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This publication was prepared under contract
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‘EF@iluéigg is the tranelaticn of an artieie
By B.¥u, Levim in Metsoritika {uetoetatieu).,
“Vel xvill, Moeaew, 3960, pagen 20~253 ‘

‘ The 1anneh*ng ef artiziceial earth matellitas, zirat
achisved by the Eoviet Union in 19567, epens up defore spe~.
- eialista on meteoric materials coupliately new poseibilities
for the study of the fiper weteorie dvst, At the same time
theeas students are mere ineiatently thar ever before cor
frented with the problem of the destructien of sputnikf LR
‘the impoct ef meiesric particles, An answer on the Lugis of .
Cavelilszbla informaticn must be given jamediatsly, in crder :
thal the snlution may be refined in the future by nesns of -
- aee dats obtazneé tkrough tke use of tha sputnikas faomsalv‘
vee,
: “The prcbien of uateoric danger f&lls 1nt0 twa catq-
. Boriesz: first, there iz the guestion of sheli penetration
~and more sericus damsge by sufficiently large meteorie gpar~
‘tizles: the second probler conceras tke gradual degstruction
. {erceion) of the zhell through the impingement of numerous
“tiny partielee, ezoh of whiah 3n£11cts & very cmall dent
 {abrasive action). '
_ We will 1limit nuraalves to an examination of tha
. 2ivrsl guestiom. : - “ ‘
' At & veloocity oz tons of kilometers pexr ﬁecond, &
. particle ‘ean poneirate a. iayer cf metal having a thickness
-one order greater tban ite diauetar. ‘It is not kaown, how~

. ever, whather tke pessihility of penetraxicn depexds on the

fmanentus I = My uf tha onconing. p&rtiaxe or 1tc ene*gy




Or on some ether combination of mags and velocity, ¥hipple
€4) ealculates the penetration danger by assuming that the
entire snergy o7 the perticle is spent on the removal o
material from 2o right ecircular cone having an apex anst .= of
80%, This gives & Gepth of penetration
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. ?
vhare F‘ is the deneity of the shell, ang § is the energy
required to remove the material and takem as equal to the
beat of melting. According 4o this fornula, a spherieal pa--
ticle of dersity P = 2.gramsicentimetzr3,and veloaity v =
40 kilometers/second wilil renetrate aluminum te. a depth 10
 times ite diameter, ' '

_ The eupposition as regards indentations of the sane

forn ig unfounded., At the same tiwme, there are other appro-
 aches ¢ estimating the penetration with iess of a depjend-
enceé on velocity, For this reason ¥e shall examire two vapi-
stiongz, agsuming that the penetration velocity of a particie
is a funetion of ite mement I oy its emergy E, o .

. The penetration danger of course depends on the thick~,
fess aud composition of the sheil, which moy be aifférent for
esel sateilite, For purposes of genéral orientation in the
proeblem of the denger of renetration by metaaric‘particles,
¥e shall examinve, for sxample, an aluminum skeil 2 miliimeters
thick, and¢ will comzider as penetrative (a2t v = 4¢ kilometers/
second) coliisions with partieles 0.2 millimeters in diameter
ard over, i.¢., particiez with mass K> 8°20"¢ gramg (p =
2 grams/centimeter®). At other velocities, we shall com: s+
. B8 peneirative collisions with particles LZaving a morcatiu
I>Ip = 8.1675.40.105 = 32 gram-centimeters/second in one
instazce, or an snergy ExE, = 3} 8.1078(40420%)2 = 5, 4.107
ergs in the other, e : :

The main source of error in calculations o the pen:-~
tration danger is the great uncertainty in estimating the
masses of meteoric particles (Table 1), Lo

