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LABSTRACT

MNuclear detonations in the wicinily of the moon are considered i this
repart along with scientific Information which might be obtainad from such
exnlosions. The military aspect is aided by invesligaticn of space environ-
ment, deteclion of nuclear device testing, and capability af weapous in space.

A study was conducted of various theories of the mowun's structure and
origin, and a description of the probable nature of the linar surlace is given.
The araas discussed in gome detail are optical lunar studies, seismic obser-
vations, lunar surface and magnetic fields, plasma and magnetic fleld eflects,
and organic matter on the mooun,
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Chapler I

IMTROLFCTION

Rapidly accelerating progress in Apace technuolupy clearly requires
evaluatit_;-n of the scientific exparirnents or other human activities which
might be carried out in the vicinity af the earth's natural satellite, Among
various pussibilities, the detonation of a nuclear weapon on ar near the
moon's surface has often been suggested, The motivation {or such a detona -
tion is elearly threefold: scientific, reilitary and pelitical.

The scientific information which mipht be obtained from such
detonations is one of the major subjecls of lnyuiry of the present wark, On
the ather hand, it 15 guite clear that certain military ohjectiven wonld he
ferved since informativu would be sapplicd concerning the environment of
space, concerning detection of nuclear device testing in space and concerning
the capability of nuclear weapons for space warfare. The political
mativations for and apgainst the detonation of a nuclear weapon are equilly
clear and are, in reality, culside the scope of the present work, Obviously,
however, specific positive effects would acerue to the nation first performing
such a feat as a demonstration of advanced technolagical capability. It is
also certain that, unless the climnmate of world opinioa were well-prepared
in advance, a counsiderable negative reaction could be stimulated, Obstacles
Lo detonation of a nuclear weapon on the moon, from a scientific viewpoint,

e — L, ——

cenler around environmental disturbances, hiolopical contamination, and



radiolopgical contamination, only the last of which is unique to the nuclear
weapon. While the present effarts have hean designed to explore scientific
aspects of lunar experimentation, includinp delonation of a nuclear weapon

amaong otier possibilities, we nevertheless hawve felt some oblipation Lo

congider the obstacles listed above and at least a beginning has been made
in an evaluation of seme aspects of the contamination problems.

A central theme, which runs through many of the projected exserimental
situwations, envisions placing of 2 maximum of three identical instrument
packages at arbitrary locations on the visible face of the moon priar to any
poassible nuclear detonation, These instrument packages would be cguipped
Lo rmake a variety of measuremenls treated in the foliowing caapters, and,

15 seen, onty certain coperations would require a nuclear detonation,  Lhe
instrument packages, in general, would accumnulate vs:r-; valuable information
on the way t¢ the rwoon, while emplaced on the moon bulore any detonation,
as well as during and after a possible nnclear detonation. The location of
the instrument packages need not be pre-determined hut is presumed to be

known by virtwue ol suitahle markers,

Clearly, the landing of three complex instrumentation packases un Lhe
lunar surface with "state of the art” techniques, either today or in the near
futnre, must be considered a4 mawimrum effert. It ig presumned aobvious to
the reader that many valuable measurements could be perfarmed with wrly
one instrument package, and for cortain of the nhservarions to be treated in
the present work, only tervestrial observations are required, In nno case

have we attempted to detall the design of 2 suitable instrutnenl package




combining the functions necessary to perform the many experiments digcussed,
Such an cffert would have bean larpe and perhaps entirely in appropr:ate at
this carly stage of overall planainyg for poessible lunar experimentation,

In conclusion, it should perhaps be ermmphasized that the course taken
Lias been the exploration of a fairly large number of problems and ewpericnlzl
possibilities without, in any given instance, attempting to be exhauslive. It
iy evident that many aspects of the problems which are treatod here remalin
witoached or, at hest, have been only gqualitatively considered. Purthermore,
it is almost unnecessary to point out that 2 vast wumber of possible experiments,
nut even mentioned or perhaps not even considered by the presenl proup,
should be carefully evaluated. The enormous effort thal wouid be invalved
in any contralled experimmeut on or near the maoon demaads nothing laws than
an exhaustive evaluation of suggestions by the mauny gualified persons who

have bepun to think about this general problens,
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Chapter 1II

OPTICAL STUDIES RELATED [OQ THE LUNAB HESEARCH FLIGHTS

Optical sindies undertaken in this analysis of lunar research flights
cover the followinp three arcaa: {a) wvarious nhﬂﬂrvd.ti{mal PArAmeters
governing the visibility of ::;arlaars asdociated with apparatus on its way to
the moan, in the vicinity of the moon or o the surface of the moon; ()
stellar spectroscopy and high speed spectrascapy of the lanar blast using
avatlable astroncmical and hiph speed photographic equipment and ()
measurements on the thermal conductivity wf the lunar surface using infrared
SINLSHION MedsuTeIment s .

Visibility data has heen compiled which would permit the calculation
of required tarypel intensgily in order that it he visihle against a backgroond
of known laminance., However, since the moon is nut of uniform [uminance,
Lhe rraulis ave not rigorous. Rauping from unresolvable pointa to large
irrepular areas and from bright spets to deep shadows, arranped in mmost
trrepgular fashion, the moen represents a difftcult hackground in whi.r.:h to
search for a small area. Therefore, target intensities rnust be substantially
greater than indicated by calculations eassuming uniform backpround, With
thesc considerations in mind, a critical E-valu:l.til.n:ul of various types of

markers iy prosented,

Spectroscopy of the Iunar blast arva would yield useful information

on the compasition of material on the moon's surface. Detailed consideratians
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Are given to the dependence of spectiroescopic and high speed spectroscaopic
paramaters on the visible light e¢mission by the blast, The influence of
atmaspheric ahsorpticsn and turbulance on the spectropraphic infarmation
yicld by exiating stellar spectrographs is presented in a tabulated form.
Balloon carried tclescope and spectrograph nup ta an altitude of approximately
150, 000 feat is considered. Whereas, a numhber of practical problems are
known to exist in high altitude balloon telescoapy, it iz clear that an extension
of the UV spactra, as well as freedow from atmospheric Lurbulances, will
be aclileved by goinpe abave, say, 130 - 140, 000 feet.

In the past, therimal conductivity of the lunar Aaurface has been
calevlated by measurements in variation of lemperature on the moon's
surface during a Junar eclipse, With the nuclear detonation acting as a
strong heat source and with the availability of highly sensitive infrared
detectors, it secius podsible to calvulate thermal conductivity of innar
surface to a high degree of accuracy. The influence of atmmospheric absorp-
tion and turbulance on these measurements {5 tabulated for various existiug

teleacopes and infrared receptors,

Secticon COne

Markar Visibility

- ———

The problem of sending & vehicle to the muon and of landing an
instrurmnent package on the moon raises the guestion of trackiog in flight and
accurate location on the surface of the mogn., Visual aptical approaches to

the problem are preferred because af the great sensitivity of the human eye
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dnd the high precision in lacation possible in modern optica. Of prime
interenst is the visibility and detectability of various possible markers, These
fall naturally into two classes, those that are sclf-luminous by virtue of
consumption of self-contained fuel or stored energy and thosc thal are
Iuminous by virtue of reflacted sunlight. The need for keaping weight and
aire to & miinimum resiricts the optical problemn Lo threshold or as near
threshold conditions as posaible,

It s genavally known that threshald illumination from a puint suurce
detectable by the eye depends upon backpround brightness, coler and
adaption level of the eye. Three such Backpround levels, full mmoon, dark
maeon, and night saky 3000 miles distance from full moun Are considered in
derail.

fu,  Visual Thresholds of Dishks of Light

Two investigations of vizual threshotds of disks of various bripht-
nesses ln uniform ficlds of varions brightness levels by Bla ckwelll and by
Tausuya arc ol importance and forin the haiias of mast visibility 51:|.1d:ics.
Thelr rosults agree remarkably well, although thelr exporimental conditions
were guite different. Fig. 1 presents their data in praphival form. It
cisplays threshold iilumination from a point sonree which 18 detectalble at
different background briphtness tevels. A point suurce is dafined 23 one
which sublends less than one minule of arec at the eye. Based an observations
of Tausey and Hulbart” 2 polint source ig very difficult to find when the

Hlwmiration is just threshold or even twice the value, Up to five Limes
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threshold value is maderately hard to find, To convert threshold illumination
{vertical axis) of Fig, 1 tn socurce intenaity necessary for detectinn}ﬂne ha s
only to multiply E by the square of the distance, which in this case ia
240, 000 miles, cxpressed in centimeters, Tha intensity vilues shown in
IFig. 2 were obtalned in this way

Fig. Z{a) precsents averape bripghinesa values of lipht and dark moon
and of night sky 3000 miles from the moon's surface at full moon. The source
intensitied necassary for detection with the naked eve apainst these back-
grounds are alfo tndicatcd.

B. Tel.escopes and Improvement of Viaual Thresholds by Mapnification

A lelescope increases llumination from a point source relative

to the brightness of a uniform backpground and therefore m-aices it possiblec

to sce Boine Sources which are below the limit of the naked eye, Tousey and

Hulbert:'" derive an expression for the palu by the use of telescopes which

can be written as

?‘L;.:/,Aﬁ’) oﬁa-?;w).tgﬂ(;f)g,fﬂ ‘ ()

in which D = diameter of objective lens,

I3

diametar of eye pupll,

M = mapnification,

lmd
L

transmission facliuvr of Lelescope,

1 = tllumination on ebjoctive lens when point source appears at
threshaold, '

i' = unaided eye threshold,

(i'fi} = improvement in threshald dus to telescope,




I.ight Moan
B, =0 25 L:ElnLllHE,l'rEIII.d

Source of )
[.3 x 1ni3 candles
visible

Darl Maoon
15, = 0.000025 candlesfem®

Q

Source 1,3 x lﬂg candles

/ vigibhle

Sky 2000 mi. from moon
B, - 0.00000 25 c/cin®
{full moon)

FIG., 2{a) - SOQURCES VISIBLE TO NAEKED EYFE AGAINST LUNAR

BACKOGROUNDS

13 miles diatneter ()

-

. 4 mile diameter

O

700 ft diameler

FIG. 2{(L) - WHITE SFHEERES VISIBLE TO NAKED YR
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This formula was usead ta make the calculations shown in Table I,

In deriving this formula certaln assumpticons had ta be made with re spect to

tha relative size of eye pupi]_ and exwit pupil of the telescapea. Yince the size

nf the pupil varies with adaptation level, the asgumption is not strictly true,
and therefore the formauala mauast be regarded only as an approximalion.

1able T shows the advantage to be gained with the use of telescapes in the

visibility of point sources against full mocn background.

Takle 1

Telescope with M = 16D(in. )

t = 85%
Candles [or Detection

Kin,) M irfi Apainsat Avg Full Mgon
Eye 1 1 13,000,000 mega-candles

1 16 174 ThH, DOO " "

2 32 630 20,600 ' 1"

B 128 11, 00U 1,200 m "
20 3210 6B, 000 1949 " '
40 40 274,400 50 ' "
100 1300 T30, 000 16,5 M "
200 LOG0 904, 000 14.5 " H

C. Visibility of Diffuse and Specular Spheres
’Ic:uﬂeyl has considered this problem in connection with earth
gatellited but his findings can be casily extended to moon orbiters. The
angular distribution of luruinosity of « sphere illaminated by the sun was
considered for two special cages; a perfcct specular reflectoar, and a perfact
diffuse reflector which obeys Lambert's Law, The expre suiong for

luminous intensity, I, measured at a distance which is larpe compared to
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the radiug, B, are

2

Spevalar: 4= _ﬁ;—E [ &)
- ) R s

Diffuse: 45 (Sin Gr(3r-E)cos E)L (5}

Where B is the angle hetween the directions to the sun and the observer, &
is the solar illuminatioa, and f iz the reflactivity factor of the sphere
material. The specular sphere has a constaat luminosity in all directions
wince the ewpression for T decs not ronlailn 8. The diffuse wphere goed
throupgh phases like the moon and is hrighter than the specular witen viewsnd
vl but dinimer when "new. " LThe twa Lypes ATe sgually bripht when
viewed at 83, 7 deprees, Fig. I shows Luc angular distribution of lurninosity
in the fwo cades.

Thy: visibility cunditions may be computled approximately by rmaring
ase of formula (2} or (3) to calculate the luminoua intensity for the appropridte
canditicns of illunination and viewing. Relfcrence to Fiz. & will determine
its visibility statue for three different background brightness vonditions. If
it is mot visille to the naked eye, Tablo L may ho used to :lﬁlcrrnin:a the
apnrepriate telrscope to make It visible.

Formulazs (2 and {3) apply strictly o ideal specular and diffuse
spheros, respectively. Clearly, oo practival sphere will be ideal, clther
apecular or diffuse, 804 Jdecision must be made as e which is the more

apprepriate [ormula. Tn peasral, this is not a difficult decisiun to make;

A peolished metal spnerc approximnalos the s poular case nnle3s it i9 Faaelly
|y F1 P ¥
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"
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Diffuae ia brighter
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FIG, 3 - ANGULAR DISTRIBUTION OF LUMINOSITY OF DIFFUSE
AND SPECULAR SPHERICAL REFLECTORS ILLUMINATED

DY SUNLIGHT
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axidized or corrcded and a sphere covered with a mat white paint approximates
the diffuse case. Exceptional surfaces could make the decision moTe
difficult: for exampla, a mnetal feil which ia inflated in flight. If sucha
balloon were to present an uneven sdurface ¢onsisting af a large number of
emall facets, it would probably approximate tha diffuse caasr even if
individual facets are specular,

Fig. Z{b) shows the size of white diffuscly reflecting spheres NMrRceBEATY
for detection with the naked eye when Lhey are fully illuminated by the sun

and appear ayalast the backgrounds of Fig, 2(a}, Fig. 4 shows the correrpond-

‘ing slze ol spheres neceussary for visibility with a 40 .inch teleacope. However,

the values given in Figa, 2 and 4 are based on average background hrightness
and do not take into consideration the irregular background that the moon
actually presenta, The values are therefore optirnistic for those vases in
which the light moon forma the background. Although the average albedo
(teflectivity) of the moon is approximately seven per cent, the reflectivity of
individual areas varies [rom about 4 per cent to 30 per cent or by a factar

of seven. This, coupled with the wide range of sines and shapes ot
individuz] arcas, makes the problem most difficult.

It gshould be recalled, furthermorte, that the detectability data are
given for approximately threaheld situativns. ‘This correaponds to the
detection of a sixth magnitude star which 13 just vianibic to the averags eyc
anly when other conditions, auch a3 the earth's atinosphere, ave ldeal. It

should also be noted that, although telescopes offer a tremendous advantage
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in visibility orce an object is located, hut their restricted field of view makes

the problem of detection tracking more cifficulr.

D. Identification of Markers

Onc of the problems associated with markers on the moan i3 that

of positive ideatification, The discussinn thus far has dealt with visibility
based on brightness contrast between au cbject and ity backpground, The
values piven have been threshold ur just visible values and were basad on
data obtained with uniform backprounda. With the moon as a hackpround, a
number of possihle aolutions of thia problemn will be discussed here.

l. Imtense Source

One cbvions methadsd of {nsuring pesitive identification is to

increase the inteasity of sonreer lo well above that spreitied by threshold
requircmeats. The associated disadvantage is, sl course, greater guantities
and sizge requirements.

2, Culoer

Inasmuch aa the conirasts present on the surface of the moon
are those of brightness {white, pray, black}, it seeing rea sonable _lllat a
colored object or sovurce could be positively identified. Certain pyrotechniques
produce brilliant chromatic emisgion and fluorescent paints are avatlable in
brilliant calars, Most likely tie Juminons efficicacy achieved with colored
materials would be lower than with while materials bnt sume ctficiency
could advantapcouwsly be sacrificed in the luterests of poaitive identification,

Unfortunately, not enough is known about the subject of color contrast agailngt

irregular background in connccticn with point sources.



3, Intermittent Sources
Obviaualy, a sourcs woulkd bo positively identified if it
emitted Intermittently at a knowo frogquency. Frezumably, a frequency cn.ulcl
he chosen which would sufier a minimurm ¢onfusion with thosa ariaing from
natural phenomena. Eye rerponse to pulzed sources musdl be conaidered,

Hudsn:15 glvﬂﬂ ke ﬂﬂrsitivit'}r af the By far Hiusre Im]::‘u—z ol lighl. Lscconds

long by tive cqualion

[=1I Iﬁ”;“*/) (4)

in which I, {g the thresahcld source intensity for steady light, T ia the

threoheld intensity [er the polse under the sammes conditions, and L. 3 called

c
the critical duratlon or ratinal action tiine, Various authers plve valucs of
t. from 0,1 to 0, 2 sec, Il shart duratian ]_'.I.'ll]..".iﬁ.'ﬂ Are used, the gdource
intensity requirements may hecome prohibitive,

E. Marker Conliguratinn

The cifevt of size, shape, and contrast in detection. of tarpels

has beern investigated by Lamar and Associates.  Thelr work was doue at

Lwo hackground levels, daylight ard twilight: The averzge brightness of a
full moen lics within their ranpe of operation but dark moan and night sky
levels fall far below so that their findings are applicable enly in part. In
addition, their invﬂﬂtigatinn wag rastricted (¢ uniform backgrounda which
further limita its applicahility, Newvertheless, their resulis with fine line
targets sugpest a promising appraach to the lunar marker prohlem, They

found that a line target whese width suliteneds only throe scoonds ol are is
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detectable at a contrast of 1,0 to 2.0 {Centrast = E?’} The advantage of a
0

line targst apainst & nun-eniform background liks the moon is chvious
since it woeuld pencrally embrace & range of backhpround levels whereas a
polrf gource 1£ ToELFic ted to cne lavel which may or may not he propitious.

. Sodicm Yapur

in 1355 U.5. experiments wirh sodjum viaporization in atmospaera

up Lo an altitude of 30 - 40 kilometers wers bopun fov studvying winds at
these altitudes and the chemical reactions of goses in these atmospheric
layers with sodium, On Jaauary 3, 1959, the Russians sct a cloud formed
of the sodium vapors in an atomic stats, Tre rodiam cleud 15 discharged at
a specificd mement and it glows because of resonance fluorescence emitiing
the sodiwm linea. The yellow light is preferred frem the point of view of
visual sensitivity., Lorthermcre, usc of rarrow haaa interierance filtars
can enkance the contrasl,

The Lirillidoce of sodium cloud coentaining one kilosram of sodium
and discharged 113, 000 kms away from the earin 13 equal to & sixth magnitide
star wiich 15 at the threshaold of nawed ayes wisibility against avera‘ga sky
background., Thess [ipures seoem to agree cleseiy with caloulations based on

crperitncs with zodiam ernisgion in {larme photomelry. Using these tigures

it can be concluded that for detectability with maked eye at lunar distaneoe,

the amount of sadium reguired is:
apalnst sky backgrownd -~ {6 E:-Lgms

againgt dark side ol the mmoeon - 102 Igms
and apgainst bright side of the rmoon - 107 Kpram.
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The sodinm reymirements are gubstantially reduced when appruopriate

telescope mapnification is errployed as duscussed pefore.

Ome might envislon a dual purpnie wse of zclid propellant rocket motores

as (1) relrgdirective devices and {2} marking flares iu the present context,

The propellant, containing sodinm, would be released an firing the rockets

asar the nwoon. It is quite fikely that a krow formulation can be used, thus

precluding ihe coatly developmment of & new rpecial propellant forrimalrtion.

Most likely, formulations currently undergoiny development il NS will be

appticable. These formulations include metal additives such as aluminum,

boron, zod mapoesium,

Several factors would bear on the armount of light detectable el a3

-

missile conliguration, spinning or twrnbling and angle of viewing.

Section Two

Soectrographic Studies

The perfuermance of 2 given stellar spectragrapil Systeln examining

amission specira of the lunar blast depends primarily on two factors: (1)

the amounl of enerpgy {in ergs/sec) radiated in each of the emission bines;

(2} the scparation and widlh in angstroms of the ciosnst lines that need 10

he resolved. With thesc quantitles knowr cither the optimumm expoaure time

can be competed or a calewlated compromise can be made S0 that the desired

exposuTe tlme is used for spectroscupy or high apeed apoctroscopy at the

expense of over ur wnder -cxposiag some of the lines, Tables relating the

axposure time to the pquivalent stellay mapnitude of a lunar cxplosion are
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therefore compilad. It should be emphasized at the outset that the Epectro-
graphic recording apparatus now in cexistenae iz unlikely to be subalantially
improved in the next few years and that this siuvdy is therefore restricted to
diacu.ssing' the capahilitics of apparatns already in existence at virious
obsarvatorics., This study is divided iato the following three partu: [irat,
to derive an expression for the speed of a given telescope-spectropgraph
system; sccondly, to substitute cxisting wvalues for the varicus paramecters
and, Lhirdly, to present Lthe results in tabulated form,.

Conslder a telescope focusing an imapgs of a point source at the
entraace slit of a dispursing system as in Flg. 5. The formatien of the
point lmage at 5 is not diffraction limited, dua mairly to atmospheric

turbulences, and to a lesser depree, to aberrations and Lmperfections w the

telescope system. The size of Lhe image is dependuent on the szeeing

conditions at the time of cbservation, Thus, with p = 0.5 % 10‘5{ =1 3ec¢ of arc)

5

the sceing is auld to be pood and with p = 1.0 x 1077 the seeing is said to be

fair. ‘The aize ol the image in the planc of the navrow siit is P B and, if
this ig unohstructed by the slit, the size of the image al the photographic

plate is

I7ia N

I
™

:

3

This is the width of the spuctrurn that resvlts [rom the seeing conditions and
instrumental parameters alone and is denoted by 57 to differentiate it from

511, the lmage size parallel to the diraction of dispersion. The alit width
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511 corresponding to the linear resolutica limit, /E , 0of the photographlic

plate i given by

I Fycas s

where i and v+ are the incident and the reiracted angles.

The fraction of the [lux transmitted, T, by the slit i3 dependent on
slit width and irmage [ntensity distribution., In arder to derive a simple
expression, we assurme a wniformly bripht sgquare lmage for simplicity. In
fact, of course, the intensity distribution in a star image generally follows

a hell-shaped curve, It is then given by

_- S L lhEeT g L Lprof kA
TV oy T B0 £ 008 ¢ L&)

The effective rés::ulvi.ng power ‘E‘:S%—- , of the spectrograph 13 limited
by A when the apertire ratic of the camera is greater than /40, Under

puch conditions

’Q“"?i:L 3’%*’] (7)

Substituting {7) in (0} we have

- S _ﬂfﬂ_ Lo T
r_ﬁﬂ; ~ ﬂrﬁ clﬂﬂ; /"]

Muw the factors governing the amoent of fiux incident on the photoagraphic
eppulaion are
{1} the atmospheric transmisaion K. .

{2} the transmission of Lhe ielescope ~apecirngraph ayatem HTE

(3} the width ol the spectruin Sy

A - A

(4) the linear dispersion of the spectrograph A T AR

i1l




Combinad, these expressions reduce the flux ermitted by the point saurce By
{in the selid angle subtended by the telescope aperturc to the point source) to
B the energy incident on the photographic piate per resolution area of the

emmnlsion.

Ba s Tr cosr
rAS (EBR T oA o5 ’:})( 4 /"{{"5)/3_) ( )
ar_g.s/,#e&n/m:‘mn Qria

Dmlhﬂ.lll? Fuggests that the minimum density for recording an emisaion line
on a photegraphic plate is 0.6. Eastman Kodak® quote a figurc of
3.0 % lﬂ“'?’er!;fc'.m'?' as the enetgy required to prodece this density in the
visible apectrurn on 163a-0 emulsicon, the usual ermmulsion used in stellar
Bpectroscopy. For photopraphic resolution this Ei:.rrri.'..-*&ipund.s to B, 0 x 10_5
ergs/resolution area; for 103a-0 ernulsion the resclution area is
1.0 H/{_ 5qQ TWTl wherﬁlﬁ. = &0 . It should he noted that egquation {5}
indicates that only for poot seeing conditions {{ = 4 sec of arc) and with the
200-inch telescope working at high resolution (Fg = 2600 mm, sec
equation (7)) does the Epcctl.'fuul widlth E-_‘f .*;x-:f:c:d' 1 imm. In all other cases,
inclnding those considerad below, = 18 assumed constant at 1 mm. This
can be achieved by using such techniques as K&pan}"'ﬁg Lignt Funnel or
Bowen's10 Irnage Slicer.

Table I liats the exposurc times required to record a density of

0.6 on 103a-0 emulsion as a fMactien of gtellar magnitudes and spuctrographic

resclving powers. The quantiiies assumed constant are: the width of the
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Table IT

Stellar Magnitude EXPOSURE TIME IN SECONDS
Hesolving Power Regolving Power Reasolving Fower
of 80, 000 of 5, 000
v e TR ! - . e — &

-2l 4,0 % 10-7 2.5 % 10-8 1.6 % 10°?
-19 2,5 x 10-6 1.6 x 10-7 1,0 % 1o-8
-17 1,6 x 10-5 1.0 x 10-0 6.2 x 10-9
-15 1.0 x 10-4 6.2 x 10-P 4,0 % 10-7
13 6.2 % 10-4 4,0 x 10-5 2,5 x 105
11 4.0 x 10-3 2.5 x 10-% 1.6 x 10-3 |
-9 2.5 x 10-2 1.6 x 102 1.0 x 19-4 '
L7 1,6 x 10-1 1.0 x 19-2 6,2 x 10-% |
-5 1.0 6.2 % 102 4.0 x 10-3 1
- 3 §.2 4.0 x 10-1 2.5 x 10-2 |
12 4.0 x 10! 2.5 .6x10-8 .

