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AI IS’I’I{AC;’I’

‘I’l Ir[)Llgl I al Ialysis  of’ dvailal)lc  ol)ti(a]  sj)(ct]oj)lloio)]l(fti(

11](’;lslll’(’ltlc’llts it] (11(, litcrat{lr(~,  it is  (1(’l]lo]~sll:]t((l  111?1{  a /,()()(

lata  ali(l ]a(lio flllx (l(lwilj
(’ol’l’(’l;it 1011 (Jxists I)(*i \V(Y~II

tlI(’ radio 1)01$’(:]  and l)olo]t](t” ric II]l]]i]]osily  of f II(I oj)li(:lllj-s(l((t(’(1  OSos” ill t II( IIlig,lll
ollaszlr Sallil)l(:  (110S) o f  S(ll]t]i(lt  :111(1 (;]((]] ( 1  !)S3).  ‘I)llis (OII(I;I1 ic)II, IIOIC(l  ])](\iollsl)

ljy otll(rs as a co]r(’]atio]l ]Vitll al)solllt( 11 ll]:i~,llill](l(, i s  slloif’li 10 Iw N) I) IIs(, :111(1  10

1)(’ i]l(l(j)(]i(lc]ll o f  a valict,y  of ass(llllj)tio]ls 11s(,(1  ill 11)( (ill(lllatio]l (JI’ III(’ I,olo]i](t]i(”
II]llli]t(milj.  ‘1’11(’  corr(lalio]l i s  l)](w(II1  f’ol (11( (]ltir( 110S  sattil)lr, I)l]t is  i]]ll)r(~](xl  \\lI(II

OS(1s wil]l IIigl] l’al~l(s o f  ]adioio oj)lical fll[x (I(t]sit) (]a(liololl(l)”  al( (xcIII(Ic(I. IIsillg,
t h i s  (()]](’l;lti()]l, ]tlclio II I(I;ISI] I(’]II(lIts  catt 111(1  (1’OIC 1)( IIS(X1 to ])t(,(li(t  t II( I)[JIOIII(l tic
IIll]li]losily of (I[ias{lrs clcll i f  tlicir ol)t ical atl(l lJ\~ co]lt i]l(la al( II()( (Ii}((ilj ol)s(Y\tIl)l(’.

\]r(’ 11/l\ ’(’ IW’(’llily 11 S(’(1 \71Jlll  ll)(;Isllt (’lII(tIls of” a  salt Ij)l( of I]lt]tlll]]]li]lolls  i]lfraw(l
/,;llil Xi(’S 10 i]tr(] tll(’ lil((lj’ (xisl(’1l ((’ of l’il(lio-(jlli (’t A(; JN (l(Y])lJ’ (11s111011(1(’(1  ill (111s1  ]\itllitl
tlwir IIll(l(:i  ( IJOIIS(l; IIC, Sll~i{li a))(l l,otts(lal( 1!)!):1). \\7( (III])]())’  tll( ]a(lio l)olo]tl(tli(”
IL]tlli]l(milj’ cc~rr(latiolt  fo]” 111(’  110S (]llilSill”S  t o  t(’st \vll(’[11(’l’  tll(’s(’ 11}’] )otll(’ti(’ ill 1)[1 Ii((l
A(; N (it]l  1)( cll(]p;(ti(ttll~’ ](sl)()]isil)l( I’01 t  11( OI,S(IIJ(YI  ftll-ill[’1~11((1 ][tllli]losit  i(s ()(’ t  II(

llltl’illl llllillo[l S i]llral(xl gill:i Xi(’S. ‘I)IIC IIlll:ll[tllli]lotls i]l[’lat((l  g,:llil Si(’S :11( sllo\vl I 1 0  follo\l’”

tll(’ Si(lll(’  lcliltioll 1){’(  \Y(’(’11 l’il(lio (’01’(” ])()\Y(.)’  illl(l I)ololli  (’t”  Ii( IIll])itlosit)” :1s 111(’ ]“il(lio-(jlli (’t

(/SOS, s~l~,~;(wli]lp; tlIiIt l) III;((l A(; Ns (ii]l :1((01111( lot (Jss(llti;lll}’ iill tlI( ol)S(I\((l  il][’lil]((l

IIltllitlosity,  illl(l ]aisill~;  tll($ j)ossil)ilitj  tllil[ ali~’ Slill’1)(11’h(  t~lli(l] IIlil)’  1)( i]l ])1’()$,1(’ss  IIld)’
IIot 1)(’ (’11( ’l’f,(:ti(’illl~ (lo]]li]lti]ll  .

‘1’11(’  1)1’():1(1(’1”  illll)li(iltiolls of 111(’ ]a(lio ()])ti(’ill  (’ol’l’(’liltiol)”  il) (lllil S?ll”S {01” /4(;N  illl(l

IIll]litlo[ls  illlla]c(l gillr3X~ 1110( 1(’1S illl(l t 11(’ 11S(’ of );lclio :1S1 10110111:’”  :1S il 1)1’01)(”  01” t 11($ C(’tltl’ill
])()\vcIII()LIs(!  ill ]tl(lio  (lllic~t AC;NS {1]1(1 II]llli]lolls  i]lf]i]l ((l p,ill;i~i(s ilt( l~]i(,llj  (Iis(llss((l.
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2. ‘1’111+:  11(/S  I{ AI)I()  ANI) I) OI,OME’1’IUC:”
(11{ X-l{A>’) I) A’J’A

2.1. ‘J’11{:  ILacli[l I)ata

Kcllrll))al)ll  (/ 01.  (1989) IIaw [)I)S(TVIX1  ?,11 1 1 4
I]QS qllas:ll’s a t  b (;117?. ‘1’llcir ly],  ical clc(vctioll

tltrcslt[,ld i s  <l])]~loxil]lilt~ly 0.2 IIIJy, dc]~ctt(litlp;  011

tl]c d e g r e e  of ],osi(io]l;ll coiilcidc]lcc Ivilll lIIC ol,(ical

OS(}, :111(1  tllc soIIIctvl Ial varial)le illlcglatioll tilllc ])CI
sc)LIrcc, ‘J’l Icy lis(, II ICaSIIIC{l flIIx dcllsitirs ()]1 tI\() (lif-

fcrc]l( a] IgIilaI scales, rcf(rtitlg (0 llIc valllcs frolt} {Ilcir

lc,\v (N 18 ~IIcs(c)  Icsol[iti(,tl  da(:i as tlIc k,l; Il flLIx (lc II-
sil,y,  HII(l t,l IOSC flc]]ll t,]lci] ]Iigll (w()! ’5) r(w)]ll[,ioll 011

sc~rvati{))]s  iIs t,l Ic core  flIlx (Ir]lsity. ll(ca~]h<  llIc origi -

IIill IIlotiviltiotl I)cliilld tll C ])1’cfwllt  \Yolli \v:ls  to allo\Y
a co]ll]);i]is(~ll l)cl\\’c(.11 t II(, rii(lio [Jo\vNs  of l{QQs 11’i[lI

tlIow flt,]tl t II( \~J,lll dc(cclio]ls of 111,11/[;s, IVC US(X1

t}I[ c{IIc  flux (lclisi(iw wlIclIcvcr ])ossil)lc, ‘J’11[ Col’(

fl(Ix  dcllsitics aw a so cssI  1  lil;(cly tol)[” Collt<lll  lilliltt’(1 l)J’

cl I: IIIc[ slll~c]])c)sitic)]ls  u’i(ll IIllassociatwl f(wcg,rol}}t(l

or l): Icl; p, IYIII IId radio SO II I.C(+. 1 lo\v(’\’cr f’ol’ colll])l(4(-

II[w, [111(1  10 <Isscss t II(’ cfkcts of difltr(,)lt aIIIOIIIIIS  of

u]l]Icr Iitllil  (l:It:I ill tl[c a]la]ysis, IYC ]JI,IfOIIIIA a sii]l -

ilill’ corrclatiol] allalysix using {II( iotal flIlx (I(]lsili (s,

III c a s e s  }\lI(rc tlIe ()!’[,  rm(,llliio]l olmtva[iolls” \v(.1(
llllil\’;l il:ll)l C, \\’c illslea[l u s e d  tllc total flux (I(tlsitj’,
OI ]itllit I,]ILI-(<JII, aS tiII  u])])cr  lillli[ t o  tll( coIt, fll[x

d~llsity. SM\\rl’ IIote llIat for OIIC souru, 1 2 1 1 - 1  1 4 ,

tlic flux (lcllsity ([uot(d l~y KCllCIIIIa III I ( 1 (II.  i s  i]{ cI-

101 (III(s 10 JI]isi(l(ll (i fic:itiotl  \villI a faillhr l)aclig IcILiII(l

qllawll’, \Yr a(l(q)l (11(’ (’ol’rcckd  Valll($  o f  ().8 IIl,ly 01).

iai]lt,d l)y SNl\l’l> via a  ],ri\’:\tc c(,llltllllllic:llioll frolll

Kcll(iIIIal  It I (19!)1) :Is aII II])IWI Iilllil to 111[ roI( flIIx

d~]lsity,

‘1’IIc hwllltitl~; cor( flllx dcltsily (I: I1:INI colljl~]is((l

Ioll$,llly (jo%  dctcctvd vtIlllrs, ~ III(I 40(X III)])(]  lilllits.

JI(’c[lllsc of tllc /ll,OY(” lllil)lllfs~ ill \vllicll tll(w lilllils
\vcIc t~ssigll cd, tlIey ttlId to l)c \Ycll.lllisctl  \Yi(ll III(

CI(’(CCIC’(1 }’?II(I(,S,;Ill[l 111 1)1’ II ICI]IIC  tl [f’ Vdlllill)l(> ill f’ol’lll ii-

t io]l tlI(y c[l]ll{lill is Ixcovctcd llIK)IIp,l I t 11(, US( of t II(,

iccllt]i(l(l(,s for sulviv:ll :Ill:iljwis (SP( Scc(i(~ll  :{).  Al-
t,l I(lIIp,l  I (It,l ICI ()])t,ic~llly-s(,lecl(cl (]11/Isar sal II] Il(x lIa\’c

IW(’tl S[llvcyc(l usill:, sv]lsiti\, c y:l(lio ttl(sco])(h (]110,S1

llo~:llllj” :1 sill)sc’1 oft llc ljll(~S, \)isllO\’sliy cl [/1. I!)9’2),

tllc fraclioll of CVIISOIKI (Iata fo]

j(cts ill tll(v+ SLIIIIj,l  W is too IIigll

ill\(siip,alioll (If ill])’ r(latiollslliJ)
<III(I o]~(ic~il  I(l[lliliositics.