Table l1: Magsez of ﬁoteeric 2artiéles Producin

& Keteor of Hulli Steliar ¥agnitude at

: !;5~£ﬂ~£ilﬁms&e;aﬂa§§m . :
¥atson (13.,04440,65 grams 0,28 grans at v =
¥hipple €4),...,1,25 o= ' 55 kn/sec)
¥nipple (2)..,,.0,02 " (0,04 gran= at v =
Le"in (3)300000t°0055 .on . 31 kﬂ/‘ﬁc)

g -




 %he dypanig mﬂzr@m, has@é on m@aeurmw@m%a af d&%@;@“
.raﬁisa, gaers unserizin due e the ﬁuwaﬁmi%i*itv &% tehing
into aceoount the fza##an?&tiam oF matedric todion, For thi%s
 paesss, it wppears BEPE eazvaﬂt L uge W&mﬂ@ﬂ Getermingd by
the photometric nothed. Un the baa&a of the “photometyrie
anggsz® of 1i7 meieore {(phetogy aphed gt the Harvard Chs &P~
tered @ns&in%a by dgecbiz (6).ueing Opik's ﬂdm&ti&%l velue.
fai tu& ieminosity scsifisisnt [ace fetol ;  the awthay |
fpund tha
seterz/sacond ia areaied e = pariiclie of mase L0885 gran
'(33¢ In 1682 Whippie esgiprsd & nups of 1,30 gramc te sueh

& pariiele o= X times grazld e than that of the aather, i g
ik 13224 hiz pelinale was 0,02 gz raes, $.8. 4 tim ep SBE
then the auﬁnur*ﬁ {abs (S} 3. [Note § Iz 18538, bBav' . g Fue

amined ths prebisk ef ihe Pa&ffiﬁ ant 22 &umiﬁﬁﬂztv, Opilk
errived AT = 28w value 1’ tinos 3&&1;@* then the firasy enwf

O the basis of the suthor's mazs extimaien, dangE” '
gie sesed By partiwlep ereating weteory of up to the Bk
steilar maguiiude {at v ™ S0 piismeters/soaondl); o the bu~
siz of Wkippls's firat estinate, the . danger i paﬁeé by parw
4icies givimgrise te 323 stellar magnitude Emtecis. {%s have
$m miud bers the sbaoluke ptellar uagnitudes earewwpamdinw
e thi maxiuma brightnese of Lhe m@*enw whieh g mrﬂpar“"“~
ei to the ipitlel mesz ef ke metosoris bedy.) Yhiie with i
Mv*aa“*e a;?yaar@ﬁ ¢ 4u peseible o dsternipg Cthe puzbers
¢¥ Ganfgereug yhxtielea by neans uf Srdinery staristioal obke
carvations i ordinary and *el@g*tgiw weieore 6r radar ob
seyvations, Whipplefs estinates YUl Te on2 To TENITY e X
trapeiation into the zrea ¢f the aven weoker netesre, which

My ?

caoned prattiosily be sovered by obser vations. [ese Note )
PHster A% the auihow wag praparang his repos t oy publi~
eation, he eame inte castaat with ¥hipspie®s mew werk (5) in

i¢
which the mags of z metearic pariiele giving r&we ‘e a2 mastosr
ef null atellar uagaitnde is Rivey ag 25 Erems &nt ¥ = BE
kiiesetara/secoud’, Afhey remsilouiatins for ¥ = 4D kilie~
metors feecond (with tha gegnmpiicon tn:ﬁ the Right jnvemsil
L ¥ pﬁwrertzanaj Lo Av“ig & wane of Ll grumz, S.®., 8 t

grester than pplets 1082 value, 46 sbtained, Bxamint g
tho pend ﬁfu%i&ﬂ a; 2 0,8 miiitweter ziuvsmizum shkalkdl ir .
1ight of this pew esilwste, Whipple iz obd igod B0  say en
eaﬁimat@é counte 2f If-if stellar mugniiude a@te&ré@ '

The new eetimnie of meieoris bedy sasfos Cosdlued

witk thelr improbably 16w density {ﬁ U.% gramafecntinged v
is bBaged oxn heretofore unpublinbed resulis @i ph@%egraph*f

4

% a petser of null otelisr magnitude at v = 60 Kilow




observatlans nade at Harvard]

If the ratic Of the number af nstecrs in thiz neighbor-
hosd 82 siellar magnitudes ig 20 = 2,5, then the author's
meteoric nasz sstimates yield a calculated penafiration dan-
ger 28 times lssg thar 4s obktained with ¥alpple's 195% es~
timates. If, moreover, » = 3§, then tue penatration probabi~-

fties will differ by 42 tines [mce Note|. [Note: Wiih ¥Whip-
ple's new mass eatimates (5) the ratio of probabillties turas
cut to be 15~25 tines gwea+er,4 .

