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Project Apollo
Ceological Field Investigations

by

Edward N, Goddard, ]. Hoover Mackin,
E. M. Shoemaker and Aaroo . Waters

Objectives of Apollo Genlogical Field Investigations

Manred lurmar landing in Project Apollo will present the first
opportunity ta carrvy cut reazonahly comprehensive sclenclflc
studies of sclected arcas on the Moon's surface. The importance
of this opportunlty lies kn the possibl'ty of appiving on the Moon
tany invastigative technigues that have been developed to explora
the physgical nature, chamical constituron, geologic history, and
origin of the Earh,  withour application of such techniques the
nature of the Moen & surface, its geologic ancestry, and its
ultimate origie can never be advquately known or understood.

The unmanned lunar flight program will provide high
reaplutiopn imagery and a limited amount of phyzical and chemical
information abor some aregas o the bMoon--data specifically
needed o gulde the selection of safe landing slees.  Project
Apolle, an the other hand, provides the additional oppormunity
to examine the Moon's surface divectly, and o oltain oumerous
gamples to be returned to earth for Jeralled laboratory investgation.
It alsc affords opportunity for a vaoety of In 510 meagurements of

phyical properties and astepcrure. The werbal description of the



agtropaute while on the Moon's surface~~when correlated with
this additional data--is capabie of providing a thnrmgh undar-
atanding of the composition and atructure of the Moon around sach
ianding albe.

Direct imowledge from in situ cheervation and simple collectAg
18 required o ldentity the rocka and minerala that compose the
Mcon, and to understand the nacure of the lupar purface. Once
corcectly idenrified, rock layers can be recognized and mapped -
ovar maat of the Moon's araa by earthi-hased relescopes, and
with the aid of remote gemecra carrisd on lunar orbiting spacecraft.
- The cmﬂhlna;:l data on the chemiscry and geology of the Moon,
goquited by direct examipation and by remote gensors. is fumka-
- mental o imerpretaton of tae evolutlon and long geologlc history
of tha Moon, and for any critical examinatica of questiona of
its origin ard velation to othar objects in the folar ayatem, I
also provides tne banic data for later sclentlflc missions af
broader scope in satranomy, physics, and other aciences.

Stated in broadest terms, the objectlves of the geological
field lnveatigatlons in the Apello stientdfic program are o obtain
complete and accurate knowledge of the namre and structure of .
| the lunar lurface. and so far aa possible, ro determine the resﬁ:nnl o
stratigraphic and petrologic character of the Moon st each landing B i
alte, Such demiled knowiedge of the field relations at ach Apollo o
_ lapding site i not only of basic sclentfic and engineering ﬂhﬁg b
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itself, but is essential for the complete inferpretation of most
chemical, physical, mineraiogical, petvographic, and biological
analyses of the samples collectad, and is fundamental o the
interpretaticn of most physical meazurements of the lunar suriace
that can be made ar these gires.  The field peological investigation
of the lunar landing sites is, therefore, viewed aa preliminary
and necessavy o the planning and execution of most other studies

that will be carried out by lunar landing massions.
Trine acructuee of the lunar surface

Cme of the outstanding scientific problems (o be artacked is
a peological prablem ehae 1s Likedy 1o e solved in early Apollo
landings: What is the nature of 1he rocks and minerals that form
the Moon's crusc, amd what 15 The derailed "fine” structure of
the lupar surface? Physical studics of the Moon's surface, hy
means: of {elescopic photometty, radiometry and reflocied mlcrowave
signals, aud ohservations of the lurar crater distribation may be
cormbined with emplrical kaowlodge of the phenomenology of
CrBtEring, cratering theory, curront data on the flux of meteoroids
in the vicinity of the earth, aml estimates of the effects of other
processes acting on the hunar surface, such as sputteving produced
by zolar bombardment, to derive medels of the local fine structure.
From such studies we aliready know that the lunar crust s demon-
gtrably heterogenequs in composition. The fine structure ol the

gurface also may be expected 1o he heterogenecus.  |n particular,
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details of the fine srructure probebly depend on the age of the
surface, or more specifically on the period of time the surface
has been affected by cratering and other procesgea.

Om the basis of the available data, 1t appears highly pmbah}u.
that meat pares of the Moon s surface are covered with a layer of
finely-broken rock fragments, the upper surface of which is -
pitted with craters. The thicknese of the layer, the size distri-
bition aof the rock fragments, and the gize and spacing of super-
impoeed craters prabably all vary abruptly from place to place.
Employing the data available from the photographe acquited from

Ranger Vi, in additlon to the Information obtained at the teleacope, -

a reqsonable model of the fine struchire of 2 pypical lecal ares
an & mare surface, for example, can be describad in the following
way:

1, er of shattered and pulverized rock covers
rmere than 93' per cent of the mare. It is of variahle
thicknegs and rears with irregulay contace -n the undei-
lying eolid substance of the mare.

2. The fragments in this layer or bianker of shattered
rock heve been derived by ¢lecton from craters, mosec of
thom pearhy, bt some lying grear digtences away. About
S0 pet cent or more of the fragments have come from w11:h1n
onte kilomerer of the site, but there is a finite Erul:ﬂhi
decreaging with the digtance to the source, of anding a Folk
fragment derived from any place gn the Moon. [Except
along the margins of a mare, thevefore, the pieces of
debris will be compoesd predominantly of mare marerial.

3. Fragments occurring at¢ the hage of the debrig
Inyer will, an the average, have been transported on ballistic
lrﬂ. jectoriea a2 smaller nember of fimes than pleces near the
le ar vop of the layer, egresslng upward from the
hnse, the layer has heen stirr conecltuced an
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increasing number af times by smaller and smaller and
nore and moce aumermls Crafering cvents.  The uppermost
millimeter of the dabris layer is probably completely
Teorganized once every 1 to IR years by the formation
and filling of minute craters,

4, The aﬂ.rﬁ:raf: grain size tends o decrease fram
haga o top of the dehris layer hecouse fragments in the
Upper parc, on the avorage, have ece shocked and broken

A greater number of ritnes and have been gjocted, on che
average, from smualler craters, Near the basc, fragments
43 large a= several centimeters in diametcr will be
Comrmon, whereas The material of the uppecmost few
millimeters more likely will be finely pulverized. Through-
ot the debris layer the bulk oi the rock fregments will
prnhahl¥ dverage lese than 4 millimeter in grain sizre, bt
heaps of coarse blocky rock from the laTger craters may

be expected ar many places.

a. Benedath thie blankel of shattered rock, the mare
substance will in rmany places show evidence of having
been broken to greater depths by shocks of varying atrength
produced during development of the larger craters.

fi. The contact hetween ihe underlying solid rock and
the pulverized surface blankel has considerable local
relief, consists chiefly of the intet ~~ting segmente of the
original floors of numerous older gna lnrger craters
that range fram a meter o a few ene of oo ters acroes,
Moat of the=se are now hurled beneath younes r impact
debrie.

7. I'e upper sucface of the dehris layer is pockmarked
by craters ranging from less than a millimerey to several
tens pf meters across (o lavger depending on the iocal
Area). Craters larger than one tmeter in diametere oceupy
about 30 per cent of the sprivace; smaller craters pooupy
the rear of the surface and aro also suparitnposed on the
lavge craters. Mipute ¢raters, with dimensions of the
order of a millimeter or less, probably cover nearly all
of the surface and 4re superimposed on nearly all other
features.

&, The debris layer tvpically varlgs Lo thdcknésa ffom
a fTew tene of meters to less than a millimeter, [t is thickest
wiere 1t covers the Tloors of somne of the aldesr and largest
eraters present, and s thin or even absent aloag the walls of
Very YOung cpraters that cut through the debrls layer into
the underlylng mare material,
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A Blmilar Jayer of pulverized rock probahbly covers nesrly

! all purts of the Moon's surface. It may be expectsd I:ﬂ.'ifﬂ-:l.'j" in

average thickness as a direct function of the age of the rocks or

terraln on which it s formed. Terrain glder than the maria will

have a thicker Slanket of debrie than the typical mare surface,

and the blanket will be thinner, on the average, an younger

terriin. The average crater size on the aurface of the dehrig

layer will be larger on older terrain and smaller on the younger

terrain.

Examination of such & debris layer, and verlfication or
revialon of l:hl.n model, prescnts a challenging problem for the
aAstromaute, bor ope that c&n be solved by ann@m-furw&rd field
proceduresd. Direct visua) examination of the eurface will answer
moet of thae cridcal gueations. The scale of LieéﬁEd pbaervad ong
ranges from features obeervabie through a hand held lens to

-the largest feamures the astrongut can cbeerve in the surrounding
Neld of view. Freaturae ta be deseribed include oot only the
kinds and alizes of rock rragmenta in the debris layer, but alsc &
scaternent &nd analysia of the spacing, size, and naours of the craters |
and of all sther amall and Jarge elements of the local topography.

If the astronauts have been ful.l_v. trained in the {echniques of
accurate and thorough observation and reporting, such viseal
descriptions of the landing alte, recordad verbally on tape or by
redio communication, will be invaluable. Abundant high Tesolution
Photography by fiim and televielon or faceimile cameras providea
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anothcr form of record from which much of the on site description
and analyeis can be amplified and verified after the lungt missions.

By digging, probing, amd manipulating the surface materials
with 2 suitable penetrating device the astropaut can prohably
galt an insight into the vertical disiribution of rock fragmenta.
Information cbtained by this means would necessarily be limited
to depths of a half meter at most, but might be supplemented by
nbservation of the wall of a pearby crater. To determine total
thickeness aud variatlons in thickness of the debris layer active
gelamic techniques woueld have to be employed. A properly
dealgned field scelsmic system operated by the astronaut might
give information noe only an che thickness and physical properties
of the debris laver, of consnderable engineering tmportance
for planning of fulurte missione, but also cluea to the natire and
origln of the decoer structures of the Moon's crust.

Ome of the principal probloms presented by a aurface
covered by B fragrpeptal layzr of the kind described will be o
gelect appropriate samples for return o Earth. With a wide
variety of rock fragments to choo=e from, the astrongut will be
faced wich the difficulr task of deciding whar specimens best
represent che material ar hacd. He will need o esdmare Ui
telative abundance of differvnr rock (ypes in ardetr to aelecT
reprerentatlve samples, and, 1o addirion, he will want t - dlect
as many of the infrequently weourring rock Lypes 28 possibie,

ag thege will provide information on the more distant parts of the

Moo,



‘In certain respects the model described for the fine siruchire

of a:mare surfice is similer to terrain on Earth which has been
coverad by deposite left by meldng of & continental glacier, Like
pliclal drifr, the debrls layer om the Moon ohecures the "bedrock”
in most places, ig heterogenecis in character and irregular in
thleimeas and containe rock fragments of widely diverse individual
rdatories. Thoroipgh study of such & layer in & local area either
on the Moon or on the Earth can provide a great amount of
informadon about the geology and hlstory of a broad saegment of
the planetary crust, provided thar the origin of the fragmental
layer is u:uiefatmd. Fallure to understand the namre and orign
of the Junar microstructure can lead o eerious scientific misabnter-
pretation and confesion. For thie reason we regard the role
of the astronaut as a trained field observer to be fundamental o
most of the lunar scientific imestigations o be performead in
Project Apallo, and of paramount importance to the success of
later miseiohs.



Methods of investipation

Ceneral methods

The principal task of the astronaute while on the Moon's
surface will be to study the morphology of the surface and the
chatacter of the material exposed. This study will be made as
the astronayut walks about carrying certain Instruments. It will
depond beavily on his visual observations. Understamding of the
peclogy of the surface rests on the digecrimination of different
kindz of materials and determinarion of the rhree dimensional
relatignship af these materials one to ancther and to the surface
features, Both sampliog amd to sitw measurement of physical
properties and engineering properties of the lugar surface materials
Shinlld be based on the observed distribution of different geological
materials,

We belisre it extremely important that che aatronaull hayve
as much free or unprogramimed time as possible for observatlon
of the surface, [t is only by such unprogrammed observadion thar
important uGantecipated facts will be discoveren.  The time on
the surface wiil be very short at best and there is a general tendency
to require too many preplanped tozks for the astronaut to carry
out. In order to relieve the astronaut of as meny chores as
poaeible o allow him the esaential time for obhservation, all data
tecording procedurcs should be autornatic of Seml-autaomatic
and not require,in mest cases, conscious decigion or movements
on the astronaut’s part. Cur plan for the field investigatione,
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therefore, includes the dse of equipment which will T2ke plemures,
mneasurements of arientation, and physical propertics meagurements
with 2 milnlmem of manipulation or attention froim the astronavt.

He ehould not be required to plot or find his positionon a ﬁmp.
vaiens he 8o desires In order to vieualize the relatiotishipe of

the meterials he s vhserving., Rather his position should be
tracked autnmatically from the LEM and the data cransmitted to
Farta ard plofted out by computer driven XY plotters in real dme.
Voo helicva the availabilty of real time communicadon between

the agtronauts and the investigator team on the ground can aid

ln removing the burden of daza assimilation and plotring and can provids.
:

¢ouglidoreble aid o the astronaut in interpreration of hia gbeervatons.
The following =leinente we regard as essentlal parte of

4 gystem designed to relieve the astronaut of as many chores o

hitrdens &8 possible and to maximize the cpoanrunity for scientdfic

dincovery. |

l. Automaric data recording: All geclogic data
acguirmd by the astronaut on the lunar surface or from the
I.EM should be sutomatically recorded. VYerbal observa-
tions and descriptions should be recorded on tzpe or
trapgmitled in resl time by RF link or both. [Instruments
usex] to obtain poeitionzl information or to measure attitides
of coz=ired forms or structures on the bMoon's surface ghould
have zn automaric readauat, [ma%er}r obtaincd both by film
carmeras apnd video systems should be taken at regular inmtervala
as well ar on command by the ascronaut.  ¥Video [magery
coverase should be conginuous. mestruments carried with
the antronauts meaguring bearing strength of the surface,
radicactivity, and magnetle fields should have avtomaric
dara readput. Sample hags and comtainers used by the
asrronauts ahould e prenumbered and ~hrald he opensd amd
Cclesed by mechanlsms that operate senwaatomatically. The
BErraudut can note positions and numbers of samples verbally
ag 4 part of his continuous record of degcripdon. Whberever
paezilile, he shonld not uee yerbal deecriptdon where a pleture
OT ¢, Aldoinatic measurement can provide the infc:-rmaﬁ-::m
mees: efficiently.
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2. HReal time transmissicn of data: Video, facsimile,
audio amd other scientific data should be transmitted in
rcal vime to the earth wheee redoction and synthesis can
be perfurmed whlic the astronauts are on the Moon'a
surface. All makin% of maps and the plotting of traversea,
the position of samples, and the location of Measurementa
and chservatbions on maps can be done quickly amd effectively
on the earch wich the aid of compaters. Thewe data can cthen
be swudied by the investigator team io real time and & synopsis of
positinnal information, and possible interpretations should be
available to the astyonaut ar anpy ritme that he desires help.

3. Relay of maps ond graphical information from Earth
b Lunay Excursion Modole: 0f possible it would be highly
degirable 1o b ahle to transmlt maps and graphs compilad
by ehe anvestigalor woam via facsimile ot video sy=stems to the
astropauks in the LEM, ‘Fhis information can then be used
by Tl astronautz o plaoning traverses and determining the
bat stratepy [or observation and medsurements. They should
b2 able to Tevise their stratopy 85 the work procesds, incorpot-

ating the results of provoows rraverses into che planning for
the (raversce yoo o e made.

Motivities of astronadts

It iz expected gl e wo dstTonaunls wha we send o the
Moon's sorface .o o ioebd well work a5 a eas . Do man will
stay in the | unar Excoursion Module while his Companion recontolters
the surface. Before each truverse the asttonauts el wointly plan
the approximate path fo he followed, on the basis of Maps and
Information they have brought with them, prepared from pre-
flight information about the landing site, and on the basis of whart
they can observe directly from the windows of the LEM. This plan
may be derermined entirely afrer landing oo the lunar surface,
with consultaction witi The invosTagator team on the ground if
desired, or it may be a nominal plan which has already beon

worked ol from pre-flight Information, if the LEM lande oo a
glte for which & great deal of data has already been obtgined.
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The man who remains in the LEM will follow the man on
vhe sorface a2 continuously as time permite both visually and |
& montroring Rig verbal descriptions. U aseistance is neoded
S the gstronaut on rhe gurface the astronaut in the LEM may
"nip direct him o pointe of observaron which are obscured by the
rapography, and help puide him back poward the LEM.
““ha zrtronaut on the surface should {ollow the traverse

planned before cgress from the LEM in miost casee but shauld

% iree o change his mind if new facts and situntiens arive and,
with concurrence of his companion in the LEM, should be able

to plan an entirely new or roviged traverse opce he 15 op the
savingd, should unexpectsd cheervations indicare this is required.
“The astronaut on the surface should concentrate his energy and
:-:time on visval chbservations and sample collecrung and matntain

a ronnlvg veirhal commentary on what he ases and does, Hia
gegCuiptiont shoulc be focused on those featuren which can besr
2 studied wiile on the Mogn's eurface, and he shonid cma&iuuﬁly
svold spending time describing things which will be readily
pavirayod by photography or which can be determined later by
Iudy or samples Terlmead to the Earth. It will be of greaar
imp-:r:rt&-:r:e for him to maintgin alermess in both obssrvation aad
aemple collecdng: he ahould attempt to acguire ad many emall
ualnplzl:'g_r,-'x material that airacta his attentlon da possibla, It

ig better to collect 100 many samples, some of which will have _
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to be left on the Moon, than o remirn to Earch with less than che
maximum allowed weight of zample material. it will he imporcant
for the ssironalt 1o b ahle to staop or otherwise pick up pieces
{rom the surface frequently alomg the course of the waverse in

ordor [ examine hem at close range.
Fuinclion of the investigator team

W recorniend thar the in'.retatlgai:ﬂr ICATE SCYVE oL only o
developrmenl ins g apicnts and meihods of duta raduction prior o
the: mission but alsa serve as a scientilic board actively syothe-
gizing the lransinivied Jata while the asironauls are on the Moon.
This board should be available tor consultation with the astronaucs
on scieniific quesrions and for aoalysiy and inierpretation of dzea
for use i evali tiop mission safely by the {5 h vperations
personiei. 0. inn, theiavestiger ‘.ot v b be responsible,
togetiler with th. asironueig for post-flight analysie of the data
ohtained in che ficld aeology investimationg,

We also recommend thatl sl of the astronouts in Project Apolle
be conzidered members of the investigator team o the extent thag
they are able to parlicipate, L particular, we recommend that
some of 1he astronauts be assigned mdjor responsibslities for the
scigndfic aupedrs of the mission and spend a sighificaot part of
their time working with the investigataor (2am in the planning and

developriear Gif e field geological invesugarions,
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Premipsfon activides. --The premiasion acHy, ! es of the

{ryearigator team will be concerned primarily witlh (pdading
rne informarion on the detailed geclogy of the Moo 's surface,
orimarily with the aid of date obtained from che un;anned
~mar exploration program, and with the developin - ¢ of the
dardiled methode and procedures to be ugedd duriny he missions.
A tatw from esch successful Aight of Ranger, Su ' eyor, and
{Irhiter come in, we should be continuing to imprd ¢ our model
of *he Hinar surface. Creat improvement shoold 1: possible
wfter the first successful Apollo flight, and advan') z2 should b
tzken of the knowledge gained in the design or red ::ign of the
~wthode and procedures used in following Apollo lights.

e invﬂsﬁgatﬂr teamn will make a detailed st 1dy of the
g logy of each of rhe potential Apolio landing site: for which
Intarmatind {s svallable from successf] Survevor ing Luner
Lorblier merions.  This study will be the basia of annlng
rentatiye trevelses Iy the astronants dnd for familarizing the
Caatresasts in detall wicth the features ta e expecte;. at the
Enlding s1te.  Both topegraphic and Fecdopic maps of the landing
sitz ahould be a part of the informacion that accom anies the
asrronalte o the Moon in the Lunar Excursion Modole.

Several lnstrumenta yer to be [ully developed are piannad
for use in the field geglogical work by the astronauts on the
Moon's surface, These Include a geologiat's walking smff,

or altermnidvely A walker, which will carry a wide variety
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of small instruments praviding physical measurementa and
cameras that will provide imagery for photometric and photo-
grammetric roduction (Sco section on instrumeots), MNot only
will the development of the jonar instruments need to be com-
pleied but the groand recordlng instewments and the Jdata
Teduction methnds must also be developed.  Principal among
these wikl be the photagrammetric mettuxls, to e used wich

the imagery ohrained from viden, facsimile, and filin cameras,
to prepare a detailed topngraphic map or limprove the availahle
topopraphic maps thar provide the base for compifatlion of the
goeology.,  O6 special smportance will be the development of
Tapid data Teduction technigues to be used in real time during
the astronaut traverses.  These echniques include preparation
of rough maps of landiog sies froam Jdata transmitted from a
facsimlle sysicin mounled o the LEM, for wse in case of landing
o Unanticipated sites, and for plotting vhe traverses and daka
POINES on existing maps of the raugh maps so proparad.

The pediogical field investigations teum expects to paTtici-
pare in che devolomment of intcgrated scizntific mission plans
and in tests for the check aut und use of the instruments under
sirmulates myssion conditions, We strongly recommend that
many fimiula, ol migakons be carrigd our al rerrescrial fleld
sites b pradids pracrice in using prototype and flight con-
figured eqguipment and to familiarize the astronauts thoroo oy .

with all the proccdures. Apothoer important premisgion function

-
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uf the {nvestigator teatn will be to participate in the scientific
craining of the aatronaurs in the techniquea of field geology and
. bricfing the astronauts on known and inferred {acts about che
geology of selected potentisl landing sites.

Activities Juring mission. --Iiring the lunar missions when

«[e gsrronauks are on the Moon's surface, the investigator beam
alane o follow the motions angd gbservations of the astronautse
wiih ibke ald of the transmitted video, audic and automatic
‘racking systern Jata, This will require that a data recelving
facility be establighed, linked by appropriate communiCaiions
T the misgsion control center and to available computing
Taeilities,  Ar the data recoiving sife the investigator team

wvill prepare rough mape of the Feology and rovisions of
alreany prepared maps from the incoming dacg. On redquest,
Uy w:li p prepared to advise the astronauts on the Moon

of Mkeiy interpreration of obagrvations, possible geologlc
Telatony, crifical areas or feaures for examinabion, position
cf arcronant rejative to such features of interest, possible
importance of samples picked up, loss of data in transmission,
and posgihle gafety hazards to be encountered along the rraverse.
This ¢laia should be available either by direct communication
with the s=tronaut or o members of the mission control staff,
A preliniinary synthesis of the observed geology should be

avalloihle at Any time the Asronadis arg ready 0 leave tha

E | . "

Mooi. Ihia will aid ln Jetermining the degree to which the:
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srientific mission has been successtully complaered, in making
potental decizsions as to what samples 1o bring back, and, if
unusudl circumstanges ariss, whether additignal scientific
Itfotrmation to be gained by extending the stay time on the
lunar surface is commensurate with the risk invelved,

Post-mission activities. --[n collaboration with the

astronauts and the ofher investigator cams, the geological
field investigartlons tcam will prepare an cxheustive analvsis
af b video, audio and other field geological data acguired
from sach missign, Parr of this dara will b2 extraceed from
study af the refurned satnples.  Information in the final report
will be presemed inthe lorm of topographic and geologic maps,
8 detailed description of the gaulu-gy, and intEI'{Jl.'E::EHLiDn of the
geologic history of the landing =ite and the processes which

have led to the mresent contivuration of the Moon's surface.
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Ingstrumencation

instrumentation required to acquire, transmit, and analyze
the field geological information includes equipment to be catried
¥ the astronaut on the Moon'e surface, lnstrurnents that will be
mounted on the Lunar Excursion Mikdule, and equipment o be
uged in recording and analysis of the data on Earth
Mquipment carried by astronaut

. Jacob's stafl: The principal item of eguipment o
he used by the asironaul for Lhe field genlogical work will
b a specially desipned Jacob's staft, or peologist’s
walking E-I:Hff;:' The srafl scrves a3 an aid to walking, as
A basic surveying insirument, as a prabe and sampiing
device, and as a calibrated carrving device for a nuomber
nf inatruments, A rumhber of instruments will bhe paile
into the seaff, These mmelude a slow scan vidicon camers
{500 ke bandwidth), for semi-continugus photagraphic
recording, and a film carmera which will provide phato-
graphs to he used bioth for photogrammerric reduction
arel for close wp recording of Jotails of the Moon's surface,
Hoth camerdas will be calibrated so thal photommetrle informs-
Tion ©an be extracted [torm the phmu{;rapha An automatically
recording vertical meter will be built into the staff, along
with o sun compass, so thot its orientation will be known at
all tirnes. In addition. a4 oumber of other zlternate special
instromeants will e designed for woreeration as meodules
intg the seabf. These inclede o calibrated penetrometer o
be mounted In the base of the staff, and a continuously
Tecording magnetmnetetr and gamma ray detection system.
A zoagh mockup of such a sraff iz illustrated in figure 1.
A oumber of alternate designs will be tried in che fleld
before a flnal configurarion is decided vpan for lunar use.

2. Audio system and recovder, An audio system with
owr remigarion o the: LEM and {emm the L.EM to the Earth
Is racpuired 1o recond Lhe comimentary of the asironaut,
The rransmitter for this system could be designed for
lncorporation intoe the walking stail i nccessary. For
backap in vase of loss of transmiszion, the astronaut
stuwald carry a minlaturized tape recorder which will
ke driven automatically off of the audio system. W com-
pletely satisfactory transmission of all audio data has
Ezen Teceived, the tape records need notb be returned bo

Tih.
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3. Geologist’z accessory field topls: In addition to the
staff, wluch can serve partly as o probe and a scoop, the
astromaut will necd a light woign poologist's pick,a rmagni-
fying leng,and a marking wood for use in probing the surfarce,
phsetving the fine Jewiils of the surtace and samples
"Ciodlectod and for collecring aamples. The marking tool is
for wse in obrainiog A permanend record of the ficld orieats-
Fion ol cortdan ssraples, These simple oaks probably will
ot require special design, A nomber of picks, lenses, and
marking tools can hbe teeed our under simulaied lunar con-
stralnrs tu scelecr rhose thal are mmost suiteble.

4. Hample collociing equipment:  Equipment needed to
cablec) samples for geolupgical purposes include: 1) pre-
nietnbeecd samele bags, 2) 0 zample carvier, 3} a scale fo
wipli Lo collectd samples, sl 4} 8 vacuuer sgafod o
which will = used to ztare the Jwes duriog return to Earxth
and bolopc opening of tae baes opder controlicd conditions,
The: bazgs zhaaid be simpie foooperate and of known simple
cosnpesetion- - tenbebly o bag of plestic or metul foil con-
straciion wily ber sulficionl. 1 irerianl Thal rhey b
Vory Casy o oo cied Close. Tlhey are o be used primarelly
Toper T parrpwess of Sleptification of the imdividual specimens
Fatiez Lo o protect them [rom contamination,.  In addicion,
a few smal: ripid boxes will be required for bulk samples of
waalkly bonded fragmental material, [t is undersigod that
pther special sample confainers will be Tequired for other
inyestigatons.

[pstrurnent s monalod on the T.TM
Throe instrimenls ace Dlanncd oo mounriag on fhe aseent
atage ol rhe 1ER,

I, RF tracking systorm: This ra a simple radio
Troquency trackimg syspon, wineh will derermmine distance,
aghmuch, awd angels of cievation to 8 @aonsmitling antenna
Imolnled on the Jacol's stafl. 1t will provide real cime
ipbrmation om the fncarion of the astronaut on che lunur
surface ot all times.

2, Phowograminelrls facsinn:ae carmeey A simple
lighe-woighty vory bow nmlwidils facsimile . omera should
b mounted on the asconr srage of che LA oo proaride
pappramic photogratpmarric covorage of the landing =ire,
This sysrem should go lote automatic pperacion oo command
after landing, and the data transmitled in real time o the
ground will provile sufficient photogrammetric control for

i



preparation of 2 rough topographic map, This system ig

considerad a backup system., In that it will be needed only
far accurate lpcation of the spacecraft, if the LEM lands

i a site which has already been adequately mapped from

{rbiter photography,

F. Vidicon cameta and titne- sequonce camerd. A
shuttered, slow-scan vidicon camera and a time-scgquence
camera should be mounted topelhicr oo a gimble on the
ascent stage of the LEM. These cameras will track the
Astrondtt on the surface, wich the tracking mechanisim
diiven by information obtained from the BF rracking sysbein.
T wideo information will be transmitted in rezl tme to the
grcand, and film from the time-sequence camera will be
rehurned o Earth,

Grownd recording and data reception and analysie equipmnent
Ciround recording and analysis equipment required for the
“ield genlogical lnvestigarlons are as follows:
1. Video monitors and phake recorders.
2. Audio recetver and recorder.

3, XY plotter driven by data transmitted from BF
Lracking syvetem,

4, A recorder for the facsimlle cameéra system and a
Tapld photoprammatric ploting system which uaes the
faceimile pictures.

Details of the design of these instruments will be based on

AITther do.  wvnent work.



Samples and $ample Handling.
eelection of samples

In general it is pot possilkle o coliect samples which sacisfy
rhe: requirements of 4il potential iovestigatars. Many kinds of
samples should be collecood and 0 will be oecossary 10 collect
speciab samples for various spooeslized purpuses.  Three kinds
Gf sampies sre recuired to meel the needs of the ficld geological
invesnizations,  We will not considee here special samples required
by other fnvesiigator teams.

Fiesr of all bailk sameics shonld be abtaiaed of the surface
materizl, whkicli prosumakly is o weskly to strongely bonded
prorous wppreeale of weey Dine parcticles,  Suck samples will be
of great inierest for determinaiion of the abundance and physical
ptate of differant jninerals aad rock fraymencs, and their grain
gige and siape amd for labogratocy dorerinaneon of the bolk phyralcal
properrics. Spocial containers oay o needew no prosarye rhe
texturs al this material af o proves o Lie delicaze WMore than ane
bulk sample of surface malterial s dosiead in order W study s
variation from place to place.

A gecond kind of sample nozied fvom cach Apolle landing site
consi-~ ol 2 Auite of specimens selecied to represent the dominant
fypers of material present. The scloction of these samples should
be tled 10 cetimates of the arcal abundanee of caco sample type.
These sampiea may e cither fragmental debeis, i sariatioo in

the debris laver can be detected, or individual specimens of solid
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rock.  Such representative samples may be obtained either by
coliecting at aspecified intervals along a traverse or by selecting
ritrazls according o the distribution of observed geclogic units.