111( radio (Illi(t 01)

to ?lllo\V lll(illlillp,f~ll

1)(’l\V(’(]1 Ill(it l’il(lio

4



N!(N1 of lltr l(lillitlosity  ill (juasa)s a r i s e s  ill llIr so

c: Illc(l I)ig I)lu(i 1)11111]), or 11111),  ~vllicll II I:IIIif(.SIS j[.

s c ] f  c)l~s(.lvilt,io]lally  as a Iisitlg  s~Icctr(lIII ill tlIc I)lllc

1{III( llC~ll-ll\T,  ~111(1  }1 Sll}lljl]j’ ll(?~ilti\JC  SOfl .x -lily ,SllCC-

11:11  illdcx ((lcfillcd  ill  l,]Ic  SCIIqC  ,$,,  R ),(t)  i], jllit,lv

CilsCS  (\\ ’illi(’S ;111(1  l;ll’is 1987, (~al)izil,(s  alI(l \\Tl)it;

1989). {11 If(,rtul I: Itcly tlIc I)ull; of tllc lllilli]losil~, of

tllc’ 111}11 l i e s  ill tll~ IIII(JIXCIY:ll)I(.  fil FIJ\J, l; Still lil -

tioll of Illc itll(gratc(l oj)tic:\l-to.X-r;ly” lllll]i]l(mil~ ofil
(]11:1 stir tllclcf(llr  ]cquirm ill[(~rl)c)l:ttic~]]  11(. tlv(clI llloil-

SIIICIIICII1, S at  [)])tic:ll/ll\7  lYav(lc]Ig[lIs ati(] sof ’1 ,X - rays

to (Xtilllatc lIIC fal’-l  J\J,

AI IIOII$,  tlIC IIlo(lCIS  fo] tl]c 1]]]]] ~)(. tll(]jti~ll itCC](-

tioll (Iisk  JIlod(ls (,SUII and hf:Ill<a]I 19S9),  syllcllrol IOJ1

llmlels (Illlrl)i(l:,c ,  Jollcw  a})(l  () ’]kll 1974) c)j,ticallj
t IIill fr(c-frc(  lII()(l(ls (Ilarvaillis 1 993) alI(l (’Ollll)illii  -

tic)]is  of tlIRW  (1’lIrl kr [/ 01. I  !)82).  ‘J’l Ie l,wdictd
sl)cctr[ll slIal K~ of lIIC  111111 di(krs soIIIc Ivl Iat I)C(JYC(I1

tllcsc I]](,(]LIs. liatllcr 1111111  :I[trin],ti]l:, 10 fit tlIQ 110S
(Iillii \Yilll (l Ctilil(d  Iil,s 1[) tll(X(>  111 0(1(>1 S, IV( llS[)(l  d

Cmllll)itl:ili(ul of avail ;ll)lc (jlwc]vali(l]lill c(jllsl];lill[h 011

111( 1)1111 SllillJV :111(1  llIc I)IC):ILI si[tlil~~liti(> lIct\v(xII tli(
lll((,r(.lic~llly ])rr(lic[c(l Slla])cs  to ;Iliivc ill t\\() sillil)l(

{1] 1(1 l’c~;l.w)ll:ll)ly  l.($j)rc~,+vlll:lli~c  IIl((llo(ls of vs(illliltillg

tll( illt(~,l’illc(l 11111{ Ill]tliliosity, fo]lo!\ilIg” S: II I(ICIS (/

(//. (1$)8!)).  ‘1’11(> [l\: (l~li<l of () ’llri(ll, (~oll(lll~ll(l<ill

aII(l \Vils(~ll  (1988) ill(licatc  tlIat ilI(* (l\J co]ltilllllllll

sj)(~cl, r;Il  i]lclic(w  Ijctlv((ll  lc~g 11 : 1[).2 a n d  1 :).4  al’c

a f(lllcfio]l of llll]]itlosi(y, ]allgi]lg fm]tl - ().4 to - 1 .()

fo] tll(it s21}IIJ)lc,  alI(l llIcsr sj,cclr:,l slol)(x ar( sk(l)(I

t]Ia II II IO,SC o f  tllv o]J(ical/[J\J  collliiiuulli, ltlticli  a]l-

])(tlls  to ll;l\(  a IIl(di;lll vallic of -  0.2 ii!  tll(.  1)OS

(Nt’llg(’l,:ill,’t  r /  (/1. 1  {)S7).  Slfc],c]li]lg  of tl,f  c,]J.
s(I\, (,(l  Colltitl(lli[tl  SICI]ICW  (IIIc to s{:il]ip,l)t  CO IIl; II IIj II; I.

[ion  ili tlIc IOIVCI II]]llitlmity ol)jcc(s lIIiI~, I)c ]) I(WII1

({.(/. liil]l’:lillis 1!)!)()),  1)(1[ for 0111 l)llll)os(s lIIC  (Jflicts

at’< lilivly 10 I,c ]I(:,lip,il)l(, a]ILl !!( Jl,ill  i~,tl(,r(  lllis I,()
1(111  iill Cfl(}Cl

\l’c 111{11 Ils((l tlvo itl(rrj,olati(,ll II I([II()(Is  1 0  calclI-

I;IIc iltt(glal(d ()])ticdl X-ro J, ILltl)ili(hili(s (Isillp,  111(

)iN/(iN OL.$(Iu(//(~Jy  ol)s(r\alio]ls” of tli( IIQS ])IJI)

Iisll(xl I)J ‘1’:IIIII(IIl,[I\tltt (/ ({1, (l$)N(j),  ‘1’11( fils(, \vllicll

\\ ’(’ (1(’sip,llilt(’  ()-.3’/, Clll]jloyh a sillll)l( j,()\v(Ir-  la\\ fit
rl’olll log//, ,,, ~ : log //~/,, to tll( I’csl fl’((lu(llcy  01” (11(

Ill(aslll(xl 2 kc\’ })01111  a t  k)gl/c,  /,s : IT,(jh,  60 (If tll(

(JS05 i,, (,(11 saIIIj,l( of97 lIHJ( }Ij?IMt(III (,l,s(ly:lli(,lls;

ill tll( r(itiailtillg :{7 C; IS(S fot \Yl}icli 110 .X- Is\ II I(iI -

Sill’(, h iil’(, :lYililill)l(, \\’( (Is((l tllc II)((li;ltl l ) ( ) \ Y ( l - i d \ \

SIOJ)C  fl’olll  (IIC SO II I’C(W !Vitll X-1’; l)’ (I; lt:l fol (.’X(l’il J)()

I?ll io]t. \\T( l’(gill(l c ) - . l ’ 1  ;1S ii C(lllS(>l\~Il  i\f lo\\([ li,ll;(

[() 111(  collt]il)llfio]l”  to tll( total  I(llllitl(wilj  fICIIII  III(

llllol)S(l  Vill)l( Illlli, ‘1’11(  s(Coll{l Ill(,tll(l(l,  ()-.Y:),  \\llicll

lllil~ yifl(l a ]1101( r(illisti C (hti]ll; ll( (I ftll( 1)1111 l\lttli-

ll(~sit~,  (I II I) I(IJ’S  ;111  ;lShlllll((l  ,\’,, LX ~/- L sj,(Ct~ill sl);ij)(.

l)(t\Y(Tll  10:, //,,,,,  ( c J()~,)/(I\  :1)1(I  J()~,~/,,,l  n ](j,~)  (j,,,

flilt ili //.~,, ), f’ollo\v( (l” I)y  ;1 ])()\v(t-li  Il\ (Jxl(llsioll  l’tolII

1(1:, 1/ : 16.  T) to lop,  1)  : 17.78. ,Igilill, fol c)l),i(cls
lvilll 110 IIl(,+{slll((l  X-r; Iy Ill Ix, IVC II S(.(1  t]l(. lll[(t;~[ll  ill.

t(lj)c)lill((l sloj~c  fICIIII  tlI(:  c)l~j(c(s Ivilll X-Ia~. (I; it:l.

It JYas jll(lp,((l  llItIt  (III  I(li:ll, ility :iII(l c(,l}sist(l](j of

tll( alail:il~lc (laliI, ]J:ilticllltllly  l,(lJi((tI tll( olMII((l

(~]~ticiil  s}][cttc]]]liotc)lll(tt~ a)l(l ILll; ltl[lisllt(h \vllicll

Itl(xt sip, ili(ic:lttilj a(licl 111111 fits, (lit] II[)t  ,jllstif~ 11101(

(lill)(ll. ill(, Illt(,l l)oliltl[)ll ,S(’ 11(111(,>. ‘[ ’I I(w, t\yo illl(ll)(,

Iillio)l  Ill(lllo(ls  ill’( illlislliit ((l ill l’ig[ll(  1 .



dish II IO(lCIS (SUII titld nltt]kl  1  989).  I t  ;S ilIIIKM-
Lal It t.o rccogllizc (I]at tlIese illter],olatio)]s  ]Jmvidc, at

l)csl, ])oor ;Ill])rc)xilllatic)lls to (lIc ( r u e  lillll liilllilms-

i(y sitlcc it is oiIly  tlIc loll/;-\va\~(’le]IgtlI ta i l  Ivllicll i s

dccclwil)le to I I S.  IIowcvcrj 1)((’allsc IV(’ feel (11;11  tfl(’

illlcgrated lu]llillosity i]lcludi]lg tlIc <Io]llilj;lll( 111111

i s  a IIIOW fltllda]ilc]lt?il lm]alIIcle I tlla]i tlIc oj)licfil

Iut[liilcwity, \Yc cxl>cct  tflili 0111 i]ltcp,ralml  lllilliltosi-

tics w i l l  IJcrlllii lIIc,r( scllsitivc  statistical  se:IiclIcs  foy
j~llysically IIl(illlillgflll  l(ltltic))isl)i])s,  hl[)l(  [Iccltra{(

111111  IIltl]itlosily cl{.ltr]tlitl~tic)]ls lIIlls( :i\vilil illl])rov((l

sj)dcc.  )): Isc(l  [1 \I ()})scrva(,  i())ls.

2.4. lllfl’<lll!(l I):lt:l

l“il)illl~, \\’t’  illcllldcd (lIC ilV?lilill)l(’ II]i(l 10 fa]-illflar((l
lI{AS dat[l fc,r tlIc saIII])lc  of bl (,l,jvcts ]~itf] lli AS

d(tcc(i(~ils fioll) SaIId(Is c1 f(l. (19S9) i], :,,1 i]lt<-

gr~thl IIlt]litlosi(y (I(xigtlatd  l/i- A’f?.  ‘J’11(1 aviiil;ll)l(

lli AS d:lta W(IC illcllldrd ill t]],’ illt(’gratioll Ilsillg tll(

IOlvcst l-1( ’qllell(’~’ (V,(.qt : //lIi) lI{AS {I<I(;, ,~c,ill( aS

tlI(’ Iow(r  li]llit of ilikgraii(~)l. ‘1’llis  itlt(glatio]l  sllr-
fms froth lloll-ullifol{ll itltcgratioll ]ilnits. l“lIYtfI(l-

IIIC)I(,, tlI(’ c o r r e c t  tr(’at)IIc)It  of  lIIC l{(j(~ 11{ Ctllissioll

is g(Y) II I(,try (I(j)cll(lcllt I I I  tlIc case: c~f]lc~tl-sj,ll(ric:ill)

syji]]li(,tric (111s( (Iis(ril)ll(iolls ill tllc lt(~(~s ((.,Q. a
\\, all)l, (lusty IIllclc:ll’ tol 11s ) ,  il)cl(lsi(,]l or (J]])issio])
of (,IIc 1  1{ tllljssic)ll cali 1(:{(1  to citllcr  all 111 I(lrl- 01

c)\’cl(s(iill:il(’ o f ’  tlIc’  (ru(’  IJolo]lj(’lric Iuttlitiosi(y, lJc-

Cilll  S(> lli(’ ]) JCWCI1(’(  o f  ii]) asylrllllctric  (1(1s1 [Iih[ril)lh

tio)l illlj~li(w [III  aliisotm])ic WC?IJJ(’ of oj)tictll/[l\~ l’il-
(Iiatioll. ‘1’11(  ratio  d tllc.  II Ira II ill[(’p,r;ll((l  iilf’i:ll((l

