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APOLLO LUNAR SURFACE EXPERIMENTS PACKAGE 

= -.:-- .~,~~~ ,,:; :"; eo :A: - -, - :-. - . ~ - .c:....:.~<£s; 
_,-~ --;. ..... _.~-~ ---;- __ 't"- C--.:) ~ - - ~ -=-

- . ~-:: . q::~,~~ ALSEP' >- .-:.. ~~~~< ~-~-~~ 
~.-:-~ . . _ _ - . ~.:....- _ ,_ __ c;;...~ '--~~ 

~ c~:::. A PACKAGE OF SCIENTIFIC INSTRUMENTS AND SUPPORTING ~ ~ 
SUBSYSTEMS FOR USE ON THE LUNAR SURFACE 

• CARR lED ON APOLLO, DEPLOYED BY ASTRONAUT 
• ONE YEAR CONTI NUOU S OPERATION (2 YEAR MAX I MUM) 

DEC 69 8948.2 
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ALSEP LOCATIONS ON MOON 

NOV 71 8948.3 
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MISSION ASSIGNMENTS 

"'- APOLLO 11 12 13 14 15 16 17 

ALSEP ~ LOCATION 23.4°E 23.5"W 17.5"W 3.rE 15.5°E * 4.1"W 
EXPERIMENT O.rN 3.0

0
S 3.rS 26.1°N 8.9°S 13.9°S 

PASSIVE SEISMIC EXPERIMENT • • • • • • s 
ACTIVE SEISMIC EXPERIMENT • • E 

c 
SUPRATHERMAL ION DETECTOR • • • 0 

N 

COLD-CATHODE ION GAGE • • • • D 

SOLAR WIND SPECTROMETER • • G 
E 
N 

CHARGED-PARTICLE EXPERIMENT • • E 
R 

LUNAR SURFACE MAGNETOMETER • • • A 
T 

HEAT FLOW EXPERIMENT • • • I 
0 

LASER -RANGING RETRO-REFLECTOR • • • N 

- TENTATIVE 

NOV 71 8948.4 



CREW INTERFACE 
WITH ARRAY 0 ALSEP OP ERATIONS 

- EARTH/MOON COMMUNICATIONS 

- ALSEP ANTENNA POINTING CONSTRAINTS 

- OPERAT IONAL EFFECTS OF ASTRO SW ITCH 5 

NOV 71 8948.5 
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EARTH·MOON COMMUNICATIONS 

Manned 
_ __ _ _ Spacecraft 

~ 
Computation and- Center 

__________ ~/ Analysis (Off LI ) ..... 

~ ==='?I "".0.0 n~ " Ii' ."," ~~ MSFN Data ,apes ~ , ,r'-------- ?" 

\ 
High-Speed \. \ 
Data , 

(2400 BitS/SeC)/ " \' 

Goddard 
Space 
Flight 
Center 

/~ 
I 
\ 
\ 

\. , 
........ 

MIssion 
\ ./ Control 

C 

"JI Center 

omma,nds / L. 
_ )( /' Wide-Band 

........ "/..... Data 
'/ / ' ........ (48,000 Bits/Sec) / 

---

/ '/ - /' "/' \ ----

,/ 
/' 

\ 

~ 

NOV 71 8948.6 



L '..-' 

ANTENNA POINTING CONSTRAINTS 

LUNAR LI BRATlON: AN APPARENT WOBBLING MOTION AS VIEWED FROM THE 
EARTH; CAUSES EQUIVALENT EARTH MOTION IN LUNAR COORDINATES 

PRI NCI PAL EFFECTS: 
± 7. 5° LUNAR LONG ITU DE DUE TO: 

CONSTANT ANGULAR RATE OF MOON ABOUT ITS AXI S 
VARIABLE ANGULAR RATE IN ELLIPTICAL ORBIT AROUND EARTH 

± 6. 5° LUNAR LAT nUDE DUE TO: 

INCLINATION OF MOON'S ROTATION AXIS TO ITS ORBITAL PLANE 

SECONDARY EFFECTS: ,,, __ i ., 

NON-SPHERICAL EARTH & MOON 
SOLAR PERTURBATIONS 
GYROSCOPE & PENDULUM COUPLI NG 

COMBI NED EFFECTS: PATTERN CHANGES 
MONTHLY & YEARLY 

ALSEP ANTENNA: 22 ° BEAM WIDTH DOWN 
4.2 db A IMED AT MEAN CENTER OF PATTERN 

! '[1!- f-"'i'- ",. 
~ I JUB 

1 - t - - ' l EAR TH 

~
_ POINT 

i l~"""l'Z'?-"' ~\ 
4 t---~-4-- I -~-~. ---

~ ., 
AI IMU1H OHsn WfG RHS I 

NOV 71 8948.7 
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ASTRONAUT SWITCHES 

