nature of l unar ejecta 

However , the i ntended measurements were found to represent on ly a 
smal l  part of the overa l l  LEAM data events reg i stered . Evi dence of th i s  
phenomenon was man ifest i n  severa l ways : 

1 .  The exper iment cons i stently recorded a h i gh event rate ( 100 t imes 
the expected rates ) associ ated w ith the pass age of the termi nators at the 
LEAM s i te .  

2 .  The d i str i but i on of pu l se he i ghts ( a  funct i on of the total energy 
of the part i c l e )  showed a preponderance of l arge (maximum for the exper i 
ment ) pu l se he i ghts . The oppos i te was expected , based on the res u l ts of 
two simi l ar exper iments in he l i ocentr i c  orb its . 
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3 .  An event counter of the exper iment advanced several  t i mes  per 
event . Th i s  anomaly cou l d  not be dupl icated i n  the l aboratory w ith hyper
ve l oc i ty micropart i c l es . 

Several  stud ies , both theoret i c al and exper imental , were conducted 
to exp l a i n  the LEAM data events .  An i nvest igat ion reveal ed that the LEAM 
wou l d  respond to h igh ly charged ,  s l ow-moving micropart i c les  w ith a h igh  
output pu l se , thu s ,  imp lyi ng h i gh energy impacts .  Consequently, i t  was 
dec ided to expose the LEAM spare un i t  to l aboratory m icrospheres hav i ng 
a l arge surface charge and mov i ng at relat i vely s l ow speeds . Resu l t s  
i nd i cated that the i nstrument wou ld respond to charged ( of the order of 
1Q-12 C) part i c l e s  hav i ng l ow speeds ( of the order of 30 m/sec ) w ith very 
l arge output pul ses and w i th mu lt i p l e  counts • 

. B ased on th i s  analys i s ,  the i nvestigators conc l uded that the LEAM 
exper iment was record i ng the tran sport of l unar surface f ines . 
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7 .  SIGNIFICANT OPERATIONAL DATA 

( INCREASING TEMPERATURE )  

Transm i ss ion of data from the l unar surface was terminated September 30 , 
1977 . Dur i ng the ir  operat i onal l i fespan , the housekeep i ng data from a l l  fi ve 
Apo l lo  Lunar Surface Experiments Pack age ( AL SEP) centra l stat ions show a grad
ua l temperature i ncrease for wh i ch no defi n i ti ve exp l anat i on ex i sts . 

F i gures 7-1 to 7-4 are temperature p lots ( of parameter AT01 )  by l unation 
for the top structures of the ALSEP central stat ions dep l oyed duri ng the 
Apo l lo  12 , 14 , 15 , and 16 mi ss ions . The smooth curves were hand drawn to the 
data poi nts that represent max imum temperature for each l unat i on .  Simi l ar 
temperature prof i l es are inc l uded for the P ass ive Sei sm ic  Experiments ( PSE) , 
fi gures 7-5 to 7-8; the Suprathermal I on Detector Experiments ( S IDE) , f i gures 
7-9 and 7-10;  the Apo l lo  17 lunar Ejecta and Meteori te Experiment ( LEAM) , fi g
ure 7-11 ; and the Apo l l o  17 lunar Mass Spectrometer Exper iment ( LMS) , fi gure 
7-12 . 

The cyc l i c  pattern on a l l  the temperature prof i l es i s  caused by the Sun/ 
Moon e l l i pt ica l  orb i t  th at produces a wi nter/summer effect on the l unar sur
face . Th i s  characteri stic  c auses a semi annual change of approx imately 5 .5 K 
( 100 F )  at the l unar surface . 

Central stat i on temperatures ( figs . 7-1  to 7-4) i nd i cate that tempera
ture cont inued to increase duri ng more than 7 years of data co l l ection . The 
rate of i ncrease was more rap i d  dur i ng the early l unat ions .  Th i s  character is
t ic  i s  probab ly re l ated to  u ltrav i o l et- or  infrared-radi at ion degradat ion of 
the wh i te thermal pai nt .  

The PSE temperature profi l es (f i gs . 7-5 to 7-8 ) do not show the same 
rap i d  i ncrease duri ng the fi rst year of operati on on the l unar surface as do 
the prof i l es in f i gures 7-1 to 7-4 ( central stat ion s ) . Th i s  d i fference i s  
probab ly due to the a l um in i zed Myl ar used for PSE external thermal contro l . 