1 2.5 x 102 16 1.0

3 1.6 x 103 102 &, 2

5 1,0 x Lo% 6,2 x 102 4. 0% 10! |

7 6.2 x 10% 4.0 % 103 2,5 x 102

g 4,0 % 105 2.5 = 104 1.6 x 10

11 2,5 x 109 1.6 x 105 1.0 x 104
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spectrum, 57 , at 1 mm; the resolution 1iznit,/£ , of the 103a-0 emulsion
at 20p; the diameter of the collimator objective at 200 mm; Lthe angulax

dispersion of the grating {(of 15, 000 lines per inch and used in the second

order) at 1. 26 radiansfA; the transmission factor of the telescope-spectrograph

aystem ETS azssumed 1o be 10 par cent and fair scelng conditions

B=1.0x 1p-2 radizn}. In erder to calculate the [lux required to produce a
photographic density of 0.6, the measurements of Pettit and Nich&lsanll at
tha Mount Wilson Obscrvatery were used. They found that 0. 244 ergafsec
of radiation were incident over the aperturc of the 100-inch telescope from

a 1,0 magnitude star in the menith for & mear wa velength of 5000 A, “Lhe

relationship between stellar luminosity and nagnitude is given a8 follows:

-

mﬂ-mf = .5 ;”G_F;—j"r—'
where m) and mp are the stellar magnitudes and 1) and 13 are their relative
apparent luminosities.

The exposure times listed in Table LI apply to three differont
spectrograph systems atiached to the 100-inch Maunt Wilson telescope; they
can be converted tu the cxposure timaes for a 25, 50 cer 20U0-Inch EI.I_‘IF:‘TtllI'{-:
telescope by multiplying the expasure Limces by 4, £, or 0.5 respeciively.
Similarly, for gond and poor seeing conditions with the 100-inch telescope,
the exposure times are respectively halved and doubled.

Table Il does not inciude Lhe variations in atmospheric transmission

{Kat] which are functions of wavelenpth and zenith angle, Stehbins and

Whitfﬂrdlz hawve published some observed values of atmospheric spectral
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tranamission aboave the Mount Wilson Observatory. Thnese obsarved valucs
are of importance because they include notl ouly molecular scattering effects
tut also transmission losses due to haze and the selective abserption of the
atmosphere, These recsults have been used to deterrnine the varialion of
atmosapheric transmission with zenith angle and are shown in Table I for

rzenith anyles of 07, 207 and 40°.

Table J1E
Wavelength aF A 40
3530 A 64Ty 6 2% 56 %
4220 78T TT% 73 %
4550 BB {544 B2%:
5700 g0%; 8avh 8 (%%
T1910 950 QA5 48,
163040 RS 97U 97 %

High speed speciroscopy of the lunar blast and infrarcd measurements
of the Tnoon in the vicinity of the blast wouvld yield luformation reparding:
{2} composition of lunar materials, {b) thermal properties of lunar materials,
and {c) the associated exciting phenomencn, High spead spectrographs, using
various types of imape dissectors and rutatihg ::],rur-n-s have been developed.
Some of these instruments have been used for high speed photography and
apeclroscopy of explosiona on earth using speeds of the order of 1{.1.IIr to ].l.fl\":il
frames pet second. However, due ta the complex imape dissecting systems
usad, the spatial reeclution and light efficiency ol these systemns is, in general,
poor., Need for developrent cof efficient high speed cameras ln conjunction

with astronomical telescopes is therefore indicated, Furtheriore, with
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the racent emphasis on balloon carried telescopes, it would seem that more
efficient high speed photography systems with wider spectral range in the
U¥ and It will have to be developed.
A. Stellar Spectroscopy Above the (zone Layer

The point of interest in high altitude spectroscopy i whether tne
recordinp range can be extended from the visible into the atmospheric
attenuated ultra -viclet ax well as infraved regions of the spoectrurn. The
main prohlem here is to lift a telescope-spectrograph by balloon ta 2 height

of 150, 000 ft,, i.c., above the ozone layer, to stabilize the motion of the

" balloon and to direect the telescope so Lthat the imnage of the detonaticn lies

across the entrance slit of the spoctrograpk. This presents a large number
of practical problems in precision tracking and stahilizing instrumentation as
well 2= development of large payload balloons,

Asswmning this problem is salved, then the telescope-spectrograph
systemn is working under ideal conditions 2nd the size of the primary image
ig that of a diffraction-limited system. ‘Thatis, the seeing condition B, taken
as 1077 radians in Table I is substantially reduced, Consider a Z4-inch
tclescope, the value for B in the diffractior-limited case is given hy

-
"5' = ﬁ:'i,'a ﬂ Fadran

wherﬂﬂ 18 the wavelength esed and D is the diameter of Lthe aperture,

Futtinp A = L0400 i and D = 24" we then have B = IIZ}-EJ radians, TE, in
r ' ﬂ__"g - .
equation {B) the ratio of Vayia is kupt constant and the same values [or

£

the resolntion, #tc., are uscd as fur the LOU-inch telescope, then the speed
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will be altered in the ratio

Lag? [ Lrco”
Eonn | Broa” () ( ) P

Hence, the 24-inch telescope, working vnder 1-:leal condilicns, will ba 2.4
times a8 fast as the L00-inch telescope at Mount Wilaon working under fair
aceing conditions. If 2 l12-inch telescope is subuatituted for the ahawve 24-inch
taleacope, then the speed is 0.6 times that of the 130-inch telescuope.

If a telescope 12 inches or more in diameter cnnld be carried to a

height of 150, G00 fest with a spectropraphic svsiem attached to it (il should

he noted that for a resolution of 892, 000, 20,0400, or o, 00N the focal leagth

of the camcra would be 2, 600 mm or 160 min respectively for a 15, 000 Yine =finch
graling in the second urder) then the spectral range would be linited by the
reflectivity of the different comiponents of the system, Alurninum is the wsual
reflection coating uscd through the visible spectrur; it has a reflectian
coefficient of over 85 per cent through the visible specirum and down to

about 20060 ..FH‘L, but then the reflectivity falls nearly linearly to 10 per cent at

1000 A.

=ertiun Throee

ITnfrared Mearuremf-nts for Deternﬂnahr:n of Lunar Thermal
l:n:m--:‘-.u.*'1:1.*t.r1.1.“1,-r

The infrared measurements of the moon's surlace termperatirs
being considered consist of collecting the radiant flux from a one syuarc

mile arca centered about ground zero, and oblaining a complete Liimie ws
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temperature record of this region., The information obtained from such a
measurement waouwld enabla one to estimaie the thermal conductivity on the
basis of the rate of cooling, and would yield the seame type of information
previously obtained hy infrared mcasurements during total lunar cclipses
except that information cowld now be aptained at very much higher temperatured,
and with the additional advantage thut meore sensitive measurements are
possible now due to the developmeni of hiphly sensitive photoconductive
datectors such as the lead sulfide cell.

'The measurcments made during lunar eclivses have indicated a
 rapid cooling rate showing that the conductian of heat intoe or out of the
interior of the moan is very slow, This very poor thermal conductivity
could be attributed to tha layer of highly porous, dust-like material thought
to be blanketing the moon's surface. Inivared measurements made during 2
lunar detonaiion might yicld radically different resunlts, since it a surface
burst is cruployed, a very large amount of thermal encrpgy would be
deposited in the lunar material beneath this porous covering, and the thermal
conductivity of this material may be cnnsidcrabl.},r greater. Thus, ‘:;me might
anticipale a alower rate of cooling to be mezsured under these conditions
than has previgusly been measured during the lunar cclipse measurements.

The sensaitivity of mmeasurements of temperature of regions of Lhe
moon in the vicinity of the blast is a function of the ahsolule Lemmperature of

the area being compared. For instance, if the area closcst to ground zero

iz at a temperature of 1510°C and the areca further from the burst is at a
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temperature of 1500°C, the ten-deprec difference in lemperature wipuld
produce a difference in the tatal radiation collected by a onc square meter

& watbtlts and in the lead sullide region (1,0 - 2,8z}

telescope mirror of 2 x (07
to a difference of 1.3 x 1072 watts. Since ths noise equivalent power of
present day lead sullide detectors is approaximately 1071 watts, this gignal
can be easily detected by such 2 photocondnctive detector. We van sce from
the very low noisc characteristics of these detectors that temperature
differences of considerahly less than 10°L can ke detected at an absolute
temperature of 1600°C. At an abseclute tamperalure of 200°C, the same
10°C difference in temperature wonld produce a difference in the radiation
vallected by the one square meter mirror of 0.73 x 1071 walts tn the lead
aulfide region. This quantity of flux is approximately e#qual Lo the noise
equivalent pawer of the uell, however, and wonld produce a signal-to-nalse
ratio of one, In order to detect this 10°C differvnce at 200°C, ane could
cmploy a lavger telescope mirror so that the signal-to-noise ratic would be
inereased until the signal cowld be resolved,

In the ahove calculations the transmission af the cartia’s atm;}ﬁphﬁrﬁ
wad chosen as 30 per ceut, and the moon was censidered as perforining as

a periect blackbody with an emissivity of anity. The total flux colle cted

at the sarth's surface {rom a unit area of the maonon's surface is then given

"hy the sxpressioo

1
W= E!E'E.IE ar"nﬂ'cé - A
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where o = emisaivity aof the moon

g~ = Stafan -Boltzman constant

t = temperature in K i
r = moon-earth dislance _

1
T,¢ = traxsmissico of the earth's atmosphere !

A = area of the telescope mirror

The table shown boelow illustrates the flux collected by a one square |
qwter mirrer from onc square mile ol the moon's surtace which is
maintatned at the six different teanperatures listed., The tirlal radiation as
wall as the radiation in the lead sulfide (1.0 - 2.8p) and lead selenirde

(1.0 - 7.0p} regions is shown.

e Total (watts} FhS{ walls) PohSe{watts)
200 4 b6 % 1077 2.35% x 10711 1.59 % 1077
500 4,38 % 1078 3. 04 % 1077 2,30 x 107%
1000 2.47 = 10°7 0,75 x LO"¢Y 2 19 x 1077
500 9,26 x 10-1 5. 46 x 10-7 g.43 x 10-7
000 2.47 x 10-¢ 1.61x10-% 2.10 x 10°b
G400 3. 60 x 1077 2.05 x 14°2 2 34 % 1077

The noixe eguivalent power fur cach of the three types of daloctors
liated ahove can be taken Ad ll_:I_T witts for the total radiation detector
{bollorctel ], lﬂ'“ watts for the lead sulfide cell and 10-7 watts for the lead
selenide cell. Tt can be scen, therelorc, that the lead sulfide cell pives the

highest signal-tu-noise ratios al all temperatureas, and a2t 20070 tempperature

determinations can only be made with this cell since the total radiation
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detector and lead selenide cell yield signlal-tu-nnise ralios of less than two,
Thus, 2 lead sulfide detector is the best suited for this type of measurament.
The size of the detector te be employed will be dependent upon the intensity
digtribution in the diffraction pattern in the image plane ol the teiescope and
will, therefore, be governcd by the atmospheric '"secing! conditions and to &

lesser cxtent the diametcr of the objective mirror of the telescopc.
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Chapter IV

SEISMIC OBSERVATIONS ON THE MOON

Selsmic observations oun the moon are ol great potential interest trom
the viev.rp:ﬁint of fundamental thearies of the development of the solar system
and of the moon itself. Determination of the physical structure of both the
outer layers and core af the moon would go far in permitting chotce
Lbetween various snggestions as to the origin and carly history of our satellite,

It is not certain how much seismic casrgy will he coupled into the
moan by an explosion near iis surface, hence one may develop an argument
that a larpge explosion would help casure sutcess of a first seismic experiment,
On the other hand, if one wished to procee:d at a more leisurely pace,
salsmographs could be cmplaced upon the moon and the nature of possible
interfrrences determined bafore seleclion of the explosive device. Such a
coursc would appear to be the obvious one to pursue from a purél}r srientilic
viewpoint, ,

In the event higl;. sensitivity seisinic detectors conld be cmplaced on
the moon and the noise levels were sufficiently low, onc might gain valuable
information either from the impact of metsorites or of rockets undergoing
hard landing on the moon ot from nalural gquakes if such quakes exist.

We shall outline here some general aspects of selsmic ohse rvdations
and poesible instruwnental configurationa and aldao attempt 3 rontgh calculation

on the detectability of detonationa of various magnitudes.
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Section One

The Mature of Seismic Obscrvations

From the point of view of seismolagy, observational data indicalcs

that we may consider the earth and presumahbly the moon as large elastic

spheres that are cssentially homogaencoue and isotropic insefar as local

variations in elastic properties are concerned. The mechanical caoergy

involved in any lacal deformation aof euch a sphere will be prupagated in part

in. the form of elastic waves moving out from the focus of the deformaition

to every part of the sphare. Considerations based an an infinitesimal satraln

theory of elasticity lead to tha caonclusion that there are two pud sible typusd

One, which is transmitted with the speacd

=l

of body waves in such media,

.:1=;/£: -.r-,;-jﬂ/f . is a compressional body wave designated as the P wave

in seistaclogy. The second, which travels with a speed fi?:—fp.i,{-_r/fa , the =

wave of seismeology, 13 2 LTAansversc wWave. In these eguations, A andp

are the Laine Stress coastants, p 16 & MEAIWTe of the rigidity of the material,

and A is related to the incormpres sibility of the media, k, through the

-

: _ £
equatioa A=A A

When these waves reach the surface they cause that surface to undergo

a complex periadic motion. A properly designed seismometer is able to

record ane or more of the translational compoucnts of Lthat motion. The two

types af body waves maove with distinct velocities, and, the refore, arrive at

a distant station al different times. Their arrival ia usually recorded as

distinct rmotions in time of the geismic 1mase relative to the surface,




Asg a preliminary, we shall first discusas variows aspeots of terrestrial
saisrmology and then procced to the main guestion of seizmic ohserwvalions on
the moon. Within the earth's interior, therc are regions whereln decided
chanjes in elastic properties cocur. Either type of hady wave lncident upon
sich regions of discontinoulty will, in geaeral, give risc to both reflectaed waves
and refracted waves of both compressional and transverse character., Tac
complex system of waves arising fromn the reflections and refraclicns at the
several regions of discontinuity ultimiately reach the surface to be recorded,
in turn, by the seismomcter. o additien ta the body waves, the typical
seismograph rocords the arrival of various lypes of surface waves Lthat have
travclled through the cutermost layers o the crust to the station. The
complicated record of the arrival of all of theege varied wave pulses constitutes
the basic ocbservational data of seismelegy. Fig. | is a representation of the
ray paths for 2 few of the possible types of wave pulses that might redach a
siation on the earth's surface from a disturbance whose focus is within the
maatle. The major mones within the sarth, based oo seiamic data of the
variaticn of velocity with depth, arc indicated. The details of Lhiﬁ-pattEI‘n
will be discussed in Section Two, For our purposcs here we have indicated
only the rnantle which extends o a depth of 2300 km and heneath this layer
core of the sarth. Within the ¢ore a furtner subdivision occurs at a depth of
about 5100 lon. This central portion of the earth [5 called the inner core.

The notation used to identify the various lypes of rays is the following: For

eommressional waves within the mantle, P is used. Shear waves within the

mantle are desipnated by 5. Far compressional waves witiia the core, we
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use K. No shear waves have been observed within the core so that no symbaol
need be spccified for such a ray. 1o indicate that a reflaction has eccurred
at the core a small letter ¢ i3 placed belween the capital letters de Aignating
the incidant ray and the reflected ray in this manner, FcF.

'The short Tays moving upward to the sur.ace from the focus are
designated by small letter s or p, depending upon whether the wave 15 &
shear wave or corupressional wiave.

In the peismographs taken at stations some distance from the focal
point of a disturbance within the earth, it ig pos aible to determuine the time
of arrival of many of the w:;ves dascribed abeove, A knuwledpe of the loous
of the focal point of the disturbance, Lhe tine of ncenrrence of the
disturbance, and the time of arrival of o given wave L:u.lse at various stations
enables cne to construct a travel Limetable giving Lthe time required for a
given pulse to travel the distance from the focus te the point of obgervation,
The most comprehensive data of this type for the earth have been compilad
by Ciuttenkerg and Richter and by Jellreys and Bullen., Trawvel time curves
fa:.-r several of the types of wave paths occurring within the earth are
illustrated in Fig. Z,

These Lables are the hasic tooels for the interpretatiou of seiamic
data for the earth. With their use it has heen pusaible to obtain an accurate
knowledge of the varlation of velocity of Loth shear and compreasional body

waves with depth within the earth. In tomms of thelir variation, together with

same further assumptians and known properties of the carth, it has heen
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possible to determine the variation with depth of such quantities as density,

pressuras, and the slastlic constants 3f the sarth’'s interior.

Saction Two

Tha Structere of the Earth's Interior

| If we consider the variation of velecity of seismic waves wilh depth,
we can distinpuish three major zones within the earth's interior, The first
zone i the erustal layver varying in darnth hetween 30 and 40 ki over the large
continental land masses and hetween 5 - 6 ko under the larpe ocean aveas,
This region is hetervpeneous in those preoperties which ralate to the movement
of seismic waves, and velocities of both P and S waves within it are very
variallle. From the lower surface of the crust, the Mohprovicic discontinuity,
to a depth of appreximately 2900 k¥m lies the mantle, This region is
characterizad by steadily increasing velocity of selsmic waves with depth and
is believed W consist of dunite, a hard, dense rock made up largely of Lhe
minexal cliving, a silicate of magnesivwm and ivon (Mg, Fa)p50,.

Al the surface olivine has a density of about 3,3 gm,ﬂ’cm3+ Since the
dengity of the earth ar 2 whale is of the order of 5,52 gu1,r":_:u:|3 thiz fmplica
that the interior of the sarth beneatk the mantle must have a very high
density. Seismic evidence indicates for the core of the earth a densily of the
order of 10 to 12 gm,’cmj, a very low rigidity, and a marked decrease in the
velocity of compressional waves, The most reasconable asswnptions appear
o be that the core condists largly of iron er of an iron nickel mass in the

imniliten state and under very kipgh pressurcs,
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A meore carefcl aralysis of the velocity depth curves reveals a sell
finer subdivision of the three major zones mentionaed above into regions
wherein marked changes either in veloelty or velecity gradient occur. These
aubdivigions are presented in Table I taken from Bullen ' whose analyzis is
basced on the velecity depth curves of Jeflreys, In addition, we have included
Fig. 3 which pives the velocity depth curves for the carth as developed by
Bullen, It will be obgerwved that the curve lor 5 saves does net continue
beyond the lowear surface of the mantle al & deph of 2900 km,  The ahsence
of datd revealing the paszige of a glcar wave throuph the cere of the earth
is gne of the major facts of seismelcgy and zttests to the molten state or at
least very low rigidity cf the sarth's core, .

Thiz discontinuity is further markel by the drastic drop in the velocity

of P waves al this same Ievel, The minor variatiom in the velocity of P waves

at 2 depth 5121 hangs attests to the existence of an lnner core within the core,

If we know the variation of the velocity of shear wawves and compressional

wavyes and, therefore, the variation of the Lame constants A and wj._th depth,
ithen the aaswnption that the sfress within the earth's intaviaor is eagsentially
equivalent to a hvdrostatic pressurc leads to the fellowing differential
eqguation relating dens=ity ard the distance v frorm the center of the eartl.
I (VY

¥ = gravitational constant

m 7 mng=s of earth in 53 sphere of radivs ¢

F = density al diglance r

#

al _ 443 pt
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Table I

DIMENSIONS AND DESCRIT'TIONS QF INTERNAL LAYERS OF

THE EARTH

Depth ta Baundarins lo Kin

Feature of Repion

0
Crust A 33 Conditivns fatrly heterogensous|
B 413 Frobably homogeneaous
Mantle 98 Transition region
I Probably homogenesous
- 28986
E 4982 Homégeneaus fluid
Core F Rl2l Transition layer
G 6371 Inner vore
1&:7
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If we add the boundary conditions Impiied tn the known mass of the

27

sarin, b, 977 x 10 ogms, and the kpown moment of inertia, 8.104 x lEl"I:]C‘I g111 -:'_rﬂ"':r

then by cerlain reasonable assemptiors 38 to the na tu_re-. of the material of the

core and ting Iowor layers within the mantle the Integration of this equation

Terds to a determination of the variation of doensity with deplh within the earth,
It m is the mazsz of the materizl within a sphere of radius r, then,

Sloce 1he Slross in the earth's latericr {8 escentiaily eguivalent to a hydruatatic

pressurc

ce A -
S =y s

and & lnowledga of the density variztien with depth allows the evaluation of

I

the variation of pressure wilh depta, Minaliy, since the velocities of the

[¥]

compressional wave, P, and the shear wavae, 5, are known in terima of tho
density aed the valucs of A and p, then the variantion of A 3nd ¢ with deptl
can be eslablished, In terms of thege such clastic propertiss as the bulk
mioailas of the carln's interviar i obf2inable.

Table 11 15 a cowmpilation af the density, gravity, and pressure distribution

tn the earth due to Dallon.,

Serlion Threa

Why A Seiemologicz] nvestigalion of the Moon?

One of the fundamental prohlems of the seismology of the moun that
needs to he investigated is the level of hackground noise or seismic 2Ctivity.
This investigafion would involve only the placement of 3 single seismometer

at A single locaticn upon the mocn's sartace., For the sacth there is a

1o




I Tahla IE
I DENSITY, GRAVITY AND PRESSURE DISTRIDUTION WITHIN THE EARTH
Drenth Dwenaity : Grawvity Pressure x 1012
l krn : grnfcmg' crnfsec d}rneﬂfrsnla
33 3, 32 G485 TACEE
100 3,38 989 R
I 200 1,47 0G2 0, B4B
300 3,55 995 0. 100
400 3,63 37 0. 136
l 413 3. 64 998 0,141
500 3. 89 1000 0.173
BODO 4.13 Ltonl 0.213
I 700 4.33 1000 0.256
200 4. 49 Y499 0. 300
300 4. 60 Gy7 0. 346
1000 4.68 gusg 0.352
I 1200 4,80 gu] 0. 49
1400 4,91 958 (.58
16310 5.03 GEG 0. &8
I 1800 5.13% 085 } 3. 78
2000 5, 24 986 0, B8
2200 5. 34 390 0. 99
I 2400 5.44 393 1. 69
2600 5. 54 1439 1.29
2800 5. 63 1026 1.32
l 2858 5.68 Y 1. 37
2896 0. 43 14037 1.37
3000 0,67 103149 1,47
l 3200 5.85 979 1. 67
3400 10,11 g3 1. 8%
3600 10, 35 392 z.04 -
I 3800 10, 56 B48 2 2z
4500 19, 76 B03 Z. 4D
4200 10, 04 758 2,57
l 4400 11,11 716 2.73
4400 11.27 67T 2,38
4500 11,41 GG 3,03
I 4952 11,54 G2 317
5121 14, 2 585 3. 27
5400 - 460 3. 41
l 57 ) - 320 3.53
HOD0 . 177 5.60
5371 17, 2 0 3. 64
I L
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considerable background of scismic noise, This is due to suva factors as

the activity assaciated with clvilization, the movoiment of trees with the wind,
the movertent of atmmospheric storms aver Lhe surface, and possibly the
pnownding of the surf along the shores of the oceans. Upoea the moon All such
activity will be ahsent, Dr. Jack Qliver, a seismologist of the Lamont
Geophysical Tahoratory of Columbia University, DNew Yark City, has

expressed the opinion to us that, aAs 4 coenscyuence, the maon would be

expecied to be seismically very quict. The only nrobable sources of background

seisrmic noise wirhin the moon would be the natural vibrations induced o it
25 o elastic salid in respouse to unewven gravilational pulls of the earth and
passibly other planets within the salar system, together with the ''creakiag

y
nnise’ associated with the adijustment of larpe masses of rock to the resulting
uneven slresses. The pericds associated with the natural frequencies af an
¢lastic sphere of the size of the moen are muechk larper taan the periods cf
the usual seismic waves of interast in seismolopy ox those associated with
explasions. Suvecial design of instrwmentation is required Lo achieve the
abilily to record such waves, A program for the developoicat of Eluc-h
inStrurnentation to measurc the eorresponding perieds for the earth are even
now being carclied out at Lamaont Geuphysical Laboratories. Toe required
long period seismometers have not yet been devised. On the earth the
geismiic noive backsround, usuxlly called microseisms, is of the amplitude

level af 0.1 Lo 10.0 microns. That backpground neoise on the moon attributable

to the coustant re-adjestrent of larpe rock strata to the uneven stresses due
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to the gravitational pull of the earth wounld then be cxpecied to be no larger
in amnplitude and 15 prokably mvech lower, Tt will ke of linpertance to monitor
thiz background level for a periad of tirae to delermnine its absolute value,
the natuTe of its variation with time, and the chavacteristics it exhibits. Lhe
gocormnlisiunent of thls phase of the ili‘u’E‘St]-.gﬂllil‘}n?HHHUTﬂng thiat a single
functionionyg instrwment package can be landed on the moon, requires Lhe
minimum of eanipment that would be invelved in any seismic lovedtigation.

tTpon the brzais of the current hypothesis of the stracture of the
moon's interior, one would anticipats no lavrge amount af roonquake aciiviby.

