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Wit]l tllc goal of im])rovillg  OUT tIl){lc]stalIcliIIg of lJOW s]]lall II]iIIcral  dust lMI%CICS  scatkr
light at visible al]d Ilml-illframd  wfivclc]]~,tlis  wc lncastlmd tllc sc.attcrillg  })l~asc  ful~c.tiol]
and lillcar }}olitrizatioll  of sll)all IIlillclal dust, })altic]cs  over tl)c scattcuillg a])glc ra]igc 15°
to 170° at t,hrcc wavdcllgtlls  (0.47, 0.(i52, a]]d 0.937 jl~n). l’article salnl)lcs  wcvc ol)taillcxl
fmll] l)ukc  Scimltific Corl).,  al)d il)cludc  alulllillull)  o x i d e , silicol) carl)idc, alull]il)ulll  sil -
ic.ak,  alltimo!ly  oxide, calciuln carl)ollatc  a]]d C.criul]l  oxide. l’altic.lc  cc]llivalcllt-sl)llelt?
radii raI)gc from a fcw tlm]tll)s of a lnicmll tc) al)cmt, 10 ~lln. ‘J’lIc  ]mrticks  wcm illjcctcd
illt,o a ]akratmy c]lalllk!r  W])CK!  t]lcy scattcmx] ]ig]lt as t]lcy fc]] t,]lcmg;]] air.  ‘J’lIcy WCN:
collcxtd  o]) a scallllillg  clcctrol]  II)ic,rogra])]l  (S1’;h!l ) sul)strat,c. l’artic]c  slla]m allcl  sizes
wmc tjl)m]  lI]casud  fro]]) tlic SltM ilnagcs. \lTt: cmn])arc  ]])casumd ])llasc fullctiol)s  witlk
t]losc calculat)cd  for s~)hcroids wit]] a distril)utioli  of’ axial  latios  and sizes, rando]l] c)li-
Clltat,iol],  aJId refractive il)dcx ] .I)~ -{ (). ()()8i  [fi~is)tc~tc?tk’o,  ci al,, t,l)is issue]. ‘J’wc) of t,]]c
sa]j]])lcs (OIIC of wl]icll had refractive illdcx C.IOSC to that USC(1 i]] tllmrctical cc)lIIJ)\ltatic)lls)
])roduc.cd scat, t,cril]g  ])]lasc functions  t,])at,  wrc~lc quit,c sil])i]al to tliosc for  s})]] cvoids.  ‘J’wo

sal JIl)lcs })mducml ))l)asc flll)ctiolls  w]losc vdliatiol) l)ctwccll  I 5° and 170° was Inucll less
tllall illat for t,llc sl)llerc)ids 0] for tllc ot,llel salllljlcs.  \4}c stlg;gcst  this diflcrcl]cc  lnay l)c due
to tllc very IIigll rcfract,ivc  illdcx of tllosc ])artlidcs,  altllollgl)  difl’crm}ccs i]) ]mlt,ic]e l~licrc)-
stnlct,urc  Jnay also be illll)ortallt. ‘J’wo sa]lll)lcs  ])mduccd I)ositivc  li]lrar  l)olarizatio]l wllic,li
IIad a si]lglc lJmad  lnaxilnulll I]car I  ( ) ( )0  scattclillg  a]]glc, aIjd a lnagl)itlude  greater tllall
40% at so]JJc wavclcllgt]]s. ‘J’wo sa]l]l)lcs IIad gt’)lcrall-y  l)ositive  lil)car ])olaliz~tio]]  but a
IIlol’c Cnln})lic.  akd St,luctrulc, al]d tw’o sall]])lcs l)mdllccd IJiost]y ]Iep;at,  ivc IJolarizatiolj  WI IOSC
alt]])lit,udc  was s]nal].  WC do IIot ]lavc Ilullwlical  results fol- t,ljc al)])m])riatc mfractivc  illdcx
and size ]}ara][]ctcr witlI wl]icl] to coIIlj)a  Ic (Jllc l) Ola]-i ZatiOIl JI]f:iisI]IcIJ)c:]Its.  WC: lIO1)C tllc
questions raid Ly t,l)is work will stilnulatlc  addiliol)al cflbrt to devclol)  al]d test IIullmic.al
co(lcs for sc.attmillg  by IIollsl)llcric.a]  l)alticlcs.

1, IIltmcluct,ion

our llll(lclst,all(lil]~;  of Cartll’s  atlllos])llclc al)d surface l)as co]])c to r e l y  illcrcasillg;ly  OIJ
rmimtcly scnlscd  IIlc;ls[llc:lllcllts ]nadc I)y orl)itil~g  satdliks. ‘J’llis tmld is ac.cclcratillg  wit]]
tllc dcvclo])lncllt,  o f  IICW l)rc)g;ral]ls  sucl) a s  tile l’krt,]l ol)scrvi]lg  Systcll]  (] ’;C)S)  a]lcl  t]lc
,Ial)a]]csc  AdvaIIcd  IIkrtl] obsmvillg  Satdlitc  (A I) I’;OS).  A]IK)IIg tllc suik of scim)tific  ill-
str[lllicllt,s  to Lc illcludcxl OII t,])csc  satellites arc several dcsigllcd  to IIlcasurc tllc clistlil.)lltic)ll
a])d o})t,ic,a]  ])rol)crtics of a.croso] ]nrt, ic.]es.  Ammo] st, udics arc a]nollg; the I1mst i]n])c)rt,a]lt,
sc.icnlt, ific. o~~jcctivcs  of tllc Multi- Al~glc  Ilnagil]g  S])cctlc)-l{a[lic)ll)ct,cl (M ISlt) [l)i~~cr  Ci al.,
1991 ] and and tllc Mdcratc l{csollltic)l)  IIllagillg  Sl)cc.tlc)lll(:tc] (h401)IS)  [Ki~t{,  ci {Il., 1992]
SCI)CCIUICX1  to laullcl]  ill 1998 011 tl)c first,  1+;OS ])lat,forlll. ‘J’llcsc illstru]lmlts  will il]fm aerosol
loading fro]]] lncxisumIncn]ts  c)f tl}c: allg;ulal  (hJISli)  and s~)cxtral distril)utic)ll  (h401)lS aIId
h41Sl{) of  sc.atkrd su]i]ig]lt. ]llstrulIJrlJts OII ot]lm ])]atforlns (t]lc ]ta]tll  obsmwillg;  SCaII-
IIillg l’olariltldm [ Yiuvis, 1 9 9 2 ]  and tl)c l’olalizdtiolt  a]ld l)ircctiollalitly of tllc ltartll’s
l{cfldlwlcx!s  [I)cscli(illqls  c1 (Il . , I 994]) Illakc usc of lillcal l)c)li~liy,t~tic)ll  IJwasulclllcllt,s  of
scat, tclcd  slllllig]lt  as a ])]ol.)c of l)alt,ic.]e ])m])crtics.
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A scattering  )nodcl ]Imst l)c cm])lc)ycd  ill order to clmivc  ]mltic.lc ])m])crt,ics  (size and colIIljc)-
sit,io]])  aIIc] ol)tic,a] dcJ)t,lI fro]n i]}tm]sity a]Id ])olariy,atioll  ]IIcasllIc]IICIIts. Smttcni]lg  Inodcls
start wit]) tll]c scatkri]lg  ])ro]wriim of ])alt,ic.lm (scat tmi]]g a]Id zihsor])t,io]l Cross sdiolls,
tlIc al]gular distriLutioIl  o f  scat,tmd i]ltlmlsity,  aIId tlIc aIIg;ulaI distril)uticn],  ]Ilagl]itudc,
a]Id dimctiolk  of tlIc }]olarizatioll  of tllc sc.attmd lig]lt). Scat4tmi]lg })m])mtim of s])l]mical
liqllicl drops CaII hc rcadi]y calmlakd  frc)]n t]]{: Mic tl)cnry. S])llmical syllllndry, u])oll
wllidl Mic tlmory is }MSCd) dcms lid lIokl fcn t,llc ]x)]~ulatiol)  of IIol)slll]cr;cal  IIlil]cral  dus t
~)art,iclcs  wllicll  c,onstitut,c  a lnajor  frac.t,io]l  of t,]lc acmsols over and dowl]willd  of desert,
rcgiolls.  Mi]lcral dust ammo] sourm  stre]lgtll (hit yr- ] ) is tllougl)t to lm several tilncs that
fOl SU]fatC aCIOSO] [&:?l (l?ld hlL{/, 19{15].  Sig;llificallt IIlillcral dust, cq)ticfi]  dcl)tll]s occur
over oc.calls  of[ t,llc  mask of Afr; ca, C,llilla,  and .Ial)all [A~ak{/<ji?/ia ci (Ii., 1989, llusa?’ ct 01.,
1 996]. l14is}Lchc71ko ct 01. [1 995] rcccllt]y discussd  tllc liilJds  of Crlc)rs  that call be JrIadc
ill amosol  retrieval alg;oritl]lns  if hflic tll)cwry is used for nolls])llcrical  l)articlcs. Ka}lll  ct ai.
[1996] sl)owcd I,OW MIS]{ ,ncmurcmcvits  cfi,l disti,lguis]i l,ctwcc],  S] II)C,CS al]d ]Io,,s~,l)crcs,
l)lovidcd that  wc k)]ow tllc sc,attcrillg  l)l]asc functions  c)f IIolls}jllclica] l)articlcs.

