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Intro<luction

TI f  l ' ,  , , t  l , i t r r l  p lc t r rc r r ts  ob ta inec l  fLo t t t  tuo te  than 2000
I sl , , ' r ' r t , l i ,  rnott:( ,1's I isted b1' I Ir :Cnrsk.1' aud Poscnt cnrr,

rvi t l r  r ' r ' r ' t l in assumptiorrs, bc uscd to deternrine the meteoroir l
ve loc i t r - r l i s t r ibu t ion  re ln t i ve  to  a  bodf  in  o rb i t  a rour rd  the
slur. 

' l 'hc purlrose of this Note is to t leterrnine the avcrage
velocit l  of rneteoloir ls lclat i 'n 'e to lr  splrcecur,f t  having an.1'
slrccif icr l  velot i t l '  anrl  po-sit ion in splrce.

( lorrect ion of l)ata to a Lirnit ing Nl:rss

I i ' l ox '  i r r rv  ve loc i t l '  ca lcu l i t t io r rs  a rc  mar le ,  t l r c  rnc tco l
su t r r l r l t '  t r r t t s t  be  t 'o t  t ' cc tc r l  to  so t t rc  l im i t i r tg  rn r rss .  ' l hc  rna jo r
st.k'r ' t  iorr cff t ' r ' ts ctrrr casi l .r '  l rc corrsir lcrtrr l  ln '  the fol lou' irrc

I ) t ' (  )( 'c( I  l t  I  ( ' .
Ass t t t r r i r rg  th r r t  t l re  t r t t t r r l x ' t ' o f  n rc teo ls  i r r  l l t t f .  I  cun  lx r  cx -

l)r( 'ss( '( l  l ) \ '

. \ ' o  / r  a r , ( r , , , )  ( l )

u ' l r t ' r ' t '  / ,  i s  t l ro  r r rux i r r r tu r r  i r r t cns i t -v  o f  t l r c  r r rc l . co l  as  rccor r l c r l
o r r  t l r c  f i l n r ,  l r r r t I  n i ( r , . , . )  i s  t l r c  nur r rbcr  o f  rnc tcors  r . r ' i t ] r  vc loc i t i cs
lretuoerr r, .  lLrrd r, . , ,  * da,,. ,  arrr l  1' . .  is the l tccr: l t ' r ' l r ter l  velocity of
t l r t '  r r rc tcor  u t  t l te  i r rs t l r r r t  the  rnc tcor  c r r te rs  the  : r t r r ros l rhc l i '
o f  l l r t ' t ' a r t l r .

' l ' l r t ,  rn lL r i r r r r r r r r  i r r t t ' r rs i t l  o l  u  rnc t t 'o r  i s  g ivc r r  l r . v  I l c f .  2  t rs

1. ' , *  o  t l lo9? t -31 '  (2 )

l r ' l r c l t '  r r r  i s  thc  i r r i t ia l  rn t ' t cor  rn t rss .  ' l ' l r c r r ,  
t l re  in tc r rs i t , v  o l '

t l r t  rrrt  t t 'ot us rt ' t 'ot 'clcr l  orr thc l i l rn u' i l l  l re

]t  o I ' '^ '"u"l t '  (3)

r r l r t ,n ' r ' , ,  i r  t l r t ,u r rgu l :u  v t , loc i t l  o f  the  r r rc tco l  u ru l  I  i s  t l r c
a l t i t r r r l c  o l  the  nre tco l  l r l rovc  the  obscrva t io r r  s t l r t io r r .  As-
sur r r i r rg  t l r r t  t l re  lu t l i l r r t  r l i s t . r ' i bu t ion  r ' r f  the  rnc tcors  i s  i ruk ' -
1  r t ' r r r l t ' r r  l  o f  t  he  vc loc i  t . t '  a r  r r l  i  r r  t t ' r  rs i t - r '  r l i s l  l i b r r t  io r rs

t " .  t ' . . i ' l t

Refet 'orcc l l  rc latcs t ' , -  to h l r r '

It o L,-o 2t (5)

1' lrc rrrrrrr l t t ' r  of rncteols lrcl  urr i t  alca rvi l l  va.r, \-  as

I" e \tyfiz (6)
' l l t trs, 

cornbining Eqs. (1) to (6), the f lux as a function of mass
anti  vclocit ;-  u' i l l  vary as

F a l,la e?nr(u-) /t2';A +o z;rz-Bt (7)
'f hercfore

n^(u-) :  nt(u.-) f  Lt2 
' 'g +0.2a(2 p) (8)

u,htr lc n.(u-) is the velocit .v t l istr ibution to sorne l imit ing
I I }ESS.