TLhis hyoothesis assumes the moon has no Tiguid core and thal it
conglsts of a layer of mantie-type rock overlying 1 smnall solid core of iroeon
ar niclkal-iran, IMaaon the earth the great majority of ua.r-:hL:Ll-:LlEES avlac
within the crusial layer as the resall of voleanic activity or the adjustment
of crocessive stratns along fault lines, Only a small proportion have heen
recorded 25 originating in the underlying mantle rock and these only in the
shallowaar Inyer

in the absence of voleanic dctivity and a crastal layer {or tl‘Ix.‘; oo,
we IuSL anLiclpate that 2 mocogualke con be oudy & vel'y rare oCCurrenda.
Yer this is all hypothesis And the racording of none or liftle moonquake
aclivity is an imporiant experimental facrn wilh which to judpe any theory of
the strecture and the fovmation of the meon.  Uopon the carvil although a
major eartlhiquake is fortenitely rare, yet an eartihgualze of losw intensity 1=

vury cormmon,. Whia is againat A relatively high hacoground ;Lc'.tixrit}r- Thus,

L
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if for any reascn thete should be meconguakes, then since the backpround neise
will be low, one would expect 2 considerable amount af interpretable data
from 2 single seismomeler.

What has been said so far envisages Lhe placement of a single
scismometer upon the moon and doos not invelve even the explosion of &
single bomh whethar of a nuclear or chemlical type.

If we enlarpge the scope of planned instrumentaticn to laclude the
possibility of placing three widely-spaced instrument packages, we Cian
expect to gain additianz? information. Ths presence of three recording
seismameteTs increases the possibility of obtaining usable recerds, lacreases
the possibility of verilication and cross-checking of instrumenis and, in addition,
allows for the consiruction of elementary travel fime La.'l.:ln;:;.

IL is to be remembered that the travel timetables for the earth are
the result of 2 long and continuous siatistical analysis of a large hody of
seismic data taken by a wide coverage of lnstruments,

Cur mnon tables can be only a crude beginning, yet can oiler a wealtn
of information relative to its interior and surface layers. &S Eun‘liﬂgnﬁﬂrﬁe
ceismic activity whether due to moonouakes, or the cellision of meteorites
with the surflace, or for whatever causes, we could immedialely cbiain seme
genstrzl and far reaching conclusions for the structure of the moon, 1T2
surface Iaﬂfefs. and its hislory. The wvelocity of body wawves and, therelore,

the elasticity al the mediwm, at least within its mantle, wonld bhe an

immediate result. The existence or non. existence of a layered structure
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within the immadiate sub-surface areas of the meon could be established, If
wa are fortwate the ewistence of a core and Lhe absence of a liguld core can
be confirimed. Some ray paths are shown in Fig. 4.

If we have scome approxirmation Lo the variation with depth, we can
shitain an idea as to density variation and pressure variation with depth. In
ghort, the path laid out by the analysis of the structure of the earth's interior
from seilsmic data becomes at least partially available for the moen. This
has hypothecated observable setsmic aciivity upon the moorn.

1 we further hypothacate the explosion of a nuclear or even chemical
Borth, we then have the pousibility of certrin delermination af at least the
immediate subosurface structure of the moeun. The existence ol any
proncurced sub-surface discont inuities will certainky he revealed. The
clastielity, density, and pressures withiin these layers will have been determined.

The certain occuarrance af surface waves will add 1o the information ubtainable,

Soection Foar

The Mamire of the Reguirement for Instrumentation

Ag ardinarily constructed, a erismometer would ideally record
corne cormmpoment of the relative motieon of tae sarth's suriace with respact
to its quicscent state. In selsmology the components pnormally measured are
one or more of the three translational compunents of that relative rotion.
The reotational compounents are so small al all obser vational poelnls except
within the irmnmediate vieinity of the focal point of the disturbance that they

are not recorded. To measure this component of displacement we need
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some point of 1 material hody thet remains fixed in space as the earth's
surfaice undergoas its motion under the {nfluence of the passing selsmnlc wave.
Cne way ol providiag such a point is to suspend aor supporl & M&ss o a spring
fram a cipid frame tl‘iat moves with the earili. The soiter the suspeasion and
cousecuently the longer the period of such & raaes, the more asarly does its
mation relative to the [rarme and thus the earth represent the quantity we
wish B rmeasure. An alicraative is to use a pendnlum, in lhe usual case for
selsmaloglical chzervations, & harizmaontal cne. *or o pecdulam, we alan
require that some point reletive to the pendulum mass ramaing fizad in
space if the polni of suspousion moves with the rapid mofion of the varia.

[[ the period of the cavth's motion, asrmally kess than J0 seconds, 15 much
less than the free period of the peadulnm, the center of oscillation of the
mendulum system is such 2 point. For a physical pendulum this is that point
at which a1l mass may be conceived to be congentrated so that a simple
pendulur: whose lenpth is the distance froem this peint to the point of
suspension and with the same mass would have the same pariod. For
esismic instruments designed As parmanent installations at DbSCL‘VJtD;'iEE

on the earth, these principles have resulied o typlcally large installationg
with relatively lavge masses and Joag beams. FThe instruments are Lirmly
anchored to farpgs canoreate pizlars resting on bedrock if possible. Major
problems have involved Lhose assoviated with obtainlag & recording withont

undue reactiou by the recording mecharism upon the instrument in Lthe form

GfE resgistance o1 the counling of the marerial macillations ol the recorder.
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The ehief methods of solution thus far developed Lave invoelved either
mechazieal linkages to pen or paper, nplical lever arrangernciis, OF coupling
to electrical systems through ceils moving in a magnetic field, Tecent
developments in the fiald have beoon conrectad with such problams as obtaining
records from seismometers placed in romote inAaccassible locations. At
Columbia University, for example, ihey have been interested in obtaining
records [rom seismoreters dropped to the ocean Loitom trom the surlace.
The Alr Ferce as part of the IGY program has been interested in ootaining
records fram seismometers paracaniad Lo the Greenland ice cap from the
air. Thess programs have met somc, if oot all, of the problems Iikely tuo
confront the deveiopoment of inslrwmentaticn for the present program. The

. “
prablem of size and weight of the instrrment 18 sirnply gane of design and the
peusle at Cojurnbia feel thal & maximery of 20 peunds for the tortal inslruwnenta-
tien is oot nn=ealislic., Whether thic can Lo bettered will depend upon the
interniay of size and weight of such cenponents 4G coils, eloclronics, and
50 inrth,

The prosier of coupling of insirementation 1o the o dnes not
ampasr ton severc. Assuming no wvery ibloa laver of dust ar delbris above tha

Lo

¢ orocl of tihe Suriace layers, wo peed oot even conlemplate the ne cEssily

N

of ancharirg the instrusncat to the ground. (D01 Lut rests solidly on the pround,
adeduste coupling 1s assurad. This ig, Lo particular, true for the case of
the lony surface waves which would bo au tmportant compoenent ef the seismic

aotivity crented by the detcoalion ¢f a large horeh, Tho lavpest difference



in performance waould be associated with the higher frequency body waves,

Leveling of the instrument after landing is not expected to be a2 major
problem. Uhe reguirement for exact and delicate leveling ig connected with
the recording of the horizontal componenta of long period siarthquake waves,
For sclsmotneisrs used to measure the vertical ¢companent of mwotivn and for
the high frequency waves assnciated with explesive detonations ncar the
recorder the requirements as to leveling are much less severe,

A sketch incorporating those features that would be deairable in a
selsmometer fur explaraticn of the moon 15 tncluded as Fip, 5, A mass i
coupled to the frare of tlie seismameter throwgh the corrugated diaphrapm
providing a weak spring cunslant, This is to he 80 selected as to provide a

-
naturat period of the masa very large in comparison to the range of periods
of gelsmic motion of the moon to Le atudied. The motion of the seismie
rmafs relative to the frame and also the meoon is transduced by the motion of
the attached coils in & magnetic field., To protect the scismomeler during
the high accelerations encountered dnuring its flight to the moon and at impaat,
Llocks have heen provided butwoeen the seismic mass and the frame. Thesc
blocks are chosen 50 Aas to provide 2 high spring constant and the resulting
cornbination of seismic mass and hlocks constitute an accelerometer which
can provide 24 Tecord of the characier of the impact of the instrument with
the surface ol the moan, After impact the Llucks are removed by a suitable

mechanizm and Lthe instrument capsule assunics L5 role as 4 seismometer,

1773
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An estimate of the distance from Lhe focal point of 2 nuglear blaat on
the maon to which the resulting seismic signal can be detected can be made
as follows., There have been several underpround naclear blasts that were
recorded seismically on the earth. These include detonations aof Rlanca,
23 kilotons; Logan, 5 kilotans; Rainier, 1.7 kilotors; and Tomalpals, 0.1 Icilotm_m.
The amplitude of the selsmic waves resuli:ng Irom these shots was
approximately proportional to the first power of the kiloton equivalent yield
of the bomb. The coupling of the energy of the detonation to the earth was
such that the rezulting =eismic signal for the Ralnicr shol was equivalent to
that ohserved from an earthquake with & scale valuc of 4.0 on the Gutenberg-

Richter scale.® This scale is given by the empirical formula

-

— A , o
M=z Sog,, = where £ =507 args

18 approximately the energy invalved 1n the emallest deteclalble carthyuake
gn earth, E is Lthe estimated geismic enerpy in crps lovoelved in a4 given
disturbance. On this scale the T.opan shot would correspond to 2 scale value
of 4.9 and the Dlanca shot to a scale value of 5.2, The efficiency of energy
transfer into saismic energy will not he sa large for 2 homb exploded abiove
eround as {or one which has becn buried., In the [icld of seisinic cxploration
for oil bearing stiata, for example, it has been noted that the transfer of
BOCT [y CcAn h.l-! increasad 2 hundrad fold hy hurying the charge in a4 waler
logged strata over that for & surface cxplosion. Ina high encrpy nuclear
explosion above the surface of the moon, it has been estimated that the

effeclive apency of enerpgy transfer Lo the surface of the noon will be x-rays
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produced by the explosion. The cnergy of the bomb converted inte this form

| iz ol the order of onc-half its total energy of which less than one-half again
will be directed toward the surface of the moon. The exact mechanism hy

| which seismic cnergy 15 generated by an atomic ewplesion 15 nol known.,  But

of the total energy reacning the surface a considerable fraction must be

aexpanded in heating and vaporization of the sarface layers of rock, A crnde

eatimate would be that energy transfer into seismic energy 14 0.1 as larpe
for an above surface detanation as for the delonation of the same bomb when
buried underpround, Howcver, woe have the additional factor that the mopon
i5 expected to be seismically quieter than the earth. If we assume thal

instrumentation is noise limited then we have a4 giain in the sipnal-to-noise

w

ratio dus to this farctor. A decrease tn the nuise level of the moon over that
I aof the earth of the order of 100 to 1 scems reasenable but wea shall assume

2 gain of only 10 to I. The net result should then be that a nurlear bomb

detonated above the surface of the moon should be the squivalent az a source

I nof detectable meismic activity an the moon as the same bomb exploded
I underground upon the earth. Under these asswnptions & kiloten bomb
exploded just above the surface of the moon would ke the equivalent {insolar
I__ as seismic detonation on the moon) of an earthyualie upon tae earth of magnituede
I A -FS o thda Fudenborg —Tickbar Scatk.
I Similarly, a megaton bomb so detonated would be the equivalent of an
I earthguake of magnitude

i_ 176
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M= 45 +5g log., 53 = 5.5 .
while

The kilaton bomb would he detectable at a distancu of 300 - 400 milea,

the megaton bomb would be detactable anywhere On the moon. Table 1II 18

presented as a resume of the Gutenberg-Richter scale of carthgquake intensity

and the predicted equivalent seisgmic intensity for nuclear ex¥plasions above

the surface ol the moan,

Tahle Tl

OETECTABITITY OF MOON TREMORS

Earthquake THNT Equivalent Seismopraphic 7 Lunar Radlus

{kilotona) Equivalent of of Detection

Calepory
Muclear Weapon

Careal o lli:.'l{:I
Major 107 _ mﬁ‘
) 2 4

Destructive 107 - 10 1 MT Apywhere
Da i 2

maplng 1 - 16
Minor Strong 1074 -1 I kT 400 Miles
Generally Felt,
Small 10°% _19-%
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THE: HIGH ENERGY RADIATION ENVIRONMENT OF Tiik MOON

Tie landing of one ar mare inftrument pacliapes on the moon will

I offer, in addition to other possibilitics envisaged in ather parts of this
program, the chajlenge of obiaining lnformation ahout radiation in space and
D the noon.

At preseant, the kisch enevpy cosmie radiation, say above 100 Merw,
18 fairly well nnderstood throuph measurements from the grouad and iz the
upper atmosphere. Tlowewver, as a rosull of the shiselding and particie trapplag
due to the carth's magnetic fleld, we lmaw litile about the intensity and
compasition of the low cncrpy radiation in outer space, and wo cunsistent
covrelation can he drawn between solar phenomenn and the variation iu
intensity and the speectral distribution of cosmic radiation. PRecause of the
maon's abseace of atmosphere and its pessiliy low magnetic field, instruments
un the moon will be in an excellent position for the gathering of reliable
lnformmation on low enerpy cosmic radiation,

Measurement of the inxtensity of cosmic radiation at different points
of the meon's surface vould pravide information on which td base an estimars

of the magnitude of a possible mapnetic field of the moon.

Measurement of the radicactivity of the maoon's crust may give usclul

B R E E E A EE e e e e T T
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infurmation about the past history of the moon, This duta together with a
knowledge of the chemical composition of the crust could contribate to a
solution of the controversial probiems of the age, origin, and proce=ss of
acoretion of the moon.

The schedule and the technical facilities available will suguoest what
emnphasis could and should be placed wpon the whole problem of radiation.
There ts always the possibility that some of the problems involved may he
solved 1o the near future through measurements -perfmrmﬁd by instrimments
carried by outer-space wvenicles., Therefores, in view ©f the survey naturce
of this project, this chapler 1s sirictly lirnited to a feasibladty study of certaln
measuerctnents involving radiation that may contribute to a better knowledpe

of the earth's natural satellite,

meckion One

Cousmic Ray Lalitude Effect and Moon's Magpoetic Field

The magnetic ficld of the sarth 15 of & magnitude not comparable with
the fields used in the laboratory for the deflection or the focusing of fast
charped particles, It extends, however, to an enurmous disiacce and its
effect on the trajectories of the primary cosmic radiation 15 conspicuous and
delermines aAn energy selection aof the particles that enter the almosphaere al
differcat latituwdes.

The seolution of the equation of motion of & charged particle in the field
ol 2 mapnetic dipale extending te infinity presaats great analydic diftioelities,

A siimple appreximate selution is piven by Lae theury of the Slocrmer vone.

I.-
u-
—r—
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This theory shows that for any definite peomapnetic latitude there existy a
minimurn critical cacrpy Lthat a particle must possess Lo order to reach the
earth. At the same latitude and for an eaergy greater than the critical
energy, particles can reasn the ground only from a region of the sky which is
contained in a cone having its apex at the point af imparct and its axis per-
pendicular to the meridian plane thrangh thar point, Particles not admitted
are reflected back inlo space and svenloally trapped by the mapnetic fiald
around the earth,

At the geomagnetic equator the eritical energy fov protons 19 9.2 Bev,
INeplecting the Interaction of the nrimary cosmic radiation with the atmaosphere,
protons of this cucrpry can hit the proend only at a grazing angle from the
West horizon, Protons of encrgy greater than 9.3 Bev, up to 14 Bev, which
is the magnetic rut-off for vertical incidence, are allowed anly from the
Western sky. The minlinumn energy “or the grazing incidence from the East
horizon is about 58,5 Bev., Since this 15 the loaast Javorable {lj.fH.LiLiL‘.-n, pruoions
of energy graater than 53,6 Bev are acimitted from 21l poiats of the sky,

At higher latitudes the situation 15 gquite similar but the critical
enerpies are loewer in valuz. Thus, the intensity aof the cosmic radiatian varieas
with the geomagnetic latitude and increascs as it moves fromm the squatonr o
the pole. A similar latitnde effect 12 to be expected on the moon's surface
1f the moon has any appreciabhle magnaetic field,

More than one instrumenl pachkage will prahahly be landed on the

moan in arder to take care of other Suguust:;‘d rneasurernanty, Detectors for

I O BB E NEN &8 B E 3 M I 4 B A A A E aE
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the monitoring of natural ar man _induced radioactivity may be lncluded 1o

the packayes., Theae deteciors could be desipned and switched for intervals

of their service in order to measure the cosmic ray intensities. In view of

this cventualivy, it would be worthwhile to love stigate the feasibility of

making an estimate of the magaetic field of the moon hy using the cosmic

radiaticon intensity as a probe.

Since the arientation of the hypnthetical magnetic dipole iz unknown,

it would be necesgary to us=e ot least two detectors landed at differcnt latitudes

o the moon. We assume that the lnstrument packages will he scattered on

tha moon either by chance or by design =0 that resulis will ke wbtained for

diffcrent latitudes. The two jatitedes of 207 and 07 hawve d‘.ha.-;e:n chosen [or a

comparison of two expected ntensities and for an evaluation of the gensitivily

of this method.

For the magnitude of the magnetic field of the moon, we may A85UIlC

a3 an hypotnesis, a value determincd by a dipale of a moment arpaller than

o foctar of 80 which is the ratio of the two masses ol

that of the carth by

the earth and its satellite,

) & ;
Althouph the more correot Vallarti-Lematltre theory ol the codmle

ray trajectories will be required for 4 precise treatment of this problem,

the Stpermer conc theory is adequale far a feasibility siudy.

The simple theory of Stoermer gives for the minimum kinetlc ancrgy

of a particle of rest-Tnass mMye incident om & spherical body of radius a

and magnetic moment M the expre ssion:
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£l = W{Eﬂxw’}f(%; c¥at)rli— 1 (1)

asd a function of a yariable

A= f.:c:e:ﬂ/y(? -a‘)/..?-zﬁfﬂ_ 5;'1-1'3.-’1, )

the magnetic latitude, and on B,

This parameter depends on A the angle of

ccidence of the particle with the me ridian plane at the point of impact. It

can be shown that an estimnAate af tha cosmeic ray antensity at each latitude can

he obtained by using, as an average cnergy cut-off, the cut-off for the ve rtical

incidence. Yalues of the parametel i and the corresponding enerpy cut -otfg

are shown in Table L,

'l‘abha_ll
:;a“t“i?,,.,_ , K L E(Bev)
20" 0. 44\ 2.05
Gi® 0D.l2% 0.02%
|

It is reasonable to assuIneG tkat the instruments will be enclosed

o canvenient casing determining an instrumental cut-off on the low side of

the cosrmic ray energy Spectrum, This is nat, howeawver, an inconvenience

sinea the measurements will then b independeat of Lhe contribution of the

low cnergy particles whose imtensity, #s has already been pointed cut, is not

yet well known and 15 affectad by temporal variations induced by solar activities.

Table I shows that at a £0" latitude a convenient instrumental

cut-alf of the order of 300 Mev for protens will ke the onaly limitation on the

1o
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primary cosmic ray gpectrum, whercas for o Z0® latitude the limitation ia

due to magnetic cut-ofi.

TFor tne intensity of protons of enerpy greater than B {in Bev) we

. 2
can use the expression

el P L) o — —
T sec ¥ sferad ol

N =

Iy using the calculated enmrgy cut-ofis, the cxpected intrnsities will be:

_{'5..'.:1& = S50 ~ e ~ s feslel -4

_;ﬁ_}-;_u = A0 P P =

The couiribulion of a particles and heavy ions will not change

These particles represent only

-

aignificantly the picture of the phenomencn,

about 10 per cent of the total number of primaries and becansc of their

mameata distribution they will show a latitude effect guite simmilar to that

ol the prolons,

Ag a cogoclusion, 2 latitude elfect:

L= Eﬁia_ﬂﬁama ""“”'i*a) =80%

should be obtained. Thols may indicate that it is passible to measurc a

rnagnetic field even weanler than that hypothecated. [lowever, the senditlvity

of the rmethod and the reliabillty of the rerutts drap rapidly with the intenaity

of the mapnertic field.

The use nf cnergy insensitive deteclors WaS assumead in this

treatment of the problewn. The case of seintillation counters was also

considered. A propey cholce in the thickness of the detectors and » pulse

amnplitude diserimination could restrict ithe merRsuromn
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part of the proton spectrum leading to an improvement in the sensitivity of
the method. With thia kind of detector, however, measurements of a latitude
ellect will be possible only in a limited range and for Jow valnes of 2 magnetic
field.

From the above considerations it seems that the analyais of the
cosmic ray latitude cifecls can lead to an estimate of a possible lunar
magnetic dipole as two orders ol mapnitude lower than that of the sarth. At
lawer values severe limirations vpon the pessibility of this methad are
imposed by the nced of 4 very high acenracy in the phenomensclopical and
instrumental fietors involved in the measurements,

A special feature of this mmesthed should be emphasized in
conclusicn: Lhe latitude elfect on cosmic ray intensity i3 '::..J.L- Ly an intagrated
effect over an iaficile dislenve from a hypothetical lunar disole; it is ool
affected by local distoviion duc to ferromagnetic materials {such as iron
meteorites) which would invalidate a ficld determination given by rmagnetometers,

Both types of mmeasurements would zppear desivable.

Section Twu

Radivactivity on the Moon

Valuable information in regard to the history of the mosn may be
furnished by a study of its radioactivity,

In wview of the present lack of evidence as the the nature, arigin,
thickness, and accretion in time of the material deposited on the moon's

surface, it ie eonceivable that only a series of rucasuremeants at different
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denths of the maoon's surface could help in solving the problern of the

maan's histary.

Twao differcot types of radicactivily can me expecied on the moon,

e will he a natural, whose level deponds es gentially on the content of the

1:‘14"} amd of U and Th fammilies., The other type will be induted by casmic

padiation and be due Lo unstable evaporarion [ragments, fissien products ana
peutron activated isvtopes produced by primary cosmic radiation and by 1ta

secondary oriploated in the moon's crust.

Yor an svaluation of the radioactivity of the moan's crust we

“n
o

may take into consideration the fact that, wiaateweT miown theory we accept,
the moon's surface 15 believed to be coverad by Taeteoric materials whose

ratural and induced radivactivity will appear at the surfzece and down ta a

certain depth of the moon's crust, We Can assune for the meon's sarfacc

the avorage measured radioactivity of rreteorites fouad oo carth; this assump-
tion is also supperted by the lact that the determination of age fram the

7
hbreak-up of same meteccic material indicates their lunir provenicnce,

[1 was recopnized that metroric vuaterial doss nor show a radio-

. . . . : o
aclivity directly mueasurahle with the standard technigques. ' liowevers,

chemical separation and spucial low Tevel counting Lechniques proved the

%, 10

vxilstonce in yetewrites of A natural and of an indaced radicaclivity,

Mantron fissioa and noclear emnlsion techiiques wore alsa waed

' : 11,14
recently [or the detection of the patural radieaective elements in melcorites, '

From the experimental results il scems reasnnable to assume Lhat the




average content of the U-Th families cleinent is of the order of 107 gramas per
gram of material, with an activity of 2 - 10-3 disiat min~} g'l. For the
x40

: . 3
. an aotivity of the arder of 2 disini min-1 g_'[ can be aSSun‘led..l

Measurcment on different meteoric materials of recent fall or

- ! . . _ 14

unknown terrestrial age proved that, accordiag to the svaporalion theory,

the low Z evaporation products are the miore ahundant, the H? beinp the main
- : o . 15, 16

saurce of induced radinoactivity in metearited,

Fuor short-lived iavtopes, the activity at eguilibrinm, under cosmic
ray lrradiztion in space or at the movn's surtface must be evaluated by the
relative yirlds obtained with artificially prodoced hipgh encrey particles.

Some vontribution in tke tolal induced radioactivity is due to
acutron activation. Fissica products due to the pessible cozntent of uraaiam
mentioned above will give a negligible contribution in the averall radiocactivity,

In Table T is reporied a list of radinoactive isotlopes expected on

the mooen's crust with their averape activity per gram of material.

Takle T1 _
[eotope Mean Tafe Aotivily Disiat/Ming
p 12.2 y 0 &, 5
Be’ 83 d y 0. 06
Rel? 2.7 = 10% 3 0. 003
A126 109 v 3y g, 05
c13b 3% 10° y 8 0.0l
Cabl 5.2y B,y 0,02
B4 1.2 x 107 5 B {897}y =
U, Th _ a, By 0.002
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moogn, we found thal the cosmic ray bzekpround m

of the moon and ander its crust

and ta the secondary particles th

Crasi.

As 15 shown in Table II, most of the lsptopes are P-cmitters, An

F

cstirnate of the counting rate in a Lthin counter of a unit of Cross-sectional

ared and 100 per cent detaction efficiency may be mwade Aassurning lthat one-tlhird

of the disinteprations gives y's of averape anargy b - 1 Mev, With a tuial of
natural and induced v radicactivity D ~#1 disint min- g"l the expected
counting rate inca medivm ef average atomic number Z = 1] will he-
-
s %{f‘;ﬂ = 1 "-rf,,* o | s T S e o TR P
®It will be of special intercest to campnre thiz level of counting
rate with that ¢xpecied by artilicial Activily indaced by detoration of a2 nnclear

WeApon on ar neatr the rmosn

The measurerment of the abave figure of 5 counts cm~% yin-t
iz guite low and a measurement would rogulse At least a special low lawval
counting techrigque. A measurement of thic kind Could be a sevious problem

O the moun becausc ol the high background due to the cosmic radiation,

Section Three

Cosmic Ray Intensity on the Moan

;
" |

In considering the feasibility of radivactivity measurements on Lhe

4y be a serious obstacla in

the measurcinents.

