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Ileccivcd G AugusL  199G;  accct,ted

Al,st I[ic.L. WC  cc~[l~l>i]lc LIIC 1S0}’110’1’  601,[llir[lage  o f

‘J’uffsct al.  (1996) and \ll,A radio  continuulrr  irnagesat  6
arid  ?0 cmr fror[] the literature to study tile 60 )tlri lig}lt dis-
tributio[l  and its torrclation with radio corltlrluurrl within
tllc disk of ~lcarby spiral galaxy N(3C  6946, at an cftcct,ivc
resolution of - 52” (~ 1.4 ki>c at a distance of 5.5 Mpc).

Our tnail~ ICSUitS are” (1)  ‘1’he galaxy disk at 601{111 appears
to follow an exl~or]c[ltial  forrr] out to at lca.st  tl~c 25th blue
surface f~]agnitude  Our Lrcst csstimatc of its c- foldlrig  scale
Icrlgth  is 1’.25 +. 0’.04 w}licll is ICSS than ttlat rrlca.surcd  ill
rad]o continuuln at tllc 30 significance Icvcl.  (2) Wit, hin

tl]c  galaxy disk hut outside the inner 2.4 kI>c, t}lc 60 IiIII-
to radio contirlcruril  surface bright, ncss ratio, Q, dccrcascs
radially out by a factor of 1.7 on average bctwccn 1’.5 and
5’.5;  the infrared and radio tnorphologics  arc quite simi-
lar; and Q is quantitatively Lmttcr correlated with surface
brightilcss than witii radius. l’hesc results arc consistent
with previews findings based on tcsolution-cn hailcecl  lRAS
data .

Key words: Galaxies: individual/NGC6946 - galaxies:
IShl infrared:  galaxies  - radio corltirrul]rr  L: galaxicxs

1. llltroductio~l

lltAS has rcvcalcd a good correlation Lxtwccrl  t}lc thcrrnal
fat-infrared (FIR) emission and the prilnarily non-thcrr~lal
radio coritinuurn crnission for s~~iral galaxies (e.g., I)ickcy
& SalI,etcr  1984; lIcIou, Soifcr, & Itowan-Itobir]sor]  1985 ,

Send  o~prir,t  rcqrse~ts to: N. Y. I,u
●  IIased  CNi o b s e r v a t i o n s  w i t h  1 S 0 ,  a n  lLSA I)rojcct with irl-
strun}cuts fu]lcfcd by EXA Mcruber  S t a t e s  (cs~]ccially  tiIc  P I
cou]ltr i t s :  },)ar]cc,  Gcr n]ar:y,  t]lc  Ne~}lcr]a[ld~  aIld tllc ~lrlited
}{i]]fidorr,)  ar,d  wit},  the [participation of ISAS a,,d NASA.

Colldorl,  Andetson,  ~. Ilclou 1991).  hforc  ctctallcd s tudies
of a dozcil or so nearby galaxies using lRAS IIil{cs irnagc.s
s}lowcd  that the F’l It-to radio surface hrightricss (Sl]) ra-
tio, Q’, generally dccrcascs with incrcming radius in these
galaxies (e.g., Ilicay & lICIOU 1990; Marsh & flelou 1993).
‘1’his systemat ic  variatior] of Q [r]ay play a crucial role

irl urldcrstandrng the ~>hysics L>chind the global in fralcd -
r a d i o  cc~rrclatiorr  arrlcrrlg ~alaxies  (11c1ou  & flic,iy 1993).
Sorr]c  stucfles  llowcvcr  did riot corrfirrll  this syshrl)at-ic  t)c-
Ilavior of <~ (e.g., I:itt et al. 1 9 9 2 ) .  ~’his lcd to a question
w}lctl~cr  the ot_mcrvcd  radlat drop of Q may bc arl artifact
o f  t.hc lItAS data  ~)rocessing.  Iri this [cttcr, w c  u s c  ricw
data  frorr) the [rifrarcd SI)acc  Observatory  (1S() ;  }(cxsslcr
ct al. 1996) without any resolution cnhar]ccrr]erlt to snow
t}lat this radial change of Q is real in N(; C 6946.