.~-i’il~  Illl]lil](hity to tl~e lIIL’;III  ol)tica] .1-1’:1)’ ll]ttlitlos

ily,b,(’: l/IR x? > /  < I)C)-XV >) = 0.21. (~iJ,i\ (II,
(Iillicllllj’ i]l itltcrljrc[:ltiotl  illl(l tlI(’ r(ldli\(lj stIIiIll

cc)l]lril)l]li(~ll of lIIP  ill f’ra](d, If’c llil\’( igll(jr(cl il ill 111(

allalys(’s trl; l( lollo\v,

‘1’: IIJlr 1  suttllltiirizds tlIc fiv( difli]ctll ill(cp,rat(d

ll~}liiltosilicw, alolig with tllc ]Ilc)tlc)clilo]ll:l(ic r:l(lio
l,cIIV(I  ;lt (jCIII c[llittc{l \Yavrl(lIp,(l  I. (1011 I1II1I ( 1 )  lists

tfl(’  OS() coot(litl:lte lI~IIIIc, colu  IIIli (2) ~iv(s tl~r rc{l-

sliif[,  C(,IIIIIIIIS (3) ,L-. ( 4 ) ,  g)i\c tllr s(d,t aIId (II{] r(vl

frcwjll(iicics,  o f  tltc NcIIgcl)aIIcI (1 (//. S])rctl’q)llolo”

ll)(-+lic  IIlc;lw(lt(,lli(llts, col(l}II  IIs ([))  alI(l ( 6 )  ~,i\’(  111(’

(1]1(.i(’i\l illl(l o]}iical- llltl’il\’iol(>t iilt(~,lilt((l lll]l]illosi-

titw CHIC II I;IIU1  tIs dcscril~c(l  ii! tlI( text alwv(,, COIIIIIIII

(7) g;ivcs /~(/IJ, tll( IIip;llcst  lc’st-fl(’(lll(llcy (l\~ l~oillt,
C<)lIIIII]IS(N)  {Q ({))  gi\,(tllcojJlical X-]dj, Ill]llill(wili(>,

(’ill  (’lll:lt(’(1  ;IS (Iescril)c(l itr ~2,3, (’011111111  (10) gil’(w tllc

illfrarc[l .X-Iay II]]llillosi[y k)] I I  I(WI IIQS QSOS  \vitll

fli A,$’ d(~t(wtiolis, UIIIIIIIII (1 1 )  p,ivcs ilI( I()]vfwt  IItit

flc(ltl(l]cy JR/l,f’ (l(trctiotl, l?JI{, alI(l COIIIIIIIIS (l:)) aII(l

( 1 3 )  giv( III( total :111(1 c(~r(  radio j)olr(i, Hsl)(c[ i\(ly,

fr(~ltl  licllel-lll:iltlt (/ (//, All q(i;tlltiiics  au’ co],ll)~ltc(l
f(ll tl Sli\ll(l;ll’<1  1“1’i((lll)i)l))l cos)))olop,ical IIlo(lfl \vil Ii

11(, = 7!)  1 ’ ? ) /  s -  ]  Al]w- ‘ all(l q,, : 0 .  I\r( ))(1’rolii}((l
st; ttisti(,:ll t(,sls ~)siltg, tlIrsc variol]s illl($g,l’ill($(l  lllltli-

tlt)si(i~w,  ;is slltllltl;lliz(xl it] ‘1’al)lr  2,

3. S’I’A’I’I  S’1’][;AI,  AN AI,YS]S ()]’ ‘J’]]]; ]1(/S
SAN41’l,II;



i s  (Ill(%liollill)][ I)cca(ls( (11( ccllsc~lillg, a])l)li(xl ili {11(

follll of il 11~,:11-lltlifc)llti  (),2.5 ]11.Jy s(t]silivity lilllil, i s

1 1 0 1  1:111(10111  ill la(lio {Iux-(l(]lsit},  Altl IO IIp,li tlt(i( is

lf~l;itivelj liltlt (Ii[lic(tlc( ill tl]c Sigllifi(, allc( of II)( r(-

SIll(  alllo)lg  111($ (wtitll:[lols of I(llllill(wilyi 1111 :SIII:III.

(xl (lisJ~(lsio]t is fol 1,(,,  (It(,  (~l)tical IIilllill(xity, \\llicll

i s  fllllj’ lli(ilSlll’(, (1 fol ;ill ol)jvcts ill tlI( Siillll)l(.  \\ ’(,

l,clic\( 111:(! it i s  Iili(ly tlla( \v( alti(iciilll} illj((t (Iis

)I(rhic,ll itlto Ilt( S?IIII])I( 1))’ 111( ~l%[llll]jli(,lls ill 0111

illl Cl”l)olill ioll/(X[r; t])ol?it ion Illctllo(ls, ‘1’11(,  (Ii[lir(llc(

ill sigtli[icatlc( Ill(l!’f(ll tll(’ l’yc,,<,~ 2111(1  1’(,,,.,  ]($lilliolls

is etllilt,ly (’xl~laitlc(l  l)y tllc r(’l;ttiv(’1} larp,(l II II II IIMr

of lilllils to 111(1 )d(lio cor(-]~()\vcu.

‘Ial)l( 2 p,i\(b 111( COIIIIII(l( s(l of” s(;llisljc;ll  II.

hIIlts  f(jl (lit l{:i(lio l’()\v(Jl llIl(p,ral(Yl  I,lltllill(hilj
(T(lrrtli,li(,lis f’c,r III( lIII(Y S,(S {, f’ 1(*{+: (’OX-l lili’; ll(],
I\lll(, dll(l I:AI !lI(lllo(l, (’[)11111111 ] lisls tll( Cil](lll:ll((l

illt(’g,l’iltf, (l Illlililiosi(y (Wtilllillols,  >(])  ;llill(>(l itllo  111(

[III(Y 5;11,1])1(s  (I)QS,  1)(/s”, all(l lKj,$ ’-l (11,11{(;)  ;1>

(I(sclilj(d ill (Ilr 1(, xt l~(lc)\v,  ,ll<)IIp, 111( lillf &i\ill!2, 11)(

s;lllllll(~ i(l(,li(i(icittioll ill’(~ 11111)11)(1’>  (I(ttolillg) 111( ,.illll -

l)l[si7(/lllll r}l, fl(]flilllil hill lII(s;IIII])I,.  (’OIIIIIIIIS(Y)

iiti(l  (~{) ~,il( 111(  l;IllI( of ~:’ (iIlc(Il; Il(xl 1,>’ III( (’ox-

II: L7,:(I(I  C(lll(li(tioll tVS[ f(>l ‘I’()(  :11  (j(’111 I{il(lio }’()\\(l

;III(I  (’01( li:i(lio I’olv(i, l(>jjl,(til(l!. (’011111111* (  1 )  ,V

(V)),sitiiiltlll),{,<,i\( 111(  \,: II 11(, h of ’li(i I(l:Ill’s 7 ;l~ (; Ilcll -

I:it(’(1 II}’  (11( I{llli (’(,11 (’lil\iol) ‘ 1 ’ ( s1 ,  (’(,11111111s ((i). (7),

;111(1  (h), ~i\( 111( \’;llll(h of tll( sloj)(, “ii”(l 0,,), {II(,

illt(rc(l,t, “1) ’’(:1 01,), :111(1  Sl~lll(lill(l  (lf\i;lli(,]l (,1’ IIlf

Of, / for 111(1(’:,[(’’~l~’ll~ ‘I’[~t ill l{?t(li(~ l)()\\(l \s. 1111( -
/,lilt((l  l,lllllillosit~ I(liltioll>, r(sj)(c[il(lj illl(l (’01111111,s

(!))  (1  I ) giv( 11,( N,,,,( cl:lla ft)r 111(  (’(,( I’cJ,,I  },. ],,.

t(g,ldt((l  I,(lllliil(hit) I{(ldliot]s. Still i\ti(’ill I(sllll: f’(11

111( c(,tlll)ill((l l)(jS”-1 01,11 {(: fi; illlj,l( ill’( g,i\(ll 0111)”

1;11 111{ (01( l’(,L\(l illlill)>is, sill(( lII; I1 is III(I OIIIJ”

])(ll(>ll(iilllj lll(i\ljillp,flll ]>ll)si(’i~l l(lilli(,ltsllil). 111 ill)

(’;1s(’s  Cx(’(j)t  011( (III J)lol,itl)ilitj, (Jstiillill((l 1,~ 1111

(~(lX-lli17,ill(l  illl(l IIllli ((>1>, is 1(SS lllilll 1 0 -  ‘“] lllill [II(

(1:1(:1 C(I{II(I C(llll( f l ’ o i l )  1111 Coll’(li)t((l  (Illilllliii(w. ‘1’11(’

1011( (xc(l)ti(,ll  i> Ili( 1’(,,,, rs. 1,() j(]illioll fo] tlt(

cotlll)itl((l s; II II1)I(, for \\llicll 111(  ])t~)l,:ll)ili[~ is ;II)OIII

:;(A ;1S Cill(’lllill((l 1~~ (’OX-l li17,ill’(1,  :111(}  {).l(X :Ih ( hli.
lll;ll (’(1 l))’ Illlli lllilt 111( (lilt~l ~11’(  1111 C(lll(lill((l.

\\’1 11111s(,  of cCIl]lS(,  I,( C(,II((III((I  I!iill s(l((lioli

(llt(th  ill [III  ll(j S h; II IIl)l(I. 1’01 (Xillll Jll(, Shl\\”l”,

(Iihcltw [11( I)(hsil)ililj 111;11 Ili( 11(./S IIlilj 1)( ill(otll.



A



llli]l(>sity for lIIC IJI,l  I{(; s aloIIe (X2 = 3 / 1 ) ,  IJII1 111(,

lJl,ll/(;’s  Clcar]y f a l l  alo)ip,  a  si]tlilar Ielli[iollsllil) [0

tllc lolv rcdsllif[, ra(lio-q(iict 110S QS(h. A l l  lIoIIp,l  I

WC arc 1101 ?Ilvarc’ of  survival  tests for t II( Silllil;tlity  of

111( ’SC tlvo (list til~ut ions }v(’ IIavc llscd  (Ilc ill)ol’(  corr(.

liliio)l/lcg;lcssic,ll icsls 011 tlIc colttl)illcd ll(jS/UIJl  1{(:
(ltl~~ S(’( (!)2  ol)jcc’[s; 32 li]ttits) 10 i(wi, tllc sillli]ill.

ily of IIIC wl:ltiolwlli]). III this case, illclltsio]t of 11, c
111,11 {(; SZIIIIl)lC  illl],rovcs tllc sigliificallcv of tl~c rmull:

~p ~ 27.() - ,  25.7 lvllc], coltl],[ircd will] (IIC j)urc II(JS
s:t]llljlt~. A  rcgrtwiol] fit to {Ilc colill)i]lrd (Ia [ii s(( i s

Virlu:illy illclistillp,llisll;tl)l( frolli lIIC  f i t  10 t]Ic }/[/,9

SaIIIl)l(J slI(JtvII  ii) l“ig[lrc 4 , ‘J’lIc  KSIII(, usi]lg l,[). Xl
is virt~l:(lly icl(llt,ic:il; tile ycslllts  fol, Otllrr o+titll; itoh

of” it[k~,rii(rd ]Lll]lill(]si[y ]]:tl,c sc)ltIclr]I:It  ])()()1(1 sj~.