We altempted an cvaluation of the cosmic ray flux at Lthe snrface
, due to the absovrption of the Primary radiation

at will be produced in peae Lrating the lunar

159
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For the intensity of the cosmic radiation at the moon's surface,
we may assume the value mecasured at the top of the atmmosphere at high
13.Litud.e-. For an instrumental cut-off of the order of 300 Mev for protons,
the primary cosmic ray intensity is (. Z5 particles, cm'z, sec™! sterad-l.

In the absence of an atmosphere, this is the omnidirectional

intensity and it gives a flax:
&Y

ﬂ) Lo = O ?',"'!g.--_t- p Ao e 2 pen ™ sleraad”™
fur

and & counting rate af &7 counls niin"lﬂm'31

A comparisan of this value with the radicactivity level of

5 counts rain-) cm-2 evaluated abave shows that some system of anti-coincidencs

or background discriminaticn must ke used.

An appreciablea amount of albedo radiatlion is exp‘ected at the
moon's surface. An evaluation of this contribution for the wide energy
distribution of the cosmic ray is not se obvious, Medsurcments made in our
upper atmuﬁphurclﬁ’ 3 may sugpgest that the backward flux of radiation is of
the order of 25 per cent of the lncident flux, Thia radiation 1s moatly
cormposed of elactrons and camma rays of cnerpy below 100 Mew.

The prosence of the albede radiation will exclude the possibility
of measuring the radinactivity by placing on the moon's purface a detectdr
shielded by a simmple system of anti-ceincidence in all the dj-.rn::r:t:i.ans except
toward the rn-:.}nn's aurface,

The relatively high flux of the primary and albedo radiation may

lead us to the conclusion that & very efficient shiclding and a 4r anti-colncidence
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systemn with an cfficiency of the order of 95 per cent will be necessary in
order to measure the radisactivity of a moon sample. ltis very deubliul,
howewer, if such efficiency can be obtained becavse of all the lonizing and
noa-ionizing sccondary radiation produced by the cosmic rays in the apparatus
itzmlk.

For mcasurerment of the radicactivity at some depta inside the
moon crudl the conditions are somowhat better because of the ahuworption
and dcgradation in enarcpy of the primary particles-.

The ubsorption of the primmary cosmic riay cvanuot be desc ribed

with a simple absorption process. What happens inside the rooon ocrusdt may

be rTeprescnice with a simplificd scheme, High coergy primary particles

atrike the moeen's surface from all directions and in their first collision
with the matter they produace showers. Proton, neutran and w mesons Are
amitted in such collisions. Somes of these particles have cacrgy sufficicnt
o pruduce-sa-candar],r showers and through ssaveral punerations the encrgy
of the primary flux is distributed and absarbed.

A cosmic ray cascade is expected lo develop throuph tl:u:‘ rnoon '
crust, gqnita similar to that produced o our atmasphere. There is, howewver,
one preat difference. In the atmmosphere most ol the m mesons, because of
their shart mmean life, decay into p mesond before a nuclaar interaction. In

the dense matzrial of the maoon they contribute with protous and neuntronsg o

the developiment of 2 nucleonic cazcade,
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Due to the large proportion of T mesons in the showers, a
transition effect is cxpacted for the nuclecnic component in the muoon's crust,
while in the atrnosphere the nucleonic epmponent 18 sxponcntially absorbed.
Gamma rays produced in the decay of neutral pions give origin to an electra-
photople cascade. Due to ewtremely short mean life of the 77, the gross
bohavior of this cascade does not depend on the concentration of the malter
znd is expected to ke the same in our atmo sphere and inside the lunar crust.
The intensity snould lirgt increase, and atter a broad maximum at the depth
of about 130 gfcmz, it should fall off exponentially with increasing depth.

A3 a conserquence ol these transition effects, the flux of the

cosmic ray through the lunar crust will he down 2 certain depta, ewven greater

-

than abl the surface,

The intensity distribution of the cosmic ray cascade through the
lunar crust can be described by ecguations of absorptioa, rate of tnteraction
and vield of shower particles for several peacrations on the development of
the cascade. With some assumptions, the problem can be treated in a simple
way for an approximate solution adequate for our purpase,

We can assume cgual absorption and intervaction leagth and that
high energy particles lose their energy only by miglear iateractions. Iaa -
uni-dimensional treatrnent of Lthe prablem, the luteasity of the primary

radiation will fall off with tho law:
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Zy =maidy = el e T

The yield of secondary particles will be:

- Sy
Yp mald o 3,

where S .1s the yicld of shower particlea per interaction.

The secondaries will go through the same process and the flux

of the first generation will be:

_f1- - i
o “—_,.-I'-r.:{;'l?.. ‘5;_..-'5"-";_

which integrated gives:

Those particles will proceed with a rate of interaction

- A X
Loy =l ﬂii;«f{,,.u e

producing the number of secondaries

AT ALRCIRPYLT S

and 5o on. ‘'the intensity of the oth generation at # depth x will be:

- o A=i ==t et e .
Ay RS M M R Szee Sy
Trowm experiment with nuclear emulsions we know that the speetrum af

20 Then

sucondarics is independent of the enerpy of the primary,
S22 8 =,,,, =8,. The intensity at a depth x 18 given by the surmunation

of tha inte—sities of all the genezrations,

e _ 3
A== =_.«';e"”x‘_/_;’ r-‘fﬁ-{fﬁzﬂk{f_‘}/

<
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With experimental values of 5, and 5 and for an ictensity at the surface of

0. 25 particlcﬁfcn'az s¢c sterad, we obtain;
- L gid R e
A= RP //_:-_r—{_"--"_':"é-"'f H'f)/_'

The values of the intensity 7 of the nucleonic companent at
differe[;lt depth on the lunar crust are shawn in Table III. About 20 per cent of
the particles are pratons, 20 per cenl neulrons and (0 per ceat charped w
mesons. The yield of low enerpy cvaporation particles was neglected in this
cotmputation. Becausze of their short range they do naot contribute appreciably

ta rhe fluxe,

Table 1IT
e - I -
Lepth Intensity
{particlcs;"cnfi sec sterad)
¢ ' 0,25

10 0. 32

Z 1} 0. 35

20 0. 35

40 Q.23

50 0. 31

70 Q.26 -
130 0. 1é
2310 0, 025
400 Q. 0034

In evaluating cosmic radiation as background when measuring
radioactivity it ig necessary also to take into account the electrophotonic
cascade, An approximate distribution of the electrons through the moeon's

crust was evaluated [rom the behavior of the elactrophotontc cascade iu our
3

* Assuming a density of 3,3 gf‘rcul'

r—
.
i
[
|

e
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almuosphers and the total lnteasity was then integrated over @ solid angle

Z2r at different depihs to account for the different path lenpth of the cascade
due to primarics of different angles of incidence,

Angular spread of the caosmic ray cascade was not included in
the computation. An appreciable contributioca te the flux is expacted from
seattered radiation. We already peinted out that acheds radiation oo the
surface of the moen may accouwnt for 2 contributicn nf the arder of 23 per cent
ol primary flux, We assume that this correclio: can be applied ar all the
depths an the mmoon's crust,  The final values of the flux are platted in Fig, 1.

We can soe that the fivs, ewven at great depth, is quite large as
compared with the cxpeetad radicactivity., deasuremaonl of ihe radicactisvity

«

inside the lunar crust will remuire pratection by backprovnd rejection
tachniques., Fwvern at a depth of several fec:, the shielding provided by the
lumar crust alone will be loswfficieat to allaw a low level rneasuwrcient.

The embecdding of complex and delicate instrumuenlation at a

depth of severzl feet ¢ :ld he a rather dillicalt problem,

Section Four

Cosmnic Ray and Age Determination

It ey be interesting te consider if the rosmic ray clfccts on the
lemar erust can be nzed for an age of deposition determination,

We can take intn consideratlicu coc particular process extenslively

used for are delermination o meteorites, 22 I'he (1 produced In the evaporaiing
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processes has a mean life of 12,6 years and decays in He”. The He” does
not diffuse gut of the materials ard the amount produced through the time can
give a cosmic ray ape if one assumes that the cosmic ray intensity did not
change through the ages. For the moon's crust this eihod may pive an
edtimate of the age of deposition. Howewver, the meteoric material of which
the moan's erust may be formed is irradiated in outar Zp3ace by the samaea
fluk of cosmic rays present on the moon's crust. Not &l the micteoric material

. S I . 3, .
ha= size sufiicient for an cilicient preduclion of I[7 by cosmic rays. However,
the livx in outer space is integraten over a solid angle of 4y, Lwice the anple
At the moon's surface, and this may compensate fur the lack of HY prodiucticn
in small-sized meteoritcs,
L addition, the transitien cffvct of the nucleonic componcnt on

, . E . .
the moen's ¢rust can acesunt for a possible lack of Ile” concentratian gradient
On the maoon's crust over a quite large thickness. These ¢ircwmnstances oy

e es . 3, . ! :
Suggest that tae production of 1I7 in ineteorites proceeds at the rmoon's
surface at about the samc rate 25 in Apace, thus invalidating this type of age

of depnsition determinarion,

cection Mive

The Question of Lunar Cantemiantion

Having at least roughly cstablished the magnifude of the cosmic ray

and natural radicactivity background of the moor, it is af interest to discuss

“in this same context the radicactivity which might be produced by detonation

of 3 nuclear device, The simplest approach to this probler i5 1o treat
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detonation of a "one: megaton bomb ahove the suriace of the moon with the
following assumptioas;
(1) The fisrsion yiald 18 300 kiintons

(2} One-half of Lhe fission products are retained by the moow and
one-half are lost in outer space

{3} Uniform spreadinpg of the {isgsion products gccurs over the entire
lunar surface

Assumptions (1) and {2) are readily justifiable, The latier, in
particular, 1s conservaiive in view ol lhe very hiph kinetic energies given to
the fragments relative to lunar escape requirements, It may be argued that

the third sssumption iz 2lso conservaltive bacanse non-uniform sapreading

cvar the lunar surface wonld imply revicns of less centaminatlon than will

calrulated hers,
Uszing the known decay characteristics of mixed fission products, it
. =
ig wvery simnple o crlonlats activity denasited in disintepraiions per cin=fsec.
This 19 shown in Fig. 2. From this curve cne nay snaks the observation that
by o monih or two, for the detoaztion of a one megaton weapon, the decay
rate 15 dewn to roughly the order of the primary cosmic ray backgroumnd,
This caloulation rensresents an uppar limit because of at least two
cets: [irst of 2all, we have assuared 100 per cent veteation of one-half the
fizsion fragrnents, ln actuzl faet, however, the pnenomenolngy will probably
wurk to redoce this retained fraction very aonsiderably, Gonsider a burst
ococursing at ahoul one kilometer above the luner surface. At the thime of

cetonation the x-rays [rom the bomb will proceod to the surface of the moon
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and raise the temperature of a thin layer to very high vulues as treated in
another chapter of thia report. Thils lunar gas will rarefy cutward from the

lunar surface and therc will he a general trangicr of random thermal energy

to the directed putward velocliy of the cloud.

Tha problem of expanaion of an ideal gas into a vacuurn haa heen
treated in detail for ideal adiabatic expansions by various investigators.
Essantially what occurs is that the gaa streams out into the vacuum with a

maximum velacity given by

.f{’r_., —-_ -'?'E}— Cﬁ
where C is sound speed,

A rarefaction wave moves back into the remaining gas at rest and 1s
important in accelerating the gquist gas into a directed motion. The fasteat
moving fraction of the outward moving pas will have a tl;erm:atl ternperature
of absolute zero,. Since we can, a3 a first apgra:{imatimn. consider this to
be a one-dimensional [low, we have tie picture of the lunar material moving
upward as a pasecus piston from the moon, On the other hand, the fissian
fragrments from the bomb are proceeding downward from one kilometer at a
velocity of IDB cmfaec 8o that they arrive about onc millisecond after the
x-rays have develaped the lunar gas. Aaa result, the fission fragments
collide with the outward moving lunar gas which coutains a large fraction
of the total momentun of Lthe eystem because of the relatively hiph velocity
and relalively low total energy content of the fission fragments, The piston

effect of the outward moving lunar gas should fmpart to the downward moving

rmaterial a velocity component such that a considerable fraction of the
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radicactive raaterial is expelled inlo space, lhis entire proccss 1s shown
schematically in Fig. 3. A detailed treatment of this problerm is obvicusly
quite complicated and not only momenturn transfer and questions of egquilibration
times must be considered but also calculations n.n the range of fission
fragmenla throupgh the highly ionized lunar pas plasma and the rareflaction
process in such a non-ideal medivm should be made, A detailed discus=ion
af such phenomena is heyond the scope of the present wurk but is clearly
indicated for the future because it appears tha. a marked reduction in
contamination could ccocur by this mechanism,

We can show now, howaver, the resulis of caleulations on lunar orbits

for individual particles corresponding to virious effective temperatures of

this mixed cloud of radicactive [ission fragments and lunar aurface material
22 some indication of what might be expected. We have noted in the chapter
describing x-ray caergy input calculaticns what sort of properties might
obtain im the lunar vapor, To any such calculations must be zdded gnergy
contributions resulting {rom the heating of the rarefying vapor by the inter-
action and stepping of the fission fragmenta. Temperatures of the cfrder of
10°°K do not appear to be out of the question. If we assume, therefore, a
gas without an outward direcled net velacity but at such temperatures, weé
may calculate the number of particles of this gas possessing energies
n:u:rrrespﬂnciing to either parabolic, hyperbolic or elliptic orbits in the
gravitation field of the moon under the assumption of a Maxwellian distribution

of velacities. The resulis of sucl calculations are shown in Fip., & for
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FIG. 4 - LUNAR ORBITS DF PARTICLES

MASS NUMBER 21

_____ MASH NUMBER 145

- Lngfﬁ,{'frﬂ stion]

FRACTION OF PARTICLES
IN PARABQGQLIC ORBITS

!
/
F ,r‘
! !
’ r s
FRACTION OF PAUTICLES T
IN HYPERBEOLIC ORBITS ;-" !-"
ar ‘f f‘
7
LA |
AN
ra
/ ;..\\
y ! ! /
y ! ;7
y ¢ s
L) /4 FRACTION QF
- / , PARTICLES IN
- If" / ELLIFTIC ORBITS
1‘ P 4
- Y
% /!
i \ ry _"" K.-
vy P
1 s /!
| \ ;"" /
Vo ;7
1 A
\ ! s ‘_,"'"
oA 4 /
/
% 1 p 7
p /
\\-"F ..-"';
‘N };"':"-_:_l‘_-_.-'
__r" ""'--_..__‘___‘_
i | ] | |
3 L 1 E, f:r_ . 8
Liwge a VK
203




I I |

s 4 JE N J 4 JE JE A AN

baoth masa 20 particles, corresponding to the olivine, and masa 150 particles,
corresponding to s0me average fission fragmient. It is clear from these
curves that a very large fraction of the radicactive material would enter
into hyperbolic orbits and thereby have an excellent chance of escaping fram
the moon's surface. Thie effect, even without cansidaration of dirceted
velocities 23 discussed above, can markedly reduce the lunar contamination,
In aummary: when one considers the natural radiation at the lunar
surface, it appears clear that fairly sophisticated instrumentation will be
required to measure lunar radinactivity, for example, in the presence of
natural interforence. Without adding & great deal of complexity, such
apparatus should be abkle to distinguish the modest lunar contamination produced
from 2 nuclear burst near the meon's surface. Such a m:-nj_'lusiml doe s not,
of course, argue for the casual detonation of a nuclear weapon near the
moon, but it docs appear that with instrumcnt:.:.tin:rn cmplaced on the moon
prior to such a detonation which would, in fact, be capable of making mean-
ingful measurements, the influence of a subsequent nuclear detonation would
nat he as detrimantal tno the information content of the moon as 13 somcetimes
arpued. Clearly, howowver, it will be 1o the advantape of any cxperiment to
have data on the natural radiation before detonation of any device producing
radivactivity, When such data are available our conclurions here should be

reviewed carcfuelly.
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Chapter VI

COMPOSITION OF THE LUNAR SURFACE
AND THE MAGNETIC FIELD OF THE MOON

At the present time there are three, not necessarily mutually exclusive,

ideas on the composition of the lunar suriace matetial:

(1)

{2}

The lunar marka are of lunar composition, being formed by

immpacts of 13,1-5;'& badics of asteroidal mass at a time when the
lunar interior was taolten at some tens of kilometers beneath
the surface. Impact cansed lava upflows at the lmpact site by
penctration towards the lava depth and in the neighborhood of the

i
irnpact site by hydrostatic compensation.  ©On Ehis hasis a cloud
produced from a lunar mafe by detonation of a nuclear device
ehould have a..c'hemical 'c:}mpuﬂim:m_cﬁmparable with that of
tersestrial surface material of density less than about 3,3 gm/ecc.
Consistent with view {1) is the assumption that the mare-less
sguthern highland arca of the moon s the old accreted crust,
exhibitinp the last pleces of In:ﬂ.t.t-*:;.r to fall an the accreting proto-
moon. ‘Lhis material should algo be roughly of terrestrial surface
comppeition with perhaps a slipht depletion of the heavier elements,
egpacially iron.
The lunar maria arc of meteoritic cumposition, being formed by

irnpacts af largc bedies of asteraidal mass,-the energy for melting

and the rolten matetial both supplied by the impacting object
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itself. © On this basis 2 cloud produced from a lunar mare should
have 2 chemiecal composition comparable with that ot ohjects of
astercoidal mass. The only evidence we have in this regard is.
frorn analyses of meteorites, coupled with the provability thar
meteorites are collision products frorn the asleroid ring, [f the
masses producing the marla in view {2) are meteoritic in compost -
tien, then the cloud would have a substantially different composition
fretn that of vicw (1}, la particular, moere iron should be cxpected.
01 the other kand, it is certainly possible thal thae lmpacting
opjucts were small hadics accreted in the vicinily ot the moon
contemporaneansly with the formation uf the moon; and in Lhis
case, it is certainly possible that their CDH‘JFE!E;t'i.GT‘I was ldentical
witn that of the seuthern lunar hiphlands. {Also consider in this
visw an unreworkxed primeval area.)

{3} AL least sorme of the hinar maria, especially Mare Innbrium, arc
cometary in oripin, being the result of collisions of comets and
the ].'T'IGDH.3 In this view a clourd of marc ﬁxaterial wold p-nssiblﬂ,r
coniain appreciable proportiens of cometary rnattey; In particular,
r:a.l."bcun. nitrogen and oxXygen.

(4) The lunar maxia 2re of meteoritic compesition, being deep bowls,
[illed with micrometeoritic fragroents which have fallen on the

%
moon during the last few billion years, Tho dust may he loosely

5
packed, ar, as sugpested by Whippie, coenpealed into a fluffy
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matrix in the high vacoum conditions of the Junar surface, TIn
thisz view, at least the vpper regions of the maria would have
composition vory-similar to that of micronatesarites collected

in the irmmediate vicinity of the earth; they would therefore have
high iron and nickel abundances.

The lower regions of maria dust layers avre of approximately
cometary composition, being formed earsly in the history ol Lhe
moon, either hy infall from the selar nebula fromm which the moon

was formed

or by infall from the primitive, shoert-1lived,
- - rr -

reducing lunar atmospnere,. {(There may, of course, be no
distinciion hebween the early lunar atmoospners 2nd the last atagaen
of Lthe suiar nebula in the vicinity of the moeon. ] FThe contributian
Lo the elowd from such material would be primarily hydrogen,
carben, nitrogen, and nxvgen,
The luna=» waria are of indeterminal: comnposition, belng deep
bowla, [illed with lonizad dust particles which have been chipped
[rom lunar surface material by solar electromagnetic and

; L & C et
corpaaaniar radiation, In this vicw, a clocd of mare mmaterial
might ha ve any of the a~hove-mentionead compositions, depeading
pn Lhe material from whicl the duast is chipped. I solar protoas
Lhave boen arriving an the moon's serface at approwimately present

rates for the last few billionr years, the Imar surface material

rmight he expocted to relaln 4 sziurstion amount of hydrogen,
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and this might be reflected in the cloud composition.

Altheugh there is considerable overlap in the above views, the following
tentative conclusions can bé drawn: if the cloud of mare material is
substantially of terrestreial surface compoailion, views [1y and (2) are
supported aver views (3), {4}, and {5). If the cloud has large iron and nickel
abundances, wviews (2} and (4) are supported over views {1} and {3}. If the
cloud has jarge carban, nilrogen, and oxygen abundances, views {3) and {5}
would be supported cver views {1) and {2}, DBecause of the solar proton flux
raertioned in view {&), high hydregen abundance in the cloud would not
necessarily support any of the views over any others. Of covrse combinations
of alternatives are possible. For example, supposc the cloud has esscatally
terrasatrial surface abondances of 51, Mg, Al, Ca, Na, etc:. tut with
appraeciable admixture of Fe, M, €, N, and O, This might suppest that
views {1} or {2) are correct regarding tiic nature of the maria, but that the
maria are overlayed with sinzll amouants of other rmaterial, originating as
in views {4} and [5].

Spuctrosceplc observations of the general sort discussed elsewhere
i this report could provide dala on these ques'ti-:mn if czumpositic-h.

Magnetometric cbscrvations, and possible directed motion ar trappiay
of ionized detonation products in the lunar or lunar-terrestrial magnetic
field, wounld give infarinalivn on the lunar magnetic field and pessibly on the
interior structure of the mooa. It is5 generally expecied that the field will

be smali brt various views will he swnmmarised here. Heference should be
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made to the Chapter on the interplanetary environtnent far wvery recent
cormnments in the lpht of Russian reperts of lunar ervptions, {See alsa the
translation of IN. A. E‘Lc-zyr-::;.—"‘s Prioroda article in Information an Soviet

Bloc [GY Cooreration, PL 131632-63 U, 5. Dept. of Commerce, April 24, 19579,
p. 2.}

If a field of the order of the carth's (0.1 - 1 pauss) is detected, this
will be talken as gtroag i priori evidenco foxr the cxistence of a liguid iren
core. There is some evidence that the earth's nragnetic field arises {Tom
hydromagnetic ruoetions in & terrestrial tiquid ron core, " buat it should be
emphanized that no satisfactory theary for the aovigin of the terrestrial field
exlats, 10 there is direct seismolopgical evidence for the existence of a liguid

I -
terrestrial core, bul of course no present lunar selismelopical laformation,
and there exist theories for the eripio of plapctary magnetic flelds which do
not involve liguid cores, ? Ceonscequently, conclusions on the structure of
the lunaxr interil?r proceeding from cvidence on the preseance or Iabsence ot
a lunar magnetic field saould be treated with some caution,

Since the mean density of the moon is c:}mparablé to that of tﬁrr:astrial
surface malerial, an gxtensive tron core within the moon waanld seern Lo be
Immeadiately excluded. Hewewver, there is an lnteresting difference of
opinion on the possible exwistence of 2 srmall Hauid iron core, hinging on the
question of whether the moon ways ever meiten on a large scale, I there
weTe appreciable melting at some thinie in the moon's history, a diffcrentiation

of irons and silicates would be expected, forming an ircs core and a silicate
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mantle. This is substantielly the view of Kuiper. Urcy, aon the gther

hand, believes that neither the carth nor the moon was cver extensively
* ' -

molten.  The carth's core is ativibuted to 2 slow trickle of trons to the
terrestrial interior througheout geclogical time, the earth's pra vitational
field and some intcrnal heating belng the primary cansal factors, With a
smaller gravitational field, much less internal heating, and a smaller
proparticn of iron to bepla with as is evidenced frorm the denaily, Urey
anticipates no liguid iron core on the mMoon. Finally, the Soviet school

asaociated with the name al Eir:ilmidtH holde that the carth's core 1s not

liquid iron at all, but rather & hypothesized high-pressure modification of

¥ Wu are indebted Lo Professor H. C. Urey for the fellowing comments mgde
after review of a draft of this report: "The ¢ompasiiion of the old acereted
surface, if indeed there is any present on the moon, shiwid be of cosnic
composition rather than of the earth's surface, The material of the earth's
surface has been highly differcentiated by partial melting and flow ol material
to the surface of the mooen, { . . . } {(Kuiper) has silicates [loating an the
liquid materials below. The moon acewrnalated at low temperature but heating
in the interior melted the whole interior lcaving an acercted crust [Noating
on the surface. We have here the curieus situation where a solid floats on
its liguid, water being the coly comrman cxample of this situation. Your
staternents in regard to my views on this subject are correct if we go back
to The Flanets, but you will find a latcr discussion of this subject in the
Proceedings of the National Academy of Sclences, Vol, 41, 127-144, see
particularly page 110. The abundance of the radioactive eleinents in this
paper is lncorrect and this was corrected in ¥ol. 42, 889-891," Reterencco
to W. H. Ramsey MNRAS 108, 406 (1942, and MNRAS Geophys. Sapp. &,
409 {1949) should be made in copnection with the high pressure rmadification
of silicate theory of the earth's core.
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silicate with about the viscosity of tar. However, it is alsc believed that
the moon was extensively naolten, while the sarth was not, Hence, if therc
are any magnetic consequences of a liquid iron ¢core, they would Lo cxpected
on the moon, but net un the earth. A surnmary of various views 1s given in
Tahble 1.