Given its large angular size (D2S = 11’.5) and nearly
face-on appearance (inclination S 300), the spiral galaxy
NGIG 6946 is ar[tong the Lest objects for studying the
fI’IIt  light distribution (e.g., Engargiola 1991) and its cor-
re la t ion  wi th  radio  contirluurn  within the galaxy d i s k
(e .g . ,  Jlicay, 1 Ic1ou ,  & Corldon 1989).  ‘1’hc hi~h  sc[lsitiv-
ity of LIIC  1S01’110’1’” (I,crrlkc  cl al 1996) riot c)r]ly Illakcs
it \)ossi Lrlc to [Jush such studies to a fainter S11 arid  so[l Ic-
what a finer arlgular resolution than before, but also in
tl]c case of N(; C 6946, serves as ar] irldc[)crldcr]t  r]leasurc-

lnc~lt  of the sha~)c of the radial S1] profile at - 60 ~([nfor
which the  resul t  frotn tile II{AS  CI]C ob.servatiorls ( v a n
Dricl ct. al.  1995) apparently difTers from that based on
the co added IltAS scans (I]ot}lun  & l~gcrs 1992).  Whi le
tllc S11 cfistrihrrtion,s  at v a r i o u s  1,’11{ wavc]cilgtlls  arc dis-
~usscd m a i n l y  in ‘lhfk Ct al. (lwo), W C  ]irrlit t}lis Icttcr

tO a corrl~)arativc study of the tjO~l[rlar]d  radio contirlllurrl
emissions within the galaxy disk. We  ~riefly dmcribc  the
data in $2, discuss the infrared and radio light distril)u-
tions in $3, arid study tllc sl)atial variatiorl of Q in $4, arid
finally give a surrlr[lary irr $5,



2. 1[1([ liI<.(1 Iil](i  [il,(iio lll]/l[:(>S

2.1. l.~~)1’11[~1’ [Iurrgc O( 60 Ii fzt

“1’lIc  60~i[nirrlage used  I]crc was olitaincd l)y ttle
[Sof ’1io’1’” (Ilercaflcr 1 ’ 1 { ’ 1 ’ )  ‘allrl  rclmrtc(i iti ‘ihfls et
ai. (1996), wllcrc  Ltic obscrvatio[iai  and data reduction dc-
taiis arc also given. ‘1’hc ovcraii flux calibration was do[ic
u s i n g  ti]c iItAS ciat.a. ‘1’hc  finai inlagc has  an cffcctivc  alt -

gular  rcsoiut.ion  of N 52”  (= 1.4 kI)c at the dista[lcc o f
5.5 M])c of I’icrcc 1994) and an r.r!].s.  noise of a[)c)ut  0.7
MJysr -  ‘.

“1’wo  IJotclltiaiiy  i m p o r t a n t  Syslcl[latic errors  011 tllc
d i s k  S11 r[lcasurcrllcnt  arc the stray -]lg]lt  col~Larni[lation
froIn Ll]c bright gaiaxy nrrclcus  and ti~c dcLcctor  transim,t
effect. ‘J’lle stzay-iight contamination at a radius of 5’ was
csLirnatcd Lo [>c icss Lhan a fcw tc]ltlts of [>crccnt  of tile
~>cak rcs~m[~sc, or a icvei  corl]I]arablc to the rrlal]  n o i s e .