IIificatlcr, I)ccallw$  tlI( III,II{CJ :111(1  IIQ$’ (Iislljl)llliolls

f’(lllo\V  rcl:lli(,]ls  dis],l;lcrd  ill II]lllillositj,  (II;I1 ih, ivt

II(WI  111(  t’111.ire, ol)lica] .Y-r?iy IIl]rlitl(wity of 111( ])111:1

tiv(, A(;PJ t<) ]K)NXr a  l,ull)il)c)us 1’1}{ CJnlaxy ;It COIII -

]IariIl)lc  radio  cot( ]Io\Y(I.

5. l) IS(:[ISSION

A  ctucial ilsl)(’ct o f  tf]is I(s(Ilt i s  tlI(, (Itility (If ]i\-

(11(1 lll([ls (ll’(~lll(,llts  <Is a (1’ac(’l  of [11( ])(l\\’vl’  ()(111)(11  of

(Ilc Cclltlal Cllp,illc.  l)cs))ilc tllr fact that tllr illlc-
,ql+,t(tt  Ir:t(li(,  lllll)itl(xil~ (Jf tll( ;IV(I:,:,( I / (  J ( . ) ,  fI<,III,

sd!’j 10 NII1Z to lo[~llz i s  10(1 litll(w  Iolvcr  llIa II tlIr

Ijol(,ill(lric Illlllitl(witj of tl]c (IllilSdl’, tllih c[(tio is 1(-

ill; li’liill)l~ Coil Sl; lllt <I CI’OSS tll(’ It(J()  ]Io]](ll:ltio]l. \\ ’(>

llilYC illlls(latvd [Ilis u t i l i t y  ill tltc casI o f  lijj]otli((i-

cal I{QQs I)uricd iilsi(lc Illtl:llltlllillo[]sll{ gal:~si(w,  1)11(
tll[lc i s  il II IOK”  g(ll(,l’iil (’1:1Ss of  a]~])licati(~l]s  for lllis

r(sIIII. ‘1’lt( 1o(;II l~OI\(r  out])ut  of A(; Ns is fr(,(]llrlltly
Slll)j  ((l, t o  ,P,l(>ilt Il]lc(ct,aillly, (IIIC 10 lllllillo\l’11  ol)\(’ll  -

ra{ic)l) :111{1  lllllillo\\’11  allisotro])y of tll( (lllissio]l (111(

to Icliltivis(ic l) Cillllillp,  al I(l/oc  Ilott-sl)llcricil]  (Il)sc(II:I-

tioll. l’c)tfllli~llly, lIIC il)t(,llsity  of 111( cIII-\v:I\(l(IIg,llI

]il(lio cillis~ioll ill [Ilr radio  (~(li(t  A(;h’  ~i\s( IIIUJ a\’oi(l
[II(W ]~it falls, all(l s(rlc :1s :i ulliqltc dingll(htic (Iftl IIw

ol)SClll’illioll”  +111(1  :Illisotml)ic  cll’{’Ct S. ol)~ic;ll  (l(I)IIIs

to Clll-\Y/l\(l(ll#,  [l]  Ja(liilli(,ll  al( Llsll; lllj,  ]j(p,li~,il)lt  ill

circll]llllllcl(:ll  gZllii Cti C (llvilc)lllll(llls,  (\’IJl  f(j] tll( (x-

ttelll(ly C(llll  Jlii(’t  (11, 11{(;’s.  ]r ra(lio l~ol(~]llrtric lllllli-
llosit~ rcl;llic)l) IIol(ls  ilC1’OSS  tllr  r:)(lio-(lllirt SC~,  II I(IIt, of

111(  (x[l:l~:,;ll:,cli(  zoo of activ, IIllcl(i, dtl(l if tllc li(~(~

rn(lio (iilissi(jtl i s  isotroljic”  (wllicll \YfL as jot li:lv( I(O

1< ’:l\oll  10 (Iolll)l  )1 ,s(llsit,iv(~  raclio flllx (1( ’11. sitJ’ llt(il-

s(lr(lil(]lls l]ltiy I)cc{)l))c  tllc tool” of clloic(r 1(} (still  )li  Sll

;il~,lliil)l~ (11(1 II I(IS[ illll)(,ct:llll ]);  II:  II II(IVI of”  aII A(; N,
its IIllllill(hity. 111 Cil S(S \\ ’ll(r(’ (Illsl  :111(  I g:ls  211(  J)l(\ih

l(llt ((. ~,, Sy2  olv+cllrilt~,  tori), la(lio ol)srr\;l~iol)s”  II I;I}

1)(’ 0111 0111}” ]) K)I)C  of (11( IIucl( us,

‘1’11(  filet o f ’  [Ilis cocrclalioll i s  sllrl)risillp,, gi\(tl
tllc cvi(l(litly  (lihl~alatc lllrClliilli  Sills  for 111( ]Il(I(llt(-

[ioll of lil(li(,  alI(l ()])tical/Ll\J ct[lissi(~ll ill radio (Iilif(

tlll+lsills.  ‘1’lt(  l(c(llt  (I(trl(,lisit;iliolt 1)~ ], OIIS(I;  III I tIII(l

l{:trvtii}lis (l W)l) tllnt tllc l:l(lioc]llissioll” ill Ia(li(,qlli(t

I\(; Ns fw(lll(]llly dis])lays IIip,ll  (11011  -11  I(ItIIal)  l,liy,llt -
IIIKS t(s II I))rI;  It III(W  stIot Igly sligg(w[s tllal t II( (,ttus,~ioll

is (Ii)( to s~ilclltc)i 1011  ra(.li:(ticlll, as ill l-:i(li(~ ](J(I(I  01).

j(cts. l]) Colllr:ls(, tit(wl of tlt( I)olotll(tlic” I[i]rlifl(w

ily ill 1{()()s ;I])])c:IIS  10 })(I tlir IIi Ial ill tIat{II(, (,\”cll

IIlollp,ll tll(’1( is lI(atcd  (Iel):il( rtp,iir(litlg !]1( ]ocalioll”
c)f’tlI(T tll(i.l 11:111~,(,1  lliltil)p, ]Il;ll(li;ll. It i~ f’il~ Ilolll (l(:lc

\\l I} Ill(liiltiotl (llli(((xl I)y C(JII)]JIC((I> (Ii(li’1(11(  lIltYlt-

21111.<111.>, :Ili(l  ],(hsil,]) fIc)iII (Illi(v  (Ii[lirl(]lt I(g,iolih (jf
111(’ /\(; N, Sllotll(l 1)( so  Clowlj”  I’cl:llr(l.

‘1’11( I)itllo(l:lli[! oftll( (Iislriljllfiol[ (,(” I;l(li(, to (,l~ti-

C;ll {Ills (l(ihil~ Ititicw (I(wliljr(l ~ilJ()\’(  is :111 illlljol’lilllt

clll( 10 tllih ])\17711.. ‘I’ll{ (Iisilil)(ltioll (,f l{, III( Cil(lio

1 0  ol)ti(:ll  l’illio, f(,] (lit r:l,lio 1(,11(1  ])(,l~lll:lli(,ll i s  tx-
11(>111(1) I)]oil(l,  col(lili:,  <(\(l;l 1 01(1(1+  of Itl;i:,tlilil(l(,

‘1’llis (list lril)lllioll is stilli~[ic:l 11!’ (Ilillll:ltic{(ll} (Ii(lic(llt

flolll tll( \v(ll(l(fifl((l ]J(;lli  Sllo\Yll 1)~ 111(  I{(J (]ll;l\ill’h,

Ilitllrl tl)( I i i ,  colIIj)(ItI(lIl  l(ltllitl(,siti(s lI;I\( a slI;II])l~

IIllllc;tt((l (Iih(ril)llli[])i Il(;ir till 1{1, /l{(J Ilollll(lill) :!1

I(lp, II’ ~ I .(), :1s s(lgg(>.~i ((l l)!” Shl\\’ 1’, 01” lllih 1)1’oil(l

(li5tlil)lltioll (xt(,li(lh II(II itllo  111(  12111  :,1 of tll( )i(lio

q(ii(t  (J(lil\<ll’S,  ‘1’11(  c\i(l(tlc( f’lolll  (11( li(jS is llt:lt

ft\v i f  all) (l~):ls:iys Ii( I)(I()]Y  Io,q }/ .- ]  (1((11(1-

I l l ;  lllll (( {Il. 1$)?+!)),  ‘1’llis  S(l’oll&l~ Sllgp, (xls llldt il lIV()

c(Ill  II I(JII(l It 111()(1(1  fol (Iil:i~;Il l’il(li(l  (lilishi(lll is :Ii)[)lo

Ilri:ll(. ‘1’llc  filhl, :111( I l)(tl(r lill(l\Vll Collil)c,ll(llt  \vt)lll(l

1,( tll( ollf I(sl)ollsil]lf for tli( rii(lio (tr)i~si(,ll fIOIII

I’il(llo 1011(  I (Ill ii+;  n>, i(l(, )lti(i  (xl 11’itll a II; II WC-  SC:I1(  1(,1-

illi\’ih  tic j(,l Iil(’(>(l  Ijilll sJ’tIclIrcJllotI }II:Is II I;I. \\ ’(. \viIl

IIfll’ I(I  (Ilih il+ 111(  1{1, Collll)oll(]lt.  ” ‘1’11(  s((oll(l  (0111.

11(111  (>111, \\lticlt \V( (1111~ III( Ii(j Colllll(lll(ll(, Illilj I)(,

])1(s([11  ill illl (lllil  Sill’>, II(II \\ ’oil I(l I)(, s\\illlll) ((l 1))’ (11(

1)1(11’1  ])()\Y(lflll lil, C[llllj)oll(llt ill lil(lio 1(111(1  ol),j( cl~.

(Jlllj’ \Vll(ll III( I{IJ (’[11111)011(111  \\’il S (XI I’(111(’IJ’  \\ ’(illi  (1 I

:Il)s(llt IvOIII(I  (11(  flilx (I(llsitj’ (Jftllis  II J”l)()[Il(li Cill I{(J

(’01111 )011(,  [11” 11( lll(i(~ill~llll(. 11 i s  tll( Iiltllil)osity 01” II)(

1{(/ c:l(li[) cotiij)olt(llt” \vliicli cOIJ(I:I1(S IY(II \\iill tll(

I,(,loltl([ric IIllilill(xilj of 11)( (lllilh~ll ill (Ilis ]Jiclllr(.

l\ll(’llldt(’lJ’, ;1 s\\itcll lll(Cllilllislll  11111s(  ()[)11’ill(  \\llicll

Svl(Clh  l~flt\(Yll tll{ 1{1, ((.(1. l/lilli\’ih[i( ,1(( )  lll((llil -

IIihlll ilt Iiip,ll I{ ;111(1 I{(j ( [ f ) .  ltolJ-l(lili  i\”ifilic \vi[l(l)

(llliwioll ill ~():1  11’ ~ (). \\ ’(’ coll(ill( ()(}] (lis(lls~i(~ll
11(1’( to tll( Ii(j (’0111 ])011(111,  ”
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LJIIf(IrtIII  I; Itcly, wc  lIaYc very litl]it(xl olM(IviIl io]la]

illf(jlllliltioll \villl }vllicll 10 iilfcr tllc ])ro]]cltics of’ this
li(.j col)J]mJiNit.  ‘J’}Ic IWSII1[S  of l,ot  Iwlalc  att(l  llalv;li-

]Iis (1!)!  )4) SLlggCS(,  1)111  (10 ]101 1)1’O\’(’, tllill  tll  C COlll  -

])c)l I(IIt, lIiIs ;I sca](:  s i z e Of 1(?+ 1 IIali a  few ])tll”sccs.