Measurcment of the magnetic field vn the moon may also pravide
information about fluctuations in spalial magnetic fields due to lonized
particle streams from the sun and similar effects due to plasmas originating
in a puclear delonation near the moon, The same lnstrumentation may be
modified to determine residual rock magnetism of the lunar surface which,

as indicated abowe, will be impariant in theories af the maen's oripin.
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Table I

T.UNAR MAGNETIC FIELD

Ecurce of Fiald M.a.gnlLu{l_e Eermmnzrics
10-5 cerstads

Liguid Core® S0 Q00 Condidered unlilely
Mezsurahla hy lunar satellite

Mpon once partt of éarthb 4 Finld arises from couling in
carth's field

Moon formed from

condenscd gas© 0

Moon formed froms Imtensity of mapnetization of

accwmulation of metcoric uialtnowr, but cxisting meteorites hasn't

materiald sl baen determined

Mechanical rotation al

moon® T
Thermgoelectric origin Field das to cooling in
lo carly life® ioa colf-ficdd
Solar Wind a0 Magnetic noise
{E M5 Sedls limil of reguired

tnstrumental sensitivity

a, 5. Chapman and J, Bartals, f'}{-'{}m.-lanihlm, Oxford University Press (1940).

—— e — "o

b, G. C. Darwin, Scicatific Fapers, Cambridpe (1910) and H. Jefireys,
The Earth, Cambridge (1224 Znd ed, (1929}, -

c. 1B, H. Vestine, "Utilization of & Meoon Roclket Systerm for Measurement

of the Lunar Magnetic Field, " RM-1933, ASTTA Mo, AD 133003, July 197,

d. [[. Urevy, Sky and Telescopa, 1_5_, 1 {19506}, aad H. Urey, The FPlanets,

Their Oripin and Developmment, Yale Universily Preas {1952) Alse ref, ¢,

e, P. M. 5. Blacketr, Nature, 159, 658§ {1947}, and H. A, Wilson,
Froc., Royal Soc,, 104, 151 I:‘l?:'ﬂ?;}. ({Blackett is quoted A= having
abandened this theory by H. C. Urey, privale communication
seplernber 4, 1959},

f. F. N, Parker, FPhys. of Fluids, 1, 171 (1958), ard F. Meyer, I., M. Tarker,

and J. A. Simpson, Phys. Rev., 104, 768 [1956),
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Althouph it is likely that the most important questien, presence or absence
of 3 ubstantial lunar ficld per se, will be at laa at parttally answerad by
presently contemplated lunar probes in advance of any nuclear detonation
experiment, it is worthwhile to conzider briefly the entire cxperiment here,

Feom Table I we note specifleally thal in the abscnce of a present
liguid core, & field of the order of 5 to 100 garrmais is predicted, depending
somewhat on the assumed origin of the moon and conditions during its early
history. If 4 present liquid core exisls, the lunar field may be taken to be
of tha arder of the prescat earth's fietd, 50, 000 garmInas.

A speeial source of magnetic field in the region of the mocon aaa

14

especially germaine to the mcasurament probler: is the Solar Wind
which iz predicled to cause an rmMs mapgnetic field fluctusation of the ovrder of
20 pammas. This value appears to Le confirmed by indirect experimentﬂm
20d the same measurements also show that tne average field in interplanetary
epace is about one gamma,. In the present context, Lne 20 garnina fluctuatica
mual be considered a noise signal, but obvieusly measuremauls confirming
this valuwe will be of interest with respect to the solar wind pucnornena. A
related effcet may occur following a nuclear detonation due to the loglzed
plasma produced, It is obviously of intercst to measure this alse.

From the above bricf surnmary, it is clear that magnotic field
measurem.e.nts are of considerable imaportance in determining the prosent

state of the tunar corc. A field greater than, say, 500 pammas would imply

a liquid center. Careful measuraments with an expected magnitude of about
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10 gammaa may provide information aboui the maan's origin and the solar
wind phenomena. Lt would be hipghly desirable to ohtain data over a relatively
jong time interval - of the order of three months - 5o that temporal effects
might be determined, Onec such effect is that pes3 3ikbly due to electric
cyurrents in the lanax atnaasphE?e.lﬁ which would have a 27-day period,
Measurenients taken prinr to landing a lunar probe on the moon are
likely to be unsatisfactory if the mooa's fisld is below about 50 garnmas,
Prescatly conternplated lunar satellites will have an altitude of 2 few hundroed
kilometars and 111.f:|.§,.r be useful if the field ia in the range 200 - 1060 pamunas,
Thus, to cktain information beyond the primary question ul prescnce or
abiscnce of 2 strong lunar field, it will be necessary Lo put the instruments on
the meon's surface., In order to realize some informativn concerning the
shape of the lunar ficld, at least three widely scparated instrument packages
are desirable. Lf possible, continuous signals during flight should ke under-
taken in order to compare with present earth satellite mapnetometer
measurements relating Lo the earth's field and ring currents near the earth, i
The instrurmentation required to carry out such measurements must
have 4 sensilivity approaching one ganuna aod be of small rizre and
liphtwelght. The proton precession ma.gnetcﬁn‘leter181 " is being used for
current earth satellite experiments. It has the necessary sensitivity and the
L:ﬂﬂ.ﬂiidl—]rai}:ﬁﬂ advaatage of not requiring calibratior, Furthermore, the
siunal is an casily transmitted audiu tone who scafrelquenc;r is A meagure of

the field. ‘Thus, the precisian measuring instrument {a frequency meter}

need not be & part of the airborne imstrimentation., The instrutnent has the
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disadvaantage that it measures the magnifude of the field and provides nao
directional information. It inhevently is nor a coentineewesly indicating devicoe,
which means shart time lleciuations o the fleld canaot be mmeasured,. Oo the
other hand, power requirements are reduaced by pulse operation,

Since the fregnency of the signal 1y directly 2roporticoal 1o the field
strength, frequercies ol the orders of 0.4 cps arc expected for a lunar figld
of 10 pammmas. This Is an inconvenicently low froguency to transmmit and
measare, bt probably can be vsed, llowewer, It miay he pur inta a mare
guitable range with A small perrmeanent field sepplied by & magnel.  The
Accuracy of the instrument is selilciced to enzily read a4 10 paouna Qopartuye
frosm a 10,000 varnina steady ficid, in whick case the signal freguency 15 1n
the range of 40 cps.

i - i)

& more recently develaned device, the Rubhidiom vapor magnatomelsr
:-_},5-:;. appears to have promise, It, too, Tequires no calibratian and 1s likely
to be lightweight, The E%ET‘I_H] does rot apnear to he 28 convenient, haweawver,
and the device has rot been miniaterized for satcllite applications. In
addiLion, there 15 some guestion about its operation in ficlds as low-as [0
gatmena,

&

A romating coil technique has alse been considered ard has beon
ermnployed it vockets for carth's field mreasurements.  In this case a 27, 000
Larn coll on A TrL.Tn rtal] core generated Aan da-o voltape when rottted in the
ficld, The rommtion is supplied by spin of the vehicle lself and 1s about 10 cps.
in the carth's ficld o signal of O, 24 valt is obserwved., L the lunar application

a 40 microvelt sigual would be genervated, which is rather low,
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The signal could be increased by greater spin frequencies of the
carricr. This technique has the considerable advantage that stray fieldas
punerated within the missile do not influance the measuremeant since thay
rotate with the coil. Also, the system 1s inherently aimple and liphtweight
since all that is reguired is a coil, plus perhaps a transiztor amplifier,
However, it 15 incapable of operation from a stationary vechicle as one landed
on the moon. Splaning the coll independently of the carricr leads to commutatar
noise diffienlties nad is considered less desirable than some of the ather
rechniques available,

The classical carth's field magnetonierer 1a the well-kuown {luxgate
device. Although of sufficient sensitivity, it requires calibration and does not
appear attractive on a weight basis. In light of present infu;rm.'a.t:inn. it

appears that the precassion mapnetometer developed for earth satellite use

may prove most suitable for the lunar probe if a hias fleld can be used,
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Chapter VII

SOME ASPECTS OF PLASMA AND MAGNETIC FIFLD EFFECTS

In this chapter we shzll considaer the effect of the envircoment on th
phenomenolupy of 2 nuelear device detonation occvrring i the vicinitv cof the
moun, The discussion will, at best, be ¢f an exploratary nature dince the
problems invelved are very complicatizd and, in some caszes, irsafficient
data prevent any analys=iz in detaxi}l. We shall® [irst wish te establish, as
beat we can, the propecties of the interplanctary mediwn in the vicinicty of
the carth's orbit where & detonation moey be considered to take place. We
Bhall be specifically concerned with tihe natural particle popelation in
interplanetary space, the magnitade and shape of mapnetic ficlds and tie
cficct of varicus solar radiaticns, both electromagnetic and corpusculsr,
on the material produoced in the detonation. Tn censidering Lthe magncto-
hydrodynamics of the resolling plasmas {that rarclying off the suriace of the
moon or coming from the bomb dircctly) one encounters a problem beyaona
our capability for detailed conzsideration in the limited timme availakle, We
will therefore concern ourselves with siregle particle dyramnics and & briet
discussion of the overall pheccmena. Clearly, there 2re 2reas here where
considerable additional stedy is necessary to get even relatively crude
quantitartive information,

We will also consider the effects of selar plasmmas on instrumental
devices othaer than the bomh which might he involved in sacientific experimsnts

rnear or on Lhe mooon. '
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Seclion Une

The Guiescent Snlar Plasma and Solar Streams

There exwist a variety of ohservations which lead to the conclusion that
interplanstary space oul to Jomewhat beyond one astranomica] unit
(LA.U. =1.5% 10 %cm - radius of earth's orbit} of the sun Is cccupied by
a tenuous highly-lonized gas, Details as to the composition, temperature,
and the possible presence of nan-Maxwellian components are not complately
certain and such knowledps must presumably await the results of space
probe cxuerimeats, some of whick are now underway. Sfrong evidence [or
the presence of an outward straaming component from the Sun has, howewver,
heen presantad hy HiF‘:T‘T‘r‘I..‘-i.:‘IHI' . tn early papers and niore recenily., ; tTe
shows that the aceelerations and radial alignmeut chserved in type I cameat
tails contkining ot N‘f atc. cannot be explained in terms of solar
radiation {light} pressure, These accelerations ordinarily appear to be
100 to 200 times as large as solar gravily bt ay reach 1000 times solar
rravity under very aclive condlilons on the sen. A strcaming solar hydrogen
plasina wouid prodace the observed accelorations because of eler:tt-'i-r. Fle:ds
et un by the greater stapping power of the cometary material for elecirons

relative to the protons, meutral 1onizmed stredarm s hawing: velopoitloes of

. L . . 3 = 3
alout 1000 Kmn/fzec and densities of the ovder of 107 - 107 parnicles/em” at

the arbit of earth were suggested to acceount for these okaerwitions, Blurmano

paints aut that the highesl accelerations can he related to intsrazctions with

individueal solar corpuscalar beamns of still Ripher doensicy preswmably

F




connected with discrete geomagnetic storma. On occasions of high salar
activity, the suppested density of the streams may reach 107 protons and

electrons per erm” at 1 A, IF, while velocities might be upwards of 2000 Kmfaec,

Similar values may be obtalned from ohservations on changes in solar

cradia nulae,

For & gulet sun, Behr and Eiuecile:'ni:r:q:nf{:b have examined the polarized
component of the zodiacal light and find an electron density ar 1 A . of
700 particlesfcm?, Ilectrical neutrality would then require an equal
nuwnber density of pratons, In a discussion of Dievmann's carly papers,
l{iepm—lheuer? derives a lower limit for the particle density of about
#21% particlesf:m3 dssuming a velocity of 1000 Kmisac for the solar plasma,

Recently, Kuiper has suppesied that a reasanabie Average den-ﬁit}r
for quiﬂt_ conditions might be about 600 prutun:ﬂ,ﬂ'::n’la.

in a series of papers, ? Parker has summarized various geomagnetic
effects which arc assumed to be associated with discrete solar strecams
from an active sun. He goes on to sugpest possihls mechanismas for Supra-
thermal particle generation as a possible sou ce af auraral effects and
considers ¢osmic ray maodulation by selar plasmas as well ay mhaconetic
storm effects. From these considerations, deasities for guictest conditions
Appear to be at l.eaat 11}3 inns,n"crna with & minimum velooity of 500 Km/sec,
Under active ¢conditicns, densities of IDE iuns,n"::m3 and velovities af

1500 Kin/fsec or more are cbhtained,

: 140 : L . .
Russian warkers studying the dissipaticn of a high temperature non-
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stationary solar corona in the presence of a directed stream of matter alsao
conclude that the density of particles in solar streams ncar the earth is
between 103 a.m:l_lU'E' particlesfecm . Suwnmarics of ohservatious together
with sorne views on the nature of the solar plasmna prior to the launching of
the Russian space prohe aof January 2, 1989 have also been given,
Velocilies of between 1000 and 3000 Emfsec are suppgested with alream
concenlrations ranging from 10 to llilfr pa:tic]ﬁﬂf{:m?', With thea low density
strean, & background gas at abowt l'!JLL deprees Belvin is also considered
to bha present.

it should he emphasized that the properties of the solar plasma ander
discussion porialn to cunditivns awdy [rorn Lhe perlurbing inllaence of
planetary magoetic fields, Such fields will shield cul vr markedly change
the iniluence of the solar plasma la nearby roplons of space. Io the case of
the sarth, we may compute the approximate distance beyond which solas
effects Lo be discuasad will he active, Roughly, the requireament is that the
plaara kKinetic eacrgy density exceed the mapnetic cnerpy density and we

may write this condition as

-
= AT

-

= e s et T T — T
= S

In the equatorial plane of Lhe carth, assuming a pare dipole field, we hawvs

B=rg, ()’

from which thae minirmmurn distance for anset of the effects 18

o
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Assuming the earth's surface field (harizontal component) as
B, = 0.4 gauss, setting 7y = 6.4 x .l.EJE cm a3 the terrestrial radine and

3 3
taking the stream density n to be lﬁ3 particlesfom with v = 10 Erm/feac

and m appropriatc {or protons, we find R = 2.9, TIor Lthis illustrative
cagsa, we would expect effects beyond A, 000 miles from the earth's surface,

This i3 to be taken only as an order of magnitude figure far a varicty of

reasons, patticularly because of the perturbation of the earth's dipole field

by the plasma itself and possibly by 2 radial solar mapnetic field, Tt dovs
appear that "stationary™ satellites orbiling at 22,000 miles might be affected.
Noute that r varies slowly with o and v.

In the case of the moon, as discussed in another chapter of this repart,
it is nat known what magnetic ficld to expect and so it is not pessible to
calculale the region around the moon which would ba protecied from solar
streams. We dn, in peneral, expect the lunar magnetic figld to he low, and
it miigh: be mentioned here that the reccnt Hussian obscrvations on gadeous
emission from the moon have been interpreted as being due to excitation
from the solar plasma during interaction with pascs released from the

lunar surface. That thesc gas releases arc not voleanic and therefurc do

net imply a liguid core has heen suppested by J. H. Fremlin of Un-lversit}r

aof Birmingham among others. If these interpretations are vorrect, it

would re_enforce the argument that the lunaz maptetic field is indeed very

small,

Before leaving the matter of the density and velecities uf the salar
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streams, it should he mentioued that two groups have raised ebjections to
the general magnitudes chosen here. Lars RBlock, in a series of papers in
Arkiv for Fysik, La has suggested that the gas densities requived for
explanation of coertain of the effects observed are mmuch lower than tho se
suggested by Parker, for exampie, althoupgh no specific refercoce is made
to Parker's work, On the cther hand, .il.’i-lm:k; does not cunsider the oheerva-
tional data on the behaviar af CometAary tails. Furthermore, it has heen
Suppestad that the Alfvén field which Block ernploys for his calculation does
not fit the data currently being obtained by Babcock and DBabeock but regquiresg
larger ficlds than have actually been observed, The Block model has not
been pursucd tn the point of fuliy evaluating it, but it does appear at firat
glance rather difficult to reconcile the comelary informatton with this
model which is based primnarily en zodiacal light ohservalions,

A aecond study which should be mentioned is that of E. T. Dpi1£13
made in 1356, Opik concerns himself with detailed valeunlations on the
interplanetary dust and the terrestrial dceretion of metenric matler, In
the provess, he has made calculations of the rate of sputtering of
Ineteorites by the solar plasma. Such calculations as a basis for objection
to relatively hiph intErpla.net.Hr}r Stream donsities was revived receently by
Bergstrahl, 14 Opik's data both on the drag and sputteriny [rom fast

corpuscular radiation of low tomperatures may be summarized in Table |

taken frorn his paper.
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His drag data are included for completeness only and are nul particularly
germane to our discusslens. Two points are Lo be noted fraom this table:

the averaos Lransit time, @, relers to the time required [or particles moving
in nearly circular orbits to travel inward from two to zero astropnornical units
distance. The time for destruction by sputtering io calculated on the basis

of a yield of five atoms or moleculza for each Lmpinging protan. Subsegucnt
to the Opik calculations, it haa become clear that the sputtering of oxides by
jans rather than newsral atormns of this energy io prohably two decades lower

. 15 . , . .
than the yleld™~ assumed by Opik., ‘The calenlations that we wiil make in

subsequent Secticas are concerned with mmetallic surfaces or, at worst, surfaces

with very thin oxide coatings =so thal we will take 2 vield of one i such casea
aven though the yield for a spulicring of meteors might be Q.00 to G, 0l
Clearly, this is a highly speculative matter and puints up the need for gooed
sputtering measuremceats on both metearitic materials and materials o
constriuciion such as those treated in later sectlors. o any case, witha
reduction of the order of orne or two osders of magnitude which could come
al least in part from » lower spullering yicld, the tirr;le of dﬁ.‘:iLJZ'L.I.L'.t]'.G;‘.l by
sputtering as caloulated by Opik becomes of the order of the transit lifetime.
The vxposure time to sputtering which is appropriate for calculations
of Hfetitne i.;, of course, in part deterimined by the origin of the meteorites,
If ane assumes that the meteorites are & result of a grinding procesa in the

asteruid belt, thew the times of exposure appropriate for such calculations

are of the order of the transit lifctimes rather than the coamic age of the

LAY



material in the meteorite. In peneral one must be very cautious in assigning
an effective time for the spultering process (o ocour, Uru:,rlﬁ has recently
suggestad from a. considerable body of data oa meteoriles that an eifective
age of the order ol millions of years rathar than billiens of years for the
stone meteorites is correct, whereas the irons range around lli]rh'} years., He
discusses the possibility that the stone meteorites originale [rom the mooun
rather than from other possible sources in which case transit times could be
quite short. A few last comments might he madse concerning the instability
of the solar stream sonsewhat heyond the orbit of earth as will he alluded to
zpain in the next secrion. Bolh this instability and some sorc of sell-shiclding
might be poesible explanations for the survival of iron meteorites, It is,

at present, nobt posdaible to decide what the sputtering ratic should be after
the solar streams becowe unstable and perhaps chanpge thelr velocity distri-
bution appreciably. It is interesting to note that this instability conld pocur
before interaction with the asteroid bell, c¢.p. a little beyond 1 A, . Opik's
calculations also ignore both the existence of a very low threshold for some
sputtering processas and the possible existence of elements heavicr than
hydropen iu the solar streams, It is pousible that both of these effects cold
be uzad to force the effective velocitics oo his madel ta snch low valucs as to
endanger the catire structure of his theary., These points will be treated

) 17
turther elsewhere,



ceclion Two

The IILtEI’P]&iﬂEtELT? Mn.gnutlc Field

Measurements on the actnal magnetic ficld existing in the space will
become available in the very near future. In the meanwhile, however, the
magnitude and the nature of these fields must he inferred from othur ohserva-
tions. For purpescs of this discussion, we shall assume a picture of the
interplanctary field due es sentially to Parker and described in references
already noted. These ideas suggesi a radial solar field falling nff as B2
ag 2 recault of hrotons streaming from the solar suriace. Ia this picrire,
ane imagines 1 dipolar field wihich has becn atretchoed into 4 perfectly radial
coe because of the outward high velocity stream of plasma. Somewhat
heyond the orbit of earth, instabilities in the radiz] streaming can pcour and
2 digsordered entangled field of rather low ma gnitude resulte. It is not
cumﬁletcl}r definite in this modcl where such disordering would occur and the
general location of these instabilitics is inferred from observations on cosmic
ray data and eolar flares. In any case, if the moun is embedded in the well-
behaved radial solar field, it becomes possible to discuss sinple particle
dymamics in a definitc manner. I is clear that such an assurmption is
epeculative.

At one astronomical unit from the sun we desire now to calculate the
magnetic field Btrenpth on the assumption of a coropletely radial field, Yop
this purposc we, of cour 382, need information on the goeneral solar field at

the surface of the sun, Data reported in the literature jndicate that the
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average surface field could be anywhere from 0. gauss to L0 gauss, Recently,
however, Baboeock and Babkeock have continued their mueasuremments on the
nature of the average solar field and it appears that a figurc of approximataly
one gauss is realistic. 1 The picture of the sun emerpging is oue of cyuatorial
disorder averlayed by a well-behaved diputar field near the poles, The averape
field in the disordered region is consistent with the fipure we have taken, but
there arc cloarly local details in the structure nrar the cquator, Because of
the general configuration of the solar system, *f one assumes a pericctly
dipolar field coupled with perfect radial strea ning, one wonld arrive at
essentially zero lield in the plane of the earta with, however, very high
gradients. We zhall assuwne that the miwing is sufficient to allow us Lo

ignove this consequence of perfect symmetry and shall take a ficld strength
appropriate to polnts somewhat away from the plana of eyrnrmnetry of the dipole.
Under these circumstances, a simple caleulation shaws that a field of
approximalely 2.2 x 1077 pauss is appropriats. This field is sufficiently

small so that one mnst be concernad with fields of other origins, For
example, it might be mentionad that Hoyle has sugpested a fleld of ],_-D'"qu

gauss for regions bevond 10 earth radil. 19

These large uncettainties in both the nature of the solar plasma and

the magnetie field make us clearly dependent on future measurements balore

quantitative results can be ebtaincd.
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Section Threc

Single Particle Dynamics

In other chapters we ha ve discussed the formation of a plasma cloud
due Lo x-irradiatien of the lunar surface by the dei;nnaLian of a nuclear device.
Caleulations were made on the energy deposttion lu various layers of the
lunar surface for typical weapon tcmperatures, The re sulting rock vapor will,
of course, rarciy out into space from the lunar suriace. Since it will hawve
appreciable conductivity it will distort and perturb martkedly any magnetic
field and plasma which might be pre-cxistent. The inleraction of a single
typical particle from this rarefying cleud calenlated on the basis ol na
perturbation of the ¢nvironment will, however, be of interest hecause it ¢an
provide feeling for some of the cffects which might be encaountered and might
relate Lo the real motion .uf particles in the high velocity tail of the rarefying
cloud which could precede the main body of the bomh-produced plazma., Fur
these fast particles, hydromagnetic disiurbances would not yet have upsct
the eovironment. We shall assume the materia’ of the rarefyinpy lunar gas io
be olivine with an atomic welght of 21, an a.vt.:rage atornic number of LO.5
and we shall assumme, guite arbitrarily, an effective charpe for a typical
particle of wity. For such a material, the rms velocity as a funciion of
temperature -is given by

b= EQFXXQST’%‘ conisac.
We may take the appropriate velocities for various temperaturcs and

calculate the Larmeor radius, ry, corresponding to these velogities In the
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unperturbed solar magnetic field, These data are shown in Table 1.

Talble II

] Temperature, “K RMSE Velocity far Parmer Radius
Jlivine [or Olivine
v {kum/fsec) v (em)

1% 3. 45 3. 4% 10

lU5 11.5 'H.,.'En:-:]llf}"lEJI

&
24,0 3r4:{107

10

- .
10 115. 0 11.5 % 10°

10° | 340, 0 3.0 x 100

Since we have assumed a radial selar mapnetic field to be the only one

-l

present in this cxploratory calculation, we may compule the transit time far

a typical particle moving in the direction of the sua to the positivn in this

point D is given by

£ . __ L
E,f‘ _‘5'::".-?.-3 @if

Ei 18 the field 2t the point of injection and B; is the angle of injectian. Since
our magnatic field goes as l,-"r2 this expression {4 cxachk rather than dependent
upon adiabalic Invariance as shown as carly as L1896 by FPoincare whe
calenlated trajectorics in a monopole field, We may mmedidtely write the
mirror radius in terms of the injection radiue as

.-r""i,.-'..; '—'.-':; S E‘,_,'

Taking the injection radins to be one astronomical unit and considering the

I radial {ield where mirroring will cceur. In pgeneral, the field at the mirror
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particle injected at 80 degreas, one finds that the mcecan length of the trajectory

to the mirror point is approximately 2 x 1012 crm, We usc a particle injected

.at A0 degrees as a typical case gince contained within a cone of this angle will
be onc-half ef all the particles, assuming that the injection is lsotropic.