PVC ]Iccxl a ]Iumcrical  ]mthod or cln])ilical  data to c.almlatc tllic ol)tical  ])1’CJ]K!l”tiCS  of lmb
sl)]lmica]  ])artidcx  w]losc Ccjllivalcllt,-sl)llelc  ra(lius  i s  ill !lIC I’dll F,C! floII1 a  fcw t,mltlls c}f
a micro]] to a fcw t,m)s of InicmlIs,  a t tflic wavclmlgtlls  (visil)lc al]d ]lc:tI-i]lf]a]t:cl)  Iclc-
vallt, to tllc ]I]casurc]]lc]lt set. ‘J’lIc ~)ml)lm]]  is cc)ln~)licatcd  hy tllc IIccd to ac.c.olnlnc)da.tc
a wide varictly of sllal)cs,  fron) dist,ortcd  or rou?;l)c]]cd  s])llcrcs to siln])lc fac.ckxl crystals
to IIi?;llly  collq)lcx aggregate stmc.tlums wit]) voids and IIctlclc)g;cllcc)lls  illclusicnls  [Chc?lg,
1 980; Woods, 1 980]. ‘i’l]e disc.retc di])o]c array ]]mtllc)d [lAni7/ c, 1 988; 11’csi, 1 991; ljv?n?r~  e
and lf’aholii,  1 994] call accommodate suclI a l“illl~C!  of sl)a]ws, l)ut calculations for })artidcs
wl)osc dlcct;  vc radius is ]argcr tllall tllc wavclmlgtll  am iln~)rac.tical.

‘1’IIc ‘J’-lllatrix Inctllod is al]otllcl- IIul)lcrical a])l)roac]l  wllicll call rcacll larger size ~~arallw-
tms. ‘J’llc lnctllod  was mm] by Wiscmnk  a?ld A4vgn(/i [1 {)86; 1988] wlIo colnputcd  scat, tlcri]lg
l)y ]xadiclcs  wlIosc surfs.ccs arc dcscril)cd  hy (;l)cl)ysllev  }mlyllolnials. Altlloug]l  SUC.11 }Jal-
tic.]es arc ]]ot foul)d ill llaturc,  t)llc laIgc v a r i e t y  o f  sl)a])cs ill tllcir study  allowd tlIC]I-I
t o  draw SOIIIC gculcral  col]clusiol]s  a]mut t]]c difl”crc]]cm }mtlwcml  scattcri]lg  by s])lIcIm aIId
lIoIIsl)lIcrcs.  Sc.atltcril)g by sl)llcric.al  l)artic,lcs rcacl)cs a dccl) l]lillilnu]ll  ]IcxIr 130° sc.attdl]g
al]glc.  ‘J’lIc lnillilnum is not, IIcarly as dcq)  fo] ])oI]s])lIclcs of coln])arablc size ]mralnctcl.
At folwar{l-scat,tclillg allglcs wllcrc difl’ractio~l  doJIliIlatcs  t]]{! diff’mcuices  lmtwm:]l  s])l}cres
a]]d equal-area. IIOIIS])IICKS arc lninor. lll]])l[)v[,ll~cl}ts  to tllc ‘J’-h4atrix ]ndllod  l)ave bCCII
]Iladc by f14ishdwnko  [1 W], 1 993] and lllis}lcllcnko dnd q’nlvis  [1 994a].  IIill d al., [1984]
al~d h!lisllcllm]ko  d al. [If)gG] a r g u e  tl)at  ‘J’-, natyix  c,alculatio,]s  fo* ral,dol,,ly  oriented
s})]lcroids, wit]l a clist,  ribut, io]l of hot]) axial ratios and size ])aralllctcr,  call forln tllc basis
fo~ a mtricva]  algorithII]  for Ilolls])llcrical  }jartlicks.

A  s]na]l ]IuInlmr  o f  ]mblisl]cd  lakratory  ]]masurc]]m]t,s am availahk  to tcd tllmy and
to guide our a])]nc)adl. h~ic.rowavc  ]llc;is~~lcl]](:]lts  [Zcrull [i al., 1 980] allow for tllc c.olI-
stlruc,t,ioll  of ])alticlcs  WIIOSC s]]a])c, size, a]ld olicl)tatiol] call  bc cO1)tmlld  and ac.curatdy
]ncasuml.  ]Iut  it is lfil)c)rious  to tlakc  cuIougl I lncasurmlmlts  to si]nu]atc tllIe mIsmII}.)lC  o f
})art,ic,lc SIIal)CS  N](1 sizes wit]] rfiIIdoIJl oricl)tat,ioll  that occur IIaturfilly.  A]lotllcr a})~)roacll
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is to work at visible wavcla]gtl]s  a]ld wit,ll  a large ]]u Inbcr of lmrticlcs wllicll fall t]]rougl]
a l)c!alll. ‘J’l)at IIwtllod  w a s  u s e d  l)y scvcra] groul)s  [1’cny (:/ al., . .1978;  Jaqqordct  d., 1981;
Kuik d al., 1{)91], allclist lllcll~ctllo(l USC(I llcrc, ‘J’]lCSC  data fO1’J1l  t,]lC l.)dSiS fOl” OUI” CUl”l’Cll~
ulldcrstal]dillg  c)f tl)c fimt-order difl”crcllccs  l)ct,\vccll  scattcrillg;  by SI)IICUCS a]ld JIO])S})IICNX.
llltl]is  })a~Jclw cM’alltt  c)a(l(llcssil)  lI1c)lc[  lctailtl  lcclif~clcllcesil]  scaitcri])g~)l]  asefllllctlioll
a]]d linear polarization) alnollg;  tl]c difl’cm)tl  ]]oI]s})I)c]c l)articlc ty]ms, a]]d to cwa]uatc,  if
l)c)ssil)lc,  llowwcll  tl)cfliis~~c:}~  ct~ko ci 01. calclllatic)l]f  c)lsl)llclc)iclsisal  )lc:tc)~)lc{ lict1)a1ticlc
o])tical l)rolmtics for a varictly of })drticlc tfy]ms.