S])cc.tral  itlforlllalic,l) t)ll tllc coJIIj)olIclIt is alt II(wl 11()]  1-

(xisk]t(l  111(’ IIIOS1 cxlc]lsivc llork to dat(’ l~cillp,  tllilt

ofAlltollllcci aIId II:lrvi(illis (1{)88) WI,() (It’lllc)llh( l:ltc(l

tll; lt s]~cctr;il i]l(liccs cxllil)it a  wi(lc  ItiIIgc  ill tt SIIIiIll

IIct(’lop,(’llec)  lls S:llll])lc or 1{()()s. ‘1’llq ( I K W  att(’ll-

tio]} to tllc occas iona l  j) I(wIIcc of fl;it sjm(ra iIt IIigll

fr(’(jll(’llcics, sl~cc[ll;lli]]g  ilIat,  sllcl  I e]l]issio]l  ]IIIIy  1)(

tllcrltlal  ill orig;ill. ‘Jo ol{r l; IIowlcdgc, II() ]mlali7atiolt

itlfor]llatiml is avail al)lc. JIccaus( o f  scllsiti\ity co]l -

si(l(ralio]w, it, i s  (Iillicllll, t o  ol)scrvc ol)jrcls wllicll, ill

(IK al)ov( t\Y() co}))j)())lcl)t  I)ic(uw, w(’ arc c(,tlfi(l(tlt

ar<~ (Ioll)i]l:llc(l I)y tll( 1{() CO] II]) OJI(II1.  (! OIIs((llJ(IIily,

c\ct I tll( dlJ(,\c l(llltlliv( illf(rcllc(s ar~ s(ll~j(ct {() tlI(
])(wil)illiy of” s~ll)stalti,ial collttiitlill:tti[))l flolll ~1 \\ ’(tlli

1{1,  coIII]J(,lI(lI1.  [I]l(il  lIvw  dafa aI( al’:]il:il)lo  \II :Ir(

IC(IIIC(XI  to sj)(w(ll;ilioll oll tllc I)(wsil)l(’ IIalIIIC of t h i s

lto Collll)oll(’]11,”  lillo\Villg  olll~  Illlit  it Illilj”  1)~’  C(Jlll-

])il(’1,,  :111(1  [11:11 i t s  ])c)\vLl  is IIi:;llly  (01’1(1:1({(1  \vi[ll  (11(

I)(,lo]l,c[tic  IIl,llili(,sity  o f  111(  ql]asar.

OIIC  I)(msil)ility  i s  that  tllc I{(J COIII]JOII(II(  i s  ili-
(1<’(>(1 COlll]l act , :111(1 (ll:\( it is [1,1( t[) syllclllotlol,” lil-

(Iialioll. 111 lllilll~  ;Istrol)ll)sical Coll((’x[s, SJ’IICII I”(I(I’()]1

ta(lio (lllissioll occllts :IS a Mslil[ of cl(cl roll acc(l(l-

:It loll ill Silo CliS, ?ll  )(1 }1’c (’:1)1  S])v(’ulat(’  tll ai tllc 111(~-

cll:tllical  (*JI(,Ip,y II(XWS, S;II), to (Itivc III( :I(((l(l;ilitlp,

Silo C]iS  ()]ig:itl;ll,(s  fiolll t,f Ic r:l(li:llio)l  ])1(ss1!1(.  of lli(

C(’lltl’al  Stol)l’cv, tlills  ])ro(llicil)g  tllc ()})s(Ivc(l  corJ(l:l-

[ioll \vitfl  I)olo)l)ctric  lil)ilillosity.  AI IO(II(II  l)(w+il)ility,

JIl(vllio]l(d  I)y Allto]ll]cci  aIId II:lr!’aillis (198s) i~ lII; I[

tf]( e]l]issioll is II()( coIII]It  Icl ,  ?111(1  I’C])I’(H,IIIS  tllc  lo\v-

fP(s(jllCllC~  tai l  Of {l C(llll’illl~-l lC?lt  C(l 111(1111  ill CO II IJ)()

II(}lt. 17(11 [Ilis 1 0  l)c  tllc cas(’,  tfI( 171,111 (I(t(c[iotls o f

IJ(,lis(l:tl( ali(l IIarv:lillis (1991) \Y(juld  li:iv( 1(, 1)( (111(

to :1 c(,llt:llllillilli)lp, 1{1, Colllj)c)llcll(. 1)(’tilil((l  Sl)(c(l:il

iill(l  ])(~l:tliz;llioll illforllla[iol] [)11 a h; It IIl)l( (II I{(J(Js

i s  rv(lllih(l {()  a(l(l  I(w [l ILw(, \tlrioLlh  ]I(k.sillilili (v-, ilt)(l

}rill 1)( r(,j>(~rt(d  c[5(\vlIcIt.

\ \ r c  llil\’(’ (1s(’(1  lllis corrcla[io)l”  [o ill\(wlig,:\l( t II(

IIy])olflcsis  tlla[,  III(  LJl,ll{(is ill 0111 saIII])l( Cotltilill

LXIIIl>(~cl(lC(l  A(+Ns. If tlI(, \JJ,lll-sciIl( ]ii(lio  (tllis,<io]l

frot]l LJI,II{(Js origill:ltcw i]l ]Ic)ttti:il ]ii(lio (Illi([ A(; Ns,

t  It( illtj)lic(] l)olo]ttc[tic” l(ltllitio,<it~, ]cj)rocvss(,(l I)J cir-

cIi]IIIII]cl(ar  (111s1. into (11(’ II{, is K)II~lllj’ cxjila] to tll(

OI)MIV(LI I’ll{ ]llll)itl(~sil~, \villl all Iltlc(r[aitlty (If(ll(l(r

a facto] (~ f’t\\(,, ‘J’flis  rvsllli Ic]I(Is  c(~tlsi(lrr:ll,lc slll)],(,lt

t{) tllr  lloti(~ll tllilt tll(  lll(~st  (’(~lll})act,  IIiglt(wt  IIt]liit](h

ily II{ p,illil  Xi(’.S 211’(’ l)(J\V(’l”Ccl  ill l~lg,(i  Jlill’[  I))’ il I)llli((l
A(JN, +111(1 ]~rovi(t(s 1()()111  f(,l’ (I(,lll)t tllill ?1 Illiljol”  ])dl’1

of tllc l(llllillosity  is s\l])])li(d  I)y a sl;irl)llrst.  I1 11)”

IIlodrl \vliiclt ill V(jli(s  a IIllcl(’;  lr St:lrl)lllst  :1~ 111(’  (’11( ’1-
g(,ticalty (Iolllill:illl cotllJ)(}ll(l)t II IIIS[ illclll(l( tli( 1)(w

({11;1{(, (hil l  fll( \’ljl)l-S(’Hll  (,tllissio]l (’0111(s flo]ll S(llll(-
t]litlg otll(r tllall a 11(11111;1 I  Ii(j(j, sl)(ci(i(”illly M,lll(-

tllitlg \villl a ]atio o f  ]a(lio to l)ololtt(lric” IlllllillosiiJ
sig)tlifical}lly lli~,ll(r tllilll Illilt o f  l{(~(~s, (~atlcli(l;lt(s

]Iliglll illclll(l( clllsl(h o f  Illlltllllltlillolls I:(dio s(ll)rt-
IIov;l( (I)llt S{.( 1,S1, f(ll ol)h(r\’al i(lll ill (\i(l(llc( *(\(l (.1}’

collstraitlitlg  SIICII  a 1110( 1( ’1), iil I(l ~111(11  llilloll  SIJ” ia(]io

1(, LIcI f\(~Ys, Ili(il I,ml,(tti(h I)NwLItII:il,ly  IIl(ldi[i(xl l)!

tllr (I(IIs( )Ilc(lilllll  ill \\llicll tilt! ltl(lst  II( (1111 )((1(1((1.

f\l I illll)oltatll (I(l(%tiol)  to  r(holv( (O II C(IIIS III( ()]i -

gill o f  tll( illl(llll((li:lt(-scill( ra(lio (J]llih>ioll IN)HI III(

LTl,ll{(ih. 0111)” ~wlo(X’(,  f’tli( to(ill 1.6 (~117 t:l(lio(llli~

hioll \f;is ijl)ic;lll~ (1(, t(ct(, (l ill 0111 I’ 1,111 (,x})(rit[l(,lll,

‘1’11( I(ll,i,illil)p,  .-$)()[X olip,itlill(s 011  l[Ilg,{r  sin S(:ilfh,

(I. ().r)  10  (l.;) :Ilch[xolI(lh,  01  ljfl)ic:ill! a f(tf 111111 (11((1  ])ii I-

s(CS, ;1)1(1  IIil< [i (’llill’;lct(,l’isiic l~ri~,llt]l(w  t(,lllj )(l’iltlll”(

of” 10:+  to IIPK (s(( l,s 1,, (’11 )’’1’). \\ ’(\ (’all llol r(:l\[)ll  -

iIl)l~ atttil)lll(,  tlli.~  (~ttlihsioll  (o ?)(~~ili(fl I{(JQ>, 1)(’calis(~

III(’  itlll)li (xl  I)olo]ll(iric” IIl]lli]lositi(> \\ OIIl(l I)(, (:<((h

,sl\’ (~, )l)(,\iItg 11)( llljllt(; s \\(ll c}(I” (II{ tfl:lli(ltlslli)~

ft)r (11( I{ Q(,Js ill lpip,lli( 4. I“(lll(l:ll  llf’lltilll  j’, (11( (1(1(’s

li(,tl i s  “\\’l Iy (1(,(s 11]( ((,t( ril(lio (Jlllimi(]tl f’ollo\\”  111(

Il(j(j la(li C,/(,J,  [iCill l~lilti(>[l (I(sctil) ((l al~()\’(,  \llil(
tll( illl(llljf(li:tl( S(’ill(  ct[lissi(,il  (C<ll’l(ct(’(1 11)’  ( ’ l  I\”l’

Ik)t ]~lll:lli\( f- f(x(illc(ioll , S1’(’ 1)( ’lou’) l’O1l  :,111)”  f’ollo\\s”
tll(  la(li(l  itlfr:lw(l l(lalioll foI ‘I IorIII;  Il” illl’l:lt ((l-l) lip, llt

p,iil:ixi(s’?”