The third type of gample needed ig the "grab” sample. For
coox st part, grab samples should consist of amall apecimens
srwn o five pramas) of diffcrent individual kinds of rock. Weight
mil space ghould be reserved for the asironaut to collect a large:
riumber of grmall grab samples which represent objects that
heve caught his attention ot appeared o be of interear az he
Drogresaes along o traveres.  All samples that appear to be of
;nrerest should be taken provided they are not too large. The
s2lacEon of thege sampleg will depend very much on the gstronaut'e
sidgment and his obeervarional perspicacity. Taken wgether, the
zrab eamples will probably provide information abaur the groes
nticeralogy, petrography and chemistry af the lunar surface,
The wotul dumber of such samples which shoulc be taken on each
mission is of rhe order of 500 to 1,000, [ is critically irmportant
thar gpace and allowable weizht be saved for these samples, fot
they, rathes Chan the speclal purpose samples, which wiil be few
innumber, will probably provide the greatest secientific returng
from Project Apollo,

[1 aeems o us thal coring for samples should receive low
priortty on the early Apollo migsions unless guch coring can be
accomplisiied rapidly and simply using a puah-type coring

device. Drilling a hode would be B profligate use of the Hme
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available in the firsl lupar laodiogs. There are certain kinds of
informatlon that can only be obtainzd by deilling, but 50 much is
ta be learned froan what is exposoed o the surface, and the infor-
M LLGaL we prain [rarm sledying 1w surface Spasures sholld be so
lnipeoianr jn selecling an appropriate sgof o Jeill, that drilling
showlcl be delayed anol lale in e Apelle projeel. Core samples,
when ohtained, will need o be treatad as special multipurpose
tvpes of sarmples. It wiil probabiy e aocesnary to displace the
weipht and spuce anowable for olaer samplos in order w relurn
ir Burla any signiticant number of cores.
Sarmnple hurcling

Mo special handling will be required for most samples taken
for field gealopical investigarions other than biological quarantine.
The zamples can be packod in somplo, gofr, air-tight hagy which
in rn can be stackoed togelaer g0 oo containsen 1hal can be sealed
to hold a very hard vacaam. O ldarth, the certainer and the bags
should he opendsd i 2 cracrciled armesphore af nicoegen and should
b readily cwarlanle Dor siudy Dy ancanooers of the invesngator team
and iy i hee j:||||1-c=|',:_1]t35;':5:5 and poetrodorigts wlao have leginmatse
interests and speanal ralencs Mee stdy of che samples. The samples
shauld be srored and distributed from facilities at the Manned
Spacevrafl Centege We do not aoticipate any requirement for major
analviical facilities, however. at the Manned Spacecrait Center.
Analyzes ghould he performed in exigring gualified mineralggical

and chetnical laboratorices,
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Astronaut rralning

Two asnect8 of the astronaat training are vital to the
svongsiii] execution of the field geological inveatigations., Firat,
#hih astronaut should be 8 qualifled field obeerver and sheuld
hav a2 gpportunity to gain the eXperience necessary (o become a
rood g‘eulugicallﬂhacww, Secondly, each astronaut should
roaknraly & basic familiarity with lunar research and specifically
with oz vent work on the detailed geology of the lunar surtace.
frivgeariey e means be should be intimately acquainced with
the regulie obtained [rom the unmanned lunar exploration
Pragram bur should also bave 4 wotking Enowledge of the
[:onsipgel resulrs obtained from telescopic oheervationa of the
hion.

There is no rubstitute for experience in field observations.
T2 field obgervel sees oply what s eve has been trained to see,
il fhe AocuTs ey And completeness aﬂhis MoneTyations Improve
in more o pess lpear proportion s the length ot time he hag
pEat bna field engaged in challenging obserwvaiona b work.

Al asrronauts who partie ipate in project Apoilo stould recelve
cuntinued field tvaaing yp 1o the time that they go ioto haal
nrajss rations for a missron. They are currently receiviog
prelimingry traiming io hield geology which should lead o field
ERETCiSeR 1ovniving Jescription and mapping of geology In the

v2riety of local complex steas oo the Earth. [0 will be important
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for them to have seen a wide varicry of volcanic rocks, tq be

able to Tecognize the principal kinds of meteorites, and [o be
famjllar in detall with the morphological and structural character-
lstins of voleanic, impact, and explosion craters.

The astronauts should bave an up-to-the-mminsee famillarity
with the vurrent status of detailed knowledge about the lunar
surfage Jderlvod both froom unmanoed luoar spacecraft and from
the telescope. Specifically they should kEnow by hear the avajlable
facis aboul the potential landing sites clhosen for cach Apolla
miszicn. During copeared pracrice in simulated lunar missions,
working with the investigaoor teams, they should have built up
a thorough understamllng of how (o proceed with the scientific
missic and of the meraods of deciding steategy in 4 given
situdtion on the Moon., Ideally the prefoerred lunding site will be
known in advanes and the astr meul will know its main ledtures
from having worked on a4 model of the site maoy tires on the
Earth. Whether rhis will be fzasible or not will depend on the
success of the unmAannaed Whac program in yiclding definicive

dara for selection of sites.
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Intreducticn

Spme tlme Tefore the year 10498, a group of workmen werae
standing in = shipysrd lacking 2t & heif-conskructed crafi,
One of them sald "It wen't flost™: anothker said “IT the 2ea
mansters Son't get *t fipst, 1t will fall off the cige"; a
third, more reflective thar the othera, saild "Wheot 2o they
wznt tﬁ go Tor, anywayTr.

The L7olla Trojeoct Lz rimarily a glorigus adventure, In
Wenlan men will fer the Sirst blac tread accn tihe surface of
asvother coleztlaol body. It w2l be g ﬁhgiificenb fecr, end
a mllestoene in Lk hisLtory of _he Zumsh racc, o oLror pups=
pose ot Juestlfleatien iz ococoeszery.

Imporianl seienlilic rocwledge wilt mesuil From Lhe
landing., “irsk ifmcng =he zoientif8n abjecilves ol Lhe
apel.e migg.en wlll ©s She vetaorn of zarmples of the lunar

surlace matericlas. The zbuily o7 suen zamples will t£11 e
of LIz sherrcimaric conditiong urnier wtich thsy wors Jarmed;
whegtker Llhe moom 1z g diTTecgnlizlied Dody or no%, ars cer=
waps whnetrer 1% was ceptur-sd oy the Za-th or was Tormed frrom

it Irn the dAl=ztant ozost.

The =sympies a2leoe may pilwve g ¢ oleprer plokore ol the
dolar Gysten And l9e criging &nd 2 new wnderstzodineg mer ke
galned cF Eome Aspects of Lerpewstrlal Eeulrglca; hlatcry+
iating o' Lthe o lreral anplv" pomning:l wilh peo_ocgloes. Infor-
maslen nbiained by shoetopreshice or ddiresl Extzlnd_umn ooud
Flwe us uhe _urma? geclogicz. hiztory in abrolule Serms.,

The nrozabk!iily exigts that wes will shten Ipfloermaticn zhout
the orpenlis precursore ol Lifs, and peseibly Zearn of the
extetence cf 1ilre L1tszlf 1n the Zunas environment, ractfiec
cel Ielormetion cextalnly wiIll oo obtzlisl relevent Lo the
evaleat o of e moohn 2L o4 stition Jor Lhe Turther exploera-
Liar o Subod.

The function ol cur grour 1e the Szollo SZolentlille Dro-
grem iz T2 eranline op dectell, irn Tofl: Zescoriptlive qnﬂ iﬂ Ert-
pretive regzrds, the ninerz.czy ond wetrogeaphy of “he Cunar
gurface meterisgle trhac are nroeegst keck, Thilo Information
gi8c provides The Tarkgraund neceeszary te She stuiy of the
sanples Tcor olher purpoges by chhaw ocroups. Cur Teccrnmens=
detinmz znd apinlens on matters of sompling and of sample
examinglicn f=llow.

"'.I!'.J by
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Sample Elze and Sampling

i, it 1z the cplnlcen of ocur group that large Indlvldual
samples of s2l1ld material are preferakile, These samples
should range in welght from a few pounds up to 5 or 14
pounds,  Smail plieces Gecome more jJustiflable 1 of a wildely
diverse ngture, or 1f of exceptlonal 1nterest. In this event
a mlx of samgples might te taken with the lapger pieces rTe-
presentlng bed roek or the more abondant or repregentative
part of the lccal slse. In any case & large dwat sample
should e taken.,

. Whille 1 1z true thak mueh valvable mineraloglcal and
gecthemical information cculd Le sbtained on guite small
gamples, ¥elghfing grams or tens of grams, the requirements
of aome geophysical and englneering measurements, Lthe ne¢esplity
of makling all meapurements 1n cocnbtext on the same lndividual
mample, and the necesslty cof preserving & large part of eagh
1pddvldual 3amp.e untouched all =ct ta Ilncreasze indlvlduel
sample slze. Trhe adequese represencation af coarse gralned
or keterageneaus 9olld materlals alseo Incerezars sanple zlize,
nz deaz the protlem of deslineg with mineT and accessory min-
sral componstcs.

o The return of a fTull lcad of lunar surface material

I« popsidered to be the mosat lmportant otl]ective of the land-
re, FPrograms ol oeccompanylng active or passive lmnstroumen-
tal epaperlrentation should be Zimlted by this prlmary ooclec-
tive, Imabllity te fulflll the sampie packaping recommenda-
tions or lnabllity teo fake adequate [leld notes during the
sampitng would be unfortumate, b1t should rnot dliecourage
taking a full sample.

1. Sampling tocas should be slmple, multipurpose and low
in welght, The uyse of & Lunar x-ray diffractometer or xX-ray
Fluorescenkt anzly#er l: ncbt considiered justilflable,

ki, Tre questlon ¢f the 3lze of apn adequate fndividusl
gample depends primesrily on She nature of Lhe malexrligl, ihe
purposes in mind and the methods cof study. Fhe mabkier alzo
15 1nfluernaed by the aumber of kEIndeg of materlal erncountered
at the Eampling =21te, their relatlve atundznce and thelr

relatlye interest, The physleal capabillty of the astronauvt
apdar the actual rcondiflons encountered, and the sampling

toguls end the samnple gontalners that are available are adied
Feotors. It Iz possitle that the luenar materlals mey Ee zao



-

gogted by lungr varnish, analogeus to desert varnlsh, and
produced by radistion damege and chamical action, that the
vignal differspeag hetwaen materdals may be ohlifterated.
Mogt of theae factors can te evaluated only on site, hence
mach dependa on the traloing, resourcefulness and Judgement

of the askbtronauta.
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cectlen B

cample Contalners

1. At lepet g representsitive part of the aemple, and, i
pogsible, 211 of 1t, shou.d be packased at tre time the ma-
tepial 1z ecllected I aterlle, vecuum-tight contalners,

The 1=adlvideal parcs of tie teotal sample sheulsd be paokaged
aeparately. Measoms for this ‘relude the gidimlnetlon of
corsaminaticn prier te Terresirial exzaminaclon; +vhe reten-
tion o materizgls chat may prove volatlle or ctherwlse un-
gbatle unier mon=--unzsr conditlceney and the ppporsunlty to
evalvate Inserdaction ¢l The ssTmp.e witlh terregtrlcsl Sases
and wstar vaz-or.

2, Zoeeclsl piacLaglng regulivements aay orlse 1lh cther
Ercupa 20 the Zeclentiflic Progrran, such as 1o connection wlth
bactericlogliesl examlnctisn ani maghetlis shiclding.

R Froper labelllineg of the zax-les z=d cepsclatlor wlth
Wworltten, volee znd shotopreapnliz fleld records 1s észcnbilal,
N The samplie:z when talkeo Showld be relpprred to 2 lunzr
rocsrdinate system, lncluding ldentilicaticn of Cop slde.,

2. Matntaioener of Wi sgrplic Surting resarn al Leingera-
tures mot sulbslantlaliy hlghker Lhan lumar may se lmoortent,
ezpectfally with regard Lo tenplrascre—senaitlve malless such
58 tnernoluminescence, degesslng and crganlic meserizis.

2y Eruopd speeclilficgtlons For LRe sgmple contziners Include:
adaprasilicy as te slzg and zhipe of ths szople; the mon=fon-
tacingtlive nature of the constructlon mzterial; etrength;
therma. stghility; ease of use; lighihess 1n welgnt.
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Sectlaon ©

Eample Accession

‘LiThimcsectlon concerns the handling of the sample in

the Ilmterval between reaavery on Earth =nd the FPrellmlnary
Examinaticn.

I, imedliately upon return to Eartr, and durding transit to
¥EC 2t lewston, the samples sheuwld be safepuarded, Ly a
glearly deflned authorliiy, agalnst contamlnatlon and agalnst
unauthorized examlpatlon and distributlon,

£ Immediately upon return to Rarth any psrt of tle zam-
ple rocelved iIn an open condiitlon, that woes not s2eaied in
special containers as earller recommended, must te put into
dry, alr tight contalners To prevent further terrestrlal
contaminstion. Trhe contalners oust Le provided witn 1dentl-
Ticatdion. The erntlre hlstory of any sach material Incladlng
the brief terrestrlel gpan btefore packeglng muert be lmmedlatelyw

aspertalined and this informatlon adied t£o the maln sample
repord,

3. Tranaport of the eatlre sample te HMEC zhoulid be ex-
peditious as possitle, withln limits ipposed by znsolute
aafety., This 1= raequired Lecause the dgsay »F essrtaln coza
“lg=ray-lodured radislsetopes Leglhng ipnediately after the
gample 1= below the berreslrlal atmosghere, and melsurenents
henze zhouald he made z2s 250K a4 possible,

1, ARZZ samples must be sztored under simulaoted lunaor 2oendl-
ioms at M3ET perdlng the prellminary erxaminaticsn,
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Frellminary Examinetlon

The preliminary examination 1 concerned with B grosa
cevalustion and examlnzaticon of the material, with regard ta
ifts mineralogleal, biloleglcal and generzl phyesleal neture, ag
& gulde to foilowing detoiled stedice,

1. Thi simple conteliners muzi be opened Iin B simuelated
lunar envirovoment, and everyFopreciytliod oustrbe L keh?

o obrkzte.contamlhatlin, tbhiltlepkicel::or bthéowleel
frovislipemislichei-mnadeletrbBle staferfar. the reccvery’

of degasaced materlal, gasecus deectposition products, finely
dlspersed #olld material, ctec., that may be present Iin bhe
conteiners,

2 Every lndivldual piece ol the tulk sample must te pro-
wlded wltk an Ldentifylrg number (but not Inscribed firectly
gn it] eod wlth a gross vilsual description, ALl pleces must
br weighed and ghotographed. &1 thls polnt 2lso gorrelaslon
tust be made with the field notes. Uhis will be the begin-
ning of a permancnt written racord o each plecs that will
detall all subzeguent handling and measurement and all stor-
ixe or experimental environmentz., This catelggulng operatilen
Auz: b2 done peflore the samples are subdlvided o measered

il BTIF Wa¥.

3. The zctual sclentific weork done on the meterizl at this
ztage wouls De:

fa) Bacteriolopical evaluetion

(b) &wvalustion of the posslbie prejuwicdiclal
rnteractlon of the =ampie constltuenta with

the terrestrial epvironment, such gs hydratlon,
dellouescernce, Slssgesregstlon, adsorptlon of
ges, eto.

fo) Measurement of any phyvelcal properties that
are marsedly time=dependent or that are markedly
1afluenaed Ly conteminaticn or by handllng.

{d}y & gross praliminary descriptlon of the
nineralogy, petrogreghy and phyelcal nature of
the materlai as a gulde toc plannlng of Yolleowlng
detalled geochemical, mlneraleogical and other
studles.
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During or Ifollowlng the prellolnoary evalusticon part or all
ol the sample would be released to a contrelled acmosphere or
to the terrestrlal atmdsphers, 5ut with pretecticn apalinst
contaminatlon, 1f thls was found permlsezztle or justiflable.
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' Detgiled HMireralagles* ‘and Petrogrephlcsl Examinztilon

It must ke rqurgn-avd that the entlee Apcllo Celen-—
21fic Pfopgran w11l %s critica: ly szrutinided by sclon-
Tists the warld Juer. It iz ezzentlal that Lthe progran
e dalflnltivye In 2ecose gnd J2ul-lics: io exegutlopn, The
developtenl ar inpeovensort of sethoeds 2nd InpstruTencotion
gpprapriste to the task will Lo an fnporhans agoormpanying
ceptribeidcn o selenze.  Jrovizion should be made
within the progranm [or zruch work. The study af the
lunar materlal cls2 may brisg ciout Ll congeitian of
new verrceirial problems, or reguins the ¢r:ﬂﬂpanyin5
Iavestigation af kerrestrizl roterliisz. The relaticn
cf suck word Lo the Mclls eresrarn reguises eansidera—
Lior.,

1. The neture of Lthe nineraleplzal asd petoovraphlcal

studlegs can ne finzglliy decided only alter Yhe return

crd preiimlnary examin“tian ol oactual samples o7 lunar

Aabarlzl., T o gEnepral, the mlnarclopicel ang setropraphl=
al atudfes wouls Involwve: (2! the ddeatdification and
caaracterizaticn, in chewmizal, shysizal and structural
rapards, of tiwe lndividual wslner-al fhiases presenk) and

ik} the dezeripifen and Interurelellicn, In haond wilth

CaEiglaaatas and cbhers, of the ~Rase arssxblages observed.

v The primary respon=itllity Tar sanple nreperatlon

T &, ecpeclzlly when nursly physlgal wmeasure-—
solved, sAnuld remeEin witn ths minsraioglcas
shilcal jrourn.

. Uhe detalied miceralopical oxd petropravhlesl
ctudinms would 1nvolve!

vay Meantitative chemicnl sralysis by wes methofds,
=&y Tluorescenae, hpti::l spectrograpny,
lﬂcLPEzﬂ“‘hE, neatoon aellvatlion of otler
techitiques es appropricle. This wosk wooald
e flraciad Lowgrd A4 zocwledee of bhie bulk
:annsitibnccf “ho fpdlivwideal tilnera, phascos
presenl and of She rilld aprregates obeerrad
Mere asgeclelozed ratiers such ag nekle gea
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Hng.¥sis, btrace sliements, lsctope Eralysis,
rho., woali te nrilmgriiy the concern ol Lho
gecchemloal grouvp. AL1 o the analytical
Work, whorever o however deore, should LE
Inbegrates wILh resoensy te Indluvidual samples
arnd correlztad wllh cbhher Lypoas ol seascre—
nent =,

Tmray uani morpheloglies]l crownts . Sorannionl
Jescripticn o @00 Ineddrt3ggl mineresl phauss,
Crystal strusture Ssiermin :1n:5 woatd e
wedde where deslrable, o4 1o The Soeseriptlon
al Oew phates Loal wey Le encounlered, oo

g onerued in o tro o inlermoetphoom ol padilstlon
daraer o other sl ecte.

Cersrripidiaon of She nruziazl voorerilers QF

The nddividucl priowan, lhoiviing orvstol

cphlos, Jenst iy, &'“““TT*E“ Aand ThyareniEnce
o

aver oo owide crecuvur ol elantrar ;PEtfﬁ mnd
particin radiglionsg, ami oo rrhn, TRYn
mcr? w11l Te oonlice? o wWhnt 38 oenmasT il 1y

4
i >

toe conwenkiaopes: - coToon procaThies, R

5pehinlfzeu Toktaers cuch o nn suTThre aheamlabrey

- =
PR
a - - - T - =
o0 LT R !'I.":‘.'!-.'!ITE. TR IO
e
H

. T . -taeion
Macy Atusigs ond snerrolomin S D I 1 i I
e underlaken, presumally Ly fTeclELiLTs withe
in Tho riurJth Sdenl oor geoohericl Dl IrouTe

)
aFerezates, Iociudins stady of the o
constitoents, it Lnboerronation ST
poGomTlapon SlLor woed.

A corpleto reSvrnpraslle degsriptoon 27 30
CooRa

EENTE PR T L [hﬂ je
M Lopr o onnly i‘
ers Loe plorrotion o
1 rhysizal intorssozs, DADPT‘FE‘E'1
wonk 1t Ta ocndertalken of the nhase
crhgtione o) mhase equilibrd iR ORE
cro ool Lerperghurs Bnnd prgue Jr-:.
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It 1z evident that esch 1lndividual aample
wWlll acecumulste a hilstcry of observatlons and
meaguremants, and willl e subjeated to vapi-
ous environmental condltions and cpportunl-
ties for conlamination. This Infermaticon
must be centrzlly recorded and passsd on

to each new lnvestigator of the sample.
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Thie 1s Lhe Clret regort of the Apcila peccheristry plan-

-

ting weam. The croup rmoag zo far mglfd three rged

———— L
noE, whe
seeond 1n connectlion WIth Loo Dol o ZEploeoatilen

oymposlum 2 licusson oo odame . On o Uhel weonsion Lhe o olloer

clonee teoms were oo presenl . apnd e Dod o smn o oTnerheonlhy

L¥

to wevlew aur pscarrenashiarns o requlirersnls oy wiln
those 2 nizner Ccrouns,  on o eldscbive consonsas meens La have
Benulto s,

while Sils »epert foss Levroad She Lrde? zintsment iszuz

I.'H.

alfter cur Aprll meebtimy;, L will ke cheiuas ksl 32U 0= nul A
Malshed produsl. Vno srecdizl sSkille ooane Inmterpocizs ool oon—
Mittes rembers gre wsliscbel in Uhoe arbonded asooorgse of
certelin Toptice.  Chera moy Dews Gedn currsspondinr oahoste
changz:. These ceservyalisng, bovevor, oo onob o opriy Lo Lon
maia recocrmend:sllaons and conelusZonn ! Lhe roport.

ALoLhe calactl AL coerg o waoeful ot oploce _cochonisioy oin
vhe contsxt of Lhe soienlilic otdzeilvos of Uho arolle oroe-
gror. The cexirzl questliorns stont btre seen howe Roo oo wlis
1tz oripgin 23d aistcovy, anc Loie dicnn LhoTn ooxan shed on Liim
orleis end Rlstory of too sIlon SUETET . DI Toar We Ve Taon

Imited vy <dilstarce 1o opsreorsting €2 scove tohesco prorlers,

Thoupsi o pmusisr of Lhewries hsywe soreng 7ertiranr, ke "rruen
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carnnet apparently be resolved wlthouwt & ¢leser exeminatlon.

The moon may have ariglnated at a distance from the
varth and later been cepbured by it; IL Dlay have grown £1omg
withh the =arth 25 a "deutle planet” system; 14 may have been
torn out of the sarth zlter the lztter's formaticn. In 1ts
later niskory Bhe moon may na2ve been and remained g ecld
rigle bnody, mwedified only by occeslonal metecrdtic Impact
&rd piper locz® heating. Oy 1t may have had an extensive
history o meltling, voeleanlem, ard crustal evolutlopn like
e ewarth,

in galnlng our present understending o the esrth and of
cetaorites, cpepdisil and lschkopic date hawve beep of cruslal
fooortanege, The same wlll surely bte Ltrue 1 resolving these
igoues akout the roon, and 1n the growth of cur underztandlop
Chereaiter.

¥ith these cbtlectives ip vwlew bhe gecchemical portlen of
the Apolls selenece program willl now b2 Giscussed, The nexst
vand lergest) secticon desls with semple return. Ve conslder
Elxis o be the maat inportant paet ol the nvrapran. The ister
seatlons will dlzcuss active experimenss, TAB31YS =SxpeTrimenta,
w1ld In=Flipht experirments recommended For tunar orbltal
Jtaslons,  ™inally, there wlll be a surmery of concluelons

and recommesdaltfons,



A, SampLie Reture

1.

o
ifl
L
I
Fi
i
]

rezent nlans for the =sariy fpc.lo misslons call Tor the
peturn of Uy So eighsy zounsds of lunmar surfass ratter [in-
gluding conkainers): inh & woluwie af 2.8 cuwia fecvl. The return
gf shis materizl will boe a sclentdfic ovent of ki Flrsk msg=-
alrude. ¢ gywezht the mrochenicsl date oitained from these
speclienzs 1o e Far more siprificont Zhon zZoeochomleor dale
obtaloed on the aur thve =con Ltoell (wiln zome cpecial
recarvakions dispussed in Lk spprenrmlete s=cbhione ). - TEYy
1 7

be well o Lopgin S5y lletine some reazonsg For thilos

1. TInn 2ll srears ol geacherntsory Zabarstory eoulprent in

“he mands ol @xperbs courpessen fTusually LTy o3 wids mﬁrginﬁ
thoe capebility of Tiali dnztouvmentaslon, sspeclally wheare

the lalbler oy be degraded by o2 hcstile anvironrent,

Tils anplies oo precleisn, sansltleity, and reliald Lity,

Capslinge s ounder el LoLLor contrull

7, The nrorusad sanple size is refTicisnt Tor oo ovwery

larze naroar gmdd variety o7 exrarioents while allowling

[

TEnervanion ol a rmagcr povilon far the futuare.

3. Sucnegzive genergtlions o axperdivants, each devalap=

Ing cus of data apd egnelusicng fron earliilsar nnes, are

lncemmarably casler Lo csrry oul in the Letoratory.
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Time Is not pressing, and beth zppraratus end conceptlons
can evalve as the program proceeds.

4, Peacltz of one kind may suggest experiments af znsthen,
The ertire zsefertifle commenity will be drawn 1n, A

girple guceessiul misslcen can Zeul to yearse of frulitful

work, a4z wWell as Yo gonstroctive medifleatlons of the

seraling propram for later mlissicons,

The sectlions thaet foXlow will deal with the Bvegss ol the

sampling prograr 1n ehtonolegleal order,

E.2 Tevelophenl of Sampllng and Packaping Methods

Development &f =ampling and packaglpg methods 28 the firsfn
Lapi of the propram. This development musk tgke into account
cuy lproranes af surface conditlonz on the moorn. The remerka-
e photographe taken by Ranger VII aspear only to elimlnate
foma al fthe mnelre extreme poszlbillities. There 15 need to
eer ip mingd twe crgolal e apparently contradictory notlons.
Yirat, ne effert shoulid be apared to make samplipng and packe-
Aging coniorm te the RElghest atandards that dow exist ar can
e dewelaped,. Becond, any sample ohtained wunder even hzlf-
Way depent sonditlions will ﬁe extreoely valuatle. The sstron-
nUtE Sspouid be given the tecl: and Ctraining to do the best

tetAaible Job, 1n & limited time, tuk only eonsiderations cof
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pearscnal safety shouwls be allowed %o interfere wiih the return
aF 2 substantlal mass of sample.

The sanple cortalners xust conform to mis&lon regqulre-
mentsa. They should he nade ol 4 clean, sterlla, znd easiliy
1dentificed mcterial, eazlly wacuurm ggaled. The materlals
should be noea-paghnetlie 17 pozzitle. The existence of 5 hard
vaocuum on tha lungr sorfrae mekes gas contalnmenlt a sedendiry
oblective for most surlace melerlsls, The hardest passlhble
vasuuw shouwld be preserved 10 camples speclally gathered lep
sone vxpoetlnents; 1n perncras o modest vacdum {13'5 Torr) or
1nert atmosshers (nrobably IE} wlil zuffize. It 1z posaltle
that for certaln samples hofh pressure scrnizlners or refriper-
atlion woualid Le needsd, anl these should be zvalleblie at least
for uze oa later rilsszsliche.

To ensure sdccess ant Slexlbildityr chiﬁ develcgrnent should
procoed along more Lhan one oooos.

Campling tools srezscont arcIhcr peroklen. L owarlety of
prnysical fToprie szh Lo coocountorad, doanging from looso powdoer
Lo dense rock. Chaniard gsolaplist’s tocle mEy not he sulta=
Cle, or tlh=sir use may require sneclsl techninues,. CoRTAT-
Inaticn 1z & very zervisus problsm For Thesze unlgue zamples.
Electrostatlic effrets will ne 8 nufsance, and pernaps a Lazard.

Hepre, too, I8 an &rea for irgpedlote ancs Silverse develcpment.
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Sempling stretegy and procedures need teo be studled the-

oratically and experinentally. While detzldled advance fp-

]

teugklons may be wseless, a general sampling strategy must

wiogevsioped. The cevelopment ol such a scheme Is 1bn part

Foa-

a tesk I'or the prescnt comiliileo,

Ao B roush pulie we zupgsst tThe Tocliowing. & few Zarpe

kS

soberers gatplss should bBe Laoken of neterlals that appesr o
g repwoschtative, Theose wWill persit pero-lel and sorial
ranerlaonts o sambles woose re_atlve posillons are knowrn.

Jarun, crlentakbkion ang posiiicn mial b= Beoourately recornbed,

st the same tips g large mumker of amas:l]l sarples shoutd be
grlhered Yo plve some ldea of the renpe of materials encountersd,
wnd erpecially Ln oarder o guldie sarmplling an _azer mlizzlene.

I~

2 be roos for g Jittle of cnythlng that "loosz

N I
Thcerear a2, A nethed of Zabellling 1s nesded which iz posl-

cAye ol rejelres little or s oattentlon foonm the astronaat.,

Lot BEOpLAR T special purnogss w111 require sneclal

s
attoatics on the moon (e.g. higk veeuaun sfenles), 1o addltlon,
I Ofupther aterlals of ary sorbt czo Le put in cdd corpens ol
the spocscerait, 1t willl Be xeost vaelul.

Pinally, gpecial murvey {nsSrwrenls &M pesded Lo asslast
. Jdentifwing multable samples.  Soelar rediatlos and nerci-
sloezs may well kave davkened all roceks to a2 simllar zhade, and

roeond . sloerns of illuplnetlion arnd osbcervatice wlll procahly
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make the eye of less @ervice than on earth. We need simple,
light and rugped inatruments to ldentify simllariiles and
differenses amceng rocks, and as an ald te ldentificatlon.
Auch Instruments might alage benelit terrestrial fleld studles,

Some posslbilitles Cor Lhis wlll ke described in secilon (D},
B Aztronaut Tralnin

The mrezsenl asbronadt trainlng procvedures seen Lo b
reetlpnp Lhe poal of aAncwledpre o the elexents of geologxic
prectice gnd theory, and eXperlence 1n Lhe problens of Mleld
wark, We may hope thal Lie igpossille achleverernt of know-
fedge wltheulb bles has at least Tecn kezb 1n vwiew., We veonture
to suggest that mors conbact wikh putside cenkers ol plenetary
and metecritle research, ant with the olashing 12eas held bty
leaders In These flelds, would te uzelul. It ¥2uld alsc e
g2y Lo arrange.

The new roleptlst—aslromActo snoulys =awve fSlice and oopors-
tunfty ror conblnuing rescearch, proelerably at najoer roscarcn
centels .

by tre proper Time the astrenaucss will otvlaesly wesulre
detrlled instruction Lo sanpli=ng and peckaclins procedures, and

In the proposed zampllng =slrabaeigy.
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B.h Sample Return and Unpackaging

This stazge of the program was discuaned extensively at
Houwaton and agalpn at gur hovemter meeblog in Washlngton. It
ras egreed by our group and by senlor memobers of a numbter of
the teams, that a central etorage and unpackaging facillty
of modest scale le required, and that thie should e locoated
it M53C in Houston. Facllitles for cleanlng, handilng and
Manipuleting samples In vacuum, and behind sultable blologl-
val barriecs, should be available, The First groop of recanne
alzgance essarements, to be dlazcussed balow, would te deorne
thepe, This would alse require scme spzee and Instrumental
faeilitles,

It 15 =zlear that these fazlliftlas need not be menumental
In =zeale, A new copmittes has now been Formed to develcop
Getailed requirements for this faellity. This commlttee has
mepbers Trom Lhe varlous teans Ineluding Sast and Arnold from
thia oo, There will he eontinued interchange of Ideas.

Procedure:z for unpackapglng anéd handllng should now he
ander davelspmont, as part of the packing developmens GLE=-
uxged above, Gas transfer lz a speelal aspect ol thils

problem,
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Under this propoesl W30 would Ramume the very serlous
responslbllicy for malntenance of reagordm, anpd for preserving
the samples, Thners wli] be heavy demands for "sourvenlos”
and a clesr poliay againzst this will e needed. The dig-
tritution of gpecimens should, of course, be carrled out
according Yo a polloy agreed on in advance, end under the
detalled puldznce of & quallifled and representalive solern-

tific commlttee {=mee belowi.