Mcasurelncmt  Strategy

WC IIladc usc of a lig;l)t  scattcrilig  clIaII)lm at tllc lJllivcrsity  of A1izolla origi]]ally  dcsig]led
t o  lncasurc  tllc scattcril]g  ])llasc fullctiml and lilicar lmlarizatioll  of an]lnollia  icc cxystals
[1’opc d [11., 1992].  As sl]own ill l~ig; . 1, filtmd liglltl  froln a Ijullgstcll lalll])  is l)rougllt i]lto
a c.irc.ular il}l)cr c.llalnbcr  wllcm it illtcracl)s wit]) l)articlcs il)tlroduccd illtlo tllc C.]lalnl.wl.  Six
o~)tical  systmns sl)accd around  a  larp;cr circular  ]]ousil]g focusd tllc sc.attmcd light onto

.,
35. clclne.lltl  11 amamat, su s]l]c.oll  l)l]otlodlodc  lil]car array  dctcc.tors. SOI1lC  of tllc dct!cclors
sal])})lc lig;l]t,  IIcar tl]c fc)rward  scatter dircctio])  wllicll  sl)cculdrly  reflect or diffract frOlll tile
liglltl  bafllc  a]ld so callllot lx used. Mcc.llallic.al  lilnitatiol)s  lj]cvc]l{l  salnl)li:lg  c.loser tl)all
10° fmn dircc.t I.)acl{sc;lttclil]g. WC ]Iavc found  that tllc useful rallg;c  ill scattering aliglc
salll})lcd hy tl)c illstfrumcu]tl to lm 15° - 1700. II;acll’})l]c)tlc)(lic)(lc  clclnclltl sa]nl)]cs almut  2°
of allglc.

h4casurelnc})ts  am takcll in tilnc sqllc]]c.c as a rotating  filter WIICC1,  lc)catcd  I)ctwccl)  tllc
sol]rc.c la]n}) and tllc illl)cr cllalnlml-, Inc)vcs cad] filtcl/l)[)lali7,cl clcl[lcllt  tl]rougll tllc bCalll.
‘J’l]c  filter wl)d IIolds six dcl]]cllt,s (3 filters tilllcs 2 lmlarizcrs), l’iltcr  cllaradcristics  ale
listed ill ‘J’ab]c 1. A  l)olaroid sljcct  attacl)cd  to mc.11 f i l te r  l)asscs ligl]t })cda]izcd  citllcr
l)arallcl or pcqjcl)dicular  to tl}c  scattfcril]g l)lallc. 1]1 that way cacll dctcdor  call  scqum]tially
sa]]]l)lc scatted ligl}t wllosc il]itial  state was lillcarly })olarizcd ill O])C of two ortllogc)]ld
dircctiolls.  ~’hc intensity al]d lil)car })olarizatjio]l  of t,llc scattlcd  radiatlioll  call bc tl]cul  bc
ol)tail)cd by sulnlnilig aud diflcrcllcillg  l]masum]lc]]ts  cc)llcsl)c)ll[lil]g  to tllc two lmlarizatioll
states of t,l]c illcidclit, bcaln.  hlom details al)out, tllc derivation  of il]tcllsity al)d ~mlarizatiol]
al]d al)outl  tllc cxlui])mm]t and c a l i b r a t i o n ]  caI] lm found ill ]]opc: [1 991] and l’opc d al.,
[1 992]. ‘J’l]c ol,tica] layout, c~f our systmn was cssm]tially  idmlt,ical to t]lat  usd by l’opc ci
01. and sl)ow]] ill l’ig. 1, hut  wc rc]nc)vcd  tllc cloud c.olldcllsatiol]  modu]c (Ilot SIIOWII) and
rq)laccd  it witlll  a cllamlmr to lio]d ]nillerd  dust saln])lcs.

1,a tcx S]) IICIU of k~}own  size imncrscd  in water were used to ca]ibratc  tl]c relative rcspol]sc
of tllc dctcct)c)rs  and to assess  tllc systml] lloisc, dy]la]nic  Ia]Igc and al.)ilitfy  to IImasurc
tll)c })l]asc fulldioll  a]]d li]]car }darizatio]l. l’olyst!yl”m!  IatCx S])llms  Wcl’c ]H’oc.ud  from
1 )Ilkc Ek.icntific  Corj)oratio]]. ‘J’lIrcc sam])]cs  were ol)taillcd, IIavillg radii ().()625, 0.16, and
().4565 pJII. WC used tllc s]nallcxt  sl)l)crcs to c.a]il)ratc  tllc relative rcslw]lsc of tllc ddcdors,
sil]c.c tllc signal  ill tl~c l)ac.ksc.at,tclillg dircc.t,  ions for tllc larger s~)l]crcs was low. WC used
IIwasumncllts  of the otllcr sizes to assess tllc systcll]  }mrforlllalic.c. A ccnll})alisoll  bctwccll
lIlczis~llcll]cl)t,s  al]d h4ic tllecmy cdc.ulatiolls  arc SIIOW]I ill l’igs. 2 and 3 .
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‘J’llc  IOmtiolls , Signs .311[1 llla&]itUdCS  of t,]lc ft!at,  ulcs (l”e]ative IIlillillla and lllaXi  Illa) ]JIC-
dictd by h4ic tl]cory arc ]Jrcscllt ill tlllc  c)bscrvatiolls, altlloug]l  tllc ~darizatiml  signal  i s
lmisy for tl~c la]gcst  s])l]crcs at scatt)clil)g a])glcs grcwtcr tlla]l 9 0 0. ‘J’l)c sculsitivity  ill tl)c
hluc CIIWIIICI  is sigllifica]lt,ly lCSS tlIaII  for tlIc otlm wavdmIgtlIs, aIId so tlIc sigltal/lloisc
ratio  is lowest for blue. ‘i’l Icrc arc systc]l]atic diflkmlccs  l)ctwcclt tllcory and ol)scm’atiml.
‘1’llc II)ost likely cause fm tlIcsc diflkrcxlccs is II]llltijjly scattmd li~;ljt  botlI  withil]  tl)c cloud
of ]Jarticlcs, a]]d froln l i g h t  scdttcrcd  o]lto t,]]c walls of  t,]lc cllal]lbcr  al]d t]lcv] iut,o tl]c
(lct!cc.t!c)l”s.