‘1’hc detector transicr]L  cflcct is [Jrobat,iy  significar, t o n i y
wiL}lin  orlc rcso\u  Lion clcrr]cnt of t]!c ~alaxy rluclcus  (“lhf[s

ct at. 1996). Ncvcrtllclc&s, w c  sl]ali  rougtl]y  csl, irl]atc ttiis

transicrlt cflcct on the S11 of ttlc outer disk by corrlljarirlg
Lhe data in the 1’1{’1’  irl-scan  d i r e c t i o n  wit.tl that in Ltlc.
cross-scan dirccLion  (SCC “llrfTs ct al. 1996) in $3, and derive
a conservative uiq)cr iimit on aii possibic systclllatic errors
t,y a corni)arison with I1lAS  data in $2.3.

.2.9. Jkrdio C’ont inrrum [magcs

‘1’}Ic ra<iio con t inuum ir[lagcs  at 6 cro arid  at ’20 cru were
t a k e r ]  f r o m  IIcck  &. [iocrncs (1996)  and  IIcck  ( 1 9 9 1 ) ,
rcsl)cc  Liwiy.  ‘l’tic 6  crn  r a d i o  irrlagc  cornt)incd a iov. -
rcsoiutiorl map from the I<; flcisbcrg tcicscopc  with a lli~,l]
al Lgujar  rc.soiutior]  VI, A D-array [[lap  which has a bcaxll

size of 12 “.5 and an r.m. s noise of - 20 pJy l>cr bcarr], re-
sulting in a rnorc accurate mcasurcmcnt of the total radio
power .  l-he V I,A 20 cm radio irnagc has a bcarn size of
42” and an r.m. s. noise of - 50pJy pcr beam. Wc have
prowsscd both radio images to bc comparatslc to the I’II’l’
in)agc in resolution and pixel aizc.  ‘1’hc r.rn.s. noises of the
final radio images arc on Lhc order of 10-3 MJy sr-l each.

2.9. Comparison oj illc !’1{1’ and lRAS irnagcs

W c  cmn~)arcd  tllc ~’~i’~ irnagc w i t h  au liLAS  iruagc a t
60 ~~mconstrucLcd  using 11’AC’S IliRcs software with 20
iLcration  stcjw, wllic]i  should have an cflcctivc resolution
of 40” to 60” and an r.rn. s. noise of 0.66 MJysr  - 1. ‘Jllc
rmu]t of the mmparisorl  is su]rlnlarizcd in gbb]c ] whiC}l
gives, for cad bin in the face-on radius ro, the nurnbcr of
cells (to bc cxldaincd Lclow);  the mean l’I{T S11, < P >,
in  MJysr- 1; tllc ratio of < P > to the tnean l R A S  S]1
<1 >; and the r.rn. s. of (1’ -- 1) in MJy sr - 1. In evaluating
these paramcLcrs, each of the galaxy images was divided
into cclirr of 40” x 40”. The radius of each cd in the plane
of the galaxy was dctcrmincd  using an inclination angle of
30° and a l>osition  angic of 69° (N to E), I;xccpt for To ~ I’

di rec t ion [r, t}lc  absc[lcc  o f  dcfi[litivc  cvidcncc  favor~r,f,

clt\Lcr [rlal),  wc t,akc t]lis d i s c r e p a n c y  as arr u[)~>cr llrl\\L

L o  s y s t e m a t i c  e r r o r s  aflcctipg the 1’11-1’  fr)a~) a[ld usc t}lc

llLAS data for cciis with fO < 1.’.5 irr the tcrr]air,cfcr  of Llrls
ictLcr.

‘1’nt)le  1. &I(lImrisor]  o f  t~lc iSOI’1[0’l’  and I1{AS in~aces

ro (arcr[lirl) < 1 1-2 2-3 34 4-4.5  45-5 S-5 :

No of CC[[S 7 18 32 42 ?4 30 :{ 1
<[’> 80.0 39.5 27.2 149 8.9 67 :1 0
<! ’> /<1> 0.4 0.8 1.0 0.9 1.2 1.4 72
r.n~.s.  ([’ - /) 71.9 19. s 8.3 6.3 4.2 3.1 ?4