E;j The Eﬁgerimental LFrogi-amn

&. Lsneral

The alin of the whele effert 4ilssussed hore 18 Lo mazximize
the advanes lo knowledge resuliing feoi Lie Apollo program.
For tht: porpose we mast rocose (or recrult) “he best avall-
&tle pecnla in aach Tield, &nd this group of erxperimentens
Fmust socpare a cohorens atravepy. We cannot draw op finei
plans niow, bul the shape of Lhe program gesms ¢l2ar, A
also poesitbtla to predicl 1n some deitzll the tynes of neazure-
menl presently wcst Iikxely So be useful, Later deve_opments
will be meors lisely Lo 2dd to trnis 1list than renove ltons.
Woe wiii dizcuss bhe slages:, again in chronaleglesl order,

¥, Cholee of Exzerlimentars

Ches a type of experlment 1s given, 1t 1= not dirrioclt
Tor ¢oclleagues En zpras on & ghort list ol the esdlop ;rac-

titieners & iz, We glve nelaw & number cof llhely experiments,
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&nt we c¢ould easlly enough put Jown Buch names Tor each item,
Tae merhed of cholce 1s subjectlve, btut the liats drawn by
AifTzrent commitsess wWould not differ much. Yhere 1s an
lmnwnqe differenae, too, beﬁweun these p&npia and the averaoge
wor e, 8 gontinulng effort must te made to draw them ipn,
¥hile at thne same tlme encouragzing atherg outslde the circle
wm Anuls .,

We must also ensure that ezperimenters selected For the
prograrm devote a proper shave of effort to preperatlon for
the samples, &nd to thez samplez themselves, "o thlzs end the
nmmlittes urges that & pregram of "dry runs™ be carried oot
wi prospectlve experimenters, wherever thls is pogsible.

Sreh g program mlght conslst of sneiyees of standard samples,
Juth o as whese mede avalilable by the LV, 5. Geslogical Subpwey
and the kEationzl Bureaw of Standards. Interleboratory ¢om-
~ariacns of thls seorsy have ano lmpeortant velue for terrestrlsz.
geechemistry 48 wels, They wili: wvndoubtedly lead to lmprove-
mont of technique, PeplfoPmanees o these Sestsz ehould be
thglght of as = more oblective criterlcn for the Floal distel-
hution of =zanples, We reccomoend that thile preogram Le a gon-
~dnulng responsitllity of the appropriate teams gnd that
fupds be rade avellabie by NASA for lts support.

cs  Froposed Schedule of Experiments

After dleacusslons wlih other teams, particeularly zhe

*iologlst i, we now foreges three stiges In the experimeéntal

L

t
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program- The Cirat stage will aecupy the four week perlod of
Bicnloglieal testlng. %hia will inelude experliments in which
tinme 18 of Lhe &rsente, 3uth &5 LANMME TRY medpurstanta, IE
Wwill 2l ingloede zuch rough charecterlzaztion of the meterlml
A3 can regssnably be careled cot telldnd a sziringent bloleplenld
barrier. FPlrat ssage axperdments now ldentifiable are thome:

1, The gamma Ay spactoum of one or merse nadsiye
samrles must be measursd. Thle cconteins imperient information
concernlng the cosmie ray and gpartlele bowbardment of the
“LRAr Aunfaes, gome of which widl disaﬁpaar With the deaay eof
ghort=11ved nuslidea. Thke analyzls of one oT more =samples
ehotld begin witnle hocurs of thelr arrlval on esarth, HMesspure-
mepts At approprlizte fnbervelis over a yeaar or mere can yield
data on & Targe numibe® ol nurllides. The=g enalyzea ¢an be
garrled out op ammpied in the oripinal corntalpers zndé ere
Lr:ly non-degtrdative. 0 rough measyrement of the concentra-
tion of K and possitly clso 0 cnd Th will be avallavle gulekly
frar this arAlysis), qulie Accurales vilues cén be ghtalned
1TMer saoma wime., .

F. Gersgltive strustural expeorirents.  Any structural
parameters whick wonld be zitered bty aceumulaticn oFf a D000
LAayer ar inert pas nUsSt be atudlied Lefors such 2 layer accum-
uintes. I Lhe present atzte »f the art thile takes lesas then
3 Wualh, bul perhaps future acvances gan remeve This reguire-

pent. In any case susl atudles should be provided fFor in a
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st "hard vacuun™ fecility at Houston.
3, Gas experiments, The gae "1n® the samples, defined
» uat resisting bakeput at a few hindrad degrees Ceatlgrade,

L

2% ha atpdied at ledisure, Hewever, curface gas (1 any)
arerent "cn™ semples may have to be looked at qulckly.
At the same tlme Along with Testa for blclogkeoal hazards,
1wl =arples oF loose mateplal wil) be avellable for sclem-
ore 2zamination, The main beools Yo be wsed behlnd the
B! logical warrlarp, for thig EATIIal ch#fﬁﬁterizatlun, wlll
E
te Mlneraleogy (see ~ppoff &f thet tesm).
2, One far at most ftwo) =lmpie analytieal lnstruments.
Tur optical speclrogreph seems most generally uaelal here,
eeelaliy since only the sample~Source gyéteq need bte be-
hiw1_the barrier. It 1= posslide thgt k-ray diffractlons
flarpescence sgqulpment weuld alzs he worth while, though
+ nrasent we think noi..
At the end of thi=s First stage enoogh ihrfoemation wnuid
cavalletle Tor distrlbutlon af samples for Masy purpases.
T.r ptihera, aholoe of gample zize and Ltyme ere aAtrongLty dAne
.. went on detalled charecterlzatlon of She range of mafer—
JiuB &vailable. Here 3 secocnd skage af more detalled analyaile
w' 11l ke requlred. Some of thls will be Jdone aiy Houaton, and

e alsewnepe, The thled stage, of malor experiment- lnvoliving
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many experlrerters, wlli not tegln or termdnale zharply.
Generatlons of messurerments will Lulld or previous opea,
Lowever, througnoubt thls prosess, there nust e detalled
plannling and cloxe contact Lelween groups to lnzure wise
use of materla:.
d., Lé&ter Lzaperlments
Jome later experdmernts of uee for purposer of charastos—
izaticn [ollcw., These would pgeneralily be carried out on the
bench or in an loert atmoaphere.
1. Migro= ang ksl picroanzlysls. Elements axmalyzed
and sample sigeg Ior silicatea: 21, Al, Toral Te,
tlg, Co, e, K, Ti. FEequipred a my. Aemuraecy .57
For major elementz, Teo do HqD, and Feld, ard F
requlre:s J¢ 1g. adglticnal. Other ninerals: up
to 7% mg., required, depending oo cooposikblan,
7. X=ray Tiuvorgscence lor maler conscltiuents [rom Mg
UL
la) Hen—destructive: ZRequlres Tinely pround
satiples (300 reeh cr less], Sample s'zZe -
10 mg, minimum. Accuracy £=~3% of the value
deternlped, provided clogsly simdler atendards

are avallakle.
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iny  Deptruetive: [fualon of somple and additlon of
an akgserbing element). Sample size 55-100 ME .,
aeaurasy 1=2% af the amourt presept. Preliminaly
results indicate that 10 mg. c&n be enalysed,
with some lces of accuracy.
3+ Eleetran nleroprote.  Poar zrglysls cof indlvidual
#raing of minerals down <o 10 microns 1ln dlametesry,
Aroouracy obout 5§ for light elements (Mg 2and ahove],
c%® Lor haavier elements.
4., Quantitative Speotrographico Analyeis
fay Negular ppoesdure:; Minimum sample 10 mg., but
uaaily deare ILn dupllceete. Cwverpll accuracy
+1nE.
(n} Kigroszedtrogrephic: Minimum sample 1 ng.
Heutron Activation Analyelsz. Instrumental neotron
actlvation analysis 1s ecurrently used for D,_F, WNa,
al, &1, Cr, Mn, Fe, Co, and Cu. Zampie size mey bLe
uwp to ophne gram, Accurzcy 3% in favorabls cases.
Eesentlally & non=dseiructlve methcd.
other less certaln possihllifies for this stage include
LfalK 3ource méss snechrometry, the lon emlaslon mlero-prohe
*1or llght eiements) and alphz scattering. With cazre the same

Tpige may be used for several kinds of aralysea.
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&, Haln Progrim

Fitally we came te the maie program ftzelf, Here It 1sg
yery hard to oe definite, A saripus case san te made that we
gheuld analyza Cor every -possible stable and radicactlve lac=
tope of every posslille clenens, 1n as many dilstinet specimens
a7 phfses pa may be avallakie 1n sufficicent guantlty, Eeonomy
of zample and tlme are the cnly obyloue limiteticns. Rather
then attempt g cokerrent acoount of pertlcular experlimenis
this eecticn will contaln commente taken in large part from
materlal scbmitted by commlitee membeErs.

1. Geais itn Lupor Meterdals Applysle (Camt):

The gpelyses cutlined in thiz proagram gpe not primarily
an exerclee In the analysde of unknown materials. They ors
almed at gnswarling Az Rahy fundamential guastions reparding
“he mooh a5 pozssible within the limitations loposed by zamellop,
It fa elearly impossitle te anticipate all of the weys in
which isstoplc and chemical 42tz on fscleted samples may
lead to inferances or the eptructure and composition ol Lhe Mcoorn.
It is, however, poselblie ta soggest eeveral linpes of evidence
whick may be 1lpnstructive, In genepsal, the goal 1Is that
lacteple and chemlorl esompositlon of a few samples may allow
us to plase £he poon In a sepif of planetary chkemizgl eontext,
AL present, this conbtext conslsts of two extenzive aete of
chemical and isctopic data 1) Jor serrastrial meterials amd

d) Tor meteoritic materlals.
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Ceveral parameters which would be partlevlarly 1lluminating
awa- 13 the abundence of K, Kb, ¥, Th, Fb and Sr, 2) the
leatople compeoaltion of lesd end sirontium, 37 the atsoliute
L% reaiative abundance aof the rzre earth elemants, 4] The

Crhregilon arnd isotope compositlon of rare gases,

e 1lsotopic compasltlon of a particular lead or astrentlum
amplie i3 devermipe by the relatlve gbundance of U 2pnd Po oop
doand Se In all of the chemleal zystems 1n whleh thls partidc-
uler zample ras peslded and the leopgth of time =pent an esch
syitam, In a differentlated "geologliceally active™ body
Zven as the garth, tha averaglng over dlfferent aystemsz 23
tip=iflcant. In "geolegleally paaalve” bodies puch me the
snuipte @f chonderitle meteprites, there ls wirtusally no
tveraglng elffeft. In the firal aituetion, &8 single speclmen
“lelis Apformatlion on the relatlve abundance of Rb snd Zr and

# Tk end Pb for & much 1erger volume than the lcoal envircn-

% At the zpeclmen. In the second situation, the age of
oountlre body may be Inferred from the lsotope aonpositions,
This can be clzrifled by a oore specifls example. It has
~ramnlly bBren suggested that thke mego-siderites and btasalile
Cooenirlers crliglnate from the moon. 1t has alse been shown
Rt Lhe parth kasa & nuch loawey abupndapca of BE relatlve to
- Lharn choendrites, a: well as & nuck hilgher atundansze of K

f=iiwve .o U and ™h than ¢hondritlc meieorlites, Determipo-

af vt isptope compositlion of strontlium as well as the K,
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Eb, U, Th eonlent from the lunar materials aheould resolvae
thla guestlan rather quickly, I the moaopn 1s on the average

earthiike or achondrltlc, SrBTHErBE ratlns phould not exgsed

D.T25 and mowre prohably Fall erowpd $.703, even 4f 1t 1s
differsntiates. If 1t Iz chondrltic, the ETETfErEE ratica
ehculd fall above 0.750.

The rare earth sbtundances may be partleularly diagnostlc
in Seterminlog the extent tc whler the meon hes bLeen dirfer-
enbiated, It iz sfgnifiecent thet In spite of very plgnlifi-
cang dilfferences In campqsitinn. the relatlve abundance of
the rare earthe ln the hasaltlc achondrites and the chondrites
1z identlerl. 3Imllarly, cerrestrlzl rocks somewhat simlilar
to the echonirites have thondriltle relatlve rare-earth abtundanpces.
Thne nonchonfrltlic metecrltes and most terrestrial materdalms have
relatlve rare esrth zbundances which Indicate some fractlonation,
The relatlve azundanec of rare earthkz: 1o the lunsr surface should
diatinpulch differentliated raterlal from undifferentiated materinal
even if the Initlal meon 15 ldentical teo tasaltie eaghondrite.

The rare gas abundances 1ln Iunar materlals, in particular
He and AT, wlll when coupled with T, Th and K contant yileld &
ges retentlon age, whlch azaln wiil be an lndication of whether
or net reck Forming events have taken place Iin the recent hiletory
of the moen. The abundance ol cther rare paaes - e, Xe, Er -
In the recks may %Se Yhe moss senelilve 1ndlcstor of the eztent

to whieh zolar wind aceretlon is
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Im,artant on the lunar aurface,

Finaljy by way of preopoaing apecific analysea, I will

: v an example of whnat I think could be learned from A 1-2

oI plece by mape Apectromatiry.

1.

tespthle
l.
2

Sr 1=zctope compeeltleon and cone, down to 0.5 ppm 3,
;e 2nd Da cone, and partial lsotope ccopnsitlona

dewn to 0.5 ppe Ba.

i, e and Cs abtundarnee, possitly KuﬁHK39¢

U ar:s Tr abundance down to 0.2 ppm U,

wead content with partlsal lzotope composlitlon,

PbEDE, PhEDT, and Fbgnnﬂ Quality of isotope composl-
tlon depends on cone. 1f legs than 5 ppm. -BRZ06,pp20T
ratic could be combined with actlvaticon determined
or206,pp200 ngpio,

edditlional determlnatlionz:

ta, tu, Nd, and &m

A, Cd, Zno.

r, Etable Izatope Effects {Clayton)

Important ehemical lsotope effects are expected for

nydrogen, :arbon, nltregen, oxygern, silleon and salfur, If

*ae2 luner matter had a different hilstory of proton bombapd-

#+nt In the young solar syatem, the concentratlons of D,

1?l Hls:

017 and the igotopes of lithium, heryllium and boron

v diffo» From terrestiral walues,
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In order to get the most pes of chemlcal lactope nff;ntu,
memgurements on separated phages sre oEmential, Samples cf
the order of ¢ne mlllimdle &f the slement Iirn gueation are
required for the conventicniel gAE Scurce mase spectrometrls
analystg. Tor *these feirly stundant elements, contaminatlon
ia mot B very serious probler; &0 that If would ta posajibla
to use meterlal which hag previousiy been uged for other
tersreurements, suah as measurenents of phyesical properties,
Since currently used techniques fo ciyzgen axtraetizso Ilnvelve
Fruoxipation of silicaxes, wlth .SiF4 sz 1 ty=product, 1t would
e desfrzble to use this zZa: as the sample for slllecon 1lsctope
analyele.

In summgry, 2 Wwould re¢ommend thet oxyzesn and allicon
laotopes be measured Iimmediately on about 50 milligrame of
whole rock. dyérngen, cerkon, oaitrogen and dulfor, proatebly
preeent 1n lewey concentratlons, would require more pample,
ang may be deferred a while, IFf mineral a'e;:-.'arp,ti::uh prﬁ-?es
feasible, f1soippe [ractionallicen effects should be measurcd 1n
the separeted phase=s for oxygen end siligen and any other
elements of this prcur 1n adequate concentration, The de=
clgion en 1ltmivm, boryllium and boron can awalt the deter-

plpation o thelr clemental coneenteatilcons,
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F., 8. Qeplogical Survey Mathods Tapy Lungr Progean [(Flelsoher)

Wet Chemical Metheoda

l.
e
3

conventlcnal roecy and mlnernl analysls.
Mieroe and aemimlers ana-yals of rocks &nd minerals,

"incr or trace elements..

EEEctr:ch&mical Methods

1

-

b,

Seql=Quantitatlive zpectrochemliesl analysi:z by Powder
Dy 0o Arc Methed,

Guantitetlve Spagtroghemioal Analysile by Fowder

Gy . APlo Method,

¥icroopectrockemical Pralysle of Milnerals.
Apactrochemical Determination of Lead 1n Zireon for
Tead=A1pkR Ape Messurementic, .

wuwantitatlye Determlnation of Hf and Zr. D=C APRc
Methed, uwelng the Direct Fesding Spectrometer,

Pare Alkalls -.D, £, Mrg - RECDE tuffer = golid
pemple (gtilcates)

Rotating Hlag - H.V. cpark=-spolution analyszes,
Fle=ng are - =¢lutlop mRhalyses,

Fueicn pellet method, multlsouree exeltation walng
“he dlreet resding spectrometer,

Uivect Bepder = D, C, FPowdar,
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SEeEtrnchemical Methode = Uenver Laboratorles

fA

Teaknigues

Alx=atep gemlguarntltatlve method.

Fef. Feoi Soprvay Buil. 17E4e-]l andg Branch Chief nemo
dared Aug, 24, 1962,

Queantitative method

Re?, Gecl, Survey Bull. 103&-G,

Fodified Rarvey Carton powder nethoed.

tef, Doak by C, E, Harvey on Epsctrochemical

Frocedures, Applles Ressareh Laba, 1950,

Electron Mioroprobe and f-ray Plusrepcenscs Analysols

, (A
{B}

auailtetive

guantitative « X=roy fllorescance

(1]
(23
(3}
(43

Fon=degiructlive powder technigues
Huantltatlve anslysls with gltering of tha cample
ooft X=ray analysls

Elegtran probe

Fladgcher's report glves drialled Informeticern on these methode:

gample zige, elements, areclsicon, eto.

b,

Fhaze aeparatlons

Cur ability te make cliean sesarations of minerazl phases ik

tearrestrlal materialis ls still marginal in many instances,

Fresent methods often use mataerlsl levlzhliy ln order to
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obhtaln ermall corceptratas, Little progress has been rdale wlth
finp=gralnes rocks. An effort In thls zrea I5 needed cver the
next few years, 1° we are tc use lunar materdiale effectively
ard egonomicaliy. AERLln improved wethods would be 2f grest
berefit for teprestrial gZecochemlstry, Thisz subject 12 inti-
mately connected with tne statlatlcal sampling probiem, We
hooe the minersaliogy veem wlll push this.

. Emisaleon Spectragrapry (Turexian)

The mcst general lnastrumeny Lo prevlide & Teagonaple
somiguznkbitative estinate of tre major arnd miror elemerts s
the emiselon apectrograph. ALl other technigues elther
requlre npore meterlei or are more specllflc. The followlng
gchete can te used focr the most lmmedlate Information for
Ehe least amount of material. It 1a alse lonsensitive to the
type of 51licate teidng anzlyEed, The guantlty of materlal
lleted i3 the amounit necessary for & tolplicete determineslcon:

1} Majler elements: 12 mp of sapple rdxed with a large
amount f(e.p. 23ud: %o or grester than the sampie) of strontium
cartarate. Uslng the D7 arc, reasonztly satisfactory zeml-
quentltatlve resuvlts can be abtzined Tor trhe mg]or elements
Ca, Mg, 21, A1, Te iftotal), @ zad K.

Fy Mlnor s=lefpents; 20 ng of sample mixed Iin equael
parts with "Spec-purs" celelum carbonate can be analyied

for & hast o0 Erace =lements welng a5 Znternal standard tne
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rron elready Iin the sample and gzrevicualy determlnped. Al
"he trace elements Hb, &r, and Ba, to the llmit of thelr
sensltivities 1n the IC are, zan be determlined 1n this
PEATRED,

In m Beparate set of areinge Sr and Ba can be deterplned
In tne above pixtura using calelum as An internai atandard,
hs the aalsivm from the "Speo-pure™ ¢calelum carbonate swanps
the ezlglum ik the rock [for moet rooka)] the semlgjusatitative
rature of the ralelum deterrinatiorn has 8 mlnioum effect arnn
the strontiarn and Sardum determiicatblons can te sugntlietive
(cee Turexlar, wzst, and Xulp, L557; and Turekiep and Carr,
19615,

hutldlum may be determined by mixlng 10 mg of tha sarple
with "Zpec-pure" potasslum chleride or petaeslum cerhonzte
and weing the N0 zreg, photcographing only the &1lkali emlsslon
to dlimlnish the crvancogen tackground which envelopes the
rutldium limesz,

A total of YD mg w1ll give results of falrly high quality
For Lnitlal recornalssance withlo two daye,
B. Agtivetion Anzlysls

This iz the ncst wldely used rmethed for trece—-element
gnalyels in the meteprlte fleld, Bnd f8 alz=e of prawiog
importance lo teppestrlal geochemlstrey. ILs use hag resulted
In g drastle lowerlog of abundanee cestimates For many ele-

menis, and & gualiiative laprovement In preclelcn. Toetrumentel
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gethods net invelving wet chemlstry can gometimes te used, as
that samples are avallable for ether ndrpozes, Me!rke has
made avalillaole detslled inforratlicon on this type of analysle,
7. Bombzrdment Effects [Arncls)

Cosmic reys produce new staboe gnd redizactlive nuclidea
in meteyrites, The study of these has Inereased sur kpows
ledge of meteorites and provided the only avallatle Informa-
tion cit “he history of cosmle rad3iatlon over time zozles
longer then that of ol¥, Nezsurements on lunar sarples will
be post prefliatle. The pgreat hope le that cosmle=ray=produced
H”D will be meapurable 1n some K-pcor phaee, and that thils
tan toll us something definite about the cosmle ray lntensity
on 8 blllicrn=-year time seale, Accurate Iong-time erosion
rates may also be ottalnable. The development of fossll coemle-
ray tratlks 15 ancother possibllity.

The gamma ray experiments dagorlbed above would at best
gilve Infopmatlon on perhgpe ong third of the raflcactlve
bombardment producta of interest, and on none of the stable
crne=z, For the B and x-ray emitters meteorlie samplee on B
kriogpram scale have beern usefully employed, Minlrum sample
stze for a upeful btromAd progrem on ocamle ray products 18 &
foaw hundred grams. The measureatle etable products wlll
probably inelude the rare gases; others such 23 Se, Ca

lascotopee, K lsctopes, elements of the L1, Be, E group, willl
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be spgee=ftle only 17 euffiziently pure tergets are svallatle.
Bomtariment by eclar partleles and photonz of all energles
ray have profcunily altered the exposed purfecse materlala, A
variety of meezures of raclstliern eflects hove been uased. The
choice of metheds will depend on the character and lntenmity
cf the Tombardment,
B, Zas experimenis. There 1l & very rich group of poselhle
gds expsrimente 1o adiltfon Lo Lhe few dlscussed abtove. The
rare zases, ant crganic fragments, provide exciting po=slblll-
1eg far analysis., The Worx of Baynoelds, Yier, and their
ooworkers, smerng olher greugs, has been outstanding here.
This f1eld makes sgeclal demands for scphlsticaticon ﬂf_tech-
rnigue and data ane.ysls. The Llgh vacuuth ganplez deszcrited.
earlier would be largeliy Geveted to such analyses. It 1s
assumed that each of these woculsd he transported unspensd to
the leboratory where It wss to be analyzed, and treated
there accordlng to & s=sguentlal prozram.

C, Aetlve Eaperimernts

¥or thes early Apclls mizglonz, 2n active exrerlment muat
be of mrtracrdinary *pportenece wo conpele wlth cLservabkdon
and sample cclilecticw For tlhe astronacis' wvery Zlolted Lime,
In the geachemlcil arss we know of none which can do sa, In

1ts own right. AL Ehe sare Sime, lnstruments whileh can furnlsn

guldanege for sargle selestlon will bBe most assful,



The ldeal lnairament of thls type woulld give an Plemens
tary (or mlneral) analysls of surface material, witheout sample
pregaration, rapidly Erd wWlth an acouracy of a Cew percent,
Ko such gadget exiess, At the lawar limiz of usefulness im
g devlge whiek eculd Indlercte sizable differernges in gompo-
sltion hetweep twoe pmaterdzls, without 13en31lyling them.

any uwzeful 1lnstrurent must te portable - perbaps on a
"Bugene'rs staff",

A rggnetonever nmay te cne useful device of thle class,
The presence of magnevite or free metat could esslly te
seefl. dlnge there appears to Le a serlcue posslblllty that
gne ar more of these Bubstances wiil be encountersd, acvelop-
ment of such & device appears worthy of support.,

More general analytical inptrumeanta might 1lnclude the
nondispersive A-ray rlunregcence epectrometer, gamma ray
spectrometer, s.pheg scatterdng, neubron agtlvetlon, x=rey
dlffreqtion and dlasperalve x-ray flucrescence. Studlees In
cornection wlth the uncanned program supgpeat that only the
flreat two aon be zonsidered far the present purpose, In the
aurrent state ol She art.

Ficrn=dlspersive X=ray Flusredcence CeQulrss a epouroe ol
mxeiltatlon, one f{or perhaps two] properilonal counter tubes,
gnd prowvicion far yulse helpht analyadls. The source exclitesn,
the proporticrnal eounter detects, ant tre pulse height

ganalyels dlsplays charecteristiec radizticrn repreaentative
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af sample compousitlon,

With available band widths 1t would appear practicsl to
telameter propestlonal cournter sulses in real time, and do
all data reductlon by computer on earth, relaying beck the
final ruiultu varpally. |

. D, Metzgear at JFL gnd comworkers hava cbtained promiss-
1ng results wlth thls method., It appears llkely that rough
guantitatlive znalysea could be made In 30 asconds dietingulsh-
ing Mg=Al-31, 2, E=Ca, &and the Fe Erﬂﬁp. Thiz would be
really uselul lor sampllng. TPerhaps even Indlviduzal elemsnts
can e measured, Further development may anhancs this ¢ang-
bBLlity.

Gamma ray lnstruments are standard in t&rrgﬂtriai fleid
work. On earth they respond melnly to K and O, Th, and their
daughtere, Cn Ethe moen cospilc-ray Efféutﬂ may be preolnent,
1f these radicactive elements are low In atundance. The
epunt rate of 8 smail cryztal may te low, however, and thus
this lechridgue may be 1imited te qualitative di=tincklons.

Simple devicesd which test strenghbh, denalty, or other
phyelcal parsmeters 2r2 alsc warth conesldering.

D, Paszive cxperlments

This asutJeet bhias roceives little digeuesion gk our
meetinge. Yhka general grguments agalnst active experiments

dn nol apply here, and 1t iz ¢lear Chal there are passlve
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soientific experlments of malor ILmpoartance {e.g. the selsmographl,
We dc not at present have any reconmendaticne for paesive
experiments 1n the particular area of cur tharge. Faesive
gxrperlmentd &re most appropriate whkerea proparties era a
Pungtion af zima, or where cats gathering Ia inherently slow.

The lunar asmasghera mey present suth & cose, 5S¢ may
enanations from beneath the surfece, though thle 1 scmewhat
"far cut™ at <rne momert. In any caae ancther team le con=-
slfering gacs measurenents 1ln Bltu.

Z. Ip~-51liprkt Exceriments

In=I1ight experiments Bare not new & part of the Apcile
ArOgPart as such. ney come under propoged Manned Lunar
Crbltal Miaslons lnstead. However, our commlttee has
conzidered them, and wlabes to r=sglster here Ite strong in-
terest in a numrker cf them, & close lunar orbiter would
d.low useful geochemical mapplong of the moon by meana of

2. Garma rays
¢. X=Tays
3. Thke vacuum U.Y.

. The optical reglen
5, Infrared

£. PRadlo wavea

T. nweutrons

f. FPratsns



9., alpha and Bete particlees

10. Osher eleztrops

The Tollowldlng L6 ah avbempt to sutmerlze the Wey polnte
af thia repecrt, not neceagarily in order of Importance.

1. Sample return g the Jominant poriien of the Apolls
geletce program, w¥here gegoehemlstry 1z cencermed. A larpe
me2e must te braught rask, under the best conditions of
gamplling anﬁ pregervatlon il possible, but aryway brought
bask somahow,

2, Sgmple eontalpners snculd ba pnder developrent how,
They should meet g varleby of gpeelifications, but not all
reed tp he 1geal 1n all respects, This remark aprlles
particulzsrly tc vacuun,

3+ Zamplirg tocls aieo need development now,

y, "he strategy of sarplizg needs Pucther considerne-
tion, At present we reccomend taking & Tew Lerge TEeprBSEn-
tative sampies ol known arilenataticsa, slcrng with a largpe numbep
ol amall ones repragentlng the range of materiale encountered,

5. Survey lnatrurments are nesded to surpplemernt the eye
In <¢haracterlzing possltle sampies.

B, The best workers irn eack gecckemical [ield skhould Le

paacurzgged Lo participate In the laberatory program, along
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with cthers whoae npmes are not, well khown, A program of
preperation, lneludlng “dry runs", wlll ald In plannlng proper
sample diptrlbution, and mprove the genersl level of work
dorne with the samples. Thls preparatory program oughv to be
funded specinally by MNASA,

T. The blclogleal control to be maintalned during the
Filwmet four weeks willl inhitit gecetemisal work, Early azper-
imenta should be confined to Shose (1} whera infarmation will
be last by weitlng, or {2 whiecn cEn yleld preliminary data
nsafnl for plannipng later experiments, and are simple snough
t0 sarcy out rer3ily nehind & blgliogleel barrler. Theas
edperiments are dlgcuszed in the taxt,

B, & major enRé well chosen portion of the sampile muat
ba sat aslde gt cnce I1n proper custody as & Téserve fop the
distant foture, VWithln the remilning materlml, sample allaot.
ment should ke 1n skrang and proper kands, A pelicy agalnst
"aourenire™ wlll be neceszary.

9. ¥o pagssrlve experiments lo the geochemleznl area are
preseptiy recgrmended.

10, While 1t 1= 2utside cur pressntc charge strietly
apmakipg, the romuittes wishea to record its great interezs
ln the geoghemienl rezplts sbhtainable from a lunar orblting

mlsalon.
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Peaaive Luner Selamic Dxperlrment

Paesive Selemology Planning Team

F, Fress, GChalrman
:"1 a E“:‘ ing

i, L., Button

R. HKovach



fi passive selisxiz vipordlsent on Lhe moeon utillses
gelemls waves ooy maohcuarires, nebecrite impacte, 208 other
gources o study the souress tlemzelvza, af el as the
Interrnal ceonstiLition ongd stave ol the moeon.  _unar sclomli-
elty, that is tile usicllslices of Nocnguexces, 15 an index of
gtraln aocumuialion ani rezaase. It relotes wltimaiciy wo
tre thermal histbory asd boe curresnt thoewracl ooplre of Lhe

moon, Selaricity o

Hr

plase osn Lmeicxe oof i cricln oV
guriage Fraturss, oLch 24 faulbing, volcesninr, Jro dinacls,

The correiztion o) Lenare Mopluasos Y ILn entrzniers of zelermio
EWenrts Wi snsthole o wa L sy sdoelidng sliynlficart shouas

the arlgin of Lble surlaze Toatorres. Aoningle socisgdsn RYSTEm
o the moon can glve oouch adlmathe and dlsizcocen, so Chat
euicenbers von e ablainocd with sulflMleiasnt preaizsicn o hake
vhis eorrelaticn. Fetooritse 1vpects weuls provide selsnic
Eourieesn Lite amc wal o5 wieicbmsoauns eXplaslons do, TrEne
Impacis woold be JIilficill Lo Jeparate Pros lunnre quseioes,
except trat Lhe Ml=zt r22ich would alwoys Lo conmresszionel .
I. moy %¥ell be Rhes ooe 27 127 Leal inditcataors of Shoe cross
gectlocn of meteors In opecoe wlle o Lhe gelemic expaerirmenl.
Fough.y srearing, the soldarin cxrarsioent da 2599 5 moicro-
metectite exseriTent wilk Shs ank?re suwr-face of The moan
servinp &5 a senacr. rinalliy, s=ifsmlc weves may be caed to

infer propertles &f ihe unar interlor. Tt -5 sursridzicogs

how much cen be accomyalshed <with a oirvpie threc-axia
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atation. Modern methods of analypls of sorface waves enable
us to Tecover phase and group velocitles of Burfase WAVES
whish have repoatedly cir;led the moon, Fruﬂ.ﬂﬂﬂillltiﬂnﬂ
ef she moon, if they were recorded, make 1t pﬁluible for n
slngie atatlon % eiplore the lunlr.lnteriur through to the
ceanter, Ths graveet mode of cgclllatlon ls approximetely
thirtesn to rifteen Alnutes, which may well be within the
range of the inatrumaent. Distinat fron murface Hlvui, body
u:ﬁea, or aslemic reye, c¢ould be used to revesl the ﬁreaznce
o7 absencs of A lunar core, talﬁpity CevErALlE fﬁ-thé moan,
and mechapipm of lgnar tremore, Tha abrorption of selamle
wavee Indlcater the anelpstic properties of the ﬁaun. Thie
ean he abtaiped from tho Q of tha free caclllatlons, the
ansorption coefficlent cf propagating waves, or the decay of
aurfabe waves which ' repeptedly. clrele the oon, AE a renult
o' retent werk, 1t i3 pow posalible to Invert zuch data as

{t iverzus perled to obteih a4 § versgud depth curve. This may
then be correldted with tempefaturaa, materials, the presence
ol zones of partlal meltlng, ete. The density-depth funﬁtinn
1o the moon can be reuﬂyer&d if the cﬂmpTEHEiﬂﬂﬂl and ahear
veinuity ptructure Iv.known, Thug thelaeiamic egperiment

contrlbutea to thls ‘loportant eapect off the lunsr interior,
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Mueh infrnrmetlcn rn? axnericrae bBae FReaern sbtrdned In
pesent years ln the desipgn and fakplaeztion of eelamographe
for use on the moon. In commection wlth the Renger program
a nlngie~axils short pericd selamometer wais desigred aknd coap-
atructed, For the Surveyor program, a three-axis saisoometer
gystem was deslgried, constructed, arnd 18 now Lelnp readied
gs fllght Lardwzre. This zysten covers beth lnkermedliate,
ahert knd long perlods. The prototype of 8 three-axis
syatem for wae on posdible Jurveyer follow=cn pragrars has
been «conpleted, It also respopda Yo ghort end long pericde;
ite response i not Az long Bs the Surveyor instrument, how-
ever, 1ts welght 15 less, Wlth this “ackleap of szrerlence,
the syetem which will emarge Tor apollo will have cad the

beneflt of many yeers of prior sflort.