(~11}”1’  :Ittl’il)(lt(’  Iltis li\V JOO ])~lt+(c  sC?II(  (lllis

.+io]l to co] II] I:Ict s[dtf)lIhts, illl(l  (X]llilill (Ilf fl:ltll(hs
of t Ill lil(lio  hljf(’t  1<1  of Illitll} oljj(cts l)j, {“1((-fl(( :11)-
fi(~ll,li(},l ill {II( (I(II>(T  illt(lst(ll:ir  )Il(xlillttl  \vliicll ll~ls

1~((11 itlf(rl((l I(,  (xihl 011 tll(k( siz( $(  ’ill(’>  Ilolll  ill((r-

l’tolilftric ltlol(clll:il Iitl( hlll(li(w ((p,. Sc(~\ill( 1!)!)2)

ill 111( [Il,ll{(is. ‘ 1  II(J :IIs()  (Jxlllaill tll[ Si:,liilic:illl tl(-

],:llt 111(s of” X\(l:ll ol,,i,cls f’1(,111 tll( \\(ll (slill)lisll ((l,

(X C(II(III (’ol’l’(lillioll” 1)(, t\\”((’11  &lol):ll I’lli illl(l tjl(lio

flIIx foI ~,;!l:ixi(> (IILIc,II,  S(iif’(, :,1,(I l{,)\Y+III-  I{ol)ii)>(,l)

l!)N6), l)} sIlcl I :Il)w,rl,tioll ‘I fiis is all il[l])l’illillp,  ( ’ X -

I  ~ Iil(lio  flllis>if)]l,j)l;ltl:llicj]l  (’t)] III( f’{iv 1 0 0 ”  II:II*(C  hcd  [

;III(I, i f  i t  ih cOII(,  C(, \Yt (I((IIIcc  tlI:\l  tll( coil tril)lllio)l”

of 111( Slilll)lll St t o  111(,  lot; ll l“lli llllllitl(hil~ fol” tll(’

(jl~j(cls ill 0111 s~]jl)])lt  i s  lollgl}l) c(~lll]~:llill)l( to (11(

(,l]itlil)llli(l]l flolll tli( 11)’l)[~llt(ti(’ill  I)t]tit(l  /\(i  F!.

I I I  tllih I)iclllr( tlI(  (Ill(+ti(,lt ?Itiws :ih ((~ \vlI\’ tli(

I ()



. .
ShIIIJIIISt +IIId A(; iN l(ltttiljosj(lcw should  IJC co II I])a  I+

I)IC i l l  otll  Sdlll])lc, a n d  W1l. y \v(~ (10 IIot lln\’(~ IIl:illy

ol)jcch iII ~~llicli citllcr tlIc s(arl)IIrsi  01 tllc A(JN1
dollii]latcs? \l’c SJ)CC’lllilt17  tliilt st; i]l)lilsl-cl o}llitt:llc(l
ol)jccls ])lay itlflrcd exist witlli]l tlIc (;11J7’J’ saIII])lc,

sillcc 1,S1, olwcrvu] o]Ily tlIc II IOS( coIII])act  31 ol)jvcls

ollt,  of t,l)(. (;l I}”J’ Sillll])l  C o f  4 0  /111(1  111(> I’vllliiillillg

g ](WS COIllj):iC(,  ol)jpc(s IIIay I)c  111(  l)rst  call(li(lal(s

for l)cillg st:ill)  lilst-( lc)l)tiii;  l{c(l. ‘1’II(s  l~lCli C)f A(JN-

(l(llllilliltCd  Ol)jcct,s  II):ly illdicatc tlla( lllcrc i s  sol)lc
s(~lt  of ])ll~,sical Iillli l) Ct}\](Tll tll C S{?ill)lllst :111(1 111(’

A[~N ill tlIcsc d u s t  LIIslIK)udcd ol)jcck; ({g. tllc siw

of tll(’ Siall)lll’s( Collll’ols  tllc fuel ralc’ to lIIC  II II CICIIS

m llIC l)owvr of 11)(, A(li’i controls” tllc sim of tllc star-

l~urst  it 1 rigg(ls.

A I  I  al((,rllativc cx])latl:ltioll of (lie fclv 100” ])~lrs(c
sc:ilc r:i(lio c]rtissio]l  i s  lllitt It otigitlatcs f[olll  syl I-

clltc)tro]l  1)1 WIIIn  w(11 IIlixrd willl lIIC  dcIIhr II ICIl(W\Il{II

!,i~s, iis ill tll~’ cllJ”l’  ])iCt\ll~, I)llt  tll;ll  St{ll folllliltioll”

i s  IIot r((j(litcxl 10 ]~to(lllcc lllis ])lahIIIa alId tl121t  il 111-

tillldtcl,v  OCigillill(’S  itlsl(a(]  flolll  tll(  OI)S(’111((1  A(JN

A S  (Iisc(wwl al)ovr ill tllc colitrx[. of l)ossil)l( origins

f(w lIIC  1{(,) Cwlll])ol)(llt ill A(; Ns, lIIQ c(tltral A[; N
])o\v(r S(JII ICC ill a Lll,l JtC; COUI(l COIIV(C( d cliacac(riis

t i c  ]~r(~]lortioll”  ofils IIllllitlosily 10 IIlwllal)ica] c] IrIgy,

w]licl) (Irives l>:\rti cl(,-:l  rccl{’r:!t. i]]g, Sll(l  Cli S i]ltc~ tllc sllt-
rollll(liltg {Icllsc i]lt(wk=ll:lr ]Ilmliu)li, ‘1’11(  rwlllliltp, r;l-

(lio clllissio]l JY(ILI1(l l)C qualitatilc]y i]](listi]lp:l]isll:ll)l(
fIOl  II s12111)Il ls[-rtl:Itc<l c]]jissioll Ilsill:, clIrI (IIt (Iilt:l.

\\’llil{ sltcl I a Ill[cllallislll is cl(:IIly ]Il;lllsil)lc, II(> II IIIS1

tlltil (xl)laitl \vl  Iy llIc  fccc’-frc, corwctfxl radio IIIIX

(1(’tlsiti(v+ fco]]l  tllc 111,11 {(; s co]lf(~ttll to tll( S1; II ICI:IICI

I ’11{/rt ( ( l io co]l(l;~iiol).” ‘1’llis co~rcl[lliol) i s  l)c)r)llally

{xj)lail]cd ill tccllls of tllc lillli Ivitll ]Il:lshivt s(:lls.

‘J’llc ]Illllll,cl’ illl(l sim Qf tllmc’ stal’s  (lcltrl))illc l~otll

lIIC  cllclp)y ill})(ll for dllst ll(tl(ill~, via ])llotos])ll(tic

ll\J l:ldiatioll, zil Id tllc sLl])illl(~}/:1-(lliv(,ti  (t 1(, cgj’ itl.
J)(It  f(l) s~ll(’lllo(loll” l)lilSlllil  v i a  SllOC’liS,  \\ ’($ illsl(,,d

sj)cc  IIl:Il(~  tll:ll,  (,11(,  ]atio (If l>lli-t, c~ tadio l(l[tlillmil~

i s  clr(cllllill({l I)y tl!o flllldillll(lltal ]~ro])(r(i[s of t}lc
(l[lsl~,  p,;l~, \\’v s[l~,p,[ht, tll<ll tll( ittl)llt ofl:ldi~ltiv( illl(l

IIl(cllailic:ll Clll’cp,y to tliis IIlilt(il”i;  ll, I)y tll:lssi\c  hl:li’s

01 iI CCIIII;II A(; N, 1(’:I(ls to :i cllaract(li>[ic u:l(lio/1’Jli
sl)(ctl;ll  LjI(rp,~  (Iislcil)lllic)ll tll{l[ (I(]) (l](ls Ii((l( 011 III(

(I(t:lils of t 11(’ (IIcr~,y solllcc.

If lllis ])icllll( i s  COIICC(, it i s  I)(hhil,lc 111:11 aIIj

St[lll)llrb( lllat i s  ill ])]()/,1(, ss i]] tlll%l, ol)j(cis lllil)’ 1)(

eil(]gtlic:llly i[wip,lli(icalll ‘J’l  Ir gal:)  xi(v+ could tll(tl 1)(

vi(’\Y(d :1< ~()[ltllfl]l ACJA1s,  ]1[)1’111?11  ill illl l’(,h]}(’(’.~  (’X-

cvl)t  f(~r tlIc ])ItHIIcc of a LltIIISC cilcllll]ll[lcl(;lr SIIIOIILI

of dIIsly  aII(l  II It Ilrc IIlar ]Ilatcrial ‘1’llih  slIIOII(l i s

111’;ll((l ~11(1 Sllo(’li(’(1  I)J’ 111(’  A(~FJ, illl(l (Jttiits  co])i(,llh

11/ alI(l iil(lio  (tllissioll ill ]lroj)ortiol~h cll:ililctlistic

of (lusty gas Clol)(ls, ‘1’llis ])ic(llrc is cc,llll~:ltil)le IVitll

(Jtll 1((’(llt l(slllt tlliit  tll C 011 lll(’g:llll;  lS(’l’  ill All) Y20

is Iocat((l  olI  ])c wal(, h, ]) IolIi Il)]y ill a (l(jst~ II IOl(CII  -

1:11  IOI(IS s(lclotll)dillp)  {II( A(; N, aII(l {lIat 111()>(  of [11(

ol)s(,rv(’(1  ill framl ])oiYcr  lllllst II;IV(S (Irip,ittal((l it] (IJ

vriy ]lca] t II( t(~llls 10 ])]c)vi(lv  a suflici(ili  r(wtloil t(I

]111111])  tll(’ II I;(S(I  (l,ollsdalc  (1 (11, 1 9 { ) ’ 1 ) .

Alll Iotigl  I \v( lIiiv( colIcllidc(l  f’ro)II  tll( atlzllysis  1)1(-
. .

‘1 1 ~ fol”  as(Ilt(d ili t h i s  l)a])(r  11 Ial it 1s qllltc  ])oss1 )  (

(I[lst-(llslllo[ltl((l I{QQ to ]IOJVCI tllc i]if’rattxl (tlliwioll

floll) (Ill’ (Iljlli(; s, \v( Il;i\(  1,01, or Collls(,  1)10,  ((1 t 1,,,1

?111  l/QQ (/0(.,  l)()\\Ir  1 II( (tl, issiotl.  If [11( (](1(s(  i(lll is

ilJ)]ll’(  l;l(’ll(>(l (10111  III(’ (Jll])(wilc  (Iir(’c[ioll :111(I 011(, :1s1<s
i\ll{$(llfr {I I(I1 i> hil(lici(lli  ])()\YLl ill a 1111 C1l’ill’ Sl i l l ’ -

1)111’st  (() ]) OW(I’ (11( (II)MI}.((1 fill’-  illl’lill(>(l  Illllliil(hilj

[I I(II a hilllilill (otlcllihioll”  i s  H’aclt( (l: tli(’ olIs(c\’(Yl  1111-

(’l(ill’  r:i(lio (olllitllllltii  alI(l 11( I lll]llitlo~ifi(s ;ll)l )(:11 1[)

1)( colwist(til l~i[ll il st:l]l,lllst  illtfll)ltl;ltiotl (II’ tll(

fill-i  llfl:ll((l  (l,lihsioll,  af’(tl  sllital)lc  (xlitlcti(lll  c(lccc(-

lio]l O( II(I, Jvilllo[lt ct(l[li]itlp, tlIc ])r(HIIc(  oftl]l  d(l(li  -

liolliil  J~({N (1)(1’g)’  Solll’c{.  ((~11}’’l’; }\lllllls, }1(’(’1(111;111

;III(I  Alil(} 1!) S[)),  I)(It lllih(lo(’s  IIOt ]) Io\(’  111:11 aII I\(;,I1

(10(% I101 (’0111111)111(  10 (11( (I II IS SI(III.

‘1’11(1 (l((iili~i\( ol, h(t\;llioll:ll” l(w~ \\illl \vllicll [() tl!