CW ROTATE lSOO CCW 
UNPAINTED CRESCENT TO LEFT COVER ALL FOUR 

TRIANGULAR 
SHAPES 

MUST BE CCW TO OPERATE ASEISEE NOTE 2) 
• ACTIVATE ASE STBY SElECT 
• SW ITCH DATA PROCESSOR TO ASE HBR OFF 
• 1. CLOSE ASE 29V OPER LINE IN CCW POS IT ION 
• 2. OPEN ASE 29V OPER LINE IN C W POS ITION 

NOTE: 1. SWITCH 1 IS ENCLOSED BY ORANGE PAINT 
2. SEQUENCE REQU IRED TO PLACE ASE IN OPERATE: ROTATE S5 FULL CCW; 

EITHER REQUEST ASE GND CMOS OR ROTATE S4 IN EITHER DIRECTION. 
NOV 71 8948.9 



CREW INTERFACE 
WITH ARRAY 0 AlSEP ENGINEERING FUNCTIONS 

- CONSTRUCTING THE LUNAR LABORATORY 

- ALSEP POWER SUPPLY 

- POWER SOURCE 
- POWER CONNECT ION 
- POWER TU RN-ON 

- ALSEP COMMUN ICAT ION CENTER 

- CONFIGURATION 
- THERMAL CONSTRA I NTS 
- CONTI NGENCY CONTROL SW ITCHES 

NOV 71 8948.10 
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ALSEP 

DEPLOYMENT 
TASKS 

ASSOC IATED 
WITH LM 

DEPLOYMENT 
DUST COVERS 
NOT SHOWN 

ALSEP 
DEPLOYMENT 

TASKS AT 
EXPER IMENT 

SITE 

'-" 

LUNAR SURFACE ACTIVITY 

REMOVE 
PACKAGES 

DEPLOY 
CENTRAL 

~ 

• • 

III • 

FUEL 
. GENERATOR 

"", 
PREPARE FOR TRAVERSE 

DEPLOY 
ANTENNA 

/ 

DEPLOY 
EXPER I MENTS 

APR 71 8948.12 
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ARRAY D GENERAL DEPLOYMENT CONFIGURATION 

ASE MORTAR PACKAGE 
MORTAR FIRING DIRECTION 

~--------------------------

56 

q:~~~~MPER 
FLAG FLAG/ANCHOR ~~~ 

POS. I! POS~ 2 l5.il ___ POS. II! PO~. 12 POS. 13 ___ !5.il_ _ POS., 19 POS. ,20 POS~ 21 4 

GEOPHONE 2 (BLACK) (BLACK) GEOPHONE I GEOPHONE 3 

LSM .. TRUE WEST 
-----

SHADOW LINE 

SUBPACK 2 

55 

20 

30 

LUNAR MODULE 

> 300 FEET 

HIT ~ 20 

NOV 71 8948.13 
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CASK IN 

'--'" 

RTG FUELING 

THERMAL SHIELD 

RELEASE LATCH 
(LANYARD OPERATED) 

~ I .r 
-- - FLI GHT POS I TI ON /' .l) MOUNTING & 

STRUCTURE 

--r _ LM INTERFACE 

~_~ ~ '. " FIITINGS - ;Gv -'- (GRUMMAN) 
~ .. .-,," ROTATION MECHANI SM 

REMOVAL POS ITI ON (LANYARD OPERA TED) 

(ADJUSTABLE BY ASTRONAUT) 

8 , 
~. 
~i~. 

APR 71 8948.14 



L 

RTG CUTAWAY 

HOT FRAME 

FUELCAPSULE~ 
ASSEMBLY 

OUTER CASE 
(COLD FRAME) 
ASSEMBLY 

END PLATE 
OF FUEL CAPSULE 

HERMETIC SEAL 

THERMOELECTR IC 
COUPLE ASSEMBLY 

HEAT REJECTION 
FINS 

MOUNTING 
LUG 

DEC 69 8948.15 
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COUPLE 
ASSEMBLY 

"-' 

POWER GENERATING FUNCTION 

HOT FRAME 

JECTION 
FINS BORON 

FOLLOWER 

COMPRESS ION 
SPR ING 

N ITR IDE 
INSERT 

CAP 

FRAME 

TEMP TM 
TO OSS }::- RAD 10 ISOTOPE 

ENERGY SOURCE 

RADIATIVE 
HEAT 
TRANSFER 

THERMOELECTR IC 
CONVE RTE R W=TH"""E~RM~Ar.L"j1 ~R7.A O::-:17A T~I VE 

(THERMOPILE) ENERGY I HEAT 

ELECTRICAL I TRANSFER 

ENERGY 

POWER CONDUCTIVE 
HEADER HEAT 

PCU} + 16 VDC TRANSFER 

OUTER CASE 
& FINS 

THERMAL 
RADIATION 
TO SPACE 

DEC 69 8948.16 
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[5] 
SWITCH 
NUMBER 