Wcllli]lilnizcd  IIllllti])lcs  c.attcjillg  l)y CIillltillgt llccollccl)t,latioll  of sl)licrcs SUCII tl]at  tllc
cxtillctioll o])tica]  dc:])tll) along tllc clltirc lcllgtlll  of tllc il)llm clla]n}m w a s  lto lnorc tha]l
().01. (~alclllatiolls  n'clcl)c)tc  lollctc)cs  tilllzltctllc  lllagl)itllclcc) ftllclrlll lti})lyscatt  clc(lligllt,
altdloug]l tlmy could  lm. WC a lso  mmvcd, as ]IIUCII as lmssiblc, radiatio]l  sc.attcrd  fro]n
tl]c strllctum by first lncasuri]lg tl]c l igh t  illcide.llt OII tl]c dctcc.tc)ls l)cforc tl]c ])articlcs
w~l~ illt]odl~~~d,

‘1’l\c cflccts of lnulti])lc scattmillg  arc ]argcst wlicl]  tl)c sigl)al is slnal]cst,  wllicl]  o c c u r s
wll(:rc tl]c ])llasc fullct,ioll is relatively sll)all (sc.attmilig  allglcs 700 -1700 for I)luc and rcd
fol o.16-//111  s])llccsall(l(l at all ~va~~clcllgt,lls  fr)l’tllc lal’~;cl’  s])l)cl’cs. h4ic tllmry ])rcdicts that
at< scattering  aIJglcs  hctwcc]) 90° and 170° tlllc ])llascfullctioll  for tllc laqpt sl)l)m:s is oIIly
about  10–3 of its value at 15°. 11) older tcj liavc c]lougl] sigl]al to lIlcasurc tllc scatltcrill~;  at
tllcsc al~glcs tlicrc  ]Icds to bc a sigl)ificallt  IIU]I)INI of ])artidcs  ill t,l]c l.~caln,  Wl)icl)  leads
to lnulti])lc scattcrillg.  h4u]ti])]c sc.att,cnillg  at so]m wavclellgt])s  and at some a]lg]cs call bc
scv(va] tilncs larger tllal) sillglc sc.attcril]g. ‘J’llc  signal ill t]]c fc)rwalcl-scattcrillg  IIc;nis]]licm
is doll]illatcd Ly siltglc sc.atjtcwil]g.  WC ])avc IIOtj trim] tc) accc)u  IIt for 1,1 Ic s.ystclllat,ic diflmc]lc,e
duc to II]ulti])lc  scattcri]]g.  WC lIavc also ]]ot tried to mcouJIt for tl]c allolna]ous bcllavior
secll ill t,l Ic I)luc al~d d c.l]allllcls  ill l~ig. 21.) at tllc lowest  al)d )ligl]cst scatt,millg  allglcs.
‘J1lICSC  ])oi]lts )Ilust bc kc])t ill lnilld  w’lic]l Cxaltlillillg;  tllc da ta  o]] II)il)clal dust  ])drtic]cs.

Mcasuremmtfs  of mineral dust particles

\Ve ])rocud  IIlillcral  dust sa]Ill)lcs fro]]] 1 )uke Scimltific  (;c)l])c)]atic)ll. .sal 1 1] )lC.S  Wc.]’c Clloscl  )
to l)c rc])rcsclltatlivc,  as far as ])ossiblc, of tllc sim ral)gc of ])articlcs found in tl)c terrestrial
;itlllos])l)cm (a fcw tm]tlls c)f a. lnicroll  to scvcrd  ]nicmlls). WC sclcctcxl  allnost  d] tlllc  saln -
])lcs (a total  of six) ill tl)e catalog; satisf~~illg  that criter~o]]. l’artic]cs  ill {Illc ])ukc Scim]tific
cat, alc)g were c.llarac.tmizcd  by c.l)c.lllic.al  colll])ositliol~  al)d }ry a ral)gc!  i]) ])articlc size, but,
tllcrc was 1)0 illfor]natiol]  o]] Inillcralc)g;y,  slla])c, 01 size CIistliljllt)ic]ll. ‘J’llc six ])altlic.lc ty])cs
arc listed iJl ‘J’aMc  2 and illcludc alulllil)uln  oxide, talc.iuln carl)c)lla.tc, alulnil]ulll  silicat,c,
allt,illlol].y  oxide, ccriulll  oxide,  al}d silico]l carbide. NT OlIC of tl]c.sc am Coll)lllol]  ill tl]c at-
lnos])l)cre,  but, tllc:y  ])rovidc  a variety of s)]a]jcs,  size clistlil.)lltlic)lls,  a]ld refractive il]diccs tc)
I]CI1) us test< and iln])rc)ve  ou] ideas alwut, sc,attm illg by s]]ja]l nlillcla]  ])art,iclcs. \4~c wc]e
al)]c to cst,ilndtc  size distril~utiolls  froln scallllillg  cl(!ctjroll  ]nic.rogra])]l ilnagcs  of tllc dq)osit
collcctcd  wl}cu) tllc ])articlcs settled out, of tl]c cllall]lwr. ‘]’wo q)rcsc]ltlative ilnagcs  arc
s])o~’]1 ill l’ig. 4.



Silicol]  carbide ~mrtidcs iII tlIC cldroII lllic.rogra~)ll  illjagm al,})mr as wdl-isolatd  aIlgular
.gI ail)s, wlIcrms alulllilluln  oxide l>articlcs  arc OftCII c.luskrd aIId tlIcir IIIorj)lIolot;J~  sugg;csts
that  ]~alticles arc solnctlilncs  cluIII])cd, SizOflcql~rllcy  IIist,ograll)s wcm un~l])ilcxl  frolI1
al~outj  50 ilnagc:s  fm cmd I ]jarticlc tylw aIId ar~ slJowII ill lrigs. 5 aIId 6 for  alull]illul[l
ox ide  and silicon cxtrbidc. S1nall ]Jartic]cs (ra{]ius less tl)all (),3 i{lll)  arc Ilot Wdl Kxolvd.
‘1’l]c size distribut,ioll is ullcdaill  at cffcct,ivc  Iadius  large] t)llall  about,  2 ~illl  bccausctllc!
IIulllbcr  of large ])artic]cs  was slliall,  We ddi]lc  tllc cflcdivc  radius of a size distribution] as
tllc area-wciglltd avmagcrad ius, ltsvalucis  4.1 i(n)a])d  l.$)~illl  folaltllllillul] loxiclcal)cl
si]ic.oll  carbide, rcs])cctivcl.  y.

l{csults of tllc light scattlmillg  cx])crilncllts tim sl)ow’1]  ill l“igs. 7-12. ‘J’iIblc 3 sulllt~mrizes
t}lc!salicllt  fcat,urcsforc!ac]]  of t,]lc])alticlct,J~])f’s. Statistical ~lllcclttiilItyc.all  bc~udg{!d  Ly
tl]cscattcril]  tfllc])lc)ttccl~)oilit,s. SJ~stclllat,iccllO1sc.all  l)cjudgcd  l~yt,]~c  tlcll({sa  ll(loflsct,s
of blocks of c.m)tiguc)us  ])oillts wllicll bc]o]lg  {0 [:acll  of t,l)e six lillcal array detectors, scc~]
II)c)st  rcadi]y ill l’ig;  . 121.).  ‘J’IJCSC ofl’sds arc ]mssil)ly  cxtuscd hy drift  ill tllc gail)s o f  tllc
cac.li  c)f tl]c six array out~)ut  alll])lificrs bd,}v(wll  tllc till)c tl]c of tllc ]ncasurclllc)lt  slid t,lle
tillwtl]c array was]ast calil)ratcd.  Asllotcd  earlier, tlIc]c:]Il;iyLJc;tI] additional systcvnatic
cfIid ducto  llJulti])lc  scatt,cril]g  wllicl]  works to dccmasc tllc alll])litudcof  t,llc  ])olarizatioli
and illcrcasc tlIc a])]) arclltl  ])l)dsc  ful)ctlioll  at sciittclillg  a]iglcs gmatm  tllall 90° WIICJC tl]c
scattering aln])]itudc is s)lla]l. WC ]Iavc hoi atlt,cll]])t,c(]  to ](!]llovc  t]lcsc Of]’sets,