White pai n t ,  the same as that used for the central station , was u sed for 
S IDE external temperature control ; and the SIDE temperature prof i l es are 
shown i n  fi gures 7-9 and 7-10 . In  f i gure 7-9 (Apo l l o  12 S IDE ) , data poi nts  
for the  fi rst 6 l unat i ons are scattered because of the operati ng modes u sed 
duri ng th at period . However , not i ce th at the fi gures i nd i cate a rap i d  temper
ature i ncrease s i mi l ar to that for the central stat i ons . 

F i gures 7-11  and 7-12 are temperature profi l es of the Apo l l o  17 LEAM 
and LMS .  The LMS ( fi g .  7-12)  used mi rrored surfaces for passi ve thermal con
tro l , and the LEAM used both mirrored surfaces and wh i te pa i n t .  
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As i nd i cated i n  th i s  cursory ana lysi s ,  u ltrav i o l et- or i nfrared
radi ati on degradat i on of the thermal coati ng was a factor contr i but i ng to the 
temperature changes . Other factors have been suggested , and these i nc l ude 

1 .  Earth -Moon/Sun ec l i p se re l at i onsh i ps 

2 .  Temperature transducer dri fts  

3 .  Du st bu i l dup on the external s urfaces 

4 .  Other causes not yet determ ined 
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8 .  RECOMMENDATIONS 

The Apo l l o  Lunar Surface Experiments Package (ALSEP) ushered in a new 
era of sc i ent i fi c study and expl orat i on from remote s i tes in space . It al so 
res u l ted i n  new experi ences in the rece i v i ng and process i ng of data dur i n g  
each mi s s i on ,  dur i ng a peri od of pro l onged data acqu i s i t i on and process i ng 
after each m i s s i on ,  and dur i ng a per i od characteri zed by major technologica l  
changes . The fo l l owing recommendati ons are those of the actual  ALSEP opera
tors who were i nvol ved in more than 8 years of cont i nuous ALSEP operat i on .  

1 .  Cont i nu ity of personnel  shou l d  be mai ntai ned to the h i ghest degree 
poss i b l e .  

2 .  Changes i n  the support systems ( both hardware and software ) shou l d  
be l im i ted to an abso l ute mi n imum. 

3 .  Peri od i c  data co l l ecti on ( both engi neeri ng and sc i ence ) shou l d  be 
mai ntai ned for the durat i on of a m i s s ion .  The i nterval for ALSEP that pro
v i ded an adequate data base was a 11 data cut .. every 2 hours ( 1° of Sun ang l e )  
for a fu l l  l unat ion ,  then a "data cut" every 24 hours for the remai nder of 
the mi s s i on .  Each year , the 2-hour "data cut 11 i nterval shou l d  be repeated . 
The data s hou ld  be the h ardcopy type, one that does not fade and is easy to 
hand l e .  These features were prov i ded sat i sfactor i ly by the h i gh-speed 
pri nter u sed for ALSEP. 

4 .  Th e  capab i l i ty shou l d  be provi ded for stori ng data on a computer 
i n put/output devi ce (magtape , drum, etc . ) ;  thus prov i d i ng rap id  access .  Al l 
data shou l d be source and time tagged . 

5 .  Duri ng depl oyment of an experiment, the equi pment shou l d  be empl aced 
as far as poss i bl e from i nterferi ng sources . Exampl es are as fol l ows : The 
l unar modu l e  ( LM)  des cent stage generated a great deal of noi se that i nter
fered with the Pass i ve Sei smi c Experiments .  Al so , outgassi ngs from the LM, 
from the crew ' s  extra veh i cu l ar act i v ity (EVA) packs , and from the ALSEP pack
ing  mater i al interfered wi th part i c l e  measur i ng experiments for a l ong per i od 
of t ime . 
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ASE 
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CPLEE  
DAC 
DSS 
DTREM 

EASEP 
EPS 
EUV 
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FM 
GSFC  
HF 
HFE 
JPL 
JSC 
LEAM 
LM 
LMS 
LPX, LPY , 
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LSM 
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RF 
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SMEAR · 
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APPEND I X  A 

L I ST OF ACRONYMS 

Apo l lo  Lunar Surface Experiments Pack age 
automati c  power management 
Act i ve Sei sm ic  Experiment or ALSEP Sen i or Eng ineer 
b i ts per i nch 
Charged Part i c l e  Lunar Env ironment Experiment 
d i g i ta l -to-anal og converter 
data subsystem 
dust thermal rad i at i on eng ineer i ng meas urement ( dust 
detector ) 