1 

-....,/ 

ASTRO SWITCHES 

INITIAL POSITION 

SEE NOTE 1 

ASTRONAUT FUNCTION 

ROTATE laoO CW DISABLES THE HOLD OFF CIRCUIT 
CCW (COVER RECTANGLE) MUST BE OPERATED BY THE ASTRONAUT 
ORANGE CRESCENT TO RIGHT 

NOTE: 1. SWITCH 1 IS ENCLOSED BY ORANGE PAINT 
2. SEQUENCE REQUIRED TO PLACE ASE IN OPERATE: ROTATE S5 FULL CCW; 

EITHER REQUEST ASE GND CMOS OR ROTATE S4 IN EITHER DIRECTION. NOV 71 8948.19 



L 

1500 

1000 

TEMPERATURE, 
DEG F 

500 

--

RTG WARM-UP CYCLE 

~ ____ ----- CAPSULE 

____ -------- HOT FRAME 

OPERAT ING DIFFERENTIAL (~T) 
(OUTPUT DEPENDS ON TEMP & ~ T) 

__ -------COLD FRAME -
__ ------- FI NS 

LUNAR SURFACE TEMPERATURE 
0, , , 
o .5 l.0 1.5 

TI ME FROM FUELI NG, HR 
NOV 71 8948.20 
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POWER 

~ 

ALSEP COMMUNICATION CENTER 

EARTH/MOON 
COMMUNICATION LINK 

CENTRAL STATION 

LABORATORY 
HOU SEKEEP I NG 
SERVICES 

IC 

" , 
,---~ 

NOV 71 8948.21 
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CENTRAL STATION DEPLOYED CONFIGURATION 

ANTENNA ALI GNMENT 
MECHANISM 

SUPPORTS 

SIDECURTAIN 

CONNECTORS TO 

HEll CAL ------~ ANTENNA 

SUNSHI ELD 

THERMAL REFLECTOR 

THERMAL RADIATOR 

NOV 71 8948.22 



CUR TA IN 
RETA INE R 

RE A R 
CURTAI N ___ 

SIDE CURTAI N 

PR IMA RY 
STR UCTUR E 

'-" 

"-BOOM 
ATTACHM EN T 
ASS EMBL Y 

THERMAL 
BAG 

SUBPACKAGE 
NO.1 

STRUCTURE 

. THERMAL 
PLATE 

'-... IMOUNTING 
CENTRAL 
STATION 
ELECTRONICS) 

NOV 71 8948.23 



SUNR IS E 

25 0 

200 

15 0 

u.. 

w 
a: 
::> 100 
I-
« 

V/ 
V/ V'/ 

a: 
w 
Il. 
:2 50 
w 
I-

0 'l 

-50 

-100 

00 20 

PREDICTED TEMPERATURE OF ELECTRONICS 

NOON , 
-

~ - - r-
/~ r;:.. ~ ~ - --- I-
/' V 

./ " 
~~ 

" 

40 6 0 80 100 

SUNSET , 
PR~DIC+ED ~OM I'NAL' 

I I I I 

- PRE'DIC{ED ~IMI{S 

~ 

r-..... , ............ 
r-.... ........ -- ........ ~ :::.' , 

~ '" , 
~ r--... -
" ........ ~ - . 

120 140 160 
I 

18 0 200 

SUN ANGLE 
(DEGREES) 

~ 

~ 

I 

220 

-
-
-
~ 

• 
240 

1-

-
-. ~ -
- ~--

• • 
260 280 

-
-

I 
300 

~ --
- _. 

I 
320 

SUNRISE 

T 
I 

~ -~ 

~ -

I I 
340 360 
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I.J.J 

~ 100 
l
e:( 
e::: 
I.J.J 
c... 
~ 
~ 80 
I.J.J 
~ 
e:( 
e:::LI... 
I.J.JO 

~ ~ 60 
l.J.Jo 
1-0 
:52 
c...e::: 
......Ie:( 
e:( 2 40 
~::::> 
e:::......1 
I.J.J I
:Ce:( 
I-

2 

I.J.J 
V') 
e:( 
I.J.J 
e::: 
U 
2 

'--" 

EFFECT OF SURFACE SLOPE 
ON ELECTRONICS TEMPERATURES 

5 10 15 20 25 30 

CRATER SLOPE AND LUNAR SURFACE SLOPE (8) - DEGREES 

REAR 
CURTAIN 

LUNAR 
SU RFACE 

9 
HOR IZONTAL NOV 71 8948.25 
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0 
<) 

0 

--
ASTRO SWITCHES 

2 CCW ROTATE 180° CW BACKUP ONLY 
ORANGE CRESCENT TO RIGHT (COVER RECTANGLIl • SELECT XMTR B "ON" 

• SELECT DATA PROCESSOR Y "ON" 