OIIC of tllc goals  of this  study is to assess ]Iow lvdl l)llasc ful]ctiol]s  for lnillcra]  dust, ])articlcs
M]} l)clc])lese~)tc(  ll. )ycalc~llatiol]s  fors])llcroids  [h4is//c//ckoko  (:1 (Il., ]!){) 6]. ‘J’llclmtwayto
(10 tl]at would  Ix to calcu]atc  tl)c ])l)asc fllllc.tiolls fol tllc ii])l)ro])liatc  refractive illdcx and
size distril)utioll  of t]lc ]Imasurccl ])articlcs. lJJ)fc)ItIIIi{it~:ly  wc could  fi]]d 1]0 illforlnatioll
o]] tl)c, refractive  ilidcx  of four of tljc saml~lcs. ltcflitcti~’t.ill{ lic{:sfc)l alulnilluln oxidcal)d
silicon carlbidc  arc listd in ‘J’al)lc 1 . ‘J’lIc Misl/c}/c~/l’o  cl 0 1 ,  calcula.tic)l)s wem dOIIC fol
refractive illdcx 1.53 + (),0()8i wl~ic])  is similar to that for alulllilluln c)xidc. ‘J’lIc  Id part
of tllc refractlivc  il)dex of silicc)ll  carl)i(lc is II)I]CII l)igl)rr.

AIIotllcr factor whicl) frustrated our attmlll)t  to cmnl):irc lm:asurmncl)t to tllcory is tlIC
JJlcsc:l)ceofl)alticlcs  larger  tlIaII tljclarp;cst  COIIII)UICCI l)y AfisldIc?Iko  ci al.. ‘1’llecf[cctive
sim ~)alalrldcv.  is dcfillcd l)y XC[[ =- 27rrCrl /A wllc]c A is tllc Wavclm]gtli.  WC a r c  carcfu]
to distinguish ill tile rclllaillclcr  of tl~is  l)alm I)(:tw’mll  cfl”cc.tiv(: sim ljarallldcr  fol a sim
d i s t r i b u t i o n ,  alId sim ~)arallmtms c)f il]dividua]  l):irtidcs  ill tlIe distlil)utioll. II]dividua]
~)artid~s  ill Oil]’ ]]lCasl]l’(!l)l(  !]lt Sd ]l;IV(! C{]lli\ra]C]lt-s]  )]l(;l’C l“a(liUs  (]{A) as ]drf;~ as ]() //]11,
corrcs])ol)ding tlOX = 134 at A =- ().47//111  and X = 67 at ().937 l/]1].  l’altlic]ec  f[cc.t,i~~cr  aclills
wasaslarg;  cas4.1 //lllcc)llesl)ollc  liligtc)Xe[l  = 54 at A Z- 0.47 pIII and XCff == 27 at 0.937
//111. ~’llclargmt  ccllli\'alClltl-  sl)l)clcl )alticl(~lac li~ls\vll  ic.l\\\~C  Iltilltc  )tl~esi 7,c-a}~clageclIc:s~  llts
by Mis/Lc}LcnLo  ci al. [19{)6] IIad X = L(), wllcmas tllc largest cflcdivc  sim ~)aramdcv ill
t]lc h~i.ddlc?lko d al. tab]c is Xefl = 25 . 11) sl)itc of tllmc dcfic;mlcim (wl]idl arc IIotl  very
g r e a t  at 0.937 jlln) wc Ldicwc it is i]lstructivc  to colIII)arc: tl]c data with sl)llcvoid l)lIMC
fullc.tiol]s  for a varidy  of sim ~)aralndcrs. Calculatio]ls for sl)l]croids  frolll I14is/d~c?h~  fi
01. arc slIowII ill I’ig;s. 7-12 for XC[~ ral]gil)g fro]]) 1 to 1 (i ill factor of 2 stq)s.
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A s  ~mrticlc  sin ]mra]nctcn  illc.rmscs frcnn 1 to 4 tllc ~JIIasc  ful]ctiol) (Ilor]mlizcd  to i t s
va]uc  at 15° ) dro])s hy Inorc t,]la]l aII OIdCI of IIlag,llit,udc  at scat,tmil]g  alIglc 1500, aIId t,l IclI
illcmascs as XCfl il~cmascs. ‘J’l)cm is vmy littllc  c.l)a]lgc  ill tljc sl]a])c of tlljc  ])llasc fullctlic)ll  ill
t]!c rallg;c  ] b“ lm ] 700 sc.att,crillg a]]g]c  as XCfl il)crcxiscs  f]o]]l  1 (i to 2!). ‘J’lic  l)llasc fuljctioll
for alulnil~uln  oxide ]Jalticlcs sllow]l  ill l~ip;, ‘ i  sliould  IW judged  agail)st tl]is asylll])totic
bc.llaviol  sillcc tl]ceficctliveIa{lills  Of’tllc])artic]cs  is 4.1 ~1]]1, ]naki])g  XCfl larger tllall  t,l]c
lalgcstval~lc~)lc){ltfccl.  ‘J’l]csl)l)c:loicll  )l)asc:f llllctic)llfc )lXCfj = 16isill  goc)(laglcclllcll  twitll
tlic Incasumc]  ])l~asc ful~ctiol]  at, 0.937 ~(]1], altl]ougl]  t,l]c s])l)croid  culvc is a little  f l a t t e r
tliall tllicl]}easlllccl}  )oilltsi  llt,llcs  catltclillgall  g;lcla1lg;c{)()0  - 170°. l’l)ascful)ctiollsfc)rtl~c
Otl)c.1” two wavdcl]gt]ls  dc) IIOt dro~) as JI]UCII  at scattering  a]lglcs grcatjm tllall 45°. SOIIIC of
illc diflcrwlc.c  lnay bc attrihutablc  to tl)c a s]nal] diff’cmlcc ill refractive il]dcx l)ctwccll  t,l]c
llmasuml  partidcs  al]d t,llc  t,llcorctica] results and sc)]]]c IIlay IJc dllc to lnull,il)]c sc.attcrillg
or ]mltficlc ll)iclo-sil~~ctllllc.  }’llasc fullc.tjiolls  for s])l]cmids arc also close to tl)osc for calciu]ll
C.albllatlc, altl)ougl)  again tl)c s])llcroi(l curves  fim a ]itt,]c flattm t,l]all  t]lc Illciislllc:lllcllts
l)ct!wm) 90° and 170°.