3. F’l IL and l{ndi~Cot~tiuuulr~  I,i~llt ]Jistril)utic)lls

As iiiustratcd in l~ig. 1 where the l’[i’l’  irna~cof NGC6946
at 60 i~rrl irl grcy scaic is ovcriaid wiLh its radio cc,rltinuur]]
image at 6 crri in contours, tt]c  ovcrali rl]or[)llological  rc-
sclrlbiaricc bctwccn the iufrarcd and radio irnagcs a[j[~cars
to bc good out to at Icast the last contour at J-O - 5’.5.
‘i’hc isophotai shapes arc quite sirniiar and intensity peaks
orrtsidc the nucleus spatially coincide.

‘1’hc radiai [Jrofiics  in infrared and radio continuut]l arc
compared in Fig. 2. l?ach  data point rcprcscnts a 40” x 40”
ccl] as defined above. llmsc filled circles arc CCIIS whose
60 p[n S11 were derived from the lRAS  lIi Rcs  data. open
squares  and crosses  arc  PIIT data cc]ls  withiri 45°  o f
the 1’1!1’ in-scan and cross-scan dirccLiorls  (scc  qhfls ct
ai. 1996) ,  rcspccLivc]y.  l{crcafter,  wc refer to t]]csc  t w o
sarnl)lirlg areas simply as 1’113’  ir~-scar[ ar]d cross. scarl  di-
rcctiorls, rcs~)ccLivcly. ‘1’his al]ows  for a check on the detec-
tor trarlsicnt cftcct which, if {mscnt,  wouid  affect the icl-
scan cciis rrluch  more scvcrcly than the cross stall cciis. WC
Lrsc the radio profiles as control sampim for this i)ur[)osc,
l’hc lucan ditlcrcncc Mwccn  the 1’]11’ in-scan and cross-
scan prof i les  rca.chcs  up to w 0.’21 in 10fj  acalc at r - 5’
with the in-scan consisLcntly brighter ttlan t,hc crossscan
at t}lc sa[nc radius. I= than }laif of this diffcrcncc m i g h t

also bc observed in the radio I)rofij&.  I’llus, the trlctnory

effect could ovcrcstirnatc the 60 pttlsl] at outer radii by
x 28~o in the 1’111’ in-scan direction. ln the analysis bc-
iow, wc mainly rciy on the 1’1[”1’  crm-sc.an data Lo make
our best estimates on disk ~mopcrtics.
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Fig. 1. 1’1[’1’ image of  NGC6946  at 601~n~  in grey scale, OVCI
laid witt, coI)to[Irs of i[s Iaclio contiriuun~ irllagc at 6(111.  ll[i~,t,t-
rIrsscs ale disl>layed on a linear  scale. Iloth images Ilavc  a siz.c
o f  11’ x 11’, art augular. r e s o l u t i o n  o f  at)out 52”,  and a i)ixcl
si?,c  of  20” x 20”. Not-Lh is at top aud Kast to ttlc Icfl

1,’i~.  2 .  l)IoL o f  lo~,aliLlll[lic  S11 a s  a  fu]lctio[l o f  t}lc face-o~}
I adius,  1 0 ,  fol tllc 60 pnl  data, and  fo~- r a d i o  continuur!l  data
at 20 CUI and 6 cm. l’hc 6cn1 radio continuum data points have
LWCII sl,iflcd  by --1.5 in log  scale to be visually separated fl oni
the ’20 cJti data JIoints. I<;ac]l  daLa  point rqmescnts  the rncall S11
withi]l  a cell  of 40” x40”, with open squares alld CIOSSCS for CCIIS
witl[in 45° of tllc }’11’1’ ill-scan  and c[oss-scan  dircctiorls  (SCC
I’ufls CL al. 1996), Icsprxtivdy. At 60/iTII,  tile S11 in cells M,illl
a radius less than 1’.5 alc dcl  ivcd  from tlw II{AS data, and
ale ]dottcd  as filled circles. ‘1’he dotted vertical line irldicatcs
ro =. 5’.5  (x ~~H,/2)  and da+cd  h o r i z o n t a l  lines sc~,ematical]y
irldicatc  Llie So Icvc]s.