3 CCW ROTATE 27rfJ CW BACKUP ONLY 
ORANGE FLAG TO UPPER RIGHT (ORANGE FLAG TO SEQUENTIALLY ACTIVATES EXPS IN 

UPPER LEFT 1, 4, 3 ORDER TO OPER SELECT 

4 CCW ROTATE 18()O CW BACKUP ONLY 
ORANGE CRESCENTTO RIGHT (COVER RECTANGLE) • ACTIVATE ASE OPER SELECT 

• SWITCH DATA PROCESSOR TO 
ASE H8R ON 

NOTE: 1. SWITCH 1 IS ENCLOSED BY ORANGE PAINT 
2. SEQUENCE REQUIRED TO PLACE ASE IN OPERATE: ROTATE S5 RJLL CCW; 

EITHER REQUEST ASE GND CMOS OR ROTATE S4 IN EITHER DIRECTION. NOV 71 8948.26 



CREW INTERFACE 
WITH ARRAY 0 AlSEP SCIENCE SENSORS 

- PASSIVE SEISMIC EXPERIMENT 

- ACTIVE SEI SMIC EXPER IMENT 

- LUNAR SURFACE MAGNETOMETER 

- HEAT FLOW EXPER IMENT 

, 

NOV 71 8948.27 



L 

CENTRAL 
STATION 
ELECTRON ICS 

L 

PASSIVE SEISMIC EXPERIMENT 

MANGAN IN RIBBON 
CABLES - THERMAL 
BARR IER 

SENSOR ASSY 
WITH I N THERMAL 
CONTROL ASSY 

PA IR OF 

I 
\,;, 

CABLE REEL /' 

STOOL 

DEC 69 8948.28 
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INSTRUMENT DETAILS 

LP VERTICAL (Z) SENSOR 

CAPAC ITOR 

PLATE 

ELECTROMAGNET~ 
FOR CALIB. ' 

CAGING BELLOWS 
(RETRACT FOR UNCAGE) 

SPR ING ADJUST. 

+ X AXIS 

- X AXIS 

TOP V lEW 

CAPAC !TOR 
PLATE 

MASS 

LP HOR IZONTAL (X, Y) SENSORS 

SENSOR BOOM 

E LEC T ROMA GNET 
FOR CALI B. 

BELLOWS 
(RETRACT FOR UNCAGE) 

DEC 69 8948.29 
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PSE EMPLACEMENT CRITERIA 
PARAMETER REQU I REMENT PR lOR ITY INDICATOR COMMENTS j 

D 1ST ANCf FROM 9 11 FT 1 10 FT CABLE 
15 FT SEPARATION REQU IREMENT ! 

SUBPACKAGE 1 FROM RTG FOR THERMAL REASONS 

DIRECTION FROM 
EAST 

OUT OF FIELD OF VIEW OF 
SU BPAC KAGE 1 

1 EYEBALL CENTRAL STAT ION RAD IATOR 

SITE SELECTION IQU lET" LOCATION 1 EYEBALL FREE FROM LOOSE RUBBLE ':":":' 

ROUGH ALIGN ± 20° OF E-W 2 AR ROW"" BEFORE OPEN ING SHROUD 

LEVEL, WRT ±so OF BUBBLE 
INTERACTS WITH ALIGNMENT; 

INDICATOR HOR IZONTAL 1 
LEVEL 

INSTRUMENT FINE-LEVELS 
INTERNALLY 

READOUT OF ALIGNMENT :t5° 1 FULL ROSE AFTER OPEN ING SHROUD 
WRT SHADOW 

EX I?E R I MENT " NO LESS THAN 10 FT FROM OTHER SUBSYSTEMS TO MINIMIZE PICKUP OF 
I NTERRELAT ION STRAY V I BRAT IONS. 

':"'ARROW NOMINALLY POINTS EAST ALTHOUGH SCIENTIFIC OUTPUT DEPENDS 

ONLY ON KNOWING FINAL ALIGNMENT. FINAL READING IS ACCOMPLISHED 
SPECIAL WITH ASSISTANCE OF AZIMUTH GNOMON MOUNTED ON TOP OF THERMAL 
REQU I REMENTS SHROUD. 

,:,,:,~, PACK SURFACE MATER IAL AND GOUGE HOLE TO PREVENT CONTACT 
BETWEEN SENSOR AND SURFACE. 

i 

NOV 71 8948.30 
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PSE ALIGNMENT MARKINGS 

PHASE CONFIGURATION TASK 

CYLlNDR ICAl SENSOR ASSY ROUGH ALIGN VIA 
INS I DE THERMAL CASE, ARROW ON TOP OF 

INITIAL! ENCLOSED IN THERMAL GIRDLE 

FINAL 

SHROUD WITH GIRDLE 
OVER SHROUD 

SHROUD OPENED 
& AS SY lEVELED 

READOUT VIA 
SHADOWS 

WRT COMPASS 
MARK INGS ON TOP 

MARKING 

ARROW 
TO POINT EAST 

GIRDLE RETAINING PIN 

J; 

o 

NOV 71 8948.31 
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ACTIVE SEISMIC EXPERIMENT SUBSYSTEM 

ANTENNA 

SWITCH 

ASSEMBLY 

INITIATOR 
SELECTOR 
SWITCH 

GEOPHONE 
DETECTORS (3) 

UMPER 

:--OJ ASSEMBLY 
~ ~ 

-y~ 

NOV 71 8948.32 
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T 
2.4 V 

--~II 

Q.) .... 
LL. 