l’lmsc fullc.tiolls  for  tllc otlim four salnl)l(!s diflcr sulwtall{ially fro]]] {Iliosc for  tllc t w o
disc. usscd  almvc al]d tllosc for {IIc s])l~croids  talc.ulatd l)y Ajis}ic}L~:?Iko  ~:i (Il. [1 996). l)llasc
functions  for ccrium oxide l)articlcs (1’’ig. 1 la) IIavc IIlillillm l]car scatltcrillg  a])glc 125°
wllicll arc similar to tllosc fol” s])ltcnoids, but< tllc s])llcmid l)llasc fullctiol)s  IIavc a dif~crcl)t
c.urvaturc over llmst of t,llc  sc.attclillg  allglc IaIIg(:. l’lIasc fullc.tliolls for alulnil)uln silicate
])articlcs (I~ig. 8a) llavc a stcqm slo])( at, scattmillg  allglcs l)etw’cml 15° a]]d ( X ) ” ,  allfl
dro] ) to lower values, with a stml~gcl  rise ail scattmillg  allglcs l)ctwccll 125° aIId 1 7 0 ° .
l’llasc fullc.t)io]ls  fol allt,il]mlly oxide (l~ig. !)a) and silicol] c.a]bidc (1 2a) disl)lay  tllc o])]~ositf:
I)c]lavior. Silic.oll  Carbide })altlic.lcs  sl]c)lv IIO illcreas(!  ill scattcril]g  IJctwcml scattcri]lg  a])glcs
1500 and 170°. ‘J’l)c  cf[c.c.tivc  radius  fol tl]csc ])art,iclcs is 1.9 ill]),  l)uttil]g; XC~~ ill t,llc rallg;c
13-25. $ 1 “L ]) 1~.1’olcl  ])llasc.  fullctllc)lls for ~])oM: si~,~,< llavc dative  l)llasc fullctiol]s  wllicll a r c
about  a factor  of 10 smallm at lalgc scattcril)g  a]lglcs. ‘1’l)c difl”[!rmlce IIligl)l be attril)ut,ab]c
to tlIc refractive illdcx wl)icl~,  for silicwl carbide, is sigtlificalltly  IIigllcr  tl]a]l tl]at  usd ill
tllc c.alculatiol]  for sl)l~cmids.  A~~c)tl~cr  rclcvallt,  diffcrcllc.c ]Iligllt lm ill tllc lnicrc)-  strur.turc
of t]lc ~)art,ic,]c!s. Silic.ol)  c.arhidc  ])articles a])l)cad JIlorc  allgu]ar t]lall a]llll]illulll  o x i d e
l~articlcs,  a]t]lougl~  {Illc resolution of t,]lc illlagcs  l]]a]iCs t,]jis ]Iald to ~llc]gc.

h40st of tllc saln])lcs  wc studied ])roduct~. }msitiv(:ly l)c)larizcd light at, IImst scattcri]lp;  all-
glcs. ‘J’l)c statistical ullc.crtailltics al~d sysicll)at,ic  oflsds  IImltiol)d  earlier l)mvcllt us fmll
drawing  Cnllclusio]ls about ])ossil)lc ])olalizatiml features wliosc al)gulal  scale is less tllall
almut  200. Alulnilluln oxide a]ld c.criuln oxide (lrigs. 7  dlld 1 1) IIavc silllilar J)olarizatioll
])m])crtics. At 0.(i52 pm a]id 0.937 liln tl)c lillcar ])olarizat,ion IIas a sillglc ]wak ]ICXII  100°
scattering allglc  wllic.11  rcac.]lcs 30(76 and 40(Yo ill tll~c two CJlallllcls,  rcs]mctivcly fcm alulnilluln
oxide. ‘J’l]c  ])olatizatim}  at ().47 /111) for alulnil]uln oxide l)as a ])cak ]lcar 700 scat, t,cril]g
allglc a.IId IIlay llavc  a weak ]lcgativc b]al]cl) ]]ca] 1600. l’olarizatioll  curves fm alulnilluln
silicate and c.alc.  iul]l c.a]bo]latje (IJigs. S aIId 1 ()) at, d a]ld i]lfra]cd wavelm]gtl]s  arc also
.gcl[crally })ositive  hut  tlm sl~ajw of tllc curves is IIIOrC COIII])lCX. ‘1’llc ])olalizatio]l at tlIe
IJluc wavclc]lgtll  for tlIosc ]Jaltic.lcx  I Ids l]otl  l)ccll  dialj]y  l11c2isurtxl. Al]tillm]y  oxide  and
silicon cxhidc  ])roduc.c litt]c! ]m]arizat,ioll  colll])a]  t!d to t]lc!  ot]lcl”  saI1lJ)]cs  (] ’’igS. () slid 1 2 ) .
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l’olarizaticm is mostly llcgativc for tjllc  allt,illlolly oxide saInl)lc,  Cxcq)t  for tllc! 0.937 -/l1n
cllml]lcl at sc.atltlcrillg  ang]cs ICSS  tl]all 90°. l{otl] tllcsc saInl)lcs IIavc ])llase functions  that
arc shallow  com])ad  to t,l]c Sl)llcroid calculations. l’crlia])s tl)c slla]low ])llasc fullctiol~s
a])d low ])olmizatlion va]ucs arc duc 10 a large ma] refradivc  illdm  or arc related to partic]c
I nicm-stmct  u rc.

WC do IIot have calculations for lillcal l)olarizatioll of s]dlcmids With tllc size rallgc, distli-
bul,ioll of asl)cct ratic)s, a]ld refractive illdm wc usd fol tllc ])l]asc fullctiol)  coln])arisc]lls.
h~iShChC?lkJ and ~}”avis [] 094 b] s] Iowcd ]il)c!al’ ])olarizatioll for S])]lc!roids Wit}l  simihl  Ic-
fradivc  illdiccs  and ef[cdivc  size ])aralnctm  u]) to 15. 1“01 cflcctivc sim ])aralnctcr  bctlwccll
10 slid 15 allcl for refractive illdcx 1 .(i + 0.003i,  })ro]atc s])llcroids  with as]m.t  ratio =- 2
IIavc a llam)w  ])ositivc  I.)rallcll  bctwml 90° al]d 1200, with IIcgativc  ])olarizatioll at otll(!r
smit,c3iIlg  aIIglcs. At tl]c lligllcst  cflcctivc size l)arallmtcl fol wllic]l  calculatiol]s am avail-
ab]c (Xefl = 15) the magl;itudc  of tl]c l]cgativc lmlarizatio]l is quite s]l]all cxccq)t  Ilcm]  170°
sc.attlcrillg allglc. oblate  s])llcxoids IIavc ])osit)ivc }mlarizatlioll ovm a JIludi larger scattlcrillg
al}g;le  I’allgc! (0° to
IIear 170°.

Conclusions

Atl]mp])cric radiat

20° ), wit]) a IIegatlivc  I)rallcll IIcar 1300 and a scco]ld  ]msitive Lrallcll

0]) lJ]odcls aIId rcmotlc  scllsillg studies of atlnos])llcric acmso]s wllicli
r e l y  ml scattcmxl  l igh t  int.m)sitly or ]mlarizal,iol]  ]Icd {0 c]]l])]oy  a l)ullmic.al  I]]dlIod tc)
talc.u]atc t])c pllasc fullcticnl  and li]lcar ])olarizatio]l  of lnillcral  dust< ])articlcs Lcmuse  lab-
oratory mczIsurcInc IIts arc not available at sol])c scattc:rillg  allglcx and for a wide varidy of
sizes, s]lalms, aIId C.oll)}>ositiolls. Calculaticnls  l)asd CJII raIIdolIlly  cnimltd  sj)l)moids  wit]]
a distril)utioll  of as])cct ra.tic)s  l]avc l)CCII ])ro]mscd. Calc.ulatliolls for size distril.)utiolls  with
dl’cctivc  sjzc paramdcr  as large as 25 arc IIOW ])c)ssil)lc  [flIis}Lc}/c~~ko  ci al., 1996]. ‘J’l Icy
ofl”cr advantages  o v e r  scllli-clll])ilic.al  IIlctllods  [eg. }’ollack  afld Cu22i, 1 980] lIcc.ausc tllcy
do ]Iot, make approxima.tiolls  wl)icl)  violat,c  tllc ])llysicx of clcctrolnag])etic  wave })ro])a.ga-
tio]l. ‘J’lIcy  ca))llot offer a colIj])ldcd  y satisfactory fralllcnvc)rk  for all lloIls])llcrical l)articlc
scitt,tlmillg  I)ccausc  they arc l)ot al.)lc  to rcq)mdllc.c fcatlums sue]) as tllc l)alc)  scnnctimcs  ol)-
scrvd for cirrus clouds. ]Iut CIO tllcy suffic.icllt]y ca])turc tllc ol)tic.al  character of millc]al
dud ])artic.]cs fc)u]ld ill IIatural  sdtillgs?