1(, (Ii>ccitrjili; il( l)ol\v((t I lII(s( l)()>sil)ilili(h \\(Illl(l I,(,

10 Ill:q) tli( ]:l(lioc[llis~ioll” ill <l(t{~il oil si~,(  wiil(w  illl(r-

Iilo(lialc I)(l\l’((11 (’(11 ”1”($111  1’1,111 (Itlt  ii illl(l 111(’  (’11 }”’I’

S.1 (Jll? \’l, A illlap}>, Illil ial {ltietlll~ls. ;I1 ])1 I: Iw -

t(f(t(ll(((l  itll;lp,illp, ~fil II  111(  \Jl<l\~i aI~ CIIII(IIII!  1111-

(1(1’!!’:13”.  \ \  ’ ( ’  (’;111 S])(x’lllatf tllill :111 I\(~N  otip, ill fot

111( illi(lllll(liitl( scal(, r;l(lio (J]}lissioll  It’olll(l I(il(l t(I

;1 111(11’(> (’(1111’illlj”  (’011  (1(115 (’( I I)tig;llltl(hs  (lis~ril,lltioll

(otl(s~)oli(lillp,”  [c) [( C(ll(liil c(llic(,ll(lillioll  of lll(’(’l)illli-

(’;11 (’11( ’1/,}’ (I(tlhil),  illl(l ])(’1’llii]JS  to ii syllllll(lcic llC)ll  -

S])ll[li  (’ill  g(olll(ll~, I I I  l):ltlicillii} IV(, Illi/,lit (x})(ct

,Stlll(’1111’(  .sllllililr to 111 [11 of ,S(~J’f(l’l /,; nil  Xi(,  S Sll (’11  ilh

A’(;(’  ~)~)  l?+ (\\ ’1(11,(1  I! J! I(I),  \\l)icll slIOIvh  :1 l)il)ol;  v :11,-

I)(;ll’illl(’(  \!illlf)llt Iiip,ll  collilll;ltioll”

\\’{’ \vihli 1 ( ,  lllilllli l);l\( S:lli(l(’lb I’(,I (lihc~lh>i(,tls
;III(III1 tl II, ,<;IIIIIII,>  f/ ~//, (  I!)$fl) collllJ].t,lifllhiJ’( \\ ’ol’li

0 1 1  coll[ill(l[llll  (II(cg,j’(Ils(l’ll)lll lolls of 110s (jll:lsillh

Irllicll IIl(ltiviltf(l OIII  att(,tII])ls 10 illl(wlip,:itr I) OI(JIII(I.

11(’ Itlt!llllosil) Coll(lillio]ls,  ” I!l:l{l  Nl;llliilll  (’01” l)t{,ti(l-

ill:, 11s lvilll ILII’:  SI)(CII:I  {Ixjlll S\ Ill <III(1 ll:llli:lll ( 1~~~$))

:Illtl .Iollll SICICli( fk)l ],rt]iitlillg, Clillili(”/ltioll ()]1 111(

\\ol’k of” SM\\’ l;, \ \  ’ ( ,  lll~lllli  illl illl(lll J’llloll  S I’(f(l’((  fol”

11



col  II II ILIIls v’llicll lIavc II C1])CKI  10 cl firify lIIC  discus-
Sioll. ][1(;,s all(] (;. 11, also tllallk IIayslack ol)scl’vatol’y”

for  IIos])itality \\llilr this ,vo]k \\as })rit,g II  II(lrItakeII.

‘1’IIc  IW.carclI  (Iwcrild ill tlIis ])lll)licalio]l lr<is carriml

0111 ill ])nlt l~y tlIc Jc( l’roj)u]sioll l,almralory, (;ali-

f(,r]]ia IIlslitu(c of ‘J’ccl II Iology, ll]Idcr a co] Il]21cl  \Yill I
lIIC  Natio)lal A(r(~)l;llltics  a]](l S]);icc  A(lilli)lis!jittic)ll.

I I  ayshck  olwcvvdtory  i s  SIK}IIWW(I  I)y 1 lie NSI’ 1111-

(l(’r  co] Itr act, \vitli tlIc iNoril  Ieasf l{adio olwrvalo Iy

(~c)lj)c)r:liio]l.

1 i.l;l’l)Ill+;N  (;1’;S

Alltollllcci, 1{. 1{. J.  a], (l llarvaillis, ]t, ];. ]{)M) A s .

tKqIIIys.  J, , 332, 1,1:{.
A)t]I\Is, 1,,, llCclilll~i]l, ‘J’., :111(1 Nlilcy, (;. 198!),  A s .

11’OI)IIJ%. !J. , 347 ,  727 ,
l)ar~aitlis, 1{. 1;, 19{ ) ( ) ,  As(ro],llys, J. , 331{, 41!).
IIarv:liliis, 1{. 1993,  f\s(J(,],l  Iys, .1. , .4]2, [J]:],

II(lrl)i(lp,[, (~. 1/,, JOJICS, ‘1’, 11’. a n d  o’lkll, s. l,,
1972,  As(KqIl\ys. J. 1{):~, 4 3 .

~;;t]li~il](s, (;. 1{, aIId \Vllilc,  J, 1,. 19S9, As(I()
]IIIys. J. , 33{), 27,

(hI(l(m, J, J,, llual)~,, Z-1’., Yin, (j, 1~,, a]l(l ‘J’111}:1]1,
‘ 1 ’ .  X, 1991,  Astco])lI~,s.  J. 37S, (j[)((;]l}’’l’),

IIclo(l, ({., Soifcr, 11. ‘J’., and l{()\v+ltt-lic,l,itlsc,ll, hi.
J:)M, Asim])l,ys. J .  1/(1(.  , 298, 1,7.

ISol)c, ‘1’., l’cigcls(,ll, 1’). 1)., and Nc]soll 1 ’ .  1, 1986,

Asl,l’()])llys.  J  ,  306, 4 9 0 .

livll(rtll;l]lll,li,,  SliIIIIcl{,  l{,, Sllall’rr, 1)., (;r(vll,  1/,,

[I II(I  ,Scllllli(lt, M, 198{1,  Astro II, J. ,  98, 1 1~1[).

l,(~l]s(lnlc, ~~. J. and IIncvail)is, 1{, 19[)1,  iu ],n~)((?(/-
/?01/.

l,(,tlsd;llc, (;. J., IJialnoltd, 1’, J,, S)llilll, II. 1;., UII(I

I, OJ]S(l;  IIC, (;, J.  1994, Nat(]r(,  870,  ill l)r(w.

I,(,IIs(l:IIc,  (1. J., Slllilll, 11, 1,; ,, al](l I,oIIsdale, (;, J,

1!)!)3, Ashol]liys, J. l,ctl. , 4[)b,  1,9 (1, S1, ).

hlill(r,l,., l’c<Icoc  I<, J, A. aIId Nl(:ld(, A, 1{, (;, 1990,

Nloll, Not.  1{. Astl’. Sot. 2 4 4 ,  2 0 7 .

Ncllgcl):ill(r, (;., (;M(I], 1{. 1’., hlattl I(!vs, Ii,, Scl]lllidl ,

N1., Soifer, 11. ‘J’., iIi I(l JICIIII(I,  J .  1987,  A s

ll(Jl~liJh. J.  Sitl)])l, , 63, (j]h.

() ’llri(li, 1’. ‘ l ’ . ,  (;OII(III:IICI;;II,  1’. ill., {III(I \\’ilsc)ll l{,
1988,  NI(,II,  Not. 1{. As(I. Sot ,  ,  233,  NOI.

l’11(’[tcr, 1{, (;., llltrl)i(l~c, 1;. M,, Sillilll, I I ,  1), :111(1
S(,cill, \\r. A .  1s)82, ,4sl  I(,lIlIys.  J. , ‘2.57, 487.

S; II I(l(Is, 1), ])., l)llilll]cy, ];. S., N(I~Ig(l)aII(I, ({,,

,Scjif(p, ]1, ‘1’. , :111(1  illat]Iv\\, s, Ii. 19 S!), JIs(,I()

]) IIJ’S, J, , :{27,  ‘1!),

Scllllii(l(, Al. :111(1 ~;l(ctl, 1{. 1:, 1{)83,  Asll(,])lIys. J,

, Y(j!), 3!JY.

Scovil](, h’. X, 1$)92, ill 11’cla/ions/Iips  hc/rr(f N .lc -
Iit( (7011iclic  A’ucl(i (IIId  ,$’I(IIIIu Is I (Jol(I,rI[,s,

c d .  A .  \7, l~ili])])cttko (j\ S1’:S;III  l~tatlcisro),

J), IT)!),

St[litll, 11, 1;,, l,otl~(lill(, (~. J,, ~IId  I,(III<(I;II[, (’, J .

J!)!)4,  ill ])]~]):lt:ltioll.
Soifct,,  11, ‘1’., ]k)cl II IIcI,  1,,,  NcII+2,(,I):I(Icc,  (;,,  4-111(1

f+ II(l(w, l). 1$)s9,  AsIIOII.  J . ,  9S, T(;fi,

St{) C]i(’, J,, Nlotiis,  J .  1,,,  \\’(’yl)lilllli, 1{, J . ,  il]l(l

10I1z, (:. 11. 1992,  Aslto])l]ys.  J. , 3!)(; , 487(  S,YJ\\’1 ’).
SIIII, \ \  ’-I l .  ~Ii(l hl~lliti]l, h]. A ,  1!)8{),  AsIto])l  I\S. .1,

,  ~{4(j, 68.

‘1’[lltli(lll,;{(tltt, 11,, Alrlli, }“,, (Jr(ctI, 1{, 1’., Scllll]i(lt,

h i . ,  illl(l  Zalllotalli,  (;, 1986,  Ast[c)])llys.  .1, ,
:{()!), r)?,

\’i*lloYsli)’,  I i ,  1,., llIIJ)(y, (1.  1)., 1’0117, ( ’ .  I l .  i

11( ’lV(tl. l ’ .  (:., \\ ’Q~lllilllll, 1/, ,1,, i{ll(l  illol  -

lis, J .  1,. 1!)!)2, AslI<}lIII~’s.  J. ,  :{!)1 5(; ().

\l’ilkt+, 11. J, ;III(I  l~l\is, Al.  19S7, Astrol,lIjs,  .1. ,

:{2:{,  21:{.

\\ ’l(Jl)(l,  .1. 1!)!) [), Iillll.  j\lll, ,Istroll.  S(,c, ,  22, I:{l[j.



os[)

(1)
< 1(,.0 1/,,,,  >

00(13+ 15s
0007+”  1 [)6

()()x+  129

004:)-1  0:{9

0(M4 + 0:+(1

()()1!)+ 171

0052+  251

0117+ 213
01574001
owl+ 7G1
08:+8-{ 770
[)84 1 i :{1:)
():)2:+-1 201
0!116-1  301
(,!, j7fl  :j:)(;

0!):):+-{ 414
1[101 + 051
1 (ml+  130
1 (10s+ 133
1011-010”
101 2+ ()[)s
101$ 0:)()
l[)ls  +:+12
1(11s1.  005
1 100-+  772
11(1:3.. 0[)6
1114 -{415
111 :)-} 0so
111[)1 .4(17
111(+1 215
111:)112(1
11’211422
112G (Ill
11481 54!)
1151.1117
1202}  2s1
12(1( ;-{ 4:,! I
1211 -{l,l:i
121(i-1 0(; :1
12’2’2-/  2’?8
122(;-+ 02:3
122!1-1 2( I 1
1241-1 17(;
1 2,11- I 02(;
1247-1  2(;7
124$ 4(I1
1 25/1-/ 017
125:)-1 5!1:{
1:{02- 102

v.