'-' 

SEISMIC SIGNALS PRODUCED BY 
APOLLO 14 THUMPER FIRINGS 

Shot 20 

~~wrii~~~n~rW;JM~ 

Geophone 3 87 m 
----+-~-.....-........._~- --......r-........... -.../~_~~~-'\.,.... 

Shot 18 

~4~ ~~~~1~~~;~~~~~~~ 
I· 1 sec , 1 

! ~ Geophone 2 32 m 

.~ . . I~1fV~~~~",",'NWV'h~~/I'A; 

Geophon e 3 78 m 

'- v- ~ ~. f ~ ,.,.... "'\ -..'-" ,,-, ~A. _'\,\ ,\ ,,;) r ...... -"', '''\I(\.I'',j~VA.I"\../\ J\J\ 1\rJ1~I\,,"f\/Lf\f\ _, 
" " " v I Ii ,)' V' V V'v"I'v ' V V ""VVVV y 

NOV 71 8948.34 
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ASE SAFETY FEATURES 

THUMPER <ROTARY ARMING SWITCH, SPRING LOADED TO SAFE POSITION, 
ACTUATED :::4 SEC TO CHARGE CONDENSER (THEN PUSH TO FI REI 

- AS I SELECTOR SW ITCH HAS 22 POS IT IONS ( INC OFFI AND 
SHORTS ALL AS I'S EXCEPT THE SELECTED ONE 

CENTRAL 
ELECTRON IC S 

GRENADES 

- CENTRAL STAT ION ASTRONAUT SW ITCH (TWO- POS ITiONI 
OPENS AND CLOSES +2') V OPER POWER LINE BETWEEN 
PDU & ASE 

- IN SER IES WITH CMD -ACTIVATED RELAY OF PDU 

- IN OPEN POSITION, PRECLUDES ACCIDE NTAL APPLICATION 
OF OPER POWER TO ASE 

-SUP PORTED WITHI N LAUNCH TUBES, LOC KED IN PLACE BY SAFETY 
ROD ASS Y FOR FLIGHT & DEPLOYMENT (REMOVED BY ASTRONAUTI 

-ARM ING & FIRI NG CIRCUITS OF ALL 4 ROCKET MOTORS 
SHOR TED BY 2 SAFETY SW ITCHE S ON MO RTAR BOX 
(ACTI VATED BY AS TR ONAUTI 

-SA FE SLIDE BETWEEN DETONATING CARTRIDGE & HIGH 
EXPLOS IVE IN EACH GRENADE, SPR ING- EJECTED AT LAUNCH 

- THERMAL BATIERY INACTIVE (& SHO RTED I UNTIL PLATE 
EJECTION TR IPS A MICROSW ITCH 

-THE RMA L BATIERY MATCH IS ACTI VATED BY A CONDENSER 
WH ICH I S CHARGED V IA GRENADE ARM CMD 

-THER MAL BATIERY OPERATES TH ROUGH (ailS -SEC TIME 
DELAY & (bl IMPAC T SW ITCH TO SUPPLY POWER TO THE 
GRENADE DETONATOR . IF IMP ACT COMES BEFORE 15 SEC OR 
AFTER ""10 MIN, THERE IS NO BATTERY POWER FOR DETONATOR 

SEP 68 8948.35 



L 

MORTAR 
PACKAGE 

AREAS (4) FOR ASTRONAUT 
FOOT PRESSURE ·IN DEPLOYMENT 
AND FINAL LEVELING. 

MORTAR 
PACKAGE 
PALLET 

~ 

o 

UHTSH ADOW 

\~'\"':1.1' ¢ \ 1v '<J\ 

'~;C,\ 
":,.0 
-;.. ~ I 

~~ () ~~ 
~:: -: ::-61 

... ,, --:0 :--~ 

')",,'" ~"O' 
"0,,/,/, ~. :-':> 

" f', • • \' . 'e 
, 0 I 0 " 

-I,: ~ '" 

'--" 

ASE LEVEL AND ALIGNMENT 
INDICATORS 

LEVEL WITHI N 5° 

.. 
SUN 

NOV 71 8948.36 



L 

SURFACE 

'-' 

LUNAR SURFACE MAGNETOMETER 
EXPERIMENT SUBSYSTEM 

DEPLOYED FOLDED 

APR 71 8948.37 
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LSM EMPLACEMENT CRITERIA 