‘1’tlc  galaxy disk  at 601~lllal)lxars  also 10 fcJlloV :il) ,x
I)[)ll{lllial  Ia!v oil aI,cragc. ‘1’l]is (’~[)(jll~’ll(liil ({}11[1  ;Iljl,;i[.
c[]ti,y ,Iic)lds c.vcn bcyo[ld  the  Zbt}i  S u r f a c e  [lla~,!litu(lc  Irl
IJIUC  (“I}If[s C( a l  1996).  ‘1’llc c- foldlrip, s(alc lrrt?,~ll, fr[j]ll

a  l e a s t - s q u a r e s  fit to ttlc Incan radial l)r(~filc oifcr ra(iil of

1’,5< 7.0 < ,5 ‘5, is - 1 ,’&5(4  0 . ’07)  If all l)IC cells at-(, tIW,{l,

or - I’.25(:1  0’.04)  Iforlly ttlc cross wall rolls arc US({I ‘III(
for[[lcr value carl  t)c safely  take. l i  a.s .WI u[)[wr  li[lli(  orl ttlc
true scale lcll~tll. A similar fit to the 6 CIII  and 20 CIII r;i.
dio ~jrofilcs  ill ttlc 1)11’1’ crcsss-stall dircctiorl  yielded a scale
Icrlgtli  of 1’.50(4  0.’07) cacti. ‘1’tlus,  ttlc disk c-foldill?,  scal(

Icugtil at 60 jttn i s  s i g n i f i c a n t l y  ]CSS than that rncasurcd  ill

optical (> 1.’7; Al)lcs  1971; l’;~lgargiola  1991 ), a]ld is also

less  t~]arl L}lat in radio collt.ir]uu!n  at a siguificatlce  level c)f
3rr. Variatiom of  scale  lcrigth with wavcic[lgtll silni]ar t o
that i]) N(; C694G  were also fou~lcl irl ot,llcr  rlcarl)y  f~alaxics
usilig II{AS  data (e.g., It.icc ct al. 1990) .

4. S1)at.  iHl Variat ion of the 1“11{-to-l{2tclio”  lhtio

\VC  dcfrnc QzoC,,,  (Q6,”,) to be a di[[]cnsionlcss ratio of tt,c
S11 at 60u]n to Lt]at at 20c1n  (6c]n) ‘1’llc sl)atial variatio]l
of Q is illustrated iu F’ig. 3 a-s a furiction of tllc face-ol l
r a d i u s ,  a n d  irl Fig. 4 by p]otti[lg  Q20C,,, as a fullctio[l o f
tllc S11 at f3cln. ‘1’IIc sytnbo]s of  ttlc d a t a  I)oirlts  i~l tf)csc
figures arc coded in the same way as in Fig. 2, but ~)oirlts
arc [Jlottcd }Icrc oIIly fc)r ro  <  b’.5, wrllcrc  a l l  tllc d a t a

Imirlts  a r c  s t i l l  well al~ovc  tlic 3a l e v e l s  ( s e e  l;ig ‘ 2 )  arid

tllc systclnatic errors  arc  likely  to bc lCSS tllall 5 0 %  (SCC
\2.3)