I leceived ^\ Ia5'  2,  11)61).
*  Aerosp:rr .e Technologist ,  r \ le teoroid Scierrces Branch.
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Fig. I  Nleteoroid vclocitv r l istr ibrrt iorr rclat ive to eart lr ,
after gravitat ional attract ion.

l left :r 'crrce 4 givcs lhc value of B as 1.34, so that t i re u'cight-
ing factor bcr:ornes a--3 5. , \ l thorrglr thc rrrethotl  of obtuinirrg
the u'eightirrg factor of , ,--35 iq sirrrpl i f icr l ,  this |rctor clur be
showtt to bc uluivalent to usirrg the nrole l trccise nrethod of
velocit .r ' -distr ibution correctiorr userl l r . t '  Dohrrunyi.s Ttt"
rcstt l ts cl i f fcl  sl ightly becausc I)ohrrrtrrr- i  fourrd .V o rn-r ( i .e.,
P  :  l /0 .9 )  a ru l  d ic l  l ro t  c r ) l rs i (L . r ' r , .  r t s  l  f r r r rc t i , r r t  o f  f t .

' lhe t l lLta for the sporirt l ic rrrctcors irr I lcf.  I  rvere put orr
nurgrttrt ic tnpc anrl a conrputcr l) fogrirnl r i 'as rvri t t t : t i  to ob-
tait t  4^(r '-) .  ' I 'he results trrc shon'rr i rr  l | ig. l ,  u, i th an avera!{e
velocit . i '  of 17.0 krn,, 'scc.

Velocity l) istr ibrrt ion Rel:rt ive to a Massless l iarth

Since the crtrth " lrul ls in" rrurre slorvl.y rnoving mcteoroids,
each tnetcor rnust l ie u'eigtted |ry.uazft,-z (as given in l l .ef.  6)
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l \ , le leor0 id  ve loOty ,  vG,  re la l  ve  to  a  mass  ess  ear th ,  km lsec

Fig. 2 Meteoroid velocity rl istribution relative to earth,
be fore  grav i ta t iona l  a t t rac t ion .

A
(v) ' 17 km lsec
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A n g l e  b e l w e e n  s p a c e c r a l l  v e l o c i t y  y e c l o r  a n d  c i r c u l a r  o r b i l ,  A ,  d e g

Iig. ll .t,vcr:rgc rrreteoroid vclocitl' relativc to a spacr:craft
a t .  I . 0  a . r r .

i t t  o t ' r l t ' r ' to  t l t , t c l ' t r r i r rc  thc  ve loc i t l ,  r l i s t r ibu t io r r  x ' l i t t i vc  to  l
rrrrrsslcss eurt l) ;  r id is t l rc lrrcteoloir l  vclocity rel lr t ivo to i l ,
rrursslt 'ss clrr '1.1r. 1'hc result irrg geot:crr1r ' ic vcLrcity dist l ibu-
l irrrr.  is shourr irr  l , ' ig. 2, rr ' i th utr lrvcrir !{o vclocit . l .  d 15.2
K l l l /  s ( ' ( 1 .

, \ r r  i r r r , i r l t ' r r t l r l  l r , , su l l  o f  p l rx luc i r rg  I , ' i gs .  I  lu r ( l  2  i s  th r t  thc
l r r t io  o l  t l r< 'sur r r  o l  lL l l  wc igh t ing  fac to rs  user l  to  l ) l ' o ( luco l r ' ig .  1
to  th t ' s r r r r r  o1  1hr ,  r r t ' i g l r t i l g  f l i c t r t l s  us(x l  in  F ig .2  i s  cqua, l  to
thc  lL t io  o f  t l r c  rne tcor  f lux  o r r  t l r c  su l f r rc t 'o f  t l r c  o r r th  t ,o  thc
t r r t ' t coro i r l  f l r rx  o r r ts i r l t '  t l r c  g l ln ' i l r r t ion l r l  sphcrc  o f  i r r f l ru rnce
o l '  thc  car th .  ' l ' h is  l r r t io  i s  c r l ruL l  to  2 .  1 .