It ia propcses that the Apollc's pessive sejemlc syatem
be compased ol & threa-axfy sclomograph, capab:le oF respond-
ing to short and long pericds. It shouwld be decigned o cp-
erate Tfor at least sis @onth2 1o a contincous rashico. T
would be placed pn the mgen by an pstronacs, whose dutles
m&y_be &8 sdmple aa plaeing the equlpment on the lanar sur-
Fage, or as complex &5 aijusling the tandpass gnd galn of

the lostoument in the 1ight of lungr selsmic noise.
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Sinee dirfleulties Inereazes rapidly wlth selsmometer
pendulum perlod, 1t Is suggested that the free pericd of
these be made only as long as neceseary to achieve the 2e-
pired leng perled respapse whan 1n combipatisn with filter
shaping. The poszibility of providing several passbands
with individuall)y adjustable magnification contyrola and
fignal level indicators shﬂulﬁ be studiad."ﬁhe aatrﬂnﬂuf
can set mggniflcation to the maximum wilue compatlble wffh
neise in each btand., The ocutputra <ould then be comblned to
record on & 3ingle channel. In addlticn to the three-arxis
systam, we recommend the lncluslon of & Blogle shori periaod
verticel seiamametq;. Thils uni£ cald flave a Blze Toughly
one=quarter thzat uF.the Wanger aelsmometer. Ite total welght
would te of the order af i09/0 of the threc=axis zrystem.

It wauld serve as o Dackup deviae zhould mere complex !
long perlad apparatus fall, It world also serve to pegord
shomt perlod body waves, therehy enahling us to deorease

bandwldths reguired fop the long pericd zeismographs,

Euggasted selitmorater pararelors:

Thiee—axis systbem: Sclogmoxcters Tree perlod; 3 < 10 see,
Short perlod single axis selsmometer: 1752 - 1 3B,

Camplng: (hear) critical.



Trangducers;

Dlaplacement for signel for three axis system with
damplng end mass posltion Feedlark servé through veloclty
traneduoer; velgtliy transducer for 2ingle axis pelzmometer.
{Type of dlsplacement transduccrs to be selected by compari-

mon of experience ol the groups with wvarlaous types,)

F‘re_g_uen c¥ IeHDATISE ©

b, ¢, - 2 &pa, geparately controlled in three tands for

three-axis system, 0,5 = % cpa for gingle AxiA.

Dynamlc range and distorticn:
Hot lesa than £0 db range angleg, with amplitude dlge

tortilon net greater than 12%/o, phaee distortion ceRlibrated,

Magrnification cacabllity Emin;mumJ:
Ahort=period bzod - 1ab

Mid=period band 104

Long=pericd band lﬂu

Each band to be fictted with 3 maghilficeatlon centrol and

a threshold Inclcator.

Fower cnnﬂHEEtiun:

Power:

Apprex. 1 wabs contipuous; 3 éc levels regulated undepy

28 vyoltas,



e

Appror. 1 watt hour inlciel leveling (e,g. 1/% amp.,
12 voita for 20 minutes},

Appees. L/50 watt hour each diﬁ Ffor level adjustment
le.x. 178 am. 12 wolts, for 20 meec).

platanee fot pawef transnlaalon: 10-20 L,

Peaks, Pyro batfuf! nogded ong time only.

i kel v e H
Three—azis oyttett: Sarvoed gimbel té Accompodate
15% or lesa - autenatlic rough level prﬂhubly.nnﬁ regquirad
8inge Instrument wili be peditloned manually on g preparad
nit!. Mzaaes Lo be continucrily sarvoed tﬁ iarc by feeds
buck of processed transducer Yerrar :ignnl*; groas corractione
hr-muchanicul edfustment zctukted by lfrﬁr aignal, | |

Ope-nxis apotem: S0
. -

Egﬂggrature ard environmest tclapranaar
= - = L. el PR

S
T T XA

0 tc + T0P C cperating, -50Y to + 13%° [ atorage or
anrsute ., '
Mo wvecuum touerance retuired, lnetrumenta can be =aplsc

in & cmae with an zthosphere, 11 necebnery,

Radiatioh telerence ab oictated by futurs mtudias,



w!ight grid walume:

Uging the already developed Lemont and Caltech models
48 £ bapie, it le estlimated fhat sceh a seismometer peokage
would welgh lese tnarn 25 ita. end be teiween 600 2né 1200

e, in, 1n v2lume excluslive of heat scroens, and fower

BURPLly.

T&lemetrg:

Cenlral wmu.tiplexer and AD converter for e£ll experlments
Is desiralle. |
Gange=7 zxls svevem: precter than 17 ¢k arzlop
1 axls selaneneter: -9 40 znalor

remn.e cale: 3 axlis: 3 cheannels,

T

zemniassoac, eech
saple 19 blts
1 axie; 2 chznnels, 10 serrlesdsco, each

canple 7 OLiin

Lal

encingaring aFavnels =% leas thon 1

bl hee.

St

LitsSecce Lotal ayster lezs Lo 300 Lltss=ce,



Time pchedule;

With a rlight date estimated &t September, 1568, 1t 1s -
suggonted thet 18 months be allotted to developdent of the
modal instrument, ﬁnd 1P nocths allowed the [light unit ven=
dér for finailizlng ¥nd tanting. Allewing a buffer paricd of
3 monkha, this will'ﬂnlivgr flight hardwars ona year in
advance of the suggasted flight daté. Fowar aupply date
ptorage recarder, ol besat cerean deaign can parallel the
sslamcmeter package dealgn to an axtent that these will be
ready for Iloalixing in the same period ss the seismomster

package.,

This 1s a clges schedula for such &an experiment and
would raguire clqip cooparation bet¥een our groups, and

eoordinatjon with vendare of wuwlliary squipsent.

Turing the Firit twc yeere, actlvitlen will be prisarily
" daslgn and congtruction of mod®le and goordinstion with the”
spate afgency and cupporting wendors, and a1 Tull staff will

] reqﬁirﬂd.

It the if mouthe prler to delivtrf of the f1ight hard-
wate, Activitien will e prinnriir surveillnce of the manu-
racturers” sctivitiea and tha copte will be legr, Thema coats -
-will be covered under & renewsl of the ontract st that tine.

Data hendllong and anslyels funding will then be requirsd.



Seption VI
ACTIVE LUMAE SEISMIC EXPERIMENT

Actlvae Zelemulogy Plarnning Team

In additlon teo the Papeive Selamology Telm

J. M. Celoyer
4, Simmeona



The pur-ouec < ™ Chis experiment 18 to ascertaln elastic
propertlics of The tunnr purfaze snd loterlor to a depth of
atout 545 foet. " oIc dnfornatlon is necessary to properly
Interpret lupar soriounc f‘eatﬁl‘ﬂs =31 negr zmprface lTunar
gtratigraphy. It moy Le that the original lurmar suarface 1=
not turled €5 Bn extent ot penetTehle by the astrornaut, In
this sase, this cxperiment may provide tne cnly data fron
which Lo inf#r the nature ol this criginsl surlare.

Az prezentiy concoelved, the exzerlment willlze: mortars
to Sepley expleslive charpes and provilide the celsmic seurces,
In view of the hazard Lo Lnie astronaul and to athsr experimenss
rem flying particiez, this sxperlment should bte set up by
the astronadt, but 1%z rerformance deferred vntll he has
departed and wuntil 1l cther experimenta have caompletoed thelp
functionmg (six ronsths ofter set up).

Data requlreient

Im arder to cofplste a 3slsmic refractlon experiment on
the moon, Lhe inzirubentation nust e segable of providing
the following Informatlon:

1. DM=fance foam the aelsmiz zourcze to the repestor,

2. Inatant of exploelon or ather selsmie soures (Limc
break).

3. Freclss timing of interval hetween (#) and any
event In the suhmeguenkly received aelamic s51gnal.

4. Fezeptlon cf the szizmic signal without dietortion

which might obsgure the charpefer ¢f the slgnal.
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bWhen data le transmittacd at the time of performance of

the sxperiment (no 3tn;age) item {3} can be recorded on earth

in parallel with the lunar dete durdng reception,

I rume tlon

The instrumentation would conslst of the followlng:

1. A package of five projectile throwlng mortars amch of
shich is fitisad with 2 range ancodey oparated by & range
metaring Iine towed by the prolectils,

If the range Meterlng line 12 of conductlng materlel, 1t
may alec be used feor projectlle charge detonation and instant
ﬁf axplosion indicatizn.

Cne technlgus zupge=ted would be to ipciude 3 capacltor
abolrd the profjectlle and after the projectiles 1Is Jaunched,
commeonses charging the capieltor through the metering line., A
awitch aboard cen then discharge tne capacitor through the
dmtonater, elther on B commiénd or when the tapacltor voltags
ke rlaesn to a ppredeterminec level, Dlacharge of the capacitor
BN ha_uae& aad a time break lrpulss.

2. A prograt unlt to seguenced flping of fhe mortars at
2=5 minute Iipntervalsz,

3. A gmephorle for receptlon ol the gelsmlic signsl
fAr poeslblsa, 1t would be well Up uge two at 100 It.
spe2ling).

b, amplifiers for gecphone szignals, Thess probakly
mhould ha%e B galh-changes or compresalon for larger ampll-
tudes to prevent oaverlead on grovnd-rcll, ete, and yet

lenve smallayr firpst-arrivcls unsltersd,



It might be well to provide o seporate omplifier fop
zpplicaticn of the time Sreak to She Lelefelry rather than
rizk coupling of moelse lnte the assismiz ampliflier [nput Ly
the long time bresx lipnce. Trokably tis timo break anplifier

¢ould %e wery tbtasie since The €irme bLreal sipgnel wil? te

felrly =traonk.

The progra- unlt, ampliTfics fan 2Ther fovoninted
elmetronice would presumabtly Lo howsoo it etier o tlap
gnulpment of the misglcn wninh requlier eambroliled cavliron-
ment, andt zfter o sik-month perlcd, rover, telohmetry, eta,
wlll ke trenclerred foon other experlments Lo She selzmic

experlment wllek Lhen 1s controlled by 1t5 own programmer.

The astronzut would bes requirer on:)y to cmplace the pog-
phenes, and amplacs and 21n the maftar heolage, The mortar
F%EEEEE might e 20 Irt, from the miz=lon telemetry ayatew
and connected by cable, IF phiy one yecshone 18 used, this
tan be nepr-byr the telemetry package - I two ere ineluded,
the accond srowvld be aphroximately 102 T4, diztamt, Cf

would bte well 1P these can te burled,
in perfermance of the experlment, the mortars will be
Fired singly, 1n sequence, at two to flve minute intervels

as deternined by the programber, whdch wlll alsao switch

rinre coecder dalta. Projectlles will be thrown and
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exploded in & mere or less uniformly spaced llnear array

aver ranges of 200 - 2000 L.

Early [lsld tests lndleate that the maximum charge
required will be about 4 oz, of THT equivalent., For the
nearar shots the charges may be somewhat larger then indi-
oatad, for rella-llity reascns. The minimum will probably

be of the order of 1 o,

The dsta form will be g series of events dieplagesd in
time ma follows:

1. ap (=2lestien of projeetile launth,

2. HR&nge encnder data, which et present 14 &4 Berlas of
etep signals =ach Indileative of an Inecrement of range,

3. Tilme-btreazk, &8 fast rige time pulse ar step indilcative
of the Inetant ol explaslon,

L, The zelsmlc wavea with freguenciss preobably in tha

ranga of 0.5 - L0D cpeg.

in order v achieve timlng to a fow millleeconda, the
erctem must heve falrly blehr Treguency Landling cepabllity,

parnaps 500 eps.

A dynamic range of 50 d% 1s desirahle{ however, com=-

prasslcon may be applied Yo the larger amplitudes. Then



with a telemetry dynamlc range of 40 db approximately 7,000

blts/Seec will be regquirad for the data channels,

Specificatlons puttmery;

Geophones (typleal)
we fght

valume

natural frequency
damping

sensltivity

temperature tclerance

Amplifiers;

lnput nolse

gain

aynamlc range

pAass banad

B oz. gach

8 cu. 1in,

F oane

& oF critlezl
.5 VAAnseec

Tumar sur-fgce

.1 max
deparclent on teiemetry_
inpat reguirement:
(109 db will gilve an
estimated i/2 V cutput
wWith charge and gaga-
phones sugpcsted).

2 db

152 - 509 cps



power

dimensalons (est.)

wedlght (aat.)

& [T
Time sAquUence ¢ Beag

680 cec

120 asaen

Fower conaumption
Dimenelonz (est.}

Walght (est.)

ﬂg;tgr Eackage;

Poawer

~E—

3 levels at lese then 28
volte, regulated, 2 watts
for 20 mlnutes

S - O L

8 pz.

getivete eyatem

launch and record [(or
transmit)

ready next shot and power
off (or recycls)

1 watts - 20 min, 28Y DC

amy3nx 3°

1l 1lb.

Gapg open sqQuibs (3) P8 volte, 2 amp, few ms,

Ranpge encorder (5) 29 volts, 50 ma, 20 min,

Launch squilb {5) 2B volt, 2 anp, few ms.

Detonate power (9} equiv. to 20 2 amp, few mB.

Dimenaions - approx. 4" X 8™ X 18"

Welght - egpprox. 20 lb,



Telemetlry regqulrements:

1'— data echannel per gecchone used — TOO0 hite/sec for
aelamlc datea.

1 - engineering channel %o in2lcate trenefer of system
to getive sxperlment, mortar ppokeze cape opeqlng, profectlls
launch ahd fequence of advance,

If the bl% rate ls beyend the capabllity of the Apello
aystem talemetry consideraticn should be given to on~aite

recording and slew playbéck, before degredatlcon of tha wr-

perlitent o accommodate the syetem.



Zeezinn WTT
LUNAE 4ARAVITY MEASHREMENTE

J. Weber and G. J. F, MecDonald

ABETEACT

Pracige meapuraments of the gocelaratlon due te gravlcy
on the lunar Burface cver a perdod of monthe may yiel? val-
uable informatlon concerning *he internal constltution of

the meon.

Tha moon will Interact with gravitatlonal radlaticn.
The lunar fres coeclllatlons may be ocbgerved Lo be eicited
by such radlaticn 1f the power spectrum i3 sufficlently
intense over the frequenciea of certain of the meoon's normal
moedes,. Simultanesus obServatlien of the esarth's hormal mode
excltation will make 1t wery likely that the effegts are

due to gravliiational waves.

Obgervations are planmed using 2 lunar gravimeter havipng
g wefpht less than IT pounds, a volumse less than one cutle
foot, power conpumpticn lezs than % watts conmtinueously, end
lesg than 1% waktte wilkh 30F% duty 2yele. This device wlll
ocontlnuously monitor Lhe lunar gravltgational fleld, record-

ing changes greater than abvoul one part in lﬂg.
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Lunar Tides and the Love Numbsrr W oamd k

The gravitatlonal flelds of the earth and aun are aXe
pected to ceusxe tldal deformatlons ef the mocn. In the
Newtonlan spprozlmatlion these forces can be expresped &g
the gradlent of & potential U, The lunar surface is moved
by an smount £ proporcional to the potential

G h U surface

&

Here g 1B the Bcceleratlon due to gravity and the constant

lac Thepre 1ip

af proportliconallty h 48 called 2 Love number,
ar gddiriponal efrect an the poXential 1teelf due te the re-—
d4atributieon cof mase in consequence of the tidgl deforba-
tion, We mey write the chanpe of poteptial as

AU = kU

1,2 nuomber. k mualﬁrnu

Heto b f# arnplher kind ol Love
arn amplification of the piltuching gravitationml fleld due

ty the lunar defloraatlaon,

The orbitak motlon (Fres rall) transfoprms away the firat

derivativens of the externzl potentlel at the center of

mass, leaving B gquadrupole cerT &3 the mafor t£idel producing

potential, For the effect of the aarin {or aun) cpn the meon

T ie therelfore given approkxlmately by

UE - _—-I]HI"E.PE{I,':DE g

N

(1}

{2)

(3}
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Hepe G ie the conatant of gravitation (3 = ALAT x lG*H am
Em‘l sen'z, M le the mase of the earth (or sun;, r and g

are spherical ¢oordinates uwsing the lunar center of maas

B origln, K 1s the diztance between cernters of mass of

the moon and the tide produclng bedy. In eorrecting the
petential for the redlatribution of lunar mass due to £idal
daformation we note than on the luner surface we are "cutszlde”

af the lndueed tildal lunar quadrupola so for & Zunar raslus

[
- 5
alls % G M » PE{nﬁa &

ngj Eh

The potentlal due to the lunar mazs m itaell is glven for g

Ephere Oy

U, = -

=t

Hm
r {5)

3, 4, and 5 enable ue to wrlte the total potentlel, DI1Ff-
ferentlzting thia and corrsctlng for the tidal dlaplacemant
el the lunar surface pives the tldyi indu¢sd change in
goceeleraklon due to gravity as
allq _ gl
g8 = (1 + h - % gy @43 =g
agr ar
Durlng the monthiy cycle the quantity zU

(h

5 willl wvapy

I._-'|I"

because of change 1ln dlstance between tne mocsn and persurbing
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bodles, and bacause of latltudinal and lengitudfipnal libration,
Caleculations 3.4 ahow that the earth preduces the melor effect,
which 1 & tlde with peak to peak amplitude of roughly onme
milligal. The aclar effect lz about two percent aof thia,

Tha "rravipetric® factor & < 1 + b - % k depends on the in-

wernal conatltuticon of the meon. Meclonald 546 has consideped
a4 number of meodele. A lupar model assumlng & reasconably homos
Eenecud composBltlion, nade ol sllicate materials similar to
those of the earth'e mantle glves 1§F- 1.0033 while & unlform
fluld model glves qéfn i:25. These are upper and lowayr liplta,

Uray, Elapssar and Rochester T have dlsnuszed fluid core models.

I and k may have real and lmaglnapy parts, Lf lntermal
dizslpatlion significantly affects the lunar low frequency
respones, T the earth the pvercaged lag of the 12,0 hour lunar
tide 1a E;Eﬂ; tha dinslpeaticn 1x due In peart to shallow ogedh
friction smd Im part to dlaaipatlion within the #4318 varth,
Indeperdent deterwmlnetion of k and k dannot be made unleas
surface Tilit ie simultanecusly measuresd. Howevar the magnli-
tude af d&P togather with ™asoaeble asrumpticns, will anable
noand k to ba infarred. A lunar gravioster should, be ahls
to 'messure changes in lunar g {162 gals) of & part in one
thousand of the tidel amplltude of cne mllligRl===battar than

one dmlecrogal. Exleting sarth tlde metera of the La Coats



Fomberg, and Block Weliss Lype achieve more Lhan zn order aof

Mmepnlivide sensltivily srester tham This,

Graviltatlonsel Waves

Ir. 1216, shartly after the forirewlatlen af the General
Theery of Aelativity, Zinsteln predicted the exlasence of
Eravitatlcaal wavaes., & gravitatlone. wave <an be Theugsh of
a5 4 propagating grevitailonal leld. Einssein's field ezua-
tione are

- 178 B P = EB&T LT

Im {71 Ejﬁ-{ﬂ the Hlcc! Llensoar, § f8 the survaturs scalar,
Ej@.iﬁ the mewvrle Lensopr, The i€ g Bre Lhe Tleid varlables.
Tjﬂ,ia tne matter =tress snergy “gnscr, &5 bafaore G 1z the
canssanl of EraviLatlun, ¢ 1z Lhe specid nf Zizhts The objects
iﬁgr:nnLain thee 'ield vaslables raisod Lo Ek= fourtlh powWes,
Theege gquatlons avres blghly monlipesr and 1o the shsencc ol
speclal symeetry contaln theouwsands ¢f terns, whel writlern

ous entirsly in terms of the S do exect solutlons repre-
senling spherival waves wllhouol singulsrikles have g3 wves

beanr Found, Lilnstelrn obtained weak Cleld zolablons by wreiting

r

E-#.'_':-"' ='J-"ﬁ"'.|!:-"' * ];d-"ﬁ'r&':"' . E':I

Heredﬂﬁ 5 tho lorentz metoleo, Loy, 18 & Mlrat order quantity,

The nhjecte Ifr#gdefined T

(¢ ey = e Tz n
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with n the trace ol b, are convenisnt. To flrst order the

¥ ﬁﬁ_-ltihfy

(g ™ T -@—1 & T oy {10)
-}

The sot of squations (10} are formally the pams a® those of
alectrodynumics, the matter tensor taking the place of thae
Muxwell four currsnot daﬁsitya Theag equationsa admlt 2 Qulti=
polar expanslion with guadrupcle radletdcon a3 the lowest order,

For & mmat gquadrupole osclllater the radiated power les

P e gl {113
0Ty, |

1% e
Hera F 1a the raedlated power, ., g the zngulaer veloclity, O
end ¢ are ap deflned esarlier. A one mefer rod which apline
about an 4Xlg aopmal to fte lengih eadiates awsy about
1037 watta 41f it 1s Bpun sa FaSt that 1t 18 oi the verge of
Breaking up due to the gentioirrigal etrasgees.  Known doubla
JEArE wWould b; expected to radlate and would Have n radiative
lifetima of perhaps 1012 YEafe. Fopr theas PRRsOnA no ltrﬁull
attemptes te aetess gravitaticnel Eadiatinn ware Degun untii

vary recently.

Some TeADP pgc Weter zugzeated 3 that the fres opeils

iations of an slastlc body would ILoterect wlth grevitatlional



Tu

wavea and proposed uesa of the earthg and mnnnln for detection.

The abaorption crees sectlon waz % Elven g3

o~ AEeG T {12)

Be
Hars ;~ ia the croes mectlon, I ie the quadrupsle moment of
the detector, w le the angular freguency, ~ 1s the relaxatfion

tlme. For the moon's low requency modes 170 sgquare

-
B 2
metera,

Accordlng to Einateln's theory only the normal medan
of equedrupols symmetry would be exclted by graviticonal wavas.
Howaver somes other theorles such as the Brans Diukull thaory
predlot mono pols radiatinns.ll The frae cecillations of the
anprtl; were ldeptifiad after baing excited duripg the gheat
Chlllan =arthguake. Afcep the sarthgualke apbalded no rosiduasl
sxcitaticn of the Pree sspfllations wes sbeerved. FRecent
UD.C.L.A., data his resulted ip substaptisl reductlon of the
surface noiae lavel, but no free cspillationm have heen gb-
gerved AL othear than earthgquake periocds. The lupar surface
should be free of mateorclopical and ccpanic dlsturhbances.
Tha usg of the mocn B8 a4 huge mass gquadrupsle detector offars
axciting pornibilitlea. Correlation analyels op regorde ob-
talned simulianecusly on the earth and moon would pepmii the
unamblguous deteatlon of cosmic sources of pravitetional ra-
dlatitn. In reacent yearz very intense .sourses of gravitational

radiarion auch a=z double ravlron atarslg, eilosely speced
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14

i
13 and gumelstellar”  radlo sgurces have besn proposéed,

.awarfs

INSTRUMENTAT ION

The obaervations of the lunir tldes, search for frea
cecfillations, and the use of the moon &g a detector of gravie
taticnal waves can all be zaecomplished by telemetering back
reazdlings of lun&r surface gravliy mede wlth & sensltlve gravie

metelr,

Ezrth tide gravlty meters of the La Coate Rombarg type
have parformphces which would make them sulteble 17 drift ware
further reduged and eertain ancmeliea of tha Barvosystam ware
removed. Thelr pregant welpht | power consumptloh snd sn=
vironmental temperé&ature tolerence ware not intended for
lupar applicatlone, but redeslgn $4 meet the tieeds of the lunar
investigations appears feaslble and 18 being Rctlvely carrled

out By us.

We antilc¢ipetes thpt our compléted inatrument will waigh
leas than thirty pounds, and will occoury B volume l=aa than
one cublde fogt. Automatle evellng will be provided, A
contlouots power consumptlcon of less than 5 watta And an
intermittent power consumpkicrn of lemr Ehan 1% watts =t
308 duty cyecie wil: be reguaired. Tlhe cianned saphelty reguived Lo

telemeser back lpformation on the sebting of a coaras aorew,
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the fraa asrvo ayatem voltage, and the Inatrument temperaturs
wlll not exteed one tlt per sSepond, A long lifetime 15 echen-

timl and we reguire i least two menbhs continudtus records.

The most difflcualit problem appears o be malntenance
¢f a relatively low temperature. If the lupay surface ix
gcovered with dust the grarvimeter gould be burded, thus
aimwplifying 1ts tempereture contrel. We feel that the
astronaut will probably have more then enough to do and that
afklng him to erect a metzl foil radiatlon shleld 18 more

reazonanle than having him dlg or drdll a hols,

Slmul taneous menltorlng of the free osclllatlopa of
the earth wlll ba carried on at lnstallatfons at TU.C.L.A.

and the Uoniversity of Maryland,
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BAGKET IC MEASUREMERTS IN THE APQOLLO PROGEAM

Measurvemeni= of magnetic fields and related phenomena
in Lhe londr covircnnonl Porm oby iows subjecis for investipga-
tion in the oxploration of the Moon, The lounar magaetic field
strength is estimaded to be snall oo the basis of a Fleld orl-
gin similar to that nf the Earth's in which a dypame system
of cvleelrical ¢urronlsE circulates inm a 1loid vore. The aver-
ape Leew fdonsily ol Lhe Moun provludes all reasovoable poszsi-
bality fur such i meochanisin, Any prescent day magoelic ficld
which exists may be related to an ancient fielid at the time
of evipgio of bhe Moon ur w1 may b due to the resolt of toe
complex Intevaction between the Woon angd the sireaming soelar
plasma containing the interplanetary magonetic field. It has
been suggestoed by Gold {1962) that the finite clectrical ¢on-
ducrivity of the Moopn may provide 2 "trapping™ meshanism for
avguisition ot an effecdive mupnetic field.

Nirect mepsurencnts by the second Soviet cosmnic rocket
Lunik TI {Molpginev o al., 1960) indicvaied the noncxbs bency
of a lunigr magnoelic ficld appreciaily lacrger than che 100 ganma
nrise tevel of the cxperiment. The sclar plaswmp Flow will
compress any lunar magnetic field tao a distancs sl which the
directod pressure of the plasma is balanced by the mdgnolic
PYassire.

Fipure L Lllustracves schoenaticnally in the noon meridian
place lhe casce ol a streamlug solar plasma lmpRcting & dipolar

planetzry field (in the ahsence of apn interplanetary magnetic
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tield). Fipore 2 presceots the results of cosmputations on the
sybsnlar radis (Rn} ol the magnetosphere cavity thus formed
for various values of plasmae {lux apd cguatorizl magnetic
Tiald strongtos. Il is seen that a lonar magnetice Yield +~ould
cxizt which wonild not have heen detected by Lunik I 3T the
ficld were canpressed by the sireaming solar plasma (Ncugebauer,
18GLlY. If such a Field confipguration exiszts, 1t is excrohcely
impartant to doetermloe its charfcloristios, Im addition, Lhe
Tgrrar surface characlerislics will be depeodenl upon whether
the solar plazsma 12 capable of directly impactiong the lunar
surfaco oroped-

The «ffect of the interplanctary magnetic field howewver,
15 to 1¢ad to a3 mych more complex interaction hetween the Moon
and the streaming solar plasma, regardloss of the oxistence
ol aoy lotrivsic lunar magnetic fleld., This is hecause the
prosonce nf the interplabetary ficld causes the plasma flow
to be Tsuperzonic”T in the magnetohydrodynamic sepnse. Figure 3
illustrates the dependency of Lhe simplest magneloacoustlc
wave velocily, the ALtvin spred, on magoctic ficld and solar
plasma valucs., These parameters bhave recently been measured
by the Mariner II (3nwder and Nengebauwer, 19682Z) and the IMP-1
{Bridgc ot al., 1964) spacecrafts,. In genperal the splapr plasma
velognity is approxlmavcly G600 kmdsec with 2 density of five
tv 1en pfumg and a contained mapgnetic field of four Lo sewen
gammas (Wess et zl., 18564). This indicates a "super Alfvlnic'

Fiow with 3 WMaclt aurber betweeco Five anod bteo. IL ledds Lo
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the formation of a bow shock wave of the collisionless type
Bacausc of the very rarified plazma density. In the tase of
tihw Earlh Lhe IMP-1 satcllite (Ness et al., 1964} has provided
a defipitive mapping of hoth the cawity boundary and the shovk
wvave location as well as the phyRical characteristins ot these
boundarics (sce [iguro 4). Thus even in the absenve of & lunar
maganctic Ficld o complex intocraction between the streaming
golar plasna and the lunar body are anticlipated because of
ithrose consideratioons.  Iudeed cxperimentzl evidence for a lunar
magne Lahydrodynaolc wake in the solar wind has recently been
oblained by the IMP-I satellite (Ness ot al., 1864) and is
iliustratecd an Figure o,

The most impariant aspects of the lunar magnetic field
are it1s spatial and temporal characteristics. In order o
adeyuately investigate the spatanl propertles of the lunnr
Iield and the ipteraction of the zsolar plasma with the Moon
a4 mapplng by circumlubar savcllites ls reguired. Investigation
of transient properties can be hegun DY medsurcmnchis At one
print on the lunar surface. Al the present time il 1s supg-
gesled that 4 magnelic abservatory be established on the lunar
guriace tu measure and monitor the vector gpropoeriies <ol Lhe
lupar maghotic fileld, As the explorarion 2f the Moonr copntinues,
it appears reasconable to Anlicipaie the establishment of scveral
such observing sites at separate locvations on the lunar surface.

These padditional sites will allow cross correlation of resglns

between the stalions and possibly the determination of subsurface

clectrical characteristics of the Meon as they aflect fluclunting
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magnetic fields. The presont siate of the art in wagnetic
Tield instrumentation for space applicetions is well advanced.