PARAMETE R REQU I REMENT PR lOR ITY INDICATOR COMMENTS 

DISTANCE FROM MINIMIZE MAG-
lU BPAC KAGE 1 50 ± 5 FT 2 55 FT CABLE NET I C EFFECTS 

\ 

DIRECTI ON FROM 
SUBPACKAGE 1 WEST 2 EYEBALL 

~-

SITE S ELECT ION AVOID RUBBLE 3 EYEBALL 
FOR MAXIMUM 
STABILITY 

~ -- - - - -----
LEVEL, WRT BUBBLE TM OF INTERNAL 
IND ICATOR + 3° OF HOR I z: 1 LEVEL LEVEL SENSOR 

ALI GN, WRT SHADOW- CO LOR -CODED LEG 
SHADO W ± 300FE -W 1 GRAPH POINTS E* 

NEEDED FOR SCI-
READOUT OF SHADOW-

ENTIFIC DATA IN-
AL I GN~,\tNT, WRT ±to 1 GRAP H 

TERPRETATION ; 
SHADOW 

THERMAL LES S 
CRITICAL· ' 

EX PER IMENT 
MUST BE AT LEAST 35 FT FROM HFE PROBE 

INTERRELATION 

SPEC IAL COULD BE ROTATED 180° AND MEETTHERMAL CR ITER IA ; 

REQU I R E~ lE \~TS HOWEVER, SHADOWGRAPH I S NOT REVERS I BLE 
RAD IATORS ON ELECTRON ICS REQUIRE E-W ALIGNMENT±3°. 

NOV 71 8948.38 



L 

BUBBLE LEVEL 

'--' 

LSM LEVELING AND ALIGNMENT 

LEG MARKINGS IND ICAT ING EAST 
ALTERNATE ORANGE & WH ITE BANDS 
EACH 0.4-1 N. LONG (TOTAL 2. 8 IN.) 

\ Z-AXIS LEG ____ l: 
Z-AXIS BOOM 

SHADOWGRAPH (SUN COMPASS) 
ON TOP OF EGFU 

NOV 71 8948.39 
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HEAT FLOW EXPERIMENT 

PROBE CARRY ING PACKAGE 
(CONTAINS 2 PROBES & 
EMPLACEMENT TOOL) 

ELECTRON IC S 
PACKAGE 

NOV 71 8948.40 



L 

HFE DEPLOYED CONFIGURATION 

ELECTRONICS BOX 

--
REFERENCE 
THERMOMETER _ 

P~R-O-B-E-#1~:==~'-----

RAD~~ 
SHIELD 

o 

(.f) 
, 

a: 
w fi:.1f f-
w 

i"r tl 
BORON FI LAMENT 
REI NFORCED EPOXY 
DRILL STEM 

2+ ~ 

SOLI D - FACED BIT 

THERMOCOUPLE 
(TC2) 

(TC 3) Y.i 

THERMOCOUPLEIII 
I Uli l I~I 

(TC 4) 
THERMOCOUPLE 

~I II II ' 

~ 

50em 

62 em 

(TC 1) 

THERMOCOUPLEil~ ~~6~: 
UPPER SECTION 

{i!l~ ~ ~:~!I 
LOWER SECTION 

PROBE STOP 

~ __ L NOV 71 8948.41 
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HFE LEVEL AND ALIGNMENT INDICATORS 

DEPLOY/.'{NT 

c'» c:::::J UHT SHADOW 

J8c::::l 
~~ 

tP<:;> 
<' 

LUNAR 
NORTH 

t 

~
- [ LU NAR___ _ _ __ 

WEST SHADOW 

UHT 

LI NE 

c=J ~ 

c:::J ..... 

I::.::J ~ 

t::::J ~ 
t:::::::J ", 

~~ 
~~ 

\, 
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HFE EMPLACEMENT CRITERIA 
PARAMETER REQU I REMENT PRIORITY IND ICATOR COMMENTS 

L.U 
D 1ST ANCE FROM 29 ~ 1 ft 

2 PACED OFF 
TO OBTAIN PROBE 

(;) 
SUBPACKAGE 1 (30 ft CABLE) SEPARATION FROM RTG" <t: 

:><: 
DIRECTION FROM GREATER THAN 80° FROM u 

SOUTH 2 EYEBALL <t: 
0.... SUBPACKAGE 1 RTG 
(/) 

BUBBLE INTERACTS WITH ~ LEVEL +5° OF HOR IZ . 2 z - LEVEL ALIGNMENT I 0 
0:: UHT SHADOW, THERMAL REQ FOR SUN t- ALIGN + 5° OF u 
L.U 

WRT SHADOW 
- 2 SUN COMPASS, SHIELD SHADONS TO -' SHADOW LINE L.U 

DECAL ALIGN WITH PLATE EDGES 

D I STANCE FROM 
17 ± I ft PACED OFF TO OBTA IN 30 ft 

ELECTRONICS 
(20 ft CABLE I (CABLE MARKED SEPARATION BETWEEN 

N 
TO HOLE) FOR DEPTH) PROBES (REQU I REMENT) 

(/) PROBE 1 PROBE AND RTG 
w.J 

DIRECT ION FROM WEST; SEPARATION" AVOID a:J 
0 I EYEBALL 
0:: ELECTRON IC S PROBE 2 SHADOWS FROM ALL 0.... 