Fig,. 3. I’lots  of tllc far-inf[-amd to radio  cont,inuun]  ra t io ,  Q,
zs a function of tllc  logarittll[lic  face-oll radius  rO. q’k]c UII[>’CI
l>a]tcl SIIOWS 60pnl t,o 20 cII1, wlljlc the  Iowcr panci  S1)OWS 60 l~nl
Lo 6 c[u. ‘1’lIc sylnbols  arc LIIC sarnc as it] I’ig. 2, but c)nly data
cells with  ro < 5’.5 arc ~Jottcd  here .  1’IIc sol id Iillc itl cacll
~)aricl i n d i c a t e s  tlic n]ca]l  Iadial pIofilc o f  Q bawd or] all tklc

data  points  in a givcrl  radial bin. Also SIIOWIL  arc ]a cr [or bars
fo[ L}lr’ n)calls,  e s t i m a t e d  f r o m  Lhc scatlcr  of tllc data !,oirlts irl
L}lc [igurc.
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k’ig.  4 .  l’lot of Qzo,,,,  a s  a  function  of tlic SIJ a t  ~CIII. ~)IIIY
II{AS dala allci 1’11’1’ cross-scan data poi])ts are shcrwII Ileic.
I’t]c symbols arc ttlc same as iu Fig. 2. “1’he solid  liue  irldicatcs
lmw Ltw nlcaii o f  Q20,  ”, Vwks as LIIC 6 CUI  Sll cllaw,c~.  AISCI

SIKNVII  are lo m [or bars  for  the rucaus as  dcfirwd  in IJig,. 3 .

Solnc  r]url]crical  results a!rd i[nl~!icatiorls  can I)c rirawrl

fr,~llr Figs 3 arlcf 4: (1) l~crr 1’.5 s lo S 5.’5, tlrc  1 ’ 1 [ ’ 1 ’
data SIIOW ttlat Q dccrca.ws  r a d i a l l y  out by a f a c t o r  o f

- 1.3(:10.08)  ort a v e r a g e , a s  iudicatccl by the s o l i d  Iirlc

3 llowcvcr,III I)i F,. . . a  b e t t e r  Cstilnatc usil]g  ttle 1’11’1’
cross-scar]  data  IJoirlts  sliows  Q drol)l)irlg  by a factor of
--- l,7(:i0. Ob) cwcr Lllc sarncradii. SitIce  tl]is r a d i a l  gradi-
c~lt of Q is Iikcly  to coutinuc iu tt)e  iuncr clisk of TO < 1.’5,
!vccorlc]udc  that witllirr  ttledisk of tl]c  galaxy, Q dccrcascs
r:icllally  out I)y al Icas(  a factor of 1.7 OII average.  (2) “1’tlc
Iadial I)rofilc  o f  Q ill t.hc o u t e r  ~Jart o f  tlic S.alaxy  ciisk
(To ~ ~’) SUg~,CStS  a “fiatterliug OU~.” IIowcver, this cc~]nc+

rIIostly  fro]ll  tllc 1)11’1’ ill-stall data lmirlts. ‘1’llc crcm-scarl
(Iatastlow rllai[]lya Iargcr dis~)crsior]  iu Q. (3) I“ig.  4 stlows

that Q isalsocorr-elated with S1\otI average. As tlIc 6CIII

S11 dccrcmc.s,  tllc sa[llc 1’11’1’  cross-scau data as used  irl
F i g  3  stlows  all average dror)  b y  a  f a c t o r  of 3.6!{ ~ iu
]~ig.4.  ’J’llisstccI)cr dcl)crldclicc of Qou Sllsuggcsts t h a t
tllc corrclatiou of Q with S11 is IJrot)at)ly  rnorc l)llysically
siF, []ifical]t  tl}all with LIIC radius.