A triaxial wecior instrument with a dynamic range of several
bundred gammas and a sensitivity of fractions of & gamma with
appropriate analog to digital conversion subsystems is posgihle
wiihhin the welght and power limitations of 3 kilograms apd

3 watts respectively,

Buch vector information, obtained at perhaps voe minute
intervals, woold noremally be transmitted back automatically
to the Earth for subsequent recording and analyeizs. Tt is
important In the esitablishment of these observatories that
the wvrientatiom of ihe wvecotor instruments he kpown fto within
a few degrocs rolative to 3 lunar set of coordinates 3o that
eross correlatlions botwoen componetts will be moaologful.
Direcilonal propertics of transient variatlions assoclatled with
solar terrcstrial storm phenomena cah be comparced with =satel-
lite and decp space probe measurements of interplanetary mag-
petie fields as well as terrestrial field wvarietions,

The posslblliiy of returnoing 10 the Earih physical samples
of the lunar material may well be one of the most rewarding
aspucts of the maghctic medsurement program since the ferro-
magnetic properties of lupar reocks create "magnetic memories”
it past lunar magnetic Tields. Experimental work in the general
field aof lerrestrial palee-mapgonetism has indicated thal a very
compleX dituation has existed although an increased ordering
of properiies of the ancient Earth's field is now heing deduced

(Cox and Doell, 1862).
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The fcxact sampling procvedures to be omploycd on the
lunar surface aro oxiremuly important in the ceollection of
Buch physical materials. Fresh zamples of unweathered and
physically =stable materials are required 1in order to investi-
gate by both nondestructive and semi-destructive means the
magnetic properties apd megnetic history of the lunar rocks.
Shallow drilling 10 dopths of 1léess than 2 rmeter as 1s generally
done on the surface 0f the Earth, may well he adeguale. Wilhin
an z2real exteni of approximately S5 meters and on Lhe assumption
of a repsonably homogeneous maierial, no more than three to
Five samples of the mAterial aAre reguired from Any one location.
As mahy distinct sample sites as poesible should be established
on each lunar mission, It 1s also important that the orienta-
tion of the samples cobtained are determined with respeci 1o
A lunar set of codrdinates Lo &n Aaccuracy of + 5% as well as
the rolaztive location of the sample sites.

Procoedures for obtalning such specimen by tho use of
specially doevelopoed drilllng equipmesnt must be implemented.
The posgibility of using Lheo LEM i1sSelf as the basic supporl
Structure for Lhe drilling of sample cores must be consldered.
The potential removal of loose surficvial material by the degount
maneuver rockel’'s exhavsl and logilstlc problems merit this
gpproach. At the prosent time the requirvemnonts for 2 deep
drilling capability (100 meters or greater) does not appear

o be n primary requirencnt. Subseguent return of fresh saoples

or the difficulty io obtaining such samples and their subscquent
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analyses may lndicate, however, the necessity for a2 medifica-
tlot of such samppling procedures. AT samples returogd are
optimunly drill core spoclimen ol approeximatiuely 17 diameier for
ithe most etficient and direct wutilisation in the lahoratory.

The nondastruciive maasaremants 0 be made on rock
samples ineluda:

1Y Hemanobt magnetic fisld

2 Coercive magnetis Fforoe spectrum

3, Isothermal Temunant magnetism (IEM) induced at =

nuymber nf separate field =trengthe

43 Determination of roarcive forog spectrum of IRM

B} Magpetie syaceptibility and electrical condeciivity

B} Anhysteretinc remanent magoctic {(ARM) properties

T} beteymination of ancrcive foroce spoctron of ARM

The above medsubenetts a0 oot cogules Lhe physaical de-
gtrucltion or deterloratinm o Lluw rock sanple and the materlial
way aAlways be returned to ity original magnetic atate since the
changes to the oviginal sample are koown,

The foliowiop procedurcs aere polentlally destiructive in
thal Lthey may or may notl leave Lhe malerial io & modified con=-
dition, although 1o all possibility only =Llightly so.

2 Saturation magnetic properties - thermovremanent

magnetic mezsarements (TREM)

8y II lhoe oeasuremenis in (8) indicate no significant

chemical chaoges have resulted, then a repelbilion
of the measurements listed above [(1-7) are to be

parformed
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It is important that those samplas of material for wiich
the remanent wand intrinsig magnetic properties are determined,
Alsn be ape dated By some oeans. With thls information and
the interpretation of the remanent magnetism, conclusions aboui
the lunar history apnd oyigin can e deduced. In the return of
the zamples (o the lerresirial laboratorios 1t is impoartant
that the materlal oot be sxposed to fieilds stronger than L0
gauss nor exposed to téempurature variatlons beyood A roasonable
npper limit. Morc imporiantly. however, they should nol be
expused to variations in temperature bevownd a total range of
+ lDUE. when exposed to Tiglds as large &3 10 gauss.

The possibility 0f directly measuring ihe clectrical
characteristics of the Mooun in-sSitue is 2 subject for future
consicderation, At the presenl Lime one of the major problems
for measurements of in=sitye electrical properties appears to
bhe the mechanism {for affectlpg direcet eleclrical conlacl wiliih
lunar waterial. Direct utilimation of the LEM's support pads
may e anae possibility,  Althoeugh various slectromagnetic geo-
physical prospecting methods exise for determination of rola-
tive lvrrestrial clectricel properties of the very near surface
material it is imposgible to propose at this time a simple and
eficclive measurement procedure which will yield accurate resmlis
nfr Lhe Tunar surface, It is reasonably ceriein that sppropriate
procaedures can be developed once the physical properties of
the lunar material are known.

July 14, 1964 --=-= Preparad hy: Norman F. Wesz, Chairman
James Balsley

Richard R. Dowall
¥Yivctor ¥aagguler
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Schomatic illuslration of interuction ol streaming solar
plasmi dnd planetary dipolar magonetic field {in the absonee
ol any interplanctary magnetic Tield}



300

200 = By (GAMMAS)

Re By’

Vs (Km/Sec)
N
[
=

300

200

N\

AN

Ry -‘-hnrmn‘v'sa

SOLID LINES n=

o;|—

|p/fem’

DASHED LINES n=10p/cm®

Ry= 1738 Km

N
900 =By

L

1 i |

Fipure 2

..
Re /R

2.9

Theoretical slard ol distance (B} in wnils of Tunar radii (R}
Loy clifferont =olur wingd fluxes and aguatocrial ficld streogths

pr.caming fthe Moor possesses a dipolar field.

3.0



200

B{gamma}

\
N

Vg (km /sec)

100

[/

\
U

. \-—i_

|

¢ (P7em?®)

Flpure 3

ALFvdn welovity as function of solar wined plasma densily and
infterplanatary magnetic ficld strength.



MAGNETIC FIELD XPERIMENT (IMP 1}
GODDARD SPACE FLIGHT CENTER

SHOCK WAVE
19 IMP ORBITS
70 DAYS DATA RECION OF
TURBULENCE
MAGNETOFPAUSE

—

N AT
SOLARWIND__ /RS A 1
'\.\\\ =

R
! *“T

1ahh¢$hﬂ-'llh
@'@**ﬂ--m WY MAGNETOSPHERE
%
SUN 120 80

Y/

}{/40 B0 120 160

i

EA RTH

el

4[}

4{]

A

— 80
| D \ DISTANCES IN
.rr:iﬂL%HNPELTﬂlféEFTEFE THOUSAND MILES

\ ECLIPTIC PLANE

rignre 4, Summary of initlal resnlts ul IMP-L magretic field oxperiment mapping the inter-
actan bolween thae solar wind and the peomagne-ie field, (after Xess et al., 1961




MOON AND IMP [DRBIT 5) POSITIONS, DECEMBER 1963

VIEW ON ECLIPTIC PLANE

JOISTANCE 1M
THOUSAND MILES
MOON
AN 12
160
¥13 ' -
/2 e -
SOLAR A S
WiND. 1814 SHOCK
N 13 } WAVE
- - = B8Ol REGION OF
."\. TURBULENCE
154 ———— ‘
MAGNETOPAUSE
S B v
16
L6 IMP
_‘T{} L | il
SUN 240 160 80 EARTH
igure S
otectiton of lunar magnetuhwdvodynamic waki by JMP T {after
spss oot oal., 19641,



Septian IX

Preliminary Report an Lunar Heat ¥iow Measurement

Eeat flow pLanning tesme

S, Fv Clark, Chalrmen, ¥ale Unlveralty

A. Fu Lachenbruch, U, 5. Geologleal Survey
R, Von Ferzen

Fo 7. Langsekbh



Tne Internal therrmal reglon of a planet I of Mundamens
tzl fnportarce L1n fetermlndng 1ts developnment, On the earth,
phenomens speh as meuntaln-lellding, metamerphiem, 2nd
Igneous azolvity have thelr origin Ino deep-=-aeated thermel
processes, The mocn 13 tellevod to fe muen less active
than the gsrth as Tzr &5 Lhege progegses are Cooneernen, et
fome recent observatlcns heve suggessed that IL 1= not
entirely dead. cven the fotal absence of thermal actlivity
2t the mecern's surface would not mear that 1ts thermal rezlon
Wes unlnterssting. The cguses ol 2o lwmportant & di{ference

cetwoen the eartkh snd the noon merlt Intenzive atudr,

The guantity, reasurable at tne surlase, whleh has
proven Lo give the most J=eful inferiation about the 1n-
ternal thorral region of the earth 18 1its heat Mlow, Hese
Tlow 1z defilpned a3 thoe apcuant af treqrmal ocnebgy canducted
te the surface arnd lcst te Incterplanetary space, par uanilt
arsa zrd wnlt bime, Thls qusntity 15 virtoally unique smong
thoae accesslile Lo Zeaphysical oteerveilon In that 1t des
rends n2% on-y on thz pressnt cormetlitutlian of o planet but
alac on past eventz externding bGacs to 1ts ordipin, [dence,
obaervatlions ol h=at fiow can set limdlis corr eendlilens at

the Edime <! the orlpln of tre =olgr systam,

Doueevatliors @f heat Iiaw cannol be Interpretzted unlquely.

There L@ vneertalnty zabout She dictribuatlon of sources of
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reat, and the relalively long derslticon of the trenzlient state
In the ogmo ol neal sonducklom introduces adoltlonal uncer-
tointy whicr 1% not prezsent, Ior exenple, in tie Interpreca-
tion of mravizy cr megrnetls data. The hest Flesw obbesved
todgy criglnates gartly 1in radicectlve sourgen which have
perslsted up to Lie present, and parstly 1In crigiral heat and
axtirct radicarvtivi=y, There 1=z nc way Lo distdnguizh hest
from thess =separile sourees, Clesrly enewledge of surlace
hest flow albowve does not persit us Lo 2et wup a2 unigque ther-
mel nislory of a plapet, Lutl it does force us to discard
large numters of obdels whlch leald tc & centrediciion with
cbheervaticn. Exzerlence with models of the eartih supgeats
that the pestrictions on apcoulation Imposed by this aingie

measuratle quantlity, the heat Plow, are 1n faps severas,

Az an 1Illvatratian of fve Type of informatlon we ey
eXpert Lhermal observaticrs toc provide, coenslder the vari-
aticn of neat flow with rerltion Bt the surface of the
earth., Early chkservatlons of heat CUleow on land, courtesd »ith
determlnztions of Lhe rpgdloactivliy of rocks, showed Lhact
4 sunstantial fractiocr, pernaps half op more, ol Lhe meanoivd
Tlux criglnated !'n redisactive decay in She continmentes
¢rusl, 1t was =abklcipated fthat heat Tlow &t 2ea would Gbe
subtstantislily lower than on -and becsuse ol the much thinner

cruet 1ln the of=ans. Meaeurerments at sea have =ocwn trat
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thils iz emphatically et the canei- the mean flux is nezrly
the same 22 Alo the santlinents, CThis unezpecied result 1a nct
yet fully underatood, but 1% L& clegp that diffepences [rn
Eruatal teRtl prnductiaﬂ'tethcen cociitlnents end eoeans are
compenzated Ly oppoelng Zifferences In the mantle. Toie in
turn shows thet coptlinsntal features persist, ot The averige,
to sonsldersalle deptha. Ik la Irmcrigulng Lo wonder whelper
heat flon obnwervitlons on Tthe iunRr RighleAnids and mamnla wIill)
alac Zeprs =0 unpxnectiol gl farb-reichlng conclusioga. But bhe
answer to flunck & guenblon will dpeviiebiy nave Yo follow the
eudadily Intripulss detercilnatlon of the gverage Zunar hkeat fleoey.
& zrlitary regecn for bhs sc¢lientlfic exploratlan of :che
maon 13 o coarse Lhat 1t ernab.iee usz to deouble cur garple of
the Lerresurlal planets. But In the czse of heat Flow there
are spenrla; reascns ghy It 13 forturnate That the meon fa our
naarest nelghber, Toey ore the repclt of 1ts small radfvz, In
the easce of tue garth, caolling Trom the surlace has aflfecied
tha temperalurus choly Yo a Septsh of ataut 700D gm, provided
conduatlion and rediatlon are ths pgrinclpsl means of hegt trans=
fer, rfurtthermore heat zerxerated by radicastive decaw at Jdeptoco
gresler tiar this oesrE 261y & mingy cootrlibutisn to the pur-
Faece hoat flow, dlenze the e3rthfs surface 15 thermally insu=
lated feon materlal despes then roughly 700 km;  i.e,. abaat

T0% of the earth cannat te okserved thermally. I the thernal

propertlies of the moon are similar tce these of the earih, and
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1f the two bodles are of the same age, we would expeat the
mocn's supface to be thermally disceanected from orly about
eng of the yolume of the planst, A measuprement opf heat Tlow
o1 the moon pocee much further towerds determlning the imternad
theroal regzlen than Soes a sltlla» aeasurencht 2 the sarth.
Hence because ol the small lunar radlus, & mea=zursment
of luner hegt Flow wlll permfbt upper gnd lowar limdts to the
content of radicactive element:z tc te zet, The tharmel thegs-
uremerte detect elements which are oresent in mloc? o trace
amountsa, and thus complement cther technlques, =zdchk as seigae.
mology, whish are sensltlive only to major aonstituents, A
combinatlon of geophyeleal fechnlgues, 1ngluding thermal teza-
urement, ¢en gilve lmpcortent ¢luss bo the Lulk coppositlon of
the moon., Is 1t sheopdedtdie, does 1L differ FProm the chondrltes
in ways that we suapecst the earth bay differ, or doez 1t have
chamlcal features which &Te unlike elther the earth or the
chondritea? Answers to these znd related gquestlions can be
faund from & carefully planned program of lopar gxploretlon.
Determinaticn o the lurar heat flow 15 atn assential nart of

that progrem,
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repodaed FMethods of Mepsurements
Cur lack 2f xnowledge of the ghyslesl nature of the moon's ;
purface makesz 1t wvery 4diflicult toc pelect {he best measurements
to determine the hezt flux from the Interlor of the mocn, and
the tharmal propertlies of the surface materlal. Astrenomical
cwervatione of %he radiatlon from the moon provides us wlth
gadtimatea of the surface tempapratures snd thermal prepertiea
pveraged over very large areafs 2f the moch, Iafrared mMeasures=
mente of the radfaticn from the surface =ave snown Lhes the
temperature fluctuates from 1an%y tq hezrly 4:9GE during 2
2Boday Iunation. These large surface Fluctuations ayer Lranc=-
ferred downwsld by toth radletlve and sonductive neat Lrenzs-
migsicn wery ngar the surface and by -condaztion zlone @t Zewth
greater than several centlmetera. Tne varieileons will be Supir—
impcsed upen the neat T1cw rom the Interlor. Temperature
gradient mespurementse must, therefcre, be omade at dapth whears
the variastlons are small encugh so that they may bre retoved
I'rom trne Semperature ctaervatlonz by measuremeants cVYer Jevercgl
lunaticna &nd the agplicatlen ef linear hest-tranafer theory.
Observatlons of the aadling of the moen's surfeee during an
ealipae or after Lre passage of the ternlnator indicete that
these fluctuaticns <o oot penetrate very deep. This implles
that the surface material ol the wmcon 15 an extrenmely podr con-
ducter ol heat and hias & very low heat capecity, It 1e conjecs
tured Ffrom sevecal lines of evicence that the surfece materlal

is largely verw floe rock duss .
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Caleulations have teen made of the sebourfzde temperature
flugtustione cauzed by the 1Incldent soler radiatlcn, where cne
e of Sine dugt wlth 2 conductivizy of .3 x T CES overlieg
roek with 8 corndustivity of G.b x lﬂ-Ecgﬁ. Tre maximur, and
minimus Ltemperatares &5 a Tuncticn al cdeptlh are showrn 1n 1g, 1.

fncther {scitor alffecllng the interpretatlon o8 keot flox
at the surfece 1= thke lzrge distcrllan in the near surface
" eteady=state tempuraiurce Cleld Lhat will acour 20 windows 1n
the dupt cover exisl or if Lhe eover ie not of unlform thick-
negs. dSome lnterpretatlcerz: o the moon's cosling rate Surlog
an eollpse zuggest Wp -¢ BE bare exposures. The dieturbtance
ir subsurface termperature gradienis resulblpg from the 410~
feranece 1n mean surface temperature tbetween exposed roclk and
dust 1= appreclable to deplhs of the order f the dismeter of
the exposure. dehoe, I exposdbes exiszsfh, 1k woeld be impossikle
to determine the -rue fFlux ol heal fréem the mepen'e Interion
withouk penceureling Lo grezter depths than the diameter ¢f the
grpoesute.  The znall percentapge of expozure postulated at the
stooth appearance 2fF ruch of the meoon's surface, howaver,
Eyggests that large areaz of reéther unlform dust cover may
exlat.

Ancther cxperibicolal diffieulty rezults fror the fact that
the lincarized theory of neasx conduction cannat ta expected to
hold rigorouwsly o the moan. Kot only Joes the thermal con-

duckivity vary with temperature, Lot aiso mean lupar cenditione
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gre well pbelow the Debhye Temperoturse oF pLousitle Zuner
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materials. Thls impliez: & temperatlure—ic;endonl specifiz heart.
In the zaase cf a atealy ﬁeriud:ﬂ pertuctotdug o) temperoture,
tre linear theory peodlets that the meon tedsnersiure aversges
over one period 1s pnual S Lha unpertuected wvaius,  Ho such

elmple result 1s true fo0 the por-llncar cate, shul the uoper-

Eurbed temperature cznnat Le ohtzinsd wlthout sneowledge of the

thermel properotles of She material zs funetlont: of tesiperaturs.,

In vlew of the wneertalniles osutlioed abeve, 1% 1s pro-
poaed that three simple thermal experixerntsz be pnlaced on the
gurfzzsa of tho mocn by an astronaut. The obileet cof Lhese gr-
periments wWill be to learn oS muen az posslble about Lhe gur-
face hegt Flwx, the surface temperature fluztuctions and fthelr
propagel iorn inle uvhe osdicurface, and the LoersmsEl progerties of
lungar surface ratericls 2L severel fccatlons on blhe moon's soar-
fare, The exrcerlwments proposed a-e, 1) VzAacsure Sne Lernerature
and coemcbuetivity al three polpots: 1o o dollled =ole 2 Za Eom

belcw the mocn's suTleEce., 2) Me

|

uwie the tormpercturo ae 2

ol

Tunztian of Septh and time I the panetrable lebnzre zourlace
materlal In an uniisturted ar=sa cf The moanfo surface, 4) Mense-
ure the temperature as a Junctlcern o0 Jdepth and tice L0 ths
surface material af the moon bencath on area disturhed by an

ineulatling tuarnket and also measure the hrcat TIuw through $he

blenket g5 a functiaon of tilime . Jlessurose

'r

Ee 2% and 3) wiil

cach e eczrried aub zat zevsrz: lzozEtiaonrns

S Bhe pmoon's surfsoe,
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I. Drill hgle meaﬁurementﬂ.. If a hole ia drilled 1n
hard rock, terperature measurenents wilil be made with 8 prebve
whick can be irserted In%c the Lhole after 1t 15 Eriiled. £
two-meter probe 1s plenred wlth three tepperature-gensing
elemenss evenly BpEced glong its l2ngth. These alements must
have hlgh preclislion for todperatubs pradients as “ow as B fTew
thousangfth:= GEEE may represert the tetpl hezt flux frem the
interior. Ve xmust meature Lhis gradlent to sn acourazcy of
ghout D.ﬂﬂlmcfm. Therral elements consisting of smalil ‘quarts
ogellletors appear to te Teat sulted tc This Aprlleatlen.,

In sity mezsurements of the thermel copdustivity san Le
made by the tranalient methed u;ing %he aame probe, L known
aroutit of heat le Intrcduced near one of thé BersoTsE, &#0E the
conpductlvity snd diffusivity of the roack z2re determlned from
the rates of heaslng end tocilng. The emount of heast “ntro-
dused .5 sma.l so Thet the ambiént wemserEbure walues of these
quontitiz: are Jound.

IT7. Heasurerent of Lomperatures 25 a functlion of desth
kY I

god time in tho sesetpsble Juncr surface matesial.  er this

pp—

exzoslwent stolnze of thsrnel senscres on oa prolbe, spoced

roughly five cor appet, will e dri@en by hand lnte The psne-=
tratle luncr surlaze raterianl., =
S0 zm laong wlith 1. zenscrs e orobe, Tre pregies ¥I11 ke mede

an that the s=nzor? wil2 *a el 1 the bole z2fter fnsertisn

and the probe refracted. onoeld £% te dmposeitle to oenetrate

“ lg p.anned to make the prcbes
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the full 6C cm, %he elenente repaining out of the hole will
be lald aleng the surface. These sensor strings wlll be placed
in four locatlons on the lunar surfece.

Frotm theee teoperature mezeurementz 1t wll)l be posslble
to determine the damping of the surface tempersturs: fluctua-
tich, the radiatlive component of heat transfer in the upper
aeterlal, and;thu taterial's effective diffuelvity. Thase
mesaEurenents willl not only he of walue in.interpreting the Lezt
Flow results, but will greskly zid in tha analy:sls of micro-
wave &n¢ Infrarad measuraments of-lunary surface radlation mede
from Earth or Irom a epacecraflt.

¥ L= - =r e a  ulrs & - L
IIT Te nmegsurement ol TEM e"atqpﬂ as 2 funection of

EEEth ang tinme {g the surface material of the pmoon beneath

an Area 2lstupbed By an lnsulating blapket. A& string cf

temperature eolerenkts &5 degerlbed above will alac bhe used to
megpyre tomparatire tensath g olroculsr blanket of poorly

condueting materinl {K = 1D-T

calsem zee®( op abaut 1710 the
sptimgtod condustivity for lunar dueat). The blankets will

be 172 m in diameter znd pne or two om Ehick. Materlals with
cenductivitlas of aLout lD'Tcgg are zZready helng made for
the storage of ceyogenic rluids.  Twe strings of temperature
penscrs will be dedven verbdezily into %he lunar surlfaze
beneath thne blanket, one at the center of the blanket and the

othur balfway teiween Loe cenber =néd the edge Temperature

glements will alse oe placed inside the blenket to measure the
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gradient and henrce the heat flux, sfnees the thermel properties
of the blanket mzterial wlll ©te wgll known, The arrergement
propesed 1s shown In a sketeh 1n Mlg, 2. Wher the blankes

1 enplegesd on the surfaga, 1t wlll cause z lapge dilgturbabce
of the Flurx, Heesurements of the flux throuph She blanmket and
tha temparature =t sevarpl pnints-heneath tne blanket as =2
fun¢tion of time =1llow the determinaclcern 2f the condoetivity
of the surfees materis]l, Thils comtined with S1ffusivity meaz-
uremenis defines thermg)l preperties of the surface materlal
cotpletely. -f the surfsce of “he meon prover to be eovered
By & unlferm dust layer, thern 1t 1s posalble to determlne
atesdy~=taze {lux frar the rmoon'a interdiow oy thiz technigue,
It is proposced to put fthls experiment at several diffe-snt
1loecetlans or the mecn's surfaee so thkat Iptersl varilations of
heat flux wiil be detected 2§ prazent,

All tLe abtove giperiments wlill -g erplaced on the moos
arnd left te tracesmit termperatures af the varicus sensors back
to Far<h for st lesst one year, 26 would Le extremely wvsluztle
to ottaln mesfureiments pericdlezlly two, three, snd five years
after the experlment 1s sisrled, Thls long=term szopling
appeare coemplately fcasitle with the power sopply now planned
Ffor the hpello passive cxoerlioents,

Dut-dlpng the Tlrst peze, Los torperatlre 4t all eiemernts
wlll te samnpled as often as cnce every three house. This Fest

repetitlon rate ls net necsssary durlng a large cart of the



experiment, but wlll te extremely useful durding perlods of
rapld surface tempperature wvariatlom suwch as the passage of
termlinator or 3 lanac esllipse.
Fesezrch Fropasal

_It 1z nmenvenlent to classly lines of furtrher research in
ane of %he follcwlng zasegcrles: hardware development, math-
ematleel studles of feasibility or excected acovuracy, &nd
expariments to bte condugbed cn Junar misaﬂﬂns.preceﬂing
Apollc. Ingcoufed in Lhe ipcend cstegory would be protclems
ef data redustlon. Tt i3 sntlclpate? that this work wi1ll Le
dome by bhe selentifle team and by personnel of the Manmed

opheecTalt CEnver.

f. dardware developmeErnt.

1. lemperakure senscrs —.The large surface Cluctuatlens
and their renid attentlon with Zepth regulire that temperature
elemente o dIfferent sensibivity be wused at A1fTcrent ceonths
belocw the surfece. At Lhe surface, low sensitivity elomenta
suck A& viatlnum or 2oppelr wire reslstance thernosielens a-e
sulteble; at greater dspth Thermletcecre can be uEEE; at still
greater depthz very preciss elemsnts zuch as cscelliatliog
quartz crystais sre reguirsd.  Vhe selection, calirratlion,
and testlng <of t“he bherrmal e.ements will Le done Sy the seli-

entifle team,

2, Selectlol of tlankebh malesrdal arnd measurenent of

-

1ts propertlies will te dotw by the sclentiflc teamn.
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3. Deatectlon ¢lreuvlis for the reslstence thermometers
and thermistors consizi of self-nulling bridpes tetworks of
the Carey=-Foeter tyre. Hicn senaer wWill be ploced In thoe net-
work sequentialiy by a preclslon selector swlteh, The out-
put of such & desecting unit can be anslopg or digitel. Detenw-
tion of the evystal thermometer ‘regquency can be Silrect iF
FI telemeterlng iz used, or IT snalog or diglisl telemetering
1s uped, & diseriminator clircuit 13 required, The development
all! thls equipment wlll te dons Zargeliy by the Henned Space-
‘aralt Center cerscnmel 1n close cooperatican with the acientifie
Lenm,

U, Thke required telemetry for ali pasalyve experiments
18 being provided &y IEpusson nerscnnel,

B, Kathqg&tiuﬁ; grudiss.

& orincipel intersst w1ll ve varlous cases of pon=linear
heat Tiow 1a heterogensous madia. 'ew exast scluticns are.
Avallebie and recouras must Le Fag to numerleal and analog
methods in eimogt all caszes, Mogess o diglial and anzlog
compuserd lg required; 1L gzrn be prowviied v members af the
aplenkdlfic tewam, The purpgse of the gstudies will be to de-
termine the minlrmur Jepln of Eolecghat =widl -ee! usablie 1% a
degp=rLole method iz possible angt the cozurgey and erropr:s to
be gxpected 1n tliz ctler experiments. Irocederes of data

reductlon wlll encrge as matdral consenquencsed of these studles.
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C. Experiments for lunar Eiugi&na*gre&fdig‘ Apollo,

Measuremants of infrared and mlorowave radiatlion from
the mocn'zs surface with a resolutlon of a few m Lo ane km
wlll te extremely valuabi? to @etzrm1ne.tha degree of heter-
agenelty of the theroal sropartiss of the lunar surfate.
Swel meazuremnenis may be mede by viplEle And Infrared proto-
graphy at relativeiy shert range and by ecans wWith infrared
end misrowave detectors near $erwmlnator and on tha dark sida
af the moon, Theue caguld te done Irom B eloma=in lunap
orblter, It would alaeo be extremely ukelful tg have the surface
temperetura experiment relnatated on the Gupveyopr flights,
Sush deta willl alsc he of great walue ta preliminAry geol-

ﬂgi:al surveys I the meon,
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VYERY HOUZII BUDGET

Estimates Ar thousznds of dollars are gilven in parenthese

Fellowing the ltems.

1,
2.

L

Cenputes time, [(10)

Selectlon of Llanket materdal, Insludes small vacuum
Tacllity end asscoclated Instrumentaticn for determina-
tion of thermel propertiea, {10}

Zelection zri callbration of temperature sepeors, [20)
Cevleces [for cemplaccrent of seasors in hele and meazs-
urenent of thermal conduetivity, (18)

Travel. (5 per year)

Selaries. Fari-tlme salaries for members of the scl-
cotifle team and salsrise of technical personnel.

{30 per year;
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Flgure 2  Diagram showlng meacurement af temperature as a
Tunetlon of depth using an Insulating blanket.,
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Gection X

REFORT OF THE ETOSEGIEHCES PLANNING TEAM

The Biosclences Panel of the Apolle Sclences Team ig here-
with tr§pﬂmitting.thﬁ regulfs of i¥s several meetlnga, The

these mMeetlngs wazs held at HASA Headquarters 1ln
Washingtoen, D, Cs, on June 1, 19&H, Several other meetinge of
the Panel were glog held on the cetcasien of bhe' Menned Lunar
Exploration Symposlum at Houston, Tezas, June 1%-17, 1o6b,
During that Sympeslum, Panel members alse met wlth members of
ather Apcellc sclentiflc panels, 1n pariticulsr wlith the Geochems
latry and Mlnerclogy-Fetrography ranels. Discuseicna were glso
held with members of the Stall of the Manned Spacae Center,

The malpn sencerns of the Blosclences Panel were: miniwilza-
tion af blolagiecal contamlnaticn of the mosn and of porasible
tack eontamination of the Earth, aptironaut tralnling, sample col-
lection, leboratory fasiiities at the Manned Space Denter for
the ifnitlal sxaminetion of Iunar samplesa, the search for the
exlastence o viatle ovrganisma on the madn, and the szearch lor

lunar erganlc compounds, Thesr cencerns eEre ﬂutlined ln the
Tebie of Coentents on the next page,

All document:s referrad to In thip reperi that have to do
with Blolggical filtera znd labers ahnr} gneioAures hAave alregdy

heen *ent to Sne MEC Staff in Hews=ton (Dre, Ellfistt Hgoeria of
the Craw Sy=tems Civlzlon:.
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MINIMTRATICH OF Y-ALColcal CONTAMINATION OF THE HDDHt

There has long been general agreemsent that zry introeduction
of mlicrcorganisms Irom the Zarsh onbto the moon snguld be avolded
gs far a3 possible. Such an intrcductien will meke mere diffi-
cult, noth ncw and 1n the Juture, 1lnvestlgatlons 1lntc whether
the lumar opvironment dees now, or ever dld, hartor viable or-
ganisms. GCenseeguently, this Flest sectlon of the Fanel's report
BLTMTATrZzes jis:s recodmencaticons deslened te minimlze tlolegical
contamlnetion ¢l The moon.

We bellewve that the cutailde af the lunar excurslon module
pregents no particulzr nrctlen. Some Lacterds on the cuatelde
will updetbtedly survylve the trlp £to the moon. However, be-
cause tnere I5 o urar :tEosphere, there wouls be no mechan-
Isms ta transvort Dagteria away frem the vehicles durlng the
LEM'a =mc]aour crn the maon.