EAST SUBSYSTEMS ** 
VERTICAL 

WITHIN + 15° EYEBALL 
OBJECTIVE 

ALIGNMENT 
2 

FOR DR I LLI NG 

EXPERIMENT 
" SEPARATION DISTANCE FROM RTG: 40 ft MINIMUM. 

':":' EACH PROBE SHOULD BE AT LEAST 17 FEET FROM ALL 
INTERRELATION 

OTHER EQUIPMENT AND PACKAGING DEBRIS. 

SPECIAL AVOID MAJOR DISTURBANCES (TRAMPLING, ETC.) AND SHADOWS IN 17 FT 

REQU I REMENTS CIRCLE AROUND PROBE. 

~- ---

NOV 71 8948.43 



HFE PROBE EMPLACEMENT ON APOLLO 15 

THERMOCOUJiPLES 

APPROX.100 ~ 
TO N E 

~ SURFACE 

DEPTH TEMPERATURE r 
RANGE CHANGE CM INCHES 

- 0 - 0 -I -320°F TO +1850F 505°F 

----I,~I 1181- 50 - 20 -

m _9°F TO _4°F 5°F 

OBSTRUC;TIO!{F= _____________ ~ _ 100 -- 40 -

. FIRST STEM [] 

JOINT In" CONSTANT TEMP. (-4°F) 0 

I I~ I- 150 -60 -
PROBE~ 
STOP 

PROB~ ~ PROBE 1 

NOV 71 8948.44 



L&
.I 

C
-:) 

:z: 
L&

.I 
-a:: L&

.I 
Q

.. 
>< 
L&

.I 

t.::s 
:z: 
-l
-

C
C

 
a:: 
L&

.I 
Q

.. 
Q

 

... " > o z 



'--

TWO YEARS OF ALSEP OPERATION 

APOLLO 11 APOLLO 12 APOLLO 14 APOLLO 15 

DEPLOYMENT DATE JULY '69 NOV '69 FEB '71 JULY '71 

NO. OF EXPER I MENTS 2 5 6 7 

PRESENTL Y OPERAT ING NO YES YES YES 

OPERATING TIME (DAYS)'~ 71 725 282 106 

LUNATIONS 5 25 10 4 

EACH ALSEP PROV I DES 9 MI LLiON MEASUREMENTS PER DAY 

':' AS OF 14 NOV 1971 

NOV 71 8948.46 
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SCIENTIFIC ACHIEVEMENTS (PSE) 

• PASSIVE SEISMIC EXPERIMENT (PSE) 

• LUNAR OUTER STRUCTURE IS ROCK CLUMPS, BUT THERE IS ACRUST 
AND MANTLE (LIKE EARTH) WITH CRUST THICKNESS OF 55 TO 70 KM 

• 2-5 MOONQUAKES PER MONTH - USUALLY NEAR PER IGEE - AT DEPTHS 
OF 800 KM 

• DA I L Y METEORO I D IMPACTS 

• UNEXPECTED STRONG "R ING ING" FROM MAN-MADE IMPACTS 

NOV 71 8948.47 
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APRIL14 : ' if ' I j I 
.. !! l' I I j 

, ,~ .l. A • 

TYPICAL SEISMIC DATA 

Time In Minutes --

o 10 20 
I 1 1 

CHANGE OF GAIN 

30 
I 

40 
I 

50 
I 

60 
1 

150 NNl 

, ' , I ' ; , " , ," . 
l : : ; I : : ' : : : : : . ,! . ' : 1 : : I t 

. . . ' , , . , , . If ' ,1' t . ,, ~ .... ,t : I l 

LM IMPACT . . 
I I 6 NM •..... . .. 
. . . : : ~ ~ ~ ~ : : . : : : 

:;::;= • I I II 

NOV 20 -+ . 
, I +., .. ~ 

NATURAL 

IIll::1: : 
~.. .. 

•• , , * ."11 r" I I • I • I H f ij"-'+~ t-+-11+-+P r: :!.. 
10 MIN 

EVENT .. 

DEC 10 

NATURAL . I 6 NM 

EVE~!.. .' ... _.,.1 ... 11 ...... 1" ••• 11".1.... .. . .. 
. FEB 1 R , I - I 

':'1970 
':":'1969 

. I 
! 
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SCIENTIFIC ACHIEVEMENTS (SIDE AND CCIG) 

• su PRATHERMAL ION DETECTOR EXPER I MENT (S I DE) 

• DETECTS SOLAR STORMS AND MAN-MADE IMPACTS, AS EXPECTED 

• ONE GAS CLOUD, BELIEVED TO BE CORRELATED WITH MOONQUAKE 
ON 7 MARCH 1971, SHOWS EVIDENCE OF WATER 

• UNEXPECTED ION CONCENTRAT IONS AT LUNAR SUNR I SE AND SUNSET, 
AND IN GEOMAGNETIC TAIL TRANS ITION REGION (FLOWING DOWNSTREAM 
WITH SOLAR WIND) 