lnsofar as metesric particle velselties differ ameng

themsalves ewly by geveral times {atnnspbefic gutry velogi~
ties fall witkhin the linmits of from 1} to 73 Riloneters/sec~

oad; velocities of satelliites and rogkets noving relati- iy
{6 these particles vary within somewhat wicder limits), . e
errer ariging from our iguosrance of whather penetrs . icn de~

psnde on nomentur or energy 48 much lesz than thekerrcrs

due to a poor knoviedge of metesric masgces, ‘

s was explained elsewhere (3), & great nunber of
seteors in the wmain meﬁeorza gireamns V,eg a8 a Tuie, trave:l -
ipg with 2 great helisccenmtric va&acity= this fact permits
the observation of metesrs forumed by numercus fine pariicias.
The spatial density of metesrie aggregates (53 nauted te 2z
definite mase 1imit) iz 2ess than the spatiul dens ity of ne- -
tevric bodies which give rise to sporsdie meteory, (e usu-
aiiy regard meteors of weak, poorly defined stresm ne sy be-
lenging te the latier type isce Notel,). It is snly in the
dexser aggregates, an encounter with whioch leads to heavy
metesr showers, that the epatial mariicie denslity is greater
than that ¢f the sporadic background, [Note: Accorciag to
¥hipple, prag xcaxly gll sporadic metesrs belong te the weak
sireans, i,e, are 2f comeiic origiwn, while the preporiicon of
particies of astcxaidaz erigin 45 insignificamily swail, The
cbeervational material which serves as the hasie for tnis
eonclusicon is as yvot unpublished, It ig possible that %the
role of particles of cometic origin has been overes timates,

The 1ight intensity of meteors is roughliy proportica-
a2l > the cube 5 their valcelty, and it ie this dependence,
which, Ix combination with ths sharp ¥ise in ike number of
particles with progressively decremsing size, determine +£h-
great aumerical frequency of meteosrs in the rasid stre .. -,

At the same tine, the particies creating the Sporsus.¢ back-
ground travel largely along straight orbits and have low
velocities relatively ¢to the earth. Rrergy 18 proporticonal

to the sguare, and momentum =~ %o the firss poway of wvelonlis.
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tial gensity el dugt material, ,

Egtimetes of the spatial density ofdust moterial mads
on the Dasis of wateoris daia 4ﬁyrm”*rﬂtiunm are aytvemely
unrelistie, gince the alxg digirvibution funciion fouvua for
large partliales is kuowyn to changs with regsrd to the suall
ones, Eryars involved in susk an gxirapoliation ars of the
seme order ag the errers commedied with an uneatigfactory .
knoewledges of watedric masgses, Istimates of the dust material
rgat*ai density based on the photumetric uhasryation of zodi-

ezl iigkt and the ¥r aunhofer liaen of 4hé Zolar ooronz Spec-
rum erye zlse found to diverge hy meversl orders in fthe woul
# vexious authors. ‘

pespite of all the in4¢enr¢¢3 in vstinates oI the

spatisl dengilty of the dust particles, the main reasen for
the n&certainuw of sonciuglone vegarding the rate of satel
1i%e ghell erosivn consiats in n poor kaowiedze of the pon~
E&YUPNCBE “f the ec’?;siaas¢ 1E 1t is aszuwsd t{het the ex~
traeted wess I8 on the sane order of magnitude as tho collia-
ing partiecle, or ithai there iz a local evaporation of the
shell, then the removal of g lemicrsn laver weuld require
cue 4thousand years {with a spatial density oen the oxder
1&523 gramafc%atiﬁetera},_if, on the ether Lirad, we av,p se
that the entire Zmprot energy i3 fuent on fhe azixcciion of
Lg~picren pavriicles fyrom the zhell, thor 2 loy2pr 1 oillimeto»
thick ean Be eroded in lhe spans of & few dave, The actusl
glate of alfalire lieg sonmevhers betvween thess twe enirerer.
end le probably clcser to the former, : ;
1t ie Bighly nrobable that thé nrobisn of %ne abra-
sive action of meleodi¢ collisdone will be investigatad less
by lzboratory methods than by ovbservations of the szioellilte

themsoives .,
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