The principe. zource af FArth bacherls would be the ZEM'z
atmoaprere. W®e atrongly acvise that, on arrival on the moen,
the atmosphers withlno the LM should te wented through eBn
ultra righ efficiercy bioslopical fllter (see "4ir Flltraticon of
Micreoial Partieles", Fubli:z Issith Service Publicatics: Mo, 956,
Jume 1%62). These fi.tsrs rave an Ilnternzs. flow resistence of
only & = Vg (1 frebh ef water), a particle (1=-f olcroenal)_reten-
tlen grestor Lhan 90,350, ond £ capacity ol aboul 422 £t eer
minute per fE‘ cf fliter cres Slee fhe LEX has 2 volume af
ebout 227 -, an ultza Higre olfficlenzsy bicloglizal Tllier should
gliow the copspLiece ventlop of the ZZI0 1n a few mioutes, at
mesh,  Just hew mAny mlnotoes Lhlos wouls we depoends, of courao,
cn the Silec of Lhe Tlltes Lhel couwld Le laced 1o Lhe LI
yent(s). It f2 our underastendineg that pobibers of the FHloro-
vizleogy, Bleelemlstry, cond Lyplspe Secticocr &t 050 ave now
determinlng wret 1s the -zrrest srea of Tlalcglczl fllter thas
could e lnstalled an tis Li07.

The suggeseted fllter zshould srevent the eacare from the
“EN of any wvlabie wmlcroorganisss anid pastlculate chemiocal con-
tamirnants (the latter of great lmoortance to The oreanle pec-
ehemizstal.  Whon the LED 1 apened aftew wasdue:r has besn peached
thoere will be sis [lufd medicn to vonvoey combtgmiratlen Le bhe
Lunar zurface, Eacteriz ronzinlisg fozside Lhe LEXR should s<ay
thers, exeopl Tor Lhose ceecled by Lhe astronzuts Lhermselwves,
on Lhelr spror sult=s, and o thelir eguipment. These croblems
are panslilderad bBelow, rowownT, Lhe LZiosclences “gnel wolld
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I1'k=s fto emntasise Peors Lhadt 2t feels L2y the maygnr sourse of
iclogiaal qontaminatisn I'eom the Eartsn wouwlid come from the
LEF e atnaszhere, znd tazt Lnls conLanicatlon codid e BT -
cilesnTt .y zontrol =l Lhoough She Ipstallz=ton of the reeommendad
filzers.

Errzthor poselbly serlous source ol blolcgical coniemina-
tlon of the Boaon waluld be The tacteris gresent 1n the =alid
retrorookst fuel, 1t is gulte Zikely thet g oglgnifloarnc frac-
i

cn oI the tasnterls present 1o the kEydrzzlne and dlwmethylhy-
dArzzioce warld zurvlve che turning of Tthe Juei. One cain lmeglne
sra_l plocss of the organic materlal being blown cut the rocket
rolaae ind esonfdng comtbuatlicon.  Jonsegrently, a bhsoterlal
caviinetlon should e made of ths fuael. TFurtrnesrmore, 2 measu-e-
LTI

22 mede ol the fraction of the bacteria that zors
_ignition. Thisz meascremant could be made at the

L
come Lliwe zs e segarch Tor crgsnlic 1pcerities that iz reflerped
Looirnop. B ool Tthiz foport.
3, fetraneuts' Solls

TF The DEF s wented through 2 bloLeglcal Fister, the next
majar ssurce o gontamlpation would be Lhe leakfge tnrough the
azzrinout st zults.  The etmoasphers within the sulte will, of
aonrne, cunbalo plercorconisns and prozally shemical eceosal
cortalkinonte, euge, dried zputum. We have been 1lnformed that
Lhe vursoeot madel of the zpace self leaks about 200 oo of alpe
peoosonate, ad thet It 1s pgoallkely that mueh can ce dore to
viilee Lhls rate ol leakage, What I not known, hewever, 1s
how 2l beotorlal leckage would alsc eterge from the spaeo
gl Wi resomuend that the ameunkt of bthis leakage Le dotermined,
Culeowii Lo dene wzlng Rarmiess bacterlda and followlng the pro-
cedurss glven dn the "Alr FPiltretlon . . .0 moncgraph referred
o oabeewa,  Dr. Qlarles By Thi1llipzs, Chilef, Phyalcal Defense
Fivisian, 0, L. Army 2Eclogical Laboratorieg, Fort Desrick,

il H menber of thls Fancl, has cffered hies advice to the
278 on Viclogleal-lezkage test procedures [or the space

P
-
®

clhsrccen we belleve That the rate of bacterlial leakage
AT Tae srane FLlts aheuld be Fnown, we o net thilnk that thils
akope Will present any sericus protlem. Sl contamination

§ ococisloned by =2uch lsakaze carnot travel very far from
g s5put wher< the astrcenaut 1e standing becacse of the lack
"atroasrheEre to sunply a trangport poedioam,  Yh oadditien,
wWe umsoratong tihat the o3trosauits will deon oprotectlive alume
Ieloed-renric overpartents 2ver Thels spave sults, IS thouse
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oyvergarments =ra keapt clean arnd sterile, intrcoduactlion of baster-
1al contanlnation onto the reen shculd He that much further
reduced. We recommend that, tefcre the astronsuts leave the
LEM, the outer surfaces o2f the overparments (or of the =zpace
paults themsalves 1 cvergarments are nct usced) be disinfected
with & damp 21otn op stonge contalnlng a czeterielde suzh as
hypoahleorite. Triz gpariiadlar tastericlde would probatly in-
terfere wilk ponléenplaled meazurenents by Lhe gecehemlsta) of
ehlorine ilsctape-~ratica, 17 50, doubtiesss another gatiefactory
disinfectart e¢gn be Jound- A secand suggesticon fTor dlsine
fepting 18 to uge the conslderatle u.travialet light 1n the
lunar aunaklne.

The problem of Ehe cusgasslng of the sulits 1l consldered
on . 17T,

3, Sedeatific Enad General cqulpmenc

The sclentific instremencs and gemsral egqulipment uased on
the lunar sarface will ©s stored on the Lak 10 egulpment Ttars,
871 msuan squipment chcuid e bhiclogically deccriamlnated when
trhe bays are flne .y cicsed before tre launching fram tha
Earth. We suggest fhat otaryl=ne oxide be ugad for thiz pur-
pode,. Thias sompourd 15 et cifestive disinfecrkant and 13 the
laggt Ilabie either to zpuse damage to gy Instrumente or Lo
leave any reeliase thet woold be cblectilonablie 1n the eegrzh
Ffor oprganls campocunds on the moon

BINIMIZATIOE OF Sasi il L BaCs CONTAMINATICH 17 ELHCH

-
Y — L g L

wWe conalder wvery sme-] the probabiziity that any wisbla
lercorganlams wlll bs found crn the moch==gnd =smaller atlll
the chance that; 18 they do exist, they willl be dangerous,
One factor that fende to support thls foeling le that the Earth
apparently haz been stlerdily reecelving lunar materlel i{poasslbly
the tektites) resalitlpng Mrokw the inpact of peteorites -~p the
moon., However, the preblem wlth whi=h we wouls Se feoed iF
lupar organizms: gpathugenle to gndngl or slant 1life were Srought
beck gnd esceped gouulif te ¢ catastrophis thet it canrct be
lgnorsad, evepn though Its prebpbizlty bve considered very low,
The following tectiorns outlline this Penel's recommendations feor
minimizing back censamingticn fto She Earth.

1. The FReturnipng Command Meodale and Egalpment

The exteriar of ths Commerd Mcdel £0W) cught te be sgsen-
tially free of nrmanlsnz and siould requilse nod Lecatment
Howewer, 211 tne occuipficot dbd 2awple facseges.-1n Tact, every-
thlng that comes out of the CM-antweld e considered, ga
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roeEEib s verte.es er Jungr pathogerns, MNeglapting, Tor the

ronEnt, Lhe probled of Lhe astromdals therooelwes fwed arctlon

pelowl we Jwcel It woues e gdwvizahlo at least o wipe off,

brade,ans wiir g hypochlerifte socutlon, Bil The ocutalze

a_rfacea -7 o 2 &3 Shey are welng remcvesd fraom The CH.

_i of woiue are remawed, tnhng interior ol Zhe

1moptanlralol Wit onme o) The slLandasd vapop-
srct 4. eihyiensg axide, S-proplo’astane, or
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Coae mosk i1realy sozrce o' lunas pathogens, I7 Llndeed &ny
FRLAT, wWould e Ine astrongdia bhemaelves. Lunsr orgznlsms,
L B T T R lnharently pevhopgenic, covad, actipng Lo conlunctlon
whin bterreziria. orpanlsis Ll Yhe pose gnd tarcat of an astron=-
A%, reoning dnggrze-  Z2lnge tuch & Hyﬂb'mzic relatlanshlp
wedld Sezend oo tae ooEAaLemEs asmTALLlY Tound Ln tThe respiratory
flore of different psraons, ane souod eguaily acncalve that,
while The 23ironants themaelved N1grt not cossess Lie peoper
pomuicaricn Ior oaciivatlon of luner sgani=Ens, Lhoy uould in
theory Srananit cuch 2rgkitlsms Lo ather persons whose <25al

Slaps 134 sonialn suaitable aymbiccles Inder sush ciroumsSances,
crne would Rave o 2onsider tnat any fliness pecureing within
toe astiontdls WIbhin & I'ew wWe2ad AlLéy PESUPNa-0r QR0NG perssng

ihoassnooiavion with The astrenauvlfe-dousd nade tg o be thought of
BE pobtonwiz_ ) slgnllficent gad Lherelore sublezt to gtrlcy leo-
lzlion,

MTnere & 1i&c the gquesticn of Belenclsts whose gtudles may
necexsllale sone dlrect contact with the lungr samtles soon
artAar Luno sonzlwg aire brooght 2o Houstson, It 1= tnls Fzrnel's
hoze gl wipestatier thet 6o such contast will ©E JecESSATY.
Tne zclenki’iz work thal me=ds %9 %e Zone quickly, before such
Llme (Zel weeksi oan we can be regsprmably sure that ne pRthogens
are present, cznm oall be dene, we bellieve, tetind hloleoglezl

tarriers, [(Fegocrts o tie spesiflestions, commerclss Aveilabli-
1y, an conglruactional cdebal,s of guzn hivrlers have already
beern sernt Lo Tir., Elllcht Haerm1s a< the MEC. ! Trne ather scign=

tld 2 pHnels DEVWe §.09350F ‘nzicAted to ks TtRAY the studies

th 7 nzed Lo be dome LrmedlAately on BCrAvs: of the laner samplea
4. dcuston {s.g., X-eray speclrogecpy of Toe raidlcective lsciopes,
mass Epectrumetry of wolstil:. meterisl, o&n Indeed be done behind
the Zinologlcal Tarriera.  Roweyer, 10 2o Zeveloaps that some

garly sLuily shzuld ©e dons Thnat cannot wziz ine bzorericlogical
cablnrtr. =nd that A sclientint will be 2aponed, then guarantine
c thet =zlentilst shouild e 2 onsidersd,
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The whole guastion of the posglble return of lunar patho-
gens La renliy a publle heplth matter, and, for that reaaon,
Lke Biligaclengez Fanel fealsz that further expert advice and
arlnion shouwld be sought. It 1ls cur leelling that 1t l1ls our
responalcllity tc state that a problem eaxists, tut noet neces-
garliy to make recommandaticons a8 o how It can be circumventesd.
Turther, we underatand $hat the 3pace Sclence Board of the
National Academy of Szlence=Natione! Aesearch Council ia con-
vening, at NASL 8 request, & conference on thia subleat At
Waakingten on July 29=30 of this year, We hope that this
conference will Be gble to make flirm reccmmendatlons on the
publle heslth sspects of peoesible lunar pathogens.

3. Astrenaut Trainlﬁa

The astronauts are already recelvirg extengive tralaning In
seology and other earth selences. Thig should be extanded to
ineclude micrcblologlecel trelnlng a2s well, This tralning cculd
be given by the micvobicloglst who 1a Jolning the MEC Stafr,
Dr. Elpo Cooley, The irmzstrurtlon should erplasize methodg of
eollaccing and kandling samples under ageptiz conditions, and
should demgnetrate how sasgtly zterlle material c4n hecome
contamingted with a pereon’s own mMierctilolicgicel Flerp. The
astrenauts should be showo The combwn ZaboraZory demoepstration
of bacterlal tranefer, such & that effFected oy placlng one‘n
finger on, eor ccughing aver, #n open petrl iish. They should
glse practice haml?ling erd tranaferring sierllo materiald, end
demonstrate that they cven 3o thls withoul csntacinat ion,
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SAMFLE FLCLLECTION AND EACKAGING

1. 5Semples for Mleroblologleog: Examination

ounar microcrgarisms, if they ere to 3¢ found BT ALl, EI'e
most liwely te pooure 1o flaely dividel materdel ecoclliected aither
At some deptn below the surface, or on the surface at sites
Whare npo dlrwegt axpgossuara Lo the Sun's pays over cegurs, Samplas
shodid De small (a I'eWw grams each are sufficlenl), zeparately
pacxaged, and arcarpanled by a feserlptlop ol the type of loeals
from whicrk they were sgren, '[he more frndividual sawpies that
are ¢2llecksd, the grester will be the chance of Tindlng any
csrgenlzms. The zarpllng e=culpment and ¢ontiinsrs (see zectleons
2 and Y berow) shousd be clear and steriie. Efforts should
Be ma:de to Keep the sampl:zs eccl Coreferably colow 359 20 mil
the Lime from scollecticon to dellvery Lo the MZo laboratorles.,

Z. gamples far Drpes c-compeund Search and Idesntil-cevien

The vrganis chemlistzs, unllike tke @RIgrobleiugista, will

esd _arge sdiplies. They wlll be aparching f'or organic aoma
oun2z that wlll exlsl in, mrobakly, mo more then the parts-
r=li:ion pange, or even parts-per-blllicr. Thus, samples
wne organde zhebists shoueld be 2t lesst SO00-L000 grams lno
2, I% 15 alsc chvicus tRAY ftre more such l-=kKg. samples the
an.: cheriate rad, ‘mon =lfferent locaeles, Tne grezater would
be thnelr chancss of finding ivnaer orgsals cempoundsa. It may be
thnat mcre than one 1=kg. samplie eculd te provided teo whe organlc
chaomlsts by thelr sharlisz at least one zample with the petro-
graghers, Agsumlng tThet a sample cf lurar material 18 alrsady
B opowipry and Lhus dovsntt need further grinding or crushing,
whe corcanis crnenlsts wiil wish only to do g serles of organic
Gonivant and agueols extraiticns, The great mgss of remaining
lznd esaentlally voenargsd) winerzgls ez then be uaed Oy Gpe
petrograzpkers Topr Lhodr examinations, LCre, C, Pronds«l of The
Mirnerslogy="elrserepny Ferwl fndileated 2t “he Eouston fnesking
thzt 2uch a profecure wouszd be aceeptaloe for 2w least part of
“he materlal for whizh thet Zenel 15 plannling experiments,

Cvangemants Tor fmolticle-unse of tre lunar sarples is higkly
lzsfrable, 1L shouid be gulta T'easlitle Zop the orgarle chemlsxts
Lo do thelr sxtractlonz atd thex glve “he material to othep
srientipls Tor whoue work Lhe simple extirgsblons would not
interfers.,

0t by M
b Lok I 1

LI B B

Lixe ths ticlozgistz, the crzanis chemliets would prefer
gub=sur-face zamgs.i2s: Jamples tzken rem the lunar surface, £ven
from swiezoaaed Loezales, wall be of far less lnterest. The
Further one gposs telow the lunar surface (assuming Yhe dugt-
Layer m. Zg” ' fthe elder the maiterial shkoculd be end the more pRow
tected from cogmic -2y eflechks, The organic chemlats would,
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alsg like the bicloplsts, erefer to heve thelr samples pegkaged
separately ang sccompanied Ly a descrintlon of the locale
{fappearanae of the sarface meterlal, how far utelow surfage the
gample was taken, reilaslen %o peelticn 20 the LEM).

3. Zampling Devices

The bert wey to collect samples mey not be dnown untll the
PSurveyor” mleslons have provided 4s with 5 good knowledge of
the cheracter of the lunar surfsce where Apells landingie)
will he mede. Howewver, 1t seema best at this tlme to make ten-
tatlve plans for zample taklng from boatk a surface that 1= {a)
thilck dust ar Tinely divided mzleriel arnd {(B) =2oli1d rock, In
tha rcase af (g1, the ds2vice showa by Tr. Shoemaker of the
Beolongy Panel, at the Kouston Eyvmposiun, the highly-medified
"Jacok's stall", shoull oe sultzble tc 2netle the astrenauts to
reach down &nd take samples from as desp & poEltionm &3 posslble
in the "dust" layer. However, thls device neesdes alteration to
permit the gathering 2f smell [1-10 gram) as well as large
(1 kg.: samplea. Of ecourse, ths sample sscop must be completely
sterile and complesely free of organdc cempodanda.

I mase (b) holds and the LEX alts down on =oild rook,
some kind of & drill or "corling" device will ©Te necesssly.
It 12 our understandiing that HASL new has such & devlce under
development, but that 15 1s erpected to Ts oo hesvy Yo g9 OR
tne flrst Apolic manned lunzrm landlng. °f frhat 1s true, angd
if the flrat landilng willl ©e on s2ldd roce, we can ohnly recom=
mens that ithe astronauts bte provided with zome sort of pleok-and-
arhovel scmblnatlon trhat may enatle them to chlp off 2 faw ilnchen
of tha upper surface and bring Lack at least a few chunks aof
the underlying oaterlal. Ageln, any such devices wuzed on the
mopn muzt be clesn end sterlile.

1, Sample Contalness

This 13 & subject that s of very greg- Interezt tg all the
salientiflc pansle, but it is alse ene on whick considerab.s
apreement was reached at the Eouston meeting., In commpn with
the other panels, the Bloscloneges Panel strongly recommends that
the sample packages be wmade of metal {elpmlnum gppesre to be
a very good cholee), Lhat bhey Ywe gaz-tighz, and that thelpr
gealing bte sccomplisked on the zimple repressurlzing of the
LEM. %e recommend that ke aluminum contalners be equipped
wlih Indlum=adre opr poli-wire zeals. Zuch zeals are lo use in
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*ne lacoraSceries of A, Touglmls (lecrge Wasnimgton Univeralty)
Bid <. T, Jubhll] {Hztlconal Bureac ef Starndardz). Slnse the
uMzae HLOTAER pOmMpArtaent In fthe DEM will be a rectangular
wrranlalssieed, the Lodidlduaal 2 dminat cenczlner: should be
Qr The gore, @ cauds, sreape.  The cornitalner "boxes" would
have tae i iud-wlrs gecind Bhe Lop edge s wizh, of course,
dgtechrnd Topx, After tro astronaut nad plasss 2 =alple In the
Mhex®™, <The uwop would bthen be Zals on tre Lpdium sieip. Co
recarn Sw o bhe LEM and repressurlszstlon of the module, the
aluminum=niluyr would f“rn a ti1gh%t =seal. Agaln we repeat the
eevloswss the comntaliners muiat te Zleah and
BLerllic.

it weaid ba of censiderable valae 18, aftes the alumlnum
EQnYELITs weTr flaced Lo the iKMoz storage compartment, the
cepperlbuent cou.d be srecsirized up o 1 atnuanErE wlth
erliodss ofF sarefally—pnoLl¥ict - _Lrogen. _r tric way mnn cxygen.
walter, Tacioria, eto, oould Doacnh the sAmMples svern LF ane orp
Mora Se®Tle aonwalners had. oo ooveloped, & leax:. The P-guble
fout semsle 5uordga LDEFEP'WL“u colld, of pourte, e prete
surized to I atnoesghere with o very small, "leeture-sizea®
Sydinds

L

]

i Eiide

une of The sAuxfpies shTuld be zlaeced In a sedaled Tetal core
e than will perpit mass zpectromecric examloatlapn of any
Ppnile malerlal Lhas mlght virfuse oot domdng trshelt .,
Dr,os. Jash oof the Geccheplssry TFatel 1s in charge oF the
aroatiparents Do oo inlltial Macss spectromecric esXaminetlon in
Iesloetor, an:d our Janel (L, K, Siemann)d will ccocllaborate wilth
Rl 5o Seatcl 2an e pade for coth erganic and lnerganis
volet J1e coppounds, AL oany roate, the zample contalner whoes
aont-s s Lo he aralvzed should be creted diresbEly Into the
mags oo roneter whlle the speetrum 13 contloucusly scanned,
Foo Lo s . zems wWey 27 connecilng the sample=contelner and apec-
trometer L2 o T2 deslzgned. Thig could be elther a flangs
permanently atisches to the sample-contalner (weich weuld, how-
graw.  Lnarez=sge ily welght and "equife the astronzut to ﬂecide
wiich nertlovlar =ample So wlace In the flanged conteiner) or
. thz locerpcrgilion ol a larges veouum lock Ain the design of

: Bpactrometer. The sample-=contalner <culd then be put inte
i:0i8 lock, lcok pumm2d down, _ooZ cpehed tTa the speatrometer,
And =he sawmple-contalner pinctezed (using a seilowswoperated
ateel pin) zfter the backgroan! azesirur beeame pagligtihle,
Lizwicen oV {hls ¥ind should prezent no englneerlng pooblem.

e
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5. gelenclcogy Charges ani Seftrorocket Fue

Spme of the planfed selamolasgy erxperiments will reguire
the asetting ofr of snall exploelse sharges on the maon,  Sogh
charges would maks very insecure Lhe orgarnic chemisls’ gearch
Tor lupar argenic caompounds.  Yhe golotion here 15 slmple:
the astrocnauts should te instructed <o set ofl the charges
enly after the szamples for the organic 2kemleta have bepon
callected and salely siored an the LEN.

Fuch mcre seriouz 1s the pgroblem of the LZM =5 retrorazket
fuel. On Its lener landing, -“he LEM 5 metars will burn about
40ag lts. arf a NoLy=hynrazlre-uneymmnetrleal dimethylhydrezine
mixture. JFar thé clPganle shemistd and thelr seagreh for traces
of lunar arganilc 2cbipound=, Lpts le 2 serlous altuastlen, It
emphaelzes the necesgliy ©f gub-50rT202 ZEMDPISE. L% 4l=c
mear.2 that bthe gslronaulca eshould Take, 1'0r the oreanlce chemlsta,
gamples 23 fsr away frem the lzreflpp siTe 48 porslbie. In
addition, if, on laniing, the LEM eprroaches the lunar surface
tangentially +as opposed to straight down], the zazmples ghould
ke pollested away o the ZEM in the dipection ozposite Lo
the ppptcoach pakh.

hegarding the retrorociet fuel, we strongly rocommend $hat
& study be made both af the foace ergonle ippuritiss in the

fuel and of thp aombustion araduects foroed when the Nal, -
gimethylhydrazine mixture 13 besned In vesuum, o wuﬂla be
particularly wvalusble 1f suzh studies ecou’d be gade {0 the
presance of the iods f minerals expected &n the lunar surfaae,
The crganle chemlsts will siecd te keow Tote Loz the ¢3vlous
volatile eombusticr products (0D, 20, HoO, Kz, a2, KO, etc:iu
They wlll nees tc kncw whel bilgner molecular-welght organic
sumpaunds &re poesent 3o rormed, Sneladizng these thet sve formed
in minute percentege ¥oo0193 (down To at Zzast £.01%). Singe

gae chronategrezty wil: b2 one of the crianle chemlsts! eshlef
toele 1o gearching For lurnar organle oomosunda; 1% skould be
uges 1o tke sezrck for Lhe organiz products of the
dimethrinydrezine oxifgtion. In gdiiticon, at the time ol launch-
ing of the apc..c cpeEceoraflt, & sample (a few pounda; of Eoth
the Nal, and the dimethkylhydrazine used for the LEFK shouid be
pavred., Then, whien the lunar samples are back on Eerth, 18 the
organic chemlsts Flnd cvidence for 8 ¢efpound (e.g., 1o the

mess apgcirun or GLC Liracze) £3 yet unrerperted ap @ -0 =
gimethylhydrazine srodoet, they st1l. pay nave the chance of
ruling out the rookel fpel a8 the source aof the cempound.
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Trem the organlec chemists’ vlewpolnt, cne #zcellent way
arcund the retrorcohket fuel proatism would be to uae perdenfero
timschylyirezsine (witn all hydrogen atoms replaced by defiterium).,
vie peliovs, mowewvar, That cther sclentific groupm that are in=
terczted 1pn Zunar fsotcple ratics would object te £hie. 'This
1des oight be kept 1n mind for 2 later Apollo manpned landing
if &) ne further Isotople ratlss (KAQD ratics, et least) were
ta ke fZetermined pnd (b)) the cregandc znalyals falled to asttle
elearly whether 3 partlcular compound was lunar=indigencous or
came [=om The resrorocket fue: burning.,

£ Catzzssing ol Lhe Spane Sults

—

Arctrnes matier oI ceneern to the organle chemniaes i the
spossible cutgassing of the astronautse’! salte duying. the séapples
aullecting tolps From Whe LEM, Thia might lead to trowvblepome
cheolecal eonTamination of the semples. It 1s, therafore, our
resomrendation that 2 Lhorcugh study he made o0f the voletile
CUMpAUNGas tndu esczpe Trom Lhe space-gult-watertals ander the
lanar temperature and cressure condlticons, It 1s partlcecularly
imoortent Taat pes chromazographlic and meea epectrophctomatric
reccris bBe made of suck volstlle compounds, Furtoermors, auch
rapsrds shoulld be gotten 1n consualtation with, or under the
superyiglon cf, the Amlertisti who will be axamining the Tea
turred Zierar samples for vwolatlle crpanle compounde,

I* studles of the cutgesalng of the dptte indiratad spvere
organic-conpound contamination, we would hope that the panpie
Lility wcouls e copnsiZferad of pubstituting materlal of ex-
treraly Zcw vepor preesure (metals, metsl bellows) in the con-
atruatizen of the apace sulte. We reallze, of course, Lhat
The technical problem here may bte guite ipsurmountable, and wa
ralse whiz polnt only with ressect Lo whet the orgenle chamlsts
tlpnt conslder to be PlAeal™ sample collecting conditions,

7. Eummarpr o2 Satpliag Pecommendations

Zt 1s perhaps worthwhile to semmeriee heps the Blopeliaspcoes
¢z B recomnendaiiens regarding sample types, colleetlon,
crovaging and traneport.  In fesponsr Lo the sugEpestion made
ty Dr. Werne o. Fryklund, Froegrem Manager for the Apollo
Golence Program, w8 will deszlgnete our recommendatlons as
tdeal (I, acceptabtle (A}, znd minimum (M),
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B. Humber and amounts of samples:

(I) Many l=gram samples cof finely divided material
gollected from different locations {all from sub=surface
and percanently shaded #poto) plus severdal sub-surface
500 g~1 kg. mamples. (&) BSeveral l-gram aampler and
pne or two larger samplen, collacted az above. (M)
Anything in anv fforom the astroneuts can bring back.

I, Snmgln cerllectlon!

(I gnd A} Sample materigl shevld be collected oaly
With Instruments that are stepile apd completsly fres ol
detectable arganie compounds, The locale rom whenoe the
sample was taken mhould he recorded on the contalner,

(M} Zamples picked up 1o any fashlon the asgtronaute can
devige.

o, Sample cnnt&énen&:

(I} Hermetically-sealed, matel, clean-and-ptarile
pentainers; contalnerz placed in {nert gas-pressuriged
pioarage comparzment on the LEVM, (A} Samples placed
in individual, elean, 2nd aterile placetic cantalnere
(preferably Teflorn;. {M) Zsmples placed 1n anything tha
astropdut=s can find avalilable.

d, Eample transgorti;

i1l and A} The samples should bBe kept cool {preferably
not ekove 359 C) after eollectiane. (M) Anvthing the
aetroneutE bring back, regardlesa of what It 12 aubjected
to on the return trip, will be sclentifically wvalpakle,
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THE HOUSTON LABGHATORIES

The 2iczalsticon Parells congepn with the facllitien at MEC
&% tne time ol the retyrn of the lunar eamples has Leen 0
czgure thet the lnitlel Investlgstlons ca:rled con there can
e Zeae ander ooncltlons of good Tiologlcal conbrol. Maost of
o1 we wlsn To make gure that the search for posgailble lunar
orzanisma nay be rcarried on ander cchnditlionzs where contamings
Lice oy serrestrial erganisms 1z highly unlikely., Juar seagnd
punAlidleratlon 1s ko mindmize any exposure of Investlgatora at
WAL W moeslble Zunar patrogena. 2oth of thepe obJectives may
e npnizved through the use of Lhe aert of "hilelogical barrlera”
“nasc g2 naw belng used Rt the U, 5. Army's Blological Labora-
vores an Fart Tetyice, MI. Toformation whlebh wlll e2nacle the
MRt HIEIT e beEin plarnning tne erectlan of these barrisrs at
s Fouston Lnatallaticn haz alreawily b2etn aent rom
v, "hzrtes FR11lAss of This Pensl o Dr. Ellilictt Harrle at
Mo, We r=ocommand Lo b 2Empie contsiners ot te opened untll
ey ore wlthln toe ucmolete isclatlen unit at M3SC, and after
=ialo auter surfacse heve Teen troroughly cleaned and gteoi-
lized. Here both the 1o yiteo and ip vlwo bloiopical teste
Ehcat as Sone, &3 wel? a= the sclefbillc Investlgetlons
viwlAy apectrozsopy and mass dpectrometry) that cannct walt
Frr onwrhs resulis or the tests For pathogsna. As far a6 wWe are
awrae, v Anitial dnvestigeticon st MSC 18 belng planasd by Any
Fxi2nliile panel that could not be carried our 1nzide the bBace
teric_osdcal bsrriers.

Mo wlli: reneat mere whiat we safd in an earlier report,
namsly, Lnal the NEC scerile-laboratory facilitles be In
cmArge v ozn oegxperlencen microbiologlat whe would supervise
trE iniLlsd handiing of the lunar asmples. His judgmente should

b bmocie:d up by an outslde adiviacery panel of microblologlstd.

Flazlly, when bLhe spmpleg arplwve gt MEZ there ghould he &
aleas sulhorily sabk up Lhet willl desfgrate whlch samples may
Le = 1loted to destgnaled levestigators, There phould be no
ero.ovoian at that biwe pegerdlng the hapdlipng and disposzal
C wiples,
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The Blgsclencesa Fanel hae zpent A consider:ble fraction
of ita time 1n pianning the types of Anveatigations that 1t
beilavas should ne updertaken eon the lubeal* samples, These ine
veatlgations are o twe broed types: (1) the search for the
exlstence of vigole organlsms on the moon and {2) the searah
for lunae erganfs pompounds,. In some reapects, thage two
gearches overlap esach chher, and thls sheould be kept In mind 1p
repding the suggesticne thet Iollow. Furthermcre, thle panel
feels that 1t 28n only supgosat, or cutline, the zort of experl-
ments that ahculd be done on the lunar zamples. Between now
and thka time the samgles sro avallable, aqulpment and tech-
nilques will ehange. Egolpment that today seemz best for cer=
*aln analysis will te gquite absclete by the end of the decade.
The same conslderatione ezply tC6 -investlgators and laborataries.
The best laboraiories Car tThe acceompllshment of certialn tasks
today may not be the best by 1970. Coraeguently, final selme-
ticne of reseArcn Zroups to carry out apecific lnvestigatlons
sheould be left for the fulure,

I. Smarak far viablp Lung; D;Eanisms

Thapre 15 really no atle.ch our present panel ©to plan in
detall the exact medles and ftechniguesa to be used 1n the biolo=-
gleal tests Tor vilable lunar mlcrcorganlsms. The Fenel expects
te expand 1t=s memberehlp to Include mleroblalogliste to plan
this search. In any #vent, 1. appears thet these Jdetalls can
be plarnned later. The simple cuiture medla, TmiCTOSCQREE,
etc. car be accemmodsces esslly Tehlng «nown, &nd even coltmelr=
clal iy=avaliatle, bastericicgleal grnclosures. Consequentlr,
there should b2 no A1fficuliy In arzanglne for this work te be
carrled out at the MM3C.