• COLD CATHODE ION GAGE (CC IG) 

• NEUTRAL PARTICLE CONCENTRATION VARIES FROM 107 ATOMS/CC 
DURING DAY TO 2 x UP ATOMS/CC AT NIGHT 

• FREQUENT TRANS lENT INCREASES 

• TRANSIENTS UP TO 2 x 107 WITHIN TWO MINUTES OF SUNRISE 

NOV 71 8948.50 



SCIENTIFIC ACHIEVEMENTS (SWS AND LSM) 

• SOLAR WIND SPECTROMETER (SWS) 

• BAS IC BEHAV lOR OF SOLAR WIND 

SAME AS FREE-SPACE OUTSIDE EARTH'S MAGNETIC TAIL 

S LI GHTL Y PERTU RBED IN GEOMAGNET IC TRANS IT I ON REG ION . 

DOES NOT PENETRATE TO CENTER OF TAl L 

• SWS UNEXPECTEDLY DETECTED GAS CLOUD FROM APOLLO 13 S-IVB IMPACT 

• LUNAR SU RFACE MAGNETOMETER (LSM) 

• 38 GAMMA STEADY FIELD AT APOLLO 12 SITE; 6 GAMMA AT APOLLO 15 SITE 

• TEMPORAL CORRELATION WITH MAGNETOMETER ON EXPLORER 35 ORB ITER 
IND ICATES ELECTR ICAL CURRENTS DEEP WITH IN MOON 

• CORRESPOND ING TEMPERATURE PROFILE ESTIMATES: 

8100K I N SHELL AT O. 6 LUNAR RAD IU S 

12400K AT CORE (3000° TO 50000K AT CORE OF EARTH) 
NOV 71 8948.51 



SCIENTIFIC ACHIEVEMENTS lASE AND CPlEE) 

• ACTIVE SEISMIC EXPER IMENT (ASE) 

• 104 METER/SEC SE I SMIC VELOC ITY AGREES WITH PSE DATA 

• 8.5 METER SURFACE LAYER (REGOLITH) AT APOLLO 14 SITE 

• CHARGED PARTICLE LUNAR ENVIRONMENT EXPERIMENT (CPLEE) 

• DETECTS LARGE CHANGES IN SOLAR WIND FLUX 

• LOW ENERGY PHOTO-ELECTRONS DETECTED DUR I NG LUNAR DAY 

• UNEXPECTED DETECT ION OF ELECTRONS WITH TERRESTR IAL 
AURORAE BAND ENERGIES IN MAGNETOSPHERIC TAIL 
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SCIENTIFIC ACHIEVEMENTS (HFE AND LRRR) 

• HEAT FLOW EXPER IMENT (HFE) 

• LIMITED PENETRATION HAS NOT COMPROMISED ACHIEVEMENT OF 
SC IENTIFIC OBJECTIVES 

• PROBE DATA INDICATE SURFACE LAYER IS IDEAL THERMAL BLANKET 

NIGHT SURFACE TEMP 760K ( -320°F) 

DA Y SU RFACE TEMP 3580K (+ 185°F) 

SUBSURFACE AT 1.5 M VIRTUALLY CONSTANT AT 2530K (-4°F) 

• HEAT FLOW APPROX 3.3 x 10-6 WATT/CM2 (112 THAT OF EARTH) 

• CONDUCTIV ITY AT 1. 0 TO 1. 5M DEPTH I S BETWEEN 1. 4 AND 2.5 x 10-4 WATT/CM-oK 
(7 TO 10 TIMES GREATER THAN AT SURFACE) 

• DATA SUPPORT MAGNETOMETER FINDINGS 

• LASER-RANG ING RETRO-REFLECTOR (LRRR) 

• PRELIMINARY RESULTS FROM THREE REFLECTORS INDICATE LARGE-SCALE 
LUNAR SURFACE "WARPING" NOV 71 8948.53 
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FUTURE ALSEP MISSIONS 
APOLLO 16 

COMPLET ION OF 
MEASUREMENT 

NETWORKS: -

INSTRUMENT 

PASSIVE SEISMOMETER 

ACT IVE SE I SMOMETER 

IONOSPHERE DETECTOR 

ATMOSPHERE DETECTOR 

SOLAR WIND SPECTROMETER 

MAGNETOMETER 

HEAT FLOW PROBE 

LASER REFLECTOR 

':'APOLLO 16 INSTRUMENT 

APOLLO 17 

SECOND GENERATION OF 
SC IENTIFIC MEASUREMENT: -

NETWORK 
COMPLEMENT - SEISMIC PROFILING 

4';' - ATMOSPHER IC SPECTRUM ANALYS IS 

2';' - METEOR ITE & EJECTA DETECT ION 

3 - GRAV ITY FIELD SENS ING 

2 - THERMAL CONDUCTIVITY MEASUREMENT 

2 

3';' 

3';' 

3 
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