We may obtaln a lawer hound to tac timne required Jor travel to the

mirror poiat by using the initial velocity along the solar radius, A more
detailed calculation wonld consider the transfer of encrpy from fransverse
1o radial components bul, as will be seen, this lowcor bourd cateulation is
carmpletely adegquate to establish the puint we wish to make, In pouneral, A

lower bound to the rmean time to Lhe milrror point 18 givei by

4 5 P (5 6)
F—;;iﬁ rok &

and if we set & equal Lo 60 degrees and take a temperature of the order of

IDE"I{. wo [ind this time is of the order of 40 davye at A rerininnadin.  ~ow this

environment to have their effect on this single particle. in particular, the
outwaTd strr:.‘a.:nin.g solar plasma electrons will be de-celerated in the
rarelying lunar cloud and set up electiric flelds which will drap oo the clouds
travelling toward the sun in prectsely the same way thal drag 1s produced on
comelary tails. The ratio of solar gravity to this drag has heen cornputed
for the cornetary case by various investigators, Tn parilcular, Kiepenheuer

gives for this drag ralle, R, the e2xpression

= L6 XSO

l is to be comipared with timnes reguired for other aspects of the laterplanatary
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where 1 is the particle density for the solar stream and v is the relative
velocity., Although our materials are somewhat dissimilar, we may uase this
pxpression ta compute to arder of mapnltude the time required for the
relative velocity of the two systems to change from v, ta vy, This time is

simple

where go 1% the salar acceleration.
If the change in relative wvelocity, AV, is small this may be wriltcn as
=t ?ﬁf‘fr—
while if the chanpe in velocity, AVer v, thiz expression becormes
Now if we wish to stop a lunar particle mowving with an initial velucity
carresponding, lat ur say, v to rms veloeity 4l a lemperdlurc lDE'“H.,. thepn LV,
the chanpe for relative velocity is simall and for solar strearmn conditions
corresponding to p = 100, we find that the stopping tirre is of the arder ol
104 to 167 seconds. If one is dealing with an intense sular strearn so that
o= 1000, this is reduced ta 193 to lﬂdl secpnds, If, on the olther haad, we
wish to actually turn the particle which initially started toward the sun and
have it attain the velocity of the sclar plasma stream, the times reguired
are of the oeder af 107 to IGE seconds for p = 100 and proportionately less
for conditions when p = 1000, We might note here that at one astronomical

unit gg: the acceleration due to s5o0lar gravity, is equal to

- # st a
gy = &7 PR (Téﬁ:%’f) = 0.7 em/Sec
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Therefore, for ¢ = 100, the plasma acceleratien is of the order of 67 e sec
and for g = 1000 the plasma zccelevation is of the order ol 670 cm/fsce.
These figures are to be compared to accelerations due Lo lunar gravitv-ﬂf fhe
arder of 167 emfsec at the surface cl the moon, Thus, il b= 1000, lunar
gravity will be simall [rom the begioning, while 1L }. = 10U, the effect of lunar
gravitat%nn will e small after three or iour lunar radii have heen traversed
by the escaping particles. This wonrld take cnly 2 few minutes at the velocities
under consideration. Ia any case, il appcars t'at the perturbing influence of
coliigions for the cuiward streaming solar gar will completely averride any
sffects directly duc o the solar magnetic [iewd 5o that atrernpts to caloulate
sinple paxticle arbits and mirroring points . the abeence of collisions with
the solar streams are pointlass,
In passing we niphl note that the effects we have been treating have
also been sugprested as active in rediocing the normal steady-state lunar
atmosphere. Thiz possaibility ia menticeocd among othars hy qu}rruv. el The
Ressians have 3lso sugpestad that a lunar cloud, praduced by artificial means,
could aid in soft landings ou the moon. lThey suggest tests to determine

_ rr
seftling times using special rackets to produce the clouds. Such ideand

)
rmight Lo worth further thought in the prescent coontext,

it iz of same interest Lo coasider the time required for tonization of
nentral particle originating in the detonation by electromaynetic I3 diation fruom

the gquiet sun, If we talke a cross section for phote lunization of the arder of

5 x lD-lEcmE and consider photons of 10 electron volts as effective with this
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cross secticon, we find that the time tequired for ionization is of

of lU5 b lﬂﬁ seconds by this process. in this cAaleuwlation, a flux of

the ordey

. . L3
berg/foem/fsce is assumed as indic

ated by the measuremeonts of Byram ot al,

Thias ignization pracess 15, of coursc, on vy one of & murmber of me chaniams

whiclh will te operating. L'le mean time Lo onization by salay pratons, howaever,

. : - AN :
ASBUMING a4 Ccrose soction af 0 15 I awith a velocity of 1000 Km/fuec and o

i . . 3 .
gensity of 163 pAarticles/fem” is one order of magnitizde longer than that

reguired for UV lonization. From such caleulations A8 these, it appears that

single particles which ave neviral at the Leginning ol the process might remain

pentral long enough to travel of the order of the edril-maoon distanre without

acquiring a charge. Before such a conelusion can be definitely cstablished,

it would be nocesen rv, huewewver, to consider olher mechanisnts than those

disgcussed abave in cluding strippiuy reactions, tharge cuchange and uther

possibilities,

It sinple parti

cie calculations were to he taken garicusly, we could, in

Principle, calenlate the shape of the cloud of lunar material released by the

cetonation and from suich caleulations decide Low visible such a cloud weoild

be and for how long. Tn fact, taking a particle njected at 2n anpgle § a5

Fepresentative of the bohavior of Lhe entire system, one iy readily show

that the volume cnelosed by Lhe orbit of such a particle in a time t is piven

by the sxprossion

e
/ri = = FJ:EE':'J:;}-' - /;/n:f,/l
T
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If one assumes that this volume is then filisd with Junar debrls, one may
make caleulztions on the question of visibhility, Taking a temperature of
10°2°K, taking @ as 607 and using & time of 10% seconds aller the burst, one
finds the volume. ¥, to be of the arder of lDEE u:m?’. If we aasume l[ﬁli:JI l*;ili:-lgra.ms
of matter have been injucted as a result of the bomb x-ray pulse and uniformly
distributed in this volume, we find a particle density of the order of
10% particlcﬁ;‘rcnlj which {5 perhaps two to threes aordevs of magnitide larger
thanr the density normally present in interplanaetary space, I a cloud 1s
ringly ionized we may compite & fowsr boend o the briphtaess by Cconsidering
only Thompsen scatlering.  The manber of electreous along the diametaer of
thie cloud iz about l[.J14 =0 that the system iz optically thin and one finds a
scattersd solar flux of the arder of 107 phmtanﬂfﬂm?'fﬁac, Hwhi::h is a
zignificantly high noamber and 1s equivalent to 5 x 10 13 lu.luuns,l"t.:ru'afﬂec.
This would be visible with a 16x telescope with one inch aperture, To this
ecattered gofar flux miet be added orher scattered radintion and espeacially
responance fluarescence light,

Ti sanuld he mentionad that many uhaerv;i.'_i.ur:a].Luuhniquus 011 1:11!;‘ Ll
clowd miay e supgested by drawing an analogy with work on the solar carana.

Hamsibilities which corme immediately to mind are:

(1) Ohservations on the scattirred Fravnholer lines of the sun. The

: g
Spredad in Such lings %’.:—1 is proportional to V7T of the bormhb

clood elecirons so intecresting Leanpoerature historices could be
nbitained. Severe hroading osooara at 1.;‘}':1'”5_{_

gpler shifts in lines, wch Jdata mniah errnil deleclion o
2y Dppl hift 1 Such Jdat shil p L delecl L
oracted motions in the cloud,

(3" Polarizdtion measarements,
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Parenihetically, we may caloulate the solar radiation pressure on the
assumption of pure Thompson scatiering. Al one astronomical unit, per

elactron, the radiation presasure froin radiation h‘*h i85 pgiven hy

Ay sreit i e w4 4m DAE .5‘.-:3/'}1,.5— 7"’;"'.-;3;-:

A== (T A = -l -
I::: F 4"; F# —ﬁ_:i?:' _.r.i.ﬁ-. . = * B =
’ Reved LAm = -3 Ao ELBN AT L

Patl 4.1, is equal o 3 x 10-27 dynes, ‘L'he force of selar pravity for mass
21 particles i5 £ x 1o-47 dynes And since polarization forces keep the plasina
acting ag one body, 1t is olear thal nravitational effects nverwhelrn Lipht
pressure effects and une is lolt with solar straam and magnetlc luteractions as
the dominant facturs. It becornes elearly necessary Lhew to reconsider Ald

of these gualitallve estimates in a more realisltlc way, tzlking inte account
the magnetohvdrodynamics of the sifuation. The degree to which sich &
trca.l.tn‘lent will differ from the single particle trajectory pictiure may be
readily indicated by a trivial calculation of the sphervieal voiumne ol the
rarefyring lunar vapor when the magnetic pressure from the solar field equals
the malurial pressere.  Altheugh a2 sphere is assuwmed, it i ﬁvitlﬁn-i Lhat

cxpansion will be anisotranic and probably a "sausage!” would he a4 more

realistic model. Tn our (llusirative case of a 107K gas and a mAass H]E' kilograins,

10
C

the radius computed on this hasia 13 of the order of LU m, On the other
hand, such an estimate as this ignores the presence of the already existing
. 24 _ i i

interplanctary plasma, For a system volume corrcsponding to a radius

14} , ] . : -
107 crm, the mass of luar material results in o particle density of only

10 lunar pa.rtir:lcsfcmz' whereas the backpround gas inipht be two orders of

2L




mapnitude higher than this. It ig &apparent that zngulfing ol the norsally

present interplanatary mredinm will redncae the overall radius of the cloud

and change its composifion &8 well, In this process various sorts af hydro-

magnatic instabilities could also result, kr may be, therelore, Lhat tae

picture deveinpad oo A single particle model is oot guite as fnr off dimensionally

as gne might first assume, Clearly, howewey, the phenomenclogy should he

treated in more detail befnre any firmm conclusiong €3n beo drawn.

A individual aspect of the Lohawior of the lunar plasma whicn deserves

artention and which ¢an be treated in 4 sornewhat realisric way ia discussed

in an apnendix to this chapter. it is coneerned with production ol relativistic

clectrons as a result vi plasma imteraction witlh inhomogepesils crzgnellc

fields by mechani=zms other than the usual Fermi accelerasion. [f such a

mechanism 18 operating, it may lead to luteresting abser yiible effects not

only for detonalions near the moon hut alse elsewhere In spacs.

Soclion IMour

Experimental AppiTalus

— ————

Infleeuce wi Solar Flasmas On

Dnring the cowrse of the prusent considerations as wall as in many

other investigations of Lhis gencral topic, the nced has ariscn for optical

tracking aids and for other experimental strugtures to he cracted ln space

opr on the lunar surfice pussessing large surface ares and low Lotal Tua s,

The desire for such structures 1s discussed in the chapter on optical

problems in Lhis report a8 well as elzpwhere., With these Lypes af struacturés

i mind, it is of interest to compalc tie force peT uull area exerted an a

24l
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material bedy by solar plasind streams with that produced by lighl pressure,
‘I'he laller, Lo general, 15 puven by the Sswan of mementa carriad by incident
sclar radiaticn minus the parallel compoucnt of rellected or ahserbed and

subseguently re-radiated £l plua the angi-marallel companeant ol mamentinm

from re-radiated flux, f we assaome a perfeul reflecior, no re-radiation

cap ccowrr, and the foroe pers ol ares af 1 A.U. reaches a roaximum valae

_k 2
of aboul @ x 10 > dynesfou .

it we agswne o soelar plasma conteining lat us Siy A0 particles/eny

and Loavelling 2t an averape velooisy of FO00 Eopefaee wo obtain a furee of
£ ]

—

J - 2 = - - - - - 1
10 dynesfem i the beam b8 simaply stopped in Lhe meats rial. For an
3

E
. - ol .
with stream denzitiee of 107 particles/om

-l

active sun duaring a sever? storm,
.. , 3 4
and velocitias of, say, 2000 Bm/fscc, we obtain (.7 = 107" dynesfomn o Thus,
for guiel conditions the plasma preduces 0,11 times the maxinoam Light
pressurc, but during a slorr:, it may execi porhaps 7H tirnes the sclar
radiation pressnre vn a perfect reflecier at 1 AL [rom the SN,
LTha wery difficult prahlam of locating and tracklog A small wstrumeant

package in the vicinity af the moon, for example, bas led to Lhie very

inlerccting sugzestion that highly refleciive Balloons b preriedically

. a5 . : . : :
digcharged from the package, Apcording to thiz supgestion, dispursion ot

Lhirsc alloens by lighh prossure would Lhop proadace an advancing 1ine ol
objects of high wisibility. A such a sysloin wers indeocd armploved, towould
be of interest Lo attempr ta chuiarve additional acoelvrations Aabawve Lbu

ighl prossure value which colld be azeribed bo the solar plasma. Cenceivably,

o
e
| ]
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some information on the fluctuations in momentum transfer due to changes ln
solar plasma velocities and densitics could alsa be obtained from such
observations, No telernetry of data wnuliﬁ he required. Consideration should,
Lowever, be glven ta possible destTuction of the batlowans or their reflective
coatings b{,r the plagma. This will be discussed iore fully in Lhe next paged
since these eifccts are alsg permane to questions of lang-lived passaive

20

comprunications reflector satellites and durability of balloon ma Tkard

. . L7
for the lunar surface assuming the absence of a lunar magnetic field™ " and

to power generation equipment uiinyg thin films.

Before leaving the snbject of the farces cxerted by sular plasmas
mention may be made of an apparent revival of interest in the idea ol using
light preasure for propulsion. Originally suggested in the tilerature of

. P -1 , : . . 2 :
science-fiction, it has received atiention in the sarlows iy press “and in

the American Rocket Society Journal. The practicality ol these ideas has

already been questiconed on other grounds by If_‘rrE-erw.rm_:«ul31 and there ig no
need to repeat his criticiems here, To the list ol problems may be added
the thovght that in the presence ol a strong snlar plasma streatn, the forces
on the shrouds of a "solar sail" will be ovrders of ma gritude greater than the
results given by Garwin, for example. The latter authar, in arriving at his
conclusion that light pressure propulsion is practical, proposcs the wse of
comincrcially availahle metallized plasgtic film of 0.1 il thickness and
suggests, asr an improved design, that film of thickneas 2 = lﬂ_q crn e used,

Assuming such a structure could be built, if it were struck by a solar plasma

243
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gtream, considerations to follew show thar its function might be seriously
impaired in a short time,

When high velocity loms or atoms lmpinge on a solid surface, momentum
transfer processes or, in some cases, chemical processes lecad to the
ejectlon or sputtering of atorus from the surface. For the caze of plhiyaical
sputtering of metals, the threshold energy Y, .f::rr particles of atomic weight

M impinging normal to a surface of atomic welght Mg, is given by

where B is the heat of sublimation of the surface material in kealfmol and

W is the buallk sound velocity for the material in em/aec,

-

This scmi-empirical cxpreasion was obtained by Wehnaro 2 and fita
exp-:;:i::mntnl obacrvations obtained with thick samples at room temperature
or above. Applying these results to the spultering of very thin structuras or
coatings by the bydrogen-rich sciar plasma stream can anly give wvery
approximate rosults hecause of: (1) rthe possibility of chemical eputteriag
throtgh metal hydride formation which would requirc.:nuch Towear thl"f:ﬁfmld
energics, [(2) the difference hatween thio film Froperties and bulk mechanical
pruperties which can ¢hanpe the kinermatics of imomentum transfer -
emplrivally, this might be accounted for by changes in f and W, and (3}

: C , , - 33, 34
differcnces between ionized and nevtral atom sputtering mechanisms. ™'

FFor protons on aluminura, the calewlated throshold for perpendicular

incidence, wsing f = 75 kcal/mol and W = 5.1 % 1‘95 cinnfaec, is Vi, = 200 electron

444
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volts, The energy of solar protons may he readily computed and, for

1000 Km/sce streams, ig o 5100 electron volta. Thus, even [or considerably

slower streamas than suggested by same of the observations, sputtering

thresholds at normal incidence arc likely to he excecdsd by large IMArping.
The yield of epnuttered atoms per jincident particle is A morce difficualt

aubject and observations as well as theoretical predictions vary widely,

Depending on the circumstances, yialds ranging from 0. 05 to well over 1.0

might e appropriate for onr siluvaticone en the hazis of the rmeasurements

35

reporied by Weiss and by Wehner and the caleulations aof Whipple. 5111l
higher yields wold pre sumably he observed at ather than normial incidencea;
Goldman and 51111:.1[13{" suggest 4 secant § dependence in the theoretically
simple caxe of hiph energy sputiering with the yierld golnpg with energy a5
J.n‘n.-f.'.u'”'l.ﬁ'. In view of the nncertaintics involved, we shall assumse a sputlering
yield of unity and nota thal Lhe destructive effecls to be computed can be
readily scaled to other valuces.

Consider now a reflective structure consisting of metallized plastic,
In. order to achieve high visihle apacily, a metal thickness of the order ol
300 A will be required which, in the case of aluminum, would weipgn about
I'D-5 g:ramsﬁcma und contain about 2 x IDIT E.tﬂm:i.l'rmliz. Suppocting the
rnetal coating would be a plastic il which, in the case of marker ballouns
or focusing collectors, mipght be 0.1 mil to 0. 25 muil thick and which would

weigh between 25 x 10-2 gramsfcm‘{ and 60 x 1077 grﬂ.:us,."cnlz. Thus,

rmetal thicknesses Lo excess of 10 tlmes the assumed value (¢.g. 3000 A

e 3
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of aluminum) begin to ¢ost heavily in payload for fixed structural area, Far
light pressure propulsion, where plastic film thicknesuwes of 4 X ii}'E'cm have
heen prmpusﬂdju cven the 300 A coaling adds one-third to the mass pav unit
area,

Gom.plete stripping ol a coating b;,r sputtering would occonr in a tine t

griven by

N Vi & e
= A g s>

wiere ™ iz Avagzdro's number
I ia coating thickners

o- iz spuitering yvield assumed indopendent of T, bul averaged over
ang.e and weighted acecording to the incident veloaity distribution

=l

M is coaidnp atomic weight and d is dengity

<nuysis the solar flux averaged over the expodure tirne

‘Optical proparties will, of course, begin to change well before complele

remayal iy effecied. This expression does, however, ilgnore atoms removed
from one part of the structure and deposited on another regiou either becauze
of the physical design of the structure or by virtue of imape charge foroed,
Most eputtered particles are neurral, We also ignore atoms ajected in the
forward dircction through the structure, Mags lasses or atomic displacements
from this latter mechanism could be guite important espucially for very thin
filmsa,

The time reguired for solar protons to desiroy a SO0 A coating, on the

basis of an average yield of wnity, a4 density of Gl particle:-!.u"{'.tr13 and a

24 b
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velacity of 1000 Km/sec would be less than one maonth of expasure, For
denritien and velocities correaponding to an intense storin

(v = 1500 E'-'lrn,.f'sﬁ.tr_. and n = 1ﬂ5fcm3] the coating would he completely removed
in about EI.'[:IJ1 geconds, This time is within an order of magnitude of that
requlred for an average bearm from a sinple selar event Lo pass the carth at

Il

a velocity of 1000 Km/fsea. A beam leugth lo space of about 1677 cm is
auggested by Kiﬁpi’:':ﬂhﬂuﬂl'jl? to account for the fime dependence of geomagnetic
effects while Unsdld and Chapman give & beam length of 1.2 % ID] Z crm, Thus,
depending an how literally one takes the s ssuwnptions, 2 sinple cocounter wilh
a beum ejected from an active sun could conceivably destroay the retflective
coatinp. Scaling to other assumptions ahout proton densities, wvelncities,

and yieclds is direct and obvious,

We turn now to an aapect of Lthe solar plasma usually ipnered - the

presence of elements heavicer than hydropen., Excepl fur Unsold and Chapman's

attention to possible Ca Ll content of & stream, a plasma consisting purely of
protons and electrons ie penerally assumed. However, since the corpunscular

bcatng appear to be merely segments of the solar corona blown aut bodily,

one Bhould expect botlh heliuwn and higher Z elemenis tu he present, If one

daggurned no fraﬁtinnatiﬂn occurs during acceleration, an assunption which
might be more applicable to individueal streams fror an active gun than to
quiet conditions, it would be reasonable to expect a4 plasma composition
sitnilar tn that of the corona itself, by weight rouphly 75 per cent hydruopgen,

£3 per ceot helium and 2 per cent heavy elements, *% For the last we may

i
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talke an averapge atemic woelght of arcund .3'2::‘]‘ T the plasma o population ratio,
LEblerHeavy, of abouh TH:60:0, 04 might then be cxpoatoed, Chiarpged heavy
spacies would travel at Lhe some velocity as the reaeral prowm stream
because of polavization [letds and wenld thercfore possess correspondingly
hipgher energies and momcenta. From the viewpoint of any impulse delivared
to a4 slruclore, the infiuence of all Lub the helium is nesxligible {and, in fael,
15 partlally taken into account by the metlhads used to caloulate gtream
praoperties from ehservatians in the first placel, Froam the viewnoind af
sprttering, howevew, the presence of these components conld lewd o
appreciable effects.  In comparison to protons, monmentomn transfer from
suci particles to atoms of a surface is raoere efficient, differences

between charged and neutral corupanents nol 8o markad, and a varioty of
chemical sputtering mechaniams possibje. For exampla, the worlk of

Weaiss at, al, for silver shows a sputtericg yvield for Ele higher than for

HY by a faclor of about nine in the 10 kew repgion.  This alone would make

the sputtering by salar let about cynal Lo ihat by solar protons.

1he heavy component in a 5 key proton slream wonld have an average
cperpry in the vicinity of 160 kev while the spoettering threshold for such
Particles ipcident navrmally on anx Al surface wanld drep to the order of
74 electron volts because of higher momeontum transfer efficiency, It might
e noted that if such particles were present cven in the form af a4 cold

Stationary ga=, perhaps the remanents of previeus solar streams, and the

atructure under constderation was inoving along with the carth (bul outside

2k
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the magnetic ahielding limit), the equivalent enacpy of the gas impinging on
the aurface would be about 18U ev - well abave the spullering threshold,

Simtilar cax_;s.i.clcratiu:rns to the abowe may be made concerning the
longevity of thin coxtings of pregcribed eminsaivity applied for purposes of
temmperature reguléti.cn of axtra-terrestrial slrucilures.

If the surfiice of the plastic filem itself, rather than an overlying metal
coating, were exposed to ths selar plasina, radiation damage effects over
and above these caused by solar ultra-violet and ».Tay emission are to be
gxpected, liydrogen evalntion leading to charring and carbonization at
exposures af mrore than H’JID Rad [l Rad = 100 arpsfyram) should eccur, If
the reflecting {ilmm were Lehind the plastic, a marked crop in albkedo would
prosurmably precede final destruction by some sort of le]tt;:l'iﬂg away of the
carbon skeleten of the pelymer,

Radiation damapge produced by relalkively slow, heavy particles of
the kind present in solar plasmas has not becn extensively studied, As A
first approxmation, we shall assume the dose to be delivered uniformly
over Lhe range of the incident particles. This is justified Because mtﬂtipl&:
scattering and similar effects will smeavy any strong dependence un detalls
af the primary energy lnss mechdanismy. Since hydrupgen evolution results
frum moelecula:r excitation and ionization, dircct conversion frorm energy logs
L r:hcmin:all},;r effective dosage should be permissible down to a limit balow
which elastic collisions predominate am a result of the incident particle

velocity dropping below the pertinent urbital electron velocilics. Ecitzd—'D
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supgasis, for this limit, the point at which the incident particle velacity ia
ihat of an elactron with about ona-eighth to onc-quarter of the regquired
rxuitation energy E.. If E s 4 ev, the praotaon enecgy I‘.E"E]ltiI'Ed for excitation
would boe 1 to 2 Kev, For the heavy alement componant, the lower limit would
he araound 30 to 60 kev, [n both cascs, Lhe velocliblos associated with the
sgular plasma are well aAbave the rerquired limits., For 2 roupl estimate we
shall compule the range of the pariicles and then convert the encrypy loas
ristalned ap to these limits to Rada,

41

Far solar protons, the raops meazerements of Cook ef, al, miay be

23

used alung with A range-energy relation of the form B - kE to abtain a

- 2 .

raupe of 10 . gramsf{ocm for a velocity of 1000 Kmi/fsec, .Fara density of
., N 3 . - L 1 ' .

00 particlea/uin” the dose would be about 5 x 10”7 Rads/rec, Carbenization

: . I .

requires of the order of 107 Bads and hence would occur in abont
2 x 10% seconds. For a heam from an active sun, the time required would
be about 100 reconds or luaa than the exposure time provided by a single
I joi wvent,

Yor the heavy elements discussed varlier, the ranpe luay be computed

T
[fromm the expre SEiDn;‘L“"'

T W .
o *?ef.;:‘“'*3+..::*q,") S A
A= G B f;ﬁ;ﬁ-&—_) A e f

where AR Al and ?'.3’ i, are the slomic number and weight of the absorber

and stream particles respactively. [ is streams encrpy in K,



‘The range of this component i plagtics is thus calculated to be
Boro IU x lD'EI gl'E'LHL.EIj'rEI'uE [2r velocilies presumned appropriate to a gquiel sun.
For storm conditions, with velocitices ol 1500 K/ acc or more, the range of
the rarticles would exceed 25 x 107 & 41 0311 ::,u"clnz allowing them to cornplately
penstrite a 0,1 mil atructare, The do=se delivered to these thickneasea of
malerial i8 of the order of 3500 Rads/sec far the Qquiet sun, assuming
B = ].D“}' heavy particles per proker, and might rise Lo perhaps & x IDE Radafuec
due to an intense beam. The correspondding tine to deliver lﬂlu Pads from
the heavy compnment Alone is abont 40 days in the former cage. The dosage
frovtr the heavy component is aaturally small compared to the proton
counponent bul is effective over larger thicknessesa, It does not require any
sputtering away lor total penetration of aufliciantly thin ﬂf:-'::tiuns.