Another metrcd that we reccmmend for the search for lunar
orgarlems, whether wlatle or nct, 1s the use of the eleztron
probe X=ray micrcanalyzer. Thle methed 1z net destructlve and
thus wlll permit re=use of a pample Jor othepr analyvlcal pro=
cadures. There weould 2e na hurry 2beoet the use of this tech-
nigque, arnd tne Wwork need not be done In Houston, However, the
blplogical entitles £n Tthe lurar samples., Already, electron
probe picrvanalyzers have succeedsd 1n locatlimg beEcter'a whaen
hoth kiclogieal and optical mathods have fatled (A, Tooeinis,
Procesdings of the Internatliconal Conferense on {-Hey Opti=3 and

a p- El'jj*
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<, Thw decral fep “dunar (rzaniz Compoungs

ormacay . There Ly only one technigue 1n thla
T ahculd be applled at M3C rather quickly
*les are hraought theres, 1.e., while the seatrch
1

1

-

11 amcblyve. This iz an investlzation Lthe

of wntih wowld Se af interest Toth to ke geochemlats
Ak S g arFanic o ET;U»u. LAMELY ., e Nass spestroacsople
inveatlgation of The nature of any vquh_Le compoinds AQDDERATINE
foow tie Lunar gampires,. Or,. Fo Gagt of the Jecchemletry fanel

azern Is

18]
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=
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olnmomnErgs of arvanzing for thear peasurenmenta, and tne
Haaosolanees Fainelr (thrauen Dr, K Biepann! wlll ksez in touch

Wiva cane The geEachemlzslry requlTemsnt would te a sinple
v rhesanaltivity mass Spectromener THhEt permiss caanning the

Sraccrun gp Lo owelon, Loe. ) T4 Ragg LLUT Ly Lhereabout de-x

FlTtEC e exdnple ta A 0 Fiferts J-ilper radius, dechlaefocusing
IOETTUTATS 3% Tl Tnlvaersity o dinnescta. Na acourste lactape
rELALr rezsaranenkls sre ﬁlﬁ ae0 T2 Lhe geocnewlsats Farr the Crées=

ah o wizah a spectrTometer would
©s  requiremernte weil, excepd thet we
right wisly %o Extend the Sass range a 1little, guen & up fto
Mas s 02 For thta perooese w8 willi look Into the pogsloliity
xt'ﬁﬁ ary "lnegstron' ., which 1s 2 pynchrotron-type instrument
nrorent wlielr izaes Lo -fthe &nAlysls of reslidusl gaees In
I I T RS -F A whetover nass stectrgmeter 15 zoouired for Shess
rowr L e Eadeln non be oused Leforeband Tor anyiining eliae
T oarausid hgve Lhe [owest pﬁss’ble cackground) except for tegt-
A 30 modsl geITDEIIMAntE: A was mentloned ezsrller in this
b “*rn Lnder "Iaipple Cointalinera®, the sample contalner should
Tohai ooy ©e opensd directly 1lnte the paas speatrometap,

Lo - A R
CLTrrAcy axsm Insioans

TLY ke lraania chenla

Trs rzss gpacIrorster wlll slao play ak 1mpﬂftant role in
Lhe - = *&x S€ETCN PG any organi? compound, non-woletlle as
wee il ode caiphdle, that may te [oungd 1ln the lunar samples. It
nas alie~gv pliayed an lmportart part in the gralysis ol Jlfe-
lmzitgatsd osrganls compounds from pre-Cembrilsn rocks (G, Eglin-
tcn? pt-al | Sedense LUS, QL7 (19Rd): W. G. Meinscheln,
F 5. Darghcorn, =ad J. #. Zchopl, Sclence 1h3, 007 (1954,
oLl Tnese pagers ares schedualed o appear 1_-fuly or August),

. Chromgiopraphy a&nd ssegirophboiometry. There 1= alresdy
e conelderable ijiterature om the nal¥sls of carbenacequs Chon-
dritesz ivevsorites! ty 4 variety of chromévcgraphic an? spec-
trophotoretric techniques (zee, for exampie, "Organic Conetl-
naont s " tne Terhonanegus Zhopdrltest, M, H. 8riges and
T Maro.unian, Spece 30l Aev. L, 07 (1963}, After thorough
extrac 1o wltn Soop water and orgenic splvente, the crgenlic




chamiats have applied chromatography in a varlety of formae
{gelumn, peper, “hin-lever, gas, ahnd lon-exchange) to separate
cut wvericus Fraciicns and compocund=, Abmorptlon spectrte
chctometry bhas then playsd a major role In the ldentlfleatlon
cf organle cempounda. Ix Lhis way the opganie chamialzs have
taptetively ldentified, Trom carbonacecus chondrltes, euch
clasees of crganlc compoungs ag porchyrins, amino eclds, and
fatty aeilds, Thelr effcrte have teen marred cnly Ly the very
great diffiouliy of ruling cut terreztrial contamicaiion as
the zource of these comzcounds. In the case ol Rhe suner
aampies, the ezme well-eatatlizhed methods -can he applied,
and, If the sample collecting and pRokKaging are properiy done,
rterrefgtrlal coanteminal _on WIll oo loneger plagos the organic
chemist. These Irvesligaticons wIll reveal not aonly whethep
Shere wrw lunar crganic compounds, but alas whether sueh 2ofe
pounde are of the acrtsy ssscclated with llving arganlsma on
Farth (eminc pecide, cartohydrates, fetty goida, purlnea and
pyrimidinesz, —orphyrivzsi.  Ther wil] =lac tal1i a8 whether
thare 18 opilcal rokatary power i2n glther rixtures or puris
rlad rfractilons of Lurnu™ orzAMlc CcomBounss.

. Elmetrspg pgrobe gnd zecsndary ion Egi%ﬂian anmlysin.
The use oF LAe ©lBibrafl cogbe wag a.ready mepbioned as A tool
i1n the aearct for pogsibie luncr arganlsme It mar aleo prove
of value 1o the secarchk o lecalizgzod consencratlone of low
atomlic walght clewernzs lndleilive of orgighle 2ompounds, The
alactran proage may also 2e greally poppligented by The Mew
tethod of seconoeary lon cmisaion analysis (R, Castelng and

G. Slededan, Zrocescings of the Eurcpean Hegiongl Conlerencs
rm Electron Micresoopy, Lelfb, L9&hr, Val. 1, -
E. . Drurwerl] Nolo, (e lague, The Hetherlands, 1961, p. 169].

This le alss ap ir ailtce pet=ed a® analysia of avan Riphar
resolutlon than the elecsron oprobe, whaieh 18 2imiced ©o the
analyels of the culer approXximote_» 20 atomic-dlazeters of

e saople.  Seconulary ion enissicon ansaivais cermlta the de-
twgtlon of considerebly less meteriel (down to 10-1 Erams )
than the =lectron prote will Zetezrz 1% 1z alad opre sensl-
tive Por low atomilc number slements (mydrogen included] and
capable not anly ¢l elemental, but alsse ol Isotople mnelysla.,

d. OQther phyzical methods. The moon ramples should
also be :uE!ectea to cnmpIeEe gtruztural arnalyais. Thess
should lnelude elestron mlerssoocpy, electron Aiffraction, mnd
X=ray diffractian. The resalutleor of the electron microecope
1s 2=3 in dlametey avculd e aveiloble, Elagtron milcrossope
ataining and radicgraphic procedurad are afdvangivg vary rapldly.
Currently, 1%t 1z soBslt’le 10 lorcalize epnoyme molacllan in
ultz=arhln tiasue mectlcns and Yo nake Sqem visinls on unlt
memirens atructurss of mitochondria and achar -callpler argan-
allex (H. Farnaniezr-Moran, J. Intl. Soc, Cell Bis1. 3, 411
{1962). Electrorn and X-rar diffractlon procepdurss on micrs
eactioms of lunar samples may giva Luseul aryatallagreaphic
data on any crganle compoundes that say bte present, Diffrastion
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patterns [Rosael line analysis) of plceron-slze lnclusioneg oan
be cutslned ugling slegtron probee of one . mlcrcon down to 0.1
micron (2000 A)] lno 41 ter. Diffraction patterna OF alnglie
acllagen fitriis (6QG in size} have beern obtalned

(H. mabl ani W, Weltech, J. Intl. Sce. Cell Bicl., 1, 143
(1953,

Both ulftracentirifugation and mlecroelectrophoretic pro-
peoures can be ussd affectlvely to ieolate particlas opn the
besls of thelr slze, ahape, dsnalty, - and charge,  Thess well
kroown techafques will Le of mejor importatce in the asavrch
for [urnpr crganie compounds,

Biopzclences Panal;

¥, Celvin, Chalrmar " Univ. Calif., Barkeley

Gaylord ¥, Anderson Univ, Mioneaota

Alauzg Blemegnn M.I.T.

Lesen Carizen Univ. Eeatucky

L oo passn=-omlt Cel, Tach,

Aivhard M, Lenmern -Univy, Calif., Berkeiay
Crarlesa R, Frilllise _ * PFart Detrick

L, Wousimls Gecrge Wasnington Tnlvw,



Gwotiom XI

Mleelcn Profilen

Iuteroduntlon

The purpeee of the s=tugy of planned actlvilties of the astrop-
puts on milsslon proflles, after landing on the meon 1a to
delineg how 8 sSclence prograp Iz to be parried out wiliith sewven
qui]n fifghts to Lhe mooen, In defining & sclenge program

it 1z nod gulficlient tc ll=t the mezeurementa, and requlred
Inatramentez;, one ousl slso make & rough asscesmms oS what
artually can bte acconpllished uvnder the kEnown cr conjeeiured

anratihg cangtralnts.,

4 work statenent was prepared that iecluded obfectlves, con-
atralnts, ard guldvllnes as we knew, or thought we could
antleclgate, them that could e 1n tuen weed to determine -
whal cculd be done cn seven risszlons. wWe alsp Inclouded
gevaral aliernate or contilngerncy misslons, The mlszsion
profiles given 1n the appendlx, were prepared &8 B pApEr
exerclae tv & tetm of geclcglsts, geochemlsts, and geo=-
phyelelsts from the 0. 3. Gz2olegleal Survey; & four hour
niaslon ﬂFudied by the Fanned Space Fclence IDlvlalcn le zligo

tacludad 1m the appenclx.

The neat step in the sroocgss will be fto simualete the activities
In real time: first unsulted and finally sulted alfter con-

finem2nt in & LEM motkup Sor the time needed to fly to the
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mocr,. The repulva of time v8 $ask studlies obtalned by sibu-

latizn will bhe ysed for the flncl defipition of the Apalle

LilAr Science PTOgrem.

Worketatement for Apollic Sclence Pragram
Mission Frofile Study

fPrepaved ky Staff of Mznned 3pace Sclence Diviston)

The rfollewing sectlon 13 the workstatement for A mieelom pro-

Ffile atudy, The constrsinte, aa listed, are tentiative and in

gome ipulences artitrary. For example, 4fers hawibeen o

Gueclsfien trhal Lpollo Mission I wlll kRave a surface staytime

of BB pours,

TI.

FURPOSE

The purpose of thiz study la to slimlinate hnjnr Tlaws
1n Lt planning Fopr the Apollo Sclwnce Program,
TRIECTIVES: |

The rpecifle atbfective ia fo prepira sample miaalon
profiles for the sclence portion of the Apollo pro-
Jeret. FProfllese For 511 the nominel, alternate, and
limi<ed mlerlcni wiil be praparad on the asswmpElon that
the mlssicn hag bespl preceded only by the mlaslon or
mizgicne fndlcated by tha path ahown in Figure

Far oexaqple, the profiie fer Apollo Misslon IIT wildl

te prepgred two weya. Flret, Miselon I was nominal,
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then Misglon II we=

-u3|—'

1imitad (E2), then Mission IIJ

wae nomlnal. The proflle for Miselen III by way of

IT L2 may differ signlfieanc]ly Irem Mipeion 1II by

wey of Ri,

MIZZI0ON CEJECTIVEE:

Te laarn &5 oach aE

and constitutlcn of

pe3alhble atout " the arlgln, hlstory,

tne mocn. HMore exactly, 1t 1s deslirad

to determirne the gecleglcek¥, geophyelcel, and geochemicel

.pareEmetars of the landing sites; 5o lnvestlipate the phrs-

ipel eni cherizal propertlies o8 the ztmoaphere; and to

reccver san-aes for

gtudy on =arth. Irn additlon, radi-

aticn manitering foo-wras safety le ta be Lncluded and

gilivan prioricy aver

gitle hazard:z might

Firxt p#isrity will
for misalon safety.
these natérrnary Mor
Mmimaliona. Examplen

1oalude macsdepmest

81l othey meRsuramants, Other pose

Ee ¢onslderad,

be glven Lo cperatioies necegsaly
cecond prinrity wiil be given fc
“he saferr or zudacerns of Tuture
4f operetlcns in these categories

nf the caglnecring prapertles af

the gurface, and monltesring of radletion amd mlcromete-

eradd rflux.

Furtnor pricrities will -be z2ssigned te lnvestliEaticons and

gxparimants, to the

extant that they:
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1. are nf Cagaie and permanent aclentlfie wvalue,

[ ]

Al

aan be Jdoga only on the surface of the moon,

. can bhe done &nly -ty 4 man,

L. gyre waiusbhle Tor Tuture szdepnt?!fle op upuritiuﬁal

PUTEQER S -

IV, GERERAL DINZERNIMTE (Mispsions I- VEI)

Lo lipace SuA% FTackors

-

Lo

Ja

i .

The magimum andwrancee’ $ime of The Apalie sull
with FLES 1s ‘1 heure, of whick tha lamt hour is
aantingancy tlne.  Tarmil operating time will

ke not cver  hours-

The marxlinen welking Zlatance of apn asteormut on

the lukar swriance, sesuming level, Jirm tepraln,

1a 5bﬁuL:E;4 miles, This fe an-abmolute mesxdiwn
figure hasesd .on.?L3E endurance and metabolic load,
Whe.maximum alstangs from the LEM permlissible
Zaping eny wlspioen wiil probebly bte sbowt 1T

mila-

Fody mavemenls lnoa preeéhriﬂed SUit are_reatriéteﬂ.
Srugptulng and dneellog take several tlmes the

LI dasfd ¥alof wnd &Tlgrt. Lil¥1lpg arms avQve

whoulde s hei;ht_;s diffievlt. Putting & hamd Iin

front of the face reguires & deflnite =ffors.
Harnd movements gre restricted by the Elove.

gripplig shjeats on the erder of 1 172 inches 1in
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dlamatar» for long perliods will ba diffleult,
Luukiﬁs down between one's feat will be diffisult.
The faceplate will preyvent any oblect from belng
hrought aloser to the aye than 2 142 inohes,
Factors

The mgximws asparated sndurance tZme of the LEM

16 47 nours. The maxlmum purface stay time lg

24 hours,

25T pounds of s¢lentilfis eguipment (lncludling power

~aupply, telmetry, etec.! cEn Te carrled to tha moon,

el pounds of trls can be carrled Irnalde the CSH,
rTiE BUBL Dooupy nnt"pva; ers cuhis fost.  The
reet of the squlpmgni must Le carrled on the out-
Blda of the LEM descent stage., 0 pounze ol
galantifie payload (aampies, Illm, tapes, &nd
gortalners) can e breught beok o Rapth, and
mesl NI owlthin Lwo 2uolec feet.

Fominal turvearound time Jor the LEM 1s about

atre houo.,

_Pour FLSE raarprges are avallsble for unar

aysface cperatlons. Cnly one cah be rechacged

at B time.
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DAATICULAR CONSTRAIRTS {Miselon T3

Ry

notal outplde surface Time will be ¥ houra, totel atay-

I

s04ra S8 Toued.

2. Only one mern will B¢ cutslde at & Uime, extept for

amargerocien, Soth mﬁh, hpwuvlﬁ, will get ouf,

|

. The man o the gurfece wlil stay within view of the
LM at all timea, except for the walk;arnund inepeg-
ion of the lending gﬁar.

. The Raximun wWELZLITE dis:&nce.fram the LEM wlli Lks

P u
r

ftout one-hall miie,

4|

. ror planning sorpoaes, the following perfnrmtnﬁe
Tipumea wlll Te uges for o man on the lunar atrfxce
in the Apello sult:

Anzimin gugteinef welklng speed, leval ground =

4. walking speed, leval ground, stralght-line tra-
ﬁer:ea wlth accaaiﬁnal_rnpk-uamn]ln; - 20 to
ﬁi feet /minate. B " &
M Faximun grade climtablLe Ffor short distances - EDG.
N. Strilees wll} w2z 8 to 10 inshas long.
“+ A Brientlst-asirenapt wlll net g on tre first misglon.
2. Dpdngaze (L,e., erplosives for Belsmle shooting, ate,.:

¥:')L nct e saarrled on the first mixalnnm,
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PAFTL AR CONETRAINTS (Misaiona II and III}

A

Eq

¥,

The maximb atazy—time of 'the LAM for Apolle Misslona
II and II. iz % hours.

The rate at which the astroneuts wili walk and alopes
that toey can clim: will Le datermined from NI,
through E zape am 1in ¥,

A pcientipte-ascroftavy may not be present on Apolle
Migalon Id; = sciemtlst-astrohaut mar be prrlunt~Un

Apollc Migslen TI1, -and later.

T Qpdngnca moay te conglderdd for Apollc Mission II or

1At er,

PARTICLLAR CONSTAAINTS (Misgicne IV - ¥II)

.-

E.

Meximum stay-tize Yor dzcllo Miasions IV - WII 98 20
hours.  The JUT3IDE time L8 9 manehours, S.4. FiFet
T&n Sut for’ i Lnece-licglre pericd, segobd man nﬁt for
three-~hcur poricd, then first man gut fEr & eecond
tnrep-hduer perliod,

Operaticn wivh Twa men outeliz mey be saheduled for
Mizgior ZV. Teo mer would be outnlde for a period of
thres hours, 1 e, & map-Reyura, This operation would

require sora changes in FLES charge rates.,



WIII, GJIDE IHEE; _

L, The Apnlla';citnat.prasrnﬁ_suidi;iﬁea of Cotober 8, 1963,
BPp~y T &1 miﬂsiﬂna,.until further nui;plf__

Ly The flalde of invastlgatieone will !e: Leclogy,
geophy ‘dos, gecchemfstry, blolegy, and fﬁu lunar
atmosphera, | _

Z. The sub-diviszieus of thé rielde of in?egtié#tiﬂn Rro;
Segkeny |
. Fleld Eeélﬂgy
2. Hina“alnsg and pctragrlphr {to be dane °n re-

Cburred samplez), ) '

SEoahen ﬂmri fmost, 1f nat RLl. goocherical attivlties

cwill bg dene ern rebturned Blmplt&. Analytintl ehamiatry

(]3] thﬁ mecn can- be consldered. )

Geophaslos

-

- 1. .Fazslive szipnolegy

Jhoklve, Aeep selamclogy

7
.3, Englneering selamology
. A
W, Mognetic megaursmante
£, Heat mpasurenente

., dreviiy measursmants
Adtmopphera - zepsuredent of physlcal apnd chemical
precpertien.

Bloiogpy - analysis of returned samples.
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D. Aspumed sguipment or instrumentatlon
1. Complete phciogeslogle 2overage »f nominal sits
At mgale =T 130,530
2+ mormal geoicgle hand tools or thelr egulvalent;
cemerdas, sample sentailnears, ete,
i, Aaprapriote gaﬁphysiual Ingtrumentn
4, Radic ink with IEM and sarth and heand held TV
r

to #latenrs of 500 Irox the LEM
HQEIH&L AT CONTINARTDY MIEEIGHE:

Catellad oparatilonal ﬁuqu&ntﬂa far Agulln Nisminrne must
Include eaguence: Tor nnmina; mizsiana, *1mitaq ni;linnu,
énd alternate missﬁans. A Alternets m;lalan 18 defined
as one in which the LEM does nat demnend tu the lﬁrrlul,
ar the astrspaul 2085 not amarge afier dagopnt. A THDe-

bet aof other glirote misslionz oA -4 Imeglined. Hhin

atudy will Inoeluce cniy the pﬂanibilltiea ghown in

‘Teble 3., LATA%es mlzplons are defined ga thops lii-

slona whepre Lhe sziropnaut coes dekcend fiom the LEN
for perlods -f tire [lmeat up %o L%nat of the nowlnal
plarned misalon, This study wlll include thres poanible

ligited mlesions s shown Lk Tehlie 1,

Fomlinal elagicra land on the selected sltd and remeln
For the plenned dureatlon, After the first Apalle

piesicon sevoral Lryiue oF rominal cizalons can e



w10}

By . .
[

recopnized dependﬁﬁ5~ﬂﬁ thE-pﬂlitiﬂn:ﬁf 2 new slte ap
gonpared wilth zn ola elte. This sty will inelude the
nemlingl olasiens describiﬁ in Table 1,
TABLE 1 Mission Gefinitions
A*. Alternate_ﬂi;sianﬁ _
Al, Cﬁmmaﬁd éné Eeffic& Module QEEH} does not gﬁ
irco lunar orhif. {Ciruumlunar1ﬂrh1qu 218=-
1unaﬂ nr ilong oislunar trajecta;iés are the
orly sueh missfons woerth study at thie time.,)
AZ, C3M goes Lnto uner orblt but LEM ﬂﬂea.nut=L
degeend. ] _
A3. LAM gezcsnde but does not land,
Ao LEM lands out an astrongut does not ges.out..
B, ©Limited Mizslcns |
Ll. LEM deacends apd an mstronsut gets sut fa£ no
mere than one hoar. 1 | :
L2. Crew epends more than 1. hour end lees hﬁﬁn L
nours en surface, .
Li., LEM lands on & nen-neminal zrea (no lerge
anale map avallabwlae).
g, 4Upe astrocaut apends ne mere than 2 hours

outside time.

h, Stey 1s for tioe pominal perdiod of time,



,-11-
Heminal laston
1. Hﬂminal mlsslon to filrst lzndlng slte,
Hz. HWomlpal tnlagipn to preceding landing area,
2rigiral Zanding slte in view.
Kj. Nomlinal ivission to preceding landing a-eas,
LEESIng wilte noo 1n view,
M, Lepinsl mlsslon Yo & NEW ACEE.
Apolls Pisslon T wlll bave certaln opepatloqsl poa-
glbflities that will fnelude thona af Takle i, ex-
cest ke, HI, and K;. Apolle Pilssion IL will have
2.. the peoasinizltles Zlsted in Table T and each
cf these poezsibillities can e zonleved by telng

preceied Ty cny one of the Filzzion I possltilitlies,

Zt 1y zbvlour thet 1f we wilish T2 sreware a peallixfie

fpells zelence pprpRral we mush cekslder not enly
nomingl mizcion: but a numeer of posslblée sonilbhgen-
ciea., AL thils time, however, we mest rake 2 limfted
seiecticn for Zetsiced =tudy Mram She wvery Lerge
rumber of peseible patha. The.examplEB-tc Le Btudied
are shoewn zh Flgure o The Linkes mlselens will be

Etwdled as examplea of fossl

Ly
1h

hpelln szlence pro=-

-

Eramz,
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Cyriden KII
PRELTHTYARY ¥TOLY CF
4 HOUR LUMAR BORMAL AWD ALASKMEATE MISBIONSD
by D, Beattlin, E. Pavin, and »*, Lowman

Marned Space Sclenge Divialen, NASA Hesdquarters

Intreductiod

This report presests prelimiassy »ez;9.%: of 3 stuwdy of
gclentlfic inveptiget um® whlch oan e sarzied out during the
firat of maven Apollc landings (tha a;ﬁqueﬂ program). It hes
three apecliio purpossz.

1. 7o oubkllne sominad, ~Imate.. sreloo oL sibernate onission

Eclence progresa;

N -

2. To fipd flaws 4in gwprent pimic, such as the r;pnrt-q{ T
the 44 Moo commiites {"Son ori Bophwt®); ’a-.m'l-i__' ey
3. To define greas ln which mor:z ;ﬁfﬂrmat;ﬂn ta woded for
peaningivl olannlng. I -
The atudy covere only & Fires missic:n #ucp fome “rokerd
avellable fopr surfase Uperﬂtiuﬁﬂ.ﬁIGIUSi”& aft wenls - =Reakout
and peveral ligitad god sicternate mlegicos., .Tha following aajor
sseumptlons wers mAde, Lased o VAPr1DLE SOURSEE,
1: The major objeatlve on Lhe mleglnna uill.be.the zefe
réturn of the srew.
€. SubJect to crew salehby, u&ien31f£¢fenginaar1ng operationns

ulll cecelve ﬁﬂp priority. 57 these cperazilons, sample

mtxre ls aost laporiant.



- d -

So Uedentdllo cpuorilond will me planned o thet abrupt,
anplanned terniaatien of (e mission will ﬁﬂt c;uli |
carreapendlnz 1353 of selsnbiflc date) 1.e., tiw. oper-
ptlors wlll La copvarthented wlti raspect t¢ scheduling
an puwsh 83 podsiblie, - -

4. The best ZUEPoiLEE Lhaty ln.l€p=riment will bta performed
1l 48 gimplicity and anpe uf_pEannmqncu!.lnd minimom
equlpment .,

Otrher pEpumptions: #r7 givan 1o the work statement.

The mout walusile co_cnilfle pperation wlll te the peolop-
lcal Yraverses, becsuss L5y can be dene anlylun the nynn &nd
done teast Ty & man, "Lermelars, the geologleoal trgvur&:; wlll
ce conslieres the prirs oporucional alink; i.e;? any sxcesan il

can beet te weed 1n ifoogZer; lre detballed, o addltional Lravaraes,

-

;“q_gl,e_;_i'.l;e af InvEEtLEEL'_::E ol Hm
ime fallowing *zble poezénts a posalible distrlibuticon of

I—I-

solentifln fnvestigatlone ancng the agaumed geven Apolle misslione,
Tt ip meged on the 4 Fogo Zommittes report and prallialinary redaults

from the Apallo I2lernce Frogrer study teams,



TAALE 1. ipst ir! »
I = perfopmed on misaion
Nuobera in pArentheses refer to landing sltes lleted ompage L,
estl lon Kisalon Numbar [(Site!

T IT TIT TIT w ¥I VvIT
El} (Ld (31 (G) (53 {22 {4,

iﬁ 'Terrain angd outerop
pbody X X X X x ¥ X

2. - Sample eolleetion {incl.
blolegy and deseription) X X X % X ¥ X

j. Fhotegraphy i X X X ¥ b X
¥, Coring and logging X X X X X e
5. Fartigipation of '
gclentlipt-astronaut X x X £

ﬂE?Fhrﬂicl:

lﬁ"Pa;aive seiamometry X X X X X x x
2, Arevtiva u.i:mum;try x x X X X
3. -fravimetry % X X X X X X
_“. Zecdetls obpervetlonm X X X X X X X
5. Heab flow " ¢+ % % X X X X
£, Surface radiztion X ¥ X X

7. Electrloal syuryveps ¥ X ¥ X

B. Participaticn af

aclentlat-mptronmnt x X x E



loxaetigation fonts - . iof (S1te) Cont

- X II IIr ITv. v T¥I WII
(2 (1) (3 (e 5 ()
Miacellansous: . '
1, Matecrold and édiutl _
. Ilux meapuremnent X X
2. Atmoaphera analysis YT - f T
3., Trafficabllity studlens X h § x x X X
4, Epeca radiatlon studien 4 X £
" 5. Meteoreid damage inepac=
tion of previously : r

landed esquipment . X

Lending Sites

The following reprapents o l}ltjﬂf maler phyaiﬁﬁ?ﬁphfn
Features upoen which 1t wauld be ﬁlliﬂl?l!ltﬁl;}nd ir pc:ui-lhla.T
A1 can be found within the Apello janding aves. -

1, Mare aree

2, WVlelnlty cf capnfnluln ager ovatar on mare

3. WVielnity of Coparnloan lﬂtﬁﬁ?lfir &n highlend

L, Vieinity af'nhnin eral ey ép-mnra'

R, 'Apenninifﬁ:m&tﬂriul- :

£. Pre-Imbrlan watsrial _

It 18 evldent that thi'lﬁlgctiaﬂ of 1anq;ngfﬁit35 deptnds
titghIy on the resulis of the fMrat landing and the complete or
partisl falfillment of the sceientllle trake hy tée Flrst landlng,

The liszt of suggested landing aran shows arsasg of diverse geglogle



-5 .

interest. It im altogether prebable thet not =11 of the instru-
wentes and experiments for the flret flignt wlil meet tThe Flight
achedule ar be succamelully intsgrated with the ppacecraft L3
that aowe wxpaplmentsa may pnot- be ready urnbtll “acspr Apolle flight.
Sarnle Mlipajon éEEEE&E!:- Nal -

H-l.{El¥ the preueding'sactiﬂn For expaanatlons of mumberw .
mismicne, ) rifira_tg the nominal firet landing with B teotal cf
rbﬁr Eﬂ}ihnurl} 1ﬁélud1ng Eiﬁe for gettlng in &nd out of £hﬂ LENM
gvs'liule ‘far the surface nperatiens.

The opajor tinks ta be perfurmaﬁ on M-l inglude the follow..;.

1, ﬂﬁﬁ}lnndin:.n;%g Ingpection end Zescripilon

T 9, Telmetry antanne erectisn

3. Genlﬁ;inal traverses

To 4, Comtingenoy Erab souniit g

F. &Selentific Inatrume:. &mpLazemént

'h. &!lukin%nn camers travamiz=zian.

_::Td icnnuplish thesa tasks, the 240 minutes of available t -
iiélh; diviﬁ&ﬁ iﬁtu ?njqr phasea Foe cauk ARG wE B3 Tolliows .
FLray Antr;nnnh ~ {3/¢ Commarnder; - 120 ulnuses.

Pgrangs (1% min 3, golioct #odd Bample and re oo

them to LEM azcend =rape.

1 Walk-mround inspection [10 min,), rarge,
ﬂi!tiﬂéﬂfﬁéﬂﬂh?EMEnlﬂ

Lnﬁ&é?inﬁi trhverag, sample collecting, inei

nqtqnﬁn arsction (80 min.)