Early  Apo l l o  Sc i ent i fi c  Exper iment Package 
e l ectri cal  power sub system 
extreme u l trav i o l et 
extra veh i cu l ar act i v ity 
frequency modu l at i on 
NASA Goddard Space F l i ght Center 
h i gh frequency 
Heat F l ow Experiment 
NASA Jet Propu l s i on Laboratory 
NASA Lyndon B .  Johnson Space Center 
l unar ejecta and meteor i tes 
1 unar modu 1 e 
l unar mass spectrometer 
long period x- , y- , and z-axes components ( refers to Pas s i ve 
Se i smi c Exper iment ) 

l unar surface grav imeter 
l unar s urface magnetometer 
Lunar Sei sm i c  Profi l ing Experiment 
modu l e  
Manned Space F l i ght Network 
Manned Space F l i ght Network Operati on Manager 
Nat i ona l  Space Science Data Center 
power cond i t ion i ng u n i t  
power d i s s i pat i on res i stors 
power d i str i bu t i on un it  
Pri nc i pa l  Investi gator 
Pas s i ve Se i smi c Exper iment 
radio  frequency 
remote s i te data processor 
rad i o i sotope thermoe lectric generator 
sw i tch i ng ,  conferenc i ng ,  and moni tori ng arrangement 
Supratherma l Ion Detector Experi ment 
SPAN .�i ssion eva l uat i on acti on request 



SODB 
SPAN 
sws 
TTY 
UT 
VLB I 

spacecraft operat i on a l  data book 
spacecraft analys i s  
so l ar wi nd spectrometer 
te l etype 
un i versa l t ime 
very l ong base i nterferometer 

A-2 

' l  



1 .  Report No. .I 2. Government Accession No. 3. Recipient's Catalog No. 
RP-1036 

4. Title and Subtitle 5. Report Date 

April l 979 
ALSEP Termination Repor t 6. Performing Organization Code 

7. �thor(sl 
ames R .  Bates , Lyndon .8 .  Johnson Space C enter ; w .  w . Lauder-

8. Performing Organization R�t No. 
dale , General Elec tric Co . ; and Harold Kernaghan , Kentron S-480 
International , Inc . 1 0. Work Unit No. 

9. Performing Organization Name and Address 
914-40-73-0l- 7 2  

Lyndon B .  Johnson S pace Center 1 1 .  Contract or Grant No. 
Hous ton , Texas 7 7058 

13. Type of Report and Period Covered 

1 2. Sponsoring Agency Name and Address Refer enc e Publicat ion 

Nat ional Aeronau tics and Space Adminis tration 14. Sponsoring Agency Code 
Washington, D . C .  20546 

1 5. Supplementary Notes 

16. Abstrec:t 
This f inal repor t on the Apollo Lunar Surface Experiments Package (ALSEP) was prepared when 

suppor t operations were terminat ed S e ptember 30 , 19 7 7 1 and NASA d iscontinued the receiving 

and proces s ing of sc ientific data transmit ted from equipment d eployed on the lunar surfac e ,  
The ALSEP experiments (Apollo 11 to Apollo 17) a r e  d escribed and p er tinent operational 
his tory is given for each experiment . The ALSEP data process ing and distribution are de-
scribed together wi th an extensive d iscus sion on archiving , Engineer ing clo s eout tests and 
r esults ar e given , and the s tatus and configuration of the experiments a t  termina tion are 
documented , S ignif icant s c ience findings are summar ized by s elec t ed inves tiga t ors , 
S ignificant opera tional d a ta and recommendations are also includ ed , 

' 

1 7. Key Words (Suggested by Author(sl I 1 8. Distribution Statement .. 
Lunar science ASTP STAR Subj ect Category 
Lunar exploration S pace s ciences 88 (Space Sciences ) 
Lunar environment 
Moon 
Apollo 

... .. 
19. Security Qassif. (of ttlis nportt;.;. 20. Security Classif. (of this page) 21 . No. of Pages 22. Price* 

. .  . . . . .  . ·t ' �:; . Unclaeeifiec! , . , _';> · Uncl'.J&s'Ufied 162 $6 . 7 5  
. : ; ;: . :··-... . ;;, :·· -: � : � .. � . .... 

.. , • r ,  

=-------��� �:��::· 
______ , 

.. ' . 

• •  