The detrimental cffcct of solar plasmnas on the perlormance of various
Lthin, lightweight structures which might be erected in Bpace has been ahown
to be potentially serious, The precise magnitude nf tha prohlam cannot be
eatablished with certainty, bul assumnptions which appaar reasaonahle in the
hipht of present knowledpge lead either to very low durability or to hiéh
payload penalties, IPor certain effects, even a reduction of plasma density

by aue or more orders of magnitude, as a resnlt of maore complete data

collected in the future, would still iwnply 2 considerable proble:n,
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Apopendix 1

ACCELERATION OF ELECTRONS IN MIRRORING FLAGMAS

L

In this appandix, we wish to describe briefly a possible mechanism fav
the production of fast electrons, in the mev range of enerpy, from a nuclear
burat and specifically not involving nuclcar beta decay., The exiatence of =
very sitnple and general mechanism for generating fast electrons, which
has remained unnoted in much of the weapons cffects litevature, but whicn
haz been described gquaiitarively far the case of coamic rays by the Hussian
snientislt Yeksler, 1 is the basis fur this discussion., Veksler has suggesied
{hat relativistic electrons in cosmic space can be puncrated by the mativn of
a srnall neutral cloud of ionized plasma in an Ln];mmc:ge;m s magnetic field.
We shall repeat here the es=entials of his argument and then apply the ideas
to the bahaviar of a nuclear bomb case plasma.

Consider a stnall cloud of neutral plasma moviag as an vatity wita 4
velocity vg. For simplicity, let us assume thal the lnhomogeneous field has
A symmetry axis and the neutral cloud is movisg along this ANLE WiLCl we
will denote by 2. When the cloud enters the field, the radial component ul
the magnetic vectar subjects the clectrons and ions Lo an equal, buf
oppositely directed, Loreantz force, Under this force the parficles arc
accelerated in the plane perpendicular to the motion of the cloud. The
resulting currents cause the cloud to become polarized since the resulling

de-celaerating force acting on electrons is preater than that Arting on lons

ATy



by the ratio of the masses. The polarization field binds the electrons to the
ions and the plasma a3 a whole is de-celerated and, during the proceass,
enaTay 18 extracted from the fons by the clectrons. This process coatinuea
unlil the forward motion of the lons is stx::pi:pcn:]. or reverdes and the entlre
plasina rebounds from the magnetic mirror.

Followlny Veksler, since the forces of polarization which arise will
not allow the iong to break away from the electraons, we have, far anytime,

the egquations

ﬂfﬂ'ﬂél'ée..} £

Fram which it follows thal:

o=
% Al e

where v and v8, arc the mean lon and élﬁatrﬂn velocitied in the plane
perpendicular to the yvelocity vector of the cloud as a whele, and H,, {8 the
viadial magnetic field component., TFrom this, it follows that when the forward
motion of the plasma has stoppned, the kinetic erergy of the ions is much
smatler than the kiactic encrpy of the electrons, The kinetic energy of the

long is given hy

'y — /r-"fa [r’:a:: — m"’?‘ =
W= 7% = AL Ve,

which implies that the elsctron enerpy will he

-l
Ry 8 N i e =
Pl = = Eﬂma b

AN




since the Fadial kinetic enerrgy of the ions is negligible and the cloud is

epoentially stopped. [f we define vy by the equation

§ = f s
(T

and wao haWe the oo t‘g}r‘ af the elecLrondg aa
Fo —
W = m,c?(¥~1)

in which case the energy of the electron wmay be wWritten

e e oy >
Y o --;%—-—/yz A l_)_ Mya”

negltocllny small terme. Thus, an averape chergy of each ¢lectron will be

g = mp (Y1), & Ao Ve

-r

MNow let g asswme that the bumb case in a nuelear deronation has an
averagaalomic weight nf approximately A0, It.jiaknown-fromn varlous
calenlationg that the case disassemblas with a wvalocity ol Lhe order of

2w 3 2 109 cn¥eed., Parootheticaliy, it might bg mantioned that Argo et.al.

hava r:ﬂil._ﬂu*lﬂa'r:-i trAt tl’lﬂ Ll pn'x.'tiﬂn of the case;may atlamn velocitiea of
the ordarofd ¥ 1p" ;;]I]f.ﬂ-i,:l: due to radiation prespure and EEEﬁnﬂﬂl:il}r Lo
hydradynarhics. UWader these circumstancas, vy, in the expressions above,
ig approxbitately seven and the average enelpy of the eléetron i the
plisma as It is slopped by the mirror ficid reachey approaimdtely 3 mwes.
AL IR int&reatiu’@'-tb' note that the [ractien of Lhe hoinl ypigld goirig into casa

rmotion may thas, in principle, be canverted inlo a good soures Gl high

gpoad electrona cﬁm’f}arablu to those releascd by high enerpy [psion produet
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decay but appedring over a muach sherter tirne. Furthermore, the influence
of the magnetic fizld hefore mirroring occurs mipht well keep the source aof
fast electrons falrly localized even though the Lural is seme distance away,

Whether measurable cilects from a space or lunar burst due to this
rmiechanisim can be obferved remains to he explored. Huowever, it would
appear that some of the high altitude, and especially the ARGUS series of
nuclear detenatiuns, might show phepomena which could be tuterpretad on
the haste of this mechanism, The approvriate data relating to this gquustion
arce nol availahls te us at present. Parenthetically it mijzht he mentioned
that if thisa mechanism does indeed uperats successfully, il becomes of
possible intercst in connection with cerlain anroral phenamcnaj and alsn
possibly in the matter of detecting nuclear bursts in EpAce, -

Ir is interesting to note that in the ARGMA Anti-Missile Reseazrch
Meeting for April 21-22, 1959, K. M. Watsen euggested the salting of
weanpons with Boron-11 to ebtain a faster bets A v emission rate I.h-;t L4
Froduced by oridinary fission produet docay, By this means, he Auypesty
that beta Jets could be produced reaching pawers of the order of a few. hundred
watts, If the mechanisn: sugpesied in the present discussion wara operable,
such salting might not be necessary to pet Lhe effacts. Watson alse has
suggested that Termi acceleration mechanisma, coourring in turbulent
regions arcund a burat in spave, might produce clevirons of the energics of
the arder of 100 mev, It seers pussible that the efficfency of the preaent

Mechaniam might be comparable to the procesas rugpested by Watuson,

25




The arpurments pat forth for the existence of the mirror accelurating
mechanism are certzinly not rigavrous ones and il may well be that other

factors enter which reduce, in a fundamental wiy, Lhe effectivencess of the

conerpy transfer. Then toe, even if the Argumesnts are valid, due considera.-

tion must be given to energy loss Procuesses, scattering and other complications,

In view of the relative complexity of the phenomenon from an analytiecal

viewpoint, it miphi he worthwhile ta Appeal Lo laboratory experiment to

establish the existence of the process.
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Chapter VI

ORGANIC MATTER AND THE MOON

Since the deposition of an instrurnented package on the lunar surface is
irmnplicit in many of the experiments discussed in this repert as well as being
imrminent as A reault of olhar UL 5. or Russian activities, there has been con-
siderable recend concern that terresivial organisma and organic matter,
depositerd "i.".l“i_‘.;jh the package, may absonre detaction of possible ovrganisms or

. . 1,2 . : : . :
orpanic matier ndipenous to the moeon. If surh a hislogical contamination
af the moon cooureed, 1L would represent an an-aralleled sclentific disazter,
climinating several possibly very fruitlul appraaches to such problems as Lhe
early history of the salar systerm, lthe chemical composition of matter in the
remote past, the oripin of life oo carth, and the possibility of axtraterrestri-
al lite. Because of the moon's inigne situation a8 4 large unweathered body
tnn thie middle of the selar systemnni, scisatiiic opportunities lost on the moon
may not be recouped elsewherre,  Accordingly, it is of interest to determine
{a) the survival probahbility of a terrestvial life -farm on the moon, and (b)
the possibility that organic matler was produced ducing the previous history

of the moon, has suprwvived to the presant epoch, and could he confused with

the remmaeins of conlemporary Lerresirial Life-foovms,

oechion Une

Survival of Terrestrial L‘?T'gnniﬂma an Lthe Moon

There scerl to be three major hazards to survival of terrestrial life
on the maoon ~ - the tempernture variation, corpuscwlar rodiation, and solar
electrormagnetic radiation - - which we conzider in tern. The probable ab-

sence of axyren, water and olher Aubstances from the moon's surface 1s not,

263



of zourae, evidence against survival, particularly of dormant anaerobic micto-
organigms; but it daes preclude the possibility of their reproduction.

Temperatures ranpe from about + 100° C. Lo about - 150° C, during a
lunar day and night, but since many microorganisms, and especlally bacteri-
al spores, can survive temperaturtes in Lhis range, Wwe neglect the debilitating
cifects of the temperature variatiorn.

Cosmic rays, charged particles emitted by the sun, and continuous and
discrete solar electromagnetic radiation arc all incident an the moon. Wheth -
gr they arrive at the lunar surface, hewesver, depends on the existence of a
lunar magnetic field and a lunar atmaosphere. At the presenk writing, the
strength of the lunar magnetic field is not known {except perhaps in the 7.5 5. R ).
However the mean density of the moen is comparable with terrestrial surface
raterial: this has always been understood as ludicating the absence of an ex-
tensive liguid iron core, and proswmably the absence of an apprecizble lunar
magnetic field as well. On the other hand it is not definitely ruled out that the
field strenpth is comparable with the terrestrial value. By terrestrial ex-
perience, and from the Slermer theory, 3 energetic charped particles arviving
from greal distances would be coanstrained to strike the surface at hiph mag-
netlc latitudes: coemic rays and the sular proton siream would then be primarily
axcluded from a wide band around the lunar magnetic equator,

The work of Bierpiann on the acceleration of comet tails indicates a flux
of solar protons in the vicinity of the moon of about & x mlf" protons cm Hﬂcﬂ].
and a rnean particle energy of a few kev {v., e.g., B). Charged particles will
 be excluded from regions where the mapgnetic energy densily is greater than
the particle kinctic encrgy density. ot the snrface of the moon, then, ithe

lunar magnetic field strength must exceed about I.L'Jr_2 gauss for these solar

Jh4




proton streams Mar wind" to be defiacted.

From lunar occultations of cozmic radio sources, it ¢an be estimated

i 14
that the lunar atimosphere containg less than 107 molecules above each aguare
. +- -l} - = 1

coentimmeter aof surface. Ultravielet abuorption cross-sections for all mole-

: _ . , -16 2
cules likely te be in the lunar almosphere arc penerally less thon B0 Tl

. ' n ' ' - ""2

al all wavelengths., Hence the gptical depth in the ultravielet is less than 107 °,
and there 18 no attenuailon of incident solar vltravislet radiation by the lunar
atmosphcerce. For the solar prolon wind, 2l to 5 kav proton has a ranpe af

2 S . 18 -2
cm atmosphere, © o, roughly 31077/ it molecules em™ for a

abrul 107
lunayr atmosphere of mean maolecnlo s welghi JE,!'_ - Conseqguently, if the lunar
magnetic {icld ytrength is less than about .1.IZ.'I'_2 gaunss, the solar proton stream
strixzes the morn's surface with nepligible loss of cucrpy due ta its passape
through the tenuous lunar aimosphere. The same conclusion dpulies to the
IMare enapproilc coamic ravg,

Now whit i5 the effect of these radistions on terrestrial microorganismey
deposited on the lunar surlace? We consider mic rogranisms hecause they
are known to be mucl less radiosensitive than other life-forms, T oat least in
part because there in less which can L0 wrong Ll & sunple arganism than in
A complex one.  In addition, the aceidental deposition of many microorgantsms
o the Tnnar surface 18 3 much more likely continjrency than the accidenial
deposition of large numbers of other life-forms,

In Appendix I, expressions arc de=jved {egs. 7 and 8) for the time in
wihilch a population of N, organisms, having a mean lethal dose, T), for a
Eiven radiation, and characteristic dimeon sions, a, 18 roduced to W Organisamas

by vadialion of intensity I In Table I, Lhese lifetimes are tahulated for a

nunber of values of Nfl‘*«fﬂ and #.  The intensitics are those appropriate to



he lunzr surface for nenligihle atmaosphere and mapoetic field strength, and
sa aze equally avpropriate to interplanetary space in the viciaity of the earth-
mon systamn. Conscguently the dovived Lifotimes are aleo those nf an unpro-
tected microorganiem in free space, znd so have A bearing co the panspermis
or cosmezos hypathesis (v., e.g., 1, 221, The X-ray cmission tn Tahle Lis
' . 7 . . .
taken from a thoeretical study of the solar corcna’ and is consistent with
rocketl observatiens at gulet sun; the continuous uvinten miliess Arc computed
from an integration of the Dlanck agquation fov appropriabe wltraviolst blaclk-
'h-:ljdﬁ_,r temperatures; and the cosrnic cay Lux is adepted from the flux inlerred
to exisy atb the top of the earmn's otfraosphsre,

For = given acrganism, the mean lothal dose in poentgens is approxi-
mately invariant, under the same envirenmental conditions, Lar all loniging
radiation, corpuscular and electromagnetic. BDula arc not a?vailahle however
[ovr the muzazn lethal doase for the relatively slow pazticles in the kilowvoell selar
streams. For the lax'gm-:-r- organisme these streams will destroy suriace struc-
tures rather than irradisate the bulk of the orpanism, Such & situation mighs
icad Lo marked chanpes in the mean lethel dose. 1 iz difficult fto know Lhe

. . : 5
direction of ¢hanee. Viruses characteristically e indhe ranpe I - 10 1o

nf 40 . g, 1l
07 r; crotonea genaratly have the same ranpgae.

H -} 4 = 1
somewiat lower mean lethal doses, W7 %6 100 ¢ dox 12, cobi, for cxample, and
4 % : . 12
7t 107 » for the srores of B, mesente~icas and A nlper, However,

el el B e ol ke ] L, B n— —ar———

Bacteria usuvally have

there has boon ne gystemaetle agarch foe vadiovesistent microorganinms, and
iLis possible that microorganisms having mean lethal doses as igh at 10 r
exist, In additien, D in general has some feneuional dependence upon s1uch

iactors as the temperature, the oxveen btension, the time interval in which

the killing dose la applied, and the prescnee of an external fgucous medium,




The depeadence ie in different direciions in differani arganisms, and the in-
teraction of the various effects Is quite cornplex; bhut the resulting variation
in I¥ is rarely as greal as a factor of ften. Considering all these points, then,
it appears that o conscrvative satimate for an average mean lethal dose due

. . . .. L K
fo ionizing radiation is 10 r.

For the non-ionizing ultraviolet radiation, D has a stronp functional
dependence on wavelength, corresponding to the wavelenpth variation of molec-
nlar absorption cross-scotions. There is ar absorption maximum at roughly
A 2600 duc ta the biochemically ubiguitous purincs and pyrimidines, and
another, more prvonounced, maximum shortward of 3 2300, duc to aimple
diatomic functional groups, such a» MN-H., Ultrzviclet mean lethal doses are

. -2 | .
Javsm iln crys cin , and are genervally measured at R 2537, Ta oblain a maan
value of D appropriate for a wide ranpge of wavelengths we must know the

wavclength variation of . For communon sirains af B, coli, foar example,

—

D A 3000) = 10” ergs {'mTE, DM A 2E37T) = 104 Erps :‘.rnﬁz. and T } 2300)
=10° ergs em™*. 1% Considering the decrease of D shortward of h 2300, »
conservative (1.4, , upper litnit) mmean value of D for the wavelength reglon
h 3000 to A 2000 Appears to be the vulue at 3 2537; this shauld he ronghly
applicabile far an ultraviolet black-hady spectrum with a Wicn peak lenpward
of A 3004, I'f.‘he mean lethal dose ak A 2217 fu.: the rnore radioresistant hac-

teria, such as R, subtilis spoces, Sarcina Intea, and the B/fr strain of E.

—

—————

. . -4 1 }
coli, are approximately IEI'5 eTEE CIN d. “  An unusunl case ig the protozoon

b -2 1

Pa rameciuin mllltil‘.‘_l'.'li'l:L‘GIluL“lHE.F.'Im_, for which I3{ A 2537} = 10 ergs cm
Considering, finally, the envircnrmuntal dependaencas of D mentioned in the

preceding paragraph, and the pos sitiility of undlacovered microorganiams of

extreme radioresistance, we ddopl q & mean waloe of I for ultraviclet




radiation in the region 13000 to A2000, D = 107 AT gs -::rﬂ"?i For the region
shoriward of A 2000, D is certainly less than 105 BrpS cru=2.

Where the compnuted lifetimes are preater than & month, they have baen
divided hy two - except {or the cosmic ray lifetimes - to allow for the lunar
night, For tlmes shorter than a month, continmons solar wllwnination has
becn assumed, but of course, all such times may be as longy as a month if the
organism is deposited in a repgion svon after the terminator has left the ragion,

A1 kp. instrommented lunar packapge may easily contain II[]'I'I:'I micro-
argauismﬂ;l it iz very unlikely that any packages for the inunediaic future
will contain as many as 10 microorganisms, Accoerdingly, we see from
Table Ithat all micraorganiams deposited and exposed to the =un will he
killed by uv in a few hours. Similarly, fully illuminated micraorganisms
in cislunar space will 2also survive only a few hours, Huence the panspermia
hypothesis is untenable for unpratected microorpanisins of comparable radio-
zensitivity to terrestrial micrauorpanisms. Qo the other hand, suppose some
microaroanisms sumehow survived in space and are deposited in 2 '[_ll_nar
crevasse or other depression, alwavys shielded from solar radiation. 1hen,
killing will ke effected only by voszmic radiation. Decause of secondary
cascadc, cosmmic radiation reaches an intensity maximum salightly greater than
the surface value at a depth of ahout 10 cm on Lthe moon, according to recent

|

work. }? It is reduced to 107 ° the surface flux at # depth of aboul enc meter,
and to terrestrial surface values at a depth af a2 few meters, Heace, micto-
organisma shielded from the sun, but just bencath the lenar surface will not

be kiiled by cosmnic radiatien for several hundred million years; microerganisms

at greater depths will have even longer lifetimes. Similarly, cosmozoa imbedded in, f¢
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example, 2 meteorite would have lifetimes comparable to the age of the solar
sy stem, and the panspermia hypothesis cannot be ruled out under these cir-
cumstancan,

Now whar is the pos=sihility that rmicraorganisms deposited on the moon
will welually be shielded? The nature of the lunar surface 15 &4 complex and

| 14 _ L .
much denatad problemn, which need not be reviewed here, Huat it 15 of in-
terest to call attenticn to o few points.  From eclipse termnperature Tneasureaments
and radic edscervatlons if is known that thaere 13 a dasl covering on the moon,
but sstimates of its depth range from millimetass o miles. However, Whippiﬂm
has called arsenticn to the experimenial {aet that dust, in a vacuwn, and ir-
radiated with & covpuscular and clectromapuctic fiux of approximately solar
campasitior, wiil congeal, forming a low-densizy, seml-porouns matrix., If
+

tler lunar surflace maeterial has 2 gRimilar stricture, it wounld appoear very pos-
sidle for minrocrganisms to ke lodyed in the faterstices of the matrix, in
such positions »8 to be shielded frem the sun's rays at sll angles of inasola-
ticn.  Uonder thezse conditions, the srryival for very gresat periads of time of
dorvmant anaerchic micreorganisms depoesited near the sarface would seem
Lo Bt o poassibility which canndet be neglected. A determination of the micro-
shouctuce of the moon's surface mazerial 18 thereiore of great importanoe,

The killing of an organism, of course, docs nol necessarlly involve
s chvrnical dissocistion, and lang after daeath gccurs, in an anhydrous
asepllioc envircoandcal, many aspects of the organism's characteristic bio-
vharndont =tructure will be maintained, Aller lopg periods of continuad
vebadinticn, ¢nouprn Londs would be broken Lo desiroy Irnr_‘-st of the long-chain

Liclonical polyraers such as proteins 2nd nucleic aclds. The problem is

camilicabed by the exlstence of radialinn protection devices {catalase,




eytochromes, sulihyd=-yl compounds, chotorcactivation mechanismes) in most
contempaTary arganismes, Loecause of the Freanclk-Habinowiteh caze effect,
the ceollection of Miaseclated meleculas arising fror the aripingd orgonism
weould tend to remain in close physical contact, Jonizing radiaticn is very
much mare efiicient than non-lonizing radiztion in depolymerizing and dis-
soctiting organic molecules, Beealdnpy of all hvdrosen molecnlar bonds and

- _ 1z, - i
charring eccurs at about 1077 r {v., e, g., Bi. Charring by the solar profon
wind ocours in from months to years, depending on the sise of the dissociated

- 3 - + . - + 5 S . -2

organidm. L, hawever, the lunor surface magnetic {ield exceads 10 gauss
and the proton wind doos not pencloale to the surface, it may take as long as
several thousand years for charring to be induced by soft salar X-~rays. ‘Thus
e value of the lunar rmagnetic field strength has proat relevance for the ques-
tion of possitle blacheminal contaminstion of the maoon. ~

N dissoctation advances, lunar lemperature effects would become muore
- - - - .. i}
imrortant, syaail moelecules being readily dissoclaied al 106™ ©. Far example,
“he rnost thermostabls aminoe acid, alanine, has a thermostability half-1ife at

& ) _ 3 G . i i

1607 C. of approwimately 107 yeayrs, wilh most other aming acids having half-
livas not less than fen yea-s, Molecules shiclded from dissociation by radiation
wanld he relativelv unaflccted by lunar tempevatures, and if ladzad beneath a

few coentimelers of insulating lunar serface material, could have very lonp life-

lirmie s,

Secton Two

Croduction of Qrpanic Mallers in th: Farly Hisiery of the Moon

Rkl ¥ |79

-—r—a

There 18 reason to believe that the moan, along with other bodies in the
Rolar system, was fotmoed rome B to 6 x 107 vears ape {rom the solar nebula,

2 vast gas and dust cloud of essentially cosmic digtribution of the elcinents.

afl




The contraction timeseale for the actiar nehola was the Helmboliz-Kelvin
i _ , 4 . - .

period, aprroximatcly 107 years. At the endd o7 thia period, the sun approach-
ed the rnain sequence jn the Herlzsprunpg-Russell dlapram, theomonuclear
reactions were initiated, and solav wicciromagnetic and especially corpuscu-
lar radiation dissipated the nebala {rom azound the nrotoplanets and their
atraaspneres,  The dissipation timescale for the solar nebula s eslimated
. . . Y ‘) 18 i i
oy Kulper as between W7 and 107 vears, Adrer tae clearing out of inter -
planetary space, hot cxoupheres eatablished in the pratoclanetary atmospheres
led to efficient evaforation of the planctary cnveliopes, a process aided by the
song rean froe paths in interplanesssy space and the low escape velocities
{duve to smalles raass/radius razios o= the prstapianets than for the present
planats).  The time for the ewpoyaticon of shit protsterresfeial atinosphere ap-
I 151 17
pears to ke roughl o 107 yea =g,

Daring the cvents jus. owntlined, ohoralznl compounds and condensntes
were Taining down on the protoaplanetary surisoes, lowming the outermost
layers. Aficr the evaporalion of the atmaspherss of thae terrestrial proto-
planeis, internol heatlag mmust have vaposized mnch of the condensates,
therehy forming sceandary atmaspheres of similar choemical composition to
the initial protoatmospheres.  The present Martian, Venusizn and terrestrial
etmospheres are believed o be altimately of such sceondiary origin, Similar-
by, the moon must bave possessed a secandary aimosphere a® one time, which,
howaver, aince has besn lost to space boevause of the low lunar escape valoci-
Wo M pol replenisbad from the intevior, a lhnar atpnosphere will eacape to
space ] Yap 15y ~ :
Space 1n roughly L7 years, as coan be corpulcd from Lthe wosle of Spitrer.
Hencs the lifetiine of the secondasy lunar amoesphere depended cntirely on

the supply rate of gases from the lunar intericr. This is difficult to estimate,
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e . : . , . 7 5
bt it is not impossible that extensive lemar yulecanism lasted for 10 or 10

years., Althouph il is unlikely that the lunar craters are voleanic in origin,

other lunar surface fcatures exist whick are of undoubted volcanic orixin,
We now consider the penetration of solar ultraviciet radiation into the

varinus pasesus envelopes which surraunded the mocon in 1ts early history.