Among; tl]c six particle ty]ms WIICXC wc st,udicd,  c)]]ly  tlwc) IIavc k]low]i rcfrac.tive  illdc:x
al~cl of tl]c!sc, o]lly alulninuln  oxide has a rcfradivc  index  wl]icl] is sill]ilar  to Ijl)atf for tl]c
s])llcrc)icl  calcwlatiolls. Altl]c)ugh tllc alull]illuln  c)xidc salnl)lc  Cm]taills partidcs  largcn  tllall
tl]c: lnaximum  sl)l]cmid  s i z e  w;tlll  wl]ic]] tl)cy were cc)]n])aml,  the asyln])totic  Imllavior  of
s])l)cmid ])llasc functions  at Xerl laqyr tllall  15, ill tllc sc.attcrillg  al]glc rallgc 150-170° sug-
gests that our C.om]mrisoll  with s])llclc)ids  ill tl]ai  size rallgc has validity. Altl)oug]i  tllcm
drc sc)lnc diffcmlccs  bct,wcml  tllc sl)al)c c)f tllc l)llasc fullc.tiol]  for alulnillulll oxide allcl tllc
])l)asc fullc,tiolis  calculated for s])l)cmids, tllcsc difli:rcl]ccx am witllill  tllc rallgc c)f ullcer-
tail]iy  ill c)ur ]l-]CaSll]ell]e]ltS,  al]d arc ]nucl)  s]nallcr tllal] diflcrcllccs  bdwccl)  IIlcasuwlncllts
and calculations for equal-ama cn equal-volume s])llcrcs ( ll~iscon~l~c  fllt d i1411glLf{i,  [1988];
Aiishchcnko  d (Il. [1 995]).



l’llasc ful)cticnls  for two saml]les  arc mud) ]]nrc shallow t,llall  t,l]osc for tllc otllcr saln})lcs,
and mud) ]I)orc sl)allow tl]al] could Iw ac.coulltcd  for I)y tl]c s])llcroid  t a l c . u l a t i m l s .  onc
saln~)lc  (a]ulnillul]l  s i l i c a t e )  l)mduccd l)]iasc fullc,t,iol)s  wit,]) dceljer Inillillla tllall  found
allmllg  tlic s~)llcroid  calculations. ‘J’l]c! sllallmv })llasc fullctlio]]  for silico]l carbide  might bc
duc tc) its lligll  ma] refractive  illdcx. ‘J’l)is  idea call  bc t,cstcxl  with additiolla]  calculatic)]]s
for s])llcroids. Allotllcr ])ossihilit,y is that ])articlc ll~iclc)st,]~lctlllc  is rcs])o~lsil)lc for this
l)cllavior.  WC wcxc ullab]c to c.o]ll])arc  tllc ])olarizatio]l  IIleasumncl)ts  wc ])rcsc]ltmd  wit]]
C.a]c.ulatiolls  at tlic a~)l)rc)~~riatc  size ra]tgc al)d refractive i]ldcx. We IIopc! the! nlcasul’c!lnclits
])rcscn]t,cd  ])crc will stilnulatc  fultllcr dcvclo])lllclltl  and tcst,il)~;  of  IIulncrica]  Cc)dcs for t)llc
colll])utatioll of scat, tcrillg by IIolls])llcrical  ])altic.lcs.
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Figure 1. A scl]cmatic view (from l’oyc ci o1., [1 992]) of tllc O])t,ica]  layout tc) Ima,suyc
sc.attc]{!d  ]igl]t fro]]] IIlii]cra] c]ust })art,ic.]es  all{]  latex S] J]) C]CS. ‘J’IIc light scmrc.c  al)d filte]
wllcd arc off tljc diagram to tile rigl)t.  NTot  SI)OWI1 is a scqjaratc  clla]t]bcr whic]l  }]olds tfllc
lnillmal dust  ]mrticlcs u])ti] tllcy  a r c  swc])t into tllc illllcr clla]nlm  tll]rougl]  a c.ol}llcctil]g
tul-w by a })ulsc of dry llitrc)gml  gas.

Figure 2. h4casure1ne1]t,s  aIId h4ic il]ccwy talc.ulatiolls for S})IICICS wit]) radius  ().16 ~f]n
at, tlllrc!c Wavc!lellgt]ls. ‘1’I)c l)l)asc fullctioll, mlativc  to its va]uc at scattcri]lg  al]glc 15°, is
s]lowl]  i]] ])a]lcl  (a). IJillcar ])olarizatic)l) is sllo}v]l ill ( b ) . ‘J’IIc h4ic ])hasc curvc for 0.937
~111]  is allllost IIiddcll byt,ljc  IIlcasurclncllt sy]lll)o]s for t]lc salnc wavclc!]lgt,]l. 1]1 tllcsc al]d
SULSCqUC]It, figures ]’(0) is t]le ])]]asc fu]lct,ioll  of t]lc ])artic]c at scattel-ing ang]c 0. 2’lIC
lil]car ])olarizatioll is Cx])resscd ill ])erccl]t, allcl  is })ositivc if Ll]c clcc.tric  vmtor is i]) tllc
dirt: ctio]l ])crlm]dicular  to tl}c  scat, t,crillg ])]al]c.

l’igure 3. h4casurcnnel)ts  al)d h4ic tl)cc)ry  C.alculatio]ls  for S1)lICN:S with radius  ().4565 ~lm
at t,lll”m! Wavc!lcl)gtlls. ‘J’l)c  ])l)ascfullctioll, relative to its value at sc.atterillg  al]g;lc 15°, is
sliow])  ill ~)al)c] (a). Va]UCs for ().(i5211111  wcuc IIlulti])licd  Ly 1 0 ,  allcl  valum for  ().937 ~{111
wcle IIlultfi])licxl  l)y 100 Ilcj sq)aratc  tllc CUIVCS. l,illcii]}  )c)lalizatic)liiss  llo}t’liill  (1)).

l“igurc 4 .  ‘J’l]c left ])aIIcl SIIC)WS  a sc.al]llillg  clcctroIl  II]icrc)gral)ll  ilnagc o f  a  few silic.olt
C.arl)idc  ])articlcs. A  sam])]cc)f alull]il]um  oxiclcl)artic]cs  arcs l]ow’]] 0]1 tl]c right.  ‘1’IICSC
])articlcs scttlcclo~lt oftl]co])tical  cllallll~clo  lltotllcl  Iliclc)gla])l1  sul)st,ratcalld  contributed
to tllcscatltcrml  ligl]t s]low]] ill l“jgs. 7 all~l ]2 .