Aver:rge Vt: locit1, l lelat ire to :r Norrcircular Orbit

, \ ssur r rc  th l r t  r r  spr rccc l l r l t  i s  l r t  I  l r . t r .  f lu r r r  t l r c  s r rn  lu r r l  ou t -
s i rk ' the  gr i l v i t l l t i o r )a l  s l r l rc l t ' o f  i r r f l r r t ' r r t ,u  o f  l l r c  c i r l th  l r r r r l  th t r t
thc slracccraft has a lrel ioccntl i t ,  spt 'cr l  oi  ^S ( irr utr i ls of thc
ri lbi trLl vclooitv of thc carth). 1' l rc vclocit l '  vcctor of the
)t l) lcccraft is in thc ccl ipt ic lr l rure, nrakirrg utr alrglc tr with
t lrc orbi l ,rr l  I)r I th () i  thc curl lr .  ' l ' l rcrr froni thc scnrirrrrr jol  nxis
a ,  inc l ina t ion  i ,  anr l  cc t ' t ' r r t l i c i tS .e  o f  cuch lnc teor  r rs  g iv t . r r  i r r
l le l .  l ,  the  i r r tc lsec t io l r  vc loc i t . \ ' r )  c r rn  bc  ( ,o rn l ) l l l 0d  b .1 'us ing
s{ ru t r l : r r t l  o r l r i t rL l  l r r t ' r ' l r :u r i cs .  IL r rvcvcr ,  thc  u t ' ig } r l i r rg  f t c to r
u/t1 nrust bc arlded to considel thc dif fcrcnces irr thc probabil-

i t1'  of col l is iun for circular and noncircular olbit- \ .? fhus.
the total rveighting factor beconrcs t,t,a,-,/t,.-s 5.

Velocity ci ist,r ibutions \\-elc ol)tainc(l  for vl l ious vir lucs of
S arrd ), ,  and the average r.elocit l .  (r ,)  rvas therr obtaincrl  for
each distr ibution. Figure 3 gir-es (a) as a furrct ion of tr  fr i r
vurious values of S. At S : L0 arrr l  X : 0.0, (a) is t l rc s: lme
or l ' ig. 3 as on Fig. 2.

I , ' igurc 3 clul be used to deter.nriuc (r,)  fol arn-r l ist:rrrr. tr  i r .orn
thc  sun l t v  rn tk i r rg  t l rc  t rssur r r l ' t i , r r r  t l r r i t  th t ,  r l i s t l i l r r r t io r r  o f
af I l ,  e, and i  for mct.eoroir ls is irxle'pcnrlent ol tht:  r l istrrrrcc f rorn
thc surr R. Lr this gerrcrtr l  cusc, S is l t ' r lef inetl  to lro thc rt t io
of ihe spacccraft slrced l t  R to thc cir. t ,ul l l  or lr i t  srrt .erl  lLt R.
ar r< l  t r  i s  the  ar rg lc  bc tu 'cc r r  thc  s l l rce . i , r ' l L f t  r . c loc i t r . r . t . c t , r l  u r rd
a  c i rcu l l r r  o rb i t  a t  I i .  1 -hc  r rve l lgc  re j r r t i vc  r r rc teor r , i , l  r . t .L rc i tv
wil l  thcr vary as 1i 0:,  fof constrrrrt  vtr lucs ol ^S errt l  , \ .  l , i rr
examplc, i l  i l  spacccraft is irr  orlr i t  lurrrrrrr l  t l rc surr a1 _ts :  1.25
a.u .  a rx l  i l ' thc  o rb i t  l rus  t r  pur ihc l io t r  o f  1 .0 :L . r r .  ln r l  lu r  up l t t , l i on
o f  I .5  a .u . ,  thcn  S :  1 .0 ,  X  :  11 .5o ,  a r i r l  ( f lo r r r  I r ig .  3 )  ( r , )  :
16.6/( l  .25)tt2 - 14.8 krn, iscc.

It  is unl ikcl l '  that l l  sl lLccr,r 'ai t  * 'oulr l  l iar.c r. i r lucs oi S
gr'()alt ' r  tharr 1.4 or loss t lr tr tr  0.5. -\  vuluc ul ,S -- 12tt, ,
colre,sporrr ls to a lxrrrLlrol ic or| i t ,  arrr l  S : 0.5 is thc slrecrl  of lr
sl)rr( 'ocrt{t  at thc apircl iorr of r }r iglr l .r '  cl l i l r t ical t l rrrrsfcl orbit
hrLvirrg ln ccccntr ici t l '  of 0.75. , \  vlr lrrc of S : 1.0 cot.r 'c-
s l ro r r r l s  1o  thc  s lnccc l r r f t  s l recr l  rvhcr r  t l r c  s l l r r : cc r . l f t  i s  l r t  a  r l i s -
t l r rcc  fx r rn  thc  sun cqrur l  to  the  scn t i r r ru jo l . l l \ i s  ( ) f  thc  t ra r rs ic r
o l l r i l .  1 'hus ,  l ' i g .  3  car r  bc  r rsc t l  to  r l c lc l r r r i r rc  1he uvo, l r { rc
rc lu t i vc  rnc t ( lo lo i ( l  r . cLr t . i t . r , fo l  lnos t .  i r r t c rp l r r r rc t : rn -s l ) l l ( . c -
c f l l l  l .
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