The absorption cross-scction of ammnnia, the moesl prominent oitropen-

containing meolecule in cold cosmic pases, shortward of A2600 is greater
~19 2 : . .

than 10 cm . Hence, a3 long as {he mezan denszity of ammonia exceeded

6 . -3 .
107 melecdwies cimn betweon the mmoon srd the san in the solar nebula, solar
uv shorlwared of :"I". 2E00 did not reach the lunar weinity., This ammoeniz den-

; . -3
sity corregpon.s o a hydrogen nomber dengity of abour 167 molecutaes om

: . =15 - "
for cosmic abuadances; i, e., about LU pim ocm T, Interplanctary densities

. : 18 ) !
£ this order were reduced rapidly, ~ and we conclude that during most of
3 4 : : . . .
the 107 to 107 years in which the selar neliula was being dissipated, solar awv
=, ’ |
shoTtward of /. 2600 was reaching the protoatruosphere of the moon. Be-
cavse the lunaer protoalmosphers had not yvet begun to escape, due to the
short mean free patls within ithe =o0lar nebula, the lunare protostmosphore
remained apaque to solar uv during this pericd.  Afiter the dissipation of the
solar nebula, the lunar protoatmesphere wae apanque tn the nv for most of
its lifetime. In this same period, tlie mcen must have beoen situated within
the protoatmosphere of the earth, and 80 the moon'e su~face muat have heen
protected fyom selar uv by lunar and tecrestrial proloatmospheres for alinost
g , : _y
10 years. Afer the evaporation of these protoatmosplieres, and the origin
of the secondary lunar almosphers, it is net ¢lear how long the snecondary
atinosphere was rmaintained at sufficient density 1o absorb all incident solar

radiation shortward of 7 2600. The “Tue time may be anywhere hetween 10
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and HJ'E' years, depending on the rate of gonsecus evhalilion from the primitive
lanar intericr. But from terrestrial experience, one miphl expecl the larger
value to be nearer to Lhe Leulh.

The later solar nebula in the vicinity of the meon, and the primary and
the E’:l:l:In.CIELI"j.T Ilvnar atmospheres, all having cosmic componrition, ware com-

posed largerly of CT—TJ}, NH HEC}, with emazaller amounlz of HE, He, NE'

3F

0, CO A, Ne, and the inleraction prodocis ol these molecwlea., The ef-

EJ
feect of solar ultraviolet light {and electric cischarges) on such an atmosphere
is well known; organic molecules of fair complexity (ap o molecular welght
o 100Y are produced efficiently, altmosl indepoendently of the relative propor-
tions ef precursors. Anling and other organic acids, pyrroles, pyridines,
and gimple hydrocarbens and their polymers are amongthe aynthesined

, 2l 22 . L _ S .
molecules. The syntheses are in peneral non-equilibrium processe s,

radiation beth produces and destroys the arganic molecules, but the net

produclion rate is proportional to Lhe photon flux. In addition, because the
molecular weipght of these molecules was greater than the mean molecular
weight of tha nebula or atmosnhere, thevy difiusad to the surf&ce.lmdar the
influcuce of the lunar gravitational [leld. The tirme for such Illulﬂt;'l.llEE to
diffnse to atmospheric depths where pholo-disscciating uv does not penetrate
can be shown Lo be of the same arder as the fime betwean absorplions of
photo ~dissociating photana. - Conseguontly, with reaction products being
removed from the syrtem, the quantnra yield io the primitive lunar envelopes
must havrc lllt.."-t:rl grealer than that in contemporary liboratory experiments in
which reaction products are not heing rernowed from the system,

Roevently 4 series al experiments on uy synathesis of organic molecules
¥ E Y 2

which permits quantitative conclusions has Leen performed by W. Groth in

R
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Bonn, 24 The overall quantum yicld, #, [or the production of aming acida

alone from a gas mixture of ethane, ammonia and water is between 10 -4
and m-—‘j_ The value appéars to be approximately independent of wavelength

between A 2537 and A 1470. Because of the rapidly decreasing NH, absorp-

tion cross-section longward of 7, 2600, radiation of much longer wavelengthes
should be synthetically ineffactive,

In the prirmiiive lunar envelopes, methane, not ethane, was the princi-
pal carbon miolecule. The gquantum yield for the photaproduction of ethane
from methane is about lﬂql at M 1470, 23 Aszaaming the syathesis of aminoe
acids from methans, ammmonia and water 18 3 wavelength-indapendent as the
aynthesis from ethane, ammonia and waler, we conclude that the §§ appro-
priate Lo primitive conditions is about a facter of ten less than Gruth's
laboratory value. This point should he checked experimentally, Since the
time betwesn collisions is much shorter ihan the Lime belween ahrorptions
of uv photons in the prin;itive Iunay atmosphere, e the differing pressures,
termperatures, and densities should not eignificantly alter the overall quan-
tum yields. It is difficult to estimate by whal factor the overall qguantum
yvield should be increased to allow for the gravitational diffusion of the SV~
thesized molecules out of the radlation field. Simultanesnus irradiation aver
the whaole range of wn%eiﬂngths shortward of A 2600 should also increase §.
Prowvislonally, leck us take an averall quantum yield for the photoproduction
of amine acids in the primitive lunar atmosphere or ne_ighbnring solar
nebula of @ = lﬁ.-'{'1 between 2 2600 and 1470, remeimbering thatl there ia an
uncertainty of at least & factor of ten, Tf we knew the flux of solar radia-

tion between these wavelengths in primitive times, we would be able to

compute the arrival rate of aminge acids on the ancient lunar surface.
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The present solar flux at A 2600 is that of a black-body of temperature

about 50007 K. ;EE’

We arc interested in the radiation flux after the sun's
evolutionary track in the Hextusprung-Russell diagram has jained the main
scquence, and the dissipation of the solar nebula has begun. At the Juncture

with the main sequence some & x lﬂq vears ago, the luminosity was about

half a bolemetzic magaitude less than ar prezent, aad the radins about
27,23, 24
@

radiua was ahowt §, 90 R, .. ., while the solar luminag sity had increased fram

& a
0.87 R 107 years later, about 4 x 107 yecars apo, the salar

abiout 0, &9 L'ifﬁ T ahwoar {73 ‘L'n:';,u . 9 We wrire LEJP and P".::j for tha present
soLa¥ lumninosity and radius, Enowing the luminasities and radii at thesze
bwo represcniative times, the ulkravielet black-body temperature and T -
metrical dilution facters can be computed, and the radiation flux shortward
of a given wavelength at the two times obtained by Integrating the Planck
cquiation.  The wizaviolet temperatures were about the same at the two times
(. 975 the prasent tcnq.‘;u:rature} as are the dilution factors (about 0, 8 the
preseat value}  The quict salar uliraviclet photon fluxes of waveloenglh
shariward of A 260 in the vicinity of the moon at these times is then cob-
putcd Lo he O = 7 x 1(]14' phatonas r:m_a S _1. roughly the present value,
Assutne now that uv radiation of intensily £ 1alls for t seconds on an opague,
RaSeQia envalope surrounding the moon, and produces molecnles of malecu-
Ia 2 weight p with quanturn cfficiency #. Lot r be the distance from Lhe
conter aof the moon auch that all molecules of melecular weight  producced
at distanc~as less that r are gravitationally captured by the moon, while thosa
produced at distances greater than r will escape.  Thae synthesized molecules

wiil be distributed over a moon of radius B, The 1moean surface density of
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deposited matevial will then be

/f:}ﬁr Al "iﬂ./ /:':') o com

whrre Nﬁ Iz ﬁn.w:agad:f}‘ﬁ number,
Fecause of the moon's Proximity to the more massive earth, much

materizl produced in the lunar vicinity mnust nevertheless hawve Leen Capturcd

by the carth, We adopt as a minimum wvalue of r, v - RK;i. e., we neglect

lunar gravitational capture of molecuios produced outside a cylinder of

lunax> radius extending from the moon 1o Lthe sun.  This Approximmation iz,

of course, vorey neatly axact for the secanddary lunar attnosphere; but il

gives only minimem values of -+ {or the firmes of Lhe solar nebula and the

original lamar protoa o snhore,

-l

In Table I we have listed values of Feomputed from the akove cOrA. -

tion Inr {3 = 7 x :li.'.!l‘:Jé photons cmm'?' B '-}, andx_LL =100, for various valucs of

t and .
Table Ll_

T.UMAR AMINO AGID SURKACE DENSITLSS IN gm cm ™2

@ ' ‘

t L0 -5 Lo -6 10 w7 Envelopy
— Myeays S— — S— — —
0”0 i< 10" m"*\‘-t
UM T 1072 ip° _
5 1 .3 secondary
L1} i 16 14 > 1
£ 1 unar
IDT 1[}2 L L0 almosphere
i 10 10 i ).
1[]8 1[.}3 1(}2 10 lunar protoatmasphere
Tk 1{}"1 102 IDE} solar nebula |

277




We see that vary considerahle amino acid surface densities were produced
7 9
from the solar nebula and lunar protoatmosphere {£ = 10 Lo 106 years)., Haw-
ever, most of this material rained down while the moon was still being formed,
and therefore must either be buried at great depthe helow the present lunar
surface, or have been thermally dissoeciated in the volcanic processes which
avolved the secondary lunar atimesphere. Crganic matter produced in the
secondary lunar atmwesphere sppears ' have a much better chance of residing
near the presant funar surface and havop avolded dissocintive processeds (sce
.2l . A4 P i
below),  billew and roth {find efticient produclicn of uthev sthstancas
becidas amina acids, sarmme with preatcr quantam vields (espacially formic
and acctic aclds! and many with lesser gquantumn yields, The overall depasi-
tion of organic matter after the moan's formation may well have exceaded
-2 A : : 1T -
10 pm cin ©. This figure is greatly in excess of any possible accretion of

! . k : . .
cometary ar interstellir arganic maticr. Iraring the time of depasition,

[k

the lunar atmoesphere would have inkibitad thermao - and photo-dissaciation
of the depasited molecule.

Ao the secondary lunar atmmosphece gradually cscaped to space, and re-
plenishment from the inierior t.'_'.vc;:utulall‘;.r fell ofi, *he rate aof atrmmasphoric
prganic synthesis decreaced and the penetration of short wavelength radialion
to the surface incercased. ke sddition, the surface temperature gradually rose,
due both to the loss of the insulating atmosphere, and to the concentrallion of
radicactive ecloemoents towards the surface as a consequence of the formation
of the 'Iun.zul.' mantle, The effect of heat and uv on the meolecules described

above is most remarkable, Although the second law of thermodynamics 1s

[

obeyad, a lavge feaction of the melevules, with activation energies supplicd,

partake in organic syntheses of a higher order of complexity, Polypeptides




arise from amino acids, hydrocarbon dimers and tfrirmers form long -chain
polymers, and in gencral very complex orpanic molecules are constructed
|2lrnast all of which, incidentally, are utilized by and are part of COnlemporary
. . 22, 30 : .
terrenirial organisms). Finally, bacause complicated molecules goroe
more Tesistan? to heat apd radiation thar arye sirapler molacules fat least in
part due to ithe Franck-Rabinowitch cage effect), the syntheses are biased
towards the net produciion af the mes® complicated crganic malccules
v, eog,, 310

Althouph conlinued radiation and high temperalures would lead to the
eventual destmectton of all these malecwie H, we mu=st remcimber that metesy -
itic matier wars f2iling inro the lunsr atne spivere throughowt the poried of

. : i N b o, : 2 e
orgaule synbaesis. Whipple™ estimatcs that ahout 50 gmi/femn™ of meteoritic

. , .
maiter falls on the moon each 107 years at present rates of infall., In addi-
tiom, it is almost certain that the rate of metearitic infall vn Lhe moon in
Erimitive times was mueh greater than today.  For example, Kuiper be -
lieves Lhe rnoon, receding from the earth becanse of tidal friviion, passed
throngh a sedimens ring of silicatcs and ices which eneircled the carth. As
GRe Conseguence os this meleoritic infoll in primilive times, the moon's
suriace must have received 5 dust cover, probably composed primarily of
silicates aud ices, which can Le identified, at least in part, with the present
lunar surface material. The organic molecnles would then he covered by a
g

praotective layer insulating them from the extremes of lunar teluperalure and
absorblep the incident solar radiation and subsequent metearitic infall. The
laying down of the initial protective covering could have itself caused some

destruction of the moleculas beratse of heat generation during impacting of

the initial mateoritic infall, For a sufficie tly deuse atmosphere during

2T




this initial phase such an effect would not be serious. FProwvided that no large
scale desiructive events have subeseguently occounrred, it is therefore not un-
reasonable to expect the presence of both zimple and complex organic
melecules on the moon, benecath the dust layer, and with an averape surface
density of a= ruch as 10 Zrm cm-z. Theze remuarks apply properly only to
regions on the moon where it is5 certain there have been no cxtensive lava
[loyws; the seouthern highland appears to ke such a region. 32

A sample of appropriate lunar sub-suerface rmaterial should then have
an oryanic fraction casily deleciable by simple chemical analysea.  When
comparead with suitable laboratory results, a guantitative and gualitative
anabysis would give imporcant olues on the early history of the solar gyalem.

Fecauees of its great potential imporiance, the acirmitte-:llﬁr Yery opecula-
tive possibility must be ralsed that life avose on the moon hefore the secondary
lunar ztmosnhere was lost., There is coasiderable likelihood that conditions
on the maoon 5 x 1Dg years ago were nob very different from conditions on the
Eartl:h 5% I'D‘;i vears ago. Recent thinking oo the orlgin of life on this planet
is increasingly inclined towards a very rapid origin for the first zalf-

22, 3l ]

reproducing systemn. 1t a sirmllar event 15::- pecurred on the moon,
natural selection may be expacted to have kept pace with the increasingly
motre Revere lunar environment, at least for some period of timme.  Although
the chances of extant life on Lhe moon geem axceadingly remote, there is a
finite possihility that relics of past lunar organisms, if auy, could be pre-

sevved indelinitely if sequesiered well beneath the protective cover of the

upper lunar surface material,
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Scctlon Three

Conclusion

Inie to the posaible similarity in primitive ocrganic syntheses on the
garth and the moon, assurance cannot be glven that organic rmitter indipas
naus to ;;he moon will be distinguishalble from accidzantally deposaitad
terrestrial organic matter. However, indigenous organic matter will be
primarily localized beneath the congealed lunar dust layeri while deposited
terreutrial organic matter should be primarily localized at the aurface.
Even micrcorganisms in dust matrix interstices shielded from selar il-
lurninatisn would probably be far above any indigenous lunar orpanic matter.
If the lunar maria are frozen lava fields, a landing on them would be greatly
preferable te a landing on non-lava areas such ams the southern highlands.
Bafore any moonfall is atternpted, the microstructure ¢f the lunar surface
material and tha lunar magnetic field should be studied as effectively as
poeaible. In spite of the unlikelihosd of biological contamination difficultles,
it is atill probably pood sctentific cuution to make the instrument package

a8 aseptic as practical consideratione arrived at after sericus evaluation

will permit.
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Appendix 1

SURVIVAL TIME OF AN IRRADIATED POPUILATION

We consider a population of N organisms, each havinpg mean
0l
: -3 . :
density @ gm cm characteristic size a ¢m. and mcan lethal dosa
of 2 given kind of electromagentic or corpuscular ignizing radiation,
D roentpgens. The populatica is irradiated with an intensity of
_2 -'"L [ [ r - - . -
Ierg cm SE of the given kind of radiation, which has a mass
. . i . Z -1
absorption coefficicnt in organic maticr of ,,Ly' em” prm 0, We are
interested in the time, t, in scconds, for the population o be deplated
{rom Nﬂ Lo N arganisms.
Let J be the enerpy absorbed by unit cross-section ov QT ganlam

due to o dase ol d roentgens, Then, since one r corresponds Lo the

absorption of 93 ergs/{pm,

L ?ﬂpad (1}

On the othert hand, if the enerpy incident on unit cross-section of the

organism is X _, then, by Deer's ILaw, the saergy transmitted through
the arganism i3

.-{fd},r’ff?}{ﬂ:i {-f.'-:'

Consequently, the e¢nergy absorbed by the orpganlsin 1s

“(pleal
-

R i e (3)

Now if _'II'.‘_’1 erps absorbed by 1 cm” corresponds to 4 dese of d roentpens,

E = J, and from eqgs. {1} and (3},

L

i) e 7
.Eg/c:’.’ = *?3(0&/;—- i rf’""/""‘”j/? & ot c:m"'e’r‘“’ (4]
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Conscguently, the time, ¥, for one organism to accumulate D reentgens
-1

due to an incident flux of I erg cmu ~ zec | is

> =(5/0) (/%)

Assuming an exponential survival curve for the population of organisins,

the number anrviving after time t will bhe
—Lo
rompp e (6)

Solving eq. {6) for t, substituting from egs. [4) and {5), and converting
irom patural to conunoen loparilhms, we sbtain for the time in which the

population will have heen depleted to N organismas,

=/
¢ = L "?Fﬁ?’?}/’:‘“ a NEG” /,'1:1/;1,? (7}
In the ¢case that the mean lethal dose, I), is plven directly in

1 3 : _ . |
units of crp vin ~ instead of roentgers, as is the case for ultraviolet

irradiation, eq. (7} is replaced by

=t
3 :.Erfa.':f/ﬁ/f)f—~eh@/#?) f"j 1o, (Mo W) (8)

Table I was constructed from eqs. (V) and (8) with the follawing
sitnplifications. was taken as unity throughout,
For an organism opague in the pgiven radiation,

and egs. (7} and (B) reduce respectively to

# =204 apn(TYT) log,  (H | (9)

and

¢ =2.2(5) tog,, (P /) 0o
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For an orpunism which is alrnagt transparent in the given radiation,

and 3 Taylor series expansion af the exponentizl reduces

egs. (7)) and (8] respactively o

o~ - el -~ ) .
R i - T SN (11)

atid

¢ = (23l e)(27) vag, (i) (12
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Appondix 13

CURRENT ATTITUDES AND ACTIVITIES R.'IT.'C_':AT{D_THG
BIOLOCICAL CONTAMINATION CF IXTRATERRESTY (AL BODIES

A, Organizations Active in the Field
(1} Ad Hoc Commitiee on Contamination b, Txtraterreslrial
Fxploration, Interonational Council of Scicntific Unions
{CETEX)

For membarship and recomruendations, see Science, 128, Ba7 {19538},

and Mature, 183, 25 {1939%, The arganization is now defunct.
(2} Fastern and Westora Ad Hoe Advisory Groups to Com-
raittee on Long Terrmn Projecis, Space Srience Board,
Mationsl Acsdemy of Sciences (BASTREY and WES LREX)
EASTEX Las had one meeting, WESTEX three. Freseot membersnip
cf WESTEY js . ™. Bracewell, Stacdord, Astronomy; M. Calvin, U of
Culif., Berkcley, Chemistey: R, Davias, Jot Propulsion Laboralory, apace
YVahicles; M. Horowiiz, Cailecls, It:ﬁ.l':.x-atsi.r:ul::-gical Genetica; B. N. Badger,
Caltech, Cheoemistry; J. Lederhovg, Stanfard, Microbiological tfle::lﬁtlcs;
I}. Mazia, . of Calif,, Berkeoley, Zoology: A. G, Marr, U. of Calif. ,
Davis, Baciericlogy; A. Noviclk, I, of O-epon, Diovhysics; C. Gagan, i,
of Chicage, Astronomny; G. Sternt, Ul of Calif., Berkcley, YVivology:
. B, van Niel, Stanford, Microbiologicid Biochemistry; H. F. Weaver,
U. of ﬂalif,_. Beorkeluy, Astrooacmy. Views of theze orpanlsations are
wiocnased below,
(3 DPanel on El_t:;t;ratf:rre srrial Lifs, Armed Forces -
Meoticnal Rezearch Councll Commities on Bio-

SMoutronantics, Natienznl Academy of Scicncces
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This g=oup has jus: keen foemed. Thke fivsh mecting is scheduled for
Joly, Tresent compasition is M. Calwn, U. of Calif., Berkelry, Chemistry,
Chaiwrnan; J. B, Plate, U. of CGhicago, Fhysics; Cmdr. M. Ross, QNR,
USHN: €. Bagan, ARTF - Yerkes, Acstronommy; . Sient, U. of Calif.,
Berkeley, Virclapy: R Vishniae, Harvard, Wicrobiolegy; H. I'. Weaver,
U, of Catif,, Berkeley, Astronomy.

#. FPoeresenh Climate of Opinlan

From nformal meeling cotes and personal ceminunications we have

o
&I

ned seme idea of the prevailing climate of epinion, Nalurally any sam-

[ L]

mary statement cannot be wniformly supperted by all individurls, but «
definite vicw does exist both for groups a and b.

CIETTY feels Lhat the lilcelihood of any biclopical contamination of the
moon i5 very smali, since the possibllity of reprodnciion of a deposited
terrestriz)l micrTooToanisin 15 taken to be neglipible. The possible con-
jusion of deposited terrestrial ergunisins with indigenous lunar organic

cred to exist:; but if the mamnber of moontalls 15 kept within

[

moties 182 oonst
hounds, CELEX feals thas the contamination will he quantitatively smatl,
and Te shricied Lo o lirmited fraction of e moon's ared,

On the other hand, contaminaticn is considered to he a much graater
bazard for Mors and Yenus, and CETEX uvrges the develapment of decon-
tamination proacedurcs to ke used on all luna= probes in order to test later
decoatomination techniguesz for Mars and YVenes,

EASTEY and WESBTEX ag-ee that a depasited terrestrial micro-
orpanista would prchably be unable to repreduce on the moon, since there
appearcs o be an absence of hiochemiaal precursers. On the othar hand

we o et bnow tha lugar sub-surfoce canditions; Fromlin has recently
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pointed out that temparalurcs a fow meters below the lunar suriace may be
many hundreds of degrees centigrade, and It is not impossible that sub-
surfzce organic matier exists. Under these condilions repreduction of
terrestrial microorganiszms might oceur. In view of the geometrical Te-
production rate of terrestrial microorganisms undar suilable conditions,
and the absance of preater knowledge of sub-gurince conditions, EASTEX
and WESTEX urge that no moonfall be attempted until mor: information is
available and that all lunar probes be Tigarously decontaminated.

EASTEX and WESTEX consider the poss:ble confusion of depoaited
terrestrial organic matter with indipencus lunar erganic matter to be 2
preater danger than does GETEX. Lhey poiaf out that a hard Junar landing
will probably deposit contaminants nver a large fraction af the lunar sur-
fzce, not a very restricted reopion as CETHEX secsma to dzauma. Tn addition
there is the possibility that life arose in ancient lunar histary. If & viable
organlsm were TF.‘.{:D‘R-'{-‘.T{.;!LI on the mooen - - it would probably be detected by
clone faormation in a suitable medium - - the problem would arise as to
whether it was lunar or terrcstrial in erigin.  Similarities in hiochemiatry
and/or morpholopy with contemporary terrc stl'ia.l.:::rga.ni.sms would not
necessarily indicate contaminatory origin, hecause primitive life-inrma on
other plancts mipht vevy well resemble primitive life-farms on the earth.
BASTRY and WESTEX also emphasize that deposited microorganisms could
easily be shiclded from solar radiation by lunar surface material, and =so
ranid radiative killing cannot be relied upon. They siress the Lmmportance
of biolegical and astronomical inforrnation which might be destroyed by

contaminatio:n.
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It is interesting to nole that CETEX contains no micro-binlogists, and
that memhbership was not made on the basis of applicahility of the members’
research to the problem at hand, but on the basis of reprosentation from
each of the constituent organizations of the LZ5U. In addition there exists the
statermneant by a CETEX momber that CETEX was afrald to state the contamina -
tion case too strongly for fear its advice would not be heeded at all.

Tt might be arpued that since the first meanfall is very likely to be by
2 Soviet vehicle, the concern of EASTEX and WESTEX ia somewhat academic,
There have beon no Soviet scientists ¢alling attentinn to the contamination
Froblem, 2nd TJ. 5. 8. R. representation on CETEX could not he recured.
However, concerted eifort by the Amerzican scientific comrmunity might bear
fruit. For ex:imple, much of the plonesr work on the orjgin of life problem
is by the Russian bischemist, A. L. Oparin, who might be ecxpected to have
an interest in pre-hiological lunar orpanic molecules. Attempltys are being
rnade to contact OQwarin, The U1, 3, propaganda pnssibilities following a
U.5,5, K. lunar coniamination - - or vice verea - - ghould not be gver-
locked.

C. Futuve Work : -

Work already ini?.‘i.at{'.d- and cxpected to continue into the near future
includas (1) development of automatic devices fort detection of micra-
Biclogical reproduction on a suitable prepared medium, and {2} testing of
decontaminarts, especially ethylana oxide and radiation, to determine
wihethor a.clcg_u:*.tu decontamination is possible without destroying instru-
mentation. For radiaiion, at least, the situation appears marginal, Later
work might include the stondirdization of organic compoucuts- - ¢ g.,

Plastics = = of misaile systems inko a lew characteristic, biochemically
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unlikaly uu:ﬁpﬂuudﬁ.

Rescarch on the infrared reflection spectra of a variety of s30lld orpanic
malecules is underway at the U, of Calil., for future comparison with satel-
lite telescope and luar and planetary probe spectrograms. ARF work on
visible and near |R absorption spectra of gaseouws orpanic melecules for
camparison with spectra of the Jevian plancts will also be continued on a
larger scale at Buerkeley.

Publications may be expected within the next year ur Lwo [rom both
EASTEX WESTEX ana from the Armed Foroces - NEG parel on the question
of biolagical contaminalion of cxtraterrestrial bodies, WESTILX 18 con-
terrplating the writinpg of 2 handbook on the whoie guestion of extraterresirial

.
orpanic matter, extraterrestrial lire, and contamination; while the Armed
Forces - NHC panel 18 congidering monagraphs oo individuaal subjects. The
Bio-Aslronaulics Comunittes feeis that such monoegraphs migat clear the air

on controversial issues, saving much needless and repetitiouns arpument in

other cormmittees and agencies.
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