l’igure 5. ,Sim (list)lil~lltlic)ll,  ]](r), for allllllillulll  c)xidc. partic]cs  ll)casurccl  fmln  scal]l)illg
Clcctroll IIlicrogra])]l  ill)agcs. ‘J’llc])alalllctcl  IiA is tllcradius  dcfil]ccl by A = m]i~, w]]crc
A  ist,])ca]ca  l)lc)jcct,cclc  )llt,c)t,]]cl  )]allcc)f  t,]]cil I][igc(t,llc ll]czis~llc{l  alca).  q’llcclistlil)llt,ioll
was fit to a ]mwcr law (sc)lid  lillc) wlloscslc)lwis  illdic.ated. ‘J’llc efi’c:ctivc  radius  (~[ln)  is tllc
area-wcigl]tccl meal] raclius, l{.~ff == >: ]](liA)l{ATl{~/>_l  ]](}{A)Tli.~. ‘1’I)c efrcctiv~:  variallcc
is v,,fl L >; ])(l{.A)(l/A - ltCfr)2~l{~/li~~l  >“; ]I(l{A)nli~

l“igurc 6. Size distributlioll  for silicon carl)idc l)artic]cs,

l’igure 7. l’llasc fullctiol]s  (a) and lillcar  ])olarizatiol]  (b) fc)r alulllillunl oxide lmticlcs.  in
tl]is al]d subcclucq]t figures  tllc ])llasc ful)c.tic)ll  is l]orlna]izcxl to its va]uc at 15° scattering
al)glc.  h4casurc111cl]ts  at tl)rcc wavclcllgtl)s  arc ])lottccl as ])Ius, x, and dialllo]ld  sy]nbo]s.
l’l)asc fuI]ctiol]  calculatiol]s for sl)llcnc)ids (sew text)  arc sllow]l  for various valllcs  of tl)c
cfl”ectivc  size ])aralnctler  (XCf~ = the c.lc)ss-scc.tio  ll-ttrciglltlccl  sim l)alalnctm).

Figure 8. l’l]asc fullc.tiol)s (a) allcl  lillcar ]mlarizatlic)ll  (h) fcm alumillu]n silicate ~)articlcs.

l’i.gure  9, l’llasc functions (a) alId linear ])o]arizatioll  (b) for a]]tilnol]y  oxide.

l“igurc 10, l’l]asc fullctliolls (a) and linear ])c)larizatiol]  (b) fc)r calcium carbo]]atc  ]jartic]cs.
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l“igurc 11. l’}lasc functions (a) and linear IJolariz,atlic)ll  (b) fol ccriuln oxide ])articlcs.

Fifplre  12. }’l]asc functio]ts (a) a]ld liljcar ])c)]arizat,joll  (h) for silicol] carbide ])artic,lm.



‘J’~blC  1. lJiltCI Cllalactelistics  al]d rdractivc  jl]djcws  of t,WO ]JaItjc.]C  ty])m
_ — ____________ —-- —- .—. —- —.—

l“ilter Effcctivc ILwld])ass AlulI~iIluln  oxide
wavdmlgt]] (,m,) rcfractlivc il]dcx
(,11,,)

——

IIhlc! 0.470 0.062 1,55 + il.53(-2)
lid 0.652 0.03{) 1.56 + i] .32(-2)
],, f,.al.(,{]  0.037 0.063 1.56 + i9.54 (-3)

Silicon  Carbiclc
refractive il]dcx

2.7 -i il.6(-5)
2.(i + j5(-5)
2.6-1 jl(-4)

Nfrcctjvc  wavckmgt]}  and ba]id]mss  were Iakml fmln }’0))( ct al. [1 992]. (blnl)lcx  rcfractjvc
il]dcx viducs wmc illtcr])c)latlcd fro]n tables ])ul)lisl]cd by KoiA’c c{ (//,, [1995] (for alull}illuln
oxide) mld by Clloykc and  }’alik [1 985] (for silico]] carbide). ‘J’llc  IIotatioll 1] ; ib(-  c) ill
tllc co]ulnl)s for tllc refractive illdcx give tlic il]la~;illary ])art as Ii u L x 10-C. ‘J’l]c I]u]nlwr
of sigl)ific.allt figures hl tllcsc cc)llll]llls  reflects tllc ]Jlcc.isiol]  of tl)e il)tml)olatic)ll.

‘l’able 2. Mil]mal dust saIII])lcs froln I)uIw Scimltific Cor]).
.—. ———. .__.

l’article Cc)lnl)ositiol] Sjzc }iallp,c
, (},,,1)

——— .—— —- .—_— ___ .

Alulllilluln Oxide 0.3-10
AlulIljlluln  Siljcatc 0.2-(;
Al)t,ilncnly  Oxiclc 0.2-3
Calciulll  Carhc)ljatc 0.1-8
(hiuln  Oxide 0.5-6
Silicon  (;arbjdc 0.7-7

-—. _________  ___ . ._ . . . .

Sjzc IaIIgc valum were ~jrovidcd by ] )UIW Sciclltific  (;oI]). WC aSSUIIIC tl)csc give lowm al]ci
u])])m l)oul Jds OII Cqllivalel]t-s])llele  radius for jl)dividua]  ])artjiclcx  ill tllle saIII]jlc, hut  tllc
ddillitioll  of this ~jaraJIlctlm  was l]ot su])l)lid  Ly tlic vcutdolo
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‘1’ab]e 30  l’articlcs cattlcrillgs~  llll]llary
..— .——.—— ——__— — .—. .— . ..— —. .——

l’articlc  colll])ositioll  Phase l“ul]ctioll l,il]car l’olalizatio]]
l)istillguisl)il]g l“caturc l)istil)guisllillg F’caturc

—-. — — —

Alulnillum  oxide

Calciu]n carbonate

(knium  oxide

Aluminum  silicat,c

A]ltilnony oxide

Silicon C.arbidc

Similar to s])llmoids

Similar to s])llcwoids

SiInilar  tc) s])llcroids but
sllowillg  more curvature

Nflillilmun  dccym tllallfol
sl)llmoicls

Shallow ])llasc fullctfiolls

Shallow ])llasc ful]ctiolls

l’ositlivcatrcd  allcl  lli.witll sillglc
]naximum IIcar 100°, weak
IIcgativc  brancl] (blue) at 160°

hlost]y  positive, with structure and
a wcmk ]Icga.tivc Lranc.]1  (ml) at 160°

l’ositivc, ]mak llcar 100°
scattmillg  al)glc

hlostly  ]msittivc with structure,
SOIIIC Ilcgat,ive  (l)luc ancl mcl)

hlostly  lmgativc, cx])mially
at Lluc wavcknlp;th,  weakl<y ~)osit,ive
at 11{ al]d O < 90°

Wink; il]st,rulllmtal  ef[kcts
——

l ’ar t ic les  ill this table WCN o:dcml with rcxl)cct to IIow’ well tile ])llasc fullc.tliolls for
s])llcroids  wcm able to account for fcatums  scml ill tllc ])hasc fmlc.tion  IIlcaslllclllcllts. ‘1’hc
first two saln])lcx hot]) have pliasc ful)ctic)lls wllicll am silnilar to s])l]croids. ‘1’llc last two
llavc Inucl] mom shallow ])hasc ful)ctions. I’olarizatioll for four of the saln])lcx rcacl]cc]  peak
values l)car 40%0 IIGZW 100° scattering  allglc. ‘1’1][: last two sam])lm ill LI]c tab]c  sl)owccl much
weaker or ]Icgative polarization over a large rallgc of scattering al)glcx. l’;fl’ec.ts  caused by
SOI]]C cc)lnbinat)ioll  of multiple sc.attfcrillg alld/or  drift ill tlllc  dctlcc.tor  smlsitivitly  dominated
tl)c ]mlarization  signature  for tllc silico])  Carbide salll])lc.
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