Reboard LEM {15 min.}



Sacond Aﬂtrunaup

¥hile on the
by the man 1n the

telavinion cafera

First Astrooaut

.Etnrting
Tlome

Q:00

- - ' '

(Syatems Eoglinged ) W YT Tlnutes
Egregs (15 mim.)
Televiplon set-up and transmiseion (20 min. )
.Déﬁphyaicél inatrimment emplanemant;&ﬂé mih.}
Leng=range LS verse :.a..nd aa.ijplae cn%l_aegt'ﬂ_._:_ﬁg; 45 win, )
Feboard LEM {15 min.) . ' -1f53 it
surface, fach man will he-:uﬁtfnﬁaliﬁnﬁggérved
LEM; $he first men cubt will bhe ponitbred by

4hrough the LEM windew ‘f possiblae,

Detailed Misstan Proafile (H-l)

N o.ot

Eguigment asd Osereticne
Equicmant: " welrirg slLaff penetrometer; csmera;
gealaopicRl egquizrent S
ABEtrenaut gets 6ut sf LEM aod to oot Af ladder
at Forward rotih. Bt
equlpment: same
bstrenaut chegdkes fnﬂfing znd walking cheracter=
istlce at foot of ladier, checka BLES mng
communicatlcns operation. Makes walh-@round
inspeeticn tour at tase.cf LEN, incliading the
Followlng:

(1! Feal=time wverfsl demcripticn of ground.

under LEﬁ*_ngEral-énnditlnn of LM, and



Figl LONG RANGE TRAVERSES

MN=1 MIZSI0OMN

1000

2.4 DIUS

FIRST
SECOMND TRAVERSE
TRAVERSE -

FIRST TRAW ERSE LENGTHT 1400
TIME =55 MM,

CECOMD TRAVERSE LEMGTH = 1100
TEWE = 45 dalrs,



perponal Btatus for real-time tranamliselon
te IMCC. If duet were ralsei by retro
engine, describe ¢dust gettling and collect
dust ,

(é} Swlectlen of three randem float zamples,
puaaiﬁly tatween +Y and +2 pade ("cont!nges:.
grab zamplea™) and return them teo LEM
Isbanﬁ.attgen"

g (33 1ﬂnpe§tinn of such leg atid pad for 2on-
31hiﬂﬁ: penetration, and etebility - abow-
-

e mro, S teg el Ry zppresiable crater
1

]

formod by retro ,:ue
(4) Two ﬁenéératiah testz per guadrant

-012% Equipmenh' same L.uva telametls Bntenne
AStIonEUL gos3 L4 entanna eLorzice congrartmoot -
daszoent aLage; uagaclks ™ antznna. Careleas
ankenna NHlL.':‘. amTae el P e, S niung
Poute o '.;_r]‘zg,nt’uu,.;:c hrAaverde LTi¢ L), erect
Elms, anhs azi.vates It

Amtronadt Then beglos Long-tange surlace
.traifrse aliang &8 mon-retrazlog locy as shows
{Fig . , during whieh ta zoas the following
at his Jlacreclar,
{1} Contimual wvertml <euertarcion oF treffl .-

PLLIbYy, microealtef, de3cent #tage Brosicn,



Y

1:h45

Sezongd Aatrwnﬁﬂt

2: 00

r118

-8z

and'parﬁnﬁil Btatur For realétiﬁu trann-

L

mission to IMCO, 'ﬁ=: T
{2) Etudy, =sampilng, ﬂeucriptiur, anqnphatngraphy

of cuferepa opr lacac fragm!nrgl maﬂzrlar.

e 1oy,

(3} Heated tevratn photopraphy in ﬂ,recticn of

trevel. - . S

(4) Pancramlc Larpain pﬁﬂﬁﬁgraphy;ﬂutﬁéfd:;;
114t of treverse leop, selected mécording.
] ) i :
te polntx of Interest,

(5] Parmt¥ation teata, goa T

Yramr=e ;aap'hrlngs astrenaut bagk to cebonrd

LEM. 0Olscarss rceontingeney semples AF depirabie.

Equipment: watking staff/peretrometer; camers;
EEDl&EiE&fFEQﬁIPMEnt} TV camera;
geophyslical lnatrument paskage and

azaocfated equinment. o

Ratronast gets out of LEM and to foot of ladder

st forwars hatch.

Astronaut cﬁecks FPL3Z and comtmupleaticns cper=-
g&tlon, goes Lo Eumphﬁsical irstrument compart-
ment In descent stags and unpacks 1natruments,
placlng on I11ght ijth cRrrying device. Walks

te ™ artanna o 0 feat opt along traveres



225

3100

-g-

route {see Flg, 1) carrylng TV camera and
tovwlng EEﬂpnjﬁi:al Instruments. Sets up,
turne on, and chedks speration of TV camers.
Seana terraln 360° arsund campra, seemlng oo
Interepting festures. Ecgn; LEM, Zoems cn +I
landirng ped and leg. '!_ . _
Emplaces selsmomefear/gravity metar, radletion
mereprs, and micrnmet&ﬂrnid_dftgqtgr gnd sbhep
instrument or experiment near Tﬂ'anfénﬁa_ar

al other appropiiate slte at leget 50 Teast
from LEM., Makes geological deecription (imel,
sempling and photography of inptrument site, |
H;th spedlal attentlon pald to coupling of

eefEMOgrAanh .

. Walka gpproxlmately 10D faat beyond lostru=-

mants Just emplaced wlith magonetoneter: empleEces
itr. Mekes gaalﬁsical degaeription of megnetfow
meter Bite, Samplen.

Makes long=-range gecloglical treverse, as

ehown lp Flg:. 1, alghg 2 noh-retrecing loop
with & total length of about 1:00 feet (dis-
tanpce based oh speed of 287 min., which

allowa for semplirg and descrdptlon.}! The

" exect routw should be gulded bty expocsures and



3:45

HI!EEGE PrnfilﬁE:

R Ao
pu}ﬁtu 6:_1ntg;gg;: Operetlons- zame a8 firat
&atrpnauﬁ*a tF&¥E¥uE, tut wlth mére efiphasle
on geplogy, less on Theket eroslon: Should
use r;mliniqg,pamplg ﬂnd_fi%ngapagitr.
Heturﬁu to LEH.:ﬂisﬂardﬁ aXcann aam?}&a and
expendable nquiggﬁpt,.:ﬁqFﬁrﬁﬂ Lﬁ“. e Ta
L-1 o '

L-1 refers to & limited first miaslon in which one astronsut

spands a totel of one hour in surface operationfyy,

Starting
. R

0;: 00

9;:18
G: 26

Eguigmegt and Dgeratiggg

Egresa an.inlﬁéi:qfrq;ing Eaalnginal eﬁuiﬁm&nt,
walkigg siarf?, gﬁﬂ ¢g@qrn.

Walk-ground 1nipfntign sa in -1,

Short-range geological traverae within 100

feet of LEH; E?auih;g tﬁq?q shown 1In Fig. 2.
Gperﬁfinna un§i3§B it long-ranges traverse, but
aftempt ahoulg ﬁg made to collect totel welght
of samplea nnﬂ tn.ugg all f1im. Zystems
englneap Hhﬂﬂl? kggp ™ ﬁamera gr First astpo- -
aant from iuai#g Fyi PEH, with twoe farraln
ncene if possitis, |

Short-rangs lopp will bring astronaut back to

-LEM nt fqruard:ﬂaﬁfh. Bijﬁards excgss samplen

and B:;inﬂly;l ajudpment , reaboarda LEM as In N-1.



Fig 2 SHORT-RANGE TRAVERSE

L=1 MISSION {1 HOUR SURFACE
TIME}

DS
ﬁ ?“P‘.

PROBABLE
LiMIT OF

ROCKET
s | | EROSION
BLIND ZOME BLING ZONE

WALKAROUND
IMSPECTION [ 10 MIN.

e FT,

TOTAL TRAVERSE LEMGTH =400
TIFAE J0 200 AMAINL. 20 MIN
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-l l_lu 2T

Mispilicon Frofiles: L-2

._ L-? refers te & limited first mlseicn in whigh fraom one %o

foup, Noura aurfﬁaq:upurhtiunn timﬁ Im a?ailable;.“ﬂithaugh moth

AEtronauty mlght have timi to gt out, 1%t is felt that time

would be tap valuablu 2~ parmit the systems engineer to ge: abt .
" The Gptimum H-E minsian would be the asmt s L-1 ahnva_

Hitn additional time Epﬂﬂt in aurface traverge cheratlons.

Mlamion Profilaes: Lae3

Le3 pafers to limited fivet misslone on Hotenoming i sltas,

,wlth no large-=cale maps evallable. If the IMD cap setlafactorily

determine the position af_tha LEM,; Mo major changed 4n the mizslon
profile seex neueh!&;}} athquia&, somg time na?.hﬁ?h to he -
upnnt_qﬂ gecdetic meaﬂufaﬁ;ﬁtﬂ puch A3 ramection with codpess

rrﬁm aurrounding tirrain, . S .

L-3a (ne more than tHa huurl butside tire) - same =8 L-I or L-2,
L-3§ (nppinel time’ parind} - game as H-1 except az noted

for addltional peelilon loemtlon,

Mixslen Frofilez: Al

A=l refers tw an;altgrnéte'fibst miaslon resudting  in a
Ene~pasa cipaumlunar nrbit-nr . i¢ng glslunar orblf. Assuming
tﬁat the melfunetlon rtuppﬁifhlr Fop -the altegrnate mlasiom
has ween taken care of &hd the arew is in ne degger, the Cfollowing

lpvestigaticns might be farrled dut.
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=

3

5

L] 12 .-

Fhotography with hand camara of:

lunar surface

2arth

solar oorons

rlanats

zodlacal light
Astronaut de&cyiptinn of lurar surfoce [Iimtures,
coors. nated witk photography .
Fhotography of lunar surface with ﬂEm ascéut
ptega vamerap, If fepmible -
Artlgation of LEM Tnetrumentd before Jettt:&n te par-
eit trecklog in cirqumlusar gebtc | '
Jettlceson of some geophyaieal instrumeata Intc lunap
prbit if Pmasible (poimibly m};neLumutﬂr, rediation

detectorad) E

Miskdon Profiles: A-2

.A=g relerz L& achievamunthr lunar orbkit but withoot LEM

degcant. IT the LEM separaten and iufgpuratlunll, the optlmum

salvags wperatlon would be O was thw EEcent Etﬂkﬁ-cnmtrna, tha

hand cemerz, and the TV samara for lupar surface ?ﬂ;pnnailatnceq

Pirst priority shauld be given we #he Lntended lunding sites,

with mubseqoent photography of: .

High letitudes, sartivard facs
Far nide of the macnh 5;

Sun
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'||"

Emrth

Flanets

Zodincal 11ght’ |
Dperatinnn b apd 5 of A=Y should &lﬂu be carried out befors

ri;urning to earth.
Minalon Pgafilgu: A-3
| TThE Al m;uuiun cnnuiut: ;f a deacent Ly the LEF without
;anding, ‘Elnes thil wnuld bl lunantinlly _an tmargency altuatlon,
veryulittltéqqﬁrnnaut pnrticipatinn_in expayimgnta durlng the
1nndin;;q;p#qgch.¢¢uld be wxpectad, Tha following 1nvestigﬁt1cna
ara. nUEEEatEi BEEE '
l. | Automatla phﬂtﬁ:rlphr -} lnnding Slte during dasmcent
| by TOmm- ssmeras mofhtad &n the amcent stage
2. qutamatin dﬁplﬂfhiﬂt:ﬁ? plups pampler mounted on
gocent wtoge = - M
3. After paturn o lunar grbit, tha cameras and plume
samplelr weuld be recoversd. If Cfeasaible, the photow
graphy suggeated For the 1—§ miselon would then be
¢arried out, S
Migiion Prfilag) . Avh _
En the A-U miaalon, the LEM lands puccesafully and stays
for acme time but the astroneuts pre oot able to get cut., .The

fellewlng investigatlons oeuld be gerrded putb.



o

1.
g
3. .‘

Autvmatic landlng site photography a3 in 2.7
::ﬁutgpttiqhggplﬂyment of y}ﬁme same: ey or v efoas
_Pﬁﬁ?ﬁf;ﬁ@pling ar otier sampiing deviace roerated %o

collent dust ralsed by pratrs from LEM _
thﬁibgrapnx a@ﬂ TV aean et Ilandlng slle_and EurrcunﬁlLf
;tﬁrfain _ - '

:Ritpntipn.qf 21l camt:nﬁ 2N revurn. to lumar orbit, Lm-

rlace of gamples, for erbitpl photcggraphy ace 1n otlew

-altarngie mleslans.

&, _lower instrument o the grouad to start some axperimant,
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HEED FOR LIMAR ATHOSPHERE MEARBUREMENTS IN THE APOLLO PROGEAM

Lunatr Atmosphers Hassytimants Tapo :

Apéllc Belance Prograa

i. Eaokground

Heasursoants of the lutnar stmopphere are of Lnterest fron an atwospheric
physics viswpoint. Additionally, howmyer, such ssasurements can be sxpected
ce #ignlficantly supplement the gecloglc daca gatharad on the moon, since
the lunatr atmosphers may have evolved from aclid luner oeterial. Ceclogy
without lunat atmoppheric sbudies, or vice versa, would unbecesgarily
incraass the pumber of conjectures thet sust be made to properly appreciats
the lunay evolutiondl procass and its currant etate of evolvement, Slace
Apolle missions may contribute aiﬁnifinlncly ko the nuntlmfﬁatinn of tke
lunar atmospheve, it 1p important that meagurements af tha lunar atEmaphere
ba accomplished a9 near che beginning of the program as possible.

The lunar atsosphere in known from optical measurements Lo be leaas
denae than about lﬂ'E thet of the sarth's atmosphers (Dollfus, &.,

Ann d'Astrophysidque, 19, 71 (1856 and tha ionlzed component is less

than sbouk 103 inna.."r.mjr an datetrmined by radio measureméncs {(Elwmaore, B.,
Phil, Mag., 2, 1040 {1947}}. Beyond thesa uppevr limica, all elez ie inferrcd,
In 4 stasdy-sCate atmosphers, the condentyaclon of particles of = B
givan kind {a de¢tarmined by the iopuc tate and tha logs raie. The measuremcncs
mentioned abows tharefore limit aithey the inpub vate o & wry low value,

oy che losa rete Eo @ wary high wvalua, or Both, The [oTReT 4XIvima Would

be characcerieed by o yeoafdyal atmoaphars of gravitatlopnally bound heavyr



gésss (i.#., zerc ioput rate), while ths llttlfllltllll wauld e chavacteriaed
by s zepld awcwpn machsniom (0. )., solar=wipd pasticlew striking -:-u;h:nn
particles snd driving them ;Huy}.
2, Towsibis Bources of Lunar Atmosphera

Tha wida variation in theoretical pradicelony aoncarning che lunar
dtnosphers arises mainly Irom differing concapis conoarming the aocurce
mechanismp, Rather than discuss tha theoties, w hore aimply manciow kha
various poanibls machanidmd and how they percaln (o the Sasdurssencs. ‘Tha
peaaible atmcepharic oomeTol sachanivme 4rn: |

(a) An original atecsphara with no furcthar sccretiom, in this case,
the samTant acmosphera would ba axpsdoed by a surfuce insETusent. AR

axcandingly alow lows owchaniss (a.g., ? 1n“ yaara} would be Tequlred

“loss
ce tasve any crace of the original atmosphare. Sincs thermsl-ascape
undnubfidlr OCEUTS to some extent, it can sapily b shown that the cnly
teogining cexponence of an oviginal atncsphara would ba ﬁltuy ganes such
an xaaeon oY krypton, (L. Bpitear, Je., Arscaphares of cha Earth and Planets
{Ed. G. Xuiper) Univ, of Chicage Praas, Chicage, I1I. (19332}}, A mams
apectrimdtey would therefore detect only haavy gepas,

(h) ¥olecaniam or cutgaring in general of volaciles from tha interior
af tha moon, Atwospherie cooponents eo gemeratod should be meinly warar
vapor plus traces nf EQ,, WH,, CD,. ete. f{i.e., Evpical woleanie afflux).
If tha lomm Tais 10 layge nunp-!td.tu tha rate For photodisscciation im

tha selsr redistion. then thase companents would be detectad sy nolecylas,

uhils far the contrary situation, wonatosic oxyges would bhe Etha priceipal
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;:ﬁnltllulﬂl datadnidy iy wiuld srine from Phﬂt;ﬂlllﬂﬂiﬂtiﬂn af watay
vapor, whitd B hydeogin epcapss liplllr dus to ite soall oasl,
Gasds may nlsd B4 relesiwd Zrom rocks or magmam D4aT the luner
surfaga. Gasad sncrapped in aod evolvad irca rnﬁkl ars, eicer K0,
pEimazily Hl. Rel, Ell, Hys W8, CO, QU , H,, 4vd O, Rocks ard magman
of ﬂilliilﬁt soxposition svolve varring ssounts of these gapes, gnd thus
allow s seBimale of the compiai®iom of the rocks frem Hﬁich the ganeg
ire avolvad. &ap compopitions are sleo ussful in f&llﬂuins the process of
mageatic diffetentiacion, and wogld B of significant vaiua if the ompak] tion
af gpetsd Smahsting ftom & #ait-ulﬁ want on the moon could be megaured for a
pariod of tins.
ﬁl:-nt woTk of galad 1n ét::;ltrill rocks indicakes the fallowimg
gAvaralinntions:
1. CGassd other Than suptar raRge froa 0.1 to & =m;ig,
2. I!I'.'I: 18 geoarally near 3 parewnr of the toral gas other then
!1ﬂ- 15 besalts, Buk iF is geoaTally lowv in rhyolites and
intatwadiscte In grandecas and amdewd tes, _
3. B, is the domimank gas in gramites, but it La highly variable
in ochar rocks,
4, Sulfur, TepoTLed Ad ’I' is gemeTelly 2 to 9 parcent of other
' gaass in basalim, iy aleo hiph ia some andesices, batk is
gematally low In obsidiane aml grenites,
5. l‘.‘l.= i commonly 10 to 30 pereant in chyolicas snd some sndesites,

i¢ im Jwpy ctham 10 paroent im bemalca, und ic was found b0 be
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less than ons percant ip twe pasplas aof gzanite,

€, 7, in the dowlnsnt gav in mesc obsidisne and in soms besalts,

atd it Tepges from 10 co 30 parcent in most other rocks,

T. ob, Hi' avd AT do noc show syscemscic diffeTences.

Ic has batn postulated that stvong Eartheinducad tidal forces - Acting upon
the mocn causs fault lines in the luaay crust o shift and slip to the
extent chac there will be bris! pericds whean brapped subsurfece géses will
be relesssd, largs scarps and figaurss oo che lunar surfece are conalstent
with this concuprt. [etectlon of gasss Yalsased Lrom much vents would be
exCzemuly valuable to Ehe undeTstanding ¢f the woon's Internel $tructure.
Contitntuous mooitoving of regloms of aporedic of periodic oubkgaslag would

be deglrable in order ko dtteet g;lll wlth shart retenkion Clmes i Che
lunar afeodphara.

{2 HKeteoric Volpeilizakion., The effeck of meveoribtic boobardment
of the lunar aurface causiog sgltatiom of the surfsce materizl oay have
gigniflcant «ffecte ip acceletacing the genloglcal avolutiom of the
gareoud atmosphere by feleasing the oc¢ludead and abscrbed gesem in che
lunat surfece meptarial. This i Misdlar te (b) cxcept that individual
inpuce coylid be digtinguished by the rapid tise and pubgequent decay f
fluztuatlons in Ehe atmoepheye due to fhe audden release of gag Tachey
Rhen Che Telatlwwly alew cubgaking prowesd, Furthermors, dionitscsous
geigsmle messurements of impact could alwa aid in distinguishing such
eveara, The seipmic expariments that hawe alroady bean proposed ghould

integrace meaningfully with the satmospharic sasgurements.,
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{2y Ralenna by Enorgetic Particles. Topact on the lun;r autiace hy
ereTgetlc particlan, dupadinlly propons from tha enlar wind, will tend to
braak down corpounds and produce freaq potessium, slumitnuwm, cadmiton, ece.

Tha vapor pressure of many of these sateriais 12 high encuwgh Ao chat Ehey
may ¢omEribute algnificantly Eo Ehe lupar atmaspheré. Sinee these materinia
Era oot predant in the Eerredcrial atoesphare, it may ba peanible To prepore
the lunsx instrumancation ;n that it will aot releass such materTiaild on
outgaging, end LIt should be posnible b detect much [ower concentryations

of these maberials Ehat of wacer vapor of other terrestrial jasas,

{e)} Solar Wind Accretion. Gap so aceuwmulaCed will Initially be
egpentially lonized and l!;l:nmtul::l.l:._II due to the high tempearature of the

golar wind (> 105 nEJ and the aven Bighet temperature of itn &outce, the

b Dlj, but it may become neuttaliced mnd combitied inte moloculst

carona (> 10
forms after reaching the moon, The compomition would be similar to thc su%,
rotaikly altered by di€fuaive separatien, and the folar wind would therafaore
provide an atmospheré composaed meinly of oxygen and nitroagen. 4 large
proportion of nitrogen would then serve bo distioguisn (e} from {b} and

(cl. Purthwrmozre, s polar wind {ncidant an tha lunar surfgee phould he

diractly datectabla.

3. Icmovtance of Keasuremenks

T™he analvais of gaeee at tha lumar gurface wiil bo of welue Eo
gealogists in Jetermining the kinda of geologlic processce, sgpeclaliy chono
invelving magma geneTatlon, that were or are prasent within the moga,

From the composlcion of Ehe Zuase avolved durlny megmetic procassan, much
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can ba dacarmined conce¥fning the compositien of tha rocke and magmas
within the meom, which in Eypn will ald i detarmining the histery anc’
urigin of che body. It in l;idnnt thet messyremenc of tige vnriat%nun

in the lunes Ithﬂ;phﬂr! in puﬁlntillly capable’ af disringuishing anong
" the moce pleusibla sccratiom and loes mechenisma,

Thin pﬂllibii ;liltinnl of vnlniniié.li sxceedingly important since

.uuﬂh phuunlanq miy provide voletiles that sre uwieiul for Life support
{both intrineic and qutrinai:}‘ Tha locetion of valcanic =item, LE Ehey
exist, can be facilictated by deployving seversl atwmoapheric pressuic fagea
{one per Apolla mission, for maample): time variations at different
locatione could ba inktazpiecad tn.lunntu'thi volcanic slke, analogous

te the ILocation of earthquakes with peveral selsmagraphs, The fearihiiiry
" of such a program :.nnnt.he Judged yniil at leapt one pregsure gage iz in
place, and if proven feasible, thﬁn ﬁﬂn uﬂru.gngea should be desirabie at
uidgly ipa::d lntlt{nnl {1.14,'three Apﬂlln-niiainns ip ally, Therefote
the {irst gage should be landed st the asrliest apportunlty. Ta brici, Ll
firat decwn, no metter hew cyude the information oz h&w poer the
r!nn!utinn, should ba obrtainad just am moon 58 possiole, hopefully before
the exhaualt gases from refro rocketis have had a cheance bo distupt aorlousiy
the lunar atmospheric compamicion.

o, Concamination

The total mass of lunsr atmosphatrae in terme of tha particle concentrotlan
4F the surface iz anproximacaly 100 gf{plttiﬂlﬂfnt}.: Pramant sxperimental

and thapretics] estimabas giwe Ailﬂﬁ pattiﬂleu!tnj for cthe paccicls

s



cancentration, or abouk 104} mekrie tong for the toecal atmospherie mars,
The Apolls excursion module will veleass up te 5 mervic tons of exhaust
goses. Tha sbova esclmate involves lmporrant unﬂertaintieﬁ, End the
Apolle Teaction produccd pay even dominstes the atmosphore, Ir L&
vrfortunate that the vahicla ¢areying the attagsphepic-measuTenent
experimant myy it;;lf anriously conteminate thar stwmogphere, and the
experiment should cherefors be cepable of operating for dn extended
peiiod. AL the very leasbt, the losa rale for Lhe contaminsmt gases can
thereby be decermiped. If these loss rates are sufflclentiy large, ches
the atmosphara will febturn t0 Los steady siaic and boc abscrved hy (he
Iynar atmosphare sxpdrimgnt. Loss due o soler wind ipbevasklom mey plvs
rise to less time cometsnts of the order of one menth, or shout one Lanar
dgy. Thug the sxpériment ehould lest, at the minimam, for sevezal maninz,
It_is degirable, in any event, Lo obeerve any changes in the atmospheT-
that may accur between lunar day and lunar night, since this can pravide
further information on composition (e.g., the freering out of wolagiles
during the very cold lunar night).

The contemingtion problam providea s poweriul argumenc chac a fivst
attempt &t lunary etmosphere direct mmasurement should be made from an
crbliter. The merit of such an app¥oach, assumicg that the slcicudc of
the arbic would be low eppugh, 18 Ehat: (8] a @eagoaghle gpporsunicy
vould be availlable for making messuremants prioT Co canCamipacian,

{h) any burst of woleanie arigin mych as chat fecencly dotecied opiically

Glght wall be detected diveetly, and {c} outgasing ac the Jawn mecidian



- 8-

might ke detectad. JE i very important to have the opparrunity to id
for such gaees briors significant cootaminaticon cakes plesa,

An anvitoumental Zsctor tchat may bhe altarad by rocket gases durin
the fizmt and sutcadding lunar missicns is sccumuleticon of condenged
rocket gases upon poaelbly exiscing primicive deposity of frozen water
and carbon diowide in permaneng or asml-pocimanent shaded reglonms on cChe
lunar surface, pPuring future lumaz surfsce eéxplorsiica i1nto these shi . .
tegiaona, Ehe Questlon may arliae 3o Eo whether any [roucn <anatituenta -
primary in arigin ¢r pioducta of rocket gases, of poEBlily both. ¥now. -
of tbhe diffusion and tatention fimes of rockel exheEust pasus around che
moon' 6 suTiasce would ald in daterpinin; the answer,

With the sdvent of mere rockat landings aod surface explaraCion
activity, consldersble amountes of vockeot geeey will be added to the iuncr
atmosphere, and chese gases will be modified by charged-particle and
elé:trnm.gnetin-rndiatinn energy from the sun. Thig actlon of the aoiac
rodiation will resaull in & coagitnousky changing abtmasphere, TYheae chanpe:
could affect sclepcific inweatigation of Che owverall lunar aurface materisl:
due ro abacrpticn and desarptlon of passe. These gasEerF may IE&E8L WROL
mirieral depodits exposed on the lunar aurface a8 Che gaked condense duricg
the long lunat night (14 earth daya).

1t i&, therefors, imperativa that considerabion be giwven to retentiu:.
pimeg of vocker exhaunt gagas Iin the lunar samoaphere apd thelr efiect

upeon future manned lunar surface exploracion.



5. Reccmmended Messuremente

ﬂﬁtimally the lunar atmosphere IEFITLNIEF.Ihﬂuld anaure the following
fialltTal constltuents,

(a) total p¥édsure,

(b mesd dpectrum,
and the foilowitig {mnic conetituents:

¢zl totsl concentratiom,

{d} maes speclrum,

(e} direccad flux.

The most dltect Approach to lunar atmoepharic measutements Is the
us¢ of sone cype of noss epecironeter (o measure the neutral gos composition
gnd sn Iipn mass spectomeiter for fon composicion. A cotal neutral preesure
measutement glone should be done only a3 & lasf resort Lf an adequaCe mafs
spectrometer canadtk be developoed., It wWould appear, at the prescot sbate |
of the &TE af mess spectrometvy, that conslgerable development work Eo
create a devicor eampatible witn the posgible rangee of luner atmaspheoric
pressure must be petvformed belere @ practical packsge can come inta
eriatence. With the esstimetes of lunat atmospherie pressures ranging
from lﬂ-lu torr down to lﬂrlﬁ Luzrt, 4 majer lmprovementk in scasitivigy
nf o4 maas spectrometvdie device will be pecesserTy. In eddition, the
lon-generating teglon fo¥ a ncutval gas specbromeber should empicvy some
technlque agher fhan & chermlonle emitfer in order (o avold outpesing
of the sysiem and gettering of che gap molecules, Chue presenting o

bBlased composition.
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Ralative to the Apolla program, tha porsibility of laaving behicd
a maes wpectrometer pachkage to teléematey the lunar acoosphate cwver a
period of tima saams to be most desivable., It would provida infurmnnin;
concacning the rate of claanup of che scoesphore o FoeY dopaccure of che
TEM as wall an duy and night atmodpheric companition. FuZthatr, some
infarmacion concorning solar sctivity and its affact ypan rha composipion
of cha lunor atposphere could be obrained, .

Chavghd-particlan analyenze should be sel up on the lunar surface
to axamine che lnlfﬂfllplﬂtrl of both posicively and nliltlvtly-:harggd
particler and thelr directions of arrival. If the solar wind Llmplnges
without disturbance on the lunar surface, the measurements made wich thie
inetrument would be slmply those of the undisturbed socler wind. Jt is
more Iikely that & veglon ¢f disturbance or shock weve exints for soma
digtance oul frogm che moen, in whick cape Che messured particla fluxce
Hﬂ%ld not be charackeriamtic of the undiaturbed solay wind.

An 1ot mease speclromeber anmd ion Erap showld slsa ba included 1in
thie lustrumentaticon; these measurements would be eapecially umefnl Lf
the solar-wind petticles reaching the moon are coapletely chermelized
or {f there 18 eignificant donlzaction of lunar gases, AR lop mags
ArpecLrometer cean provide informarion on relative conceontrableme, buc
it 18 noc very good for establishing absclute concentrationa. AR ion
frap is pavclculariy effactive for determining the abmoluts coneentration
but it hat pooy capabiliey [or snaiyzicg the relative abtundances of

diffevent constltuents except Lo very idealized d4icuatidos. Thus tha
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ewe instruments complement one anothex,

Fressure gageg shouwld ba used on all mlasionm, Tt is probabla that
preasure gages are the only lnstruments sufficlently developed Lo he
uamful In an orbiter, wherée there could be a real peyoff in che venme
af dececting discrete pources of mswinlng culfaca outgasing.

In summary, the maximum ditect informetion on Ehe lunar stmosphere
must come £rom meassurementd on the neutral componenta, while the experimental
techniques are begter developed for mesduring che lonized components of che
atmosphere. The CoCal neubral particle preEguTe con Be aepiured wikh
gvailable technliguen. The mass spectrum ehould be meessurable, depending
o prograss in insirament devielopmens In Chie area. We therefora suggest
toaee folleowing priorities smong the poseible stmoapheric mepguresents for

the firet three Apollo miBalona.

,' Firat Misglon:
l}  neutral mass spectryum (if adequacely diﬂilu?id}
2]  neutral parcicle presgure
kY total fon concentiration
4)  dirccted fon fiux
3} lon meas gpechEwm

Fecond Mlasion:

l} neutral particle preseure
2y directed lon flux
3 100 mEEs spoctrum
L dcukral mAass spocbium

Al celal wfo £nneeltration
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Third Miszion

13 neutral partlele prassute
) nevtTal masa WpecErum

L)) lon maen apactruom

4} direcced iom flux

5} tokal iom copcentration

The development of a4 neutral particle mess spectrometer cepeble of operating

in the expecked pressure range I:lllll_]':s atm.) should be pushed with the

nominal intention of uénding that lpnatruxent on Fthe firet misaion: che
ion equipment sien phowuld be included If spaca ie available., In aov case,
i¢ shoulid be mveilsble as 8 veplacement If devalopment difficuliies delay
Che neytral mass apectrmmetet.sn lang that it cannot fly in «arly Apalla

miggions,

. Availability of InsErumeatation

Excopt [or reutral mass spoctromobers, instrumentation of Che cype
and mepgicivicy reguired Eot the rreommepded program hae been developed
and ia presently 1o use 1o epaco sysatems. Lan Crops and loo mass
spectyomecere have been flowvn ln mauy wehacloe, Insluding ECG.  The
diteered ion Flux eould be measured with a solar wind dekeckor, oi which
that flown in Mariner 18 a poad exammle, ot wlth & #peccyomecer for Lows
energy particles, such A6 Enat 1o the LS5[5 program. FressuTa gapges of
the Redhead type hawve been extensively uwaed and are easentiaslly on-thes
she.fl items.

Wenirae=parfacie mosd spectromecers af che requived wansibivicy
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have not yet been operdted in the laborvatery., What Ls required, bowewer,
ia apparcntly only 4 marriage of existiog technigues., The addicien of
glection multipliers gnd coupging cechnlgues fo an Instrument of the
quadrypale bypa can probably supply the required aanelbivicy, while

the introguctlon of colncidence techniques may provide an ewven betier
iastrusient. I[aetrument develiopmcoatbt rathcoy than reseapeh appears to be
the gequitement, aid L{E sppeers ptobable that 4 puitable insttumenl fan

gg develgped in time for che egyly Apollo mliesicnas.

el puteye 2
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