(2)

0.45
().()9
1),14
(1.38
().62
[1.(16
0,15
1.49
(I, IG
0.10
0.13
().()(;
0.19
1 .?’2
().21
0,24
O.l(i
(),24
1.28
(),()(;
0.18
() .34
0.17
(l.:{(i
0,31
(1..42
0,14
1.72
(1.1 5
(1.18
O.(I5
().2:+
[I.(M
0,!17
0,18
(1.1 7
1 .l(i
(),()$1
0.33
2.():)
O.IG
0,()(;
1 .2?
O,(I5
2.(I 1
1.03
1.02
(1.47
0.2!1

14.29 15.1:3
13,51 15.01
1 3.5:{ 15.01
14.27 15.11
14.34

13.94
1 :{.53
13,87
I 3.54
13.51
1 :{,53
13.50
13,9s
14.47
14.21
1 4,()()
14.19
13.57
14.49
14.)5
14.2(1
14.26
14.20
14,26
14 .(I3
14.’28
13.97

5.18
5.()()

5.01
5,37
5 .(JI
5.01
5.01
5,(K)
5.01
5.25
5 .():)
5.()(i
5 .()()
s.()(i
[),:{~
4,:):)
5,01
5.10
5.(I1
5.10
5.[)9
5,12
5.01

14. !5(i 15.37
14,19 15.01
13.9s 15.01
13,4:1 14,9!1
14.22 I 5,()(;
1 3,:):1 14.s1:1
14.42 15,2[,
14.20 15.(11
1 :3.,!)4 15,01
14.4(i I [).30
1:{,51 1 5.()(1
1.1.25 15.()!1
14.61 1 :)..15
13.54 15.01
]3,50 1 5.(KI
14.4$1 15.32
14.15 14,9!1
1,1.(il 15,45
14.44 1 5.2(i
14.44 15.2.5
14 .:+() 15.14
14.2.1 1 5.os

l(lp,
1)(,

( “ )
11.(;7

12.21
11 .O(i
11.37
11 ,s1
I 2.22
10.2s)
11 .:{7
l:i.2J
11.27
11.:+8
10.$1{1
J 0.7!)
11.:{7
12,91

11.1:3
11.77
J 1 ,()$
1 I .8:3
12.!1(1
1 ().:):3
11 ,3(J
11.81
11,0!
11.8!)
11.86
11 ,s(;

1 .[)3
3,:+(1
0.92
1.74
().42
1.21
0.(;s
2.s$

11 ,()!1
10.:12
1:3,01
1 1.:{5
11,96
1:{.51
12,32
1[1.71
13.22
10,14
1 :+, (;2
12,71
1’2.71
12,17
12.12

](y,
1!<,- (l\

(6)
12.09

12.[;1
11 .5(1
11.81
12.1(;
12.61
1 ().6{)
11.s2
13. (;1
11.72
12,(11
11 .4:{
11.11
11.91
I:i.:i”{
11.!):)
12.19
11 .C,’l
12,12
13,37
10.:1s
11,7:+
12,2!1
11..lrl
1 2.2!)
12.28
12.2s
11.:{li
13.7:{
11.:32
12.1$)
1 ().s()
11..$$1
11.11
1 :).2(i
11 .$( I
11 .:{2
l:{,: i!)
11.76
] 2.2(3
1:3,87
12,7(;
ll,2:i
13.:) I
1 (),:{:)
1,1.[)2
1 :{.(IS
1:3.1(1
1 2.5fi
12,61

lop,
1/,, ,,

lop,
1!<,. ,X,

2.(IS

.1,1(1
().s’s
-1.’17
:3, os

:{,:{()
:i,l’2
:{.’12

1< )$,

1,11{. .Y2

( l o )

1 2.<)s

,..
1 ‘2,:{s

12, (il
.

J 2.82
12.9)
12.2s

)I)g
u,  ,(

(11)

12.74

12,7fi
. .

1’2.5[)

.,.
1:!. !)7 12,$1
1’).1[ 12.73

.

I 1,2:) 12.72

I.1.:i(i I:<.(I1

log
l’(:,.,, ,
(till!)

(1:{)



Qso

(1)
< ICJ.O },,,,,  >

1 307+ 085
] 30!)+ 355

131[1-  10s

l:i2$l+ 412
]:+:t:i-1 17(;
1:3:3!+4 416
1:{51+ 2X
]:+51+ G’1(1
1:+52+ 18:+
1:{!) 2+011
1:{[)1 +21:3
140/!-} 2(;1
1401-{ 22(;
1407+ 265
1411-1442
141.5+4bl
1411’ -I2:)
142(;-+ [) J:,
1427-{  4so
14:3!1- 067
1 440+ :+:)(;
1 444+ 4(17
Iz14NI 27:3
15(11+  I(IG
15123 :37[}
151:1+ 22(;
1522-} 101
15:\4+ 58[)
IXi:)+ 517
]51:LI  4s9
1:11.5+ 210
1 f,:~~?-1 (w:,
l(i12+  261
I(il:\.1 (;5s
1617+ 175
IW(i-i  !>r)l
16:{[ )-{ :+77
1(;:31+ 7(K;
170[1-+ 51s
1701+ (;(1s
171 W4SJ
21 12-1 0:)s
213(I+ 0{):1
2’20:1-1181

22:K-I 1:+4
22.51-1  113
2!:+[12+  02:1

23 14+  ():)2

Y

(2)

().15

0.18

().0 i
] ,{,:’

0.55

1 . 2 2

O.(l(i

0.()$)

0.16
1.12
0.:30
0,1(;
(),1()
():)4

(),()!)
0.11
().13
().()9
0.’22
0,13
0.(1s
0.27
().()7
0.().1
0.:37
0.14
1,32
0.03
0.01
0.40
().27
0.12
0,13
0,1:{
0.11
0.1:<
1..47
1.33
0.2!1
o.:i7
1,08
0.47
().()6
(1.(17
0.3:+
[).:{2
1 .(11
()(is

log 1,, ..[
o],l ical d~itti

S(al(

(3)

13.53

14 .2(1
14.14
14,6(1
14 ,:{2
14.48
14,15
13.51
14.1:1
14.46
14.24
14,19
14.17
14.42
13.95
14.18
14.18
1 :+,94
14.2’2
1,1.18
1 :3,:).1
14.23
13.9 J
13.92
13.61
1 :{,9G
13,84

13.50

13.50

1 3.,5$)

14.03

14.22
1:+,70

s(q)

(4)

15.01
15,01
1 4 . 9 s

15.44
lrl.l(i
15.:32
14,9s1
1!5.01
15.01
15.25
1 5.os
15.01
15.(11
15.26
1 5.(11
15,(11
15.(I1
1 5.()(1
15 .O(i
15.01
1 5.()()
1 5.(17
1 5.0(1
14.:1s
15.11
15.01
15.:31
14.98
14.99
15.12
15.07
15.(}1
1 5.(I1
1 5.(11
15,01
1 5.(11
1 5,:Ki
15.32
15.08
15.11
15.2(i
15.14
14,99
1 5.()()
1 5,()!1
1 5,()$)
1:).25
15.17

log
1,~,

(’5)
11 .(i7

11,33

11.31

10.(11

12.!30
12.14
12.s1
10,2$1
11,12
11.14
12.77
11.22
11.29
1 ().(K)
12.72
10.8s
1 (J.N)

11.4:+
11.1<)
11 .[1$1
11.2:3
1 O,s(i
11. r14
10.75
10. (;6
11.81
1 [1.!1:)
1:3.l(i
1[).01
10,2(i
11.7:{
11.71
I (1.:)2
1 ().$)9
J 1 .(K)
11,1s
1(1.!1[)
1 :{,()!)
1:{.72
11 ,Wi
11 .:)7
1:3.:31
12.42
10, s5
10,74
11.60
11 .:)7
1 2.!)7
1 2..1!1

1 [l& log
1!<). [,\, IJ,, ,,

((i)
12.09

11 .G1
11 .(37
10.52
1 :+.:i:i
12.52
1 :{.24
1 O.f)fi
11 ,:)[)
1 I .58
1:{.22
] ] ,C,$)
11. iu
1 ().:)s
13.11

11.2G

11,19
12.14
11.57
11 .:)0
11.74

11 ,.1:{
11.23
12.11
1 2.:{7
1 :+,,!:{
] 2,{16

5.:{0
:,,:30

:),:{[)

5.:{()
,,, .:,()

[,,:+,  )

5,:+(}

log,
l!<).  ~,

(s)
1’2.  !)1

I 2.(}!1
12.02
I 1 .()(;
1 :{,84
12,91
1:{.72
)().7!1
11.75
1 2.(1(;
1:3,70
12,17

1 2.2(1
11.2!)
1:+,6s
11 .(Ki
J].(;1
12.{iN
12,11
11.87
12.27
11.71
12.:31
11.40
J 1 .!98
1 2.?):<
11.$12
11,15

lop,
1)<, ~p

(0)
12.74

12.22
12.2:+
11.:{2
1 :3.:)7
1:3,1:3

I 1.:1[)

12, F)li
1 I.(i(l
11.78
12.(N
12.1$)
14..1(J

1,’22

1 .()!1

2 .&:{

2.8:1

1 .’1(1
2.2:{
2.:!:<
?.Tf;

. .



——

——

2,— ----.



1
r

I 6 ..’,

61 /
/“

,1 /“
I /“
I /“

/“
I /“
I .J”
I  , “ ’.-

-’%. .
b.

*

IQ“

L-.
S’1-” *1-”” s 1 ‘“”

(~. “  M )  ‘i4fl 60’]

.1 1 .1 —,

Q
.

t=
.

u)
.-

0
,.–

4

0

-.



q-Js – 6 cm Rac!io Tots’ Power ‘vs. l~tegrctec! b~m~nos!ty (o}

i .

.& + +

d--

-1-
-b

0 I t ! I
N

I I
fo 12 14

‘% b-w
!3QS - 6 cm Rcdio Tots! ?ower  vs. integrated Luminosity (O-X?) BQS - 6 cm Rcdio Total power  vs. !ntegrcted LuminosRy (O-X2 )

-Ll-
+4

-1. i

I
!%-

-1. J
+4 I + i

.a- + ~+
+’

+++
+-L -L

I.!-

-% -4-
A+

g 1 f I t J
10 72 14

b-xl LO-X2

F@xre  2: The TotaI 5cm Radio Power VS Integrated Luminosity for the 97 BQS quz~ars  in our sampIe. a) PTotal vs. Optical Luminosity (log
v.,,, = 14.6- 1.5.0) ~~ defined in the text. b) P~OtCr  VS. Opt.icaI–UV Luminosity (log v,,~f = 14.5-  1.5.3). c) PTotal vs. Optical–X-ray Luminosity
(log vec,t = 14.6 - 17.S) calculated by method #1. d) PTotaI vs. Optical-X-ray Luminosity calculated by method  #2.
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SQS (Z < 0.6; 10~ R < 1.0) – 6 cm R.cdio Core Power vs. integrated LIJm~nosi& (O–X2)
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Fiml~re  4: The ~cm Radio  core  Power VS Integrated Optical–X-ray Luminosity for a s’~bsample of the BQS (z < 0.6; log R, < 1.g). The strai:ht line
is a regression St 5? EY. Method:  log PCove =  1.07. log Lo_x2  -L  8.85.
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