‘1’tlrxc r e s u l t s  arc iu agreclrlcrlt wittr  tire clcscrii)tiorl
of L]le radio disk as a “s[ncareri” vcrsior]  o f  tllc irlfrarccl

disk of a galaxy (l\icay & IIelou  1990).  I’;acll local lllaxi-
rrlulll ir] d i sk  I)rig}]t[lcss  a d d s  dis[)crsiorr  to tllc I)lot  of Q
US. radius ,  but is a local ccrltcr of star forrlratio[l  f r o m
wllictl  Q dccteascs radially. ‘l’tic radio disk arises I)rirllar-
i l y  florrr syrlcl]rotron clrlissiorl  t)y coslrlic ray clcctrorls i u
tllc galaxy’s rrlaguctic  field, wllcrcas dust Ilcatcd by stars
dcfi[lcs  tile irIfrarcd disk. Cosmic  rayelcctrons cau di f fuse
away from tllcir sources M much as a kpc Lcforc  decaying
radiative]y; lrcating plloto]ls 011 tllc other har]d  w i l l  tyl~i-
cally ~ct al)sorbcd and r c - e m i t t e d  i u  the iufrarwd  witllit]
a hurldrcd lJC of their source. Assur[lirlg  that bot,ll radiat-
irlp, c.]ccf,ro]ls  a]lrj ]Icatillg I)}]otorls o r i g i n a t e  i u  ttlc sa~rlc
sites of star forma tiorr, ~hiS  difl’creuce  iu radiating sca]c
lcILF,th  Cxl)lains  tllc “smcariug” rc.]atiorl  bctwceu ill frarcd
arid raciioclislm  (Iiclou & ilicay 1993).

.
:,. S(,lr,l,l~ily .

\~~ tlavc  [lscd a Ilcl$’ } ’ 1 [ ’ 1 ’  ]r[lagc  at 60jltrl(Jf lllc F,al;i~},  ,

N’(;(;  694fi to stlow:  (1) ‘1’ilc galaxy d i s k  at 6011rl]follo\v~

all cx[x~lrctltlal ftr]]-of[  O[lt  to at ]Cd.$t (}lC ‘~bl]r  I)]UIC  s~lrfacc
[l,a~,l,lt(l(i(,.  ollr ()(st  csllrr~atc Of ltS c- foldirl  F, scaic lcrlgLtl
IS 1’ 25 :{ O ’  04 w,lllctl 1s l e s s  tilarl  t h a t  rr]casurcd irl r a .

dlo cor]li!!llurlr  a t  tllr t~~ slgrlificallcc’  [~v~l. (?) tt’lt}rir)  tt)c
?bttl l)luc  surface rllagr]ltudc of tllc ga laxy  ciisk,  hut out-
side tllc irlrlcr  2.4 kl)c (assulr]ir]g  a  distar]cc o f  5.!jhll Jc),

tilcfiollll]-to ra(lic~cclrltirl\  l~rrlls[lrfacf:  l)ri!\tltllcss ratio, Q,
dccrcascs radially out I)y a factor of 1.7  C)II average; tllc irl -
frarcd arid  raciio  Irlc)r[)llolog,ies al)pcar qui te  si~nilar; arlcl ~

is quarltitativcly l)cttcr correlated with surface Lriglltncss
tilarl witil radius. ‘1’licsc 1S01’110”1’ results arc corlsistcut
tvitll  ~)rcvious  fi[ldillgsl]ased  011 rcso]utic)ri-cr]  llaricccl  lItAS
d;ita (e.g., i14arsil & I[clou  1995).

AckrLcJuJlcdgc  IJIcrifs.  We  w,idl totllank 1{. }icck for  I)rovidirlg  u s
ii!ltt! ti]c  r a d i o  irlla~,cs arid  (~. (;ab[icl for  }Jcl[]ful cor~vcrsatiolls

ml tile 1S01’110’1’  data  ]cductior).  ‘1’tlis work was suI)I)ortcd
irl [)a!t b y  1S0  d a t a  arlalysis  furldirlg  fror[t  tllc U S  Natior]al

Aclorlautics  ar,d  Sl,acc Adruirlistration, a u d  car-ricd  c,ut  at tlic
II, f[arcd  I’Ioccssir,g  al,c! Arlalysis  [;cutcr ar,d t}lc J e t  }’roIml-
sior]  [ laboratory of  tl]c  (;aliforllia  Imtitutc of ‘1’ccllnology.
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